
Orbital Gators – Advanced Underground Resource 
ObseRvAtion (AURORA -H3)

Andrew Dishchuk, Max Caldwell, Om Parbadia, Aidan Rowell, Grayson Neander,
Santiago Daza, Bryce Kroehnfeldt, Paige DeMino, Jack Xu, Christian Szczeniak, Riley
Cullingford, Benjamin Hamilton, George Rushevich, Nilson Bretas, and Arin Churi

Mentors: Christopher Petersen “Chrispy”, Michael Generale, Bryan Zetlen, Kevin DiMarzio
April 15th, 2026

COSMIC: Final Briefing



UNIVERSITY OF FLORIDA HERBERT WERTHEIM COLLEGE OF 
ENGINEERING

Our Team
Project Manager

Andrew Dishchuk

Chief Engineer Computing Lead

Max Caldwell Om Parbadia

Systems Lead

Grayson Neander

Principal Investigator

Aidan Rowell

Design Lead

Paige DeMino

Manufacturing Lead

Riley Cullingford

Drill System Lead

Bryce Krohnfeldt



UNIVERSITY OF FLORIDA HERBERT WERTHEIM COLLEGE OF 
ENGINEERING

Program Overview
The Orbital Gators Lunar team used the following management 
structure to support the success of their capstone project:

Dashed - - Advisory, Solid – direct reporting*
Program Manager: Leads project deadlines, milestones, and budget.
Chief Engineer: Ensures engineering timelines are met within requirements.
Systems Lead: Ensures prototype will function, risk/failure analysis.
Sub teams: Test & integration in accordance with system requirements.
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Mission
The Advanced Underground Resource Observation (Aurora) 
surveyor is a lunar resource-mapping tool-kit, capable of 
estimating Water and Helium 3 (He-3) across the lunar surface.

AURORA’s goal is to generate a 
proven reserve model (PRM) that 
guides future lunar In-Space 
Resource Utilization (ISRU), and site 
selection, for early infrastructure 
development of Moon-to-Mars 
architecture.

Figure 1. Aurora prototype 
concept.
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Program Overview
 AURORA aims to characterize the 

location of:
 Helium-3
 Subsurface water ice 

Why?

 Produce a Probable Resource Model (PRM).

 How much of a resource is accessible, and how 
feasible?

 How much water?

 How much Helium-3
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Program Overview
Why continued?

 Helium-3 (He-3) — a solar wind-implanted 
volatile trapped in ilmenite-rich regolith, 
valued at ~$22M/kg

 Water ice — critical for ISRU-
derived propellant and life support

Missions such as the  Artemis missions, and 
Interlune’s excavator [2] would benefit from 
resource models developed by AURORA on the 
lunar surface.

Figure 2. NASA Moonbase, NBC News
.
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Program Overview

Figure 3. Ilmenite grains 
within lunar regolith.
Source: Noble (2009), NASA 
Lunar Regolith Report.
.

How?

 Look at surface dielectric contrast, 
or spectral imaging.

 Ilmenite captures and stores He-3 
[1].
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The Final Briefing will cover:
 1. Conceptual Design
 1.1. Project Impact
 1.2. Feasibility
 1.3. Innovation

 2. Program Overview
 2.1. CONOPS
 2.2. Mission Modes
 2.3. Milestones

 3. Systems Overview
 3.1. Systems (5 elements *From C3 

Packet)
 3.2. Assumptions
 3.3. Risk Analysis
 3.4. System Requirements
 3.5. Command and Data Handling 

(C&DH)  *Mentioned in C3 packet

 4. Lessons Learned
 4.1. Innovative Ideas
 4.2. 3 technologies most important to 

develop.
 4.3. Design Challenges

 5. Prototype
 5.1. Scope
 5.2. Results
 5.3. Technology Readiness Level
 5.4. Prototype Summary
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1. Conceptual Design

The Conceptual Design portion of the briefing covers the mission’s 
place in the current space industry.

 Project Impact

 Feasibility

 Advancing High Valued Missions

 Philosophy

 Site Selection
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1.1. Philosophy

AURORA’s Governing Philosophy:
Build a modular, reusable platform that directly measures 
resource characteristics, while remaining extensible enough 
to expand coverage area.

 

 Capable

 Modular

 Resilient



UNIVERSITY OF FLORIDA HERBERT WERTHEIM COLLEGE OF 
ENGINEERING

1.1. Project Impact

Securing the Lunar Energy Economy
90% Confidence Resource Mapping: Reduces the high risk of 

"blind" lunar mining.
 Economic Catalyst, 

 Foundation for ISRU: Provides the primary prospecting data 
required for In-Situ Resource Utilization (ISRU), allowing future 
missions to "live off the land" by producing fuel and life support from 
local water ice.
Sustainability: Directly supports NASA’s Artemis and commercial 

goals by identifying the most resource-dense sites for permanent 
lunar infrastructure.

 H2O – Used for propellant, and human life support. 

 He-3 – Essential for the future of clean nuclear fusion 
medical & nuclear imaging, quantum cooling.
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1.2. What Does the Project Impact

Government Academia

He-3

Industry

H2O

Interlune

NASA

Extra Materials
- ISRU

Sensing and Corellation 
Development
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Finding the Right Prospect
Helium-3 Concentration:

oHigh wt% of Ilmenite
oWith a long surface residence time
oFine Grained Regolith

Surface Ilmenite Scoping:
oMost concentrated in the equatorial 

Mare Tranquillitatis and Oceanus 
Procellarum

oMeasured via UV/Vis/NIR spectroscopy

Prospecting at Depth:
oHe-3 implanted by solar wind
oNo constant stratigraphic distribution
oSurface residence time via nanophase 

iron measured by magnetometer
oGrain size via ground penetrating radar

Figure 4. TiO2 wt% on Lunar 
Surface [2].

Figure 5. Apollo Core Samples He-3 
Measurements [3].
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Strategic Presence:
oTarget: Subsurface ice in mid-

latitudes
oStability: Thermal conditions 

prevent ice sublimation.
o Impact: Enables Refueling Hubs; 

cuts Earth-to-Moon launch mass by 
60%.

Finding the Right Prospect
H2O Concentration & Data 

Ambiguity
oOH & H2O signatures overlap @ 3μm 

band

GPR & Ground Truth
oGPR scans for dielectric constant 

determining if water is present

Figure 6. H2O ppm on Lunar Surface [3].
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1.2. Feasibility

Standard Rover Platform:
oOur design utilizes Astrobotic's Polaris 

rover platform
oSaves time and cost on design and 

testing for large parts of the system

Sensing Via Heritage Methods:
oUV/Vis/NIR
oGround penetrating radar
oMagnetometry

Drilling System:
oSimple auger design only focused on 

creating a bore hole
oDirectly can measure Helium 3

Could this Mission be Designed and Funded in 5 Years?

Figure 7. Astrobotic Polaris Rover 
Platform.

Figure 8. Drilling Mechanism.
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1.2. Feasibility
Could this Mission be Designed and Funded in 5 Years?

Figure 7. Astrobotic Polaris Rover 
Platform.

Figure 8. Drilling Mechanism.

 2. Directly measure water using GPR, 
which correlates with helium-3 
measurements, as well.

 1. Accessible integration path using 
heritage methods, and simplified 
mission to develop.

It can!
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1.4. Advancing High Valued Missions

Paving the Way for Lunar Industrialization
De-risking Commercial Mining: Provides the data-driven 

"prospector's map" needed by commercial partners (e.g. Interlune) to 
justify the multi-billion dollar investment in extraction hardware.
Strategic Refueling Hub: By characterizing H2O reserves, this 

mission enables the development of Lunar-derived propellants, 
turning the Moon into a refueling hub for the solar system.
 Fusion Fuel Readiness: Directly advances the roadmap for clean 

energy on Earth by locating the specific Ilmenite-rich basalt flows 
where He-3 is most abundant.
 Technological Standardization: Establishes a modular toolchain 

(Spectroscopy + Drilling + Thermal Analysis) that can be integrated 
into future lunar rovers.
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2.1. Conops - AURORA
Aurora Surveying Tool

Communicat ions System

Helium-3 Sampling
(LPR, Spect romet ry)

Helium-3 Sampling
Aurora Drill Probe

Mass Spect romet ry
Quadrupole MS

Downlink
(To Griffin-1 Lander)

Map development
(Figure 

1

2
3

4

5

6
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APXS            ≤6 W  
Surface TiO₂ & elemental composition

MSI Camera      ≤6 W
Wide-area TiO₂ mapping & traverse 
imagery

FMAG           ≤3 W  
Nanophase iron & regolith maturity via 
borehole

LPR             ≤8 W  
Subsurface structure & water ice 
detection

ESA            ≤8 W  
Solar wind flux measurement

NPD            ≤8 W  
Neutral gas & volatile detection

AGA            ≤5 W  
Regolith grain size distribution

Aurora Drilling Probe (ADP) + QMS Coupling  
Direct He-3 mass spectrometric detection via borehole extraction – highest-confidence PRM 
data input
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System Requirements Definition Structure
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3.1. Systems Overview

Mass & Volume 

Bus Compat ibility 

Capability Demonst rat ion 

Launch / Descent  
Environment

Analysis Completed 

Power Allocat ion 

Power: within 80KW 
allowance

Mass < 200kg
Volume <¾ Griffin

Bus Interfaces With Lander

(Mass, Volume, Power, and 
dust  tolerance Analysis Done)

(Feasible path to He-3 
surveying)

( Design reflects thermal, 
mechanical and Vibrat ion 
expected)
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3.2. Assumed Infrastructure 

Standardized LTV Plat form

Cent ralized Mission Hub
Cent ralized PNT Hub

Assumed Lunar Infrast ructure

Power Hub 

Solar ~ Energy Surplus
Induct ive Charging 

Primary 
Comms Relay 

Polaris Rover

Data

Assume Use from 
Griffin

Assume systems 
can Interface
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3.2. Assumed Infrastructure 

Aurora Surveying Tool

Cent ralized Mission Hub
Cent ralized PNT Hub

Assumed Lunar Infrast ructure

Power Hub 

Solar ~ Energy Surplus
Induct ive Charging 

Primary 
Comms Relay 

Data

Assume Use from 
Griffin

Assume systems 
can Interface
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4.1. Innovative Ideas
1. Bowl Cut  Dome 

Design for He-3 
detect ion 

2. Integrated 
regolith maturity 

package

3. Descent  Deployed 
Penet rat ing Spike 

Array 
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4.2. Technology Development
Three Most Important Technologies to Implement and Develop

Aurora Drill Plunge 
(ADP)

Ground Penetrating 
Radar

UV/Vis/NIR 
Spectroscopy

 Stratigraphically measures 
nanophase iron to 
determine regolith layer 
surface residence time

 Vertically measures 
regolith grain size to 
indicate regolith helium-3 
density

 Measures surface TiO2 to 
determine local regions 
with 
higher TiO2 concentrations
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4.3. Design Challenges

Determination of He-3 detection methods:
There are many methods of finding He-3 like scanning the 
lunar surface or taking regolith samples. Establishing a He-3 
detection method for our design proved to be difficult as we 
first looked at the problem space.

Onboard sensor selection:
Instrument choice also played a significant role in our design 
process. Some instruments were infeasible due to cost or the 
power needed for steady operation. Certain sensors also force 
geometry or design constraints.

Scope creep:
Our preliminary designs featured components or mechanical 
features that were out of scope and added unnecessary 
complexity to the system. 



UNIVERSITY OF FLORIDA HERBERT WERTHEIM COLLEGE OF 
ENGINEERING

ί Шή ФB↑ ļ ╝║☼Ф; ╘¾■■↑ ☼║↑ ļ Ф
Determinat ion of He-3 Detect ion Methods 

Onboard Sensor Select ion 

Scope Creep 

Inst rument  
choice for 
design was 

difficult  due to 
cost , power, 

and other 
design 

const raints Init ial Designs 
out  of scope and 

added 
unnecessary 
complexity

Many methods 
of He-3 

detect ion, so 
picking on for 

design was first  
challenge
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5. Prototype

This Prototype section covers:

 The Prototype

 Prototype scope 

 Results of the prototype

 Final Technology Readiness Level 
(TRL)

Fig. 9: Orbital Gators Lunar team, and 
AURORA Prototype.
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5. Scope

The prototype validates our mechanical, electrical, and 
computer architecture, as well as developing the TRL level of 
the ADP:

 Retractable auger for drilling.

 Jetson Orin Nano for data handling

 Bus housing for tools

 Internal component communication
Fig. 10: Prototype at Marshal 
Space Flight Center Test Bed
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How This Prototype Advances the Mission:

 Mass & Volume Simulator — The physical bus housing and drivetrain 
assembly can be used as a mass/volume mockup for Griffin lander integration 
testing.

 Algorithm Validation Platform — The Jetson Orin Nano running NASA cFS 
provides a live testbed.

 Drilling Interface Baseline — The retractable auger mechanism 
establishes the mechanical interface standard for the flight drill system.

 Communications Architecture Test Bed — Once internal component 
communication is integrated, the prototype becomes a full end-to-end test of 
the C&DH pipeline from sensor to downlink.
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5. Results
Prototype Testing at Marshal Space Flight Center: 

What Was Demonstrated:
Mobility — Rover successfully traversed test 
terrain, validating the wheel and drivetrain design 
for lunar surface operations.
Drilling — Auger drilled into a simulated surface, 
confirming the retractable bore mechanism function, 
but redesign for auger performance required.
Computing — Jetson Orin Nano successfully 
handled onboard data processing, validating the 
C&DH architecture.
What Was Not Demonstrated:
Internal component communication between 
subsystems was not fully integrated in this 
prototype phase.

Full sensor payload (LPR, APXS, ESA, MSI Camera, 
NPD, QMS ) not included in prototype scope — 
consistent with TRL 3–4 target.

Fig. 11: Auger testing under 
progress on Marshal Space 
Flight Centers Lunar Test 
Bed.
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Comms and CDH 
Chart overviewing the 
power, power 
requirements, and 
data flow through the 
AURORA prototype.



UNIVERSITY OF FLORIDA HERBERT WERTHEIM COLLEGE OF 
ENGINEERING

5.3. Technology Readiness Level

TRL 1

Lunar 
Resource 
Mapping

TRL 2

"Ride Along" 
Rover Payload 
Concept with 
Auger and 
Magnetometer 

TRL 3

Auger and 
Magnetometer 
Validated 
Independently

TRL 4

Integration of 
Electronics 
and 
Mechanical 
Systems Into 
Bus Payload

TRL 5

Successful 
Testing of 
AURORA in 
NASA MSFC 
Lunar Testbed 
Environment
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5.3. Technology Readiness Level
System Element Current TRL Status Next Milestone
Aurora Prototype 
Rover 3-4 Physical prototype built 

and tested MSFC testbed validation

Aurora Drilling Probe 
(ADP) 4

Auger tested at MSFC 
— borehole stability 
under investigation

Fine-grain simulant 
testing

DWM3000EVB 
PNT/Comms 3 Validated in prototype Griffin relay simulation

Jetson Orin Nano 
C&DH 3-4 Processing and 

downlink validated
Multi-sensor data 

pipeline
Full Mission 
Instrument Suite 1 Conceptual — under 

trade study
Instrument selection at 

PDR

ADP-QMS Coupling 2
Conceptual — primary 

tech development 
challenge

Benchtop feasibility 
study

Multimodal Data 
Fusion Methodology 2 Research ongoing Algorithm definition
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5.4. Prototype Summary

The prototype included the following:

Built & Validated — Retractable auger, Jetson Orin 
Nano C&DH, and rover mobility demonstrated at TRL 3–
4, confirming core mechanical and computing 
infrastructure.

Mission-Connected — Prototype directly validates the 
Sampling and Downlink phases of AURORA's CONOPS, 
proving the platform can physically access the lunar 
subsurface and process collected data.

Next Steps — Full sensor suite integration (LPR, 
magnetometer) and internal component communication 
targeted for TRL 5 testing in NASA MSFC Lunar Testbed 
Environment.

Fig. 10: Prototype 
development in 
progress.
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Risk Identification
Risk Identification includes a stop-light chart that analyzes the failure of the AURORA 
system, derived from system requirements.

High Risk, High Severity, will cause 
end of mission/ life.

Mission crit ical, but  either lower risk 
or consequence.

Not  crit ical, may cause delays, but  
not  necessarily end of mission.

Fig. 10: Stop light chart, 
displaying correlation between 
likelihood, severity, and type 
of risk.

Red-zone risks received full mitigation 
planning. Yellow risks were analyzed and 
monitored. Green risks were logged but 
deprioritized to preserve mission focus.
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Risk Identification

Risk ID  and Descriptions (R -1 – R-6):

R-1 Inadequate spatial resolution or measurement uncertainty prevents PRM -quality resource 
estimation
R-2 Insufficient power margin during peak science operations
R-3: Data loss during comm outages or radiation events
R-4: Griffin lander interface incompatibility delays or prevents integration  
R-5 Thermal excursions during lunar night degrade instrument performance  
R-6 Radiation-induced data corruption impacts PRM outputs  

Risk 
Matrix Negligible Minor Moderate Significant Severe

Most 
Likely

Likely R-7

Possible R-13 R-2, R-5 R-1

Unlikely R-8 R-6, R-9, R-11 R-3, R-4

Least 
Likely R-12 R-10
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Risk Identification

Risk ID  and Descriptions (R -7 – R-12)

R-7    Excessive TBD/TBR values delay requirement closure 
R-8    GNC accuracy insufficient for required geolocation fidelity 
R-9    Data processing architecture insufficient for multi -sensor fusion 
R-10  Launch vehicle failure 
R-11  Structural failure of the lunar surveyor 
R-12  Physical Failure of Sensing Instruments (Chronic) 
R-13  Physical Failure of Sensing Instruments (Momentary) 

Risk 
Matrix Negligible Minor Moderate Significant Severe

Most 
Likely

Likely R-7

Possible R-13 R-2, R-5 R-1

Unlikely R-8 R-6, R-9, R-11 R-3, R-4

Least 
Likely R-12 R-10
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Future Steps:
A Gantt chart displaying future steps for the Orbital Gators 
AURORA development Team are  shown below
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Future Steps:
A Gantt chart displaying future steps for the Orbital Gators 
AURORA development Team are  shown below

Phases Mapped:
 Phase 1 — Conceptual Design & Prototype (Sep 2025 → Apr 2026, marked 

complete)
 Phase 2 — Preliminary Design / PDR (Apr → Dec 2026, currently active)
 Phase 3 — Detailed Design (2027–2028)
 Phase 4 — Manufacturing (2028–2029)
 Phase 5 — Testing & Verification (2029–2030)
 Phase 6 — Payload Integration & Launch (2031)
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Conclusion

AURORA Building the foundation for the future 
lunar economy.

So Far:
 Concept of modular, reusable sensor payload with sensor suite,
 Functioning TRL 3-4 Prototype
What AURORA Delivers:
 A 90% confidence Proven Resource Model for He-3 and H2O on 

the lunar surface.
 Direct Measurements, enabling confident site selection for future 

ISRU missions.

Path Forward:
 Full sensor suite integration and internal communications at TRL 5 
 Further Lunar Testbed testing to validate in simulated lunar 

conditions
 Target launch: 2031 aboard Astrobotic Griffin lander



Orbital Gators – Advanced Underground Resource 
Observation for Helium -3 (AURORA -H3)

Quest ions?
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Orbital Gators – Advanced Underground Resource 
Observation for Helium -3 (AURORA -H3)

EXTRA SLIDES:



UNIVERSITY OF FLORIDA HERBERT WERTHEIM COLLEGE OF 
ENGINEERING

Ÿ↑ Γ╘☼ĳ ■ĳ ║ΑФƒ ↑ ¾τ ╝☼↑ ļ ļ Ъ

Technology Readiness Level – Describes the state of the technology in 
its stage of development. 1, lowest (unicorn)
 Scanning – Scanning the surface. 

 Sampling –Aurora Drill Probe
Quadropole Mass Spectrometer

Downlink – Downlink data stored in computer black box.

 Corellation Development – After scanning the data process it at 
mission control, using developed algorithms. 

2

4

3

5

2

6

TRL        Magnetometer LPR 2
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System Requirements Definition Structure

Requirement Language and Intent:
Mission Statement (MS): Describes overall mission purpose and 

scope. (1)
Mission Objectives (MO): Express mission intent and capability 

goals. They are qualitative. (7)
Mission Success Criteria (MSC): Introduce measurable outcomes 

that define mission success. (7)
System Requirements (SR): Define what the system shall do to 

satisfy MSCs, including performance, interfaces, constraints, and 
behaviors and are written to be testable, analyzable, inspectable, or 
demonstrable.
Sub-System and Tooling Requirements: Derived from system 

requirements to further specify and verify tooling criteria. 



Technical Reasoning

Ilmenite and H2O research models already exist. Our 
objectives differ from those models because we aim to 
provide direct measurements for ilmenite and H2O 
reserves [4].

Past Modeling Implementations:

Other resource distribution maps use prior 
correlations to suggest resource quantities across 
lunar regions [5].

• Increased Optical Maturity (OMAT) displays 
less TiO2 content.

• Greater solar wind flux displays greater TiO2 
content.

• Thinner regolith layers display increased TiO2 
content.

• Decreasing regolith grain size displays 
increased TiO2 content.

Figure 4. Ilmenite abundance (0–11 wt%) across Mare Australe 
craters, derived from spectral mapping.
Data from Lemelin & Morisset (2013).

Figure 5. Modeled He-3 abundance (ppb) across the lunar 
surface, derived from Apollo soil data and Clementine 
multispectral reflectance. After Fa & Jin (2007).



Mission Objective & Design Drivers

Figure 2. Full-scale prototype of the Interlune 
helium-3 excavator, developed in partnership with 
Vermeer. Source: Interlune 2025

We aim to:
• Produce a quantitative resource model for 

potential water and Helium-3 extraction
• Characterize lunar surface and subsurface 

composition
• Provide a data-driven platform, which will pave 

the way for future exploration



Current Status (2025):
• Completing final revisions of System Requirements.
• Finalizing the Conceptual Design.
Mid-Term Plan (First quarter 2026):
• Complete Preliminary Design
• Technology Freeze.
• Develop list of prototypes and intent.
• Purchase parts for first prototype.
• Begin initial prototyping.
Second quarter 2026:
• Complete initial prototype.
• Develop plans for additional prototypes.
• Summarize success and plausibility of concept 

implementation.
• Present for the C3 Final showcase 

Conceptional Design 2025-2026` Prototype Built 
2026

Preliminary Design 
Technology Freeze 

2026
Detailed Design 2027-2028 Manufacturing 

2028-2029

Testing 
2029-
2030

Payload 
Integration 

2031

Launch 
2031

Long-Term Roadmap:
• Progress into future detailed design process in 2027–

2028, refining hardware interfaces, calibration 
strategies, and data-fusion pipelines.

• Manufacturing (2028–2029) of components for full-
system integration. 

• Testing and Verification (2029–2030) to ensure 
mission reliability.

• Payload Integration (2031) followed by Launch in 
2031.

Roadmap



Our mission moves beyond mapping the Moon,  
we are building the foundation for future lunar 
industry. By validating He-3 and H₂O resource 
models with a high-confidence architecture, we 
enable safer planning, lower risk, and more 
sustainable surface operations. 

As we finalize system requirements and advance 
toward prototype development, our intent is 
clear: deliver a practical, data-driven toolchain 
that accelerates humanity’s permanent presence 
on the lunar surface.

Closing Statement

Figure 7. Interlune natural resource acquisition 
prototype. Source: Interlune 2025
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3.1. Systems (5 elements *From C3 
Packet)
3.2. Assumptions
3.3. Risk Analysis
3.4. System Requirements
3.5. Command and Data Handling 
(C&DH)  *Mentioned in C3 packet
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This hierarchy ensures that all subsystem requirements are traceable to 
system requirements, which are derived from mission success criteria and 
mission objectives, preventing unverified or unnecessary design features.
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 Traceability:
 Each MSC traces to ≥1 MO

 Each SR traces to ≥1 MSC

 Each Subsystem, and Tool Requirement traces to ≥1 SR

Mission Objective
Mission Success 

Criterion
System Requirement Subsystem

MO-1 MSC-1.1 SR-1.1.1 Payload

MO-1 MSC-1.2 SR-1.2.1 EPS

MO-2 MSC-2.1 SR-2.1.1 Comms

MO-3 MSC-3.1 SR-3.1.1 Mobility


SRR Information



														Work Allotment:		Role:				Responsibility:

														Paige:		System Requirement Lead				Checking over filled in boxes, making sure content makes sense, and connects between sub-teams.

														Jack:		Systems Lead				Complete front page, and work on inspection documents that satisfy system requirements.

														Nilson		Electrical Lead				Complete electrical sub-system design requirements.

														George		Computer Lead				Complete computer sub-system design requirements.

														Max		Mechanical  Lead				Complete mechanical sub-system design requirements. 

														Christian		Team Lead				Compile system information into a neat package for presentation. Help Paige check boxes as you go since you will be reading them over as you make your slides.



										Feedback from midpoint:		Team Name		School		Feedback for the team				Evaluator

										Feedback from midpoint:		Orbital Gators		University of Florida		Good contrast of your concept against other work. Would have liked to see slide of assumptions/constraints. Also would have liked to see more information on the market for He3 and who could fund this/who would invest in this system. Good summary slide.				Jessica Piness, Aegis Aerospace, jessica.piness@aegisaero.com

												Orbital Gators		University of Florida		What sensor technology advancement is needed meet the mission requirements?				Victor Lin, The Aerospace Corp, victor.s.lin@aero.org



				Priority		TO DO LIST:

				4		Create priorities for completing requirements

				3		Label and color every different subteams requirements to make it more traceable

				2		Connect the proper MO's MSC's and SR's and have the proper sources

				5		Read over SRR and polish. 

				1		Recheck SRR for inclusion of tooling

				Priority		Decide TO DO:		Comments				Comments:

				1		CONOPS		We need to decide on assumptions either before or after designing













Assumptions and Contraints



										ID		Assumption / Constraint		Rationale

										AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

										AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

										AC-3		Griffin provides up to 5 kWe solar power generation during surface operations.		Enables base-station architecture

										AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

										AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

										AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads



																						Mission Objective		Mission Success Criterion		System Requirement		Subsystem

																						MO-1		MSC-1.1		SR-1.1.1		Payload

																						MO-1		MSC-1.2		SR-1.2.1		EPS

																						MO-2		MSC-2.1		SR-2.1.1		Comms

																						MO-3		MSC-3.1		SR-3.1.1		Mobility





Mission statement



				Mission Statement																				Mission Statement

				Number		Requirement						Comments												Number		Requirement

				MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level						Intent of assisting with the foundation of a Proven Reserve Model (PRM).												MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level

																								Mission Objectives

				Mission Objectives																				Number		Requirement

				Number		Requirement		Source		Verification Document		Justification		Comments										MO-1		Demonstrate the ability to detect and quantify indicators correlated with Helium-3 presence in lunar regolith.

				MO-1		Demonstrate the ability to detect and quantify indicators correlated with Helium-3 presence in lunar regolith.		MS-1						Indicators, such as regolith depth, particle size, etc. Should be linked in the systems requirements section. Maybe specify this by tying it back to instruments for collecting the related information										MO-2		Demonstrate the ability to detect H2O and/or indicators of H2O

				MO-2		Demonstrate the ability to detect H2O and/or indicators of H2O		MS-1						If H2O detection is innacurate, indicators will also need to be recorded to add resolution.										MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment, and site selection.

tc={7F26E5B8-B93D-4422-9FFF-D8B4A7F6722F}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    @Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6

				MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment, and site selection.

tc={111F0A6C-D87A-40C2-9B79-E65D5BAFD659}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    @Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6		MS-1						** Use Instrumentation to collect surface composition data on Regolith.										MO-4		Demonstrate a system architecture that balances cost and reusability to enable repeated lunar surface characterization missions.

				MO-4		Demonstrate a system architecture that balances cost and reusability to enable repeated lunar surface characterization missions.		MS-1		 C3 Info Packet				Specify later										MO-5		Demonstrate coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.

				MO-5		Demonstrate coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.		MS-1		 C3 Info Packet				Specify later										MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.

				MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.		MS-1																MO-7		Interface with the Astrobotic Griffin lander to provide for lunar surface resource surveying activities.

				MO-7		Interface with the Astrobotic Griffin lander to provide for lunar surface resource surveying activities.		MS-1



				MO-1 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-1.1		Shall scan a [TBR] region of the lunar surface for Helium-3 predictors and/or inverse predictors		MO-1						[TBR] can be used for values you don’t understand/know yet.

				MSC-1.2		The mission shall generate spatially resolved maps of Helium-3 indicator parameters with a spatial resolution of [TBR] pixels/m.		MO-1

				MSC-1.3		The mission shall estimate Helium-3 concentration within surveyed regions with a confidence level of ≥ 50%.		MO-1

				MSC-1.4		The mission shall correlate Helium-3 concentration estimates with at least [TBR] independent predictor variables (e.g., regolith maturity, TiO₂ content, depth).		MO-1

				MSC-1.5		The mission shall provide quantified uncertainty bounds for all Helium-3 resource predictions.		MO-1

				MSC-1.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-1



				MO-2 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-2.1		Shall scan a [TBR] region of the lunar surface for direct H₂O signatures and/or secondary hydration indicators.		MO-2						Only instrument for H2O is Lunar Penetrating Radar

				MSC-2.2		The mission shall generate spatially resolved maps of H₂O‑related parameters (e.g., hydration band depth, neutron count rate, dielectric constant) with a spatial resolution of [TBR] pixels/m.		MO-2

				MSC-2.3		The mission shall estimate H₂O concentration or equivalent hydrogen abundance within surveyed regions with a confidence level of ≥ 50%.		MO-2

				MSC-2.4		The mission shall correlate H₂O concentration estimates with at least [TBR] independent predictor variables (e.g., regolith temperature, albedo, neutron moderation, surface maturity).		MO-2

				MSC-2.5		The mission shall provide quantified uncertainty bounds for all  H₂O resource predictions.		MO-2

				MSC-2.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-2



				MO-3 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-3.1		The system shall successfully characterize surface properties relevant to regolith composition, roughness, and particle size distribution across the mission area.		MO-3						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-3.2		The system shall characterize subsurface structure and layering to a depth sufficient to support resource assessment and site selection.		MO-3						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-3.3		The system shall identify terrain characteristics affecting mobility, including slope, surface roughness, and bearing capacity proxies.		MO-3

				MSC-3.4		The system shall collect surface and subsurface characterization data over a spatial area sufficient to support comparative site evaluation.		MO-3

				MSC-3.5		The collected surface and subsurface data shall achieve sufficient spatial and measurement resolution to distinguish between candidate sites.		MO-3

				MSC-3.6		The system shall successfully characterize surface and subsurface properties under relevant lunar environmental conditions.		MO-3

				MSC-3.7		The characterized properties shall be demonstrably relevant to resource presence, extractability, or infrastructure placement.		MO-3



		Full success = 90% (proven reserve)		MO-4 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-4.1		The system shall complete at least [TBD] full reuse cycles without requiring major component replacement. Each cycle shall demonstrate functional performance within [TBD]% of baseline values to confirm durability of mass‑critical hardware		MO-4						This requirement ensures that mass‑critical components are durable enough to avoid costly and heavy replacements.

				MSC-4.2		Total lifecycle cost for [TBD] missions shall not exceed [TBD] dollars, inclusive of development, launch mass penalties, refurbishment, and operations. 		MO-4

				MSC-4.3		The architecture shall support swapping or upgrading at least [TBD] major subsystems without redesign of the primary structure or interfaces. Standardized mechanical, electrical, and data interfaces shall enable payload and subsystem changes while minimizing added mass.		MO-4

				MSC-4.4		The system shall survive [TBD] lunar day–night cycles without requiring major refurbishment, maintaining thermal and mechanical performance within [TBD]% of nominal.		MO-4						This requirement prevents reliance on heavy protective measures by demonstrating inherent resilience to lunar extremes

				MSC-4.5		Dust ingress shall not exceed [TBD] grams and shall not cause more than [TBD]% degradation in critical subsystem performance.		MO-4						Sealing, filtration, and abrasion‑resistant design features shall preserve functionality without adding prohibitive mass

				MSC-4.6		The system shall achieve a cost per delivered kilogram to the lunar surface of no more than [TBD] dollars, accounting for launch, structural mass, and amortized reusable hardware		MO-4						This metric directly ties architecture choices to the mass sensitivity of lunar delivery and guides tradeoffs between robustness and weight

				MSC-4.7				MO-4





				MO-5 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-5.1		All science/characterization data products are geo-referenced to an agreed mission reference frame.		MO-5						[TBR] can be used for values you don’t understand/know yet.

				MSC-5.2		The payload/platform coordinate frame is aligned and traceable to the Lunar Lander coordinate frame.		MO-5						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-5.3		Position accuracy supports the spatial resolution required for resource/surface mapping.		MO-5						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-5.4		Timing synchronization supports correlation of measurements across sensors and with lander-provided data.

				MSC-5.5		The system can exchange the required PNT-related data with the Lunar Lander.		MO-5

				MSC-5.6		The system maintains geolocation capability through expected comm dropouts or degraded conditions.		MO-5

				MSC-5.7				MO-5



				MO-6 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-6.1		The mission shall generate georeferenced maps of lunar surface and subsurface characteristics covering the defined mission area of interest.		MO-6						Mission area definition [TBR]

				MSC-6.2		Generated maps shall achieve spatial resolution sufficient to represent features identified in MO-1, MO-2, and MO-3.		MO-6						Resolution thresholds [TBR]

				MSC-6.3		The mission shall produce integrated spatial data products combining surface, subsurface, and resource-indicator measurements.		MO-6						Data fusion approach [TBR]

				MSC-6.4		All generated map products shall include documented metadata describing resolution, uncertainty, and data provenance.		MO-6						Metadata standard [TBR]

				MSC-6.5		Mapped data products shall cover at least [TBR]% of the mission area of interest.		MO-6						Coverage requirement

				MSC-6.6		The mission shall generate final data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-6						PRM interface requirements [TBR]

				MSC-6.7		All final georeferenced products shall be stored in a mission-approved, standardized format for downstream analysis.		MO-6						File formats [TBR]



				MO-7 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-7.1		The system is mechanically integrated with the Astrobotic Griffin lander and survives launch, descent, and landing without structural damage or loss of functionality.		MO-6						Mission area definition [TBR]

				MSC-7.2		The system successfully receives, regulates, and utilizes Griffin-provided electrical power throughout all applicable mission phases.		MO-6						Resolution thresholds [TBR]

				MSC-7.3		The system successfully exchanges command and telemetry data with the Griffin lander using supported communication interfaces during nominal operations.		MO-6						Data fusion approach [TBR]

				MSC-7.4		The system operates within Griffin thermal, contamination, and environmental constraints for the duration of surface operations.		MO-6						Metadata standard [TBR]

				MSC-7.5		The system completes all planned surface operations without violating Griffin mission operations timelines or safety constraints.		MO-6						Coverage requirement

				MSC-7.6		All payload data generated while interfaced with Griffin are successfully downlinked, archived, and retrievable for post-mission analysis.		MO-6						PRM interface requirements [TBR]



				Full Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				FSC-1		Scan and map lunar surface regions for subsurface characteristics		MO-1



						The mission shall estimate Helium-3 concentration within surveyed regions with a confidence level of ≥ 90%.

				FSC-2		Use scanned data to dynamically scan regions		MO-3

				FSC-3		Relay mapped data from scans remotely		MO-4

						`
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"Generate maps of lunar resources and surface characteristics" might work for MO6
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GriffinReq

				* Will need to stem from systems requirements

		[MO-4] The payload structure shall survive random vibrations and launch loads of X g (test) 

		[MO-4] The payload shall fit within 40m^3(v) in Griffin Lander

												System Requirements

												Number		Requirement		Source		Verification Document		Comments

		[MO-4] The payload sturcture will survive TBR lunar trips										SR-7.1		The system shall mechanically interface with the Astrobotic Griffin lander to enable secure integration, launch, descent, landing, and surface operations without loss of functionality.		MSC-7.1		Mechanical ICD		Structural and mounting compatibility

		[MO-4] The payload structure and internals shall not exceed 200 kg										SR-7.2		The system shall interface with Griffin-provided electrical power services to support nominal operations during all applicable mission phases.		MSC-7.2		Electrical ICD		Includes cruise, descent, and surface operations

		[MO-4] The payload will not be compromised by lunar surface temperatures or lunar dust										SR-7.3		The system shall exchange command, telemetry, and payload data with the Griffin lander using supported data interfaces during nominal mission operations.		MSC-7.3		Data Interface ICD		Wired or wireless as supported

												SR-7.4		The system shall operate within the thermal, environmental, and contamination constraints imposed by the Griffin lander throughout the mission duration.		MSC-7.4		Environmental Compliance Report		Thermal, contamination, EMI compatibility

												SR-7.5		The system shall operate in accordance with Griffin mission timelines, operational constraints, and safety requirements.		MSC-7.5		Mission Operations Plan		Includes command windows and surface ops

												SR-7.6		The system shall ensure that all data generated while interfaced with the Griffin lander are successfully transmitted, archived, and accessible for post-mission analysis.		MSC-7.6		Data Management Plan		Supports post-mission reuse

												DR-7.1 : Mechanical Interface Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.1.1		The system shall mount to the Griffin payload deck using a compatible bolt pattern and mechanical interface.		SR-7.1.1		Mechanical ICD		Adapter plate permitted

												DR-7.1.2		The system shall maintain structural integrity under Griffin-defined launch, descent, and landing loads.		SR-7.1.1		Structural Analysis & Test		Includes vibration and shock

												DR-7.1.3		The system shall remain within Griffin payload mass and center-of-gravity allocations.		SR-7.1.1		Mass Properties Report		Limits defined by Astrobotic

												DR-7.1.4		The system shall not interfere with Griffin landing legs, sensors, antennas, or deployment mechanisms.		SR-7.1.1		Integration Review		Clearance verification

												DR-7.2 : Electrical Power Interface Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.2.1		The system shall accept Griffin-provided 28 V DC power within allowable voltage and current limits.		SR-7.2.1		Electrical ICD		Standard payload power bus

												DR-7.2.2		The system shall not exceed allocated power limits during any mission phase.		SR-7.2.1		Power Budget		Nominal, peak, and release modes

												DR-7.2.3		The system shall support safe power-on, power-off, and fault-recovery commanded by the lander.		SR-7.2.1		Electrical Test Procedure		Protects lander bus

												DR-7.3 : Command, Data, and Software Interface Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.3.1		The system shall communicate with the Griffin lander using supported wired or wireless data interfaces.		SR-7.3.1		Data Interface ICD		RS-422, SpaceWire, or WLAN

												DR-7.3.2		The system shall transmit telemetry and receive commands during scheduled communication windows.		SR-7.3.1		Ops & Comm Test		Timing controlled by lander

												DR-7.3.3		The system shall support lander-provided time synchronization services.		SR-7.3.1		Software Test Report		Enables data correlation

												DR-7.3.4		The system shall store data locally during communication outages and downlink upon reconnection.		SR-7.3.1		Data Handling Test		Fault-tolerant ops

												DR-7.4 : Thermal, Environmental, and Contamination Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.4.1		The system shall operate within Griffin-defined thermal environments during cruise, orbit, and surface phases.		SR-7.4.1		Thermal Analysis		Polar environment included

												DR-7.4.2		The system shall implement thermal isolation at the lander interface.		SR-7.4.1		Thermal ICD		Prevents heat backflow

												DR-7.4.3		The system shall comply with Griffin contamination control requirements.		SR-7.4.1		Contamination Control Plan		ISO Class 8 integration

												DR-7.4.4		The system shall comply with EMI/EMC requirements for hosted payloads.		SR-7.4.1		EMI Test Report		MIL-STD-461 heritage

												DR-7.5 : Mission Operations Compatibility Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.5.1		The system shall support Griffin mission timelines and command sequencing.		SR-7.5.1		Ops Plan Review		Includes surface ops

												DR-7.5.2		The system shall enter a safe state upon loss of communication or power.		SR-7.5.1		Fault Management Test		Lander-safe behavior

												DR-7.6: Data Delivery & Archival Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.6.1		The system shall downlink all collected data through Griffin-supported data services.		SR-7.6.1		Data Downlink Test		Nominal ops

												DR-7.6.2		The system shall retain raw and processed data in non-volatile memory until confirmed receipt.		SR-7.6.1		Data Integrity Test		Prevents data loss





System Requirements (Main)



								System Requirements

								Number		Requirement		Source		Verification Document		Comments

								SR-1.1 : Sensing & Measurement Requirements

								SR-1.1.1		The system shall include instrumentation capable of measuring elemental and/or isotopic proxy variables correlated with Helium-3 abundance.		MSC-1.1				Candidate instruments include APXS, MS camera/spectral methods

								SR-1.1.2		The system shall include a lunar-penetrating radar (LPR) capable of resolving regolith structure to a depth of ≥ [TBR] m.		MSC-1.1				Supports subsurface predictor variables

								SR-1.1.3		The system shall measure regolith maturity indicators (e.g., optical maturity, grain size and/or grain-size proxies) at each surveyed location.		MSC-1.1				Grain analyzer, imaging-based proxies

								SR-1.1.4		The system shall collect co-registered measurements of surface composition and subsurface structure.		MSC-1.1, MSC-1.4				Enables predictor correlation

								SR-1.2 : Spatial Coverage and Resolution

								SR-1.2.1		The system shall scan a minimum surface area of [TBR] km² during nominal mission operations.		MSC, 1.1				Coverage trace

								SR-1.2.2		The system shall achieve a lateral spatial resolution of ≤ [TBR] m for surface measurements.		MSC-1.2				Resolution requirement

								SR-1.3 : Data Processing & Modeling

								SR-1.3.1		The system shall process raw sensor data into georeferenced resource maps onboard or via ground processing.		MSC-1.2, MSC-1.6				Processing location flexible

								SR-1.3.2		The system shall estimate Helium-3 concentration using a physics-based or empirically validated model.		MSC-1.3				Model selection open

								SR-1.3.3		The system shall propagate sensor and model uncertainties to produce confidence intervals for all resource estimates.		MSC-1.3, MSC-1.5

								SR-1.3.4		The system shall output at least [TBR] independent predictor variables per mapped location to support correlation of Helium-3 concentration estimates.		 MSC-1.4

								SR-1.4 : Uncertainty & Confidence

								SR-1.4.1		The system shall quantify uncertainty contributions from instrumentation, environmental variability, and model assumptions.		MSC-1.5

								SR-1.4.2		The system shall report Helium-3 abundance estimates with a minimum confidence level of 50%.		MSC-1.3

								SR-1.5 : Data Processing & Modeling

								SR-1.5.1		The system shall generate resource distribution maps compatible with PRM (Planetary Resource Mapping) workflows.		MSC-1.6

								SR-1.5.2		The system shall archive raw and processed data in a format suitable for post-mission validation and reuse.		MSC-1.6

								SR-2.1 : Scan a [TBR] region for H₂O signatures and indicators

								SR-2.1.1		The Lunar Penetrating Radar shall detect subsurface dielectric anomalies consistent with potential ice or hydrated regolith to depths ≥ [TBR] m.		MSC-2.1		Analysis 3.1, Test 3.1		LPR is your primary subsurface H₂O indicator.

								SR-2.1.2		The APXS shall measure elemental oxygen abundance with a precision of ≤ [TBR]% to support inference of hydration potential.		MSC-2.1		Analysis 3.2		APXS cannot detect H₂O directly but can detect O‑rich minerals.

								SR-2.1.3		The Grain Analyzer shall characterize regolith particle size distribution with a resolution of ≤ [TBR] µm to identify fine‑grained soils correlated with volatile retention.		MSC-2.1				Finer grains often retain more OH/H₂O.

								SR-2.1.4		The Neutral Particle Detector shall measure hydrogen‑bearing exospheric particles with a sensitivity of ≤ [TBR] particles/cm²/s.		MSC-2.1				Hydrogen flux is a strong indirect indicator.

								SR-2.1.5		The Multispectral Imaging Camera shall detect hydration‑related spectral slopes or absorption features across [TBR] bands.		MSC-2.1				MSI provides surface hydration indicators.

								SR-2.1.6		The system shall achieve a surface coverage rate of ≥ [TBR] km² per operational day.		MSC-2.1				Ensures the required region can be scanned.

								SR-2.2 : Generate spatially resolved maps of H₂O‑related parameters

								SR-2.2.1		The Multispectral Imaging Camera shall achieve a ground sampling distance (GSD) of ≤ [TBR] m/pixel.		MSC-2.2		Analysis, Test		Defines spatial resolution for hydration‑related imaging.

								SR-3.2.2		The Lunar Penetrating Radar shall produce subsurface dielectric maps with horizontal resolution ≤ [TBR] m and vertical resolution ≤ [TBR] m.		MSC-2.2		Analysis		Required for subsurface ice inference.

								SR-2.2.3		The APXS shall produce georeferenced elemental abundance maps with spatial resolution ≤ [TBR] m.		MSC-2.2				Enables correlation of O‑rich regions with hydration.

								SR-2.2.4		The system shall georeference all measurements with positional accuracy ≤ [TBR] m.		MSC-2.2				Required for multi‑instrument map alignment.

								SR-2.1 : Estimate H₂O concentration with ≥ 50% confidence

								SR-2.3.1		The Multispectral Imaging Camera shall achieve an SNR ≥ [TBR] in hydration‑sensitive bands.		MSC-2.3		Analysis,		MSI is your primary surface hydration estimator.

								SR-2.3.2		The Neutral Particle Detector shall detect hydrogen flux variations of ≥ [TBR]% at 1σ confidence.		MSC-2.3		Analysis		Hydrogen flux supports concentration estimates.

								SR-2.3.3		The Lunar Penetrating Radar shall detect dielectric contrasts corresponding to ≥ [TBR]% volumetric ice content.		MSC-2.3				Subsurface ice estimation.

								SR-2..3.4		The system shall fuse MSI, LPR, APXS, and NPD data using a retrieval algorithm that outputs H₂O concentration estimates with quantified uncertainty.		MSC-2.3				Multi‑sensor fusion is required to reach 50% confidence.

								SR‑2.4 : Correlate H₂O estimates with ≥ [TBR] predictor variables

								SR-2.4.1		The Flux Magnetometer shall measure magnetic field variations with a precision of ≤ [TBR] nT to support correlation with regolith maturity and solar wind implantation.		MSC-2.4		Analysis		Magnetic anomalies correlate with volatile retention.

								SR-2.4.2		The Electrostatic Analyzer shall measure surface charging and plasma environment parameters with a precision of ≤ [TBR]%.		MSC-2.4				Electrostatic transport affects volatile migration.

								SR-2.4.3		The Grain Analyzer shall measure regolith grain shape and cohesion metrics with a precision of ≤ [TBR]%.		MSC-2.4				Grain properties influence volatile adsorption.

								SR-2.4.4		The system shall measure surface albedo using MSI with an accuracy of ≤ [TBR]%.		MSC-2.4				Albedo correlates with maturity and hydration potential.

								SR-2.5 : Provide quantified uncertainty bounds

								SR-2.5.1		The MSI shall include radiometric calibration sources enabling calibration to within ≤ [TBR]%.		MSC-2.5				Required for uncertainty modeling.

								SR-2.5.2		The APXS shall include onboard calibration targets enabling elemental abundance uncertainty ≤ [TBR]%.		MSC-2.5				Reduces systematic error.

								SR-2.5.3		The LPR shall include calibration routines for dielectric constant estimation with uncertainty ≤ [TBR]%.		MSC-2.5				Needed for subsurface ice uncertainty.

								SR-2.5.4		The system shall generate uncertainty propagation models for all H₂O retrieval algorithms.		MSC-2.5				Required for PRM integration.

								SR‑2.6 : Produce PRM‑ready data products

								SR-2.6.1		The system shall output georeferenced H₂O concentration maps in PRM‑compatible formats (e.g., GeoTIFF, PDS4).		MSC-2.6				Ensures downstream usability.

								SR-2.6.2		The system shall store raw, calibrated, and processed data with metadata describing instrument state, calibration, and uncertainty.		MSC-2.6				Required for traceability.

								SR-2.6.3		The system shall generate a fused multi‑instrument H₂O resource layer with spatial resolution ≤ [TBR] m/pixel.		MSC-2.6				Final deliverable for PRM.

								SR-3.1 : Surface Property Identification

								SR-3.1.1		The system shall measure surface regolith properties including composition proxies, surface roughness, and particle size indicators across the mission area.		MSC-3.1		Analysis 3.1, Test 3.1

								SR-3.1.2		The system shall characterize surface roughness at a spatial resolution sufficient to distinguish traversable and non-traversable terrain.		MSC-3.1, MSC-3.3		Analysis 3.2		SR-3.1.2.a Spatial resolution ≥ TBD (m)

								SR-3.2 : Subsurface Characterization

								SR-3.2.1		The system shall characterize subsurface layering and structural features to a depth sufficient to support resource assessment and site selection.		MO-3, MSC-3.2		Analysis, Test		SR-3.2.1.a Penetration depth ≥ TBD (m)

								SR-3.2.2		The system shall collect co-registered measurements of surface composition and subsurface structure.		MSC-1.1		Analysis		SR-3.2.2.a Vertical resolution ≤ TBD (m)

								SR-3.3 : Mobility-Relevant Terrain Assessment

								SR-3.3.1		The system shall identify terrain slope across the mission area to support mobility and site evaluation.		MSC-3.3		Analysis,		SR-3.3.1.a Slope measurement accuracy ≤ TBD (degrees)

								SR-3.3.2		The system shall assess terrain roughness and bearing capacity proxies relevant to surface mobility.		MSC-3.1, MSC-3.3		Analysis		Bearing capacity may be inferred through indirect sensing methods (TBD).

								SR-3.4 : Spatial Coverage Adequacy

								SR-3.4.1		The system shall collect surface and subsurface characterization data over a spatial area sufficient to enable comparative site evaluation.		 MSC-3.4		Analysis		SR-3.4.1.a Coverage area ≥ TBD (km²)

								SR-3.5 : Data Resolution and Fidelity

								SR-3.5.1		The system shall achieve spatial and measurement resolution sufficient to distinguish between candidate sites.		MSC-3.5				SR-3.5.1.a Horizontal resolution ≤ TBD (m)

								SR-3.6 : Environmental Robustness

								SR-3.6.1		The system shall operate and collect valid characterization data under expected lunar environmental conditions.		MSC-3.6

								SR-3.7 : Uncertainty & Confidence

								SR-3.7.1		The system shall produce surface and subsurface characterization data that is demonstrably relevant to resource presence, extractability, or site suitability.		MSC-3.7		Analysis		Relevance demonstrated through correlation with resource indicators defined in MO-1 and MO-2.

								SR-4.1 : Reuse Cycles and Performance Retention

								SR-4.1.1		The system shall be designed to complete at least [TBD] reuse cycles without replacement of mass-critical hardware.		MSC-4.1		Test, Inspection		Define “mass-critical hardware” [TBR], SR-4.1.1.a Threshold: reuse cycles ≥ [TBD]

								SR-4.1.2		The system shall verify post-cycle functional performance remains within [TBD]% of baseline for all mission-critical functions.		MSC-4.1		Test, Analysis		Baseline defined at acceptance test, SR-4.1.2.a Threshold: performance degradation ≤ [TBD]% per cycle

								SR-4.1.3		The system shall support refurbishment processes that can be completed within [TBD] hours of hands-on labor per reuse cycle.		MSC-4.1		Demonstration		Keeps reuse realistic (ops burden),SR-4.1.3.a Threshold: active refurbishment time ≤ [TBD] hrs/cycle



								SR-4.2 : Lifecycle Cost Ceiling

								SR-4.2.1		The program shall maintain a lifecycle cost model including development, integration/test, launch mass penalties, operations, and refurbishment.		MSC-4.2		Analysis		“Launch mass penalty” method [TBR]

								SR-4.2.2		The lifecycle cost model shall demonstrate total cost for [TBD] missions does not exceed [TBD] dollars.		MSC-4.2		Analysis		Budget cap trace, SR-4.2.2.a Threshold: lifecycle cost ≤ [TBD] $ for [TBD] missions

								SR-4.2.3		The system shall track cost drivers attributable to reuse (refurb labor, spares, downtime) per cycle.		MSC-4.2		Analysis		Enables trades

								SR-4.3 : Modularity and Standard Interfaces

								SR-4.3.1		The architecture shall support swapping or upgrading at least [TBD] major subsystems without redesign of the primary structure.		MSC-4.3		Inspection, Demonstration		Define “major subsystem” [TBR], SR-4.3.1.a Threshold: subsystems swapped ≥ [TBD] without primary structure redesign

								SR-4.3.2		The system shall provide standardized mechanical mounting interfaces for payloads and replaceable subsystems.		MSC-4.3		Inspection		Interface control drawing (ICD)

								SR-4.3.3		The system shall provide standardized electrical power interfaces for payloads and replaceable subsystems.		MSC-4.3		Inspection, Test		Voltage/current rails [TBD]

								SR-4.3.4		The system shall provide standardized data interfaces for payloads and replaceable subsystems.		MSC-4.3		Inspection, Test		Protocol [TBD]

								SR-4.3.5		The architecture shall support integration of the planned payload set (LPR, grain analyzer, APXS, flux magnetometer, MS camera, electrostatic analyzer, neutral particle detector) through the standardized interfaces.		MSC-4.3		Demonstration		Don’t lock exact models yet, SR-4.3.5.a Threshold: payload integration demonstrated for ≥ [TBD] instruments (target: your full list)

								SR-4.4 : Lunar Day–Night Survivability

								SR-4.4.1		The system shall survive at least [TBD] lunar day–night cycles without major refurbishment.		MSC-4.4		Test, Analysis		Thermal cycling, SR-4.4.1.a Threshold: cycles survived ≥ [TBD]:

								SR-4.4.2		The system shall maintain thermal performance within [TBD]% of nominal across day–night transitions.		MSC-4.4		Test, Analysis		Define “thermal performance” [TBR], SR-4.4.2.a Threshold: thermal deviation ≤ [TBD]%

								SR-4.4.3		The system shall maintain mechanical integrity and alignment of mission-critical interfaces across thermal cycling.		MSC-4.4		Test, Inspection		Prevents “it survived but nothing fits”, SR-4.4.3.a Threshold: interface alignment change ≤ [TBD] (units [TBD])

								SR-4.5 : Dust Ingress and Abrasion Control

								SR-4.5.1		The system shall limit dust ingress into protected volumes to ≤ [TBD] grams over a mission cycle.		MSC-4.5		Test		Dust test method [TBR], SR-4.5.1.a Threshold: ingress mass ≤ [TBD] g

								SR-4.5.2		Dust exposure shall not degrade performance of critical subsystems by more than [TBD]%.		MSC-4.5		Test, Analysis		Applies to mobility, seals, sensors, connectors, SR-4.5.2.a Threshold: performance degradation ≤ [TBD]% after dust exposure

								SR-4.5.3		The system shall incorporate dust-tolerant interface features for replaceable subsystems (covers, seals, wiping surfaces, etc.).		MSC-4.5		Inspection		Avoids adding heavy mitigation later

								SR-4.6 : Cost per Delivered Kilogram

								SR-4.6.1		The program shall maintain a cost-per-delivered-kg model including launch cost, structural mass, and amortized reusable hardware.		MSC-4.6		Analysis		Define amortization approach [TBR]

								SR-4.6.2		The architecture shall demonstrate cost per delivered kilogram to lunar surface ≤ [TBD] $/kg.		MSC-4.6		Analysis		Trade driver, SR-4.6.2.a Threshold: $/kg ≤ [TBD]

								SR-4.6.3		The system shall track mass growth margins and identify components driving $/kg increases.		MSC-4.6		Analysis		Supports design trades

								SR-5.1 : Data geo-referencing

								SR-5.1.1		The system shall assign a position solution to every collected science/characterization data record.		MSC-5.1		Analysis, Test

								SR-5.1.2		The system shall time-tag every collected science/characterization data record using a synchronized mission time standard.		MSC-5.1		Test, Inspection

								SR-5.1.3		The system shall express all position-tagged data in a defined reference frame consistent with the Lunar Lander mission reference frame.		MSC-5.1		Analysis		TBD: Reference frame definition (e.g., lander local frame, lunar-fixed frame, etc.)

								SR-5.2 : Coordinate Frame Alignment with Lunar Lander

								SR-5.2.1		The system shall implement a coordinate transformation between the platform frame and the Lunar Lander frame.		MSC-5.2		Analysis

								SR-5.2.2		The system shall calibrate and validate the transformation parameters during mission operations.		MSC-5.2		Test, Analysis		Calibration method (fiducials, known poses, time-synced landmarks, etc.)

								SR-5.3 : Position Solution Accuracy Sufficient for Mapping

								SR-5.3.1		Position accuracy supports the spacial resolution for resource/surface mapping.		MSC-5.3		Analysis, Test		SR-5.3.1.a Threshold: Position error <= TBD (m)

								SR-5.3.2		The system shall provide an  estimate of position uncertainty associated with each position solution.		MSC-5.3		Analysis		SR-5.3.2.a  Uncertainty reported as TBD (eg. 1 sigma, 95% CL)

								SR-5.4 : Time Synchronization Sufficient for Sensor Function

								SR-5.4.1		The system shall synchronize its time base to the Lunar Lander time standard at an interval sufficaent to prevent unacceptable timing drift.		MSC-5.4		Analysis, Test		SR-5.4.1.a Max allowable drift between syncs ≤ TBD (ms or s), SR-5.4.1.b Sync interval ≤ TBD (s or hr) 

								SR-5.4.2		The system shall record timing metadata needed to align multi-sensor measurements (e.g., latency, sampling rate, clock offset).		MSC-5.4		Inspection, Analysis

								SR-5.5 : Lander Interface for PNT Data Exchange

								SR-5.5.1		The system shall receive required navigation/time data from the Lunar Lander through a defined interface.		MSC-5.5		Test		Interface type/protocol, update rate, message format

								SR-5.5.2		The system shall transmit required state/health data to the Lunar Lander to support coordinated operations (as applicable)		MSC-5.5		Test		Data fields (positionm, timestamp, quality flags, health)

								SR-5.6 : Continuity and Fail-Safe Behavior

								SR-5.6.1		The system shall maintain a bounded navigation solution during temporary loss of Lunar Lander updates.		MSC-5.6		Analysis, Test		SR-5.6.1.a Max outage duration supported ≥ TBD (min), SR-5.6.1.b Max allowable accumulated position error during outage ≤ TBD (m)

								SR-5.6.2		The system shall flag and quarantine data collected outside acceptable PNT thresholds.		MSC-5.6		Test		Quality thresholds and Logic

								SR-6.1 Map Generation Coverage

								SR-6.1.1		The system shall generate georeferenced map products covering the defined mission area of interest.		MSC-6.1		Analysis		Mission area definition [TBR], SR-6.1.1.a Threshold: Mission area coverage ≥ [TBR] %

								SR-6.1.2		The system shall associate all mapped data products with spatial coordinates defined in the mission reference frame.		MSC-6.1		Analysis		SR-6.1.2.a Threshold: No unmapped gaps exceeding [TBR] m²

								SR-6.2 : Spatial Resolution Adequacy

								SR-6.2.1		The system shall produce map products with spatial resolution sufficient to represent features identified by MO-1, MO-2, and MO-3.		MSC-6.2		Analysis		Resolution tied to upstream objectives, SR-6.2.1.a Threshold: Resolution ≤ [TBR] m/pixel

								SR-6.2.2		The system shall document the spatial resolution of each generated map product.		MSC-6.2		Inspection		Metadata requirement, SR-6.2.2.a Threshold: Resolution metadata present for 100% of products

								SR-6.3 : Data Integration and Fusion

								SR-6.3.1		The system shall integrate surface, subsurface, and resource-indicator measurements into unified spatial data products.		MSC-6.3		Analysis		Multi-sensor fusion, SR-6.3.1.a Threshold: ≥ [TBR] data modalities integrated per map

								SR-6.3.2		The system shall preserve spatial alignment between integrated datasets.		MSC-6.3		Analysis		Alignment relies on MO-5 PNT, SR-6.3.2.a Threshold: Inter-dataset misalignment ≤ [TBR] m

								SR-6.4 :Metadata and Uncertainty Documentation

								SR-6.4.1		The system shall attach metadata describing resolution, uncertainty, and data provenance to all map products.		MSC-6.4		Inspection		Metadata standard [TBR], SR-6.4.1.a Threshold: Metadata completeness = 100%

								SR-6.4.2		The system shall document uncertainty bounds associated with mapped values.		MSC-6.4		Analysis		Links to MO-1 / MO-2 uncertainty, SR-6.4.2.a Threshold: Uncertainty bounds provided for all mapped quantities

								SR-6.5 : Area Coverage Sufficiency

								SR-6.5.1		The system shall generate mapped products covering at least the minimum required fraction of the mission interest area		MSC-6.5		Analysis		Coverage metric, SR-6.5.1.a Threshold: Area coverage ≥ [TBR] %

								SR-6.6 : PRM Compatibility

								SR-6.6.1		The system shall generate data products suitable for incorporation into a Proven Reserve Model (PRM).		MSC-6.6		Analysis		PRM interface, SR-6.6.1.a Threshold: PRM ingestion without data loss

								SR-6.6.2		The system shall preserve spatial and uncertainty information required for reserve estimation modeling.		MSC-6.6		Analysis		Supports confidence claims, SR-6.6.2.a Threshold: Spatial + uncertainty data retained

								SR-6.7 : Data Format and Storage

								SR-6.7.1		The system shall store all final map products in a mission-approved standardized data format.		MSC-6.7		Inspection		File formats [TBR], SR-6.7.1.a Threshold: 100% format compliance

								SR-6.7.2		The system shall ensure generated data products are accessible for downstream analysis and modeling.		MSC-6.7		Demonstration		Data accessibility, SR-6.7.2.a Threshold: Successful retrieval and use in analysis pipeline





System Requirements
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						System Requirements

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-1		The mission power system shall provide at least 1 W of regulated electrical power per kilogram of payload during nominal surface operations while the payload is attached to the lander.		PUG Lander Document		Analysis		Updated		Clarifies that 1 W/kg applies only while attached.		PUG: Nominal 1 W/kg power allocation.

						SYS-1a		For deployable payloads, the payload shall be self-powered following separation from the lander; the lander will not provide nominal power after egress.				Analysis		New		Deployables must provide their own power after release.		PUG: Deployable payloads take full control of power after release.

						SYS-1c		The lander shall provide a scheduled PEAK power service of up to 2.5 W per kilogram of payload while the payload remains attached, subject to Astrobotic scheduling and power availability.				Analysis		New		Defines lander PEAK power allocation.		PUG: Peak = 2.5 W/kg when scheduled.

						SYS-1d		The payload customer shall request and schedule any required PEAK power windows (start/stop times, duration, justification) through the payload integration and mission operations process.				Inspection		New		Clarifies scheduling requirement for peak power use.		PUG: Additional power services available via scheduling.

						SYS-1e		The lander shall provide a RELEASE power pulse of up to 30 W peak for approximately 60 seconds for deployment/actuation events only.				Test		New		Defines available high-power pulse for deployment-only operations.		PUG: Release = 30 W peak for ~60 seconds.

				NOTE: Calculate power requirements of all instruments combined, potential driving or propulsion systems, and computers necessary. Generate rough estimates of this to incorporate into requirements so that requirements can be broad enough to support designing a rover or some projectile payload.		SYS-1f		If a launch-from-lander event requires power beyond PEAK or sustained high power, the payload shall include internal power storage (batteries or capacitors) sized to support the event and post-release operations.				Inspection		New		Ensures high-power events must use onboard energy storage.		PUG: Deployables control power post-release; lander not used for sustained loads.

						SYS-1g		High instantaneous actuation power shall be supplied by on-payload energy storage; SEC power circuits shall be used only for charging and release signals within the lander-provided limits.				Test		New		Protects lander circuits; ensures payload uses internal storage for spikes.		PUG: SEC supports limited operational and release circuits only.

						SYS-2		The system shall support a total payload mass of up to 200 kg including instruments and mounting hardware.				Analysis		Updated		Fit within Griffin 625 kg capacity.		PUG: Griffin payload capacity.

						SYS-3		The system shall provide a payload accommodation volume of at least 40 m^3 for science instruments.				Inspection		Updated		Volume fits within Griffin mounting envelope.		PUG: Payload envelope & mounting decks.

				NOTE: adjust this temperature range in the instrument requirements		SYS-4		The system shall support payload operation across lunar surface thermal environments from −30°C to +80°C.				Test		Updated		Matches PUG lunar surface thermal environment.		PUG: Thermal Environment (Surface).

						SYS-5		The system shall survive launch vibration, acoustic, and shock environments consistent with Falcon Heavy limits.				Test		Updated		Mechanical loads defined by GEVS and Astrobotic.		PUG: Mechanical Environment.		Launch vehicle for Griffin

						SYS-6		The system shall tolerate cumulative radiation exposure of at least 1 krad(Si).				Analysis		Updated		Matches typical mission TID (<1 krad).		PUG: Radiation environment.

						SYS-7		The system shall support continuous science data collection for a minimum of 14 days on the lunar surface.				Analysis		Updated		Matches Griffin 14-day surface duration.		PUG: Griffin Polar Configuration.

						SYS-8		The system shall operate in vacuum, lunar dust, and variable solar illumination without unacceptable performance degradation.				Test		Updated		Environmental compatibility.		PUG: Pressure, contamination, surface environment.

						SYS-9		The system shall allow payloads to be deployed from the lander without requiring additional mission support beyond standard Astrobotic egress procedures.				Test		Updated		Matches standard deployable payload ops.		PUG: Egress Procedures.

						SYS-10		The system shall support payload operation as a navigation gateway for future missions.				Analysis		Unchanged		Supports use of OPAL or enhanced sensors.		PUG: TRN/OPAL.

						SYS-11		The system shall be compatible with a launch schedule no later than 2032.				Analysis		Unchanged		Schedule constraint.		N/A

						SYS-12		The system shall support surface surveys covering at least 50 km².				Analysis		Unchanged		Survey requirement.		N/A

				Note: Verify that all instruments can achieve this. May need to adjust.		SYS-13		The system shall support detection of subsurface structures to a depth of at least 2 m.				Test		Unchanged		Science requirement.		N/A

						SYS-14		The system shall support construction of 3D maps of regolith thickness, density, and grain size.				Analysis		Unchanged		Science requirement.		N/A

						SYS-15		The system shall provide an internal payload controller (OBC) for managing instruments and data.				Inspection		Updated		Uses radiation-tolerant FPGA payload computer.		PUG: Payload Computer.

						SYS-16		The system shall support instrument electrical interfaces at 28 V ± 5% DC.				Inspection		Updated		Matches SEC power specification.		PUG: Electrical Interfaces.

						SYS-17		The system shall support data interfaces using RS-422 or SpaceWire.				Test		Updated		Matches standard lander payload interfaces.		PUG: Data Interfaces.

						SYS-18		Instruments shall be controllable via scripts (C++ or RUST) on Linux-based systems using open APIs.				Test		Updated		Supports autonomous ops from PMCC.		PUG: Ground Segment.		Rust/C++

						SYS-19		The system shall support a maximum downlink bandwidth of 10 kbps per kilogram during nominal surface operations.				Analysis		Updated		Matches nominal data allocation.		PUG: Data Services (Release 10 kbps/kg).

						SYS-20		Instruments shall support integration times ≤100 ms per sample or operate in stop-and-stare mode without exceeding mission duration.				Test		Unchanged		Science operations requirement.		N/A

						SYS-21		The system shall use the Standard Electrical Connector (SEC) for all power and data interfaces.				Inspection		New		Ensures compatibility with Glenair SuperNine connector.		PUG: SEC description.

						SYS-22		The system shall maintain thermal conductance <0.1 W/K between payload and lander mounting interfaces.				Test		New		Required for thermal isolation.		PUG: Thermal Interfaces.

						SYS-23		The system shall comply with EMI/EMC requirements per MIL-STD-461G.		MIL-STD-461G		Inspection		New		Active payload EMI constraint.		PUG: Electromagnetic Environment.

						SYS-24		The system shall comply with ISO Class 8 cleanroom integration requirements (or optional Class 7 if required).				Inspection		New		Matches integration facility constraints.		PUG: Contamination Control.

						SYS-25		The system shall support the standard 75 mm bolt-pattern mounting grid with M5 helicoils on the payload mounting decks.				Inspection		New		Ensures structural compatibility with mounting decks.		PUG: Payload Mounting Decks.

						Other Systems Requirements considerations:

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-26		The system shall support repositioning of the payload across the lunar surface to enable multi-location measurement operations.		TBD		Analysis/Simulation		New		Mobility Concept Report		Ensures science coverage of survey areas		Specific mobility method (hover, rover, or hybrid) TBD during concept development

				*		SYS-27		The system shall provide sufficient payload stability during repositioning to maintain instrument performance within mission-defined measurement tolerances.		TBD		Test/Analysis		New		Stabilization Performance Report		Prevents motion-induced degradation of He-3 and H₂O measurements		Covers concept-phase hover or traverse scenarios

						SYS-28		The system shall support any propulsion or traction systems required for payload repositioning without exceeding mass, volume, or power budgets.		TBD		Analysis		New		Propulsion/Mobility Integration Report		Ensures mobility does not compromise system constraints		Fuel/mass allocation TBD

				*		SYS-29		The system shall maintain dust mitigation for sensors and mobility systems during surface operations.		TBD		Test		New		Environmental Test Report		Prevents sensor degradation and maintains operational reliability		Applies for hover, rover, or hybrid modes

				*		SYS-30		System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.
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Comment:
    Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.		TBD		Analysis		New		Data Storage Analysis Report		Prevents data loss during extended surveys		Accounts for measurements while moving or stationary

				*		SYS-31		The system shall support energy storage sufficient to power mobility and instrument operations for a minimum of Y hours per mission operation period.		TBD		Analysis		New		Energy Budget Report		Ensures survey coverage without exceeding power limits		Includes propulsion energy and payload usage; exact Y TBD

				*		SYS-32		The system shall provide safe clearance from the surface and obstacles during repositioning to prevent collision or damage to the payload.		TBD		Test/Analysis		New		Operational Safety Analysis Report		Ensures payload safety during mobility operations		Hover altitude or clearance margin TBD

						SYS-33		The system shall maintain thermal stability of instruments during surface repositioning under varying illumination and shadow conditions.		TBD		Test		New		Environmental Qualification Test Report		Protects instrument performance during dynamic thermal loads		May require insulation, heaters, or thermal control design

				*		SYS-34		The system shall provide navigation and hazard avoidance sensors sufficient for safe autonomous or semi-autonomous surface repositioning.
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Comment:
    Include importance of control algorithms for autonomous/semi-auto repositioning.		TBD		Test		New		Navigation Performance Report		Enables coverage of target survey areas without collisions		Sensor types TBD; Doppler LiDAR, stereo cameras, optical flow possible

						SYS-35		The system shall allow instrument operation during movement without exceeding measurement error limits defined for mission objectives.		TBD		Test/Analysis		New		Science Performance Test Report		Ensures He-3 and H₂O measurements remain valid during motion		Integration times and motion blur constraints TBD

						SYS-36		The system shall support recharging or refueling of energy stores between sorties if multiple sorties are required to complete survey objectives.		TBD		Analysis		New		Operational Sustainability Report		Enables extended mission coverage across multiple locations		Recharge/refuel method TBD (solar, battery swap, propellant refill)

				*		SYS-37		The system shall monitor and manage onboard energy consumption to prevent depletion during critical science or mobility operations. 		TBD		Test/Analysis		New		Power Management Report		Protects mission operations and prevents partial survey failure		Includes automated or manual power management

						SYS-38		System should have sufficient control algorithms- based on sensors onboard to facilitate autonomous maneuvering. 

																				Specs of PUG lander Computer: GNC flight sensor drivers and propulsion control units, are enclosed separately near the relevant subsystem hardware. Peregrine's flight computer consists of a 32-bit high-performance dual-core LEON 3 FT microprocessor. The computer employs radiation hardened integrated circuits as well as fault-tolerant and SEU-proof characteristics.

Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.



Include importance of control algorithms for autonomous/semi-auto repositioning.





https://everyspec.com/MIL-STD/MIL-STD-0300-0499/MIL-STD-461G_53571/

ElectricalReq



										System Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										ELEC-1		Power supply capable of sustaining  [TBR] overtime		UNP MC User's Guide		Test		Incomplete		Electrical Inspection Document
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										ELEC-2		Data handling component apable of a raw data rate of [TBR] (FPGA or DSP)		UNP MC User's Guide		Test		Incomplete		Electrical Inspection Document

										ELEC-3		ADC 		MS-1		Test		Incomplete		Electrical Inspection Document		To convert analog signals into digital data a computer can read and store

										ELEC-4		DAC 		MS-1		Test		Incomplete		Electrical Inspection Document		To convert digital data into smooth continuous analog signal

										ELEC-5		Sensors for temperature, pressure, etc		MO-1 & MO-2		Test		Incomplete		Electrical Inspection Document

										ELEC-6		Communication components to transfer data from lunar surafce to earth (Antenna, transceivers, lasers, etc)		MO-3		Inspection		Incomplete		Electrical Inspection Document

										ELEC-7		Determine frequency band (X-band or opitical comms)		MO-3		Analysis		Incomplete		Electrical Inspection Document

										ELEC-8		High performance, low power, and radiation hardened microcontroller/controller		MO-3		Demonstration		Incomplete		Electrical Inspection Document









Until noted otherwise, I will put Jack on he task of  creating documents for individual systems, which will be cross-checked by the system leads themselves.








PowerReq



						Lunar Penetrating Radar Requirements

						Number		Requirement		Source		Verification Document		Comments

						pwr-01		The system shall be electrically compatible with the Griffin lander's 28 ± 5% V DC power service provided via the Standard Electrical Connector (SEC).		MO-4, MSC-4.3, SR-1.6.4, SR-4.3.3, SYS-16, SYS-21		Electrical ICD, Test Report		Ensures basic compatibility for charging and operations while attached to the lander.

						pwr-02		The system's total power consumption shall not exceed 200 W (1.0 W/kg) during nominal operations while attached to the lander.		MO-4, SR-1.6.5, SYS-1		Power Budget, Analysis		This budget must account for instrument standby, thermal control, and battery charging before deployment.

						pwr-03		The system shall be fully self-powered after deployment from the lander, providing all necessary power for mobility, science operations, and communications.		MO-1, MO-2, MO-3, MO-4, SYS-1a, SYS-31		Power Budget, System Design Document		Per the PUG, the lander does not provide power after egress. The system will require its own solar arrays and/or batteries.

						pwr-04		The onboard energy storage system (batteries) shall be sized to support a minimum of one full mobility and survey sortie without recharging.		MO-1, MO-2, MO-3, SYS-12, SYS-26, SYS-31, SYS-36		Energy Budget Report, Analysis		This includes power for mobility/propulsion, all instruments operating, the onboard computer, and communications.

						pwr-05		The power system shall provide continuous, regulated power to the science instrument suite, including the LPR (≤ 8 W), Grain Size Analyzer (≤ 5 W), and APXS (≤ 6 W).		MO-1, MO-2, MO-3, LPR-001, AGA-001, APXS-001		Electrical Power Test Report, Power Budget		Stable power is critical for measurement accuracy. The full instrument suite power draw must be accounted for.

						pwr-06		The power system shall provide continuous power to the payload's onboard computer, communication systems, and data storage hardware during all operational phases.		MO-5, MO-6, SYS-15, ELEC-2, ELEC-6, ELEC-8		Electrical ICD, Power Budget		These core systems are mission-critical for navigation, mapping, and data return.

						pwr-07		The system shall include an autonomous power management function to monitor energy consumption and to safe non-critical systems to prevent power depletion.		MO-4, SYS-37		Power Management Report, Demonstration		Protects mission operations by ensuring power is available for key functions like mobility and data collection.

						pwr-08		The power system must supply sufficient power to the thermal control system to maintain all components within their operational temperature range (-30°C to +80°C).		MO-4, MSC-4.4, SR-1.6.9, SR-4.4.1, SYS-4, SYS-33		Thermal Analysis Report, Power Budget		This is a major power driver, especially for survival through lunar night, which may require significant heater power.

						pwr-09		Any high instantaneous power events, such as for mobility, shall be supplied by the payload's internal energy storage, not directly from the lander's power bus.		MO-4, SYS-1f, SYS-1g, SYS-28		Propulsion/Mobility Integration Report		Protects the lander's circuits and ensures the payload can handle its own power spikes, as required for deployable systems.





ComputerReq



										System Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

														UNP MC User's Guide		Test		Incomplete		System Inspection Document

														UNP MC User's Guide		Inspection		Incomplete		System Inspection Document

														MS-1		Inspection		Incomplete		System Inspection Document

														MS-1		Inspection		Incomplete		System Inspection Document

														MS-1		Test		Incomplete		System Inspection Document

														MO-3		Inspection		Incomplete		System Inspection Document

														MO-1		Analysis		Incomplete		System Inspection Document

														MO-3		Demonstration		Incomplete		System Inspection Document

														MO-1		Demonstration		Incomplete		System Inspection Document

														SYS-1		Demonstration		Incomplete		System Inspection Document

														MS-1		Demonstration		Incomplete		System Inspection Document

														MO-1		Demonstration		Incomplete		System Inspection Document





LPR Req

				Will this Instruemnt be used?								*If you find that there is nothing in systems requirements to tie to an instrument requirement, then add to the systems requirements.

				YES

										Lunar Penetrating Radar Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

		VERIFY THIS ROW FOR ALL INSTRUMENTS								LPR-001		The Lunar Penetrating Radar shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities.		Peak power during radar pulse transmission TBD

										LPR-002		The Lunar Penetrating Radar shall have a total mass ≤ 4.0 kg, including mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits.		Mass growth margin of 15 percent allocated

										LPR-003		The Lunar Penetrating Radar shall fit within the allocated payload envelope of 30 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location.		Antenna deployment volume excluded

										LPR-004		The Lunar Penetrating Radar shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures.		Survival temperature limits TBD

										LPR-005		The Lunar Penetrating Radar shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle.		Load spectra TBD based on launch vehicle

										LPR-006		The Lunar Penetrating Radar electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration.		Shielding trade study pending

										LPR-007		The Lunar Penetrating Radar shall be capable of storing a minimum of 14 days of continuous radar data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps.		Data rate and compression assumptions TBD

										LPR-008		The Lunar Penetrating Radar shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to exposed electronics and antennas.		Dust mitigation strategy under development





Grain Analyzer Req

				Will this Instrument be used?

				YES

										Automated Grainsize Analyzer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										AGA-001		The Automated Grain Size Analyzer shall operate within an average power consumption ≤ 5 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities		Peak power during measurement TBD

										AGA-002		The Automated Grain Size Analyzer shall have a total mass ≤ 2.5 kg, including mounting hardware		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15% allocated

										AGA-003		The Automated Grain Size Analyzer shall fit within the allocated payload envelope of 25 x 15 x 15 cm with a minimum clearance of 2 mm on all sides		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Microscope optics and sample holder included

										AGA-004		The Automated Grain Size Analyzer shall operate nominally between minus 30 C and plus 50 C		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										AGA-005		The Automated Grain Size Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										AGA-006		The Automated Grain Size Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Shielding trade study pending

										AGA-007		The Automated Grain Size Analyzer shall be capable of measuring particle size distributions from 10 µm to 2 mm with an accuracy of ±10%		TBD		Test		Incomplete		Calibration Test Report		Enables identification of surface conditions associated with He-3 retention		Accuracy and particle size range based on science objectives

										AGA-008		The Automated Grain Size Analyzer shall store a minimum of 14 days of continuous measurement data onboard		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data rate and compression assumptions TBD

										AGA-009		The Automated Grain Size Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to optics and sensors		Dust mitigation strategy under development

										AGA-010		The Automated Grain Size Analyzer shall be capable of analyzing regolith samples either in situ or from collected sample containers		TBD		Test		Incomplete		Functional Test Report		Supports operational flexibility for multiple mission scenarios		Sample handling mechanism TBD

										AGA-011		The Automated Grain Size Analyzer shall provide measurement data with a time resolution of ≤ 1 minute per sample		TBD		Test		Incomplete		Data Rate Test Report		Enables timely characterization of multiple samples during surface operations		Depends on imaging speed and processing algorithm

										AGA-012		The Automated Grain Size Analyzer shall maintain alignment of optics and sensors within ±1 mm under operational and launch conditions		TBD		Inspection/Test		Incomplete		Alignment Verification Report		Ensures measurement accuracy during transport and operation		Optical mount design TBD





APXS Req

				Will this Instrument be used?

				TBD

										Alpha Particle X-Ray Spectrometer (APXS) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										APXS-001		The APXS shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables routine surface composition measurements		Peak power during excitation TBD

										APXS-002		The APXS shall have a total mass ≤ 3.0 kg, including mounting hardware and deployment mechanism.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										APXS-003		The APXS shall fit within the allocated payload envelope of 25 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployment arm volume excluded

										APXS-004		The APXS shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										APXS-005		The APXS shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										APXS-006		The APXS electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										APXS-007		The APXS shall measure elemental abundances for elements with atomic numbers from Na to Fe with an accuracy of ±10 percent.		TBD		Test		Incomplete		Calibration and Validation Report		Enables identification of Ti-rich basaltic materials associated with enhanced He-3 retention		Titanium detection threshold TBD

										APXS-008		The APXS shall achieve a minimum surface measurement integration time of ≤ 30 minutes per target.		TBD		Test		Incomplete		Performance Test Report		Allows multiple compositional measurements within nominal surface operations timeframe		Integration time dependent on count rate

										APXS-009		The APXS shall store a minimum of 14 days of compositional data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										APXS-010		The APXS shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to detectors and contact surfaces		Dust cover or purge mechanism TBD

										APXS-011		The APXS shall be capable of performing measurements while in direct contact with the lunar surface.		TBD		Test		Incomplete		Functional Test Report		Ensures accurate elemental analysis by minimizing standoff distance		Surface contact force TBD

										APXS-012		The APXS shall maintain detector alignment and calibration within mission limits for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for compositional analysis		Periodic in-flight calibration TBD





Flux Mag Req

				Will this Instrument be used?

				TBD

										Fluxgate Magnetometer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										FGM-001		The Fluxgate Magnetometer shall operate within an average power consumption ≤ 3 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous magnetic field measurements		Peak power during sampling TBD

										FGM-002		The Fluxgate Magnetometer shall have a total mass ≤ 2.0 kg, including sensor, boom, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Boom length TBD

										FGM-003		The Fluxgate Magnetometer shall fit within the allocated payload envelope of 20 x 15 x 15 cm when stowed, with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployed boom volume excluded

										FGM-004		The Fluxgate Magnetometer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										FGM-005		The Fluxgate Magnetometer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										FGM-006		The Fluxgate Magnetometer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										FGM-007		The Fluxgate Magnetometer shall measure magnetic field vectors with a resolution of ≤ 0.1 nT over a dynamic range of at least ±1000 nT.		TBD		Test		Incomplete		Calibration and Performance Report		Enables detection of lunar crustal magnetic anomalies that deflect solar wind		Performance consistent with prior lunar missions

										FGM-008		The Fluxgate Magnetometer shall acquire vector magnetic field measurements at a sampling rate ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports mapping of spatial variations in magnetic anomalies during surface operations		Higher rates optional if power allows

										FGM-009		The Fluxgate Magnetometer shall store a minimum of 14 days of continuous magnetic field data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per sample TBD

										FGM-010		The Fluxgate Magnetometer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to exposed sensors and connectors		Dust shielding strategy TBD

										FGM-011		The Fluxgate Magnetometer shall minimize magnetic interference from spacecraft systems to within mission-defined limits.		TBD		Analysis/Test		Incomplete		Magnetic Cleanliness Report		Ensures accurate measurement of weak crustal magnetic fields		Magnetic cleanliness requirements TBD

										FGM-012		The Fluxgate Magnetometer shall maintain calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for correlation with solar-wind implantation		Periodic in-flight calibration TBD





MS Camera Req

				Will this Instrument be used?

				TBD

										Multispectral Imaging Camera Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										MSIC-001		The Multispectral Imaging Camera shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous imaging operations		Peak power during image acquisition TBD

										MSIC-002		The Multispectral Imaging Camera shall have a total mass ≤ 2.5 kg, including optics, detector, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										MSIC-003		The Multispectral Imaging Camera shall fit within the allocated payload envelope of 20 x 15 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with rover mounting location		Field-of-view envelope excluded

										MSIC-004		The Multispectral Imaging Camera shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										MSIC-005		The Multispectral Imaging Camera shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										MSIC-006		The Multispectral Imaging Camera electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										MSIC-007		The Multispectral Imaging Camera shall acquire images in at least 5 discrete spectral bands spanning the visible to near-infrared range.		TBD		Test		Incomplete		Optical Performance Test Report		Enables inference of regolith maturity and grain size related to He-3 retention		Spectral band centers TBD

										MSIC-008		The Multispectral Imaging Camera shall achieve a ground sampling distance ≤ 5 mm per pixel at nominal imaging altitude.		TBD		Test		Incomplete		Imaging Resolution Report		Allows identification of fine-grained regolith features		Pixel scale dependent on optics

										MSIC-009		The Multispectral Imaging Camera shall support imaging while the rover is moving at speeds up to 5 cm/s without unacceptable image blur.		TBD		Test		Incomplete		Motion Imaging Test Report		Enables efficient surface coverage during rover traverses		Exposure time and stabilization strategy TBD

										MSIC-010		The Multispectral Imaging Camera shall store a minimum of 14 days of multispectral image data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Image compression scheme TBD

										MSIC-011		The Multispectral Imaging Camera shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to optics and detectors		Dust cover or optical window TBD

										MSIC-012		The Multispectral Imaging Camera shall maintain radiometric calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Radiometric Calibration Report		Ensures long-term validity of reflectance measurements used to infer regolith maturity		In-flight calibration target TBD





ESA Req

				Will this Instrument be used?

				TBD

										Electrostatic Analyzer (ESA) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										ESA-001		The Electrostatic Analyzer shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and supports continuous charged-particle measurements		Peak power during high-rate sampling TBD

										ESA-002		The Electrostatic Analyzer shall have a total mass ≤ 4.0 kg, including sensors, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										ESA-003		The Electrostatic Analyzer shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Field-of-view envelope excluded

										ESA-004		The Electrostatic Analyzer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										ESA-005		The Electrostatic Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										ESA-006		The Electrostatic Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										ESA-007		The Electrostatic Analyzer shall measure ion and electron energies from 1 eV to 20 keV with an energy resolution ≤ 20 percent.		TBD		Test		Incomplete		Calibration and Performance Report		Enables characterization of solar wind ions responsible for He-3 implantation		Energy range aligned with solar wind expectations

										ESA-008		The Electrostatic Analyzer shall measure charged particle angular distributions with a field of view ≥ 180 degrees.		TBD		Test		Incomplete		Angular Response Test Report		Enables determination of particle arrival direction and surface implantation geometry		Multiple sensor heads or deflection system TBD

										ESA-009		The Electrostatic Analyzer shall acquire charged particle measurements at a cadence ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports correlation with magnetic field and surface measurements		Higher cadence optional if power allows

										ESA-010		The Electrostatic Analyzer shall store a minimum of 14 days of charged particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data compression strategy TBD

										ESA-011		The Electrostatic Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to apertures and sensors		Dust shielding or electrostatic deflection TBD

										ESA-012		The Electrostatic Analyzer shall minimize contamination from spacecraft-generated charged particles and electric fields.		TBD		Analysis/Test		Incomplete		EMI and Plasma Interaction Report		Ensures accurate measurement of ambient solar wind environment		Spacecraft-plasma interaction modeling TBD

										ESA-013		The Electrostatic Analyzer shall maintain absolute energy calibration stability within ±10 percent over the mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of charged particle energy measurements		In-flight calibration using solar wind TBD

										ESA-014		The Electrostatic Analyzer shall provide time-tagged measurements synchronized to spacecraft time within ±10 ms.		TBD		Test		Incomplete		Time Synchronization Test Report		Enables correlation with magnetometer and surface measurements		Time distribution architecture TBD





NPD Req

				Will this Instrument be used?

				TBD

										Neutral Particle Detector Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										NPD-001		The Neutral Particle Detector shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous exospheric measurements		Peak power during ionization TBD

										NPD-002		The Neutral Particle Detector shall have a total mass ≤ 4.0 kg, including sensor head, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										NPD-003		The Neutral Particle Detector shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Inlet field-of-view volume excluded

										NPD-004		The Neutral Particle Detector shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										NPD-005		The Neutral Particle Detector shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										NPD-006		The Neutral Particle Detector electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										NPD-007		The Neutral Particle Detector shall measure neutral species including He, Ar, and H with mass resolution sufficient to distinguish He isotopes.		TBD		Test		Incomplete		Calibration and Performance Report		Enables estimation of He-3 released from the lunar surface or exosphere		Isotope separation capability TBD

										NPD-008		The Neutral Particle Detector shall measure neutral particle fluxes over an energy range appropriate for lunar exospheric conditions.		TBD		Test		Incomplete		Energy Response Test Report		Ensures sensitivity to thermally and sputter-released neutral particles		Energy range TBD based on science model

										NPD-009		The Neutral Particle Detector shall acquire neutral particle measurements with a time resolution ≤ 10 minutes per spectrum.		TBD		Test		Incomplete		Data Rate Test Report		Allows tracking of temporal variations in exospheric composition		Integration time trade TBD

										NPD-010		The Neutral Particle Detector shall store a minimum of 14 days of neutral particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										NPD-011		The Neutral Particle Detector shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to inlets, ion optics, and detectors		Inlet shielding or baffle design TBD

										NPD-012		The Neutral Particle Detector shall maintain calibration stability within ±10 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of exospheric density and composition estimates		Periodic in-flight calibration TBD





Design Decision 1

												1		2		3		4		5		6

										NAME		Information Gathering		Operations		Material Management		Accessibility		Research		Maintenance				Rank categories 1:N, N number categories

										Andrew Dishchuk		6		1		2		3		5		4

										Christian

										Max		1		3		5		2		6		4				*Jack notes research and information gathering can be combined

										Jack																Max's Questions:

										Brian																operations = digging stuff?		Sorta

										Paige																what makes information gathering & Research different?		Information gathering could be "Surveying"

										Zach																		Research can be creating things for a foundation of information collection/experimentation

										Riley































												7		4		7		5		11		8

												Kevin's personal approach: idea selection allows system requirements to naturally arise

												Long duration lunar sustainment

												Redwire		Hand in hand

												1		Energy

												2		Supply chain

												How to support "life in space"

														LASSO

														Proven reserve model

												Avoid the rover part

												PNT				LASSO DATA

																		Grading of resource

												Qty Volume of wter

												Lpross

												Mining processes on earth for characterizing sites, estabilishing mineral reserves, PRM (proven reserve model)

												Used to establish economic feasibility

												Lunar subterannean characterization

												Lunar terrain vehicle

										Future LTV		Astrobotic

												Astrolab

												Intuitive machines

												Lunar Outpost

												Lunanet		Requirements to help push us along

												Nokia 3G communications payload

												Cap out at 7

												Review and getting back

												Create pods for leadership and accountability

												3-4 may be optimal depending on people and task

												Systems lead





Mission statement template



				Mission Statement

				Number		Requirement						Comments

				MS-1		Demonstrate characterization of areas with He3 concentration on the lunar surface using spectrometry.						Intent of assisting with the foundation of a Proven Reserve Model (PRM).



				Objectives

				Number		Requirement		Source		Verification Document		Comments

				MO-1		May provide movement capabilities on the lunar surface.		MS-1				Red - highlights, things we are assuming we have access to

				MO-2		Shall demonstrate an antenna system that is capable of communicating with various lunar platforms.		MS-1				Need help writing out requirements for a comms system, I will try and write some initial conditions

				MO-3		Shall demonstrate power storage on the bus system capable of powering the bus. 		MS-1

				MO-4		Shall demonstrate Energy Generation and storage on the power system.		MS-1

				MO-5		Shall provide support for additional operations.		MS-1



				MO-1 Success Criteria

				Number		Requirement		Source		Verification Document		Comments

				MSC-2		Shall send and receive signals, position information, and data.		MO-2

				MSC-3		May store [TBR] W of power.		MO-3

				MSC-4		May restore power banks through [TBR] cycles of use, and for communication systems after use discontinues.		MO-4				Change to something along the lines of : allow for a power cycle of multiple use cases as a backup

				MSC-5		May allow 2+ connections for various electrical, and mechanical systems, with power allotment. 		MO-5				Some versions of the bus may require less, none, or more connections depending on customer's goal.



				Full Success Criteria

				Number		Requirement		Source		Verification Document		Comments

				FSC-1		When in range, the communication system should display the position, and communicate the position of other rovers, and systems in sight.		MO-1

				FSC-2		Allow the full timespan required by the full success criterion of the payload the bus is used for.		MO-3

				FSC-3		Allow access, or adjustable designs for all components of payloads.		MO-4





System Requirements template



						System Requirements

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

				Looking up requirements from other industries?		(UNP12-1)		Lunar Payload shall be designed to withstand the launch, on-orbit environments, and landing of the launch vehicle without failure that results in damage of launch vehicle and its contents or failure that causes injury to the ground handling crew.		UNP MC User's Guide		Test		Incomplete		System Inspection Document

				Environmental requirements on surfce		(UNP12-2)		Lunar bus shall be designed to meet the requirements specified in the (research on lunar payload requirements)		UNP MC User's Guide		Inspection		Incomplete		System Inspection Document

				What is provided by LTV		SYS-1		Bus shall be capable of movement on various lunar terrains.		MS-1		Inspection		Incomplete		System Inspection Document				Mechanical Team

				Backtrack potential RPS that NASA has put out for LTVs		SYS-2		Bus may be accompanied by a payload.		MS-1		Inspection		Incomplete		System Inspection Document		The bus is intended to be used as a functional environement for external systems and operations. The bus' interfaceability with  various mechanisms is a desired function.for success.

				100's of W at most.  Generate own power preferably		SYS-3		Lunar bus shall be capable of downlinking state of health and functional data.		MS-1		Test		Incomplete		System Inspection Document

				Accomodations		SYS-4		Lunar bus shall perfom system checks before and during payload procedures, and while using power systems.		MO-3		Inspection		Incomplete		System Inspection Document

				Basic estimations ~ 27u of space						MO-1		Analysis		Incomplete		System Inspection Document

				Mass ~ Mass efficient as possible.						MO-3		Demonstration		Incomplete		System Inspection Document

				1 kg > $1M						MO-1		Demonstration		Incomplete		System Inspection Document

				Chat&Google for environmental requirements for different scenarios		MECH-1		Withstand launch vibrations		SYS-1		Demonstration		Incomplete		System Inspection Document

				Subsections for each system						MS-1		Demonstration		Incomplete		System Inspection Document

				Exhaustive - build ourselves a wall for our problems						MO-1		Demonstration		Incomplete		System Inspection Document

				For examples on how this should be completed, check out AFRL DOCKING								Test, Inspection, Amalysis, Demonstration 
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SRR Composition:
 The System Requirements  Review (SRR) creates  requirements  at 

multiple  levels  of, progressing from mission intent to system 
behavior.

Requirement wording is  intentionally s tructured to distinguish 
between objectives, success criteria, and enforceable  system 
requirements .

Only requirements  at the  System Requirement (SR) level and below 
are  written as  “shall” s tatements , indicating mandatory, verifiable  
behavior.
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Requirement Language and Intent:
Mission Statement (MS):  Describes overall mission purpose and 

scope.
Mission Objectives (MO):  Express mission intent and capability 

goals. They are qualitative.
Mission Success Criteria (MSC):  Introduce measurable outcomes 

that define mission success.
System Requirements (SR):  Define what the system shall  do to 

satisfy MSCs, including performance, interfaces, constraints , and 
behaviors .
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MS-1:
Shall generate a map of lunar surface characteristics  using 
tooling  such as spectroscopy,  and ground-penetrating  radar, 
to create a model  of resource distribution  of H2O, & He3 at a 
50% confidence  level
 



UNIVERSITY OF FLORIDA HERBERT WERTHEIM COLLEGE OF 
ENGINEERING

ê ╝ļ ļ ╝ĳ ☼ФÕŝ ¾ŝ ↑ ☺↑ ☼ŝ
MS-1:
Shall generate a map of lunar surface characteristics  using 
tooling  such as spectroscopy,  and ground-penetrating  radar, 
to create a model  of resource distribution  of H2O, & He3 at a 
50% confidence  level
 

Number Requirement

MS-1

Mission Statement

Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource 
distribution of H2O, & He3 at a 50% confidence level


SRR Information



														Work Allotment:		Role:				Responsibility:

														Paige:		System Requirement Lead				Checking over filled in boxes, making sure content makes sense, and connects between sub-teams.

														Jack:		Systems Lead				Complete front page, and work on inspection documents that satisfy system requirements.

														Nilson		Electrical Lead				Complete electrical sub-system design requirements.

														George		Computer Lead				Complete computer sub-system design requirements.

														Max		Mechanical  Lead				Complete mechanical sub-system design requirements. 

														Christian		Team Lead				Compile system information into a neat package for presentation. Help Paige check boxes as you go since you will be reading them over as you make your slides.



										Feedback from midpoint:		Team Name		School		Feedback for the team				Evaluator

										Feedback from midpoint:		Orbital Gators		University of Florida		Good contrast of your concept against other work. Would have liked to see slide of assumptions/constraints. Also would have liked to see more information on the market for He3 and who could fund this/who would invest in this system. Good summary slide.				Jessica Piness, Aegis Aerospace, jessica.piness@aegisaero.com

												Orbital Gators		University of Florida		What sensor technology advancement is needed meet the mission requirements?				Victor Lin, The Aerospace Corp, victor.s.lin@aero.org



				Priority		TO DO LIST:

				4		Create priorities for completing requirements

				3		Label and color every different subteams requirements to make it more traceable (While doing the substem for each req)

				2		Connect the proper MO's MSC's and SR's and have the proper sources

				5		Read over SRR and polish. 

				1		Add subsystem to each relevant requirement

				1		Recheck SRR for inclusion of tooling

								Comments				Comments:

				Priority		Decide TO DO:		We need to decide on assumptions either before or after designing

				1		CONOPS











				ID		Assumption / Constraint		Rationale

				AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

				AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

				AC-3		Griffin provides up to 5 kWe solar power generation during surface operations.		Enables base-station architecture

				AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

				AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

				AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads





				Mission Objective		Mission Success Criterion		System Requirement		Subsystem

				MO-1		MSC-1.1		SR-1.1.1		Payload

				MO-1		MSC-1.2		SR-1.2.1		EPS

				MO-2		MSC-2.1		SR-2.1.1		Comms

				MO-3		MSC-3.1		SR-3.1.1		Mobility





Mission statement



				Mission Statement																				Mission Statement

				Number		Requirement						Comments												Number		Requirement

				MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level						Intent of assisting with the foundation of a Proven Reserve Model (PRM).												MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level

																								Mission Objectives

				Mission Objectives																				Number		Requirement

				Number		Requirement		Source		Verification Document		Justification		Comments										MO-1		Demonstrate the ability to detect and quantify indicators correlated with Helium-3 presence in lunar regolith.

				MO-1		Enable detection and quantification of indicators correlated with Helium-3 presence in lunar regolith.		MS-1				Support Mission Statement 												MO-2		Demonstrate the ability to detect H2O and/or indicators of H2O

				MO-2		Enable detection and characterization of H₂O and/or hydration indicators in the lunar environment.		MS-1																MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment, and site selection.

tc={7F26E5B8-B93D-4422-9FFF-D8B4A7F6722F}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    @Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6

				MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment and site selection.		MS-1																MO-4		Demonstrate a system architecture that balances cost and reusability to enable repeated lunar surface characterization missions.

				MO-4		Provide a reusable and cost-balanced system architecture enabling repeated lunar surface characterization missions.		MS-1																MO-5		Demonstrate coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.

				MO-5		Provide coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.		MS-1																MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.

				MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.		MS-1																MO-7		Interface with the Astrobotic Griffin lander to provide for lunar surface resource surveying activities.

				MO-7		Interface with the Astrobotic Griffin lander to support lunar surface resource surveying operations.		MS-1



				MO-1 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-1.1		Shall scan a [TBR] region of the lunar surface for Helium-3 predictors and/or inverse predictors		MO-1						[TBR] can be used for values you don’t understand/know yet.

				MSC-1.2		The mission shall generate spatially resolved maps of Helium-3 indicator parameters with a spatial resolution of [TBR] pixels/m.		MO-1

				MSC-1.3		The mission shall estimate Helium-3 concentration within surveyed regions with a confidence level of ≥ 50%.		MO-1

				MSC-1.4		The mission shall correlate Helium-3 concentration estimates with at least [TBR] independent predictor variables (e.g., regolith maturity, TiO₂ content, depth).		MO-1

				MSC-1.5		The mission shall provide quantified uncertainty bounds for all Helium-3 resource predictions.		MO-1

				MSC-1.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-1



				MO-2 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-2.1		Shall scan a [TBR] region of the lunar surface for direct H₂O signatures and/or secondary hydration indicators.		MO-2						Only instrument for H2O is Lunar Penetrating Radar

				MSC-2.2		The mission shall generate spatially resolved maps of H₂O‑related parameters (e.g., hydration band depth, neutron count rate, dielectric constant) with a spatial resolution of [TBR] pixels/m.		MO-2

				MSC-2.3		The mission shall estimate H₂O concentration or equivalent hydrogen abundance within surveyed regions with a confidence level of ≥ 50%.		MO-2

				MSC-2.4		The mission shall correlate H₂O concentration estimates with at least [TBR] independent predictor variables (e.g., regolith temperature, albedo, neutron moderation, surface maturity).		MO-2

				MSC-2.5		The mission shall provide quantified uncertainty bounds for all  H₂O resource predictions.		MO-2

				MSC-2.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-2



				MO-3 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-3.1		The system shall successfully characterize surface properties relevant to regolith composition, roughness, and particle size distribution across the mission area.		MO-3						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-3.2		The system shall characterize subsurface structure and layering to a depth sufficient to support resource assessment and site selection.		MO-3						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-3.3		The system shall identify terrain characteristics affecting mobility, including slope, surface roughness, and bearing capacity proxies.		MO-3

				MSC-3.4		The system shall collect surface and subsurface characterization data over a spatial area sufficient to support comparative site evaluation.		MO-3

				MSC-3.5		The collected surface and subsurface data shall achieve sufficient spatial and measurement resolution to distinguish between candidate sites.		MO-3

				MSC-3.6		The system shall successfully characterize surface and subsurface properties under relevant lunar environmental conditions.		MO-3

				MSC-3.7		The characterized properties shall be demonstrably relevant to resource presence, extractability, or infrastructure placement decisions.		MO-3



		Full success = 90% (proven reserve)		MO-4 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-4.1		The system shall complete at least [TBD] full reuse cycles without requiring major component replacement. Each cycle shall demonstrate functional performance within [TBD]% of baseline values to confirm durability of mass‑critical hardware		MO-4						This requirement ensures that mass‑critical components are durable enough to avoid costly and heavy replacements.

				MSC-4.2		Total lifecycle cost for [TBD] missions shall not exceed [TBD] dollars, inclusive of development, launch mass penalties, refurbishment, and operations. 		MO-4

				MSC-4.3		The architecture shall support swapping or upgrading at least [TBD] major subsystems without redesign of the primary structure or interfaces. Standardized mechanical, electrical, and data interfaces shall enable payload and subsystem changes while minimizing added mass.		MO-4

				MSC-4.4		The system shall survive [TBD] lunar day–night cycles without requiring major refurbishment, maintaining thermal and mechanical performance within [TBD]% of nominal.		MO-4						This requirement prevents reliance on heavy protective measures by demonstrating inherent resilience to lunar extremes

				MSC-4.5		Dust ingress shall not exceed [TBD] grams and shall not cause more than [TBD]% degradation in critical subsystem performance.		MO-4						Sealing, filtration, and abrasion‑resistant design features shall preserve functionality without adding prohibitive mass

				MSC-4.6		The system shall achieve a cost per delivered kilogram to the lunar surface of no more than [TBD] dollars, accounting for launch, structural mass, and amortized reusable hardware		MO-4						This metric directly ties architecture choices to the mass sensitivity of lunar delivery and guides tradeoffs between robustness and weight

				MSC-4.7		The system shall demonstrate maintainability and refurbishment processes compatible with mission operations timelines and resource constraints.		MO-4





				MO-5 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-5.1		All science/characterization data products are geo-referenced to an agreed mission reference frame.		MO-5						[TBR] can be used for values you don’t understand/know yet.

				MSC-5.2		The payload/platform coordinate frame is aligned and traceable to the Lunar Lander coordinate frame.		MO-5						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-5.3		Position accuracy supports the spatial resolution required for resource/surface mapping.		MO-5						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-5.4		Timing synchronization supports correlation of measurements across sensors and with lander-provided data.		MO-5

				MSC-5.5		The system can exchange the required PNT-related data with the Lunar Lander.		MO-5

				MSC-5.6		The system maintains geolocation capability through expected comm dropouts or degraded conditions.		MO-5



				MSC-5.7				MO-5						Optionally add: The system shall demonstrate maintainability and refurbishment processes compatible with mission operations timelines and resource constraints.



				MO-6 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-6.1		The mission shall generate georeferenced maps of lunar surface and subsurface characteristics covering the defined mission area of interest.		MO-6						Mission area definition [TBR]

				MSC-6.2		Generated maps shall achieve spatial resolution sufficient to represent features identified in MO-1, MO-2, and MO-3.		MO-6						Resolution thresholds [TBR]

				MSC-6.3		The mission shall produce integrated spatial data products combining surface, subsurface, and resource-indicator measurements.		MO-6						Data fusion approach [TBR]

				MSC-6.4		All generated map products shall include documented metadata describing resolution, uncertainty, and data provenance.		MO-6						Metadata standard [TBR]

				MSC-6.5		Mapped data products shall cover at least [TBR]% of the mission area of interest.		MO-6						Coverage requirement

				MSC-6.6		The mission shall generate final data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-6						PRM interface requirements [TBR]

				MSC-6.7		All final georeferenced products shall be stored in a mission-approved, standardized format for downstream analysis.		MO-6						File formats [TBR]



				MO-7 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-7.1		The system shall be mechanically integrated with the Astrobotic Griffin lander and survives launch, descent, and landing without structural damage or loss of functionality.		MO-7						Mission area definition [TBR]

				MSC-7.2		The system shall successfully receive, regulate, and utilize Griffin-provided electrical power throughout all applicable mission phases.		MO-7						Resolution thresholds [TBR]

				MSC-7.3		The system shall exchange command and telemetry data with the Griffin lander using supported communication interfaces during nominal operations.		MO-7						Data fusion approach [TBR]

				MSC-7.4		The system shall operate within Griffin thermal, contamination, and environmental constraints for the duration of surface operations.		MO-7						Metadata standard [TBR]

				MSC-7.5		The system shall complete all planned surface operations without violating Griffin mission operations timelines or safety constraints.		MO-7						Coverage requirement

				MSC-7.6		All payload data generated while interfaced with Griffin shall be successfully downlinked, archived, and retrievable for post-mission analysis.		MO-7						PRM interface requirements [TBR]



				Full Success Criteria

				FSC ID		Mission Success Criterion		Related SR(s)		Verification Method		Success Condition (SRR Level)		Status

				FSC-1		Scan and map lunar surface regions for subsurface characteristics		MO-1

				FSC-1.1		MSC-1.1: Scan region for He-3 predictors		SR-1.1, SR-2.1		Analysis, Test		Capability demonstrated; thresholds TBD		Open

				FSC-1.3		MSC-1.3: Estimate He-3 with ≥90% confidence		SR-2.3, SR-2.5		Analysis		Uncertainty propagation defined		Open

				FSC-2.1		MSC-2.1: Detect H₂O indicators		SR-2.1		Analysis, Test		Detection logic defined		Open

				FSC-3.3		MSC-3.3: Assess terrain mobility		SR-3.3		Analysis		Mobility metrics defined		Open

				FSC-4.1		MSC-4.1: Reuse cycles supported		SR-4.1		Test		Reuse architecture defined		Open

				FSC-5.1		MSC-5.1: Data georeferenced		SR-5.1		Analysis		PNT interface defined		Open

				FSC-6.6		MSC-6.6: PRM-ready data products		SR-6.6		Analysis		Product formats defined		Open

						`

@Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6







System Requirements (Main)



								System Requirements

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1 : Sensing & Measurement

								SR-1.1		The system shall provide sensing and measurement capabilities sufficient to characterize lunar surface and subsurface properties relevant to mission objectives.		MO-1, MO-2, MO-3		Sensing Architecture Definition		Instrumentation		Establishes top-level measurement intent prior to tool-specific or data-product requirements.		Parent requirement

								SR-1.1 : Sensing & Measurement Requirements

								SR-1.1.1		The system shall include instrumentation capable of measuring elemental and/or isotopic proxy variables correlated with Helium-3 abundance.		MSC-1.1		Tool Selection & Instrument Trade Study		Instrumentation		Enables identification of proxy indicators for Helium-3 distribution.		Detailed tool requirements defined in separate SR-1.1.1 Tooling Table

								SR-1.1.2		The system shall include an instrument capable of scanning regolith structure.		MSC-1.1		Instrument Architecture Definition		Instrumentation		Supports subsurface predictor variables relevant to resource characterization.		Subsurface characterization

								SR-1.1.3		The system shall characterize regolith maturity indicators at each surveyed location to support inference of solar-wind exposure and volatile implantation history.		MSC-1.1		Science Traceability Matrix		Instrumentation, Computer		Regolith maturity is a key proxy for Helium-3 accumulation potential.		Capability-level requirement

								SR-1.1.3.1		The system shall derive regolith maturity metrics using measurements from multiple surface and environmental instruments.		SR-1.1.3		Data Fusion Architecture		Instrumentation, Computer		Maturity cannot be determined from a single measurement modality.		Multi-instrument fusion

								SR-1.1.3.2		The system shall output a regolith maturity index or categorical maturity classification for each surveyed location.		SR-1.1.3		Data Product Definition		Computer		Provides a consistent maturity descriptor for mapping and modeling.		Index definition TBD

								SR-1.1.3.3		The system shall quantify uncertainty associated with derived regolith maturity metrics.		SR-1.3.3, SR-1.4.1		Uncertainty Propagation Analysis		Computer		Required for confidence reporting and PRM integration.		Confidence bounds TBD

								SR-1.1.3.4		The system shall preserve input measurement metadata and derivation parameters used to compute regolith maturity.		SR-6.4.1		Data Management Plan		Computer		Ensures traceability and reproducibility of maturity estimates.		Metadata retained

								SR-1.1.3.5		The regolith maturity characterization process shall operate within available onboard computing and power resources.		SR-COMP, SR-EPS		Resource Budget Analysis		Computer, EPS		Prevents derived products from exceeding system capabilities.		Processing location TBD

								SR-1.1.4		The system shall collect co-registered measurements of surface composition and subsurface structure.		MSC-1.1, MSC-1.4		Co-registration Strategy		Instrumentation, Computer		Enables correlation of surface and subsurface predictor variables.		Time-synchronized datasets

								SR-1.1.4.1		Co-registration shall preserve spatial alignment errors below [TBD] m at each surveyed location.		SR-1.1.4		Error Budget Analysis		Computer, GNC		Required to prevent false correlation in resource modeling.		Threshold TBD

								SR-1.1.4.2		The system shall time-align measurements used for co-registration within [TBD] s.		SR-1.1.4		Timing Verification		Computer		Prevents temporal skew between instruments.		Uses SR-COMP timing

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.2 : Spatial Coverage and Resolution

								SR-1.2		The system shall provide spatial coverage and measurement resolution sufficient to support lunar surface and subsurface characterization objectives.		MSC-1.1, MSC-1.2		Sampling & Coverage Architecture		Instrumentation, Computer		Establishes spatial adequacy requirements for sensing.		Header requirement

								SR-1.2.1		The system shall scan a minimum surface area of [TBR] km² during nominal mission operations.		MSC-1.1		Coverage Analysis		Instrumentation		Ensures sufficient areal sampling of the region of interest.		Coverage trace

								SR-1.2.2		The system shall define minimum sampling density requirements for surface and subsurface measurements.		SR-1.2		Sampling Strategy Document		Instrumentation, Computer		Prevents under-sampling of heterogeneous terrain.		Density TBD

								SR-1.2.3		The system shall achieve a lateral spatial resolution of ≤ [TBR] m for surface measurements.		MSC-1.2		Resolution Analysis		Instrumentation		Required to resolve spatial variability in surface properties.		Resolution requirement

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.3 : Data Processing & Modeling

								SR-1.3		The system shall process raw sensor data into derived quantities suitable for resource estimation.		MSC-1.3		Data Processing Architecture		Computer		Establishes high-level processing capability.		Header requirement

								SR-1.3.1		The system shall support reprocessing of derived quantities as models and coefficients are updated.		SR-1.3		Software Design Document		Computer		Enables model evolution without reflight.		Important for PRM

								SR-1.3.2		The system shall track algorithm versions and parameters used to generate derived products.		SR-1.3		Configuration Management Plan		Computer		Required for traceability and reproducibility.		Metadata retained

								SR-1.3.3		The system shall process raw sensor data into georeferenced resource maps onboard or via ground processing.		MSC-1.2, MSC-1.6		Processing Flow Definition		Computer		Enables flexible processing allocation.		Processing location flexible

								SR-1.3.4		The system shall estimate Helium-3 concentration using a physics-based or empirically validated model.		MSC-1.3		Model Definition Document		Computer		Enables quantitative resource estimation.		Model selection open

								SR-1.3.5		The system shall propagate sensor and model uncertainties to produce confidence intervals for all resource estimates.		MSC-1.3, MSC-1.5		Uncertainty Propagation Analysis		Computer		Required for confidence reporting and PRM ingestion.		—

								SR-1.3.6		The system shall output at least [TBR] independent predictor variables per mapped location to support correlation of Helium-3 concentration estimates.		MSC-1.4		Predictor Variable Definition		Computer		Enables multivariate correlation and validation.		Predictor count TBD

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.4 : Uncertainty & Confidence

								SR-1.4		The system shall quantify and propagate uncertainty for all derived resource-related products.		MSC-1.5		Uncertainty Analysis Framework		Computer		Establishes uncertainty accountability.		Header requirement

								SR-1.4.1		The system shall identify dominant uncertainty contributors for each derived product.		SR-1.4		Sensitivity Analysis		Computer		Enables targeted improvement and trade studies.		Ranked contributors

								SR-1.4.2		The system shall report uncertainty in a standardized statistical form.		SR-1.4		Data Product Specification		Computer		Ensures consistency across products and PRM ingestion.		e.g., 1σ, 95% CL

								SR-1.4.3		The system shall quantify uncertainty contributions from instrumentation, environmental variability, and model assumptions.		MSC-1.5		Error Budget Analysis		Computer		Enables traceable uncertainty attribution.		—

								SR-1.4.4		The system shall report Helium-3 abundance estimates with a minimum confidence level of 50%.		MSC-1.3		Confidence Reporting Definition		Computer		Supports mission-level success criteria.		Threshold defined by mission

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.5 : Data Products & Archiving

								SR-1.5		The system shall generate, store, and archive derived data products suitable for validation, reuse, and downstream modeling.		MSC-1.6		Data Management Architecture		Computer		Establishes lifecycle data handling requirements.		Header requirement

								SR-1.5.1		The system shall generate resource distribution maps compatible with PRM (Planetary Resource Mapping) workflows.		MSC-1.6		PRM Interface Definition		Computer		Ensures downstream usability.		Format TBD

								SR-1.5.2		The system shall archive raw and processed data in a format suitable for post-mission validation and reuse.		MSC-1.6		Data Management Plan		Computer		Preserves scientific value beyond mission lifetime.		Retention policy TBD

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-2 : Resource Characterization Requirements

								SRH-2		The system shall characterize the presence, distribution, and uncertainty of lunar volatile and resource indicators sufficient to support resource assessment objectives.		MO-1, MO-2		Resource Characterization Architecture		Instrumentation, Computer		Establishes top-level intent for resource inference beyond raw sensing.		Parent requirement

								SR-2.1 : Water (H₂O) Characterization Requirements

								SR-2.1		The system shall characterize indicators of lunar water (H₂O) presence and distribution within the mission area of interest.		MSC-2.1		Science Traceability Matrix		Instrumentation, Computer		Establishes the top-level capability for H₂O characterization.		Capability-level

								SR-2.1.1		The system shall detect subsurface indicators consistent with potential ice or hydrated regolith.		SR-2.1		Analysis 3.1, Test 3.1		Instrumentation, Computer		Subsurface indicators are primary evidence for water presence.		Subsurface detection

								SR-2.1.1.1		Subsurface indicators shall include dielectric contrasts measured by the Lunar Penetrating Radar (LPR) to depths ≥ [TBR] m.		SR-2.1.1		Analysis 3.1, Test 3.1		Instrumentation		LPR is the primary subsurface H₂O indicator.		Allocates depth to LPR

								SR-2.1.2		The system shall detect surface or near-surface indicators correlated with hydration potential.		SR-2.1		Analysis 3.2		Instrumentation, Computer		Surface indicators strengthen inference and support mapping/fusion.		Surface/near-surface indicators

								SR-2.1.2.1		Surface indicators shall include hydration-related spectral slopes or absorption features measured by the Multispectral Imaging (MSI) camera across [TBR] bands.		SR-2.1.2		Spectral Analysis Report		Instrumentation		MSI provides surface hydration indicators.		Allocates bands to MSI

								SR-2.1.2.2		Surface indicators may include neutral hydrogen or hydrogen-bearing neutral particle flux measured by the Neutral Particle Detector (NPD) with sensitivity ≤ [TBR] particles/cm²/s.		SR-2.1.2		Particle Environment Analysis		Instrumentation		Hydrogen flux is a strong indirect indicator of volatile transport.		Optional/secondary contributor

								SR-2.1.2.3		Surface indicators shall include elemental proxy indicators supporting hydration inference as applicable (e.g., oxygen-bearing mineral abundance).		SR-2.1.2		Analysis 3.2		Instrumentation		Supports hydration potential inference via elemental proxies.		Keeps tool-agnostic

								SR-2.1.2.3.1		Elemental proxy indicators may be measured by APXS with precision ≤ [TBR]% as applicable to support hydration potential inference.		SR-2.1.2.3		Analysis 3.2		Instrumentation		APXS cannot detect H₂O directly but can detect O-rich minerals.		Optional/secondary contributor

								SR-2.1.2.4		Surface indicators shall include regolith physical property proxies correlated with volatile retention (e.g., particle size distribution).		SR-2.1.2		Regolith Proxy Analysis		Instrumentation		Fine-grained soils often retain more OH/H₂O.		Keeps tool-agnostic

								SR-2.1.2.4.1		Regolith particle size distribution shall be measured by the Grain Analyzer with resolution ≤ [TBR] µm to identify fine-grained soils correlated with volatile retention.		SR-2.1.2.4		Grain Analysis Report		Instrumentation		Particle size distribution supports volatile retention inference.		Optional/secondary contributor

								SR-2.1.3		The system shall correlate subsurface and surface/near-surface indicators to infer water presence at each surveyed location.		SR-2.1		Data Fusion Architecture		Computer		Multi-modal correlation reduces false positives and increases confidence.		Fusion requirement

								SR-2.1.3.1		Correlation shall be performed using spatially co-registered datasets consistent with the system co-registration requirements.		SR-1.1.4, SR-5		Co-Registration Analysis		Computer, GNC		Prevents incorrect alignment from driving false correlations.		Ties to SR-1 closure

								SR-2.1.4		The system shall output spatially resolved water-indicator map layers suitable for downstream analysis and comparison of candidate sites.		SR-2.1		Data Product Definition		Computer		Converts indicators into actionable decision-support products.		Indicator layers (not extraction)

								SR-2.1.4.1		Each water-indicator output shall include associated uncertainty/quality metadata.		SR-1.4		Uncertainty Propagation Report		Computer		Required for PRM integration and defensible confidence statements.		Links uncertainty chain

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-2.2 : Spatial Coverage and Resolution for Water (H₂O) Characterization

								SR-2.2		The system shall achieve sufficient spatial coverage and resolution to support mapping and comparative assessment of lunar water indicators.		MSC-2.2		Coverage & Resolution Analysis		Instrumentation, GNC, Computer		Ensures H₂O indicators are spatially meaningful and decision-relevant.		Capability-level

								SR-2.2.1		The system shall achieve a surface coverage rate of ≥ [TBR] km² per operational day during nominal mission operations.		SR-2.2		Coverage Analysis		Instrumentation, GNC		Ensures the mission area of interest can be surveyed within the available mission timeline.		Migrated from old SR-2.1.6

								SR-2.2.2		The system shall produce spatially resolved surface hydration indicator maps with lateral resolution ≤ [TBR] m.		SR-2.2		Imaging Performance Analysis		Instrumentation		Required to distinguish spatial variability in hydration indicators.		MSI-driven

								SR-2.2.2.1		Surface hydration indicator resolution shall be supported by the Multispectral Imaging (MSI) camera ground sampling distance (GSD).		SR-2.2.2		Imaging Performance Analysis		Instrumentation		Allocates resolution performance to MSI.		GSD TBD

								SR-2.2.3		The system shall produce spatially resolved subsurface water-indicator maps with horizontal resolution ≤ [TBR] m.		SR-2.2		Subsurface Resolution Analysis		Instrumentation		Required to localize subsurface anomalies for site comparison.		LPR-driven

								SR-2.2.3.1		Subsurface resolution shall be supported by the Lunar Penetrating Radar (LPR) measurement geometry and processing approach.		SR-2.2.3		LPR Performance Analysis		Instrumentation		Allocates resolution performance to LPR.		Horizontal resolution

								SR-2.2.4		The system shall achieve subsurface vertical resolution ≤ [TBR] m for water-indicator interpretation.		SR-2.2		Subsurface Resolution Analysis		Instrumentation		Enables discrimination of layered subsurface features.		LPR vertical resolution

								SR-2.2.5		The system shall georeference all water-indicator measurements with positional accuracy ≤ [TBR] m.		SR-2.2		Navigation & Co-Registration Analysis		GNC, Computer		Required to correctly align multi-sensor water-indicator datasets.		Ties to PNT

								SR-2.2.6		The system shall maintain spatial alignment error between surface and subsurface water-indicator datasets below [TBR] m.		SR-2.2		Co-Registration Error Budget		Computer, GNC		Prevents false correlation or misinterpretation of H₂O indicators.		Links to SR-1.1.4

								SR-2.2.7		The system shall document spatial resolution and coverage metadata for all generated water-indicator products.		SR-2.2		Data Product Specification		Computer		Enables traceability, reuse, and PRM ingestion.		Metadata completeness

								SR-2.3 : Water (H₂O) Detection Confidence and Performance

								SR-2.3		The system shall estimate lunar water (H₂O) presence with quantified confidence sufficient to support comparative site assessment and resource modeling.		MSC-2.3		Confidence Model Definition		Computer		Establishes performance expectations for H₂O detection beyond raw indicator mapping.		Capability-level

								SR-2.3.1		The system shall estimate water presence confidence at each surveyed location by combining multiple surface and subsurface indicators.		SR-2.3		Data Fusion Architecture		Computer		Confidence requires multi-sensor corroboration.		Fusion-based

								SR-2.3.1.1		Confidence estimation shall incorporate subsurface dielectric indicators measured by the LPR.		SR-2.1.1		Detection Performance Analysis		Instrumentation, Computer		Subsurface indicators provide strongest evidence of water presence.		Primary contributor

								SR-2.3.1.2		Confidence estimation shall incorporate surface or near-surface hydration indicators as applicable.		SR-2.1.2		Detection Performance Analysis		Instrumentation, Computer		Surface indicators provide contextual support.		Secondary contributors

								SR-2.3.2		The system shall propagate measurement and model uncertainties when estimating water presence confidence.		SR-1.4		Uncertainty Propagation Report		Computer		Prevents overconfidence and supports defensible claims.		Uses SR-1 uncertainty chain

								SR-2.3.2.1		Uncertainty propagation shall include contributions from instrumentation, environmental variability, and model assumptions.		SR-2.3.2		Sensitivity Analysis		Computer		Captures dominant error sources.		Error budget

								SR-2.3.3		The system shall report water presence confidence using a standardized statistical representation.		SR-2.3		Data Product Specification		Computer		Enables consistent interpretation across sites and missions.		e.g., probability or confidence interval

								SR-2.3.4		The system shall achieve a minimum water presence confidence of ≥ 50% for locations identified as candidate water-bearing sites.		MSC-2.3		Detection Performance Analysis		Computer		Establishes a baseline detection performance threshold.		Threshold requirement

								SR-2.3.4.1		Locations not meeting the minimum confidence threshold shall be flagged accordingly in water-indicator products.		SR-2.3.4		Data Quality Review		Computer		Prevents misinterpretation of low-confidence detections.		Quality flag

								SR-2.3.5		The system shall preserve confidence metrics and uncertainty metadata alongside all water-indicator map products.		SR-6.4		Data Management Plan		Computer		Required for PRM ingestion and downstream decision-making.		Metadata retention

								SR-2.3.6		The water detection confidence estimation process shall operate within available onboard and ground processing resources.		SR-COMP, SR-EPS		Resource Budget Analysis		Computer, EPS		Ensures feasibility without impacting other mission objectives.		Processing location TBD

								SR‑2.4 : Correlate H₂O Estimates with Predictor Variables

								SR-2.4		The system shall correlate estimated H₂O presence with relevant surface, subsurface, and environmental predictor variables.		MSC-2.4		Correlation Method Definition		Computer		Enables interpretation of H₂O estimates in terms of physical drivers.		Capability-level

								SR-2.4.1		The system shall associate each H₂O estimate with a defined set of predictor variables derived from mission measurements.		SR-2.4		Data Fusion Architecture		Computer		Prevents isolated or context-free resource estimates.		Predictor list defined elsewhere

								SR-2.4.1.1		Predictor variables shall include subsurface structure indicators derived from LPR measurements.		SR-2.1.1		Correlation Analysis		Instrumentation, Computer		Subsurface structure strongly influences volatile retention.		Primary predictor

								SR-2.4.1.2		Predictor variables shall include regolith maturity indicators where available.		SR-1.1.3		Correlation Analysis		Instrumentation, Computer		Maturity correlates with solar wind exposure and volatile accumulation.		Secondary predictor

								SR-2.4.1.3		Predictor variables shall include surface compositional proxies relevant to hydration potential.		SR-2.1.2		Correlation Analysis		Instrumentation, Computer		Compositional context improves interpretation.		Contextual

								SR-2.4.2		The system shall quantify correlation strength between estimated H₂O presence and each predictor variable.		SR-2.4		Statistical Correlation Report		Computer		Enables identification of dominant contributors to H₂O presence.		Correlation metric TBD

								SR-2.4.2.1		Correlation metrics shall include uncertainty-aware measures.		SR-1.4		Statistical Validation		Computer		Prevents misleading correlations.		Error-aware

								SR-2.4.3		The system shall identify predictor variables that consistently correlate with elevated H₂O presence across surveyed regions.		SR-2.4		Comparative Analysis		Computer		Supports generalization beyond single sites.		Cross-site

								SR-2.4.4		The system shall preserve predictor–H₂O correlation results alongside mapped H₂O products.		SR-6.4		Data Product Specification		Computer		Required for PRM integration and downstream modeling.		Metadata-linked

								SR-2.4.5		The system shall support visualization or reporting of H₂O estimates alongside associated predictor variables.		SR-2.4		Data Visualization Definition		Computer		Enables engineering and science interpretation at SRR/CDR.		Optional plots/maps

								SR-2.4.6		Correlation analysis shall not require assumptions beyond those documented in the uncertainty and modeling framework.		SR-1.3, SR-1.4		Model Documentation		Computer		Maintains traceability and defensibility.		Assumption control

								SR-2.5 : Water (H₂O) Uncertainty Quantification

								SR-2.5		The system shall quantify and report uncertainty associated with all water-related indicators, estimates, and derived products.		MSC-2.5		Uncertainty Framework Definition		Computer		Prevents over-interpretation of H₂O results given secondary mission priority.		Capability-level

								SR-2.5.1		The system shall propagate measurement uncertainty from contributing instruments into all derived water-indicator products.		SR-2.5		Uncertainty Propagation Analysis		Computer		Ensures sensor limitations are reflected in outputs.		Multi-sensor

								SR-2.5.1.1		Measurement uncertainty shall include contributions from subsurface indicators derived from LPR measurements.		SR-2.1.1		LPR Error Budget		Instrumentation, Computer		Subsurface uncertainty dominates bulk H₂O inference.		Primary contributor

								SR-2.5.1.2		Measurement uncertainty shall include contributions from surface and near-surface indicators as applicable.		SR-2.1.2		Surface Indicator Error Budget		Instrumentation, Computer		Surface indicators provide contextual support with higher uncertainty.		Secondary

								SR-2.5.2		The system shall quantify uncertainty introduced by data fusion and correlation models used for water inference.		SR-2.5		Model Sensitivity Analysis		Computer		Prevents model-driven false confidence.		Algorithm-level

								SR-2.5.3		The system shall express water-related uncertainty using a standardized statistical representation.		SR-2.5		Data Product Specification		Computer		Enables consistent interpretation and comparison across sites.		e.g., σ, confidence interval

								SR-2.5.4		The system shall associate uncertainty metadata with each spatially resolved water-indicator output.		SR-6.4		Data Management Plan		Computer		Required for traceability and downstream modeling.		Metadata-linked

								SR-2.5.5		The system shall distinguish between uncertainty arising from measurement limitations and uncertainty arising from environmental or model assumptions.		SR-2.5		Uncertainty Decomposition Analysis		Computer		Clarifies whether uncertainty can be reduced by future missions.		Important for follow-on

								SR-2.5.6		The system shall support reporting of water-indicator uncertainty without implying extractable resource viability.		SR-2.5		Product Interpretation Guidelines		Computer		Prevents mischaracterization of secondary mission results.		Very important SRR point

								SR‑2.6 : PRM-Compatible Water Data Products

								SR-2.6		The system shall generate water-related data products suitable for incorporation into Proven Reserve Model (PRM) workflows.		MSC-2.6		PRM Interface Definition		Computer		Enables secondary water results to inform future modeling and mission planning.		Capability-level

								SR-2.6.1		The system shall produce spatially resolved water-indicator layers with associated uncertainty metadata.		SR-2.5		Data Product Specification		Computer		Required for PRM ingestion without reinterpretation.		No extractability claim

								SR-2.6.2		Water-related data products shall preserve separation between measured indicators and inferred quantities.		SR-2.4		Product Architecture Definition		Computer		Prevents misinterpretation of indirect measurements.		Indicators ≠ reserves

								SR-2.6.3		The system shall provide documentation describing assumptions, limitations, and applicable use cases of water-related data products.		SR-2.5		Product Interpretation Guide		Computer		Ensures secondary mission results are not over-applied.		SRR-critical

								SR-2.6.4		The system shall store water-related data products in mission-approved standardized formats compatible with PRM tools.		MSC-6.6		Data Format Specification		Computer		Enables reuse without reprocessing.		Format TBD (e.g., PDS4, GeoTIFF)

								SR-2.6.5		The system shall ensure water-related data products can be spatially aligned with He-3 and surface characterization products.		SR-6		Co-Registration Analysis		Computer		Enables comparative studies without implying co-location.		Important nuance

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-3 : Surface & Subsurface Site Characterization

								SRH-3		The system shall characterize surface and subsurface properties relevant to site suitability, access, and future mission planning.		MO-3		Site Characterization Definition		Instrumentation, Computer		Establishes capability to support site evaluation beyond resource presence.		Header (non-testable)

								SR-3.1 : Surface Property Identification

								SR-3.1		The system shall characterize surface regolith properties across the mission area.		SR-3		Surface Characterization Analysis		Instrumentation		Enables assessment of terrain usability.		Capability

								SR-3.1.1		The system shall measure surface composition proxies relevant to regolith type and maturity.		SR-1.1.1, SR-1.1.3		Analysis		Instrumentation		Composition informs mechanical and thermal behavior.		Derived

								SR-3.1.2		The system shall characterize surface roughness at a spatial resolution sufficient to distinguish traversable and non-traversable terrain.		MSC-3.1		Analysis		Instrumentation, Computer		Required for mobility and site access assessment.		Resolution TBD

								SR-3.1.3		The system shall assess regolith particle size and cohesion indicators relevant to bearing capacity.		SR-1.1.3		Analysis		Instrumentation		Bearing capacity affects lander and rover interaction.		Proxy-based

								SR-3.2 : Subsurface Characterization for Site Assessment

								SR-3.2		The system shall characterize subsurface structure relevant to site stability and accessibility.		SR-3		Subsurface Analysis		Instrumentation		Subsurface conditions affect excavation and anchoring.		Capability

								SR-3.2.1		The system shall identify subsurface layering, voids, or discontinuities within the depth range relevant to surface operations.		SR-1.1.2		Analysis		Instrumentation		Prevents site selection over unstable terrain.		LPR-based

								SR-3.2.2		Subsurface characterization shall be spatially co-registered with surface measurements.		SR-5		Analysis		Computer		Enables integrated site assessment.		Required

								SR-3.3 : Terrain Slope & Mobility Constraints

								SR-3.3		The system shall characterize terrain slope and morphology relevant to surface mobility.		MSC-3.3		Terrain Analysis		Computer		Supports access and traversal planning.		Capability

								SR-3.3.1		The system shall estimate local terrain slope across the mission area.		SR-3.3		Analysis		Computer		Excessive slope limits mobility and operations.		Accuracy TBD

								SR-3.3.2		The system shall identify terrain features that may impede traversal or deployment.		SR-3.3		Analysis		Computer		Supports hazard avoidance.		Derived

								SR-3.4 : Site Comparison & Ranking Support

								SR-3.4		The system shall support comparative evaluation of candidate sites using measured surface and subsurface characteristics.		MSC-3.4		Site Comparison Framework		Computer		Enables prioritization of regions for follow-on missions.		Capability

								SR-3.4.1		The system shall enable ranking of candidate regions based on suitability metrics derived from characterization data.		SR-3.4		Analysis		Computer		Allows objective comparison.		Metrics TBD

								SR-3.4.2		Site suitability outputs shall preserve uncertainty information associated with contributing measurements.		SR-1.4		Analysis		Computer		Prevents overconfidence in rankings.		Required

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-4 : Reuse, Modularity and Lifecycle Sustainability

								SRH-4		The system shall support modularity, reuse, and refurbishment to enable multiple mission cycles and extended operational lifetime.		MO-4		System Architecture Definition		Structures, Instrumentation, EPS, Computer		Distinguishes the mission architecture from single-use lunar payloads.

								SR-4.1 : Reuse Cycles and Performance Retention

								SR-4.1.1		The system shall be capable of completing at least [TBD] reuse cycles while maintaining required functional performance.		SR-4.1		Reuse Cycle Test Plan		System		Quantifies reuse intent without committing prematurely.		Threshold TBD

								SR-4.1.1.1		A reuse cycle shall be defined as a complete sequence of deployment, operation, recovery or servicing, and redeployment.		SR-4.1.1		Reuse Definition Document		System		Prevents ambiguity in reuse claims.		Definition

								SR-4.1.2		Mission-critical subsystems shall retain functional performance within [TBD]% of baseline after each reuse cycle.		SR-4.1		Post-Cycle Performance Assessment		Instrumentation, EPS, Computer		Ensures reuse does not degrade mission value.		Performance-based

								SR-4.1.2.1		Baseline performance shall be established during initial system acceptance testing.		SR-4.1.2		Acceptance Test Report		System		Creates a traceable reference point.		Required

								SR-4.1.3		The system shall support verification of functional health following each reuse cycle.		SR-4.1		Health Verification Procedure		Computer, Instrumentation		Ensures reuse decisions are data-driven.		Testable

								SR-4.1.4		The system shall identify components whose degradation limits reuse lifetime.		SR-4.1		Degradation Analysis		Structures, Instrumentation		Enables informed refurbishment planning.		Design feedback

								SR-4.1.5		The system shall support refurbishment actions that restore functionality without full system replacement.		SR-4.1		Refurbishment Concept		Structures, Instrumentation		Makes reuse operationally realistic.		Architecture-level

								SR-4.2 : Lifecycle Cost and Reuse Economics

								SR-4.2		The system shall incorporate lifecycle cost considerations into the design to support economically viable reuse and refurbishment.		MSC-4.2		Lifecycle Cost Framework		System		Ensures reuse is justified beyond technical feasibility.		Capability-level

								SR-4.2.1		The program shall maintain a lifecycle cost model including development, integration and test, launch, operations, and refurbishment costs.		SR-4.2		Lifecycle Cost Model		Program		Provides quantitative basis for reuse trades.		Model-based

								SR-4.2.1.1		The lifecycle cost model shall explicitly account for costs attributable to reuse, including refurbishment labor, spares, and downtime.		SR-4.2.1		Cost Driver Breakdown		Program		Enables comparison against single-use architectures.		Reuse-specific

								SR-4.2.2		The lifecycle cost model shall support comparison between reusable and non-reusable mission architectures.		SR-4.2		Trade Study Report		Program		Allows objective evaluation of architectural choices.		Trade-enabling

								SR-4.2.3		The system design shall identify major cost drivers associated with reuse and refurbishment.		SR-4.2		Cost Sensitivity Analysis		System		Focuses design effort on impactful elements.		Feedback loop

								SR-4.2.4		The system shall track mass growth attributable to reuse features and its impact on lifecycle cost.		SR-4.2		Mass & Cost Coupling Analysis		Structures, Program		Reuse often increases mass; this must be justified.		Launch cost linkage

								SR-4.2.5		The system shall support estimation of cost per delivered kilogram as a function of reuse cycles.		SR-4.2		Cost-per-kg Model		Program		Common metric for lunar mission comparison.		Architecture-level

								SR-4.2.6		Lifecycle cost assumptions and limitations shall be documented and traceable to system design decisions.		SR-4.2		Cost Assumptions Register		Program		Prevents hidden optimism or misinterpretation.		SRR-critical

								SR-4.3 : Modularity and Standard Interfaces

								SR-4.3		The system shall implement a modular architecture with standardized interfaces to enable replacement, upgrade, and refurbishment of subsystems and tools.		MSC-4.3		Modular Architecture Definition		System		Establishes modularity as an enforceable design property.		Capability-level

								SR-4.3.1		The architecture shall support removal and replacement of major subsystems without redesign of the primary structure.		SR-4.3		Interface Control Document (ICD)		Structures		Prevents structural lock-in and redesign penalties.		Core requirement

								SR-4.3.1.1		Major subsystems shall include payload tools, avionics modules, and power-related components.		SR-4.3.1		Subsystem Definition Document		System		Defines scope of modularity.		Expandable

								SR-4.3.2		The system shall provide standardized mechanical mounting interfaces for replaceable subsystems.		SR-4.3		Mechanical ICD		Structures		Enables physical interchangeability.		Geometry + fasteners TBD

								SR-4.3.3		The system shall provide standardized electrical power interfaces for replaceable subsystems.		SR-4.3		Electrical ICD		EPS		Prevents custom wiring for each tool.		Voltage/current rails TBD

								SR-4.3.4		The system shall provide standardized data interfaces for replaceable subsystems.		SR-4.3		Data Interface Specification		Computer, COMM		Enables plug-and-play data integration.		Protocol TBD

								SR-4.3.5		The system shall support integration of the planned payload set through the standardized interfaces.		SR-4.3		Integration Demonstration		System		Ensures interfaces are not theoretical.		Includes all SR-1.1 tools

								SR-4.3.6		The system shall prevent mechanical, electrical, or data interface incompatibility between modular subsystems.		SR-4.3		Interface Compliance Test		System		Reduces integration risk and servicing errors.		Error-proofing

								SR-4.3.7		Interface designs shall tolerate expected lunar environmental conditions without loss of functionality.		SR-4.4		Environmental Qualification		Structures, EPS		Ensures modularity survives real conditions.		Thermal, dust

								SR-4.3.8		The system shall support verification of interface integrity after servicing or refurbishment events.		SR-4.3		Post-Service Inspection Procedure		System		Ensures reuse does not degrade interfaces.		Required for reuse

								SR-4.4 : Environmental Survivability Across Reuse Cycles

								SR-4.4		The system shall maintain functional integrity across multiple reuse cycles under expected lunar environmental conditions.		MSC-4.4		Environmental Survivability Plan		System		Extends reuse logic into real lunar conditions.		Capability-level

								SR-4.4.1		The system shall tolerate repeated thermal cycling associated with lunar day–night transitions without loss of mission-critical functionality.		SR-4.4		Thermal Cycling Test Report		Thermal, Structures		Thermal fatigue is a primary reuse limiter.		Reuse-aware

								SR-4.4.1.1		Mission-critical interfaces shall maintain mechanical alignment and electrical continuity across thermal cycles.		SR-4.3		Interface Integrity Test		Structures, EPS		Prevents “survived but unusable.”		Key SR

								SR-4.4.2		The system shall tolerate cumulative radiation exposure expected over multiple mission cycles without unacceptable degradation.		SR-4.4		Radiation Analysis		Radiation, Computer		Reuse increases total dose.		Cumulative

								SR-4.4.3		The system shall limit performance degradation due to lunar dust exposure across reuse cycles.		SR-4.4		Dust Exposure Test		Structures, Instrumentation		Dust is a long-term reuse risk.		Abrasion, contamination

								SR-4.4.4		Environmental effects contributing to degradation shall be tracked and reported across reuse cycles.		SR-4.1		Degradation Tracking Report		Computer		Enables data-driven reuse decisions.		Feedback loop

								SR-4.4.5		Environmental survivability considerations shall be incorporated into refurbishment and servicing planning.		SR-4.4		Refurbishment Concept		System		Links survivability to ops reality.		Important

								SR-4.5 : Refurbishment and Servicing Constraints

								SR-4.5		The system shall support refurbishment and servicing operations that enable reuse within defined operational constraints.		MSC-4.5		Servicing Concept of Operations (CONOPS)		System		Ensures reuse is feasible within mission operations.		Capability-level

								SR-4.5.1		The system shall support refurbishment activities that can be completed within [TBD] hours of active servicing time per reuse cycle.		SR-4.5		Servicing Time Analysis		Operations		Prevents reuse from imposing excessive operational burden.		Time-bound

								SR-4.5.2		Refurbishment activities shall not require disassembly beyond the defined modular interface boundaries.		SR-4.3		Servicing Procedure Definition		Structures		Enforces modularity and limits scope of servicing.		Critical

								SR-4.5.3		The system shall identify components intended for replacement, inspection, or refurbishment during servicing.		SR-4.1		Refurbishment Plan		System		Enables predictable servicing workflows.		Replaceable list

								SR-4.5.4		Servicing operations shall not require precision alignment beyond what can be achieved using the standardized interfaces.		SR-4.3		Interface Tolerance Analysis		Structures		Avoids unrealistic servicing precision requirements.		SRR-safe

								SR-4.5.5		The system shall support verification of successful refurbishment prior to redeployment.		SR-4.1		Post-Servicing Verification Test		System		Prevents redeployment of degraded systems.		Required

								SR-4.5.6		Refurbishment and servicing operations shall not introduce unacceptable contamination or damage to adjacent subsystems.		SR-4.4		Contamination Control Plan		Structures, Instrumentation		Protects system integrity across reuse cycles.		Dust-sensitive

								SR-4.5.7		Servicing assumptions, limitations, and required resources shall be documented and traceable to system design decisions.		SR-4.5		Servicing Assumptions Register		Program		Prevents hidden dependencies or unrealistic concepts.		Transparency

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-5 : Position, Navigation, Timing (PNT) and Lander Coordination

								SRH-5		The system shall provide position, navigation, and timing capability sufficient to georeference all mission measurements and coordinate with the lunar lander.		MO-5, MSC-5.1		PNT Architecture Definition		GNC, Computer, COMM		Enables spatially aligned data products and coordinated operations.

								SR-5.1 : Data geo-referencing

								SR-5.1		The system shall assign a position solution to every collected science and characterization data record.		MSC-5.1		Data Tagging Specification		Computer, GNC		Without position tags, mapping and correlation are invalid.		Per-record

								SR-5.1.1		The system shall time-tag every collected data record using a synchronized mission time standard.		MSC-5.1		Time Sync Test Plan		Computer		Time alignment is required for multi-sensor fusion and motion compensation.		Per-record

								SR-5.1.2		The system shall express all position-tagged data in a defined reference frame consistent with the lunar lander mission reference frame.		MSC-5.1		Frame Definition Document		GNC, Computer		Ensures compatibility and comparability across datasets.		Frame TBD

								SR-5.1.3		The system shall record quality flags and uncertainty metadata for each position and time-tagged record.		SR-5.1		Navigation Quality Specification		GNC, Computer		Prevents misuse of degraded navigation data.		Quality tagging

								SR-5.2 : Coordinate Frame Alignment with Lunar Lander

								SR-5.2		The system shall maintain a defined coordinate transformation between the system body frame and the lunar lander mission frame.		MSC-5.2		Coordinate Transform Analysis		GNC		Required for map alignment and coordinated operations.		Transform model

								SR-5.2.1		The system shall implement a coordinate transformation between the platform frame and the lunar lander frame.		MSC-5.2		Analysis		GNC		Enables consistent localization and pointing.		Implementation TBD

								SR-5.2.2		The system shall calibrate and validate transformation parameters during mission operations as applicable.		MSC-5.2		Test, Analysis		GNC, Computer		Prevents drift or setup error from corrupting maps.		Method TBD

								SR-5.3 : Position Solution Accuracy Sufficient for Mapping

								SR-5.3		The system shall achieve position accuracy sufficient to support the spatial resolution of mission map products.		MSC-5.3		Navigation Error Budget		GNC		Ensures mapping requirements are physically meaningful.		Ties to SR-1.2 / SR-2.2

								SR-5.3.1		The system shall maintain position error ≤ [TBD] m for data products requiring spatial alignment.		SR-5.3		Analysis, Test		GNC		Limits misregistration between modalities.		Threshold TBD

								SR-5.3.2		The system shall provide an estimate of position uncertainty associated with each position solution.		SR-5.3		Analysis		GNC, Computer		Required for uncertainty propagation and SR-2.5.		1σ or 95% TBD

								SR-5.4 : Time Synchronization Sufficient for Sensor Function

								SR-5.4		The system shall maintain time synchronization sufficient to align multi-sensor measurements and support fusion products.		MSC-5.4		Time Sync Analysis		Computer		Prevents timing drift from corrupting co-registration.		Capability

								SR-5.4.1		The system shall synchronize its time base to the lunar lander time standard at an interval sufficient to prevent unacceptable timing drift.		MSC-5.4		Analysis, Test		Computer, COMM		Enables consistent timestamps across system and lander.		Interval TBD

								SR-5.4.1.1		Maximum allowable timing drift between synchronizations shall be ≤ [TBD].		SR-5.4.1		Analysis		Computer		Bounds timing error contribution to fusion.		Units TBD (ms/s)

								SR-5.4.2		The system shall record timing metadata needed to align multi-sensor measurements (e.g., latency, sampling rate, clock offset).		MSC-5.4		Inspection, Analysis		Computer		Supports post-processing and verification.		Metadata

								SR-5.5 : Lander Interface for PNT Data Exchange

								SR-5.5		The system shall exchange required navigation, time, and coordination data with the lunar lander through a defined interface.		MSC-5.5		Lander Interface ICD		COMM, Computer		Enables coordinated ops and georeferencing.		Interface TBD

								SR-5.5.1		The system shall receive required navigation and time data from the lunar lander through the defined interface.		MSC-5.5		Test		COMM, Computer		Supports synchronization and localization.		Update rate TBD

								SR-5.5.2		The system shall transmit required state, health, and quality data to the lunar lander to support coordinated operations.		MSC-5.5		Test		COMM, Computer		Enables shared situational awareness.		Data fields TBD

								SR-5.6 : Continuity and Fail-Safe Behavior

								SR-5.6		The system shall maintain a bounded navigation solution during temporary loss of lunar lander updates.		MSC-5.6		Loss-of-Updates Analysis		GNC, Computer		Ensures mission continuity when comms degrade.		Capability

								SR-5.6.1		The system shall support a maximum lander-update outage duration ≥ [TBD] while maintaining bounded position uncertainty.		SR-5.6		Analysis, Test		GNC		Prevents uncontrolled drift in maps.		Duration TBD

								SR-5.6.2		The system shall flag and quarantine data collected outside acceptable PNT thresholds.		MSC-5.6		Test		Computer		Prevents low-quality navigation from contaminating fused products.		Data quality gating

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-6 : Map Generation & Data Products

								SRH-6		The system shall generate georeferenced data products representing surface, subsurface, and resource-related characteristics of the lunar mission area.		MO-6		Data Products Definition		Computer		Establishes the mission’s final deliverables as map/data products.		Header

								SR-6.1 Map Generation Coverage

								SR-6.1		The system shall generate map products covering the defined mission area of interest.		MSC-6.1		Coverage Analysis		Computer		Ensures delivered products represent the required area.		Coverage thresholds live here (TBD)

								SR-6.1.1		All map products shall be expressed in a mission-defined lunar reference frame consistent with the lander mission frame.		MSC-6.1, SR-5.1.2		Coordinate Definition Document		GNC, Computer		Ensures products are interoperable and alignable.		Reference frame TBD

								SR-6.1.2		The system shall associate every map record with a valid position and mission time tag.		MSC-6.1, SR-5.1, SR-5.1.1		Data Tagging Specification		Computer		Mapping without per-record geo/time tags breaks fusion and PRM ingestion.		“Every record” requirement

								SR-6.2 : Product Layer Architecture

								SR-6.2		The system shall generate separate data layers for measured indicators and derived estimates.		MSC-6.2		Product Architecture Definition		Computer		Prevents conflating measurements with inferences.		Key SRR clarity item

								SR-6.2.1		Indicator layers shall include surface indicator products (e.g., spectral, compositional, regolith proxies) as applicable.		MSC-6.2, SR-1		Indicator Products Spec		Computer		Supports re-analysis and future algorithm updates.		Tool-agnostic

								SR-6.2.2		Indicator layers shall include subsurface structure products derived from subsurface sensing.		MSC-6.2, SR-1.1.2		Subsurface Products Spec		Computer		Required for subsurface interpretation and correlation.		Depth binning TBD

								SR-6.2.3		Derived estimate layers shall include resource-related outputs and/or confidence products as applicable.		MSC-6.2, SR-2		Resource Products Spec		Computer		Delivers mission-level synthesized results.		Keeps He-3 and H₂O separate

								SR-6.3 : Data Integration and Fusion

								SR-6.3		The system shall preserve uncertainty and confidence information alongside all delivered map products.		MSC-6.3, SR-1.4, SR-2.5		Uncertainty & Confidence Spec		Computer		Prevents over-interpretation; enables defensible modeling.		Applies to indicators + estimates

								SR-6.3.1		Uncertainty/confidence metadata shall be co-registered with the corresponding spatial data layer.		MSC-6.3		Co-registration Analysis		Computer		Prevents “global uncertainty” misuse.		Spatially local uncertainty

								SR-6.4 :Metadata and Uncertainty Documentation

								SR-6.4		The system shall attach metadata describing resolution, uncertainty, provenance, and processing history to all data products.		MSC-6.4		Data Management Plan		Computer		Traceability and reproducibility requirement.		SRR “show your work”

								SR-6.4.1		Metadata shall include instrument state, calibration state, processing version, and time/position quality flags.		MSC-6.4, SR-5.1.3		Metadata Field Definition		Computer		Enables filtering and post-mission validation.		Calibration link

								SR-6.5 : Area Coverage Sufficiency

								SR-6.5		The system shall store raw, calibrated, and processed datasets required to reproduce delivered map products.		MSC-6.5		Data Archival Plan		Computer		Enables auditability and scientific validity.		Three-tier storage

								SR-6.5.1		The system shall retain sufficient raw and calibration datasets to support reprocessing and validation.		MSC-6.5		Reprocessing Readiness Report		Computer		Prevents “maps only” failure mode.		Explicit reprocessing support

								SR-6.6 : PRM Compatibility

								SR-6.6		The system shall generate data products suitable for incorporation into PRM workflows.		MSC-6.6, SR-2.6		PRM Interface Definition		Computer		Enables downstream reserve modeling integration.		Toolchain compatibility

								SR-6.6.1		PRM-ready products shall preserve separation of indicators vs inferred estimates and include limitations/assumptions documentation.		MSC-6.6, SR-2.6.2, SR-2.6.3		Product Interpretation Guide		Computer		Prevents misuse of secondary objective outputs (esp. H₂O).		SRR-critical

								SR-6.7 : Data Format and Storage

								SR-6.7		The system shall store final products in mission-approved standardized formats and ensure accessibility for downstream analysis.		MSC-6.7		Data Format Specification; Data Access Demo		Computer		Ensures outputs can be used by others, not trapped in a custom pipeline.		Formats TBD (e.g., PDS4, GeoTIFF)

								SR-6.7.1		The system shall demonstrate successful export, retrieval, and use of final products in the analysis pipeline.		MSC-6.7		Demonstration Test Report		Computer		Verifies deliverability end-to-end.		“Can we actually use it?”

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-7 : Griffin Lander Interface System Requirements

								SRH-7		The system shall mechanically interface with the Astrobotic Griffin lander.		MSC-7.1		GRIFFIN ICD		LVI		Ensures physical compatibility and survivability through all mission phases.		Header

								SR-7.1 : Mechanical Interface Requirements

								SR-7.1		The system shall mechanically interface with the Astrobotic Griffin lander to enable secure integration, launch, descent, landing, and surface operations without loss of functionality.		MSC-7.1		Mechanical ICD		Structures		Ensures physical compatibility and survivability through all mission phases.		Structural and mounting compatibility

								SR-7.1.1		The system shall mount to the Griffin payload deck using a compatible bolt pattern and mechanical interface.		SR-7.1		Mechanical ICD		Structures		Ensures secure attachment and load transfer.		Adapter plate permitted

								SR-7.1.2		The system shall maintain structural integrity under Griffin-defined launch, descent, and landing loads.		SR-7.1		Structural Analysis & Test		Structures		Prevents structural failure during high-load mission phases.		Includes vibration and shock

								SR-7.1.3		The system shall remain within Griffin payload mass and center-of-gravity allocations.		SR-7.1		Mass Properties Report		Structures		Maintains lander stability and control authority.		Limits defined by Astrobotic

								SR-7.1.4		The system shall not interfere with Griffin landing legs, sensors, antennas, or deployment mechanisms.		SR-7.1		Integration Review		Structures		Prevents interference with lander critical functions.		Clearance verification

								SR-7.1.4.1		The system shall remain within a defined payload envelope not exceeding ¾ of the available Griffin payload volume.		SR-7.1.4		Integration Review		Structures		Prevents interference with lander critical functions.		Clearance verification

								SR-7.2 : Electrical Power Interface  Requirements

								SR-7.2		The system shall interface with Griffin-provided electrical power services to support nominal operations during all applicable mission phases.		MSC-7.2		Electrical ICD		EPS		Ensures continuous power availability for mission-critical functions.		Includes cruise, descent, and surface operations

								SR-7.2.1		The system shall accept Griffin-provided 28 V DC power within allowable voltage and current limits.		SR-7.2		Electrical ICD		EPS		Ensures compatibility with lander power bus.		Standard payload power bus

								SR-7.2.2		The system shall not exceed allocated power limits during any mission phase.		SR-7.2		Power Budget		EPS		Prevents overloading the lander power system.		Nominal, peak, and release modes

								SR-7.2.3		The system shall support safe power-on, power-off, and fault-recovery commands issued by the lander.		SR-7.2		Electrical Test Procedure		EPS, Computer		Protects lander bus and enables safe recovery.		Lander-commanded transitions

								SR-7.3 : Command, Data, and Software Interface Requirements

								SR-7.3		The system shall exchange command, telemetry, and payload data with the Griffin lander using supported data interfaces during nominal mission operations.		MSC-7.3		Data Interface ICD		Communications, Computer		Enables command execution, health monitoring, and science data return.		Wired or wireless as supported

								SR-7.3.1		The system shall communicate with the Griffin lander using supported wired or wireless data interfaces.		SR-7.3		Data Interface ICD		Communications		Enables payload-lander data exchange.		RS-422, SpaceWire, or WLAN

								SR-7.3.2		The system shall transmit telemetry and receive commands during scheduled communication windows.		SR-7.3		Ops & Comm Test		Communications, Computer		Ensures coordinated operations with lander timeline.		Timing controlled by lander

								SR-7.3.3		The system shall support lander-provided time synchronization services.		SR-7.3		Software Test Report		Computer		Enables time-aligned data fusion and mapping.		Time base per Griffin

								SR-7.3.4		The system shall store data locally during communication outages and downlink upon reconnection.		SR-7.3		Data Handling Test		Computer, Communications		Prevents data loss during link interruptions.		Fault-tolerant ops

								SR-7.4 : Thermal, Environmental, and Contamination Requirements

								SR-7.4		The system shall operate within the thermal, environmental, contamination, and EMI constraints imposed by the Griffin lander throughout the mission duration.		MSC-7.4		Environmental Compliance Report		Thermal, Radiation, Structures		Prevents degradation of lander or payload performance due to environmental incompatibility.		Thermal, contamination, EMI compatibility

								SR-7.4.1		The system shall operate within Griffin-defined thermal environments during cruise, descent, and surface phases.		SR-7.4		Thermal Analysis		Thermal		Prevents thermal overstress or performance loss.		Polar environment included

								SR-7.4.2		The system shall implement thermal isolation at the lander interface.		SR-7.4		Thermal ICD		Thermal, Structures		Prevents heat backflow into the lander.		Interface isolation

								SR-7.4.3		The system shall comply with Griffin contamination control requirements.		SR-7.4		Contamination Control Plan		Structures		Prevents contamination of lander systems.		ISO Class 8 integration

								SR-7.4.4		The system shall comply with Griffin EMI/EMC requirements for hosted payloads.		SR-7.4		EMI Test Report		Communications, EPS		Prevents electromagnetic interference with lander avionics.		MIL-STD-461 heritage

								SR-7.5 : Mission Operations Compatibility Requirements

								SR-7.5		The system shall operate in accordance with Griffin mission timelines, operational constraints, and safety requirements.		MSC-7.5		Mission Operations Plan		Operations, Computer		Ensures coordinated and safe surface operations with the lander.		Includes command windows and surface ops

								SR-7.5.1		The system shall support Griffin mission timelines and command sequencing.		SR-7.5		Ops Plan Review		Operations, Computer		Ensures synchronized surface operations.		Includes surface ops

								SR-7.5.2		The system shall enter a safe state upon loss of communication or power.		SR-7.5		Fault Management Test		Computer		Protects lander and payload during faults.		Lander-safe behavior

								SR-7.6 : Data Delivery and Archival Requirements

								SR-7.6		The system shall ensure that all data generated while interfaced with the Griffin lander are successfully transmitted, archived, and accessible for post-mission analysis.		MSC-7.6		Data Management Plan		Communications, Computer		Preserves mission data value and enables post-mission science and reuse.		Supports post-mission reuse

								SR-7.6.1		The system shall downlink all collected data through Griffin-supported data services.		SR-7.6		Data Downlink Test		Communications		Ensures data delivery to ground systems.		Nominal ops

								SR-7.6.2		The system shall retain raw and processed data in non-volatile memory until confirmed receipt.		SR-7.6		Data Integrity Test		Computer		Prevents loss of high-value mission data.		Confirms receipt before purge

























Assumptions and Contraints



												ID		Assumption / Constraint		Rationale

												AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

												AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

												AC-3		Griffin provides up to 5 kWe solar power generation during  surface operations.		Enables base-station architecture

												AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

												AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

												AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads





												ID		Assumption / Constraint		Status		Plan		Rationale

												AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Closed		Verified via DR-7.1.3		Allocated from total Griffin payload capacity

												AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Partially Closed		Envelope defined in Mechanical ICD		Lander integration constraint

												AC-3		Griffin provides up to 5 kWe solar power generation during  surface operations.		Assumption		Sensitivity trades in EPS		Enables base-station architecture

												AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Assumption		CONOPS clarification		Supports continuous operations

												AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Closed		COMM/COMP SRs		Enables data downlink

												AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Closed		Program allocation		Remaining mass allocated to payloads
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				System Requirements

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.A : Alpha Particle X-Ray Spectrometer (APXS)

				SR-1.1.1.A		The APXS shall measure one or more elemental proxy variables relevant to Helium-3 correlation.		SR-1.1.1		Instrument Spec Sheet		Instrumentation		Enables proxy-based He-3 estimation.		Elements TBD

				SR-1.1.1.A.1.1		The APXS shall resolve elemental abundances with resolution ≤ [TBD] wt%.		SR-1.1.1.A.1		Instrument Performance Analysis		Instrumentation		Required to distinguish meaningful compositional variations.		TBD by model sensitivity

				SR-1.1.1.A.1.2		The APXS shall measure elemental abundance with uncertainty ≤ ±[TBD] wt%.		SR-1.1.1.A.1		Calibration Report		Instrumentation		Supports reserve-confidence modeling.		Links to SR-1.3.3

				SR-1.1.1.A.2		The APXS shall transmit measurement data to the onboard computer subsystem for storage and processing.		SR-1.1.1.A		ICD-APXS-DATA		Instrumentation, Computer		Enables downlink and fusion with other sensors.		Data format TBD

				SR-1.1.1.A.2.1		The APXS shall support time-tagged data products compatible with the computer subsystem defined in SR-COMP.		SR-5.1.2		Data Interface Specification		Instrumentation, Computer		Required for co-registration and fusion.		Timestamp standard per SR-COMP

				SR-1.1.1.A.2.2		The APXS shall support prioritized data handling consistent with SR-COMP and SR-COMM.		SR-6.4.1		Ops Concept		Instrumentation, Computer		Preserves high-value data during outages.		Priority TBD

				SR-1.1.1.A.3		The APXS shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-APXS-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.A.3.1		The APXS shall remain securely mounted under expected launch vibration and shock environments.		SR-STRUCT.6		Vibration Test Report		Instrumentation, Structures		Prevents damage during launch.		Launch vehicle TBD

				SR-1.1.1.A.3.2		The APXS shall maintain alignment under nominal surface operational loads.		SR-STRUCT.3		Alignment Inspection		Instrumentation, Structures		Required for consistent measurement geometry.		Tolerance TBD

				SR-1.1.1.A.4		The APXS shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures operability across lunar environments.		Limits allocated via ICD

				SR-1.1.1.A.4.1		The APXS shall operate within the thermal control modes defined by the system (nominal, servicing, safe).		SR-THERM.5		Ops Concept		Instrumentation, Thermal		Prevents thermal-induced faults.		Mode usage TBD

				SR-1.1.1.A.5		The APXS shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Ensures performance stability over mission duration.		TID allocation TBD

				SR-1.1.1.A.6		The APXS shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems.		Power draw TBD

				SR-1.1.1.A.6.1		The APXS shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware scheduling.		Duty cycle TBD

				SR-1.1.1.A.7		The APXS shall be compatible with the pointing knowledge and stability provided by SR-GNC.		SR-GNC.2		Pointing Analysis		Instrumentation, GNC		Required for consistent spatial attribution.		Stability TBD

				SR-1.1.1.A.8		The APXS shall support calibration sufficient to ensure repeatable and traceable measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity.		Pre-flight + in-situ

				SR-1.1.1.A.8.1		The APXS shall support pre-flight calibration prior to launch.		SR-1.1.1.A.8		Calibration Procedure		Instrumentation		Establishes baseline performance.		Ground calibration

				SR-1.1.1.A.8.2		The APXS shall preserve calibration metadata with associated measurement data.		SR-6.4.1		Data Format Spec		Instrumentation, Computer		Enables uncertainty propagation.		Metadata schema TBD

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.B : Multispectral Imaging (MSI) Camera Tool Requirements

				SR-1.1.1.B		The MSI shall measure surface reflectance across multiple spectral bands relevant to regolith composition and maturity assessment.		SR-1.1.1		Instrument Spec Sheet		Instrumentation		Enables spectral proxy extraction for He-3 correlation.

				SR-1.1.1.B.1		The MSI shall include at least [TBD] discrete spectral bands		SR-1.1.1.B		Instrument Spec Sheet		Instrumentation		Bands for maturity and hydration-related features.		Bands TBD

				SR-1.1.1.B.1.1		The MSI'spectral bands shall span [TBD]–[TBD] nm.		SR-1.1.1.B		Instrument Performance Analysis		Instrumentation		Required to resolve maturity- and hydration-related spectral features.		TBD by trade

				SR-1.1.1.B.1.2		The MSI shall achieve signal-to-noise ratio (SNR) ≥ [TBD] in key spectral bands under nominal illumination conditions.		SR-1.1.1.B.1		Radiometric Analysis		Instrumentation		Ensures usable spectral data for modeling and fusion.		Illumination TBD

				SR-1.1.1.B.1.3		The MSI shall achieve a ground sampling distance (GSD) ≤ [TBD] m/pixel at nominal operating altitude or standoff.		SR-1.2.2, SR-2.2.1		Imaging Performance Analysis		Instrumentation		Required to meet mapping resolution requirements.		Altitude TBD

				SR-1.1.1.B.2		The MSI shall transmit raw and calibrated image data to the onboard computer subsystem for storage and processing.		SR-1.1.1.B		ICD-MSI-DATA		Instrumentation, Computer		Enables downlink, fusion, and map generation.		Data volume TBD

				SR-1.1.1.B.2.1		The MSI shall support time-tagged image products compatible with SR-COMP.		SR-5.1.2		Data Interface Specification		Instrumentation, Computer		Required for spatial and temporal co-registration.		Timestamp standard per SR-COMP

				SR-1.1.1.B.2.2		The MSI shall support prioritized data handling consistent with SR-COMP and SR-COMM.		SR-6.4.1		Ops Concept		Instrumentation, Computer		Preserves high-value image products during outages.		Priority TBD

				SR-1.1.1.B.3		The MSI shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-MSI-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.B.3.1		The MSI shall remain securely mounted under expected launch vibration and shock environments.		SR-STRUCT.6		Vibration Test Report		Instrumentation, Structures		Prevents damage during launch.		Launch vehicle TBD

				SR-1.1.1.B.3.2		The MSI shall maintain optical alignment under nominal surface operational loads.		SR-STRUCT.3		Alignment Inspection		Instrumentation, Structures		Required for accurate imaging geometry.		Tolerance TBD

				SR-1.1.1.B.4		The MSI shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures imaging performance across lunar environments.		Limits allocated via ICD

				SR-1.1.1.B.4.1		The MSI shall operate within system thermal control modes (nominal, servicing, safe).		SR-THERM.5		Ops Concept		Instrumentation, Thermal		Prevents thermally induced radiometric drift.		Mode usage TBD

				SR-1.1.1.B.5		The MSI shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		Dose allocation TBD

				SR-1.1.1.B.6		The MSI shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems.		Power draw TBD

				SR-1.1.1.B.6.1		The MSI shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware imaging strategies.		Duty cycle TBD

				SR-1.1.1.B.7		The MSI shall be compatible with the pointing knowledge and stability provided by SR-GNC.		SR-GNC.2		Pointing Analysis		Instrumentation, GNC		Required to achieve spatial resolution and prevent motion blur.		Stability TBD

				SR-1.1.1.B.8		The MSI shall support calibration sufficient to ensure repeatable and traceable radiometric measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and uncertainty modeling.		Pre-flight + in-situ

				SR-1.1.1.B.8.1		The MSI shall support pre-flight radiometric calibration prior to launch.		SR-1.1.1.B.8		Calibration Procedure		Instrumentation		Establishes baseline detector response.		Ground calibration

				SR-1.1.1.B.8.2		The MSI shall preserve calibration and radiometric metadata with associated image data.		SR-6.4.1		Data Format Spec		Instrumentation, Computer		Enables uncertainty propagation and fusion.		Metadata schema TBD

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.C : Flux Magnetometer (FMAG) Tool Requirements

				SR-1.1.1.C		The system shall include a Flux Magnetometer (FMAG) to measure local magnetic field properties correlated with regolith maturity and solar-wind implantation relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Magnetic anomalies influence solar-wind exposure and volatile retention.		Candidate tool

				SR-1.1.1.C.1		The FMAG shall measure the local magnetic field vector at the measurement location.		SR-1.1.1.C		Instrument Specification		Instrumentation		Required to characterize magnetic shielding and implantation efficiency.		Axes TBD

				SR-1.1.1.C.1.1		The FMAG shall achieve magnetic field measurement resolution ≤ [TBD] nT.		SR-1.1.1.C.1		Performance Analysis		Instrumentation		Required to resolve meaningful lunar magnetic variations.		TBD by science model

				SR-1.1.1.C.1.2		The FMAG shall measure magnetic field magnitude with uncertainty ≤ ±[TBD] nT.		SR-1.1.1.C.1		Calibration Report		Instrumentation		Supports correlation with proxy-based He-3 estimation.		Links to SR-1.3.3

				SR-1.1.1.C.2		The FMAG shall transmit time-tagged magnetic field measurements to the onboard computer subsystem.		SR-5.1.2		ICD-FMAG-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.C.2.1		The FMAG shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and uncertainty propagation.		Metadata schema TBD

				SR-1.1.1.C.3		The FMAG shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-FMAG-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.C.3.1		The FMAG shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement drift.		Launch vehicle TBD

				SR-1.1.1.C.4		The FMAG shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable sensor response across lunar environments.		Limits via ICD

				SR-1.1.1.C.5		The FMAG shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves sensor performance over mission duration.		TID allocation TBD

				SR-1.1.1.C.6		The FMAG shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.C.7		The FMAG shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation with other proxy measurements.		Accuracy TBD

				SR-1.1.1.C.8		The FMAG shall support calibration sufficient to ensure repeatable and traceable magnetic field measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.D : Electrostatic Analyzer (ESA)

				SR-1.1.1.D		The system shall include an Electrostatic Analyzer (ESA) to measure charged particle and surface plasma environment properties correlated with solar-wind implantation relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Plasma and surface charging conditions influence solar-wind implantation and regolith interaction.		Candidate tool

				SR-1.1.1.D.1		The ESA shall measure charged particle energy and/or flux in the near-surface lunar plasma environment.		SR-1.1.1.D		Instrument Specification		Instrumentation		Required to characterize electrostatic conditions affecting implantation and retention.		Species TBD

				SR-1.1.1.D.1.1		The ESA shall resolve particle energy over a range of [TBD] eV to [TBD] eV.		SR-1.1.1.D.1		Performance Analysis		Instrumentation		Required to capture relevant solar-wind and secondary particle populations.		Range TBD

				SR-1.1.1.D.1.2		The ESA shall measure particle flux with uncertainty ≤ ±[TBD]%.		SR-1.1.1.D.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.D.2		The ESA shall transmit time-tagged particle measurements to the onboard computer subsystem.		SR-5.1.2		ICD-ESA-DATA		Instrumentation, Computer		Enables temporal correlation with other proxy measurements.		Data rate TBD

				SR-1.1.1.D.2.1		The ESA shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.D.3		The ESA shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-ESA-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.D.3.1		The ESA shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.D.4		The ESA shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable electrostatic measurements across lunar conditions.		Limits via ICD

				SR-1.1.1.D.5		The ESA shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		TID allocation TBD

				SR-1.1.1.D.6		The ESA shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.D.7		The ESA shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of plasma measurements.		Accuracy TBD

				SR-1.1.1.D.8		The ESA shall support calibration sufficient to ensure repeatable and traceable charged-particle measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.E :Neutral Particle Detector (NPD) Tool Requirements

				SR-1.1.1.E		The system shall include a Neutral Particle Detector (NPD) to measure neutral particle fluxes correlated with solar-wind implantation and volatile transport relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Neutral hydrogen flux is a strong indirect proxy for implantation and regolith interaction processes.		Candidate tool

				SR-1.1.1.E.1		The NPD shall measure neutral particle flux in the near-surface lunar environment.		SR-1.1.1.E		Instrument Specification		Instrumentation		Required to characterize energetic neutral atom and hydrogen populations.		Species TBD

				SR-1.1.1.E.1.1		The NPD shall measure neutral particle flux with sensitivity ≤ [TBD] particles/cm²/s.		SR-1.1.1.E.1		Performance Analysis		Instrumentation		Required to resolve meaningful spatial and temporal variations.		TBD by science model

				SR-1.1.1.E.1.2		The NPD shall measure neutral particle flux with uncertainty ≤ ±[TBD]%.		SR-1.1.1.E.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.E.2		The NPD shall transmit time-tagged neutral particle measurements to the onboard computer subsystem.		SR-5.1.2		ICD-NPD-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.E.2.1		The NPD shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.E.3		The NPD shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-NPD-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.E.3.1		The NPD shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.E.4		The NPD shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures detector stability across lunar environments.		Limits via ICD

				SR-1.1.1.E.5		The NPD shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		TID allocation TBD

				SR-1.1.1.E.6		The NPD shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.E.7		The NPD shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of neutral particle measurements.		Accuracy TBD

				SR-1.1.1.E.8		The NPD shall support calibration sufficient to ensure repeatable and traceable neutral particle measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.E :Automated Grain Analyzer (AGA) Tool Requirements

				SR-1.1.1.F		The system shall include a Grain Analyzer to characterize regolith physical properties correlated with maturity and solar-wind exposure relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Grain size and morphology correlate with regolith maturity and implantation history.		Candidate tool

				SR-1.1.1.F.1		The Grain Analyzer shall measure regolith particle size distribution at the measurement location.		SR-1.1.1.F		Instrument Specification		Instrumentation		Required to assess maturity-related physical proxies.		Method TBD

				SR-1.1.1.F.1.1		The Grain Analyzer shall resolve particle size to a minimum resolution of ≤ [TBD] µm.		SR-1.1.1.F.1		Performance Analysis		Instrumentation		Required to distinguish fine-grained soils associated with enhanced volatile retention.		TBD by science model

				SR-1.1.1.F.1.2		The Grain Analyzer shall measure particle size distribution with uncertainty ≤ ±[TBD]%.		SR-1.1.1.F.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.F.2		The Grain Analyzer shall measure one or more regolith physical maturity indicators (e.g., grain shape, cohesion proxy, angularity).		SR-1.1.1.F		Instrument Specification		Instrumentation		Physical maturity indicators complement optical and elemental proxies.		Indicators TBD

				SR-1.1.1.F.3		The Grain Analyzer shall transmit time-tagged measurement data to the onboard computer subsystem.		SR-5.1.2		ICD-GRAIN-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.F.3.1		The Grain Analyzer shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.F.4		The Grain Analyzer shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-GRAIN-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.F.4.1		The Grain Analyzer shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.F.5		The Grain Analyzer shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable measurement performance across lunar environments.		Limits via ICD

				SR-1.1.1.F.6		The Grain Analyzer shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves sensor performance over mission duration.		TID allocation TBD

				SR-1.1.1.F.7		The Grain Analyzer shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.F.8		The Grain Analyzer shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of regolith measurements.		Accuracy TBD

				SR-1.1.1.F.9		The Grain Analyzer shall support calibration sufficient to ensure repeatable and traceable regolith physical property measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration





Sub-Surface



				System Requirements

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.2.A : Lunar Penetrating Radar (LPR)

				SR-1.1.2.A		The system shall include a Lunar Penetrating Radar (LPR) to characterize subsurface regolith structure and layering relevant to resource assessment.		SR-1.1.2		Instrument Trade Study		Instrumentation		LPR provides direct subsurface structural information required for ice and regolith depth assessment.		Primary SR-1.1.2 tool

				SR-1.1.2.A.1		The LPR shall measure subsurface dielectric properties of lunar regolith.		SR-1.1.2.A		Instrument Specification		Instrumentation		Dielectric contrast enables inference of layering, density changes, and potential volatile presence.		Frequency TBD

				SR-1.1.2.A.1.1		The LPR shall characterize subsurface structure to a penetration depth of ≥ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Required to assess resource-relevant subsurface volumes.		Depth TBD by science model

				SR-1.1.2.A.1.2		The LPR shall achieve vertical resolution of ≤ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Enables discrimination between subsurface layers and interfaces.		Resolution TBD

				SR-1.1.2.A.1.3		The LPR shall achieve horizontal resolution of ≤ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Required for spatially resolved subsurface mapping.		Depends on antenna geometry

				SR-1.1.2.A.2		The LPR shall transmit time-tagged subsurface measurement data to the onboard computer subsystem.		SR-5.1.2		ICD-LPR-DATA		Instrumentation, Computer		Enables co-registration with surface and proxy measurements.		Data rate TBD

				SR-1.1.2.A.2.1		The LPR shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for subsurface data fusion and uncertainty propagation.		Metadata schema TBD

				SR-1.1.2.A.3		The LPR shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT for the LHSRCM.		SR-4.3.2		ICD-LPR-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Antenna placement TBD

				SR-1.1.2.A.3.1		The LPR shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents antenna misalignment and structural failure.		Launch environment TBD

				SR-1.1.2.A.4		The LPR shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable electronics and timing for radar operation.		Thermal limits via ICD

				SR-1.1.2.A.5		The LPR shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves timing electronics and signal integrity.		TID allocation TBD

				SR-1.1.2.A.6		The LPR shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems during radar operation.		Peak vs avg power TBD

				SR-1.1.2.A.6.1		The LPR shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware subsurface scanning strategies.		Duty cycle TBD

				SR-1.1.2.A.7		The LPR shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required to spatially align subsurface profiles with surface measurements.		Accuracy TBD

				SR-1.1.2.A.8		The LPR shall support calibration sufficient to ensure repeatable and traceable subsurface measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for quantitative interpretation of dielectric contrasts.		Pre-flight calibration











































































































































































GriffinReq

				* Will need to stem from systems requirements

		[MO-4] The payload structure shall survive random vibrations and launch loads of X g (test) 

		[MO-4] The payload shall fit within 40m^3(v) in Griffin Lander

		[MO-4] The payload sturcture will survive TBR lunar trips

		[MO-4] The payload structure and internals shall not exceed 200 kg

		[MO-4] The payload will not be compromised by lunar surface temperatures or lunar dust





Thermal



						System Requirements

						Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

						SR-THERM : Thermal Subsystem Requirements

						SR-THERM.1		The thermal subsystem shall maintain all mission-critical components within their specified operational temperature limits during nominal mission operations.		SR-4.4.1, SR-3.6.1		Thermal Control Plan, Thermal Model Report, TVAC Report		Thermal		Ensures reliable operation and performance of instruments and avionics.		Operational limits defined in component ICDs

						SR-THERM.2		The thermal subsystem shall maintain all mission-critical components within their specified survival temperature limits during non-operational and safe modes.		SR-4.4.1		Thermal Model Report, TVAC Report		Thermal		Prevents permanent damage during lunar night and contingency states.		Includes extended comm/power outages

						SR-THERM.3		The thermal subsystem shall support thermal control across lunar day–night cycles without loss of system functionality.		SR-4.4.1		Thermal Cycling Test, Thermal Analysis		Thermal		Required for sustained multi-cycle surface operations.		Tied to reuse requirements

						SR-THERM.4		The thermal subsystem shall limit temperature gradients across mission-critical mechanical interfaces to ≤ [TBD] °C.		SR-4.4.3		Thermal Model Report, Inspection, Test		Thermal, Structures		Prevents interface misalignment, binding, or preload loss.		Gradient limit TBD by structural tolerances

						SR-THERM.5		The thermal subsystem shall provide distinct thermal control modes including nominal, servicing, and safe modes.		SR-4.4.2, SR-5.6		Ops Concept, Thermal Control Plan		Thermal, Operations		Ensures thermal stability across operational states.		Mode definitions TBD

						SR-THERM.6		The thermal subsystem shall operate within the available electrical power budget allocated to thermal control.		SR-EPS.1, SR-4.4.2		EPS Budget, Thermal Control Plan		Thermal, EPS		Prevents power conflicts with science and avionics systems.		Heater duty cycles TBD

						SR-THERM.7		The thermal subsystem shall provide thermal environments compatible with all supported payloads and replaceable subsystems.		SR-1.1.x, SR-4.3		Interface Control Document (ICD), Thermal Analysis		Thermal, Instrumentation		Enables modular payload integration without redesign.		Tool-specific compatibility verified via ICD

						SR-THERM.8		The thermal subsystem shall protect standardized mechanical and electrical interfaces from thermal degradation due to dust accumulation and cycling.		SR-4.5.1, SR-4.4.3		Test Report, ICD		Thermal, Structures		Interfaces are especially vulnerable to combined dust and thermal effects.		Cross-links dust + thermal

						SR-THERM.9		The thermal subsystem shall be verified through analysis and thermal-vacuum (TVAC) testing prior to mission deployment.		SR-4.4		TVAC Report, Thermal Model Correlation		Thermal		Demonstrates compliance with operational and survival requirements.		Standard verification approach





Radiation



						System Requirements

						Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

						SR-RAD : Radiation Subsystem Requirements

						SR-RAD.1		The system shall tolerate the expected lunar surface radiation environment without loss of mission-critical functionality.		SR-3.6.1, SR-4.4.1		Radiation Environment Analysis, Parts Radiation Report		Radiation		Ensures continued operation under solar and galactic radiation exposure.		Environment defined by mission duration and orbit

						SR-RAD.2		The system shall protect mission-critical electronics from total ionizing dose (TID) effects over the mission lifetime.		SR-3.6.1		Radiation Analysis, Shielding Trade Study		Radiation, Computer		Prevents cumulative degradation of avionics and data systems.		TID limits TBD

						SR-RAD.3		The system shall mitigate single-event effects (SEE) such that recoverable upsets do not result in permanent loss of mission data or control.		SR-5.6.1		Fault Management Plan, Radiation Test Report		Radiation, Computer		SEUs are expected in lunar environment and must be handled gracefully.		Includes latch-up protection

						SR-RAD.4		The system shall detect and flag corrupted data resulting from radiation-induced errors prior to use in map generation or data fusion.		SR-1.3.3, SR-6.4.2		Data Integrity Test, Software Verification Report		Radiation, Computer		Prevents propagation of corrupted data into PRM products.		CRC/checksum based

						SR-RAD.5		The system shall preserve mission-critical data across radiation events through error detection and recovery mechanisms.		SR-6.2.2, SR-5.6.2		Data Handling Test, Fault Injection Test		Radiation, Computer		Protects high-value science and mapping products.		Supports re-transmission

						SR-RAD.6		The radiation subsystem shall be compatible with modular payload integration without requiring tool-specific shielding redesign.		SR-4.3.1, SR-4.3.5		ICD, Radiation Trade Study		Radiation, Structures		Preserves modularity and avoids payload-specific redesign.		Tool compatibility via ICD

						SR-RAD.7		The system shall maintain radiation-tolerant operation during extended surface missions and lunar day–night cycles.		SR-4.4.1		Radiation + Thermal Combined Analysis		Radiation, Thermal		Radiation and thermal effects are coupled on the lunar surface.		Cross-subsystem coupling

						SR-RAD.8		The radiation subsystem shall be verified through analysis and, where applicable, component-level radiation testing.		SR-3.6.1		Radiation Test Report, Analysis Report		Radiation		Demonstrates compliance without requiring full system irradiation.		Analysis-heavy verification





EPS



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-EPS : Electrical Power Subsystem Requirements

										SR-EPS.1		The electrical power subsystem shall provide regulated electrical power to all mission-critical subsystems during nominal operations.		SR-3.6.1, SR-4.4.1		EPS Architecture Document, Power Budget Analysis		EPS		Ensures continuous operation of instruments, avionics, and data handling.		Voltage rails defined in ICD

										SR-EPS.2		The electrical power subsystem shall support a total average power load of ≥ [TBD] W during nominal mission operations.		SR-1.1.x, SR-2.x		Power Budget Analysis		EPS		Ensures sufficient power margin for sensing, processing, and communications.		Includes growth margin		\

										SR-EPS.3		The electrical power subsystem shall support peak power loads of ≥ [TBD] W for durations of ≥ [TBD] s without violating bus voltage limits.		SR-1.1.x, SR-4.4.2		Transient Power Analysis, Test Report		EPS		Supports high-demand instrument modes and communication events.		Peak loads include heaters

										SR-EPS.4		The electrical power subsystem shall provide energy storage sufficient to support mission-critical functions during non-generation periods.		SR-4.4.1		Energy Storage Analysis, Test Report		EPS		Required for lunar night, eclipses, or low-insolation conditions.		Storage capacity TBD (Wh)

										SR-EPS.5		The electrical power subsystem shall implement load prioritization and shedding to preserve mission-critical functions under power-limited conditions.		SR-5.6.1		Fault Management Plan, EPS Logic Verification		EPS, Computer		Prevents loss of command, timing, and data storage during contingencies.		Priority tiers TBD

										SR-EPS.6		The electrical power subsystem shall support distinct operational power modes including nominal, servicing, and safe modes.		SR-5.6, SR-4.4.2		Ops Concept, EPS Control Logic		EPS, Operations		Enables power-aware operations and fault recovery.		Mode definitions TBD

										SR-EPS.7		The electrical power subsystem shall provide standardized electrical interfaces for modular payloads and replaceable subsystems.		SR-4.3.3, SR-4.3.5		Interface Control Document (ICD)		EPS		Enables payload modularity without redesign of the power system.		Connector & rail standards TBD

										SR-EPS.8		The electrical power subsystem shall maintain power delivery within specified limits across expected thermal and radiation environments.		SR-THERM.6, SR-RAD.1		Combined Environment Analysis		EPS, Thermal, Radiation		EPS performance is sensitive to temperature and radiation effects.		Cross-subsystem coupling

										SR-EPS.9		The electrical power subsystem shall protect against over-current, over-voltage, and latch-up events.		SR-RAD.3, SR-5.6.1		Electrical Protection Test, Fault Injection Test		EPS		Prevents cascading failures and permanent hardware damage.		Protection thresholds TBD

										SR-EPS.10		The electrical power subsystem shall be verified through analysis and subsystem-level testing prior to mission deployment.		SR-3.6.1		EPS Test Report, Power Balance Verification		EPS		Demonstrates compliance with operational and contingency requirements.		Standard EPS verification







Communications



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-COMM : Communications Subsystem Requirements

										SR-COMM.1		The communications subsystem shall provide a reliable data link between the system and the Lunar Lander (or relay) during nominal mission operations.		SR-5.5.1, SR-6.1.1		Communications Architecture Document, Link Analysis		Communications		Required for downlink of science, mapping, and health data.		Relay via Griffin

										SR-COMM.2		The communications subsystem shall support a minimum science and housekeeping data throughput of ≥ [TBD] Gb/day under nominal conditions.		SR-1.3.1, SR-6.1.1		Link Budget Analysis		Communications		Ensures timely delivery of mapping and PRM-ready products.		Includes margin

										SR-COMM.3		The communications subsystem shall support prioritized data transmission such that mission-critical health and high-value science products are downlinked before lower-priority data.		SR-5.6.2, SR-6.2.2		Communications Protocol Specification, Ops Concept		Communications, Computer		Prevents loss of critical data during limited contact periods.		Priority classes TBD

										SR-COMM.4		The communications subsystem shall retain all mission-critical data during communication outages of ≥ [TBD] hours without data loss.		SR-5.6.1, SR-6.2.2		Data Handling Test, Fault Injection Test		Communications, Computer		Lunar surface operations include extended link outages.		Storage handled by SR-COMP

										SR-COMM.5		The communications subsystem shall support transmission of time-tagged and georeferenced data products with associated metadata.		SR-5.1.1, SR-5.1.2		Interface Control Document (ICD), Data Format Specification		Communications, Computer		Required for correct reconstruction of mapped products.		Metadata fields TBD

										SR-COMM.6		The communications subsystem shall support bidirectional exchange of command, timing, and state information with the Lunar Lander.		SR-5.5.1, SR-5.5.2		Interface Control Document (ICD), Test Report		Communications		Enables coordinated operations and fault recovery.		Update rate TBD

										SR-COMM.7		The communications subsystem shall operate within the electrical power capability defined in SR-EPS during all operational modes.		SR-EPS.1, SR-EPS.5		Power Budget Analysis, Test		Communications, EPS		Prevents communication events from disrupting mission operations.		Tx duty cycle TBD

										SR-COMM.8		The communications subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.3, SR-RAD.1		Combined Environment Analysis		Communications, Thermal, Radiation		Ensures link availability across lunar day–night cycles.		Cross-subsystem coupling

										SR-COMM.9		The communications subsystem shall implement error detection and retransmission mechanisms to ensure data integrity.		SR-RAD.4, SR-6.4.2		Protocol Verification, Fault Injection Test		Communications, Computer		Prevents corrupted data from entering PRM workflows.		CRC/ARQ mechanisms

										SR-COMM.10		The communications subsystem shall support standardized data interfaces compatible with modular payload integration.		SR-4.3.4, SR-4.3.5		Interface Control Document (ICD)		Communications		Preserves modularity and avoids payload-specific comm redesign.		Protocol TBD

										SR-COMM.11		The communications subsystem shall be verified through link analysis and subsystem-level testing prior to mission deployment.		SR-3.6.1		Communications Test Report		Communications		Demonstrates performance under expected mission conditions.		Standard verification





Computer



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-COMP : Computer Subsystem Requirements

										SR-COMP.1		The computer subsystem shall provide command and data handling services for all mission-critical subsystems and payloads.		SR-1.3.1, SR-5.5.1		C&DH Architecture Document		Computer		Enables coordinated operation of sensing, storage, and communications.		Central flight computer

										SR-COMP.2		The computer subsystem shall acquire, time-tag, and store all science and housekeeping data generated by onboard instruments.		SR-5.1.1, SR-5.1.2		Data Handling Design Document		Computer		Required for traceable, georeferenced data products.		Time standard TBD

										SR-COMP.3		The computer subsystem shall support processing of data products from raw (L0) through processed and fused (L3) levels as applicable.		SR-1.3.1, SR-6.3.1		Software Architecture Document		Computer		Enables generation of PRM-ready map products.		Processing split onboard/ground TBD

										SR-COMP.4		The computer subsystem shall provide non-volatile storage sufficient to retain all mission-critical data during expected communication outages.		SR-COMM.4, SR-6.2.2		Memory Sizing Analysis		Computer		Prevents loss of high-value data during link outages.		Storage capacity TBD

										SR-COMP.5		The computer subsystem shall preserve data integrity through error detection mechanisms for stored and transmitted data.		SR-RAD.4, SR-6.4.2		Software Verification Report		Computer		Prevents corrupted data from propagating into map products.		CRC/checksum based

										SR-COMP.6		The computer subsystem shall quarantine, flag, or discard data products that fail integrity or quality checks.		SR-RAD.5, SR-5.6.2		Fault Injection Test Report		Computer		Protects downstream processing and PRM outputs.		Logic TBD

										SR-COMP.7		The computer subsystem shall associate metadata describing position, time, uncertainty, and instrument state with each stored data product.		SR-5.1.1, SR-6.4.1		Data Format Specification		Computer		Required for multi-instrument fusion and uncertainty propagation.		Metadata schema TBD

										SR-COMP.8		The computer subsystem shall support prioritized data handling and storage consistent with communications prioritization.		SR-COMM.3		Data Handling Design Document		Computer		Ensures critical data are retained and downlinked first.		Priority tiers TBD

										SR-COMP.9		The computer subsystem shall support bidirectional data exchange with the communications subsystem using standardized interfaces.		SR-COMM.6		Interface Control Document (ICD)		Computer, Communications		Enables reliable command, telemetry, and file transfer.		Protocol TBD

										SR-COMP.10		The computer subsystem shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1, SR-EPS.5		Power Budget Analysis		Computer, EPS		Prevents data handling from disrupting mission operations.		Duty cycle TBD

										SR-COMP.11		The computer subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.1, SR-RAD.1		Combined Environment Analysis		Computer, Thermal, Radiation		Ensures reliable operation on the lunar surface.		Cross-subsystem

										SR-COMP.12		The computer subsystem shall support fault detection, isolation, and recovery (FDIR) sufficient to preserve command, timing, and data storage functions.		SR-5.6.1		FDIR Plan, Fault Injection Test		Computer		Required for autonomous recovery from upsets and faults.		Safe mode logic TBD

										SR-COMP.13		The computer subsystem shall be verified through analysis, simulation, and subsystem-level testing prior to mission deployment.		SR-3.6.1		C&DH Test Report		Computer		Demonstrates compliance with mission requirements.		Standard verification

										SR-COMP.14		The computer subsystem shall implement command, data handling, storage, and downlink functionality using standard NASA Core Flight System (cFS) applications without modification of core cFS services.		CPEDOC		Software Architecture Review		Computer		Preserves software heritage, reduces regression risk, and improves maintainability.		Custom logic implemented as cFS apps

										SR-COMP.15		The computer subsystem shall support extensible data handling through configurable application-level services rather than hard-coded mission logic.		CPEDOC		Software Design Review		Computer		Enables future payload additions and reuse without restructuring core software.		Supports modular mission growth





Structures



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-STRUCT : Structural Subsystem Requirements

										SR-STRUCT.1		The structural subsystem shall support all mission-critical subsystems and payloads under expected launch, landing, and surface operational loads.		SR-3.6.1, SR-4.4.1		Structural Analysis Report		Structures		Ensures structural integrity throughout all mission phases.		Load cases TBD

										SR-STRUCT.2		The structural subsystem shall maintain mechanical integrity across lunar day–night thermal cycles without permanent deformation or loss of function.		SR-4.4.1		Thermal-Structural Analysis		Structures, Thermal		Prevents fatigue, cracking, and misalignment due to thermal cycling.		Tied to reuse

										SR-STRUCT.3		The structural subsystem shall maintain alignment of mission-critical interfaces within allowable tolerances across all operational conditions.		SR-4.4.3, SR-5.3		Structural Test, Inspection		Structures		Required for co-registered sensing and modular interface fit.		Alignment tolerance TBD

										SR-STRUCT.4		The structural subsystem shall provide standardized mechanical interfaces to support modular payloads and replaceable subsystems.		SR-4.3.2, SR-4.3.5		Interface Control Document (ICD)		Structures		Enables modularity without redesign of primary structure.		Interface envelope TBD

										SR-STRUCT.5		The structural subsystem shall support repeated installation and removal of replaceable subsystems for at least [TBD] reuse cycles.		SR-4.1.1		Inspection, Demonstration		Structures		Supports refurbishment and reuse objectives.		Fastener limits TBD

										SR-STRUCT.6		The structural subsystem shall withstand expected launch vibration and shock environments without damage to mounted payloads or avionics.		SR-3.6.1		Vibration & Shock Test Report		Structures		Protects sensitive instrumentation during launch.		Launch vehicle TBD

										SR-STRUCT.7		The structural subsystem shall provide load paths that prevent excessive stress transfer to modular payload interfaces.		SR-4.3.1		Structural Analysis		Structures		Avoids damage to replaceable payloads and interfaces.		Interface isolation TBD

										SR-STRUCT.8		The structural subsystem shall be compatible with dust mitigation features for exposed mechanical interfaces and connectors.		SR-4.5.3		Inspection, Test		Structures		Dust accumulation can impair mechanical fit and motion.		Covers, seals, wipes

										SR-STRUCT.9		The structural subsystem shall operate within the mass allocation defined by the system mass budget.		SR-4.6.2		Mass Properties Report		Structures		Structural mass strongly impacts cost per delivered kilogram.		Mass margin TBD

										SR-STRUCT.10		The structural subsystem shall be verified through analysis, inspection, and subsystem-level testing prior to mission deployment.		SR-3.6.1		Structural Verification Report		Structures		Demonstrates compliance with mission load and interface requirements.		Standard verification





GNC





										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-GNC : Guidance, Navigation, and Control Subsystem Requirements

										SR-GNC.1		The GNC subsystem shall provide position and attitude estimates sufficient to support georeferenced science and mapping products.		SR-5.1.1, SR-6.1.1		Navigation Analysis Report		GNC		Required to correctly geolocate surface and subsurface measurements.		Accuracy thresholds TBD

										SR-GNC.2		The GNC subsystem shall provide attitude knowledge and stability sufficient to meet payload pointing and resolution requirements during data collection.		SR-1.2.2, SR-2.2.1		Pointing Analysis, Test		GNC		Ensures MSI, LPR, and other sensors meet resolution and SNR requirements.		Stability TBD

										SR-GNC.3		The GNC subsystem shall support time-synchronized navigation solutions compatible with the system time standard.		SR-5.1.2, SR-5.4.1		Timing & Sync Verification		GNC, Computer		Required for multi-sensor co-registration and fusion.		Time base defined by SR-COMP

										SR-GNC.4		The GNC subsystem shall provide navigation state updates at a rate sufficient to support coordinated sensing and motion compensation.		SR-5.3.1		GNC Performance Analysis		GNC		Prevents spatial smearing and misregistration of measurements.		Update rate TBD

										SR-GNC.5		The GNC subsystem shall maintain bounded navigation error during temporary loss of external navigation updates.		SR-5.6.1		Fault Injection Test, Analysis		GNC		Required for robustness during comm or relay outages.		Outage duration TBD

										SR-GNC.6		The GNC subsystem shall estimate and report navigation uncertainty associated with each position solution.		SR-5.3.2, SR-6.4.2		Navigation Data Product Review		GNC		Required for uncertainty propagation in PRM modeling.		Confidence metric TBD

										SR-GNC.7		The GNC subsystem shall support coordinate frame transformations between the platform frame and the Lunar Lander reference frame.		SR-5.2.1		Interface Control Document (ICD)		GNC		Enables consistent spatial alignment across systems.		Frame definition TBD

										SR-GNC.8		The GNC subsystem shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Budget Analysis		GNC, EPS		Prevents GNC operation from disrupting mission power balance.		Duty cycle TBD

										SR-GNC.9		The GNC subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.1, SR-RAD.1		Combined Environment Analysis		GNC, Thermal, Radiation		Ensures reliable navigation performance on the lunar surface.		Cross-subsystem

										SR-GNC.10		The GNC subsystem shall support safe-state transitions and recovery following navigation faults or loss of valid state estimates.		SR-5.6.1		FDIR Plan, Test		GNC, Computer		Prevents propagation of invalid navigation solutions.		Safe logic TBD

										SR-GNC.11		The GNC subsystem shall be verified through analysis, simulation, and subsystem-level testing prior to mission deployment.		SR-3.6.1		GNC Verification Report		GNC		Demonstrates compliance with navigation and pointing requirements.		Standard verification
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														SR-1.1.1.Y		The system shall include a multispectral imaging camera capable of measuring surface spectral properties.		SR-1.1.1		Instrumentation-[TBRSys].N.N		Instrumentation		Enables proxy-based estimation of Helium-3 distribution.

														SR-1.1.1.Y.a		The multispectral camera shall acquire imagery in [TBR] spectral bands.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N		Instrumentation		Resolution sufficient to distinguish relevant spatial or compositional variations.

														SR-1.1.1.Y.b

														SR-1.1.1.Y.c		The multispectral camera shall achieve spatial resolution of ≤ [TBR] m per pixel.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N		Instrumentation		Measurement uncertainty must support reserve estimation confidence.

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall store collected measurement data in onboard memory prior to downlink.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N, Computer-[TBRSys].N.N		Instrumentation, Computer		Enables buffering and prioritized data downlink.		—

														SR-1.1.1.Y		The LSRCM structure shall provide mechanical and electrical interface capability for [TBR TOOLING 1].		SR-1.1.1		Structures-[TBRSys].N.N		Structures, Instrumentation		Ensures secure integration without compromising system integrity.		—

														SR-1.1.1.Y.a		The LSRCM shall maintain a secure interface with [TBR TOOLING 1] under launch vibration and load conditions.		SR-1.1.1.B		Structures-[TBRSys].N.N		Structures		Prevents damage or detachment during launch.		—

														SR-1.1.1.Y.b		The LSRCM shall maintain a secure interface with [TBR TOOLING 1] under nominal operational and servicing conditions.		SR-1.1.1.B		Structures-[TBRSys].N.N, Operations-[TBRSys].N.N		Structures, Operations		Ensures alignment and survivability during surface operations.

														SR-1.1.1.Y		The [TBR TOOLING 1] shall operate within the expected lunar surface thermal environment.		SR-1.1.1		Thermal-[TBRSys].N.N		Instrumentation, Thermal		Ensures sustained operation across lunar day/night cycles.

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall tolerate expected lunar surface radiation levels without degradation of measurement performance.		SR-1.1.1.C		Radiation Analysis-[TBRSys].N.N		Instrumentation		Preserves measurement accuracy over mission duration.		—

														SR-1.1.1.Y		The [TBR TOOLING 1] shall operate within the LSRCM mission duty cycle and available power budget.		SR-1.1.1		EPS-[TBRSys].N.N		Instrumentation, EPS		Prevents power conflicts with other mission systems.		—

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall operate according to [TBR] standards,nominal operational modes.		SR-1.1.1.E, SR-1.1.1.B.b		Calibration Procedure-[TBRSys].N.N		Instrumentation		Establishes baseline instrument performance.

														SR-1.1.1.Y.b		The [TBR TOOLING 1] shall operate according to [TBR] standards,during servicing operational modes.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall operate according to [TBR] standards,safe operational modes.		SR-1.1.1.E		Data Management Plan-[TBRSys].N.N		Instrumentation, Computer

														SR-1.1.1.Y		The [TBR TOOLING 1] shall support calibration sufficient to ensure repeatable and traceable measurements.		SR-1.1.1		Instrument Calibration Plan-[TBRSys].N.N		Instrumentation		Required for scientific validity and reserve modeling.

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall support pre-flight calibration prior to launch.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation		Establishes baseline instrument performance.

														SR-1.1.1.Y.b		The [TBR TOOLING 1] shall support in-situ or operational calibration during the mission as applicable.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation		Accounts for drift due to radiation, temperature, or aging.

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall preserve calibration metadata with associated measurement data.		SR-1.1.1.E		Data Management Plan-[TBRSys].N.N		Instrumentation, Computer		Enables post-processing and traceability.





PowerReq



						Lunar Penetrating Radar Requirements

						Number		Requirement		Source		Verification Document		Comments

						pwr-01		The system shall be electrically compatible with the Griffin lander's 28 ± 5% V DC power service provided via the Standard Electrical Connector (SEC).		MO-4, MSC-4.3, SR-1.6.4, SR-4.3.3, SYS-16, SYS-21		Electrical ICD, Test Report		Ensures basic compatibility for charging and operations while attached to the lander.

						pwr-02		The system's total power consumption shall not exceed 200 W (1.0 W/kg) during nominal operations while attached to the lander.		MO-4, SR-1.6.5, SYS-1		Power Budget, Analysis		This budget must account for instrument standby, thermal control, and battery charging before deployment.

						pwr-03		The system shall be fully self-powered after deployment from the lander, providing all necessary power for mobility, science operations, and communications.		MO-1, MO-2, MO-3, MO-4, SYS-1a, SYS-31		Power Budget, System Design Document		Per the PUG, the lander does not provide power after egress. The system will require its own solar arrays and/or batteries.

						pwr-04		The onboard energy storage system (batteries) shall be sized to support a minimum of one full mobility and survey sortie without recharging.		MO-1, MO-2, MO-3, SYS-12, SYS-26, SYS-31, SYS-36		Energy Budget Report, Analysis		This includes power for mobility/propulsion, all instruments operating, the onboard computer, and communications.

						pwr-05		The power system shall provide continuous, regulated power to the science instrument suite, including the LPR (≤ 8 W), Grain Size Analyzer (≤ 5 W), and APXS (≤ 6 W).		MO-1, MO-2, MO-3, LPR-001, AGA-001, APXS-001		Electrical Power Test Report, Power Budget		Stable power is critical for measurement accuracy. The full instrument suite power draw must be accounted for.

						pwr-06		The power system shall provide continuous power to the payload's onboard computer, communication systems, and data storage hardware during all operational phases.		MO-5, MO-6, SYS-15, ELEC-2, ELEC-6, ELEC-8		Electrical ICD, Power Budget		These core systems are mission-critical for navigation, mapping, and data return.

						pwr-07		The system shall include an autonomous power management function to monitor energy consumption and to safe non-critical systems to prevent power depletion.		MO-4, SYS-37		Power Management Report, Demonstration		Protects mission operations by ensuring power is available for key functions like mobility and data collection.

						pwr-08		The power system must supply sufficient power to the thermal control system to maintain all components within their operational temperature range (-30°C to +80°C).		MO-4, MSC-4.4, SR-1.6.9, SR-4.4.1, SYS-4, SYS-33		Thermal Analysis Report, Power Budget		This is a major power driver, especially for survival through lunar night, which may require significant heater power.

						pwr-09		Any high instantaneous power events, such as for mobility, shall be supplied by the payload's internal energy storage, not directly from the lander's power bus.		MO-4, SYS-1f, SYS-1g, SYS-28		Propulsion/Mobility Integration Report		Protects the lander's circuits and ensures the payload can handle its own power spikes, as required for deployable systems.





System Requirements

								*READ THIS STUFF AND MAKE SURE IT MAKES SENSE



						System Requirements

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-1		The mission power system shall provide at least 1 W of regulated electrical power per kilogram of payload during nominal surface operations while the payload is attached to the lander.		PUG Lander Document		Analysis		Updated		Clarifies that 1 W/kg applies only while attached.		PUG: Nominal 1 W/kg power allocation.

						SYS-1a		For deployable payloads, the payload shall be self-powered following separation from the lander; the lander will not provide nominal power after egress.				Analysis		New		Deployables must provide their own power after release.		PUG: Deployable payloads take full control of power after release.

						SYS-1c		The lander shall provide a scheduled PEAK power service of up to 2.5 W per kilogram of payload while the payload remains attached, subject to Astrobotic scheduling and power availability.				Analysis		New		Defines lander PEAK power allocation.		PUG: Peak = 2.5 W/kg when scheduled.

						SYS-1d		The payload customer shall request and schedule any required PEAK power windows (start/stop times, duration, justification) through the payload integration and mission operations process.				Inspection		New		Clarifies scheduling requirement for peak power use.		PUG: Additional power services available via scheduling.

						SYS-1e		The lander shall provide a RELEASE power pulse of up to 30 W peak for approximately 60 seconds for deployment/actuation events only.				Test		New		Defines available high-power pulse for deployment-only operations.		PUG: Release = 30 W peak for ~60 seconds.

				NOTE: Calculate power requirements of all instruments combined, potential driving or propulsion systems, and computers necessary. Generate rough estimates of this to incorporate into requirements so that requirements can be broad enough to support designing a rover or some projectile payload.		SYS-1f		If a launch-from-lander event requires power beyond PEAK or sustained high power, the payload shall include internal power storage (batteries or capacitors) sized to support the event and post-release operations.				Inspection		New		Ensures high-power events must use onboard energy storage.		PUG: Deployables control power post-release; lander not used for sustained loads.

						SYS-1g		High instantaneous actuation power shall be supplied by on-payload energy storage; SEC power circuits shall be used only for charging and release signals within the lander-provided limits.				Test		New		Protects lander circuits; ensures payload uses internal storage for spikes.		PUG: SEC supports limited operational and release circuits only.

						SYS-2		The system shall support a total payload mass of up to 200 kg including instruments and mounting hardware.				Analysis		Updated		Fit within Griffin 625 kg capacity.		PUG: Griffin payload capacity.

						SYS-3		The system shall provide a payload accommodation volume of at least 40 m^3 for science instruments.				Inspection		Updated		Volume fits within Griffin mounting envelope.		PUG: Payload envelope & mounting decks.

				NOTE: adjust this temperature range in the instrument requirements		SYS-4		The system shall support payload operation across lunar surface thermal environments from −30°C to +80°C.				Test		Updated		Matches PUG lunar surface thermal environment.		PUG: Thermal Environment (Surface).

						SYS-5		The system shall survive launch vibration, acoustic, and shock environments consistent with Falcon Heavy limits.				Test		Updated		Mechanical loads defined by GEVS and Astrobotic.		PUG: Mechanical Environment.		Launch vehicle for Griffin

						SYS-6		The system shall tolerate cumulative radiation exposure of at least 1 krad(Si).				Analysis		Updated		Matches typical mission TID (<1 krad).		PUG: Radiation environment.

						SYS-7		The system shall support continuous science data collection for a minimum of 14 days on the lunar surface.				Analysis		Updated		Matches Griffin 14-day surface duration.		PUG: Griffin Polar Configuration.

						SYS-8		The system shall operate in vacuum, lunar dust, and variable solar illumination without unacceptable performance degradation.				Test		Updated		Environmental compatibility.		PUG: Pressure, contamination, surface environment.

						SYS-9		The system shall allow payloads to be deployed from the lander without requiring additional mission support beyond standard Astrobotic egress procedures.				Test		Updated		Matches standard deployable payload ops.		PUG: Egress Procedures.

						SYS-10		The system shall support payload operation as a navigation gateway for future missions.				Analysis		Unchanged		Supports use of OPAL or enhanced sensors.		PUG: TRN/OPAL.

						SYS-11		The system shall be compatible with a launch schedule no later than 2032.				Analysis		Unchanged		Schedule constraint.		N/A

						SYS-12		The system shall support surface surveys covering at least 50 km².				Analysis		Unchanged		Survey requirement.		N/A

				Note: Verify that all instruments can achieve this. May need to adjust.		SYS-13		The system shall support detection of subsurface structures to a depth of at least 2 m.				Test		Unchanged		Science requirement.		N/A

						SYS-14		The system shall support construction of 3D maps of regolith thickness, density, and grain size.				Analysis		Unchanged		Science requirement.		N/A

						SYS-15		The system shall provide an internal payload controller (OBC) for managing instruments and data.				Inspection		Updated		Uses radiation-tolerant FPGA payload computer.		PUG: Payload Computer.

						SYS-16		The system shall support instrument electrical interfaces at 28 V ± 5% DC.				Inspection		Updated		Matches SEC power specification.		PUG: Electrical Interfaces.

						SYS-17		The system shall support data interfaces using RS-422 or SpaceWire.				Test		Updated		Matches standard lander payload interfaces.		PUG: Data Interfaces.

						SYS-18		Instruments shall be controllable via scripts (C++ or RUST) on Linux-based systems using open APIs.				Test		Updated		Supports autonomous ops from PMCC.		PUG: Ground Segment.		Rust/C++

						SYS-19		The system shall support a maximum downlink bandwidth of 10 kbps per kilogram during nominal surface operations.				Analysis		Updated		Matches nominal data allocation.		PUG: Data Services (Release 10 kbps/kg).

						SYS-20		Instruments shall support integration times ≤100 ms per sample or operate in stop-and-stare mode without exceeding mission duration.				Test		Unchanged		Science operations requirement.		N/A

						SYS-21		The system shall use the Standard Electrical Connector (SEC) for all power and data interfaces.				Inspection		New		Ensures compatibility with Glenair SuperNine connector.		PUG: SEC description.

						SYS-22		The system shall maintain thermal conductance <0.1 W/K between payload and lander mounting interfaces.				Test		New		Required for thermal isolation.		PUG: Thermal Interfaces.

						SYS-23		The system shall comply with EMI/EMC requirements per MIL-STD-461G.		MIL-STD-461G		Inspection		New		Active payload EMI constraint.		PUG: Electromagnetic Environment.

						SYS-24		The system shall comply with ISO Class 8 cleanroom integration requirements (or optional Class 7 if required).				Inspection		New		Matches integration facility constraints.		PUG: Contamination Control.

						SYS-25		The system shall support the standard 75 mm bolt-pattern mounting grid with M5 helicoils on the payload mounting decks.				Inspection		New		Ensures structural compatibility with mounting decks.		PUG: Payload Mounting Decks.

						Other Systems Requirements considerations:

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-26		The system shall support repositioning of the payload across the lunar surface to enable multi-location measurement operations.		TBD		Analysis/Simulation		New		Mobility Concept Report		Ensures science coverage of survey areas		Specific mobility method (hover, rover, or hybrid) TBD during concept development

				*		SYS-27		The system shall provide sufficient payload stability during repositioning to maintain instrument performance within mission-defined measurement tolerances.		TBD		Test/Analysis		New		Stabilization Performance Report		Prevents motion-induced degradation of He-3 and H₂O measurements		Covers concept-phase hover or traverse scenarios

						SYS-28		The system shall support any propulsion or traction systems required for payload repositioning without exceeding mass, volume, or power budgets.		TBD		Analysis		New		Propulsion/Mobility Integration Report		Ensures mobility does not compromise system constraints		Fuel/mass allocation TBD

				*		SYS-29		The system shall maintain dust mitigation for sensors and mobility systems during surface operations.		TBD		Test		New		Environmental Test Report		Prevents sensor degradation and maintains operational reliability		Applies for hover, rover, or hybrid modes

				*		SYS-30		System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.
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Comment:
    Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.		TBD		Analysis		New		Data Storage Analysis Report		Prevents data loss during extended surveys		Accounts for measurements while moving or stationary

				*		SYS-31		The system shall support energy storage sufficient to power mobility and instrument operations for a minimum of Y hours per mission operation period.		TBD		Analysis		New		Energy Budget Report		Ensures survey coverage without exceeding power limits		Includes propulsion energy and payload usage; exact Y TBD

				*		SYS-32		The system shall provide safe clearance from the surface and obstacles during repositioning to prevent collision or damage to the payload.		TBD		Test/Analysis		New		Operational Safety Analysis Report		Ensures payload safety during mobility operations		Hover altitude or clearance margin TBD

						SYS-33		The system shall maintain thermal stability of instruments during surface repositioning under varying illumination and shadow conditions.		TBD		Test		New		Environmental Qualification Test Report		Protects instrument performance during dynamic thermal loads		May require insulation, heaters, or thermal control design

				*		SYS-34		The system shall provide navigation and hazard avoidance sensors sufficient for safe autonomous or semi-autonomous surface repositioning.
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Comment:
    Include importance of control algorithms for autonomous/semi-auto repositioning.		TBD		Test		New		Navigation Performance Report		Enables coverage of target survey areas without collisions		Sensor types TBD; Doppler LiDAR, stereo cameras, optical flow possible

						SYS-35		The system shall allow instrument operation during movement without exceeding measurement error limits defined for mission objectives.		TBD		Test/Analysis		New		Science Performance Test Report		Ensures He-3 and H₂O measurements remain valid during motion		Integration times and motion blur constraints TBD

						SYS-36		The system shall support recharging or refueling of energy stores between sorties if multiple sorties are required to complete survey objectives.		TBD		Analysis		New		Operational Sustainability Report		Enables extended mission coverage across multiple locations		Recharge/refuel method TBD (solar, battery swap, propellant refill)

				*		SYS-37		The system shall monitor and manage onboard energy consumption to prevent depletion during critical science or mobility operations. 		TBD		Test/Analysis		New		Power Management Report		Protects mission operations and prevents partial survey failure		Includes automated or manual power management

						SYS-38		System should have sufficient control algorithms- based on sensors onboard to facilitate autonomous maneuvering. 

																				Specs of PUG lander Computer: GNC flight sensor drivers and propulsion control units, are enclosed separately near the relevant subsystem hardware. Peregrine's flight computer consists of a 32-bit high-performance dual-core LEON 3 FT microprocessor. The computer employs radiation hardened integrated circuits as well as fault-tolerant and SEU-proof characteristics.

Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.



Include importance of control algorithms for autonomous/semi-auto repositioning.
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LPR Req

				Will this Instruemnt be used?								*If you find that there is nothing in systems requirements to tie to an instrument requirement, then add to the systems requirements.

				YES

										Lunar Penetrating Radar Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

		VERIFY THIS ROW FOR ALL INSTRUMENTS								LPR-001		The Lunar Penetrating Radar shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities.		Peak power during radar pulse transmission TBD

										LPR-002		The Lunar Penetrating Radar shall have a total mass ≤ 4.0 kg, including mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits.		Mass growth margin of 15 percent allocated

										LPR-003		The Lunar Penetrating Radar shall fit within the allocated payload envelope of 30 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location.		Antenna deployment volume excluded

										LPR-004		The Lunar Penetrating Radar shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures.		Survival temperature limits TBD

										LPR-005		The Lunar Penetrating Radar shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle.		Load spectra TBD based on launch vehicle

										LPR-006		The Lunar Penetrating Radar electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration.		Shielding trade study pending

										LPR-007		The Lunar Penetrating Radar shall be capable of storing a minimum of 14 days of continuous radar data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps.		Data rate and compression assumptions TBD

										LPR-008		The Lunar Penetrating Radar shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to exposed electronics and antennas.		Dust mitigation strategy under development





Grain Analyzer Req

				Will this Instrument be used?

				YES

										Automated Grainsize Analyzer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										AGA-001		The Automated Grain Size Analyzer shall operate within an average power consumption ≤ 5 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities		Peak power during measurement TBD

										AGA-002		The Automated Grain Size Analyzer shall have a total mass ≤ 2.5 kg, including mounting hardware		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15% allocated

										AGA-003		The Automated Grain Size Analyzer shall fit within the allocated payload envelope of 25 x 15 x 15 cm with a minimum clearance of 2 mm on all sides		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Microscope optics and sample holder included

										AGA-004		The Automated Grain Size Analyzer shall operate nominally between minus 30 C and plus 50 C		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										AGA-005		The Automated Grain Size Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										AGA-006		The Automated Grain Size Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Shielding trade study pending

										AGA-007		The Automated Grain Size Analyzer shall be capable of measuring particle size distributions from 10 µm to 2 mm with an accuracy of ±10%		TBD		Test		Incomplete		Calibration Test Report		Enables identification of surface conditions associated with He-3 retention		Accuracy and particle size range based on science objectives

										AGA-008		The Automated Grain Size Analyzer shall store a minimum of 14 days of continuous measurement data onboard		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data rate and compression assumptions TBD

										AGA-009		The Automated Grain Size Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to optics and sensors		Dust mitigation strategy under development

										AGA-010		The Automated Grain Size Analyzer shall be capable of analyzing regolith samples either in situ or from collected sample containers		TBD		Test		Incomplete		Functional Test Report		Supports operational flexibility for multiple mission scenarios		Sample handling mechanism TBD

										AGA-011		The Automated Grain Size Analyzer shall provide measurement data with a time resolution of ≤ 1 minute per sample		TBD		Test		Incomplete		Data Rate Test Report		Enables timely characterization of multiple samples during surface operations		Depends on imaging speed and processing algorithm

										AGA-012		The Automated Grain Size Analyzer shall maintain alignment of optics and sensors within ±1 mm under operational and launch conditions		TBD		Inspection/Test		Incomplete		Alignment Verification Report		Ensures measurement accuracy during transport and operation		Optical mount design TBD





APXS Req

				Will this Instrument be used?

				TBD

										Alpha Particle X-Ray Spectrometer (APXS) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										APXS-001		The APXS shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables routine surface composition measurements		Peak power during excitation TBD

										APXS-002		The APXS shall have a total mass ≤ 3.0 kg, including mounting hardware and deployment mechanism.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										APXS-003		The APXS shall fit within the allocated payload envelope of 25 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployment arm volume excluded

										APXS-004		The APXS shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										APXS-005		The APXS shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										APXS-006		The APXS electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										APXS-007		The APXS shall measure elemental abundances for elements with atomic numbers from Na to Fe with an accuracy of ±10 percent.		TBD		Test		Incomplete		Calibration and Validation Report		Enables identification of Ti-rich basaltic materials associated with enhanced He-3 retention		Titanium detection threshold TBD

										APXS-008		The APXS shall achieve a minimum surface measurement integration time of ≤ 30 minutes per target.		TBD		Test		Incomplete		Performance Test Report		Allows multiple compositional measurements within nominal surface operations timeframe		Integration time dependent on count rate

										APXS-009		The APXS shall store a minimum of 14 days of compositional data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										APXS-010		The APXS shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to detectors and contact surfaces		Dust cover or purge mechanism TBD

										APXS-011		The APXS shall be capable of performing measurements while in direct contact with the lunar surface.		TBD		Test		Incomplete		Functional Test Report		Ensures accurate elemental analysis by minimizing standoff distance		Surface contact force TBD

										APXS-012		The APXS shall maintain detector alignment and calibration within mission limits for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for compositional analysis		Periodic in-flight calibration TBD





Flux Mag Req

				Will this Instrument be used?

				TBD

										Fluxgate Magnetometer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										FGM-001		The Fluxgate Magnetometer shall operate within an average power consumption ≤ 3 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous magnetic field measurements		Peak power during sampling TBD

										FGM-002		The Fluxgate Magnetometer shall have a total mass ≤ 2.0 kg, including sensor, boom, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Boom length TBD

										FGM-003		The Fluxgate Magnetometer shall fit within the allocated payload envelope of 20 x 15 x 15 cm when stowed, with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployed boom volume excluded

										FGM-004		The Fluxgate Magnetometer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										FGM-005		The Fluxgate Magnetometer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										FGM-006		The Fluxgate Magnetometer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										FGM-007		The Fluxgate Magnetometer shall measure magnetic field vectors with a resolution of ≤ 0.1 nT over a dynamic range of at least ±1000 nT.		TBD		Test		Incomplete		Calibration and Performance Report		Enables detection of lunar crustal magnetic anomalies that deflect solar wind		Performance consistent with prior lunar missions

										FGM-008		The Fluxgate Magnetometer shall acquire vector magnetic field measurements at a sampling rate ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports mapping of spatial variations in magnetic anomalies during surface operations		Higher rates optional if power allows

										FGM-009		The Fluxgate Magnetometer shall store a minimum of 14 days of continuous magnetic field data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per sample TBD

										FGM-010		The Fluxgate Magnetometer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to exposed sensors and connectors		Dust shielding strategy TBD

										FGM-011		The Fluxgate Magnetometer shall minimize magnetic interference from spacecraft systems to within mission-defined limits.		TBD		Analysis/Test		Incomplete		Magnetic Cleanliness Report		Ensures accurate measurement of weak crustal magnetic fields		Magnetic cleanliness requirements TBD

										FGM-012		The Fluxgate Magnetometer shall maintain calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for correlation with solar-wind implantation		Periodic in-flight calibration TBD





MS Camera Req

				Will this Instrument be used?

				TBD

										Multispectral Imaging Camera Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										MSIC-001		The Multispectral Imaging Camera shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous imaging operations		Peak power during image acquisition TBD

										MSIC-002		The Multispectral Imaging Camera shall have a total mass ≤ 2.5 kg, including optics, detector, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										MSIC-003		The Multispectral Imaging Camera shall fit within the allocated payload envelope of 20 x 15 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with rover mounting location		Field-of-view envelope excluded

										MSIC-004		The Multispectral Imaging Camera shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										MSIC-005		The Multispectral Imaging Camera shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										MSIC-006		The Multispectral Imaging Camera electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										MSIC-007		The Multispectral Imaging Camera shall acquire images in at least 5 discrete spectral bands spanning the visible to near-infrared range.		TBD		Test		Incomplete		Optical Performance Test Report		Enables inference of regolith maturity and grain size related to He-3 retention		Spectral band centers TBD

										MSIC-008		The Multispectral Imaging Camera shall achieve a ground sampling distance ≤ 5 mm per pixel at nominal imaging altitude.		TBD		Test		Incomplete		Imaging Resolution Report		Allows identification of fine-grained regolith features		Pixel scale dependent on optics

										MSIC-009		The Multispectral Imaging Camera shall support imaging while the rover is moving at speeds up to 5 cm/s without unacceptable image blur.		TBD		Test		Incomplete		Motion Imaging Test Report		Enables efficient surface coverage during rover traverses		Exposure time and stabilization strategy TBD

										MSIC-010		The Multispectral Imaging Camera shall store a minimum of 14 days of multispectral image data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Image compression scheme TBD

										MSIC-011		The Multispectral Imaging Camera shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to optics and detectors		Dust cover or optical window TBD

										MSIC-012		The Multispectral Imaging Camera shall maintain radiometric calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Radiometric Calibration Report		Ensures long-term validity of reflectance measurements used to infer regolith maturity		In-flight calibration target TBD





ESA Req

				Will this Instrument be used?

				TBD

										Electrostatic Analyzer (ESA) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										ESA-001		The Electrostatic Analyzer shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and supports continuous charged-particle measurements		Peak power during high-rate sampling TBD

										ESA-002		The Electrostatic Analyzer shall have a total mass ≤ 4.0 kg, including sensors, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										ESA-003		The Electrostatic Analyzer shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Field-of-view envelope excluded

										ESA-004		The Electrostatic Analyzer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										ESA-005		The Electrostatic Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										ESA-006		The Electrostatic Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										ESA-007		The Electrostatic Analyzer shall measure ion and electron energies from 1 eV to 20 keV with an energy resolution ≤ 20 percent.		TBD		Test		Incomplete		Calibration and Performance Report		Enables characterization of solar wind ions responsible for He-3 implantation		Energy range aligned with solar wind expectations

										ESA-008		The Electrostatic Analyzer shall measure charged particle angular distributions with a field of view ≥ 180 degrees.		TBD		Test		Incomplete		Angular Response Test Report		Enables determination of particle arrival direction and surface implantation geometry		Multiple sensor heads or deflection system TBD

										ESA-009		The Electrostatic Analyzer shall acquire charged particle measurements at a cadence ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports correlation with magnetic field and surface measurements		Higher cadence optional if power allows

										ESA-010		The Electrostatic Analyzer shall store a minimum of 14 days of charged particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data compression strategy TBD

										ESA-011		The Electrostatic Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to apertures and sensors		Dust shielding or electrostatic deflection TBD

										ESA-012		The Electrostatic Analyzer shall minimize contamination from spacecraft-generated charged particles and electric fields.		TBD		Analysis/Test		Incomplete		EMI and Plasma Interaction Report		Ensures accurate measurement of ambient solar wind environment		Spacecraft-plasma interaction modeling TBD

										ESA-013		The Electrostatic Analyzer shall maintain absolute energy calibration stability within ±10 percent over the mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of charged particle energy measurements		In-flight calibration using solar wind TBD

										ESA-014		The Electrostatic Analyzer shall provide time-tagged measurements synchronized to spacecraft time within ±10 ms.		TBD		Test		Incomplete		Time Synchronization Test Report		Enables correlation with magnetometer and surface measurements		Time distribution architecture TBD





NPD Req

				Will this Instrument be used?

				TBD

										Neutral Particle Detector Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										NPD-001		The Neutral Particle Detector shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous exospheric measurements		Peak power during ionization TBD

										NPD-002		The Neutral Particle Detector shall have a total mass ≤ 4.0 kg, including sensor head, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										NPD-003		The Neutral Particle Detector shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Inlet field-of-view volume excluded

										NPD-004		The Neutral Particle Detector shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										NPD-005		The Neutral Particle Detector shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										NPD-006		The Neutral Particle Detector electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										NPD-007		The Neutral Particle Detector shall measure neutral species including He, Ar, and H with mass resolution sufficient to distinguish He isotopes.		TBD		Test		Incomplete		Calibration and Performance Report		Enables estimation of He-3 released from the lunar surface or exosphere		Isotope separation capability TBD

										NPD-008		The Neutral Particle Detector shall measure neutral particle fluxes over an energy range appropriate for lunar exospheric conditions.		TBD		Test		Incomplete		Energy Response Test Report		Ensures sensitivity to thermally and sputter-released neutral particles		Energy range TBD based on science model

										NPD-009		The Neutral Particle Detector shall acquire neutral particle measurements with a time resolution ≤ 10 minutes per spectrum.		TBD		Test		Incomplete		Data Rate Test Report		Allows tracking of temporal variations in exospheric composition		Integration time trade TBD

										NPD-010		The Neutral Particle Detector shall store a minimum of 14 days of neutral particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										NPD-011		The Neutral Particle Detector shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to inlets, ion optics, and detectors		Inlet shielding or baffle design TBD

										NPD-012		The Neutral Particle Detector shall maintain calibration stability within ±10 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of exospheric density and composition estimates		Periodic in-flight calibration TBD





Design Decision 1

												1		2		3		4		5		6

										NAME		Information Gathering		Operations		Material Management		Accessibility		Research		Maintenance				Rank categories 1:N, N number categories

										Andrew Dishchuk		6		1		2		3		5		4

										Christian

										Max		1		3		5		2		6		4				*Jack notes research and information gathering can be combined

										Jack																Max's Questions:

										Brian																operations = digging stuff?		Sorta

										Paige																what makes information gathering & Research different?		Information gathering could be "Surveying"

										Zach																		Research can be creating things for a foundation of information collection/experimentation

										Riley































												7		4		7		5		11		8

												Kevin's personal approach: idea selection allows system requirements to naturally arise

												Long duration lunar sustainment

												Redwire		Hand in hand

												1		Energy

												2		Supply chain

												How to support "life in space"

														LASSO

														Proven reserve model

												Avoid the rover part

												PNT				LASSO DATA

																		Grading of resource

												Qty Volume of wter

												Lpross

												Mining processes on earth for characterizing sites, estabilishing mineral reserves, PRM (proven reserve model)

												Used to establish economic feasibility

												Lunar subterannean characterization

												Lunar terrain vehicle

										Future LTV		Astrobotic

												Astrolab

												Intuitive machines

												Lunar Outpost

												Lunanet		Requirements to help push us along

												Nokia 3G communications payload

												Cap out at 7

												Review and getting back

												Create pods for leadership and accountability

												3-4 may be optimal depending on people and task

												Systems lead
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C3 Cosmic derives requirements for students to build an 
architecture for a Capstone project. 

The requirements given are listed, and used as the foundation of 
the system requirements detailed in MO -7, MSC-7.N, and SR-7.N.
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ID Assumption / Constraint Status Plan Rationale

AC-1
The Griffin lander provides a maximum of 200 

kg payload mass to the C3 mission.
Closed Verified via DR-

7.1.3
Allocated from total 

Griffin payload capacity

AC-2
The C3 payload volume shall not exceed ¾ of 

the available Griffin payload volume.
Partially Closed

Envelope 
defined in 

Mechanical ICD

Lander integration 
constraint

AC-3
Griffin provides up to 5 kWe solar power 

generation during  surface operations. Assumption
Sensitivity 

trades in EPS
Enables base-station 

architecture

AC-4
Griffin provides energy storage sufficient for 

~100 hr lunar night survival. Assumption
CONOPS 

clarification
Supports continuous 

operations

AC-5
Griffin provides a surface communications relay 

(≈60 Mbps) and Earth relay capability. Closed
COMM/COMP 

SRs Enables data downlink

AC-6
Griffin base-station systems consume 

approximately 400 kg of total lander mass. Closed
Program 
allocation

Remaining mass 
allocated to payloads

The following assumptions are those given by the C3 COSMIC 
Capstone Challenge.


SRR Information



														Work Allotment:		Role:				Responsibility:

														Paige:		System Requirement Lead				Checking over filled in boxes, making sure content makes sense, and connects between sub-teams.

														Jack:		Systems Lead				Complete front page, and work on inspection documents that satisfy system requirements.

														Nilson		Electrical Lead				Complete electrical sub-system design requirements.

														George		Computer Lead				Complete computer sub-system design requirements.

														Max		Mechanical  Lead				Complete mechanical sub-system design requirements. 

														Christian		Team Lead				Compile system information into a neat package for presentation. Help Paige check boxes as you go since you will be reading them over as you make your slides.



										Feedback from midpoint:		Team Name		School		Feedback for the team				Evaluator

										Feedback from midpoint:		Orbital Gators		University of Florida		Good contrast of your concept against other work. Would have liked to see slide of assumptions/constraints. Also would have liked to see more information on the market for He3 and who could fund this/who would invest in this system. Good summary slide.				Jessica Piness, Aegis Aerospace, jessica.piness@aegisaero.com

												Orbital Gators		University of Florida		What sensor technology advancement is needed meet the mission requirements?				Victor Lin, The Aerospace Corp, victor.s.lin@aero.org



				Priority		TO DO LIST:

				4		Create priorities for completing requirements

				3		Label and color every different subteams requirements to make it more traceable (While doing the substem for each req)

				2		Connect the proper MO's MSC's and SR's and have the proper sources

				5		Read over SRR and polish. 

				1		Add subsystem to each relevant requirement

				1		Recheck SRR for inclusion of tooling

								Comments				Comments:

				Priority		Decide TO DO:		We need to decide on assumptions either before or after designing

				1		CONOPS











				ID		Assumption / Constraint		Rationale

				AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

				AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

				AC-3		Griffin provides up to 5 kWe solar power generation during surface operations.		Enables base-station architecture

				AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

				AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

				AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads





				Mission Objective		Mission Success Criterion		System Requirement		Subsystem

				MO-1		MSC-1.1		SR-1.1.1		Payload

				MO-1		MSC-1.2		SR-1.2.1		EPS

				MO-2		MSC-2.1		SR-2.1.1		Comms

				MO-3		MSC-3.1		SR-3.1.1		Mobility





Mission statement



				Mission Statement																				Mission Statement

				Number		Requirement						Comments												Number		Requirement

				MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level						Intent of assisting with the foundation of a Proven Reserve Model (PRM).												MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level

																								Mission Objectives

				Mission Objectives																				Number		Requirement

				Number		Requirement		Source		Verification Document		Justification		Comments										MO-1		Demonstrate the ability to detect and quantify indicators correlated with Helium-3 presence in lunar regolith.

				MO-1		Enable detection and quantification of indicators correlated with Helium-3 presence in lunar regolith.		MS-1				Support Mission Statement 												MO-2		Demonstrate the ability to detect H2O and/or indicators of H2O

				MO-2		Enable detection and characterization of H₂O and/or hydration indicators in the lunar environment.		MS-1																MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment, and site selection.

tc={7F26E5B8-B93D-4422-9FFF-D8B4A7F6722F}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    @Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6

				MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment and site selection.		MS-1																MO-4		Demonstrate a system architecture that balances cost and reusability to enable repeated lunar surface characterization missions.

				MO-4		Provide a reusable and cost-balanced system architecture enabling repeated lunar surface characterization missions.		MS-1																MO-5		Demonstrate coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.

				MO-5		Provide coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.		MS-1																MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.

				MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.		MS-1																MO-7		Interface with the Astrobotic Griffin lander to provide for lunar surface resource surveying activities.

				MO-7		Interface with the Astrobotic Griffin lander to support lunar surface resource surveying operations.		MS-1



				MO-1 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-1.1		Shall scan a [TBR] region of the lunar surface for Helium-3 predictors and/or inverse predictors		MO-1						[TBR] can be used for values you don’t understand/know yet.

				MSC-1.2		The mission shall generate spatially resolved maps of Helium-3 indicator parameters with a spatial resolution of [TBR] pixels/m.		MO-1

				MSC-1.3		The mission shall estimate Helium-3 concentration within surveyed regions with a confidence level of ≥ 50%.		MO-1

				MSC-1.4		The mission shall correlate Helium-3 concentration estimates with at least [TBR] independent predictor variables (e.g., regolith maturity, TiO₂ content, depth).		MO-1

				MSC-1.5		The mission shall provide quantified uncertainty bounds for all Helium-3 resource predictions.		MO-1

				MSC-1.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-1



				MO-2 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-2.1		Shall scan a [TBR] region of the lunar surface for direct H₂O signatures and/or secondary hydration indicators.		MO-2						Only instrument for H2O is Lunar Penetrating Radar

				MSC-2.2		The mission shall generate spatially resolved maps of H₂O‑related parameters (e.g., hydration band depth, neutron count rate, dielectric constant) with a spatial resolution of [TBR] pixels/m.		MO-2

				MSC-2.3		The mission shall estimate H₂O concentration or equivalent hydrogen abundance within surveyed regions with a confidence level of ≥ 50%.		MO-2

				MSC-2.4		The mission shall correlate H₂O concentration estimates with at least [TBR] independent predictor variables (e.g., regolith temperature, albedo, neutron moderation, surface maturity).		MO-2

				MSC-2.5		The mission shall provide quantified uncertainty bounds for all  H₂O resource predictions.		MO-2

				MSC-2.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-2



				MO-3 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-3.1		The system shall successfully characterize surface properties relevant to regolith composition, roughness, and particle size distribution across the mission area.		MO-3						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-3.2		The system shall characterize subsurface structure and layering to a depth sufficient to support resource assessment and site selection.		MO-3						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-3.3		The system shall identify terrain characteristics affecting mobility, including slope, surface roughness, and bearing capacity proxies.		MO-3

				MSC-3.4		The system shall collect surface and subsurface characterization data over a spatial area sufficient to support comparative site evaluation.		MO-3

				MSC-3.5		The collected surface and subsurface data shall achieve sufficient spatial and measurement resolution to distinguish between candidate sites.		MO-3

				MSC-3.6		The system shall successfully characterize surface and subsurface properties under relevant lunar environmental conditions.		MO-3

				MSC-3.7		The characterized properties shall be demonstrably relevant to resource presence, extractability, or infrastructure placement decisions.		MO-3



		Full success = 90% (proven reserve)		MO-4 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-4.1		The system shall complete at least [TBD] full reuse cycles without requiring major component replacement. Each cycle shall demonstrate functional performance within [TBD]% of baseline values to confirm durability of mass‑critical hardware		MO-4						This requirement ensures that mass‑critical components are durable enough to avoid costly and heavy replacements.

				MSC-4.2		Total lifecycle cost for [TBD] missions shall not exceed [TBD] dollars, inclusive of development, launch mass penalties, refurbishment, and operations. 		MO-4

				MSC-4.3		The architecture shall support swapping or upgrading at least [TBD] major subsystems without redesign of the primary structure or interfaces. Standardized mechanical, electrical, and data interfaces shall enable payload and subsystem changes while minimizing added mass.		MO-4

				MSC-4.4		The system shall survive [TBD] lunar day–night cycles without requiring major refurbishment, maintaining thermal and mechanical performance within [TBD]% of nominal.		MO-4						This requirement prevents reliance on heavy protective measures by demonstrating inherent resilience to lunar extremes

				MSC-4.5		Dust ingress shall not exceed [TBD] grams and shall not cause more than [TBD]% degradation in critical subsystem performance.		MO-4						Sealing, filtration, and abrasion‑resistant design features shall preserve functionality without adding prohibitive mass

				MSC-4.6		The system shall achieve a cost per delivered kilogram to the lunar surface of no more than [TBD] dollars, accounting for launch, structural mass, and amortized reusable hardware		MO-4						This metric directly ties architecture choices to the mass sensitivity of lunar delivery and guides tradeoffs between robustness and weight

				MSC-4.7		The system shall demonstrate maintainability and refurbishment processes compatible with mission operations timelines and resource constraints.		MO-4





				MO-5 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-5.1		All science/characterization data products are geo-referenced to an agreed mission reference frame.		MO-5						[TBR] can be used for values you don’t understand/know yet.

				MSC-5.2		The payload/platform coordinate frame is aligned and traceable to the Lunar Lander coordinate frame.		MO-5						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-5.3		Position accuracy supports the spatial resolution required for resource/surface mapping.		MO-5						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-5.4		Timing synchronization supports correlation of measurements across sensors and with lander-provided data.		MO-5

				MSC-5.5		The system can exchange the required PNT-related data with the Lunar Lander.		MO-5

				MSC-5.6		The system maintains geolocation capability through expected comm dropouts or degraded conditions.		MO-5



				MSC-5.7				MO-5						Optionally add: The system shall demonstrate maintainability and refurbishment processes compatible with mission operations timelines and resource constraints.



				MO-6 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-6.1		The mission shall generate georeferenced maps of lunar surface and subsurface characteristics covering the defined mission area of interest.		MO-6						Mission area definition [TBR]

				MSC-6.2		Generated maps shall achieve spatial resolution sufficient to represent features identified in MO-1, MO-2, and MO-3.		MO-6						Resolution thresholds [TBR]

				MSC-6.3		The mission shall produce integrated spatial data products combining surface, subsurface, and resource-indicator measurements.		MO-6						Data fusion approach [TBR]

				MSC-6.4		All generated map products shall include documented metadata describing resolution, uncertainty, and data provenance.		MO-6						Metadata standard [TBR]

				MSC-6.5		Mapped data products shall cover at least [TBR]% of the mission area of interest.		MO-6						Coverage requirement

				MSC-6.6		The mission shall generate final data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-6						PRM interface requirements [TBR]

				MSC-6.7		All final georeferenced products shall be stored in a mission-approved, standardized format for downstream analysis.		MO-6						File formats [TBR]



				MO-7 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-7.1		The system shall be mechanically integrated with the Astrobotic Griffin lander and survives launch, descent, and landing without structural damage or loss of functionality.		MO-7						Mission area definition [TBR]

				MSC-7.2		The system shall successfully receive, regulate, and utilize Griffin-provided electrical power throughout all applicable mission phases.		MO-7						Resolution thresholds [TBR]

				MSC-7.3		The system shall exchange command and telemetry data with the Griffin lander using supported communication interfaces during nominal operations.		MO-7						Data fusion approach [TBR]

				MSC-7.4		The system shall operate within Griffin thermal, contamination, and environmental constraints for the duration of surface operations.		MO-7						Metadata standard [TBR]

				MSC-7.5		The system shall complete all planned surface operations without violating Griffin mission operations timelines or safety constraints.		MO-7						Coverage requirement

				MSC-7.6		All payload data generated while interfaced with Griffin shall be successfully downlinked, archived, and retrievable for post-mission analysis.		MO-7						PRM interface requirements [TBR]



				Full Success Criteria

				FSC ID		Mission Success Criterion		Related SR(s)		Verification Method		Success Condition (SRR Level)		Status

				FSC-1		Scan and map lunar surface regions for subsurface characteristics		MO-1

				FSC-1.1		MSC-1.1: Scan region for He-3 predictors		SR-1.1, SR-2.1		Analysis, Test		Capability demonstrated; thresholds TBD		Open

				FSC-1.3		MSC-1.3: Estimate He-3 with ≥90% confidence		SR-2.3, SR-2.5		Analysis		Uncertainty propagation defined		Open

				FSC-2.1		MSC-2.1: Detect H₂O indicators		SR-2.1		Analysis, Test		Detection logic defined		Open

				FSC-3.3		MSC-3.3: Assess terrain mobility		SR-3.3		Analysis		Mobility metrics defined		Open

				FSC-4.1		MSC-4.1: Reuse cycles supported		SR-4.1		Test		Reuse architecture defined		Open

				FSC-5.1		MSC-5.1: Data georeferenced		SR-5.1		Analysis		PNT interface defined		Open

				FSC-6.6		MSC-6.6: PRM-ready data products		SR-6.6		Analysis		Product formats defined		Open

						`

@Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6







System Requirements (Main)



								System Requirements

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1 : Sensing & Measurement

								SR-1.1		The system shall provide sensing and measurement capabilities sufficient to characterize lunar surface and subsurface properties relevant to mission objectives.		MO-1, MO-2, MO-3		Sensing Architecture Definition		Instrumentation		Establishes top-level measurement intent prior to tool-specific or data-product requirements.		Parent requirement

								SR-1.1 : Sensing & Measurement Requirements

								SR-1.1.1		The system shall include instrumentation capable of measuring elemental and/or isotopic proxy variables correlated with Helium-3 abundance.		MSC-1.1		Tool Selection & Instrument Trade Study		Instrumentation		Enables identification of proxy indicators for Helium-3 distribution.		Detailed tool requirements defined in separate SR-1.1.1 Tooling Table

								SR-1.1.2		The system shall include an instrument capable of scanning regolith structure.		MSC-1.1		Instrument Architecture Definition		Instrumentation		Supports subsurface predictor variables relevant to resource characterization.		Subsurface characterization

								SR-1.1.3		The system shall characterize regolith maturity indicators at each surveyed location to support inference of solar-wind exposure and volatile implantation history.		MSC-1.1		Science Traceability Matrix		Instrumentation, Computer		Regolith maturity is a key proxy for Helium-3 accumulation potential.		Capability-level requirement

								SR-1.1.3.1		The system shall derive regolith maturity metrics using measurements from multiple surface and environmental instruments.		SR-1.1.3		Data Fusion Architecture		Instrumentation, Computer		Maturity cannot be determined from a single measurement modality.		Multi-instrument fusion

								SR-1.1.3.2		The system shall output a regolith maturity index or categorical maturity classification for each surveyed location.		SR-1.1.3		Data Product Definition		Computer		Provides a consistent maturity descriptor for mapping and modeling.		Index definition TBD

								SR-1.1.3.3		The system shall quantify uncertainty associated with derived regolith maturity metrics.		SR-1.3.3, SR-1.4.1		Uncertainty Propagation Analysis		Computer		Required for confidence reporting and PRM integration.		Confidence bounds TBD

								SR-1.1.3.4		The system shall preserve input measurement metadata and derivation parameters used to compute regolith maturity.		SR-6.4.1		Data Management Plan		Computer		Ensures traceability and reproducibility of maturity estimates.		Metadata retained

								SR-1.1.3.5		The regolith maturity characterization process shall operate within available onboard computing and power resources.		SR-COMP, SR-EPS		Resource Budget Analysis		Computer, EPS		Prevents derived products from exceeding system capabilities.		Processing location TBD

								SR-1.1.4		The system shall collect co-registered measurements of surface composition and subsurface structure.		MSC-1.1, MSC-1.4		Co-registration Strategy		Instrumentation, Computer		Enables correlation of surface and subsurface predictor variables.		Time-synchronized datasets

								SR-1.1.4.1		Co-registration shall preserve spatial alignment errors below [TBD] m at each surveyed location.		SR-1.1.4		Error Budget Analysis		Computer, GNC		Required to prevent false correlation in resource modeling.		Threshold TBD

								SR-1.1.4.2		The system shall time-align measurements used for co-registration within [TBD] s.		SR-1.1.4		Timing Verification		Computer		Prevents temporal skew between instruments.		Uses SR-COMP timing

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.2 : Spatial Coverage and Resolution

								SR-1.2		The system shall provide spatial coverage and measurement resolution sufficient to support lunar surface and subsurface characterization objectives.		MSC-1.1, MSC-1.2		Sampling & Coverage Architecture		Instrumentation, Computer		Establishes spatial adequacy requirements for sensing.		Header requirement

								SR-1.2.1		The system shall scan a minimum surface area of [TBR] km² during nominal mission operations.		MSC-1.1		Coverage Analysis		Instrumentation		Ensures sufficient areal sampling of the region of interest.		Coverage trace

								SR-1.2.2		The system shall define minimum sampling density requirements for surface and subsurface measurements.		SR-1.2		Sampling Strategy Document		Instrumentation, Computer		Prevents under-sampling of heterogeneous terrain.		Density TBD

								SR-1.2.3		The system shall achieve a lateral spatial resolution of ≤ [TBR] m for surface measurements.		MSC-1.2		Resolution Analysis		Instrumentation		Required to resolve spatial variability in surface properties.		Resolution requirement

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.3 : Data Processing & Modeling

								SR-1.3		The system shall process raw sensor data into derived quantities suitable for resource estimation.		MSC-1.3		Data Processing Architecture		Computer		Establishes high-level processing capability.		Header requirement

								SR-1.3.1		The system shall support reprocessing of derived quantities as models and coefficients are updated.		SR-1.3		Software Design Document		Computer		Enables model evolution without reflight.		Important for PRM

								SR-1.3.2		The system shall track algorithm versions and parameters used to generate derived products.		SR-1.3		Configuration Management Plan		Computer		Required for traceability and reproducibility.		Metadata retained

								SR-1.3.3		The system shall process raw sensor data into georeferenced resource maps onboard or via ground processing.		MSC-1.2, MSC-1.6		Processing Flow Definition		Computer		Enables flexible processing allocation.		Processing location flexible

								SR-1.3.4		The system shall estimate Helium-3 concentration using a physics-based or empirically validated model.		MSC-1.3		Model Definition Document		Computer		Enables quantitative resource estimation.		Model selection open

								SR-1.3.5		The system shall propagate sensor and model uncertainties to produce confidence intervals for all resource estimates.		MSC-1.3, MSC-1.5		Uncertainty Propagation Analysis		Computer		Required for confidence reporting and PRM ingestion.		—

								SR-1.3.6		The system shall output at least [TBR] independent predictor variables per mapped location to support correlation of Helium-3 concentration estimates.		MSC-1.4		Predictor Variable Definition		Computer		Enables multivariate correlation and validation.		Predictor count TBD

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.4 : Uncertainty & Confidence

								SR-1.4		The system shall quantify and propagate uncertainty for all derived resource-related products.		MSC-1.5		Uncertainty Analysis Framework		Computer		Establishes uncertainty accountability.		Header requirement

								SR-1.4.1		The system shall identify dominant uncertainty contributors for each derived product.		SR-1.4		Sensitivity Analysis		Computer		Enables targeted improvement and trade studies.		Ranked contributors

								SR-1.4.2		The system shall report uncertainty in a standardized statistical form.		SR-1.4		Data Product Specification		Computer		Ensures consistency across products and PRM ingestion.		e.g., 1σ, 95% CL

								SR-1.4.3		The system shall quantify uncertainty contributions from instrumentation, environmental variability, and model assumptions.		MSC-1.5		Error Budget Analysis		Computer		Enables traceable uncertainty attribution.		—

								SR-1.4.4		The system shall report Helium-3 abundance estimates with a minimum confidence level of 50%.		MSC-1.3		Confidence Reporting Definition		Computer		Supports mission-level success criteria.		Threshold defined by mission

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.5 : Data Products & Archiving

								SR-1.5		The system shall generate, store, and archive derived data products suitable for validation, reuse, and downstream modeling.		MSC-1.6		Data Management Architecture		Computer		Establishes lifecycle data handling requirements.		Header requirement

								SR-1.5.1		The system shall generate resource distribution maps compatible with PRM (Planetary Resource Mapping) workflows.		MSC-1.6		PRM Interface Definition		Computer		Ensures downstream usability.		Format TBD

								SR-1.5.2		The system shall archive raw and processed data in a format suitable for post-mission validation and reuse.		MSC-1.6		Data Management Plan		Computer		Preserves scientific value beyond mission lifetime.		Retention policy TBD

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-2 : Resource Characterization Requirements

								SRH-2		The system shall characterize the presence, distribution, and uncertainty of lunar volatile and resource indicators sufficient to support resource assessment objectives.		MO-1, MO-2		Resource Characterization Architecture		Instrumentation, Computer		Establishes top-level intent for resource inference beyond raw sensing.		Parent requirement

								SR-2.1 : Water (H₂O) Characterization Requirements

								SR-2.1		The system shall characterize indicators of lunar water (H₂O) presence and distribution within the mission area of interest.		MSC-2.1		Science Traceability Matrix		Instrumentation, Computer		Establishes the top-level capability for H₂O characterization.		Capability-level

								SR-2.1.1		The system shall detect subsurface indicators consistent with potential ice or hydrated regolith.		SR-2.1		Analysis 3.1, Test 3.1		Instrumentation, Computer		Subsurface indicators are primary evidence for water presence.		Subsurface detection

								SR-2.1.1.1		Subsurface indicators shall include dielectric contrasts measured by the Lunar Penetrating Radar (LPR) to depths ≥ [TBR] m.		SR-2.1.1		Analysis 3.1, Test 3.1		Instrumentation		LPR is the primary subsurface H₂O indicator.		Allocates depth to LPR

								SR-2.1.2		The system shall detect surface or near-surface indicators correlated with hydration potential.		SR-2.1		Analysis 3.2		Instrumentation, Computer		Surface indicators strengthen inference and support mapping/fusion.		Surface/near-surface indicators

								SR-2.1.2.1		Surface indicators shall include hydration-related spectral slopes or absorption features measured by the Multispectral Imaging (MSI) camera across [TBR] bands.		SR-2.1.2		Spectral Analysis Report		Instrumentation		MSI provides surface hydration indicators.		Allocates bands to MSI

								SR-2.1.2.2		Surface indicators may include neutral hydrogen or hydrogen-bearing neutral particle flux measured by the Neutral Particle Detector (NPD) with sensitivity ≤ [TBR] particles/cm²/s.		SR-2.1.2		Particle Environment Analysis		Instrumentation		Hydrogen flux is a strong indirect indicator of volatile transport.		Optional/secondary contributor

								SR-2.1.2.3		Surface indicators shall include elemental proxy indicators supporting hydration inference as applicable (e.g., oxygen-bearing mineral abundance).		SR-2.1.2		Analysis 3.2		Instrumentation		Supports hydration potential inference via elemental proxies.		Keeps tool-agnostic

								SR-2.1.2.3.1		Elemental proxy indicators may be measured by APXS with precision ≤ [TBR]% as applicable to support hydration potential inference.		SR-2.1.2.3		Analysis 3.2		Instrumentation		APXS cannot detect H₂O directly but can detect O-rich minerals.		Optional/secondary contributor

								SR-2.1.2.4		Surface indicators shall include regolith physical property proxies correlated with volatile retention (e.g., particle size distribution).		SR-2.1.2		Regolith Proxy Analysis		Instrumentation		Fine-grained soils often retain more OH/H₂O.		Keeps tool-agnostic

								SR-2.1.2.4.1		Regolith particle size distribution shall be measured by the Grain Analyzer with resolution ≤ [TBR] µm to identify fine-grained soils correlated with volatile retention.		SR-2.1.2.4		Grain Analysis Report		Instrumentation		Particle size distribution supports volatile retention inference.		Optional/secondary contributor

								SR-2.1.3		The system shall correlate subsurface and surface/near-surface indicators to infer water presence at each surveyed location.		SR-2.1		Data Fusion Architecture		Computer		Multi-modal correlation reduces false positives and increases confidence.		Fusion requirement

								SR-2.1.3.1		Correlation shall be performed using spatially co-registered datasets consistent with the system co-registration requirements.		SR-1.1.4, SR-5		Co-Registration Analysis		Computer, GNC		Prevents incorrect alignment from driving false correlations.		Ties to SR-1 closure

								SR-2.1.4		The system shall output spatially resolved water-indicator map layers suitable for downstream analysis and comparison of candidate sites.		SR-2.1		Data Product Definition		Computer		Converts indicators into actionable decision-support products.		Indicator layers (not extraction)

								SR-2.1.4.1		Each water-indicator output shall include associated uncertainty/quality metadata.		SR-1.4		Uncertainty Propagation Report		Computer		Required for PRM integration and defensible confidence statements.		Links uncertainty chain

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-2.2 : Spatial Coverage and Resolution for Water (H₂O) Characterization

								SR-2.2		The system shall achieve sufficient spatial coverage and resolution to support mapping and comparative assessment of lunar water indicators.		MSC-2.2		Coverage & Resolution Analysis		Instrumentation, GNC, Computer		Ensures H₂O indicators are spatially meaningful and decision-relevant.		Capability-level

								SR-2.2.1		The system shall achieve a surface coverage rate of ≥ [TBR] km² per operational day during nominal mission operations.		SR-2.2		Coverage Analysis		Instrumentation, GNC		Ensures the mission area of interest can be surveyed within the available mission timeline.		Migrated from old SR-2.1.6

								SR-2.2.2		The system shall produce spatially resolved surface hydration indicator maps with lateral resolution ≤ [TBR] m.		SR-2.2		Imaging Performance Analysis		Instrumentation		Required to distinguish spatial variability in hydration indicators.		MSI-driven

								SR-2.2.2.1		Surface hydration indicator resolution shall be supported by the Multispectral Imaging (MSI) camera ground sampling distance (GSD).		SR-2.2.2		Imaging Performance Analysis		Instrumentation		Allocates resolution performance to MSI.		GSD TBD

								SR-2.2.3		The system shall produce spatially resolved subsurface water-indicator maps with horizontal resolution ≤ [TBR] m.		SR-2.2		Subsurface Resolution Analysis		Instrumentation		Required to localize subsurface anomalies for site comparison.		LPR-driven

								SR-2.2.3.1		Subsurface resolution shall be supported by the Lunar Penetrating Radar (LPR) measurement geometry and processing approach.		SR-2.2.3		LPR Performance Analysis		Instrumentation		Allocates resolution performance to LPR.		Horizontal resolution

								SR-2.2.4		The system shall achieve subsurface vertical resolution ≤ [TBR] m for water-indicator interpretation.		SR-2.2		Subsurface Resolution Analysis		Instrumentation		Enables discrimination of layered subsurface features.		LPR vertical resolution

								SR-2.2.5		The system shall georeference all water-indicator measurements with positional accuracy ≤ [TBR] m.		SR-2.2		Navigation & Co-Registration Analysis		GNC, Computer		Required to correctly align multi-sensor water-indicator datasets.		Ties to PNT

								SR-2.2.6		The system shall maintain spatial alignment error between surface and subsurface water-indicator datasets below [TBR] m.		SR-2.2		Co-Registration Error Budget		Computer, GNC		Prevents false correlation or misinterpretation of H₂O indicators.		Links to SR-1.1.4

								SR-2.2.7		The system shall document spatial resolution and coverage metadata for all generated water-indicator products.		SR-2.2		Data Product Specification		Computer		Enables traceability, reuse, and PRM ingestion.		Metadata completeness

								SR-2.3 : Water (H₂O) Detection Confidence and Performance

								SR-2.3		The system shall estimate lunar water (H₂O) presence with quantified confidence sufficient to support comparative site assessment and resource modeling.		MSC-2.3		Confidence Model Definition		Computer		Establishes performance expectations for H₂O detection beyond raw indicator mapping.		Capability-level

								SR-2.3.1		The system shall estimate water presence confidence at each surveyed location by combining multiple surface and subsurface indicators.		SR-2.3		Data Fusion Architecture		Computer		Confidence requires multi-sensor corroboration.		Fusion-based

								SR-2.3.1.1		Confidence estimation shall incorporate subsurface dielectric indicators measured by the LPR.		SR-2.1.1		Detection Performance Analysis		Instrumentation, Computer		Subsurface indicators provide strongest evidence of water presence.		Primary contributor

								SR-2.3.1.2		Confidence estimation shall incorporate surface or near-surface hydration indicators as applicable.		SR-2.1.2		Detection Performance Analysis		Instrumentation, Computer		Surface indicators provide contextual support.		Secondary contributors

								SR-2.3.2		The system shall propagate measurement and model uncertainties when estimating water presence confidence.		SR-1.4		Uncertainty Propagation Report		Computer		Prevents overconfidence and supports defensible claims.		Uses SR-1 uncertainty chain

								SR-2.3.2.1		Uncertainty propagation shall include contributions from instrumentation, environmental variability, and model assumptions.		SR-2.3.2		Sensitivity Analysis		Computer		Captures dominant error sources.		Error budget

								SR-2.3.3		The system shall report water presence confidence using a standardized statistical representation.		SR-2.3		Data Product Specification		Computer		Enables consistent interpretation across sites and missions.		e.g., probability or confidence interval

								SR-2.3.4		The system shall achieve a minimum water presence confidence of ≥ 50% for locations identified as candidate water-bearing sites.		MSC-2.3		Detection Performance Analysis		Computer		Establishes a baseline detection performance threshold.		Threshold requirement

								SR-2.3.4.1		Locations not meeting the minimum confidence threshold shall be flagged accordingly in water-indicator products.		SR-2.3.4		Data Quality Review		Computer		Prevents misinterpretation of low-confidence detections.		Quality flag

								SR-2.3.5		The system shall preserve confidence metrics and uncertainty metadata alongside all water-indicator map products.		SR-6.4		Data Management Plan		Computer		Required for PRM ingestion and downstream decision-making.		Metadata retention

								SR-2.3.6		The water detection confidence estimation process shall operate within available onboard and ground processing resources.		SR-COMP, SR-EPS		Resource Budget Analysis		Computer, EPS		Ensures feasibility without impacting other mission objectives.		Processing location TBD

								SR‑2.4 : Correlate H₂O Estimates with Predictor Variables

								SR-2.4		The system shall correlate estimated H₂O presence with relevant surface, subsurface, and environmental predictor variables.		MSC-2.4		Correlation Method Definition		Computer		Enables interpretation of H₂O estimates in terms of physical drivers.		Capability-level

								SR-2.4.1		The system shall associate each H₂O estimate with a defined set of predictor variables derived from mission measurements.		SR-2.4		Data Fusion Architecture		Computer		Prevents isolated or context-free resource estimates.		Predictor list defined elsewhere

								SR-2.4.1.1		Predictor variables shall include subsurface structure indicators derived from LPR measurements.		SR-2.1.1		Correlation Analysis		Instrumentation, Computer		Subsurface structure strongly influences volatile retention.		Primary predictor

								SR-2.4.1.2		Predictor variables shall include regolith maturity indicators where available.		SR-1.1.3		Correlation Analysis		Instrumentation, Computer		Maturity correlates with solar wind exposure and volatile accumulation.		Secondary predictor

								SR-2.4.1.3		Predictor variables shall include surface compositional proxies relevant to hydration potential.		SR-2.1.2		Correlation Analysis		Instrumentation, Computer		Compositional context improves interpretation.		Contextual

								SR-2.4.2		The system shall quantify correlation strength between estimated H₂O presence and each predictor variable.		SR-2.4		Statistical Correlation Report		Computer		Enables identification of dominant contributors to H₂O presence.		Correlation metric TBD

								SR-2.4.2.1		Correlation metrics shall include uncertainty-aware measures.		SR-1.4		Statistical Validation		Computer		Prevents misleading correlations.		Error-aware

								SR-2.4.3		The system shall identify predictor variables that consistently correlate with elevated H₂O presence across surveyed regions.		SR-2.4		Comparative Analysis		Computer		Supports generalization beyond single sites.		Cross-site

								SR-2.4.4		The system shall preserve predictor–H₂O correlation results alongside mapped H₂O products.		SR-6.4		Data Product Specification		Computer		Required for PRM integration and downstream modeling.		Metadata-linked

								SR-2.4.5		The system shall support visualization or reporting of H₂O estimates alongside associated predictor variables.		SR-2.4		Data Visualization Definition		Computer		Enables engineering and science interpretation at SRR/CDR.		Optional plots/maps

								SR-2.4.6		Correlation analysis shall not require assumptions beyond those documented in the uncertainty and modeling framework.		SR-1.3, SR-1.4		Model Documentation		Computer		Maintains traceability and defensibility.		Assumption control

								SR-2.5 : Water (H₂O) Uncertainty Quantification

								SR-2.5		The system shall quantify and report uncertainty associated with all water-related indicators, estimates, and derived products.		MSC-2.5		Uncertainty Framework Definition		Computer		Prevents over-interpretation of H₂O results given secondary mission priority.		Capability-level

								SR-2.5.1		The system shall propagate measurement uncertainty from contributing instruments into all derived water-indicator products.		SR-2.5		Uncertainty Propagation Analysis		Computer		Ensures sensor limitations are reflected in outputs.		Multi-sensor

								SR-2.5.1.1		Measurement uncertainty shall include contributions from subsurface indicators derived from LPR measurements.		SR-2.1.1		LPR Error Budget		Instrumentation, Computer		Subsurface uncertainty dominates bulk H₂O inference.		Primary contributor

								SR-2.5.1.2		Measurement uncertainty shall include contributions from surface and near-surface indicators as applicable.		SR-2.1.2		Surface Indicator Error Budget		Instrumentation, Computer		Surface indicators provide contextual support with higher uncertainty.		Secondary

								SR-2.5.2		The system shall quantify uncertainty introduced by data fusion and correlation models used for water inference.		SR-2.5		Model Sensitivity Analysis		Computer		Prevents model-driven false confidence.		Algorithm-level

								SR-2.5.3		The system shall express water-related uncertainty using a standardized statistical representation.		SR-2.5		Data Product Specification		Computer		Enables consistent interpretation and comparison across sites.		e.g., σ, confidence interval

								SR-2.5.4		The system shall associate uncertainty metadata with each spatially resolved water-indicator output.		SR-6.4		Data Management Plan		Computer		Required for traceability and downstream modeling.		Metadata-linked

								SR-2.5.5		The system shall distinguish between uncertainty arising from measurement limitations and uncertainty arising from environmental or model assumptions.		SR-2.5		Uncertainty Decomposition Analysis		Computer		Clarifies whether uncertainty can be reduced by future missions.		Important for follow-on

								SR-2.5.6		The system shall support reporting of water-indicator uncertainty without implying extractable resource viability.		SR-2.5		Product Interpretation Guidelines		Computer		Prevents mischaracterization of secondary mission results.		Very important SRR point

								SR‑2.6 : PRM-Compatible Water Data Products

								SR-2.6		The system shall generate water-related data products suitable for incorporation into Proven Reserve Model (PRM) workflows.		MSC-2.6		PRM Interface Definition		Computer		Enables secondary water results to inform future modeling and mission planning.		Capability-level

								SR-2.6.1		The system shall produce spatially resolved water-indicator layers with associated uncertainty metadata.		SR-2.5		Data Product Specification		Computer		Required for PRM ingestion without reinterpretation.		No extractability claim

								SR-2.6.2		Water-related data products shall preserve separation between measured indicators and inferred quantities.		SR-2.4		Product Architecture Definition		Computer		Prevents misinterpretation of indirect measurements.		Indicators ≠ reserves

								SR-2.6.3		The system shall provide documentation describing assumptions, limitations, and applicable use cases of water-related data products.		SR-2.5		Product Interpretation Guide		Computer		Ensures secondary mission results are not over-applied.		SRR-critical

								SR-2.6.4		The system shall store water-related data products in mission-approved standardized formats compatible with PRM tools.		MSC-6.6		Data Format Specification		Computer		Enables reuse without reprocessing.		Format TBD (e.g., PDS4, GeoTIFF)

								SR-2.6.5		The system shall ensure water-related data products can be spatially aligned with He-3 and surface characterization products.		SR-6		Co-Registration Analysis		Computer		Enables comparative studies without implying co-location.		Important nuance

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-3 : Surface & Subsurface Site Characterization

								SRH-3		The system shall characterize surface and subsurface properties relevant to site suitability, access, and future mission planning.		MO-3		Site Characterization Definition		Instrumentation, Computer		Establishes capability to support site evaluation beyond resource presence.		Header (non-testable)

								SR-3.1 : Surface Property Identification

								SR-3.1		The system shall characterize surface regolith properties across the mission area.		SR-3		Surface Characterization Analysis		Instrumentation		Enables assessment of terrain usability.		Capability

								SR-3.1.1		The system shall measure surface composition proxies relevant to regolith type and maturity.		SR-1.1.1, SR-1.1.3		Analysis		Instrumentation		Composition informs mechanical and thermal behavior.		Derived

								SR-3.1.2		The system shall characterize surface roughness at a spatial resolution sufficient to distinguish traversable and non-traversable terrain.		MSC-3.1		Analysis		Instrumentation, Computer		Required for mobility and site access assessment.		Resolution TBD

								SR-3.1.3		The system shall assess regolith particle size and cohesion indicators relevant to bearing capacity.		SR-1.1.3		Analysis		Instrumentation		Bearing capacity affects lander and rover interaction.		Proxy-based

								SR-3.2 : Subsurface Characterization for Site Assessment

								SR-3.2		The system shall characterize subsurface structure relevant to site stability and accessibility.		SR-3		Subsurface Analysis		Instrumentation		Subsurface conditions affect excavation and anchoring.		Capability

								SR-3.2.1		The system shall identify subsurface layering, voids, or discontinuities within the depth range relevant to surface operations.		SR-1.1.2		Analysis		Instrumentation		Prevents site selection over unstable terrain.		LPR-based

								SR-3.2.2		Subsurface characterization shall be spatially co-registered with surface measurements.		SR-5		Analysis		Computer		Enables integrated site assessment.		Required

								SR-3.3 : Terrain Slope & Mobility Constraints

								SR-3.3		The system shall characterize terrain slope and morphology relevant to surface mobility.		MSC-3.3		Terrain Analysis		Computer		Supports access and traversal planning.		Capability

								SR-3.3.1		The system shall estimate local terrain slope across the mission area.		SR-3.3		Analysis		Computer		Excessive slope limits mobility and operations.		Accuracy TBD

								SR-3.3.2		The system shall identify terrain features that may impede traversal or deployment.		SR-3.3		Analysis		Computer		Supports hazard avoidance.		Derived

								SR-3.4 : Site Comparison & Ranking Support

								SR-3.4		The system shall support comparative evaluation of candidate sites using measured surface and subsurface characteristics.		MSC-3.4		Site Comparison Framework		Computer		Enables prioritization of regions for follow-on missions.		Capability

								SR-3.4.1		The system shall enable ranking of candidate regions based on suitability metrics derived from characterization data.		SR-3.4		Analysis		Computer		Allows objective comparison.		Metrics TBD

								SR-3.4.2		Site suitability outputs shall preserve uncertainty information associated with contributing measurements.		SR-1.4		Analysis		Computer		Prevents overconfidence in rankings.		Required

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-4 : Reuse, Modularity and Lifecycle Sustainability

								SRH-4		The system shall support modularity, reuse, and refurbishment to enable multiple mission cycles and extended operational lifetime.		MO-4		System Architecture Definition		Structures, Instrumentation, EPS, Computer		Distinguishes the mission architecture from single-use lunar payloads.

								SR-4.1 : Reuse Cycles and Performance Retention

								SR-4.1.1		The system shall be capable of completing at least [TBD] reuse cycles while maintaining required functional performance.		SR-4.1		Reuse Cycle Test Plan		System		Quantifies reuse intent without committing prematurely.		Threshold TBD

								SR-4.1.1.1		A reuse cycle shall be defined as a complete sequence of deployment, operation, recovery or servicing, and redeployment.		SR-4.1.1		Reuse Definition Document		System		Prevents ambiguity in reuse claims.		Definition

								SR-4.1.2		Mission-critical subsystems shall retain functional performance within [TBD]% of baseline after each reuse cycle.		SR-4.1		Post-Cycle Performance Assessment		Instrumentation, EPS, Computer		Ensures reuse does not degrade mission value.		Performance-based

								SR-4.1.2.1		Baseline performance shall be established during initial system acceptance testing.		SR-4.1.2		Acceptance Test Report		System		Creates a traceable reference point.		Required

								SR-4.1.3		The system shall support verification of functional health following each reuse cycle.		SR-4.1		Health Verification Procedure		Computer, Instrumentation		Ensures reuse decisions are data-driven.		Testable

								SR-4.1.4		The system shall identify components whose degradation limits reuse lifetime.		SR-4.1		Degradation Analysis		Structures, Instrumentation		Enables informed refurbishment planning.		Design feedback

								SR-4.1.5		The system shall support refurbishment actions that restore functionality without full system replacement.		SR-4.1		Refurbishment Concept		Structures, Instrumentation		Makes reuse operationally realistic.		Architecture-level

								SR-4.2 : Lifecycle Cost and Reuse Economics

								SR-4.2		The system shall incorporate lifecycle cost considerations into the design to support economically viable reuse and refurbishment.		MSC-4.2		Lifecycle Cost Framework		System		Ensures reuse is justified beyond technical feasibility.		Capability-level

								SR-4.2.1		The program shall maintain a lifecycle cost model including development, integration and test, launch, operations, and refurbishment costs.		SR-4.2		Lifecycle Cost Model		Program		Provides quantitative basis for reuse trades.		Model-based

								SR-4.2.1.1		The lifecycle cost model shall explicitly account for costs attributable to reuse, including refurbishment labor, spares, and downtime.		SR-4.2.1		Cost Driver Breakdown		Program		Enables comparison against single-use architectures.		Reuse-specific

								SR-4.2.2		The lifecycle cost model shall support comparison between reusable and non-reusable mission architectures.		SR-4.2		Trade Study Report		Program		Allows objective evaluation of architectural choices.		Trade-enabling

								SR-4.2.3		The system design shall identify major cost drivers associated with reuse and refurbishment.		SR-4.2		Cost Sensitivity Analysis		System		Focuses design effort on impactful elements.		Feedback loop

								SR-4.2.4		The system shall track mass growth attributable to reuse features and its impact on lifecycle cost.		SR-4.2		Mass & Cost Coupling Analysis		Structures, Program		Reuse often increases mass; this must be justified.		Launch cost linkage

								SR-4.2.5		The system shall support estimation of cost per delivered kilogram as a function of reuse cycles.		SR-4.2		Cost-per-kg Model		Program		Common metric for lunar mission comparison.		Architecture-level

								SR-4.2.6		Lifecycle cost assumptions and limitations shall be documented and traceable to system design decisions.		SR-4.2		Cost Assumptions Register		Program		Prevents hidden optimism or misinterpretation.		SRR-critical

								SR-4.3 : Modularity and Standard Interfaces

								SR-4.3		The system shall implement a modular architecture with standardized interfaces to enable replacement, upgrade, and refurbishment of subsystems and tools.		MSC-4.3		Modular Architecture Definition		System		Establishes modularity as an enforceable design property.		Capability-level

								SR-4.3.1		The architecture shall support removal and replacement of major subsystems without redesign of the primary structure.		SR-4.3		Interface Control Document (ICD)		Structures		Prevents structural lock-in and redesign penalties.		Core requirement

								SR-4.3.1.1		Major subsystems shall include payload tools, avionics modules, and power-related components.		SR-4.3.1		Subsystem Definition Document		System		Defines scope of modularity.		Expandable

								SR-4.3.2		The system shall provide standardized mechanical mounting interfaces for replaceable subsystems.		SR-4.3		Mechanical ICD		Structures		Enables physical interchangeability.		Geometry + fasteners TBD

								SR-4.3.3		The system shall provide standardized electrical power interfaces for replaceable subsystems.		SR-4.3		Electrical ICD		EPS		Prevents custom wiring for each tool.		Voltage/current rails TBD

								SR-4.3.4		The system shall provide standardized data interfaces for replaceable subsystems.		SR-4.3		Data Interface Specification		Computer, COMM		Enables plug-and-play data integration.		Protocol TBD

								SR-4.3.5		The system shall support integration of the planned payload set through the standardized interfaces.		SR-4.3		Integration Demonstration		System		Ensures interfaces are not theoretical.		Includes all SR-1.1 tools

								SR-4.3.6		The system shall prevent mechanical, electrical, or data interface incompatibility between modular subsystems.		SR-4.3		Interface Compliance Test		System		Reduces integration risk and servicing errors.		Error-proofing

								SR-4.3.7		Interface designs shall tolerate expected lunar environmental conditions without loss of functionality.		SR-4.4		Environmental Qualification		Structures, EPS		Ensures modularity survives real conditions.		Thermal, dust

								SR-4.3.8		The system shall support verification of interface integrity after servicing or refurbishment events.		SR-4.3		Post-Service Inspection Procedure		System		Ensures reuse does not degrade interfaces.		Required for reuse

								SR-4.4 : Environmental Survivability Across Reuse Cycles

								SR-4.4		The system shall maintain functional integrity across multiple reuse cycles under expected lunar environmental conditions.		MSC-4.4		Environmental Survivability Plan		System		Extends reuse logic into real lunar conditions.		Capability-level

								SR-4.4.1		The system shall tolerate repeated thermal cycling associated with lunar day–night transitions without loss of mission-critical functionality.		SR-4.4		Thermal Cycling Test Report		Thermal, Structures		Thermal fatigue is a primary reuse limiter.		Reuse-aware

								SR-4.4.1.1		Mission-critical interfaces shall maintain mechanical alignment and electrical continuity across thermal cycles.		SR-4.3		Interface Integrity Test		Structures, EPS		Prevents “survived but unusable.”		Key SR

								SR-4.4.2		The system shall tolerate cumulative radiation exposure expected over multiple mission cycles without unacceptable degradation.		SR-4.4		Radiation Analysis		Radiation, Computer		Reuse increases total dose.		Cumulative

								SR-4.4.3		The system shall limit performance degradation due to lunar dust exposure across reuse cycles.		SR-4.4		Dust Exposure Test		Structures, Instrumentation		Dust is a long-term reuse risk.		Abrasion, contamination

								SR-4.4.4		Environmental effects contributing to degradation shall be tracked and reported across reuse cycles.		SR-4.1		Degradation Tracking Report		Computer		Enables data-driven reuse decisions.		Feedback loop

								SR-4.4.5		Environmental survivability considerations shall be incorporated into refurbishment and servicing planning.		SR-4.4		Refurbishment Concept		System		Links survivability to ops reality.		Important

								SR-4.5 : Refurbishment and Servicing Constraints

								SR-4.5		The system shall support refurbishment and servicing operations that enable reuse within defined operational constraints.		MSC-4.5		Servicing Concept of Operations (CONOPS)		System		Ensures reuse is feasible within mission operations.		Capability-level

								SR-4.5.1		The system shall support refurbishment activities that can be completed within [TBD] hours of active servicing time per reuse cycle.		SR-4.5		Servicing Time Analysis		Operations		Prevents reuse from imposing excessive operational burden.		Time-bound

								SR-4.5.2		Refurbishment activities shall not require disassembly beyond the defined modular interface boundaries.		SR-4.3		Servicing Procedure Definition		Structures		Enforces modularity and limits scope of servicing.		Critical

								SR-4.5.3		The system shall identify components intended for replacement, inspection, or refurbishment during servicing.		SR-4.1		Refurbishment Plan		System		Enables predictable servicing workflows.		Replaceable list

								SR-4.5.4		Servicing operations shall not require precision alignment beyond what can be achieved using the standardized interfaces.		SR-4.3		Interface Tolerance Analysis		Structures		Avoids unrealistic servicing precision requirements.		SRR-safe

								SR-4.5.5		The system shall support verification of successful refurbishment prior to redeployment.		SR-4.1		Post-Servicing Verification Test		System		Prevents redeployment of degraded systems.		Required

								SR-4.5.6		Refurbishment and servicing operations shall not introduce unacceptable contamination or damage to adjacent subsystems.		SR-4.4		Contamination Control Plan		Structures, Instrumentation		Protects system integrity across reuse cycles.		Dust-sensitive

								SR-4.5.7		Servicing assumptions, limitations, and required resources shall be documented and traceable to system design decisions.		SR-4.5		Servicing Assumptions Register		Program		Prevents hidden dependencies or unrealistic concepts.		Transparency

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-5 : Position, Navigation, Timing (PNT) and Lander Coordination

								SRH-5		The system shall provide position, navigation, and timing capability sufficient to georeference all mission measurements and coordinate with the lunar lander.		MO-5, MSC-5.1		PNT Architecture Definition		GNC, Computer, COMM		Enables spatially aligned data products and coordinated operations.

								SR-5.1 : Data geo-referencing

								SR-5.1		The system shall assign a position solution to every collected science and characterization data record.		MSC-5.1		Data Tagging Specification		Computer, GNC		Without position tags, mapping and correlation are invalid.		Per-record

								SR-5.1.1		The system shall time-tag every collected data record using a synchronized mission time standard.		MSC-5.1		Time Sync Test Plan		Computer		Time alignment is required for multi-sensor fusion and motion compensation.		Per-record

								SR-5.1.2		The system shall express all position-tagged data in a defined reference frame consistent with the lunar lander mission reference frame.		MSC-5.1		Frame Definition Document		GNC, Computer		Ensures compatibility and comparability across datasets.		Frame TBD

								SR-5.1.3		The system shall record quality flags and uncertainty metadata for each position and time-tagged record.		SR-5.1		Navigation Quality Specification		GNC, Computer		Prevents misuse of degraded navigation data.		Quality tagging

								SR-5.2 : Coordinate Frame Alignment with Lunar Lander

								SR-5.2		The system shall maintain a defined coordinate transformation between the system body frame and the lunar lander mission frame.		MSC-5.2		Coordinate Transform Analysis		GNC		Required for map alignment and coordinated operations.		Transform model

								SR-5.2.1		The system shall implement a coordinate transformation between the platform frame and the lunar lander frame.		MSC-5.2		Analysis		GNC		Enables consistent localization and pointing.		Implementation TBD

								SR-5.2.2		The system shall calibrate and validate transformation parameters during mission operations as applicable.		MSC-5.2		Test, Analysis		GNC, Computer		Prevents drift or setup error from corrupting maps.		Method TBD

								SR-5.3 : Position Solution Accuracy Sufficient for Mapping

								SR-5.3		The system shall achieve position accuracy sufficient to support the spatial resolution of mission map products.		MSC-5.3		Navigation Error Budget		GNC		Ensures mapping requirements are physically meaningful.		Ties to SR-1.2 / SR-2.2

								SR-5.3.1		The system shall maintain position error ≤ [TBD] m for data products requiring spatial alignment.		SR-5.3		Analysis, Test		GNC		Limits misregistration between modalities.		Threshold TBD

								SR-5.3.2		The system shall provide an estimate of position uncertainty associated with each position solution.		SR-5.3		Analysis		GNC, Computer		Required for uncertainty propagation and SR-2.5.		1σ or 95% TBD

								SR-5.4 : Time Synchronization Sufficient for Sensor Function

								SR-5.4		The system shall maintain time synchronization sufficient to align multi-sensor measurements and support fusion products.		MSC-5.4		Time Sync Analysis		Computer		Prevents timing drift from corrupting co-registration.		Capability

								SR-5.4.1		The system shall synchronize its time base to the lunar lander time standard at an interval sufficient to prevent unacceptable timing drift.		MSC-5.4		Analysis, Test		Computer, COMM		Enables consistent timestamps across system and lander.		Interval TBD

								SR-5.4.1.1		Maximum allowable timing drift between synchronizations shall be ≤ [TBD].		SR-5.4.1		Analysis		Computer		Bounds timing error contribution to fusion.		Units TBD (ms/s)

								SR-5.4.2		The system shall record timing metadata needed to align multi-sensor measurements (e.g., latency, sampling rate, clock offset).		MSC-5.4		Inspection, Analysis		Computer		Supports post-processing and verification.		Metadata

								SR-5.5 : Lander Interface for PNT Data Exchange

								SR-5.5		The system shall exchange required navigation, time, and coordination data with the lunar lander through a defined interface.		MSC-5.5		Lander Interface ICD		COMM, Computer		Enables coordinated ops and georeferencing.		Interface TBD

								SR-5.5.1		The system shall receive required navigation and time data from the lunar lander through the defined interface.		MSC-5.5		Test		COMM, Computer		Supports synchronization and localization.		Update rate TBD

								SR-5.5.2		The system shall transmit required state, health, and quality data to the lunar lander to support coordinated operations.		MSC-5.5		Test		COMM, Computer		Enables shared situational awareness.		Data fields TBD

								SR-5.6 : Continuity and Fail-Safe Behavior

								SR-5.6		The system shall maintain a bounded navigation solution during temporary loss of lunar lander updates.		MSC-5.6		Loss-of-Updates Analysis		GNC, Computer		Ensures mission continuity when comms degrade.		Capability

								SR-5.6.1		The system shall support a maximum lander-update outage duration ≥ [TBD] while maintaining bounded position uncertainty.		SR-5.6		Analysis, Test		GNC		Prevents uncontrolled drift in maps.		Duration TBD

								SR-5.6.2		The system shall flag and quarantine data collected outside acceptable PNT thresholds.		MSC-5.6		Test		Computer		Prevents low-quality navigation from contaminating fused products.		Data quality gating

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-6 : Map Generation & Data Products

								SRH-6		The system shall generate georeferenced data products representing surface, subsurface, and resource-related characteristics of the lunar mission area.		MO-6		Data Products Definition		Computer		Establishes the mission’s final deliverables as map/data products.		Header

								SR-6.1 Map Generation Coverage

								SR-6.1		The system shall generate map products covering the defined mission area of interest.		MSC-6.1		Coverage Analysis		Computer		Ensures delivered products represent the required area.		Coverage thresholds live here (TBD)

								SR-6.1.1		All map products shall be expressed in a mission-defined lunar reference frame consistent with the lander mission frame.		MSC-6.1, SR-5.1.2		Coordinate Definition Document		GNC, Computer		Ensures products are interoperable and alignable.		Reference frame TBD

								SR-6.1.2		The system shall associate every map record with a valid position and mission time tag.		MSC-6.1, SR-5.1, SR-5.1.1		Data Tagging Specification		Computer		Mapping without per-record geo/time tags breaks fusion and PRM ingestion.		“Every record” requirement

								SR-6.2 : Product Layer Architecture

								SR-6.2		The system shall generate separate data layers for measured indicators and derived estimates.		MSC-6.2		Product Architecture Definition		Computer		Prevents conflating measurements with inferences.		Key SRR clarity item

								SR-6.2.1		Indicator layers shall include surface indicator products (e.g., spectral, compositional, regolith proxies) as applicable.		MSC-6.2, SR-1		Indicator Products Spec		Computer		Supports re-analysis and future algorithm updates.		Tool-agnostic

								SR-6.2.2		Indicator layers shall include subsurface structure products derived from subsurface sensing.		MSC-6.2, SR-1.1.2		Subsurface Products Spec		Computer		Required for subsurface interpretation and correlation.		Depth binning TBD

								SR-6.2.3		Derived estimate layers shall include resource-related outputs and/or confidence products as applicable.		MSC-6.2, SR-2		Resource Products Spec		Computer		Delivers mission-level synthesized results.		Keeps He-3 and H₂O separate

								SR-6.3 : Data Integration and Fusion

								SR-6.3		The system shall preserve uncertainty and confidence information alongside all delivered map products.		MSC-6.3, SR-1.4, SR-2.5		Uncertainty & Confidence Spec		Computer		Prevents over-interpretation; enables defensible modeling.		Applies to indicators + estimates

								SR-6.3.1		Uncertainty/confidence metadata shall be co-registered with the corresponding spatial data layer.		MSC-6.3		Co-registration Analysis		Computer		Prevents “global uncertainty” misuse.		Spatially local uncertainty

								SR-6.4 :Metadata and Uncertainty Documentation

								SR-6.4		The system shall attach metadata describing resolution, uncertainty, provenance, and processing history to all data products.		MSC-6.4		Data Management Plan		Computer		Traceability and reproducibility requirement.		SRR “show your work”

								SR-6.4.1		Metadata shall include instrument state, calibration state, processing version, and time/position quality flags.		MSC-6.4, SR-5.1.3		Metadata Field Definition		Computer		Enables filtering and post-mission validation.		Calibration link

								SR-6.5 : Area Coverage Sufficiency

								SR-6.5		The system shall store raw, calibrated, and processed datasets required to reproduce delivered map products.		MSC-6.5		Data Archival Plan		Computer		Enables auditability and scientific validity.		Three-tier storage

								SR-6.5.1		The system shall retain sufficient raw and calibration datasets to support reprocessing and validation.		MSC-6.5		Reprocessing Readiness Report		Computer		Prevents “maps only” failure mode.		Explicit reprocessing support

								SR-6.6 : PRM Compatibility

								SR-6.6		The system shall generate data products suitable for incorporation into PRM workflows.		MSC-6.6, SR-2.6		PRM Interface Definition		Computer		Enables downstream reserve modeling integration.		Toolchain compatibility

								SR-6.6.1		PRM-ready products shall preserve separation of indicators vs inferred estimates and include limitations/assumptions documentation.		MSC-6.6, SR-2.6.2, SR-2.6.3		Product Interpretation Guide		Computer		Prevents misuse of secondary objective outputs (esp. H₂O).		SRR-critical

								SR-6.7 : Data Format and Storage

								SR-6.7		The system shall store final products in mission-approved standardized formats and ensure accessibility for downstream analysis.		MSC-6.7		Data Format Specification; Data Access Demo		Computer		Ensures outputs can be used by others, not trapped in a custom pipeline.		Formats TBD (e.g., PDS4, GeoTIFF)

								SR-6.7.1		The system shall demonstrate successful export, retrieval, and use of final products in the analysis pipeline.		MSC-6.7		Demonstration Test Report		Computer		Verifies deliverability end-to-end.		“Can we actually use it?”

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-7 : Griffin Lander Interface System Requirements

								SRH-7		The system shall mechanically interface with the Astrobotic Griffin lander.		MSC-7.1		GRIFFIN ICD		LVI		Ensures physical compatibility and survivability through all mission phases.		Header

								SR-7.1 : Mechanical Interface Requirements

								SR-7.1		The system shall mechanically interface with the Astrobotic Griffin lander to enable secure integration, launch, descent, landing, and surface operations without loss of functionality.		MSC-7.1		Mechanical ICD		Structures		Ensures physical compatibility and survivability through all mission phases.		Structural and mounting compatibility

								SR-7.1.1		The system shall mount to the Griffin payload deck using a compatible bolt pattern and mechanical interface.		SR-7.1		Mechanical ICD		Structures		Ensures secure attachment and load transfer.		Adapter plate permitted

								SR-7.1.2		The system shall maintain structural integrity under Griffin-defined launch, descent, and landing loads.		SR-7.1		Structural Analysis & Test		Structures		Prevents structural failure during high-load mission phases.		Includes vibration and shock

								SR-7.1.3		The system shall remain within Griffin payload mass and center-of-gravity allocations.		SR-7.1		Mass Properties Report		Structures		Maintains lander stability and control authority.		Limits defined by Astrobotic

								SR-7.1.4		The system shall not interfere with Griffin landing legs, sensors, antennas, or deployment mechanisms.		SR-7.1		Integration Review		Structures		Prevents interference with lander critical functions.		Clearance verification

								SR-7.1.4.1		The system shall remain within a defined payload envelope not exceeding ¾ of the available Griffin payload volume.		SR-7.1.4		Integration Review		Structures		Prevents interference with lander critical functions.		Clearance verification

								SR-7.2 : Electrical Power Interface  Requirements

								SR-7.2		The system shall interface with Griffin-provided electrical power services to support nominal operations during all applicable mission phases.		MSC-7.2		Electrical ICD		EPS		Ensures continuous power availability for mission-critical functions.		Includes cruise, descent, and surface operations

								SR-7.2.1		The system shall accept Griffin-provided 28 V DC power within allowable voltage and current limits.		SR-7.2		Electrical ICD		EPS		Ensures compatibility with lander power bus.		Standard payload power bus

								SR-7.2.2		The system shall not exceed allocated power limits during any mission phase.		SR-7.2		Power Budget		EPS		Prevents overloading the lander power system.		Nominal, peak, and release modes

								SR-7.2.3		The system shall support safe power-on, power-off, and fault-recovery commands issued by the lander.		SR-7.2		Electrical Test Procedure		EPS, Computer		Protects lander bus and enables safe recovery.		Lander-commanded transitions

								SR-7.3 : Command, Data, and Software Interface Requirements

								SR-7.3		The system shall exchange command, telemetry, and payload data with the Griffin lander using supported data interfaces during nominal mission operations.		MSC-7.3		Data Interface ICD		Communications, Computer		Enables command execution, health monitoring, and science data return.		Wired or wireless as supported

								SR-7.3.1		The system shall communicate with the Griffin lander using supported wired or wireless data interfaces.		SR-7.3		Data Interface ICD		Communications		Enables payload-lander data exchange.		RS-422, SpaceWire, or WLAN

								SR-7.3.2		The system shall transmit telemetry and receive commands during scheduled communication windows.		SR-7.3		Ops & Comm Test		Communications, Computer		Ensures coordinated operations with lander timeline.		Timing controlled by lander

								SR-7.3.3		The system shall support lander-provided time synchronization services.		SR-7.3		Software Test Report		Computer		Enables time-aligned data fusion and mapping.		Time base per Griffin

								SR-7.3.4		The system shall store data locally during communication outages and downlink upon reconnection.		SR-7.3		Data Handling Test		Computer, Communications		Prevents data loss during link interruptions.		Fault-tolerant ops

								SR-7.4 : Thermal, Environmental, and Contamination Requirements

								SR-7.4		The system shall operate within the thermal, environmental, contamination, and EMI constraints imposed by the Griffin lander throughout the mission duration.		MSC-7.4		Environmental Compliance Report		Thermal, Radiation, Structures		Prevents degradation of lander or payload performance due to environmental incompatibility.		Thermal, contamination, EMI compatibility

								SR-7.4.1		The system shall operate within Griffin-defined thermal environments during cruise, descent, and surface phases.		SR-7.4		Thermal Analysis		Thermal		Prevents thermal overstress or performance loss.		Polar environment included

								SR-7.4.2		The system shall implement thermal isolation at the lander interface.		SR-7.4		Thermal ICD		Thermal, Structures		Prevents heat backflow into the lander.		Interface isolation

								SR-7.4.3		The system shall comply with Griffin contamination control requirements.		SR-7.4		Contamination Control Plan		Structures		Prevents contamination of lander systems.		ISO Class 8 integration

								SR-7.4.4		The system shall comply with Griffin EMI/EMC requirements for hosted payloads.		SR-7.4		EMI Test Report		Communications, EPS		Prevents electromagnetic interference with lander avionics.		MIL-STD-461 heritage

								SR-7.5 : Mission Operations Compatibility Requirements

								SR-7.5		The system shall operate in accordance with Griffin mission timelines, operational constraints, and safety requirements.		MSC-7.5		Mission Operations Plan		Operations, Computer		Ensures coordinated and safe surface operations with the lander.		Includes command windows and surface ops

								SR-7.5.1		The system shall support Griffin mission timelines and command sequencing.		SR-7.5		Ops Plan Review		Operations, Computer		Ensures synchronized surface operations.		Includes surface ops

								SR-7.5.2		The system shall enter a safe state upon loss of communication or power.		SR-7.5		Fault Management Test		Computer		Protects lander and payload during faults.		Lander-safe behavior

								SR-7.6 : Data Delivery and Archival Requirements

								SR-7.6		The system shall ensure that all data generated while interfaced with the Griffin lander are successfully transmitted, archived, and accessible for post-mission analysis.		MSC-7.6		Data Management Plan		Communications, Computer		Preserves mission data value and enables post-mission science and reuse.		Supports post-mission reuse

								SR-7.6.1		The system shall downlink all collected data through Griffin-supported data services.		SR-7.6		Data Downlink Test		Communications		Ensures data delivery to ground systems.		Nominal ops

								SR-7.6.2		The system shall retain raw and processed data in non-volatile memory until confirmed receipt.		SR-7.6		Data Integrity Test		Computer		Prevents loss of high-value mission data.		Confirms receipt before purge

























Assumptions and Contraints



												ID		Assumption / Constraint		Rationale

												AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

												AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

												AC-3		Griffin provides up to 5 kWe solar power generation during  surface operations.		Enables base-station architecture

												AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

												AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

												AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads





												ID		Assumption / Constraint		Status		Plan		Rationale

												AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Closed		Verified via DR-7.1.3		Allocated from total Griffin payload capacity

												AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Partially Closed		Envelope defined in Mechanical ICD		Lander integration constraint

												AC-3		Griffin provides up to 5 kWe solar power generation during  surface operations.		Assumption		Sensitivity trades in EPS		Enables base-station architecture

												AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Assumption		CONOPS clarification		Supports continuous operations

												AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Closed		COMM/COMP SRs		Enables data downlink

												AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Closed		Program allocation		Remaining mass allocated to payloads
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				System Requirements

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.A : Alpha Particle X-Ray Spectrometer (APXS)

				SR-1.1.1.A		The APXS shall measure one or more elemental proxy variables relevant to Helium-3 correlation.		SR-1.1.1		Instrument Spec Sheet		Instrumentation		Enables proxy-based He-3 estimation.		Elements TBD

				SR-1.1.1.A.1.1		The APXS shall resolve elemental abundances with resolution ≤ [TBD] wt%.		SR-1.1.1.A.1		Instrument Performance Analysis		Instrumentation		Required to distinguish meaningful compositional variations.		TBD by model sensitivity

				SR-1.1.1.A.1.2		The APXS shall measure elemental abundance with uncertainty ≤ ±[TBD] wt%.		SR-1.1.1.A.1		Calibration Report		Instrumentation		Supports reserve-confidence modeling.		Links to SR-1.3.3

				SR-1.1.1.A.2		The APXS shall transmit measurement data to the onboard computer subsystem for storage and processing.		SR-1.1.1.A		ICD-APXS-DATA		Instrumentation, Computer		Enables downlink and fusion with other sensors.		Data format TBD

				SR-1.1.1.A.2.1		The APXS shall support time-tagged data products compatible with the computer subsystem defined in SR-COMP.		SR-5.1.2		Data Interface Specification		Instrumentation, Computer		Required for co-registration and fusion.		Timestamp standard per SR-COMP

				SR-1.1.1.A.2.2		The APXS shall support prioritized data handling consistent with SR-COMP and SR-COMM.		SR-6.4.1		Ops Concept		Instrumentation, Computer		Preserves high-value data during outages.		Priority TBD

				SR-1.1.1.A.3		The APXS shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-APXS-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.A.3.1		The APXS shall remain securely mounted under expected launch vibration and shock environments.		SR-STRUCT.6		Vibration Test Report		Instrumentation, Structures		Prevents damage during launch.		Launch vehicle TBD

				SR-1.1.1.A.3.2		The APXS shall maintain alignment under nominal surface operational loads.		SR-STRUCT.3		Alignment Inspection		Instrumentation, Structures		Required for consistent measurement geometry.		Tolerance TBD

				SR-1.1.1.A.4		The APXS shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures operability across lunar environments.		Limits allocated via ICD

				SR-1.1.1.A.4.1		The APXS shall operate within the thermal control modes defined by the system (nominal, servicing, safe).		SR-THERM.5		Ops Concept		Instrumentation, Thermal		Prevents thermal-induced faults.		Mode usage TBD

				SR-1.1.1.A.5		The APXS shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Ensures performance stability over mission duration.		TID allocation TBD

				SR-1.1.1.A.6		The APXS shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems.		Power draw TBD

				SR-1.1.1.A.6.1		The APXS shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware scheduling.		Duty cycle TBD

				SR-1.1.1.A.7		The APXS shall be compatible with the pointing knowledge and stability provided by SR-GNC.		SR-GNC.2		Pointing Analysis		Instrumentation, GNC		Required for consistent spatial attribution.		Stability TBD

				SR-1.1.1.A.8		The APXS shall support calibration sufficient to ensure repeatable and traceable measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity.		Pre-flight + in-situ

				SR-1.1.1.A.8.1		The APXS shall support pre-flight calibration prior to launch.		SR-1.1.1.A.8		Calibration Procedure		Instrumentation		Establishes baseline performance.		Ground calibration

				SR-1.1.1.A.8.2		The APXS shall preserve calibration metadata with associated measurement data.		SR-6.4.1		Data Format Spec		Instrumentation, Computer		Enables uncertainty propagation.		Metadata schema TBD

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.B : Multispectral Imaging (MSI) Camera Tool Requirements

				SR-1.1.1.B		The MSI shall measure surface reflectance across multiple spectral bands relevant to regolith composition and maturity assessment.		SR-1.1.1		Instrument Spec Sheet		Instrumentation		Enables spectral proxy extraction for He-3 correlation.

				SR-1.1.1.B.1		The MSI shall include at least [TBD] discrete spectral bands		SR-1.1.1.B		Instrument Spec Sheet		Instrumentation		Bands for maturity and hydration-related features.		Bands TBD

				SR-1.1.1.B.1.1		The MSI'spectral bands shall span [TBD]–[TBD] nm.		SR-1.1.1.B		Instrument Performance Analysis		Instrumentation		Required to resolve maturity- and hydration-related spectral features.		TBD by trade

				SR-1.1.1.B.1.2		The MSI shall achieve signal-to-noise ratio (SNR) ≥ [TBD] in key spectral bands under nominal illumination conditions.		SR-1.1.1.B.1		Radiometric Analysis		Instrumentation		Ensures usable spectral data for modeling and fusion.		Illumination TBD

				SR-1.1.1.B.1.3		The MSI shall achieve a ground sampling distance (GSD) ≤ [TBD] m/pixel at nominal operating altitude or standoff.		SR-1.2.2, SR-2.2.1		Imaging Performance Analysis		Instrumentation		Required to meet mapping resolution requirements.		Altitude TBD

				SR-1.1.1.B.2		The MSI shall transmit raw and calibrated image data to the onboard computer subsystem for storage and processing.		SR-1.1.1.B		ICD-MSI-DATA		Instrumentation, Computer		Enables downlink, fusion, and map generation.		Data volume TBD

				SR-1.1.1.B.2.1		The MSI shall support time-tagged image products compatible with SR-COMP.		SR-5.1.2		Data Interface Specification		Instrumentation, Computer		Required for spatial and temporal co-registration.		Timestamp standard per SR-COMP

				SR-1.1.1.B.2.2		The MSI shall support prioritized data handling consistent with SR-COMP and SR-COMM.		SR-6.4.1		Ops Concept		Instrumentation, Computer		Preserves high-value image products during outages.		Priority TBD

				SR-1.1.1.B.3		The MSI shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-MSI-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.B.3.1		The MSI shall remain securely mounted under expected launch vibration and shock environments.		SR-STRUCT.6		Vibration Test Report		Instrumentation, Structures		Prevents damage during launch.		Launch vehicle TBD

				SR-1.1.1.B.3.2		The MSI shall maintain optical alignment under nominal surface operational loads.		SR-STRUCT.3		Alignment Inspection		Instrumentation, Structures		Required for accurate imaging geometry.		Tolerance TBD

				SR-1.1.1.B.4		The MSI shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures imaging performance across lunar environments.		Limits allocated via ICD

				SR-1.1.1.B.4.1		The MSI shall operate within system thermal control modes (nominal, servicing, safe).		SR-THERM.5		Ops Concept		Instrumentation, Thermal		Prevents thermally induced radiometric drift.		Mode usage TBD

				SR-1.1.1.B.5		The MSI shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		Dose allocation TBD

				SR-1.1.1.B.6		The MSI shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems.		Power draw TBD

				SR-1.1.1.B.6.1		The MSI shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware imaging strategies.		Duty cycle TBD

				SR-1.1.1.B.7		The MSI shall be compatible with the pointing knowledge and stability provided by SR-GNC.		SR-GNC.2		Pointing Analysis		Instrumentation, GNC		Required to achieve spatial resolution and prevent motion blur.		Stability TBD

				SR-1.1.1.B.8		The MSI shall support calibration sufficient to ensure repeatable and traceable radiometric measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and uncertainty modeling.		Pre-flight + in-situ

				SR-1.1.1.B.8.1		The MSI shall support pre-flight radiometric calibration prior to launch.		SR-1.1.1.B.8		Calibration Procedure		Instrumentation		Establishes baseline detector response.		Ground calibration

				SR-1.1.1.B.8.2		The MSI shall preserve calibration and radiometric metadata with associated image data.		SR-6.4.1		Data Format Spec		Instrumentation, Computer		Enables uncertainty propagation and fusion.		Metadata schema TBD

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.C : Flux Magnetometer (FMAG) Tool Requirements

				SR-1.1.1.C		The system shall include a Flux Magnetometer (FMAG) to measure local magnetic field properties correlated with regolith maturity and solar-wind implantation relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Magnetic anomalies influence solar-wind exposure and volatile retention.		Candidate tool

				SR-1.1.1.C.1		The FMAG shall measure the local magnetic field vector at the measurement location.		SR-1.1.1.C		Instrument Specification		Instrumentation		Required to characterize magnetic shielding and implantation efficiency.		Axes TBD

				SR-1.1.1.C.1.1		The FMAG shall achieve magnetic field measurement resolution ≤ [TBD] nT.		SR-1.1.1.C.1		Performance Analysis		Instrumentation		Required to resolve meaningful lunar magnetic variations.		TBD by science model

				SR-1.1.1.C.1.2		The FMAG shall measure magnetic field magnitude with uncertainty ≤ ±[TBD] nT.		SR-1.1.1.C.1		Calibration Report		Instrumentation		Supports correlation with proxy-based He-3 estimation.		Links to SR-1.3.3

				SR-1.1.1.C.2		The FMAG shall transmit time-tagged magnetic field measurements to the onboard computer subsystem.		SR-5.1.2		ICD-FMAG-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.C.2.1		The FMAG shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and uncertainty propagation.		Metadata schema TBD

				SR-1.1.1.C.3		The FMAG shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-FMAG-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.C.3.1		The FMAG shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement drift.		Launch vehicle TBD

				SR-1.1.1.C.4		The FMAG shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable sensor response across lunar environments.		Limits via ICD

				SR-1.1.1.C.5		The FMAG shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves sensor performance over mission duration.		TID allocation TBD

				SR-1.1.1.C.6		The FMAG shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.C.7		The FMAG shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation with other proxy measurements.		Accuracy TBD

				SR-1.1.1.C.8		The FMAG shall support calibration sufficient to ensure repeatable and traceable magnetic field measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.D : Electrostatic Analyzer (ESA)

				SR-1.1.1.D		The system shall include an Electrostatic Analyzer (ESA) to measure charged particle and surface plasma environment properties correlated with solar-wind implantation relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Plasma and surface charging conditions influence solar-wind implantation and regolith interaction.		Candidate tool

				SR-1.1.1.D.1		The ESA shall measure charged particle energy and/or flux in the near-surface lunar plasma environment.		SR-1.1.1.D		Instrument Specification		Instrumentation		Required to characterize electrostatic conditions affecting implantation and retention.		Species TBD

				SR-1.1.1.D.1.1		The ESA shall resolve particle energy over a range of [TBD] eV to [TBD] eV.		SR-1.1.1.D.1		Performance Analysis		Instrumentation		Required to capture relevant solar-wind and secondary particle populations.		Range TBD

				SR-1.1.1.D.1.2		The ESA shall measure particle flux with uncertainty ≤ ±[TBD]%.		SR-1.1.1.D.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.D.2		The ESA shall transmit time-tagged particle measurements to the onboard computer subsystem.		SR-5.1.2		ICD-ESA-DATA		Instrumentation, Computer		Enables temporal correlation with other proxy measurements.		Data rate TBD

				SR-1.1.1.D.2.1		The ESA shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.D.3		The ESA shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-ESA-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.D.3.1		The ESA shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.D.4		The ESA shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable electrostatic measurements across lunar conditions.		Limits via ICD

				SR-1.1.1.D.5		The ESA shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		TID allocation TBD

				SR-1.1.1.D.6		The ESA shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.D.7		The ESA shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of plasma measurements.		Accuracy TBD

				SR-1.1.1.D.8		The ESA shall support calibration sufficient to ensure repeatable and traceable charged-particle measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.E :Neutral Particle Detector (NPD) Tool Requirements

				SR-1.1.1.E		The system shall include a Neutral Particle Detector (NPD) to measure neutral particle fluxes correlated with solar-wind implantation and volatile transport relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Neutral hydrogen flux is a strong indirect proxy for implantation and regolith interaction processes.		Candidate tool

				SR-1.1.1.E.1		The NPD shall measure neutral particle flux in the near-surface lunar environment.		SR-1.1.1.E		Instrument Specification		Instrumentation		Required to characterize energetic neutral atom and hydrogen populations.		Species TBD

				SR-1.1.1.E.1.1		The NPD shall measure neutral particle flux with sensitivity ≤ [TBD] particles/cm²/s.		SR-1.1.1.E.1		Performance Analysis		Instrumentation		Required to resolve meaningful spatial and temporal variations.		TBD by science model

				SR-1.1.1.E.1.2		The NPD shall measure neutral particle flux with uncertainty ≤ ±[TBD]%.		SR-1.1.1.E.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.E.2		The NPD shall transmit time-tagged neutral particle measurements to the onboard computer subsystem.		SR-5.1.2		ICD-NPD-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.E.2.1		The NPD shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.E.3		The NPD shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-NPD-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.E.3.1		The NPD shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.E.4		The NPD shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures detector stability across lunar environments.		Limits via ICD

				SR-1.1.1.E.5		The NPD shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		TID allocation TBD

				SR-1.1.1.E.6		The NPD shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.E.7		The NPD shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of neutral particle measurements.		Accuracy TBD

				SR-1.1.1.E.8		The NPD shall support calibration sufficient to ensure repeatable and traceable neutral particle measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.E :Automated Grain Analyzer (AGA) Tool Requirements

				SR-1.1.1.F		The system shall include a Grain Analyzer to characterize regolith physical properties correlated with maturity and solar-wind exposure relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Grain size and morphology correlate with regolith maturity and implantation history.		Candidate tool

				SR-1.1.1.F.1		The Grain Analyzer shall measure regolith particle size distribution at the measurement location.		SR-1.1.1.F		Instrument Specification		Instrumentation		Required to assess maturity-related physical proxies.		Method TBD

				SR-1.1.1.F.1.1		The Grain Analyzer shall resolve particle size to a minimum resolution of ≤ [TBD] µm.		SR-1.1.1.F.1		Performance Analysis		Instrumentation		Required to distinguish fine-grained soils associated with enhanced volatile retention.		TBD by science model

				SR-1.1.1.F.1.2		The Grain Analyzer shall measure particle size distribution with uncertainty ≤ ±[TBD]%.		SR-1.1.1.F.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.F.2		The Grain Analyzer shall measure one or more regolith physical maturity indicators (e.g., grain shape, cohesion proxy, angularity).		SR-1.1.1.F		Instrument Specification		Instrumentation		Physical maturity indicators complement optical and elemental proxies.		Indicators TBD

				SR-1.1.1.F.3		The Grain Analyzer shall transmit time-tagged measurement data to the onboard computer subsystem.		SR-5.1.2		ICD-GRAIN-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.F.3.1		The Grain Analyzer shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.F.4		The Grain Analyzer shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-GRAIN-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.F.4.1		The Grain Analyzer shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.F.5		The Grain Analyzer shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable measurement performance across lunar environments.		Limits via ICD

				SR-1.1.1.F.6		The Grain Analyzer shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves sensor performance over mission duration.		TID allocation TBD

				SR-1.1.1.F.7		The Grain Analyzer shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.F.8		The Grain Analyzer shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of regolith measurements.		Accuracy TBD

				SR-1.1.1.F.9		The Grain Analyzer shall support calibration sufficient to ensure repeatable and traceable regolith physical property measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration





Sub-Surface



				System Requirements

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.2.A : Lunar Penetrating Radar (LPR)

				SR-1.1.2.A		The system shall include a Lunar Penetrating Radar (LPR) to characterize subsurface regolith structure and layering relevant to resource assessment.		SR-1.1.2		Instrument Trade Study		Instrumentation		LPR provides direct subsurface structural information required for ice and regolith depth assessment.		Primary SR-1.1.2 tool

				SR-1.1.2.A.1		The LPR shall measure subsurface dielectric properties of lunar regolith.		SR-1.1.2.A		Instrument Specification		Instrumentation		Dielectric contrast enables inference of layering, density changes, and potential volatile presence.		Frequency TBD

				SR-1.1.2.A.1.1		The LPR shall characterize subsurface structure to a penetration depth of ≥ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Required to assess resource-relevant subsurface volumes.		Depth TBD by science model

				SR-1.1.2.A.1.2		The LPR shall achieve vertical resolution of ≤ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Enables discrimination between subsurface layers and interfaces.		Resolution TBD

				SR-1.1.2.A.1.3		The LPR shall achieve horizontal resolution of ≤ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Required for spatially resolved subsurface mapping.		Depends on antenna geometry

				SR-1.1.2.A.2		The LPR shall transmit time-tagged subsurface measurement data to the onboard computer subsystem.		SR-5.1.2		ICD-LPR-DATA		Instrumentation, Computer		Enables co-registration with surface and proxy measurements.		Data rate TBD

				SR-1.1.2.A.2.1		The LPR shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for subsurface data fusion and uncertainty propagation.		Metadata schema TBD

				SR-1.1.2.A.3		The LPR shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT for the LHSRCM.		SR-4.3.2		ICD-LPR-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Antenna placement TBD

				SR-1.1.2.A.3.1		The LPR shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents antenna misalignment and structural failure.		Launch environment TBD

				SR-1.1.2.A.4		The LPR shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable electronics and timing for radar operation.		Thermal limits via ICD

				SR-1.1.2.A.5		The LPR shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves timing electronics and signal integrity.		TID allocation TBD

				SR-1.1.2.A.6		The LPR shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems during radar operation.		Peak vs avg power TBD

				SR-1.1.2.A.6.1		The LPR shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware subsurface scanning strategies.		Duty cycle TBD

				SR-1.1.2.A.7		The LPR shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required to spatially align subsurface profiles with surface measurements.		Accuracy TBD

				SR-1.1.2.A.8		The LPR shall support calibration sufficient to ensure repeatable and traceable subsurface measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for quantitative interpretation of dielectric contrasts.		Pre-flight calibration











































































































































































GriffinReq

				* Will need to stem from systems requirements

		[MO-4] The payload structure shall survive random vibrations and launch loads of X g (test) 

		[MO-4] The payload shall fit within 40m^3(v) in Griffin Lander

		[MO-4] The payload sturcture will survive TBR lunar trips

		[MO-4] The payload structure and internals shall not exceed 200 kg

		[MO-4] The payload will not be compromised by lunar surface temperatures or lunar dust





Thermal



						System Requirements

						Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

						SR-THERM : Thermal Subsystem Requirements

						SR-THERM.1		The thermal subsystem shall maintain all mission-critical components within their specified operational temperature limits during nominal mission operations.		SR-4.4.1, SR-3.6.1		Thermal Control Plan, Thermal Model Report, TVAC Report		Thermal		Ensures reliable operation and performance of instruments and avionics.		Operational limits defined in component ICDs

						SR-THERM.2		The thermal subsystem shall maintain all mission-critical components within their specified survival temperature limits during non-operational and safe modes.		SR-4.4.1		Thermal Model Report, TVAC Report		Thermal		Prevents permanent damage during lunar night and contingency states.		Includes extended comm/power outages

						SR-THERM.3		The thermal subsystem shall support thermal control across lunar day–night cycles without loss of system functionality.		SR-4.4.1		Thermal Cycling Test, Thermal Analysis		Thermal		Required for sustained multi-cycle surface operations.		Tied to reuse requirements

						SR-THERM.4		The thermal subsystem shall limit temperature gradients across mission-critical mechanical interfaces to ≤ [TBD] °C.		SR-4.4.3		Thermal Model Report, Inspection, Test		Thermal, Structures		Prevents interface misalignment, binding, or preload loss.		Gradient limit TBD by structural tolerances

						SR-THERM.5		The thermal subsystem shall provide distinct thermal control modes including nominal, servicing, and safe modes.		SR-4.4.2, SR-5.6		Ops Concept, Thermal Control Plan		Thermal, Operations		Ensures thermal stability across operational states.		Mode definitions TBD

						SR-THERM.6		The thermal subsystem shall operate within the available electrical power budget allocated to thermal control.		SR-EPS.1, SR-4.4.2		EPS Budget, Thermal Control Plan		Thermal, EPS		Prevents power conflicts with science and avionics systems.		Heater duty cycles TBD

						SR-THERM.7		The thermal subsystem shall provide thermal environments compatible with all supported payloads and replaceable subsystems.		SR-1.1.x, SR-4.3		Interface Control Document (ICD), Thermal Analysis		Thermal, Instrumentation		Enables modular payload integration without redesign.		Tool-specific compatibility verified via ICD

						SR-THERM.8		The thermal subsystem shall protect standardized mechanical and electrical interfaces from thermal degradation due to dust accumulation and cycling.		SR-4.5.1, SR-4.4.3		Test Report, ICD		Thermal, Structures		Interfaces are especially vulnerable to combined dust and thermal effects.		Cross-links dust + thermal

						SR-THERM.9		The thermal subsystem shall be verified through analysis and thermal-vacuum (TVAC) testing prior to mission deployment.		SR-4.4		TVAC Report, Thermal Model Correlation		Thermal		Demonstrates compliance with operational and survival requirements.		Standard verification approach





Radiation



						System Requirements

						Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

						SR-RAD : Radiation Subsystem Requirements

						SR-RAD.1		The system shall tolerate the expected lunar surface radiation environment without loss of mission-critical functionality.		SR-3.6.1, SR-4.4.1		Radiation Environment Analysis, Parts Radiation Report		Radiation		Ensures continued operation under solar and galactic radiation exposure.		Environment defined by mission duration and orbit

						SR-RAD.2		The system shall protect mission-critical electronics from total ionizing dose (TID) effects over the mission lifetime.		SR-3.6.1		Radiation Analysis, Shielding Trade Study		Radiation, Computer		Prevents cumulative degradation of avionics and data systems.		TID limits TBD

						SR-RAD.3		The system shall mitigate single-event effects (SEE) such that recoverable upsets do not result in permanent loss of mission data or control.		SR-5.6.1		Fault Management Plan, Radiation Test Report		Radiation, Computer		SEUs are expected in lunar environment and must be handled gracefully.		Includes latch-up protection

						SR-RAD.4		The system shall detect and flag corrupted data resulting from radiation-induced errors prior to use in map generation or data fusion.		SR-1.3.3, SR-6.4.2		Data Integrity Test, Software Verification Report		Radiation, Computer		Prevents propagation of corrupted data into PRM products.		CRC/checksum based

						SR-RAD.5		The system shall preserve mission-critical data across radiation events through error detection and recovery mechanisms.		SR-6.2.2, SR-5.6.2		Data Handling Test, Fault Injection Test		Radiation, Computer		Protects high-value science and mapping products.		Supports re-transmission

						SR-RAD.6		The radiation subsystem shall be compatible with modular payload integration without requiring tool-specific shielding redesign.		SR-4.3.1, SR-4.3.5		ICD, Radiation Trade Study		Radiation, Structures		Preserves modularity and avoids payload-specific redesign.		Tool compatibility via ICD

						SR-RAD.7		The system shall maintain radiation-tolerant operation during extended surface missions and lunar day–night cycles.		SR-4.4.1		Radiation + Thermal Combined Analysis		Radiation, Thermal		Radiation and thermal effects are coupled on the lunar surface.		Cross-subsystem coupling

						SR-RAD.8		The radiation subsystem shall be verified through analysis and, where applicable, component-level radiation testing.		SR-3.6.1		Radiation Test Report, Analysis Report		Radiation		Demonstrates compliance without requiring full system irradiation.		Analysis-heavy verification





EPS



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-EPS : Electrical Power Subsystem Requirements

										SR-EPS.1		The electrical power subsystem shall provide regulated electrical power to all mission-critical subsystems during nominal operations.		SR-3.6.1, SR-4.4.1		EPS Architecture Document, Power Budget Analysis		EPS		Ensures continuous operation of instruments, avionics, and data handling.		Voltage rails defined in ICD

										SR-EPS.2		The electrical power subsystem shall support a total average power load of ≥ [TBD] W during nominal mission operations.		SR-1.1.x, SR-2.x		Power Budget Analysis		EPS		Ensures sufficient power margin for sensing, processing, and communications.		Includes growth margin		\

										SR-EPS.3		The electrical power subsystem shall support peak power loads of ≥ [TBD] W for durations of ≥ [TBD] s without violating bus voltage limits.		SR-1.1.x, SR-4.4.2		Transient Power Analysis, Test Report		EPS		Supports high-demand instrument modes and communication events.		Peak loads include heaters

										SR-EPS.4		The electrical power subsystem shall provide energy storage sufficient to support mission-critical functions during non-generation periods.		SR-4.4.1		Energy Storage Analysis, Test Report		EPS		Required for lunar night, eclipses, or low-insolation conditions.		Storage capacity TBD (Wh)

										SR-EPS.5		The electrical power subsystem shall implement load prioritization and shedding to preserve mission-critical functions under power-limited conditions.		SR-5.6.1		Fault Management Plan, EPS Logic Verification		EPS, Computer		Prevents loss of command, timing, and data storage during contingencies.		Priority tiers TBD

										SR-EPS.6		The electrical power subsystem shall support distinct operational power modes including nominal, servicing, and safe modes.		SR-5.6, SR-4.4.2		Ops Concept, EPS Control Logic		EPS, Operations		Enables power-aware operations and fault recovery.		Mode definitions TBD

										SR-EPS.7		The electrical power subsystem shall provide standardized electrical interfaces for modular payloads and replaceable subsystems.		SR-4.3.3, SR-4.3.5		Interface Control Document (ICD)		EPS		Enables payload modularity without redesign of the power system.		Connector & rail standards TBD

										SR-EPS.8		The electrical power subsystem shall maintain power delivery within specified limits across expected thermal and radiation environments.		SR-THERM.6, SR-RAD.1		Combined Environment Analysis		EPS, Thermal, Radiation		EPS performance is sensitive to temperature and radiation effects.		Cross-subsystem coupling

										SR-EPS.9		The electrical power subsystem shall protect against over-current, over-voltage, and latch-up events.		SR-RAD.3, SR-5.6.1		Electrical Protection Test, Fault Injection Test		EPS		Prevents cascading failures and permanent hardware damage.		Protection thresholds TBD

										SR-EPS.10		The electrical power subsystem shall be verified through analysis and subsystem-level testing prior to mission deployment.		SR-3.6.1		EPS Test Report, Power Balance Verification		EPS		Demonstrates compliance with operational and contingency requirements.		Standard EPS verification







Communications



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-COMM : Communications Subsystem Requirements

										SR-COMM.1		The communications subsystem shall provide a reliable data link between the system and the Lunar Lander (or relay) during nominal mission operations.		SR-5.5.1, SR-6.1.1		Communications Architecture Document, Link Analysis		Communications		Required for downlink of science, mapping, and health data.		Relay via Griffin

										SR-COMM.2		The communications subsystem shall support a minimum science and housekeeping data throughput of ≥ [TBD] Gb/day under nominal conditions.		SR-1.3.1, SR-6.1.1		Link Budget Analysis		Communications		Ensures timely delivery of mapping and PRM-ready products.		Includes margin

										SR-COMM.3		The communications subsystem shall support prioritized data transmission such that mission-critical health and high-value science products are downlinked before lower-priority data.		SR-5.6.2, SR-6.2.2		Communications Protocol Specification, Ops Concept		Communications, Computer		Prevents loss of critical data during limited contact periods.		Priority classes TBD

										SR-COMM.4		The communications subsystem shall retain all mission-critical data during communication outages of ≥ [TBD] hours without data loss.		SR-5.6.1, SR-6.2.2		Data Handling Test, Fault Injection Test		Communications, Computer		Lunar surface operations include extended link outages.		Storage handled by SR-COMP

										SR-COMM.5		The communications subsystem shall support transmission of time-tagged and georeferenced data products with associated metadata.		SR-5.1.1, SR-5.1.2		Interface Control Document (ICD), Data Format Specification		Communications, Computer		Required for correct reconstruction of mapped products.		Metadata fields TBD

										SR-COMM.6		The communications subsystem shall support bidirectional exchange of command, timing, and state information with the Lunar Lander.		SR-5.5.1, SR-5.5.2		Interface Control Document (ICD), Test Report		Communications		Enables coordinated operations and fault recovery.		Update rate TBD

										SR-COMM.7		The communications subsystem shall operate within the electrical power capability defined in SR-EPS during all operational modes.		SR-EPS.1, SR-EPS.5		Power Budget Analysis, Test		Communications, EPS		Prevents communication events from disrupting mission operations.		Tx duty cycle TBD

										SR-COMM.8		The communications subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.3, SR-RAD.1		Combined Environment Analysis		Communications, Thermal, Radiation		Ensures link availability across lunar day–night cycles.		Cross-subsystem coupling

										SR-COMM.9		The communications subsystem shall implement error detection and retransmission mechanisms to ensure data integrity.		SR-RAD.4, SR-6.4.2		Protocol Verification, Fault Injection Test		Communications, Computer		Prevents corrupted data from entering PRM workflows.		CRC/ARQ mechanisms

										SR-COMM.10		The communications subsystem shall support standardized data interfaces compatible with modular payload integration.		SR-4.3.4, SR-4.3.5		Interface Control Document (ICD)		Communications		Preserves modularity and avoids payload-specific comm redesign.		Protocol TBD

										SR-COMM.11		The communications subsystem shall be verified through link analysis and subsystem-level testing prior to mission deployment.		SR-3.6.1		Communications Test Report		Communications		Demonstrates performance under expected mission conditions.		Standard verification





Computer



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-COMP : Computer Subsystem Requirements

										SR-COMP.1		The computer subsystem shall provide command and data handling services for all mission-critical subsystems and payloads.		SR-1.3.1, SR-5.5.1		C&DH Architecture Document		Computer		Enables coordinated operation of sensing, storage, and communications.		Central flight computer

										SR-COMP.2		The computer subsystem shall acquire, time-tag, and store all science and housekeeping data generated by onboard instruments.		SR-5.1.1, SR-5.1.2		Data Handling Design Document		Computer		Required for traceable, georeferenced data products.		Time standard TBD

										SR-COMP.3		The computer subsystem shall support processing of data products from raw (L0) through processed and fused (L3) levels as applicable.		SR-1.3.1, SR-6.3.1		Software Architecture Document		Computer		Enables generation of PRM-ready map products.		Processing split onboard/ground TBD

										SR-COMP.4		The computer subsystem shall provide non-volatile storage sufficient to retain all mission-critical data during expected communication outages.		SR-COMM.4, SR-6.2.2		Memory Sizing Analysis		Computer		Prevents loss of high-value data during link outages.		Storage capacity TBD

										SR-COMP.5		The computer subsystem shall preserve data integrity through error detection mechanisms for stored and transmitted data.		SR-RAD.4, SR-6.4.2		Software Verification Report		Computer		Prevents corrupted data from propagating into map products.		CRC/checksum based

										SR-COMP.6		The computer subsystem shall quarantine, flag, or discard data products that fail integrity or quality checks.		SR-RAD.5, SR-5.6.2		Fault Injection Test Report		Computer		Protects downstream processing and PRM outputs.		Logic TBD

										SR-COMP.7		The computer subsystem shall associate metadata describing position, time, uncertainty, and instrument state with each stored data product.		SR-5.1.1, SR-6.4.1		Data Format Specification		Computer		Required for multi-instrument fusion and uncertainty propagation.		Metadata schema TBD

										SR-COMP.8		The computer subsystem shall support prioritized data handling and storage consistent with communications prioritization.		SR-COMM.3		Data Handling Design Document		Computer		Ensures critical data are retained and downlinked first.		Priority tiers TBD

										SR-COMP.9		The computer subsystem shall support bidirectional data exchange with the communications subsystem using standardized interfaces.		SR-COMM.6		Interface Control Document (ICD)		Computer, Communications		Enables reliable command, telemetry, and file transfer.		Protocol TBD

										SR-COMP.10		The computer subsystem shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1, SR-EPS.5		Power Budget Analysis		Computer, EPS		Prevents data handling from disrupting mission operations.		Duty cycle TBD

										SR-COMP.11		The computer subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.1, SR-RAD.1		Combined Environment Analysis		Computer, Thermal, Radiation		Ensures reliable operation on the lunar surface.		Cross-subsystem

										SR-COMP.12		The computer subsystem shall support fault detection, isolation, and recovery (FDIR) sufficient to preserve command, timing, and data storage functions.		SR-5.6.1		FDIR Plan, Fault Injection Test		Computer		Required for autonomous recovery from upsets and faults.		Safe mode logic TBD

										SR-COMP.13		The computer subsystem shall be verified through analysis, simulation, and subsystem-level testing prior to mission deployment.		SR-3.6.1		C&DH Test Report		Computer		Demonstrates compliance with mission requirements.		Standard verification

										SR-COMP.14		The computer subsystem shall implement command, data handling, storage, and downlink functionality using standard NASA Core Flight System (cFS) applications without modification of core cFS services.		CPEDOC		Software Architecture Review		Computer		Preserves software heritage, reduces regression risk, and improves maintainability.		Custom logic implemented as cFS apps

										SR-COMP.15		The computer subsystem shall support extensible data handling through configurable application-level services rather than hard-coded mission logic.		CPEDOC		Software Design Review		Computer		Enables future payload additions and reuse without restructuring core software.		Supports modular mission growth





Structures



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-STRUCT : Structural Subsystem Requirements

										SR-STRUCT.1		The structural subsystem shall support all mission-critical subsystems and payloads under expected launch, landing, and surface operational loads.		SR-3.6.1, SR-4.4.1		Structural Analysis Report		Structures		Ensures structural integrity throughout all mission phases.		Load cases TBD

										SR-STRUCT.2		The structural subsystem shall maintain mechanical integrity across lunar day–night thermal cycles without permanent deformation or loss of function.		SR-4.4.1		Thermal-Structural Analysis		Structures, Thermal		Prevents fatigue, cracking, and misalignment due to thermal cycling.		Tied to reuse

										SR-STRUCT.3		The structural subsystem shall maintain alignment of mission-critical interfaces within allowable tolerances across all operational conditions.		SR-4.4.3, SR-5.3		Structural Test, Inspection		Structures		Required for co-registered sensing and modular interface fit.		Alignment tolerance TBD

										SR-STRUCT.4		The structural subsystem shall provide standardized mechanical interfaces to support modular payloads and replaceable subsystems.		SR-4.3.2, SR-4.3.5		Interface Control Document (ICD)		Structures		Enables modularity without redesign of primary structure.		Interface envelope TBD

										SR-STRUCT.5		The structural subsystem shall support repeated installation and removal of replaceable subsystems for at least [TBD] reuse cycles.		SR-4.1.1		Inspection, Demonstration		Structures		Supports refurbishment and reuse objectives.		Fastener limits TBD

										SR-STRUCT.6		The structural subsystem shall withstand expected launch vibration and shock environments without damage to mounted payloads or avionics.		SR-3.6.1		Vibration & Shock Test Report		Structures		Protects sensitive instrumentation during launch.		Launch vehicle TBD

										SR-STRUCT.7		The structural subsystem shall provide load paths that prevent excessive stress transfer to modular payload interfaces.		SR-4.3.1		Structural Analysis		Structures		Avoids damage to replaceable payloads and interfaces.		Interface isolation TBD

										SR-STRUCT.8		The structural subsystem shall be compatible with dust mitigation features for exposed mechanical interfaces and connectors.		SR-4.5.3		Inspection, Test		Structures		Dust accumulation can impair mechanical fit and motion.		Covers, seals, wipes

										SR-STRUCT.9		The structural subsystem shall operate within the mass allocation defined by the system mass budget.		SR-4.6.2		Mass Properties Report		Structures		Structural mass strongly impacts cost per delivered kilogram.		Mass margin TBD

										SR-STRUCT.10		The structural subsystem shall be verified through analysis, inspection, and subsystem-level testing prior to mission deployment.		SR-3.6.1		Structural Verification Report		Structures		Demonstrates compliance with mission load and interface requirements.		Standard verification





GNC





										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-GNC : Guidance, Navigation, and Control Subsystem Requirements

										SR-GNC.1		The GNC subsystem shall provide position and attitude estimates sufficient to support georeferenced science and mapping products.		SR-5.1.1, SR-6.1.1		Navigation Analysis Report		GNC		Required to correctly geolocate surface and subsurface measurements.		Accuracy thresholds TBD

										SR-GNC.2		The GNC subsystem shall provide attitude knowledge and stability sufficient to meet payload pointing and resolution requirements during data collection.		SR-1.2.2, SR-2.2.1		Pointing Analysis, Test		GNC		Ensures MSI, LPR, and other sensors meet resolution and SNR requirements.		Stability TBD

										SR-GNC.3		The GNC subsystem shall support time-synchronized navigation solutions compatible with the system time standard.		SR-5.1.2, SR-5.4.1		Timing & Sync Verification		GNC, Computer		Required for multi-sensor co-registration and fusion.		Time base defined by SR-COMP

										SR-GNC.4		The GNC subsystem shall provide navigation state updates at a rate sufficient to support coordinated sensing and motion compensation.		SR-5.3.1		GNC Performance Analysis		GNC		Prevents spatial smearing and misregistration of measurements.		Update rate TBD

										SR-GNC.5		The GNC subsystem shall maintain bounded navigation error during temporary loss of external navigation updates.		SR-5.6.1		Fault Injection Test, Analysis		GNC		Required for robustness during comm or relay outages.		Outage duration TBD

										SR-GNC.6		The GNC subsystem shall estimate and report navigation uncertainty associated with each position solution.		SR-5.3.2, SR-6.4.2		Navigation Data Product Review		GNC		Required for uncertainty propagation in PRM modeling.		Confidence metric TBD

										SR-GNC.7		The GNC subsystem shall support coordinate frame transformations between the platform frame and the Lunar Lander reference frame.		SR-5.2.1		Interface Control Document (ICD)		GNC		Enables consistent spatial alignment across systems.		Frame definition TBD

										SR-GNC.8		The GNC subsystem shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Budget Analysis		GNC, EPS		Prevents GNC operation from disrupting mission power balance.		Duty cycle TBD

										SR-GNC.9		The GNC subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.1, SR-RAD.1		Combined Environment Analysis		GNC, Thermal, Radiation		Ensures reliable navigation performance on the lunar surface.		Cross-subsystem

										SR-GNC.10		The GNC subsystem shall support safe-state transitions and recovery following navigation faults or loss of valid state estimates.		SR-5.6.1		FDIR Plan, Test		GNC, Computer		Prevents propagation of invalid navigation solutions.		Safe logic TBD

										SR-GNC.11		The GNC subsystem shall be verified through analysis, simulation, and subsystem-level testing prior to mission deployment.		SR-3.6.1		GNC Verification Report		GNC		Demonstrates compliance with navigation and pointing requirements.		Standard verification





Sheet1

														SR-1.1.1.Y		The system shall include a multispectral imaging camera capable of measuring surface spectral properties.		SR-1.1.1		Instrumentation-[TBRSys].N.N		Instrumentation		Enables proxy-based estimation of Helium-3 distribution.

														SR-1.1.1.Y.a		The multispectral camera shall acquire imagery in [TBR] spectral bands.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N		Instrumentation		Resolution sufficient to distinguish relevant spatial or compositional variations.

														SR-1.1.1.Y.b

														SR-1.1.1.Y.c		The multispectral camera shall achieve spatial resolution of ≤ [TBR] m per pixel.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N		Instrumentation		Measurement uncertainty must support reserve estimation confidence.

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall store collected measurement data in onboard memory prior to downlink.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N, Computer-[TBRSys].N.N		Instrumentation, Computer		Enables buffering and prioritized data downlink.		—

														SR-1.1.1.Y		The LSRCM structure shall provide mechanical and electrical interface capability for [TBR TOOLING 1].		SR-1.1.1		Structures-[TBRSys].N.N		Structures, Instrumentation		Ensures secure integration without compromising system integrity.		—

														SR-1.1.1.Y.a		The LSRCM shall maintain a secure interface with [TBR TOOLING 1] under launch vibration and load conditions.		SR-1.1.1.B		Structures-[TBRSys].N.N		Structures		Prevents damage or detachment during launch.		—

														SR-1.1.1.Y.b		The LSRCM shall maintain a secure interface with [TBR TOOLING 1] under nominal operational and servicing conditions.		SR-1.1.1.B		Structures-[TBRSys].N.N, Operations-[TBRSys].N.N		Structures, Operations		Ensures alignment and survivability during surface operations.

														SR-1.1.1.Y		The [TBR TOOLING 1] shall operate within the expected lunar surface thermal environment.		SR-1.1.1		Thermal-[TBRSys].N.N		Instrumentation, Thermal		Ensures sustained operation across lunar day/night cycles.

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall tolerate expected lunar surface radiation levels without degradation of measurement performance.		SR-1.1.1.C		Radiation Analysis-[TBRSys].N.N		Instrumentation		Preserves measurement accuracy over mission duration.		—

														SR-1.1.1.Y		The [TBR TOOLING 1] shall operate within the LSRCM mission duty cycle and available power budget.		SR-1.1.1		EPS-[TBRSys].N.N		Instrumentation, EPS		Prevents power conflicts with other mission systems.		—

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall operate according to [TBR] standards,nominal operational modes.		SR-1.1.1.E, SR-1.1.1.B.b		Calibration Procedure-[TBRSys].N.N		Instrumentation		Establishes baseline instrument performance.

														SR-1.1.1.Y.b		The [TBR TOOLING 1] shall operate according to [TBR] standards,during servicing operational modes.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall operate according to [TBR] standards,safe operational modes.		SR-1.1.1.E		Data Management Plan-[TBRSys].N.N		Instrumentation, Computer

														SR-1.1.1.Y		The [TBR TOOLING 1] shall support calibration sufficient to ensure repeatable and traceable measurements.		SR-1.1.1		Instrument Calibration Plan-[TBRSys].N.N		Instrumentation		Required for scientific validity and reserve modeling.

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall support pre-flight calibration prior to launch.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation		Establishes baseline instrument performance.

														SR-1.1.1.Y.b		The [TBR TOOLING 1] shall support in-situ or operational calibration during the mission as applicable.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation		Accounts for drift due to radiation, temperature, or aging.

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall preserve calibration metadata with associated measurement data.		SR-1.1.1.E		Data Management Plan-[TBRSys].N.N		Instrumentation, Computer		Enables post-processing and traceability.





PowerReq



						Lunar Penetrating Radar Requirements

						Number		Requirement		Source		Verification Document		Comments

						pwr-01		The system shall be electrically compatible with the Griffin lander's 28 ± 5% V DC power service provided via the Standard Electrical Connector (SEC).		MO-4, MSC-4.3, SR-1.6.4, SR-4.3.3, SYS-16, SYS-21		Electrical ICD, Test Report		Ensures basic compatibility for charging and operations while attached to the lander.

						pwr-02		The system's total power consumption shall not exceed 200 W (1.0 W/kg) during nominal operations while attached to the lander.		MO-4, SR-1.6.5, SYS-1		Power Budget, Analysis		This budget must account for instrument standby, thermal control, and battery charging before deployment.

						pwr-03		The system shall be fully self-powered after deployment from the lander, providing all necessary power for mobility, science operations, and communications.		MO-1, MO-2, MO-3, MO-4, SYS-1a, SYS-31		Power Budget, System Design Document		Per the PUG, the lander does not provide power after egress. The system will require its own solar arrays and/or batteries.

						pwr-04		The onboard energy storage system (batteries) shall be sized to support a minimum of one full mobility and survey sortie without recharging.		MO-1, MO-2, MO-3, SYS-12, SYS-26, SYS-31, SYS-36		Energy Budget Report, Analysis		This includes power for mobility/propulsion, all instruments operating, the onboard computer, and communications.

						pwr-05		The power system shall provide continuous, regulated power to the science instrument suite, including the LPR (≤ 8 W), Grain Size Analyzer (≤ 5 W), and APXS (≤ 6 W).		MO-1, MO-2, MO-3, LPR-001, AGA-001, APXS-001		Electrical Power Test Report, Power Budget		Stable power is critical for measurement accuracy. The full instrument suite power draw must be accounted for.

						pwr-06		The power system shall provide continuous power to the payload's onboard computer, communication systems, and data storage hardware during all operational phases.		MO-5, MO-6, SYS-15, ELEC-2, ELEC-6, ELEC-8		Electrical ICD, Power Budget		These core systems are mission-critical for navigation, mapping, and data return.

						pwr-07		The system shall include an autonomous power management function to monitor energy consumption and to safe non-critical systems to prevent power depletion.		MO-4, SYS-37		Power Management Report, Demonstration		Protects mission operations by ensuring power is available for key functions like mobility and data collection.

						pwr-08		The power system must supply sufficient power to the thermal control system to maintain all components within their operational temperature range (-30°C to +80°C).		MO-4, MSC-4.4, SR-1.6.9, SR-4.4.1, SYS-4, SYS-33		Thermal Analysis Report, Power Budget		This is a major power driver, especially for survival through lunar night, which may require significant heater power.

						pwr-09		Any high instantaneous power events, such as for mobility, shall be supplied by the payload's internal energy storage, not directly from the lander's power bus.		MO-4, SYS-1f, SYS-1g, SYS-28		Propulsion/Mobility Integration Report		Protects the lander's circuits and ensures the payload can handle its own power spikes, as required for deployable systems.





System Requirements

								*READ THIS STUFF AND MAKE SURE IT MAKES SENSE



						System Requirements

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-1		The mission power system shall provide at least 1 W of regulated electrical power per kilogram of payload during nominal surface operations while the payload is attached to the lander.		PUG Lander Document		Analysis		Updated		Clarifies that 1 W/kg applies only while attached.		PUG: Nominal 1 W/kg power allocation.

						SYS-1a		For deployable payloads, the payload shall be self-powered following separation from the lander; the lander will not provide nominal power after egress.				Analysis		New		Deployables must provide their own power after release.		PUG: Deployable payloads take full control of power after release.

						SYS-1c		The lander shall provide a scheduled PEAK power service of up to 2.5 W per kilogram of payload while the payload remains attached, subject to Astrobotic scheduling and power availability.				Analysis		New		Defines lander PEAK power allocation.		PUG: Peak = 2.5 W/kg when scheduled.

						SYS-1d		The payload customer shall request and schedule any required PEAK power windows (start/stop times, duration, justification) through the payload integration and mission operations process.				Inspection		New		Clarifies scheduling requirement for peak power use.		PUG: Additional power services available via scheduling.

						SYS-1e		The lander shall provide a RELEASE power pulse of up to 30 W peak for approximately 60 seconds for deployment/actuation events only.				Test		New		Defines available high-power pulse for deployment-only operations.		PUG: Release = 30 W peak for ~60 seconds.

				NOTE: Calculate power requirements of all instruments combined, potential driving or propulsion systems, and computers necessary. Generate rough estimates of this to incorporate into requirements so that requirements can be broad enough to support designing a rover or some projectile payload.		SYS-1f		If a launch-from-lander event requires power beyond PEAK or sustained high power, the payload shall include internal power storage (batteries or capacitors) sized to support the event and post-release operations.				Inspection		New		Ensures high-power events must use onboard energy storage.		PUG: Deployables control power post-release; lander not used for sustained loads.

						SYS-1g		High instantaneous actuation power shall be supplied by on-payload energy storage; SEC power circuits shall be used only for charging and release signals within the lander-provided limits.				Test		New		Protects lander circuits; ensures payload uses internal storage for spikes.		PUG: SEC supports limited operational and release circuits only.

						SYS-2		The system shall support a total payload mass of up to 200 kg including instruments and mounting hardware.				Analysis		Updated		Fit within Griffin 625 kg capacity.		PUG: Griffin payload capacity.

						SYS-3		The system shall provide a payload accommodation volume of at least 40 m^3 for science instruments.				Inspection		Updated		Volume fits within Griffin mounting envelope.		PUG: Payload envelope & mounting decks.

				NOTE: adjust this temperature range in the instrument requirements		SYS-4		The system shall support payload operation across lunar surface thermal environments from −30°C to +80°C.				Test		Updated		Matches PUG lunar surface thermal environment.		PUG: Thermal Environment (Surface).

						SYS-5		The system shall survive launch vibration, acoustic, and shock environments consistent with Falcon Heavy limits.				Test		Updated		Mechanical loads defined by GEVS and Astrobotic.		PUG: Mechanical Environment.		Launch vehicle for Griffin

						SYS-6		The system shall tolerate cumulative radiation exposure of at least 1 krad(Si).				Analysis		Updated		Matches typical mission TID (<1 krad).		PUG: Radiation environment.

						SYS-7		The system shall support continuous science data collection for a minimum of 14 days on the lunar surface.				Analysis		Updated		Matches Griffin 14-day surface duration.		PUG: Griffin Polar Configuration.

						SYS-8		The system shall operate in vacuum, lunar dust, and variable solar illumination without unacceptable performance degradation.				Test		Updated		Environmental compatibility.		PUG: Pressure, contamination, surface environment.

						SYS-9		The system shall allow payloads to be deployed from the lander without requiring additional mission support beyond standard Astrobotic egress procedures.				Test		Updated		Matches standard deployable payload ops.		PUG: Egress Procedures.

						SYS-10		The system shall support payload operation as a navigation gateway for future missions.				Analysis		Unchanged		Supports use of OPAL or enhanced sensors.		PUG: TRN/OPAL.

						SYS-11		The system shall be compatible with a launch schedule no later than 2032.				Analysis		Unchanged		Schedule constraint.		N/A

						SYS-12		The system shall support surface surveys covering at least 50 km².				Analysis		Unchanged		Survey requirement.		N/A

				Note: Verify that all instruments can achieve this. May need to adjust.		SYS-13		The system shall support detection of subsurface structures to a depth of at least 2 m.				Test		Unchanged		Science requirement.		N/A

						SYS-14		The system shall support construction of 3D maps of regolith thickness, density, and grain size.				Analysis		Unchanged		Science requirement.		N/A

						SYS-15		The system shall provide an internal payload controller (OBC) for managing instruments and data.				Inspection		Updated		Uses radiation-tolerant FPGA payload computer.		PUG: Payload Computer.

						SYS-16		The system shall support instrument electrical interfaces at 28 V ± 5% DC.				Inspection		Updated		Matches SEC power specification.		PUG: Electrical Interfaces.

						SYS-17		The system shall support data interfaces using RS-422 or SpaceWire.				Test		Updated		Matches standard lander payload interfaces.		PUG: Data Interfaces.

						SYS-18		Instruments shall be controllable via scripts (C++ or RUST) on Linux-based systems using open APIs.				Test		Updated		Supports autonomous ops from PMCC.		PUG: Ground Segment.		Rust/C++

						SYS-19		The system shall support a maximum downlink bandwidth of 10 kbps per kilogram during nominal surface operations.				Analysis		Updated		Matches nominal data allocation.		PUG: Data Services (Release 10 kbps/kg).

						SYS-20		Instruments shall support integration times ≤100 ms per sample or operate in stop-and-stare mode without exceeding mission duration.				Test		Unchanged		Science operations requirement.		N/A

						SYS-21		The system shall use the Standard Electrical Connector (SEC) for all power and data interfaces.				Inspection		New		Ensures compatibility with Glenair SuperNine connector.		PUG: SEC description.

						SYS-22		The system shall maintain thermal conductance <0.1 W/K between payload and lander mounting interfaces.				Test		New		Required for thermal isolation.		PUG: Thermal Interfaces.

						SYS-23		The system shall comply with EMI/EMC requirements per MIL-STD-461G.		MIL-STD-461G		Inspection		New		Active payload EMI constraint.		PUG: Electromagnetic Environment.

						SYS-24		The system shall comply with ISO Class 8 cleanroom integration requirements (or optional Class 7 if required).				Inspection		New		Matches integration facility constraints.		PUG: Contamination Control.

						SYS-25		The system shall support the standard 75 mm bolt-pattern mounting grid with M5 helicoils on the payload mounting decks.				Inspection		New		Ensures structural compatibility with mounting decks.		PUG: Payload Mounting Decks.

						Other Systems Requirements considerations:

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-26		The system shall support repositioning of the payload across the lunar surface to enable multi-location measurement operations.		TBD		Analysis/Simulation		New		Mobility Concept Report		Ensures science coverage of survey areas		Specific mobility method (hover, rover, or hybrid) TBD during concept development

				*		SYS-27		The system shall provide sufficient payload stability during repositioning to maintain instrument performance within mission-defined measurement tolerances.		TBD		Test/Analysis		New		Stabilization Performance Report		Prevents motion-induced degradation of He-3 and H₂O measurements		Covers concept-phase hover or traverse scenarios

						SYS-28		The system shall support any propulsion or traction systems required for payload repositioning without exceeding mass, volume, or power budgets.		TBD		Analysis		New		Propulsion/Mobility Integration Report		Ensures mobility does not compromise system constraints		Fuel/mass allocation TBD

				*		SYS-29		The system shall maintain dust mitigation for sensors and mobility systems during surface operations.		TBD		Test		New		Environmental Test Report		Prevents sensor degradation and maintains operational reliability		Applies for hover, rover, or hybrid modes

				*		SYS-30		System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.
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Comment:
    Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.		TBD		Analysis		New		Data Storage Analysis Report		Prevents data loss during extended surveys		Accounts for measurements while moving or stationary

				*		SYS-31		The system shall support energy storage sufficient to power mobility and instrument operations for a minimum of Y hours per mission operation period.		TBD		Analysis		New		Energy Budget Report		Ensures survey coverage without exceeding power limits		Includes propulsion energy and payload usage; exact Y TBD

				*		SYS-32		The system shall provide safe clearance from the surface and obstacles during repositioning to prevent collision or damage to the payload.		TBD		Test/Analysis		New		Operational Safety Analysis Report		Ensures payload safety during mobility operations		Hover altitude or clearance margin TBD

						SYS-33		The system shall maintain thermal stability of instruments during surface repositioning under varying illumination and shadow conditions.		TBD		Test		New		Environmental Qualification Test Report		Protects instrument performance during dynamic thermal loads		May require insulation, heaters, or thermal control design

				*		SYS-34		The system shall provide navigation and hazard avoidance sensors sufficient for safe autonomous or semi-autonomous surface repositioning.
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Comment:
    Include importance of control algorithms for autonomous/semi-auto repositioning.		TBD		Test		New		Navigation Performance Report		Enables coverage of target survey areas without collisions		Sensor types TBD; Doppler LiDAR, stereo cameras, optical flow possible

						SYS-35		The system shall allow instrument operation during movement without exceeding measurement error limits defined for mission objectives.		TBD		Test/Analysis		New		Science Performance Test Report		Ensures He-3 and H₂O measurements remain valid during motion		Integration times and motion blur constraints TBD

						SYS-36		The system shall support recharging or refueling of energy stores between sorties if multiple sorties are required to complete survey objectives.		TBD		Analysis		New		Operational Sustainability Report		Enables extended mission coverage across multiple locations		Recharge/refuel method TBD (solar, battery swap, propellant refill)

				*		SYS-37		The system shall monitor and manage onboard energy consumption to prevent depletion during critical science or mobility operations. 		TBD		Test/Analysis		New		Power Management Report		Protects mission operations and prevents partial survey failure		Includes automated or manual power management

						SYS-38		System should have sufficient control algorithms- based on sensors onboard to facilitate autonomous maneuvering. 

																				Specs of PUG lander Computer: GNC flight sensor drivers and propulsion control units, are enclosed separately near the relevant subsystem hardware. Peregrine's flight computer consists of a 32-bit high-performance dual-core LEON 3 FT microprocessor. The computer employs radiation hardened integrated circuits as well as fault-tolerant and SEU-proof characteristics.

Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.



Include importance of control algorithms for autonomous/semi-auto repositioning.
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LPR Req

				Will this Instruemnt be used?								*If you find that there is nothing in systems requirements to tie to an instrument requirement, then add to the systems requirements.

				YES

										Lunar Penetrating Radar Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

		VERIFY THIS ROW FOR ALL INSTRUMENTS								LPR-001		The Lunar Penetrating Radar shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities.		Peak power during radar pulse transmission TBD

										LPR-002		The Lunar Penetrating Radar shall have a total mass ≤ 4.0 kg, including mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits.		Mass growth margin of 15 percent allocated

										LPR-003		The Lunar Penetrating Radar shall fit within the allocated payload envelope of 30 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location.		Antenna deployment volume excluded

										LPR-004		The Lunar Penetrating Radar shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures.		Survival temperature limits TBD

										LPR-005		The Lunar Penetrating Radar shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle.		Load spectra TBD based on launch vehicle

										LPR-006		The Lunar Penetrating Radar electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration.		Shielding trade study pending

										LPR-007		The Lunar Penetrating Radar shall be capable of storing a minimum of 14 days of continuous radar data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps.		Data rate and compression assumptions TBD

										LPR-008		The Lunar Penetrating Radar shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to exposed electronics and antennas.		Dust mitigation strategy under development





Grain Analyzer Req

				Will this Instrument be used?

				YES

										Automated Grainsize Analyzer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										AGA-001		The Automated Grain Size Analyzer shall operate within an average power consumption ≤ 5 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities		Peak power during measurement TBD

										AGA-002		The Automated Grain Size Analyzer shall have a total mass ≤ 2.5 kg, including mounting hardware		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15% allocated

										AGA-003		The Automated Grain Size Analyzer shall fit within the allocated payload envelope of 25 x 15 x 15 cm with a minimum clearance of 2 mm on all sides		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Microscope optics and sample holder included

										AGA-004		The Automated Grain Size Analyzer shall operate nominally between minus 30 C and plus 50 C		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										AGA-005		The Automated Grain Size Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										AGA-006		The Automated Grain Size Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Shielding trade study pending

										AGA-007		The Automated Grain Size Analyzer shall be capable of measuring particle size distributions from 10 µm to 2 mm with an accuracy of ±10%		TBD		Test		Incomplete		Calibration Test Report		Enables identification of surface conditions associated with He-3 retention		Accuracy and particle size range based on science objectives

										AGA-008		The Automated Grain Size Analyzer shall store a minimum of 14 days of continuous measurement data onboard		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data rate and compression assumptions TBD

										AGA-009		The Automated Grain Size Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to optics and sensors		Dust mitigation strategy under development

										AGA-010		The Automated Grain Size Analyzer shall be capable of analyzing regolith samples either in situ or from collected sample containers		TBD		Test		Incomplete		Functional Test Report		Supports operational flexibility for multiple mission scenarios		Sample handling mechanism TBD

										AGA-011		The Automated Grain Size Analyzer shall provide measurement data with a time resolution of ≤ 1 minute per sample		TBD		Test		Incomplete		Data Rate Test Report		Enables timely characterization of multiple samples during surface operations		Depends on imaging speed and processing algorithm

										AGA-012		The Automated Grain Size Analyzer shall maintain alignment of optics and sensors within ±1 mm under operational and launch conditions		TBD		Inspection/Test		Incomplete		Alignment Verification Report		Ensures measurement accuracy during transport and operation		Optical mount design TBD





APXS Req

				Will this Instrument be used?

				TBD

										Alpha Particle X-Ray Spectrometer (APXS) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										APXS-001		The APXS shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables routine surface composition measurements		Peak power during excitation TBD

										APXS-002		The APXS shall have a total mass ≤ 3.0 kg, including mounting hardware and deployment mechanism.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										APXS-003		The APXS shall fit within the allocated payload envelope of 25 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployment arm volume excluded

										APXS-004		The APXS shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										APXS-005		The APXS shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										APXS-006		The APXS electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										APXS-007		The APXS shall measure elemental abundances for elements with atomic numbers from Na to Fe with an accuracy of ±10 percent.		TBD		Test		Incomplete		Calibration and Validation Report		Enables identification of Ti-rich basaltic materials associated with enhanced He-3 retention		Titanium detection threshold TBD

										APXS-008		The APXS shall achieve a minimum surface measurement integration time of ≤ 30 minutes per target.		TBD		Test		Incomplete		Performance Test Report		Allows multiple compositional measurements within nominal surface operations timeframe		Integration time dependent on count rate

										APXS-009		The APXS shall store a minimum of 14 days of compositional data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										APXS-010		The APXS shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to detectors and contact surfaces		Dust cover or purge mechanism TBD

										APXS-011		The APXS shall be capable of performing measurements while in direct contact with the lunar surface.		TBD		Test		Incomplete		Functional Test Report		Ensures accurate elemental analysis by minimizing standoff distance		Surface contact force TBD

										APXS-012		The APXS shall maintain detector alignment and calibration within mission limits for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for compositional analysis		Periodic in-flight calibration TBD





Flux Mag Req

				Will this Instrument be used?

				TBD

										Fluxgate Magnetometer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										FGM-001		The Fluxgate Magnetometer shall operate within an average power consumption ≤ 3 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous magnetic field measurements		Peak power during sampling TBD

										FGM-002		The Fluxgate Magnetometer shall have a total mass ≤ 2.0 kg, including sensor, boom, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Boom length TBD

										FGM-003		The Fluxgate Magnetometer shall fit within the allocated payload envelope of 20 x 15 x 15 cm when stowed, with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployed boom volume excluded

										FGM-004		The Fluxgate Magnetometer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										FGM-005		The Fluxgate Magnetometer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										FGM-006		The Fluxgate Magnetometer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										FGM-007		The Fluxgate Magnetometer shall measure magnetic field vectors with a resolution of ≤ 0.1 nT over a dynamic range of at least ±1000 nT.		TBD		Test		Incomplete		Calibration and Performance Report		Enables detection of lunar crustal magnetic anomalies that deflect solar wind		Performance consistent with prior lunar missions

										FGM-008		The Fluxgate Magnetometer shall acquire vector magnetic field measurements at a sampling rate ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports mapping of spatial variations in magnetic anomalies during surface operations		Higher rates optional if power allows

										FGM-009		The Fluxgate Magnetometer shall store a minimum of 14 days of continuous magnetic field data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per sample TBD

										FGM-010		The Fluxgate Magnetometer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to exposed sensors and connectors		Dust shielding strategy TBD

										FGM-011		The Fluxgate Magnetometer shall minimize magnetic interference from spacecraft systems to within mission-defined limits.		TBD		Analysis/Test		Incomplete		Magnetic Cleanliness Report		Ensures accurate measurement of weak crustal magnetic fields		Magnetic cleanliness requirements TBD

										FGM-012		The Fluxgate Magnetometer shall maintain calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for correlation with solar-wind implantation		Periodic in-flight calibration TBD





MS Camera Req

				Will this Instrument be used?

				TBD

										Multispectral Imaging Camera Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										MSIC-001		The Multispectral Imaging Camera shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous imaging operations		Peak power during image acquisition TBD

										MSIC-002		The Multispectral Imaging Camera shall have a total mass ≤ 2.5 kg, including optics, detector, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										MSIC-003		The Multispectral Imaging Camera shall fit within the allocated payload envelope of 20 x 15 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with rover mounting location		Field-of-view envelope excluded

										MSIC-004		The Multispectral Imaging Camera shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										MSIC-005		The Multispectral Imaging Camera shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										MSIC-006		The Multispectral Imaging Camera electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										MSIC-007		The Multispectral Imaging Camera shall acquire images in at least 5 discrete spectral bands spanning the visible to near-infrared range.		TBD		Test		Incomplete		Optical Performance Test Report		Enables inference of regolith maturity and grain size related to He-3 retention		Spectral band centers TBD

										MSIC-008		The Multispectral Imaging Camera shall achieve a ground sampling distance ≤ 5 mm per pixel at nominal imaging altitude.		TBD		Test		Incomplete		Imaging Resolution Report		Allows identification of fine-grained regolith features		Pixel scale dependent on optics

										MSIC-009		The Multispectral Imaging Camera shall support imaging while the rover is moving at speeds up to 5 cm/s without unacceptable image blur.		TBD		Test		Incomplete		Motion Imaging Test Report		Enables efficient surface coverage during rover traverses		Exposure time and stabilization strategy TBD

										MSIC-010		The Multispectral Imaging Camera shall store a minimum of 14 days of multispectral image data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Image compression scheme TBD

										MSIC-011		The Multispectral Imaging Camera shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to optics and detectors		Dust cover or optical window TBD

										MSIC-012		The Multispectral Imaging Camera shall maintain radiometric calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Radiometric Calibration Report		Ensures long-term validity of reflectance measurements used to infer regolith maturity		In-flight calibration target TBD





ESA Req

				Will this Instrument be used?

				TBD

										Electrostatic Analyzer (ESA) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										ESA-001		The Electrostatic Analyzer shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and supports continuous charged-particle measurements		Peak power during high-rate sampling TBD

										ESA-002		The Electrostatic Analyzer shall have a total mass ≤ 4.0 kg, including sensors, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										ESA-003		The Electrostatic Analyzer shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Field-of-view envelope excluded

										ESA-004		The Electrostatic Analyzer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										ESA-005		The Electrostatic Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										ESA-006		The Electrostatic Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										ESA-007		The Electrostatic Analyzer shall measure ion and electron energies from 1 eV to 20 keV with an energy resolution ≤ 20 percent.		TBD		Test		Incomplete		Calibration and Performance Report		Enables characterization of solar wind ions responsible for He-3 implantation		Energy range aligned with solar wind expectations

										ESA-008		The Electrostatic Analyzer shall measure charged particle angular distributions with a field of view ≥ 180 degrees.		TBD		Test		Incomplete		Angular Response Test Report		Enables determination of particle arrival direction and surface implantation geometry		Multiple sensor heads or deflection system TBD

										ESA-009		The Electrostatic Analyzer shall acquire charged particle measurements at a cadence ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports correlation with magnetic field and surface measurements		Higher cadence optional if power allows

										ESA-010		The Electrostatic Analyzer shall store a minimum of 14 days of charged particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data compression strategy TBD

										ESA-011		The Electrostatic Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to apertures and sensors		Dust shielding or electrostatic deflection TBD

										ESA-012		The Electrostatic Analyzer shall minimize contamination from spacecraft-generated charged particles and electric fields.		TBD		Analysis/Test		Incomplete		EMI and Plasma Interaction Report		Ensures accurate measurement of ambient solar wind environment		Spacecraft-plasma interaction modeling TBD

										ESA-013		The Electrostatic Analyzer shall maintain absolute energy calibration stability within ±10 percent over the mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of charged particle energy measurements		In-flight calibration using solar wind TBD

										ESA-014		The Electrostatic Analyzer shall provide time-tagged measurements synchronized to spacecraft time within ±10 ms.		TBD		Test		Incomplete		Time Synchronization Test Report		Enables correlation with magnetometer and surface measurements		Time distribution architecture TBD





NPD Req

				Will this Instrument be used?

				TBD

										Neutral Particle Detector Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										NPD-001		The Neutral Particle Detector shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous exospheric measurements		Peak power during ionization TBD

										NPD-002		The Neutral Particle Detector shall have a total mass ≤ 4.0 kg, including sensor head, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										NPD-003		The Neutral Particle Detector shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Inlet field-of-view volume excluded

										NPD-004		The Neutral Particle Detector shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										NPD-005		The Neutral Particle Detector shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										NPD-006		The Neutral Particle Detector electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										NPD-007		The Neutral Particle Detector shall measure neutral species including He, Ar, and H with mass resolution sufficient to distinguish He isotopes.		TBD		Test		Incomplete		Calibration and Performance Report		Enables estimation of He-3 released from the lunar surface or exosphere		Isotope separation capability TBD

										NPD-008		The Neutral Particle Detector shall measure neutral particle fluxes over an energy range appropriate for lunar exospheric conditions.		TBD		Test		Incomplete		Energy Response Test Report		Ensures sensitivity to thermally and sputter-released neutral particles		Energy range TBD based on science model

										NPD-009		The Neutral Particle Detector shall acquire neutral particle measurements with a time resolution ≤ 10 minutes per spectrum.		TBD		Test		Incomplete		Data Rate Test Report		Allows tracking of temporal variations in exospheric composition		Integration time trade TBD

										NPD-010		The Neutral Particle Detector shall store a minimum of 14 days of neutral particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										NPD-011		The Neutral Particle Detector shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to inlets, ion optics, and detectors		Inlet shielding or baffle design TBD

										NPD-012		The Neutral Particle Detector shall maintain calibration stability within ±10 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of exospheric density and composition estimates		Periodic in-flight calibration TBD





Design Decision 1

												1		2		3		4		5		6

										NAME		Information Gathering		Operations		Material Management		Accessibility		Research		Maintenance				Rank categories 1:N, N number categories

										Andrew Dishchuk		6		1		2		3		5		4

										Christian

										Max		1		3		5		2		6		4				*Jack notes research and information gathering can be combined

										Jack																Max's Questions:

										Brian																operations = digging stuff?		Sorta

										Paige																what makes information gathering & Research different?		Information gathering could be "Surveying"

										Zach																		Research can be creating things for a foundation of information collection/experimentation

										Riley































												7		4		7		5		11		8

												Kevin's personal approach: idea selection allows system requirements to naturally arise

												Long duration lunar sustainment

												Redwire		Hand in hand

												1		Energy

												2		Supply chain

												How to support "life in space"

														LASSO

														Proven reserve model

												Avoid the rover part

												PNT				LASSO DATA

																		Grading of resource

												Qty Volume of wter

												Lpross

												Mining processes on earth for characterizing sites, estabilishing mineral reserves, PRM (proven reserve model)

												Used to establish economic feasibility

												Lunar subterannean characterization

												Lunar terrain vehicle

										Future LTV		Astrobotic

												Astrolab

												Intuitive machines

												Lunar Outpost

												Lunanet		Requirements to help push us along

												Nokia 3G communications payload

												Cap out at 7

												Review and getting back

												Create pods for leadership and accountability

												3-4 may be optimal depending on people and task

												Systems lead
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MO-1:
Enable detection  and quantification  of indicators  correlated  with  
Helium-3 presence in lunar regolith . 

MO-2:
Enable detection  and characterization  of H₂O and/or  hydration  
indicators  in the lunar environment .

MO-3:
Characterize key lunar surface and subsurface properties  relevant  to 
resource assessment and site selection .
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MO-4:
Provide a reusable and cost-balanced system architecture  enabling 
repeated lunar surface characterization  missions.
MO-5:
Provide coordinated  position,  navigation, and timing  capability  with  
the Lunar Lander to support  geolocated data collection .
MO-6:
Generate georeferenced maps and data products  of lunar resources 
and surface characteristics  over the mission area of interest .
MO-7:
Interface  with  the Astrobotic  Griffin  lander to support  lunar surface 
resource surveying operations .
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System Requirement Header Purpose

SR-1 Sensing & Measurement

SR-2 Resource Characterization

SR-3 Site Characterization & Suitability

SR-4 Reuse, Modularity & Lifecycle

SR-5 Position, Navigation, Timing

SR-6 Data Products & Delivery

SR-7 Griffin Lander Interfacing

Ensuring Implementable and Verifiable Requirements:
 System Requirements are written to be testable, analyzable, inspectable, or 

demonstrable, ensuring each requirement can be objectively verified.
 Subsystem and tool requirements are derived from system requirements, rather than 

directly from mission objectives, to preserve verification ability.
 This hierarchical structure prevents the introduction of unverified or unnecessary 

design features and ensures all implemented capabilities are traceable to mission 
intent.
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MSC Group Associated Mission Objective Scope of Success Criteria

MSC-1 MO-1 Helium-3 proxy detection and 
quantification performance

MSC-2 MO-2 H₂O / hydration indicator detection 
and characterization

MSC-3 MO-3
Surface and subsurface property 
characterization for resource 
assessment

MSC-4 MO-4 Reusable, modular, and cost-balanced 
system architecture

MSC-5 MO-5 Coordinated position, navigation, and 
timing with the Lunar Lander

MSC-6 MO-6 Generation of georeferenced maps 
and mission data products

MSC-7 MO-7 Compatibility and integration with the 
Astrobotic Griffin lander

Each Mission Success Criterion group defines objective-level success and serves as the 
direct parent for system requirements.
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SR-1 Sensing and Measurement

SR-1.1 Sensing and Measurement Requirements

SR-1.2 Spatial Coverage and Resolution

SR-1.3 Data Processing & Modeling

SR-1.4 Uncertainty & Confidence

SR-1.5 Data Products & Archiving

System Requirement Header

SR-1.1.1 Helium-3 Abundance Tooling

SR-1.1.1.A Alpha Particle X-Ray Spectrometer (APXS) Requirements

SR-1.1.1.B Multispectral Imaging (MSI) Camera Tool Requirements

SR-1.1.1.C Flux Magnetometer (FMAG) Tool Requirements

SR-1.1.1.D Electrostatic Analyzer (ESA) Tool Requirements

SR-1.1.1.E Neutral Particle Detector (NPD) Tool Requirements

SR-1.1.1.F Automated Grain Analyzer (AGA) Tool Requirements

SR-1.1.2 H2O Abundance Tooling

SR-1.1.2.A Lunar Penetrating Radar Requirements

Õ↑ ☼ļ ╝☼║ФÕΑļ ŝ ↑ ☺
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AURORA Tooling Property Data:
Helium -3:

Subsurface  Density:
Lunar Penetrating Radar (LPR)

Grain Size:
Automated Grain Size  Analyzer 

Multispectral Imaging Camera

Water :

Dielectric contrast:
Lunar Penetrating Radar (LPR)

TiO2 Content :
Alpha Particle  X-Ray Spectrometer 
(APXS)
Magnetic Anomalies  (Negative  
Correlation)
Fluxgate  Magnetometer
Solar Wind Flux
Electrostatic Analyzer (ESA)
Neutral Gas Flux 
Neutral Particle  Detector (NPD)
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Subsystem Primary Responsibility Owned Requirement Domains

Instrumentation / Payload Science sensing and measurement tools
SR-1 (Sensing & Measurement), SR-2 
(Resource Characterization), tool-level SR-
1.1.x

Subsurface Scanning Subsurface structure and volatile indicator 
detection

SR-1.1.2, SR-2.1, SR-2.2 (LPR-driven 
requirements)

Structures Mechanical integrity, mounting, and 
modular interfaces

SR-4 (Reuse & Modularity), SR-7 (Griffin 
mechanical integration)

Thermal Thermal control and survivability across 
lunar environments

SR-4.4 (Environmental survivability), SR-7.4 
(Griffin thermal constraints)

Electrical Power System (EPS) Power generation, storage, and distribution SR-4 (Reuse impacts), SR-7.2 (Griffin power 
interface), EPS-allocated SRs
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Subsystem Primary Responsibility Owned Requirement Domains

Computer / Avionics (COMP) Data processing, fusion, storage, and 
control

SR-1.3, SR-1.4, SR-1.5, SR-6 (Data Products 
& Archiving)

Communications (COMM) Data transfer, lander relay, and interfaces SR-5.5 (PNT data exchange), SR-7.3 (Griffin 
comms interface)

Guidance, Navigation & Control (GNC) Position, navigation, timing, and frame 
alignment SR-5 (PNT & Lander Coordination)

Radiation Radiation environment assessment and 
survivability SR-4.4.2 (Cumulative radiation exposure)

Griffin / Lander Interface External system integration and constraint 
management

SR-7 (Interface requirements), 
Assumptions & Constraints (AC-1 to AC-6)
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 Mitigation approach for each top risk
 Ensuring System requirements are met will mitigate the risk factors
 R-7: Explicit TBD/TBR closure plan; sensitivity -based prioritization; phased 

resolution
 R-13: Patching gaps in data where momentary data -loss occurs due to failure with 

numerical estimation and filtering. Ensuring robust communications to mitigate 
error.

What reduces likelihood vs consequence

What remains after mitigation
 Re-scan data if data-loss is critical, could take away from available mission time.

Risk Area Likelihood Reduction Consequence Reduction

Griffin power Conservative EPS sizing, duty cycles Reduced science rate

Mass growth Mass margins, early estimates Descoping non-critical payloads

Data downlink Bounded data products Onboard storage, delayed downlink

Thermal survival Passive thermal design Reduced operational timeline

Interface mismatch Early ICDs Manual operational constraints
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 Top Driving Requirements:

 Communications of data between lander and systems on Earth, 
implementing error detection systems to mitigate corrupt data. (SR-
COMM.1, SR-COMM.9)
 Instrumentation/sensors (SR-1.1, SR-1.1.3.1, SR -1.3, SR-1.4)
 Power allocation and consumption (PWR-03, PWR-06)
 Auto/Semi -Autonomous Control of Lunar Lander Vehicle (SR-GNC.1, SR-

5.1.1, SR-5.3)
 Mesh metrics together to create a probable reserve model (SR-6)
 Data Validation– Making sure the Data sent is not corrupted (SR-5.6)
 The system shall incorporate lifecycle cost considerations into the design to 

support economically viable reuse and refurbishment. (SR-4.2)
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 1. Framework Selection: NASA cFS

 Action:  Adopted NASA Core Flight System ( cFS) as the flight 
software architecture.

 Why:  Provides flight -proven fault protection (Health & Safety app) 
and modularity (SR-4.3) out of the box, reducing development risk 
compared to a custom solution.

 2. Data Standardization (PDS4 & PRM)

 Action:  Defined a strict Master File Naming Convention  and a 
Universal Binary Header  mapped to PDS4 standards.

 Why:  Ensures all science data is legally admissible for the Proven 
Reserve Model (PRM) by guaranteeing traceability (MSC-6.4) and 
enables automated generation of archival labels.

Metric Heritage 
(Perseverance)

NASA VIPER (Modern 
Lunar)

Our Prototype (Target)

CPU Speed 200 MHz Split: Rad-hard + FPGA 1.5 GHz (ARM)

RAM 256 MB 1 GB 8 GB LPDDR4

Storage 16 GB Flash ~ 1 TB 2 TB NVMe

Cost $200,000+ High (Class C) < $500

Primary 
Optimization

Radiation Survival Hardware Acceleration Algorithm Validation

 3. Hardware Architecture Selection

 Action:  Conducted trade  s tudy comparing Heritage (RAD750) vs . 
Modern (VIPER/Ingenuity) architectures .

 Decision:  Se lected a COTS Architecture  (ARM v8 + 2TB NVMe) for 
the  prototype  phase .

 Justification:  The  Lunar Penetrating Radar (LPR) generates ~170 
GB/day of raw data. We prioritized high-speed buffering (NVMe) to 
validate  algorithms now, with a path to a Split -Architecture  (Rad-
Hard Supervisor + Rad-Tolerant Compute) for the  final flight unit.

 4. Data Lifecycle Strategy

 Action: Defined a Store-and-Forward s tate  machine  using the  cFS 
CFDP application.

 Why:  Manages the  downlink bottleneck by prioritizing map 
products  over raw data, while  guarantee ing data integrity (CRC32) 
and automated re transmission during comms outages (DR-7.3.4).
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System Requirements Definition Structure

Requirement Language and Intent:
Mission Statement (MS): Describes overall mission purpose and 

scope. (1)
Mission Objectives (MO): Express mission intent and capability 

goals. They are qualitative. (7)
Mission Success Criteria (MSC): Introduce measurable outcomes 

that define mission success. (7)
System Requirements (SR): Define what the system shall do to 

satisfy MSCs, including performance, interfaces, constraints, and 
behaviors and are written to be testable, analyzable, inspectable, or 
demonstrable.
Sub-System and Tooling Requirements: Derived from system 

requirements to further specify and verify tooling criteria. 



Technical Reasoning

Ilmenite and H2O research models already exist. Our 
objectives differ from those models because we aim to 
provide direct measurements for ilmenite and H2O 
reserves [4].

Past Modeling Implementations:

Other resource distribution maps use prior 
correlations to suggest resource quantities across 
lunar regions [5].

• Increased Optical Maturity (OMAT) displays 
less TiO2 content.

• Greater solar wind flux displays greater TiO2 
content.

• Thinner regolith layers display increased TiO2 
content.

• Decreasing regolith grain size displays 
increased TiO2 content.

Figure 4. Ilmenite abundance (0–11 wt%) across Mare Australe 
craters, derived from spectral mapping.
Data from Lemelin & Morisset (2013).

Figure 5. Modeled He-3 abundance (ppb) across the lunar 
surface, derived from Apollo soil data and Clementine 
multispectral reflectance. After Fa & Jin (2007).



Mission Objective & Design Drivers

Figure 2. Full-scale prototype of the Interlune 
helium-3 excavator, developed in partnership with 
Vermeer. Source: Interlune 2025

We aim to:
• Produce a quantitative resource model for 

potential water and Helium-3 extraction
• Characterize lunar surface and subsurface 

composition
• Provide a data-driven platform, which will pave 

the way for future exploration



Current Status (2025):
• Completing final revisions of System Requirements.
• Finalizing the Conceptual Design.
Mid-Term Plan (First quarter 2026):
• Complete Preliminary Design
• Technology Freeze.
• Develop list of prototypes and intent.
• Purchase parts for first prototype.
• Begin initial prototyping.
Second quarter 2026:
• Complete initial prototype.
• Develop plans for additional prototypes.
• Summarize success and plausibility of concept 

implementation.
• Present for the C3 Final showcase 

Conceptional Design 2025-2026` Prototype Built 
2026

Preliminary Design 
Technology Freeze 

2026
Detailed Design 2027-2028 Manufacturing 

2028-2029

Testing 
2029-
2030

Payload 
Integration 

2031

Launch 
2031

Long-Term Roadmap:
• Progress into future detailed design process in 2027–

2028, refining hardware interfaces, calibration 
strategies, and data-fusion pipelines.

• Manufacturing (2028–2029) of components for full-
system integration. 

• Testing and Verification (2029–2030) to ensure 
mission reliability.

• Payload Integration (2031) followed by Launch in 
2031.

Roadmap



Our mission moves beyond mapping the Moon,  
we are building the foundation for future lunar 
industry. By validating He-3 and H₂O resource 
models with a high-confidence architecture, we 
enable safer planning, lower risk, and more 
sustainable surface operations. 

As we finalize system requirements and advance 
toward prototype development, our intent is 
clear: deliver a practical, data-driven toolchain 
that accelerates humanity’s permanent presence 
on the lunar surface.

Closing Statement

Figure 7. Interlune natural resource acquisition 
prototype. Source: Interlune 2025
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3.1. Systems (5 elements *From C3 
Packet)
3.2. Assumptions
3.3. Risk Analysis
3.4. System Requirements
3.5. Command and Data Handling 
(C&DH)  *Mentioned in C3 packet
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3.2. Assumptions
3.3. Risk Analysis
3.4. System Requirements
3.5. Command and Data Handling 
(C&DH)  *Mentioned in C3 packet
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This hierarchy ensures that all subsystem requirements are traceable to 
system requirements, which are derived from mission success criteria and 
mission objectives, preventing unverified or unnecessary design features.
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 Traceability:
 Each MSC traces to ≥1 MO

 Each SR traces to ≥1 MSC

 Each Subsystem, and Tool Requirement traces to ≥1 SR

Mission Objective
Mission Success 

Criterion
System Requirement Subsystem

MO-1 MSC-1.1 SR-1.1.1 Payload

MO-1 MSC-1.2 SR-1.2.1 EPS

MO-2 MSC-2.1 SR-2.1.1 Comms

MO-3 MSC-3.1 SR-3.1.1 Mobility


SRR Information



														Work Allotment:		Role:				Responsibility:

														Paige:		System Requirement Lead				Checking over filled in boxes, making sure content makes sense, and connects between sub-teams.

														Jack:		Systems Lead				Complete front page, and work on inspection documents that satisfy system requirements.

														Nilson		Electrical Lead				Complete electrical sub-system design requirements.

														George		Computer Lead				Complete computer sub-system design requirements.

														Max		Mechanical  Lead				Complete mechanical sub-system design requirements. 

														Christian		Team Lead				Compile system information into a neat package for presentation. Help Paige check boxes as you go since you will be reading them over as you make your slides.



										Feedback from midpoint:		Team Name		School		Feedback for the team				Evaluator

										Feedback from midpoint:		Orbital Gators		University of Florida		Good contrast of your concept against other work. Would have liked to see slide of assumptions/constraints. Also would have liked to see more information on the market for He3 and who could fund this/who would invest in this system. Good summary slide.				Jessica Piness, Aegis Aerospace, jessica.piness@aegisaero.com

												Orbital Gators		University of Florida		What sensor technology advancement is needed meet the mission requirements?				Victor Lin, The Aerospace Corp, victor.s.lin@aero.org



				Priority		TO DO LIST:

				4		Create priorities for completing requirements

				3		Label and color every different subteams requirements to make it more traceable

				2		Connect the proper MO's MSC's and SR's and have the proper sources

				5		Read over SRR and polish. 

				1		Recheck SRR for inclusion of tooling

				Priority		Decide TO DO:		Comments				Comments:

				1		CONOPS		We need to decide on assumptions either before or after designing













Assumptions and Contraints



										ID		Assumption / Constraint		Rationale

										AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

										AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

										AC-3		Griffin provides up to 5 kWe solar power generation during surface operations.		Enables base-station architecture

										AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

										AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

										AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads



																						Mission Objective		Mission Success Criterion		System Requirement		Subsystem

																						MO-1		MSC-1.1		SR-1.1.1		Payload

																						MO-1		MSC-1.2		SR-1.2.1		EPS

																						MO-2		MSC-2.1		SR-2.1.1		Comms

																						MO-3		MSC-3.1		SR-3.1.1		Mobility





Mission statement



				Mission Statement																				Mission Statement

				Number		Requirement						Comments												Number		Requirement

				MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level						Intent of assisting with the foundation of a Proven Reserve Model (PRM).												MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level

																								Mission Objectives

				Mission Objectives																				Number		Requirement

				Number		Requirement		Source		Verification Document		Justification		Comments										MO-1		Demonstrate the ability to detect and quantify indicators correlated with Helium-3 presence in lunar regolith.

				MO-1		Demonstrate the ability to detect and quantify indicators correlated with Helium-3 presence in lunar regolith.		MS-1						Indicators, such as regolith depth, particle size, etc. Should be linked in the systems requirements section. Maybe specify this by tying it back to instruments for collecting the related information										MO-2		Demonstrate the ability to detect H2O and/or indicators of H2O

				MO-2		Demonstrate the ability to detect H2O and/or indicators of H2O		MS-1						If H2O detection is innacurate, indicators will also need to be recorded to add resolution.										MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment, and site selection.

tc={7F26E5B8-B93D-4422-9FFF-D8B4A7F6722F}: [Threaded comment]
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    @Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6

				MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment, and site selection.
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"Generate maps of lunar resources and surface characteristics" might work for MO6		MS-1						** Use Instrumentation to collect surface composition data on Regolith.										MO-4		Demonstrate a system architecture that balances cost and reusability to enable repeated lunar surface characterization missions.

				MO-4		Demonstrate a system architecture that balances cost and reusability to enable repeated lunar surface characterization missions.		MS-1		 C3 Info Packet				Specify later										MO-5		Demonstrate coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.

				MO-5		Demonstrate coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.		MS-1		 C3 Info Packet				Specify later										MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.

				MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.		MS-1																MO-7		Interface with the Astrobotic Griffin lander to provide for lunar surface resource surveying activities.

				MO-7		Interface with the Astrobotic Griffin lander to provide for lunar surface resource surveying activities.		MS-1



				MO-1 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-1.1		Shall scan a [TBR] region of the lunar surface for Helium-3 predictors and/or inverse predictors		MO-1						[TBR] can be used for values you don’t understand/know yet.

				MSC-1.2		The mission shall generate spatially resolved maps of Helium-3 indicator parameters with a spatial resolution of [TBR] pixels/m.		MO-1

				MSC-1.3		The mission shall estimate Helium-3 concentration within surveyed regions with a confidence level of ≥ 50%.		MO-1

				MSC-1.4		The mission shall correlate Helium-3 concentration estimates with at least [TBR] independent predictor variables (e.g., regolith maturity, TiO₂ content, depth).		MO-1

				MSC-1.5		The mission shall provide quantified uncertainty bounds for all Helium-3 resource predictions.		MO-1

				MSC-1.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-1



				MO-2 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-2.1		Shall scan a [TBR] region of the lunar surface for direct H₂O signatures and/or secondary hydration indicators.		MO-2						Only instrument for H2O is Lunar Penetrating Radar

				MSC-2.2		The mission shall generate spatially resolved maps of H₂O‑related parameters (e.g., hydration band depth, neutron count rate, dielectric constant) with a spatial resolution of [TBR] pixels/m.		MO-2

				MSC-2.3		The mission shall estimate H₂O concentration or equivalent hydrogen abundance within surveyed regions with a confidence level of ≥ 50%.		MO-2

				MSC-2.4		The mission shall correlate H₂O concentration estimates with at least [TBR] independent predictor variables (e.g., regolith temperature, albedo, neutron moderation, surface maturity).		MO-2

				MSC-2.5		The mission shall provide quantified uncertainty bounds for all  H₂O resource predictions.		MO-2

				MSC-2.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-2



				MO-3 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-3.1		The system shall successfully characterize surface properties relevant to regolith composition, roughness, and particle size distribution across the mission area.		MO-3						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-3.2		The system shall characterize subsurface structure and layering to a depth sufficient to support resource assessment and site selection.		MO-3						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-3.3		The system shall identify terrain characteristics affecting mobility, including slope, surface roughness, and bearing capacity proxies.		MO-3

				MSC-3.4		The system shall collect surface and subsurface characterization data over a spatial area sufficient to support comparative site evaluation.		MO-3

				MSC-3.5		The collected surface and subsurface data shall achieve sufficient spatial and measurement resolution to distinguish between candidate sites.		MO-3

				MSC-3.6		The system shall successfully characterize surface and subsurface properties under relevant lunar environmental conditions.		MO-3

				MSC-3.7		The characterized properties shall be demonstrably relevant to resource presence, extractability, or infrastructure placement.		MO-3



		Full success = 90% (proven reserve)		MO-4 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-4.1		The system shall complete at least [TBD] full reuse cycles without requiring major component replacement. Each cycle shall demonstrate functional performance within [TBD]% of baseline values to confirm durability of mass‑critical hardware		MO-4						This requirement ensures that mass‑critical components are durable enough to avoid costly and heavy replacements.

				MSC-4.2		Total lifecycle cost for [TBD] missions shall not exceed [TBD] dollars, inclusive of development, launch mass penalties, refurbishment, and operations. 		MO-4

				MSC-4.3		The architecture shall support swapping or upgrading at least [TBD] major subsystems without redesign of the primary structure or interfaces. Standardized mechanical, electrical, and data interfaces shall enable payload and subsystem changes while minimizing added mass.		MO-4

				MSC-4.4		The system shall survive [TBD] lunar day–night cycles without requiring major refurbishment, maintaining thermal and mechanical performance within [TBD]% of nominal.		MO-4						This requirement prevents reliance on heavy protective measures by demonstrating inherent resilience to lunar extremes

				MSC-4.5		Dust ingress shall not exceed [TBD] grams and shall not cause more than [TBD]% degradation in critical subsystem performance.		MO-4						Sealing, filtration, and abrasion‑resistant design features shall preserve functionality without adding prohibitive mass

				MSC-4.6		The system shall achieve a cost per delivered kilogram to the lunar surface of no more than [TBD] dollars, accounting for launch, structural mass, and amortized reusable hardware		MO-4						This metric directly ties architecture choices to the mass sensitivity of lunar delivery and guides tradeoffs between robustness and weight

				MSC-4.7				MO-4





				MO-5 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-5.1		All science/characterization data products are geo-referenced to an agreed mission reference frame.		MO-5						[TBR] can be used for values you don’t understand/know yet.

				MSC-5.2		The payload/platform coordinate frame is aligned and traceable to the Lunar Lander coordinate frame.		MO-5						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-5.3		Position accuracy supports the spatial resolution required for resource/surface mapping.		MO-5						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-5.4		Timing synchronization supports correlation of measurements across sensors and with lander-provided data.

				MSC-5.5		The system can exchange the required PNT-related data with the Lunar Lander.		MO-5

				MSC-5.6		The system maintains geolocation capability through expected comm dropouts or degraded conditions.		MO-5

				MSC-5.7				MO-5



				MO-6 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-6.1		The mission shall generate georeferenced maps of lunar surface and subsurface characteristics covering the defined mission area of interest.		MO-6						Mission area definition [TBR]

				MSC-6.2		Generated maps shall achieve spatial resolution sufficient to represent features identified in MO-1, MO-2, and MO-3.		MO-6						Resolution thresholds [TBR]

				MSC-6.3		The mission shall produce integrated spatial data products combining surface, subsurface, and resource-indicator measurements.		MO-6						Data fusion approach [TBR]

				MSC-6.4		All generated map products shall include documented metadata describing resolution, uncertainty, and data provenance.		MO-6						Metadata standard [TBR]

				MSC-6.5		Mapped data products shall cover at least [TBR]% of the mission area of interest.		MO-6						Coverage requirement

				MSC-6.6		The mission shall generate final data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-6						PRM interface requirements [TBR]

				MSC-6.7		All final georeferenced products shall be stored in a mission-approved, standardized format for downstream analysis.		MO-6						File formats [TBR]



				MO-7 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-7.1		The system is mechanically integrated with the Astrobotic Griffin lander and survives launch, descent, and landing without structural damage or loss of functionality.		MO-6						Mission area definition [TBR]

				MSC-7.2		The system successfully receives, regulates, and utilizes Griffin-provided electrical power throughout all applicable mission phases.		MO-6						Resolution thresholds [TBR]

				MSC-7.3		The system successfully exchanges command and telemetry data with the Griffin lander using supported communication interfaces during nominal operations.		MO-6						Data fusion approach [TBR]

				MSC-7.4		The system operates within Griffin thermal, contamination, and environmental constraints for the duration of surface operations.		MO-6						Metadata standard [TBR]

				MSC-7.5		The system completes all planned surface operations without violating Griffin mission operations timelines or safety constraints.		MO-6						Coverage requirement

				MSC-7.6		All payload data generated while interfaced with Griffin are successfully downlinked, archived, and retrievable for post-mission analysis.		MO-6						PRM interface requirements [TBR]



				Full Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				FSC-1		Scan and map lunar surface regions for subsurface characteristics		MO-1



						The mission shall estimate Helium-3 concentration within surveyed regions with a confidence level of ≥ 90%.

				FSC-2		Use scanned data to dynamically scan regions		MO-3

				FSC-3		Relay mapped data from scans remotely		MO-4

						`
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GriffinReq

				* Will need to stem from systems requirements

		[MO-4] The payload structure shall survive random vibrations and launch loads of X g (test) 

		[MO-4] The payload shall fit within 40m^3(v) in Griffin Lander

												System Requirements

												Number		Requirement		Source		Verification Document		Comments

		[MO-4] The payload sturcture will survive TBR lunar trips										SR-7.1		The system shall mechanically interface with the Astrobotic Griffin lander to enable secure integration, launch, descent, landing, and surface operations without loss of functionality.		MSC-7.1		Mechanical ICD		Structural and mounting compatibility

		[MO-4] The payload structure and internals shall not exceed 200 kg										SR-7.2		The system shall interface with Griffin-provided electrical power services to support nominal operations during all applicable mission phases.		MSC-7.2		Electrical ICD		Includes cruise, descent, and surface operations

		[MO-4] The payload will not be compromised by lunar surface temperatures or lunar dust										SR-7.3		The system shall exchange command, telemetry, and payload data with the Griffin lander using supported data interfaces during nominal mission operations.		MSC-7.3		Data Interface ICD		Wired or wireless as supported

												SR-7.4		The system shall operate within the thermal, environmental, and contamination constraints imposed by the Griffin lander throughout the mission duration.		MSC-7.4		Environmental Compliance Report		Thermal, contamination, EMI compatibility

												SR-7.5		The system shall operate in accordance with Griffin mission timelines, operational constraints, and safety requirements.		MSC-7.5		Mission Operations Plan		Includes command windows and surface ops

												SR-7.6		The system shall ensure that all data generated while interfaced with the Griffin lander are successfully transmitted, archived, and accessible for post-mission analysis.		MSC-7.6		Data Management Plan		Supports post-mission reuse

												DR-7.1 : Mechanical Interface Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.1.1		The system shall mount to the Griffin payload deck using a compatible bolt pattern and mechanical interface.		SR-7.1.1		Mechanical ICD		Adapter plate permitted

												DR-7.1.2		The system shall maintain structural integrity under Griffin-defined launch, descent, and landing loads.		SR-7.1.1		Structural Analysis & Test		Includes vibration and shock

												DR-7.1.3		The system shall remain within Griffin payload mass and center-of-gravity allocations.		SR-7.1.1		Mass Properties Report		Limits defined by Astrobotic

												DR-7.1.4		The system shall not interfere with Griffin landing legs, sensors, antennas, or deployment mechanisms.		SR-7.1.1		Integration Review		Clearance verification

												DR-7.2 : Electrical Power Interface Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.2.1		The system shall accept Griffin-provided 28 V DC power within allowable voltage and current limits.		SR-7.2.1		Electrical ICD		Standard payload power bus

												DR-7.2.2		The system shall not exceed allocated power limits during any mission phase.		SR-7.2.1		Power Budget		Nominal, peak, and release modes

												DR-7.2.3		The system shall support safe power-on, power-off, and fault-recovery commanded by the lander.		SR-7.2.1		Electrical Test Procedure		Protects lander bus

												DR-7.3 : Command, Data, and Software Interface Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.3.1		The system shall communicate with the Griffin lander using supported wired or wireless data interfaces.		SR-7.3.1		Data Interface ICD		RS-422, SpaceWire, or WLAN

												DR-7.3.2		The system shall transmit telemetry and receive commands during scheduled communication windows.		SR-7.3.1		Ops & Comm Test		Timing controlled by lander

												DR-7.3.3		The system shall support lander-provided time synchronization services.		SR-7.3.1		Software Test Report		Enables data correlation

												DR-7.3.4		The system shall store data locally during communication outages and downlink upon reconnection.		SR-7.3.1		Data Handling Test		Fault-tolerant ops

												DR-7.4 : Thermal, Environmental, and Contamination Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.4.1		The system shall operate within Griffin-defined thermal environments during cruise, orbit, and surface phases.		SR-7.4.1		Thermal Analysis		Polar environment included

												DR-7.4.2		The system shall implement thermal isolation at the lander interface.		SR-7.4.1		Thermal ICD		Prevents heat backflow

												DR-7.4.3		The system shall comply with Griffin contamination control requirements.		SR-7.4.1		Contamination Control Plan		ISO Class 8 integration

												DR-7.4.4		The system shall comply with EMI/EMC requirements for hosted payloads.		SR-7.4.1		EMI Test Report		MIL-STD-461 heritage

												DR-7.5 : Mission Operations Compatibility Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.5.1		The system shall support Griffin mission timelines and command sequencing.		SR-7.5.1		Ops Plan Review		Includes surface ops

												DR-7.5.2		The system shall enter a safe state upon loss of communication or power.		SR-7.5.1		Fault Management Test		Lander-safe behavior

												DR-7.6: Data Delivery & Archival Requirements

												Number		Requirement		Source		Verification Document		Comments

												DR-7.6.1		The system shall downlink all collected data through Griffin-supported data services.		SR-7.6.1		Data Downlink Test		Nominal ops

												DR-7.6.2		The system shall retain raw and processed data in non-volatile memory until confirmed receipt.		SR-7.6.1		Data Integrity Test		Prevents data loss





System Requirements (Main)



								System Requirements

								Number		Requirement		Source		Verification Document		Comments

								SR-1.1 : Sensing & Measurement Requirements

								SR-1.1.1		The system shall include instrumentation capable of measuring elemental and/or isotopic proxy variables correlated with Helium-3 abundance.		MSC-1.1				Candidate instruments include APXS, MS camera/spectral methods

								SR-1.1.2		The system shall include a lunar-penetrating radar (LPR) capable of resolving regolith structure to a depth of ≥ [TBR] m.		MSC-1.1				Supports subsurface predictor variables

								SR-1.1.3		The system shall measure regolith maturity indicators (e.g., optical maturity, grain size and/or grain-size proxies) at each surveyed location.		MSC-1.1				Grain analyzer, imaging-based proxies

								SR-1.1.4		The system shall collect co-registered measurements of surface composition and subsurface structure.		MSC-1.1, MSC-1.4				Enables predictor correlation

								SR-1.2 : Spatial Coverage and Resolution

								SR-1.2.1		The system shall scan a minimum surface area of [TBR] km² during nominal mission operations.		MSC, 1.1				Coverage trace

								SR-1.2.2		The system shall achieve a lateral spatial resolution of ≤ [TBR] m for surface measurements.		MSC-1.2				Resolution requirement

								SR-1.3 : Data Processing & Modeling

								SR-1.3.1		The system shall process raw sensor data into georeferenced resource maps onboard or via ground processing.		MSC-1.2, MSC-1.6				Processing location flexible

								SR-1.3.2		The system shall estimate Helium-3 concentration using a physics-based or empirically validated model.		MSC-1.3				Model selection open

								SR-1.3.3		The system shall propagate sensor and model uncertainties to produce confidence intervals for all resource estimates.		MSC-1.3, MSC-1.5

								SR-1.3.4		The system shall output at least [TBR] independent predictor variables per mapped location to support correlation of Helium-3 concentration estimates.		 MSC-1.4

								SR-1.4 : Uncertainty & Confidence

								SR-1.4.1		The system shall quantify uncertainty contributions from instrumentation, environmental variability, and model assumptions.		MSC-1.5

								SR-1.4.2		The system shall report Helium-3 abundance estimates with a minimum confidence level of 50%.		MSC-1.3

								SR-1.5 : Data Processing & Modeling

								SR-1.5.1		The system shall generate resource distribution maps compatible with PRM (Planetary Resource Mapping) workflows.		MSC-1.6

								SR-1.5.2		The system shall archive raw and processed data in a format suitable for post-mission validation and reuse.		MSC-1.6

								SR-2.1 : Scan a [TBR] region for H₂O signatures and indicators

								SR-2.1.1		The Lunar Penetrating Radar shall detect subsurface dielectric anomalies consistent with potential ice or hydrated regolith to depths ≥ [TBR] m.		MSC-2.1		Analysis 3.1, Test 3.1		LPR is your primary subsurface H₂O indicator.

								SR-2.1.2		The APXS shall measure elemental oxygen abundance with a precision of ≤ [TBR]% to support inference of hydration potential.		MSC-2.1		Analysis 3.2		APXS cannot detect H₂O directly but can detect O‑rich minerals.

								SR-2.1.3		The Grain Analyzer shall characterize regolith particle size distribution with a resolution of ≤ [TBR] µm to identify fine‑grained soils correlated with volatile retention.		MSC-2.1				Finer grains often retain more OH/H₂O.

								SR-2.1.4		The Neutral Particle Detector shall measure hydrogen‑bearing exospheric particles with a sensitivity of ≤ [TBR] particles/cm²/s.		MSC-2.1				Hydrogen flux is a strong indirect indicator.

								SR-2.1.5		The Multispectral Imaging Camera shall detect hydration‑related spectral slopes or absorption features across [TBR] bands.		MSC-2.1				MSI provides surface hydration indicators.

								SR-2.1.6		The system shall achieve a surface coverage rate of ≥ [TBR] km² per operational day.		MSC-2.1				Ensures the required region can be scanned.

								SR-2.2 : Generate spatially resolved maps of H₂O‑related parameters

								SR-2.2.1		The Multispectral Imaging Camera shall achieve a ground sampling distance (GSD) of ≤ [TBR] m/pixel.		MSC-2.2		Analysis, Test		Defines spatial resolution for hydration‑related imaging.

								SR-3.2.2		The Lunar Penetrating Radar shall produce subsurface dielectric maps with horizontal resolution ≤ [TBR] m and vertical resolution ≤ [TBR] m.		MSC-2.2		Analysis		Required for subsurface ice inference.

								SR-2.2.3		The APXS shall produce georeferenced elemental abundance maps with spatial resolution ≤ [TBR] m.		MSC-2.2				Enables correlation of O‑rich regions with hydration.

								SR-2.2.4		The system shall georeference all measurements with positional accuracy ≤ [TBR] m.		MSC-2.2				Required for multi‑instrument map alignment.

								SR-2.1 : Estimate H₂O concentration with ≥ 50% confidence

								SR-2.3.1		The Multispectral Imaging Camera shall achieve an SNR ≥ [TBR] in hydration‑sensitive bands.		MSC-2.3		Analysis,		MSI is your primary surface hydration estimator.

								SR-2.3.2		The Neutral Particle Detector shall detect hydrogen flux variations of ≥ [TBR]% at 1σ confidence.		MSC-2.3		Analysis		Hydrogen flux supports concentration estimates.

								SR-2.3.3		The Lunar Penetrating Radar shall detect dielectric contrasts corresponding to ≥ [TBR]% volumetric ice content.		MSC-2.3				Subsurface ice estimation.

								SR-2..3.4		The system shall fuse MSI, LPR, APXS, and NPD data using a retrieval algorithm that outputs H₂O concentration estimates with quantified uncertainty.		MSC-2.3				Multi‑sensor fusion is required to reach 50% confidence.

								SR‑2.4 : Correlate H₂O estimates with ≥ [TBR] predictor variables

								SR-2.4.1		The Flux Magnetometer shall measure magnetic field variations with a precision of ≤ [TBR] nT to support correlation with regolith maturity and solar wind implantation.		MSC-2.4		Analysis		Magnetic anomalies correlate with volatile retention.

								SR-2.4.2		The Electrostatic Analyzer shall measure surface charging and plasma environment parameters with a precision of ≤ [TBR]%.		MSC-2.4				Electrostatic transport affects volatile migration.

								SR-2.4.3		The Grain Analyzer shall measure regolith grain shape and cohesion metrics with a precision of ≤ [TBR]%.		MSC-2.4				Grain properties influence volatile adsorption.

								SR-2.4.4		The system shall measure surface albedo using MSI with an accuracy of ≤ [TBR]%.		MSC-2.4				Albedo correlates with maturity and hydration potential.

								SR-2.5 : Provide quantified uncertainty bounds

								SR-2.5.1		The MSI shall include radiometric calibration sources enabling calibration to within ≤ [TBR]%.		MSC-2.5				Required for uncertainty modeling.

								SR-2.5.2		The APXS shall include onboard calibration targets enabling elemental abundance uncertainty ≤ [TBR]%.		MSC-2.5				Reduces systematic error.

								SR-2.5.3		The LPR shall include calibration routines for dielectric constant estimation with uncertainty ≤ [TBR]%.		MSC-2.5				Needed for subsurface ice uncertainty.

								SR-2.5.4		The system shall generate uncertainty propagation models for all H₂O retrieval algorithms.		MSC-2.5				Required for PRM integration.

								SR‑2.6 : Produce PRM‑ready data products

								SR-2.6.1		The system shall output georeferenced H₂O concentration maps in PRM‑compatible formats (e.g., GeoTIFF, PDS4).		MSC-2.6				Ensures downstream usability.

								SR-2.6.2		The system shall store raw, calibrated, and processed data with metadata describing instrument state, calibration, and uncertainty.		MSC-2.6				Required for traceability.

								SR-2.6.3		The system shall generate a fused multi‑instrument H₂O resource layer with spatial resolution ≤ [TBR] m/pixel.		MSC-2.6				Final deliverable for PRM.

								SR-3.1 : Surface Property Identification

								SR-3.1.1		The system shall measure surface regolith properties including composition proxies, surface roughness, and particle size indicators across the mission area.		MSC-3.1		Analysis 3.1, Test 3.1

								SR-3.1.2		The system shall characterize surface roughness at a spatial resolution sufficient to distinguish traversable and non-traversable terrain.		MSC-3.1, MSC-3.3		Analysis 3.2		SR-3.1.2.a Spatial resolution ≥ TBD (m)

								SR-3.2 : Subsurface Characterization

								SR-3.2.1		The system shall characterize subsurface layering and structural features to a depth sufficient to support resource assessment and site selection.		MO-3, MSC-3.2		Analysis, Test		SR-3.2.1.a Penetration depth ≥ TBD (m)

								SR-3.2.2		The system shall collect co-registered measurements of surface composition and subsurface structure.		MSC-1.1		Analysis		SR-3.2.2.a Vertical resolution ≤ TBD (m)

								SR-3.3 : Mobility-Relevant Terrain Assessment

								SR-3.3.1		The system shall identify terrain slope across the mission area to support mobility and site evaluation.		MSC-3.3		Analysis,		SR-3.3.1.a Slope measurement accuracy ≤ TBD (degrees)

								SR-3.3.2		The system shall assess terrain roughness and bearing capacity proxies relevant to surface mobility.		MSC-3.1, MSC-3.3		Analysis		Bearing capacity may be inferred through indirect sensing methods (TBD).

								SR-3.4 : Spatial Coverage Adequacy

								SR-3.4.1		The system shall collect surface and subsurface characterization data over a spatial area sufficient to enable comparative site evaluation.		 MSC-3.4		Analysis		SR-3.4.1.a Coverage area ≥ TBD (km²)

								SR-3.5 : Data Resolution and Fidelity

								SR-3.5.1		The system shall achieve spatial and measurement resolution sufficient to distinguish between candidate sites.		MSC-3.5				SR-3.5.1.a Horizontal resolution ≤ TBD (m)

								SR-3.6 : Environmental Robustness

								SR-3.6.1		The system shall operate and collect valid characterization data under expected lunar environmental conditions.		MSC-3.6

								SR-3.7 : Uncertainty & Confidence

								SR-3.7.1		The system shall produce surface and subsurface characterization data that is demonstrably relevant to resource presence, extractability, or site suitability.		MSC-3.7		Analysis		Relevance demonstrated through correlation with resource indicators defined in MO-1 and MO-2.

								SR-4.1 : Reuse Cycles and Performance Retention

								SR-4.1.1		The system shall be designed to complete at least [TBD] reuse cycles without replacement of mass-critical hardware.		MSC-4.1		Test, Inspection		Define “mass-critical hardware” [TBR], SR-4.1.1.a Threshold: reuse cycles ≥ [TBD]

								SR-4.1.2		The system shall verify post-cycle functional performance remains within [TBD]% of baseline for all mission-critical functions.		MSC-4.1		Test, Analysis		Baseline defined at acceptance test, SR-4.1.2.a Threshold: performance degradation ≤ [TBD]% per cycle

								SR-4.1.3		The system shall support refurbishment processes that can be completed within [TBD] hours of hands-on labor per reuse cycle.		MSC-4.1		Demonstration		Keeps reuse realistic (ops burden),SR-4.1.3.a Threshold: active refurbishment time ≤ [TBD] hrs/cycle



								SR-4.2 : Lifecycle Cost Ceiling

								SR-4.2.1		The program shall maintain a lifecycle cost model including development, integration/test, launch mass penalties, operations, and refurbishment.		MSC-4.2		Analysis		“Launch mass penalty” method [TBR]

								SR-4.2.2		The lifecycle cost model shall demonstrate total cost for [TBD] missions does not exceed [TBD] dollars.		MSC-4.2		Analysis		Budget cap trace, SR-4.2.2.a Threshold: lifecycle cost ≤ [TBD] $ for [TBD] missions

								SR-4.2.3		The system shall track cost drivers attributable to reuse (refurb labor, spares, downtime) per cycle.		MSC-4.2		Analysis		Enables trades

								SR-4.3 : Modularity and Standard Interfaces

								SR-4.3.1		The architecture shall support swapping or upgrading at least [TBD] major subsystems without redesign of the primary structure.		MSC-4.3		Inspection, Demonstration		Define “major subsystem” [TBR], SR-4.3.1.a Threshold: subsystems swapped ≥ [TBD] without primary structure redesign

								SR-4.3.2		The system shall provide standardized mechanical mounting interfaces for payloads and replaceable subsystems.		MSC-4.3		Inspection		Interface control drawing (ICD)

								SR-4.3.3		The system shall provide standardized electrical power interfaces for payloads and replaceable subsystems.		MSC-4.3		Inspection, Test		Voltage/current rails [TBD]

								SR-4.3.4		The system shall provide standardized data interfaces for payloads and replaceable subsystems.		MSC-4.3		Inspection, Test		Protocol [TBD]

								SR-4.3.5		The architecture shall support integration of the planned payload set (LPR, grain analyzer, APXS, flux magnetometer, MS camera, electrostatic analyzer, neutral particle detector) through the standardized interfaces.		MSC-4.3		Demonstration		Don’t lock exact models yet, SR-4.3.5.a Threshold: payload integration demonstrated for ≥ [TBD] instruments (target: your full list)

								SR-4.4 : Lunar Day–Night Survivability

								SR-4.4.1		The system shall survive at least [TBD] lunar day–night cycles without major refurbishment.		MSC-4.4		Test, Analysis		Thermal cycling, SR-4.4.1.a Threshold: cycles survived ≥ [TBD]:

								SR-4.4.2		The system shall maintain thermal performance within [TBD]% of nominal across day–night transitions.		MSC-4.4		Test, Analysis		Define “thermal performance” [TBR], SR-4.4.2.a Threshold: thermal deviation ≤ [TBD]%

								SR-4.4.3		The system shall maintain mechanical integrity and alignment of mission-critical interfaces across thermal cycling.		MSC-4.4		Test, Inspection		Prevents “it survived but nothing fits”, SR-4.4.3.a Threshold: interface alignment change ≤ [TBD] (units [TBD])

								SR-4.5 : Dust Ingress and Abrasion Control

								SR-4.5.1		The system shall limit dust ingress into protected volumes to ≤ [TBD] grams over a mission cycle.		MSC-4.5		Test		Dust test method [TBR], SR-4.5.1.a Threshold: ingress mass ≤ [TBD] g

								SR-4.5.2		Dust exposure shall not degrade performance of critical subsystems by more than [TBD]%.		MSC-4.5		Test, Analysis		Applies to mobility, seals, sensors, connectors, SR-4.5.2.a Threshold: performance degradation ≤ [TBD]% after dust exposure

								SR-4.5.3		The system shall incorporate dust-tolerant interface features for replaceable subsystems (covers, seals, wiping surfaces, etc.).		MSC-4.5		Inspection		Avoids adding heavy mitigation later

								SR-4.6 : Cost per Delivered Kilogram

								SR-4.6.1		The program shall maintain a cost-per-delivered-kg model including launch cost, structural mass, and amortized reusable hardware.		MSC-4.6		Analysis		Define amortization approach [TBR]

								SR-4.6.2		The architecture shall demonstrate cost per delivered kilogram to lunar surface ≤ [TBD] $/kg.		MSC-4.6		Analysis		Trade driver, SR-4.6.2.a Threshold: $/kg ≤ [TBD]

								SR-4.6.3		The system shall track mass growth margins and identify components driving $/kg increases.		MSC-4.6		Analysis		Supports design trades

								SR-5.1 : Data geo-referencing

								SR-5.1.1		The system shall assign a position solution to every collected science/characterization data record.		MSC-5.1		Analysis, Test

								SR-5.1.2		The system shall time-tag every collected science/characterization data record using a synchronized mission time standard.		MSC-5.1		Test, Inspection

								SR-5.1.3		The system shall express all position-tagged data in a defined reference frame consistent with the Lunar Lander mission reference frame.		MSC-5.1		Analysis		TBD: Reference frame definition (e.g., lander local frame, lunar-fixed frame, etc.)

								SR-5.2 : Coordinate Frame Alignment with Lunar Lander

								SR-5.2.1		The system shall implement a coordinate transformation between the platform frame and the Lunar Lander frame.		MSC-5.2		Analysis

								SR-5.2.2		The system shall calibrate and validate the transformation parameters during mission operations.		MSC-5.2		Test, Analysis		Calibration method (fiducials, known poses, time-synced landmarks, etc.)

								SR-5.3 : Position Solution Accuracy Sufficient for Mapping

								SR-5.3.1		Position accuracy supports the spacial resolution for resource/surface mapping.		MSC-5.3		Analysis, Test		SR-5.3.1.a Threshold: Position error <= TBD (m)

								SR-5.3.2		The system shall provide an  estimate of position uncertainty associated with each position solution.		MSC-5.3		Analysis		SR-5.3.2.a  Uncertainty reported as TBD (eg. 1 sigma, 95% CL)

								SR-5.4 : Time Synchronization Sufficient for Sensor Function

								SR-5.4.1		The system shall synchronize its time base to the Lunar Lander time standard at an interval sufficaent to prevent unacceptable timing drift.		MSC-5.4		Analysis, Test		SR-5.4.1.a Max allowable drift between syncs ≤ TBD (ms or s), SR-5.4.1.b Sync interval ≤ TBD (s or hr) 

								SR-5.4.2		The system shall record timing metadata needed to align multi-sensor measurements (e.g., latency, sampling rate, clock offset).		MSC-5.4		Inspection, Analysis

								SR-5.5 : Lander Interface for PNT Data Exchange

								SR-5.5.1		The system shall receive required navigation/time data from the Lunar Lander through a defined interface.		MSC-5.5		Test		Interface type/protocol, update rate, message format

								SR-5.5.2		The system shall transmit required state/health data to the Lunar Lander to support coordinated operations (as applicable)		MSC-5.5		Test		Data fields (positionm, timestamp, quality flags, health)

								SR-5.6 : Continuity and Fail-Safe Behavior

								SR-5.6.1		The system shall maintain a bounded navigation solution during temporary loss of Lunar Lander updates.		MSC-5.6		Analysis, Test		SR-5.6.1.a Max outage duration supported ≥ TBD (min), SR-5.6.1.b Max allowable accumulated position error during outage ≤ TBD (m)

								SR-5.6.2		The system shall flag and quarantine data collected outside acceptable PNT thresholds.		MSC-5.6		Test		Quality thresholds and Logic

								SR-6.1 Map Generation Coverage

								SR-6.1.1		The system shall generate georeferenced map products covering the defined mission area of interest.		MSC-6.1		Analysis		Mission area definition [TBR], SR-6.1.1.a Threshold: Mission area coverage ≥ [TBR] %

								SR-6.1.2		The system shall associate all mapped data products with spatial coordinates defined in the mission reference frame.		MSC-6.1		Analysis		SR-6.1.2.a Threshold: No unmapped gaps exceeding [TBR] m²

								SR-6.2 : Spatial Resolution Adequacy

								SR-6.2.1		The system shall produce map products with spatial resolution sufficient to represent features identified by MO-1, MO-2, and MO-3.		MSC-6.2		Analysis		Resolution tied to upstream objectives, SR-6.2.1.a Threshold: Resolution ≤ [TBR] m/pixel

								SR-6.2.2		The system shall document the spatial resolution of each generated map product.		MSC-6.2		Inspection		Metadata requirement, SR-6.2.2.a Threshold: Resolution metadata present for 100% of products

								SR-6.3 : Data Integration and Fusion

								SR-6.3.1		The system shall integrate surface, subsurface, and resource-indicator measurements into unified spatial data products.		MSC-6.3		Analysis		Multi-sensor fusion, SR-6.3.1.a Threshold: ≥ [TBR] data modalities integrated per map

								SR-6.3.2		The system shall preserve spatial alignment between integrated datasets.		MSC-6.3		Analysis		Alignment relies on MO-5 PNT, SR-6.3.2.a Threshold: Inter-dataset misalignment ≤ [TBR] m

								SR-6.4 :Metadata and Uncertainty Documentation

								SR-6.4.1		The system shall attach metadata describing resolution, uncertainty, and data provenance to all map products.		MSC-6.4		Inspection		Metadata standard [TBR], SR-6.4.1.a Threshold: Metadata completeness = 100%

								SR-6.4.2		The system shall document uncertainty bounds associated with mapped values.		MSC-6.4		Analysis		Links to MO-1 / MO-2 uncertainty, SR-6.4.2.a Threshold: Uncertainty bounds provided for all mapped quantities

								SR-6.5 : Area Coverage Sufficiency

								SR-6.5.1		The system shall generate mapped products covering at least the minimum required fraction of the mission interest area		MSC-6.5		Analysis		Coverage metric, SR-6.5.1.a Threshold: Area coverage ≥ [TBR] %

								SR-6.6 : PRM Compatibility

								SR-6.6.1		The system shall generate data products suitable for incorporation into a Proven Reserve Model (PRM).		MSC-6.6		Analysis		PRM interface, SR-6.6.1.a Threshold: PRM ingestion without data loss

								SR-6.6.2		The system shall preserve spatial and uncertainty information required for reserve estimation modeling.		MSC-6.6		Analysis		Supports confidence claims, SR-6.6.2.a Threshold: Spatial + uncertainty data retained

								SR-6.7 : Data Format and Storage

								SR-6.7.1		The system shall store all final map products in a mission-approved standardized data format.		MSC-6.7		Inspection		File formats [TBR], SR-6.7.1.a Threshold: 100% format compliance

								SR-6.7.2		The system shall ensure generated data products are accessible for downstream analysis and modeling.		MSC-6.7		Demonstration		Data accessibility, SR-6.7.2.a Threshold: Successful retrieval and use in analysis pipeline





System Requirements

								*READ THIS STUFF AND MAKE SURE IT MAKES SENSE



						System Requirements

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-1		The mission power system shall provide at least 1 W of regulated electrical power per kilogram of payload during nominal surface operations while the payload is attached to the lander.		PUG Lander Document		Analysis		Updated		Clarifies that 1 W/kg applies only while attached.		PUG: Nominal 1 W/kg power allocation.

						SYS-1a		For deployable payloads, the payload shall be self-powered following separation from the lander; the lander will not provide nominal power after egress.				Analysis		New		Deployables must provide their own power after release.		PUG: Deployable payloads take full control of power after release.

						SYS-1c		The lander shall provide a scheduled PEAK power service of up to 2.5 W per kilogram of payload while the payload remains attached, subject to Astrobotic scheduling and power availability.				Analysis		New		Defines lander PEAK power allocation.		PUG: Peak = 2.5 W/kg when scheduled.

						SYS-1d		The payload customer shall request and schedule any required PEAK power windows (start/stop times, duration, justification) through the payload integration and mission operations process.				Inspection		New		Clarifies scheduling requirement for peak power use.		PUG: Additional power services available via scheduling.

						SYS-1e		The lander shall provide a RELEASE power pulse of up to 30 W peak for approximately 60 seconds for deployment/actuation events only.				Test		New		Defines available high-power pulse for deployment-only operations.		PUG: Release = 30 W peak for ~60 seconds.

				NOTE: Calculate power requirements of all instruments combined, potential driving or propulsion systems, and computers necessary. Generate rough estimates of this to incorporate into requirements so that requirements can be broad enough to support designing a rover or some projectile payload.		SYS-1f		If a launch-from-lander event requires power beyond PEAK or sustained high power, the payload shall include internal power storage (batteries or capacitors) sized to support the event and post-release operations.				Inspection		New		Ensures high-power events must use onboard energy storage.		PUG: Deployables control power post-release; lander not used for sustained loads.

						SYS-1g		High instantaneous actuation power shall be supplied by on-payload energy storage; SEC power circuits shall be used only for charging and release signals within the lander-provided limits.				Test		New		Protects lander circuits; ensures payload uses internal storage for spikes.		PUG: SEC supports limited operational and release circuits only.

						SYS-2		The system shall support a total payload mass of up to 200 kg including instruments and mounting hardware.				Analysis		Updated		Fit within Griffin 625 kg capacity.		PUG: Griffin payload capacity.

						SYS-3		The system shall provide a payload accommodation volume of at least 40 m^3 for science instruments.				Inspection		Updated		Volume fits within Griffin mounting envelope.		PUG: Payload envelope & mounting decks.

				NOTE: adjust this temperature range in the instrument requirements		SYS-4		The system shall support payload operation across lunar surface thermal environments from −30°C to +80°C.				Test		Updated		Matches PUG lunar surface thermal environment.		PUG: Thermal Environment (Surface).

						SYS-5		The system shall survive launch vibration, acoustic, and shock environments consistent with Falcon Heavy limits.				Test		Updated		Mechanical loads defined by GEVS and Astrobotic.		PUG: Mechanical Environment.		Launch vehicle for Griffin

						SYS-6		The system shall tolerate cumulative radiation exposure of at least 1 krad(Si).				Analysis		Updated		Matches typical mission TID (<1 krad).		PUG: Radiation environment.

						SYS-7		The system shall support continuous science data collection for a minimum of 14 days on the lunar surface.				Analysis		Updated		Matches Griffin 14-day surface duration.		PUG: Griffin Polar Configuration.

						SYS-8		The system shall operate in vacuum, lunar dust, and variable solar illumination without unacceptable performance degradation.				Test		Updated		Environmental compatibility.		PUG: Pressure, contamination, surface environment.

						SYS-9		The system shall allow payloads to be deployed from the lander without requiring additional mission support beyond standard Astrobotic egress procedures.				Test		Updated		Matches standard deployable payload ops.		PUG: Egress Procedures.

						SYS-10		The system shall support payload operation as a navigation gateway for future missions.				Analysis		Unchanged		Supports use of OPAL or enhanced sensors.		PUG: TRN/OPAL.

						SYS-11		The system shall be compatible with a launch schedule no later than 2032.				Analysis		Unchanged		Schedule constraint.		N/A

						SYS-12		The system shall support surface surveys covering at least 50 km².				Analysis		Unchanged		Survey requirement.		N/A

				Note: Verify that all instruments can achieve this. May need to adjust.		SYS-13		The system shall support detection of subsurface structures to a depth of at least 2 m.				Test		Unchanged		Science requirement.		N/A

						SYS-14		The system shall support construction of 3D maps of regolith thickness, density, and grain size.				Analysis		Unchanged		Science requirement.		N/A

						SYS-15		The system shall provide an internal payload controller (OBC) for managing instruments and data.				Inspection		Updated		Uses radiation-tolerant FPGA payload computer.		PUG: Payload Computer.

						SYS-16		The system shall support instrument electrical interfaces at 28 V ± 5% DC.				Inspection		Updated		Matches SEC power specification.		PUG: Electrical Interfaces.

						SYS-17		The system shall support data interfaces using RS-422 or SpaceWire.				Test		Updated		Matches standard lander payload interfaces.		PUG: Data Interfaces.

						SYS-18		Instruments shall be controllable via scripts (C++ or RUST) on Linux-based systems using open APIs.				Test		Updated		Supports autonomous ops from PMCC.		PUG: Ground Segment.		Rust/C++

						SYS-19		The system shall support a maximum downlink bandwidth of 10 kbps per kilogram during nominal surface operations.				Analysis		Updated		Matches nominal data allocation.		PUG: Data Services (Release 10 kbps/kg).

						SYS-20		Instruments shall support integration times ≤100 ms per sample or operate in stop-and-stare mode without exceeding mission duration.				Test		Unchanged		Science operations requirement.		N/A

						SYS-21		The system shall use the Standard Electrical Connector (SEC) for all power and data interfaces.				Inspection		New		Ensures compatibility with Glenair SuperNine connector.		PUG: SEC description.

						SYS-22		The system shall maintain thermal conductance <0.1 W/K between payload and lander mounting interfaces.				Test		New		Required for thermal isolation.		PUG: Thermal Interfaces.

						SYS-23		The system shall comply with EMI/EMC requirements per MIL-STD-461G.		MIL-STD-461G		Inspection		New		Active payload EMI constraint.		PUG: Electromagnetic Environment.

						SYS-24		The system shall comply with ISO Class 8 cleanroom integration requirements (or optional Class 7 if required).				Inspection		New		Matches integration facility constraints.		PUG: Contamination Control.

						SYS-25		The system shall support the standard 75 mm bolt-pattern mounting grid with M5 helicoils on the payload mounting decks.				Inspection		New		Ensures structural compatibility with mounting decks.		PUG: Payload Mounting Decks.

						Other Systems Requirements considerations:

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-26		The system shall support repositioning of the payload across the lunar surface to enable multi-location measurement operations.		TBD		Analysis/Simulation		New		Mobility Concept Report		Ensures science coverage of survey areas		Specific mobility method (hover, rover, or hybrid) TBD during concept development

				*		SYS-27		The system shall provide sufficient payload stability during repositioning to maintain instrument performance within mission-defined measurement tolerances.		TBD		Test/Analysis		New		Stabilization Performance Report		Prevents motion-induced degradation of He-3 and H₂O measurements		Covers concept-phase hover or traverse scenarios

						SYS-28		The system shall support any propulsion or traction systems required for payload repositioning without exceeding mass, volume, or power budgets.		TBD		Analysis		New		Propulsion/Mobility Integration Report		Ensures mobility does not compromise system constraints		Fuel/mass allocation TBD

				*		SYS-29		The system shall maintain dust mitigation for sensors and mobility systems during surface operations.		TBD		Test		New		Environmental Test Report		Prevents sensor degradation and maintains operational reliability		Applies for hover, rover, or hybrid modes

				*		SYS-30		System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.

tc={0DB9690E-788E-4AA9-99D7-7CEA37A25B4B}: [Threaded comment]
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Comment:
    Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.		TBD		Analysis		New		Data Storage Analysis Report		Prevents data loss during extended surveys		Accounts for measurements while moving or stationary

				*		SYS-31		The system shall support energy storage sufficient to power mobility and instrument operations for a minimum of Y hours per mission operation period.		TBD		Analysis		New		Energy Budget Report		Ensures survey coverage without exceeding power limits		Includes propulsion energy and payload usage; exact Y TBD

				*		SYS-32		The system shall provide safe clearance from the surface and obstacles during repositioning to prevent collision or damage to the payload.		TBD		Test/Analysis		New		Operational Safety Analysis Report		Ensures payload safety during mobility operations		Hover altitude or clearance margin TBD

						SYS-33		The system shall maintain thermal stability of instruments during surface repositioning under varying illumination and shadow conditions.		TBD		Test		New		Environmental Qualification Test Report		Protects instrument performance during dynamic thermal loads		May require insulation, heaters, or thermal control design

				*		SYS-34		The system shall provide navigation and hazard avoidance sensors sufficient for safe autonomous or semi-autonomous surface repositioning.
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Comment:
    Include importance of control algorithms for autonomous/semi-auto repositioning.		TBD		Test		New		Navigation Performance Report		Enables coverage of target survey areas without collisions		Sensor types TBD; Doppler LiDAR, stereo cameras, optical flow possible

						SYS-35		The system shall allow instrument operation during movement without exceeding measurement error limits defined for mission objectives.		TBD		Test/Analysis		New		Science Performance Test Report		Ensures He-3 and H₂O measurements remain valid during motion		Integration times and motion blur constraints TBD

						SYS-36		The system shall support recharging or refueling of energy stores between sorties if multiple sorties are required to complete survey objectives.		TBD		Analysis		New		Operational Sustainability Report		Enables extended mission coverage across multiple locations		Recharge/refuel method TBD (solar, battery swap, propellant refill)

				*		SYS-37		The system shall monitor and manage onboard energy consumption to prevent depletion during critical science or mobility operations. 		TBD		Test/Analysis		New		Power Management Report		Protects mission operations and prevents partial survey failure		Includes automated or manual power management

						SYS-38		System should have sufficient control algorithms- based on sensors onboard to facilitate autonomous maneuvering. 

																				Specs of PUG lander Computer: GNC flight sensor drivers and propulsion control units, are enclosed separately near the relevant subsystem hardware. Peregrine's flight computer consists of a 32-bit high-performance dual-core LEON 3 FT microprocessor. The computer employs radiation hardened integrated circuits as well as fault-tolerant and SEU-proof characteristics.

Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.



Include importance of control algorithms for autonomous/semi-auto repositioning.





https://everyspec.com/MIL-STD/MIL-STD-0300-0499/MIL-STD-461G_53571/

ElectricalReq



										System Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										ELEC-1		Power supply capable of sustaining  [TBR] overtime		UNP MC User's Guide		Test		Incomplete		Electrical Inspection Document

tc={ADF50ECA-3A1E-4F5B-B679-90DCB7C9C412}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    Until noted otherwise, I will put Jack on he task of  creating documents for individual systems, which will be cross-checked by the system leads themselves.


										ELEC-2		Data handling component apable of a raw data rate of [TBR] (FPGA or DSP)		UNP MC User's Guide		Test		Incomplete		Electrical Inspection Document

										ELEC-3		ADC 		MS-1		Test		Incomplete		Electrical Inspection Document		To convert analog signals into digital data a computer can read and store

										ELEC-4		DAC 		MS-1		Test		Incomplete		Electrical Inspection Document		To convert digital data into smooth continuous analog signal

										ELEC-5		Sensors for temperature, pressure, etc		MO-1 & MO-2		Test		Incomplete		Electrical Inspection Document

										ELEC-6		Communication components to transfer data from lunar surafce to earth (Antenna, transceivers, lasers, etc)		MO-3		Inspection		Incomplete		Electrical Inspection Document

										ELEC-7		Determine frequency band (X-band or opitical comms)		MO-3		Analysis		Incomplete		Electrical Inspection Document

										ELEC-8		High performance, low power, and radiation hardened microcontroller/controller		MO-3		Demonstration		Incomplete		Electrical Inspection Document









Until noted otherwise, I will put Jack on he task of  creating documents for individual systems, which will be cross-checked by the system leads themselves.








PowerReq



						Lunar Penetrating Radar Requirements

						Number		Requirement		Source		Verification Document		Comments

						pwr-01		The system shall be electrically compatible with the Griffin lander's 28 ± 5% V DC power service provided via the Standard Electrical Connector (SEC).		MO-4, MSC-4.3, SR-1.6.4, SR-4.3.3, SYS-16, SYS-21		Electrical ICD, Test Report		Ensures basic compatibility for charging and operations while attached to the lander.

						pwr-02		The system's total power consumption shall not exceed 200 W (1.0 W/kg) during nominal operations while attached to the lander.		MO-4, SR-1.6.5, SYS-1		Power Budget, Analysis		This budget must account for instrument standby, thermal control, and battery charging before deployment.

						pwr-03		The system shall be fully self-powered after deployment from the lander, providing all necessary power for mobility, science operations, and communications.		MO-1, MO-2, MO-3, MO-4, SYS-1a, SYS-31		Power Budget, System Design Document		Per the PUG, the lander does not provide power after egress. The system will require its own solar arrays and/or batteries.

						pwr-04		The onboard energy storage system (batteries) shall be sized to support a minimum of one full mobility and survey sortie without recharging.		MO-1, MO-2, MO-3, SYS-12, SYS-26, SYS-31, SYS-36		Energy Budget Report, Analysis		This includes power for mobility/propulsion, all instruments operating, the onboard computer, and communications.

						pwr-05		The power system shall provide continuous, regulated power to the science instrument suite, including the LPR (≤ 8 W), Grain Size Analyzer (≤ 5 W), and APXS (≤ 6 W).		MO-1, MO-2, MO-3, LPR-001, AGA-001, APXS-001		Electrical Power Test Report, Power Budget		Stable power is critical for measurement accuracy. The full instrument suite power draw must be accounted for.

						pwr-06		The power system shall provide continuous power to the payload's onboard computer, communication systems, and data storage hardware during all operational phases.		MO-5, MO-6, SYS-15, ELEC-2, ELEC-6, ELEC-8		Electrical ICD, Power Budget		These core systems are mission-critical for navigation, mapping, and data return.

						pwr-07		The system shall include an autonomous power management function to monitor energy consumption and to safe non-critical systems to prevent power depletion.		MO-4, SYS-37		Power Management Report, Demonstration		Protects mission operations by ensuring power is available for key functions like mobility and data collection.

						pwr-08		The power system must supply sufficient power to the thermal control system to maintain all components within their operational temperature range (-30°C to +80°C).		MO-4, MSC-4.4, SR-1.6.9, SR-4.4.1, SYS-4, SYS-33		Thermal Analysis Report, Power Budget		This is a major power driver, especially for survival through lunar night, which may require significant heater power.

						pwr-09		Any high instantaneous power events, such as for mobility, shall be supplied by the payload's internal energy storage, not directly from the lander's power bus.		MO-4, SYS-1f, SYS-1g, SYS-28		Propulsion/Mobility Integration Report		Protects the lander's circuits and ensures the payload can handle its own power spikes, as required for deployable systems.





ComputerReq



										System Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

														UNP MC User's Guide		Test		Incomplete		System Inspection Document

														UNP MC User's Guide		Inspection		Incomplete		System Inspection Document

														MS-1		Inspection		Incomplete		System Inspection Document

														MS-1		Inspection		Incomplete		System Inspection Document

														MS-1		Test		Incomplete		System Inspection Document

														MO-3		Inspection		Incomplete		System Inspection Document

														MO-1		Analysis		Incomplete		System Inspection Document

														MO-3		Demonstration		Incomplete		System Inspection Document

														MO-1		Demonstration		Incomplete		System Inspection Document

														SYS-1		Demonstration		Incomplete		System Inspection Document

														MS-1		Demonstration		Incomplete		System Inspection Document

														MO-1		Demonstration		Incomplete		System Inspection Document





LPR Req

				Will this Instruemnt be used?								*If you find that there is nothing in systems requirements to tie to an instrument requirement, then add to the systems requirements.

				YES

										Lunar Penetrating Radar Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

		VERIFY THIS ROW FOR ALL INSTRUMENTS								LPR-001		The Lunar Penetrating Radar shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities.		Peak power during radar pulse transmission TBD

										LPR-002		The Lunar Penetrating Radar shall have a total mass ≤ 4.0 kg, including mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits.		Mass growth margin of 15 percent allocated

										LPR-003		The Lunar Penetrating Radar shall fit within the allocated payload envelope of 30 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location.		Antenna deployment volume excluded

										LPR-004		The Lunar Penetrating Radar shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures.		Survival temperature limits TBD

										LPR-005		The Lunar Penetrating Radar shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle.		Load spectra TBD based on launch vehicle

										LPR-006		The Lunar Penetrating Radar electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration.		Shielding trade study pending

										LPR-007		The Lunar Penetrating Radar shall be capable of storing a minimum of 14 days of continuous radar data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps.		Data rate and compression assumptions TBD

										LPR-008		The Lunar Penetrating Radar shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to exposed electronics and antennas.		Dust mitigation strategy under development





Grain Analyzer Req

				Will this Instrument be used?

				YES

										Automated Grainsize Analyzer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										AGA-001		The Automated Grain Size Analyzer shall operate within an average power consumption ≤ 5 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities		Peak power during measurement TBD

										AGA-002		The Automated Grain Size Analyzer shall have a total mass ≤ 2.5 kg, including mounting hardware		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15% allocated

										AGA-003		The Automated Grain Size Analyzer shall fit within the allocated payload envelope of 25 x 15 x 15 cm with a minimum clearance of 2 mm on all sides		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Microscope optics and sample holder included

										AGA-004		The Automated Grain Size Analyzer shall operate nominally between minus 30 C and plus 50 C		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										AGA-005		The Automated Grain Size Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										AGA-006		The Automated Grain Size Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Shielding trade study pending

										AGA-007		The Automated Grain Size Analyzer shall be capable of measuring particle size distributions from 10 µm to 2 mm with an accuracy of ±10%		TBD		Test		Incomplete		Calibration Test Report		Enables identification of surface conditions associated with He-3 retention		Accuracy and particle size range based on science objectives

										AGA-008		The Automated Grain Size Analyzer shall store a minimum of 14 days of continuous measurement data onboard		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data rate and compression assumptions TBD

										AGA-009		The Automated Grain Size Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to optics and sensors		Dust mitigation strategy under development

										AGA-010		The Automated Grain Size Analyzer shall be capable of analyzing regolith samples either in situ or from collected sample containers		TBD		Test		Incomplete		Functional Test Report		Supports operational flexibility for multiple mission scenarios		Sample handling mechanism TBD

										AGA-011		The Automated Grain Size Analyzer shall provide measurement data with a time resolution of ≤ 1 minute per sample		TBD		Test		Incomplete		Data Rate Test Report		Enables timely characterization of multiple samples during surface operations		Depends on imaging speed and processing algorithm

										AGA-012		The Automated Grain Size Analyzer shall maintain alignment of optics and sensors within ±1 mm under operational and launch conditions		TBD		Inspection/Test		Incomplete		Alignment Verification Report		Ensures measurement accuracy during transport and operation		Optical mount design TBD





APXS Req

				Will this Instrument be used?

				TBD

										Alpha Particle X-Ray Spectrometer (APXS) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										APXS-001		The APXS shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables routine surface composition measurements		Peak power during excitation TBD

										APXS-002		The APXS shall have a total mass ≤ 3.0 kg, including mounting hardware and deployment mechanism.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										APXS-003		The APXS shall fit within the allocated payload envelope of 25 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployment arm volume excluded

										APXS-004		The APXS shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										APXS-005		The APXS shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										APXS-006		The APXS electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										APXS-007		The APXS shall measure elemental abundances for elements with atomic numbers from Na to Fe with an accuracy of ±10 percent.		TBD		Test		Incomplete		Calibration and Validation Report		Enables identification of Ti-rich basaltic materials associated with enhanced He-3 retention		Titanium detection threshold TBD

										APXS-008		The APXS shall achieve a minimum surface measurement integration time of ≤ 30 minutes per target.		TBD		Test		Incomplete		Performance Test Report		Allows multiple compositional measurements within nominal surface operations timeframe		Integration time dependent on count rate

										APXS-009		The APXS shall store a minimum of 14 days of compositional data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										APXS-010		The APXS shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to detectors and contact surfaces		Dust cover or purge mechanism TBD

										APXS-011		The APXS shall be capable of performing measurements while in direct contact with the lunar surface.		TBD		Test		Incomplete		Functional Test Report		Ensures accurate elemental analysis by minimizing standoff distance		Surface contact force TBD

										APXS-012		The APXS shall maintain detector alignment and calibration within mission limits for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for compositional analysis		Periodic in-flight calibration TBD





Flux Mag Req

				Will this Instrument be used?

				TBD

										Fluxgate Magnetometer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										FGM-001		The Fluxgate Magnetometer shall operate within an average power consumption ≤ 3 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous magnetic field measurements		Peak power during sampling TBD

										FGM-002		The Fluxgate Magnetometer shall have a total mass ≤ 2.0 kg, including sensor, boom, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Boom length TBD

										FGM-003		The Fluxgate Magnetometer shall fit within the allocated payload envelope of 20 x 15 x 15 cm when stowed, with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployed boom volume excluded

										FGM-004		The Fluxgate Magnetometer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										FGM-005		The Fluxgate Magnetometer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										FGM-006		The Fluxgate Magnetometer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										FGM-007		The Fluxgate Magnetometer shall measure magnetic field vectors with a resolution of ≤ 0.1 nT over a dynamic range of at least ±1000 nT.		TBD		Test		Incomplete		Calibration and Performance Report		Enables detection of lunar crustal magnetic anomalies that deflect solar wind		Performance consistent with prior lunar missions

										FGM-008		The Fluxgate Magnetometer shall acquire vector magnetic field measurements at a sampling rate ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports mapping of spatial variations in magnetic anomalies during surface operations		Higher rates optional if power allows

										FGM-009		The Fluxgate Magnetometer shall store a minimum of 14 days of continuous magnetic field data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per sample TBD

										FGM-010		The Fluxgate Magnetometer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to exposed sensors and connectors		Dust shielding strategy TBD

										FGM-011		The Fluxgate Magnetometer shall minimize magnetic interference from spacecraft systems to within mission-defined limits.		TBD		Analysis/Test		Incomplete		Magnetic Cleanliness Report		Ensures accurate measurement of weak crustal magnetic fields		Magnetic cleanliness requirements TBD

										FGM-012		The Fluxgate Magnetometer shall maintain calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for correlation with solar-wind implantation		Periodic in-flight calibration TBD





MS Camera Req

				Will this Instrument be used?

				TBD

										Multispectral Imaging Camera Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										MSIC-001		The Multispectral Imaging Camera shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous imaging operations		Peak power during image acquisition TBD

										MSIC-002		The Multispectral Imaging Camera shall have a total mass ≤ 2.5 kg, including optics, detector, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										MSIC-003		The Multispectral Imaging Camera shall fit within the allocated payload envelope of 20 x 15 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with rover mounting location		Field-of-view envelope excluded

										MSIC-004		The Multispectral Imaging Camera shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										MSIC-005		The Multispectral Imaging Camera shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										MSIC-006		The Multispectral Imaging Camera electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										MSIC-007		The Multispectral Imaging Camera shall acquire images in at least 5 discrete spectral bands spanning the visible to near-infrared range.		TBD		Test		Incomplete		Optical Performance Test Report		Enables inference of regolith maturity and grain size related to He-3 retention		Spectral band centers TBD

										MSIC-008		The Multispectral Imaging Camera shall achieve a ground sampling distance ≤ 5 mm per pixel at nominal imaging altitude.		TBD		Test		Incomplete		Imaging Resolution Report		Allows identification of fine-grained regolith features		Pixel scale dependent on optics

										MSIC-009		The Multispectral Imaging Camera shall support imaging while the rover is moving at speeds up to 5 cm/s without unacceptable image blur.		TBD		Test		Incomplete		Motion Imaging Test Report		Enables efficient surface coverage during rover traverses		Exposure time and stabilization strategy TBD

										MSIC-010		The Multispectral Imaging Camera shall store a minimum of 14 days of multispectral image data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Image compression scheme TBD

										MSIC-011		The Multispectral Imaging Camera shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to optics and detectors		Dust cover or optical window TBD

										MSIC-012		The Multispectral Imaging Camera shall maintain radiometric calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Radiometric Calibration Report		Ensures long-term validity of reflectance measurements used to infer regolith maturity		In-flight calibration target TBD





ESA Req

				Will this Instrument be used?

				TBD

										Electrostatic Analyzer (ESA) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										ESA-001		The Electrostatic Analyzer shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and supports continuous charged-particle measurements		Peak power during high-rate sampling TBD

										ESA-002		The Electrostatic Analyzer shall have a total mass ≤ 4.0 kg, including sensors, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										ESA-003		The Electrostatic Analyzer shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Field-of-view envelope excluded

										ESA-004		The Electrostatic Analyzer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										ESA-005		The Electrostatic Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										ESA-006		The Electrostatic Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										ESA-007		The Electrostatic Analyzer shall measure ion and electron energies from 1 eV to 20 keV with an energy resolution ≤ 20 percent.		TBD		Test		Incomplete		Calibration and Performance Report		Enables characterization of solar wind ions responsible for He-3 implantation		Energy range aligned with solar wind expectations

										ESA-008		The Electrostatic Analyzer shall measure charged particle angular distributions with a field of view ≥ 180 degrees.		TBD		Test		Incomplete		Angular Response Test Report		Enables determination of particle arrival direction and surface implantation geometry		Multiple sensor heads or deflection system TBD

										ESA-009		The Electrostatic Analyzer shall acquire charged particle measurements at a cadence ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports correlation with magnetic field and surface measurements		Higher cadence optional if power allows

										ESA-010		The Electrostatic Analyzer shall store a minimum of 14 days of charged particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data compression strategy TBD

										ESA-011		The Electrostatic Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to apertures and sensors		Dust shielding or electrostatic deflection TBD

										ESA-012		The Electrostatic Analyzer shall minimize contamination from spacecraft-generated charged particles and electric fields.		TBD		Analysis/Test		Incomplete		EMI and Plasma Interaction Report		Ensures accurate measurement of ambient solar wind environment		Spacecraft-plasma interaction modeling TBD

										ESA-013		The Electrostatic Analyzer shall maintain absolute energy calibration stability within ±10 percent over the mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of charged particle energy measurements		In-flight calibration using solar wind TBD

										ESA-014		The Electrostatic Analyzer shall provide time-tagged measurements synchronized to spacecraft time within ±10 ms.		TBD		Test		Incomplete		Time Synchronization Test Report		Enables correlation with magnetometer and surface measurements		Time distribution architecture TBD





NPD Req

				Will this Instrument be used?

				TBD

										Neutral Particle Detector Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										NPD-001		The Neutral Particle Detector shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous exospheric measurements		Peak power during ionization TBD

										NPD-002		The Neutral Particle Detector shall have a total mass ≤ 4.0 kg, including sensor head, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										NPD-003		The Neutral Particle Detector shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Inlet field-of-view volume excluded

										NPD-004		The Neutral Particle Detector shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										NPD-005		The Neutral Particle Detector shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										NPD-006		The Neutral Particle Detector electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										NPD-007		The Neutral Particle Detector shall measure neutral species including He, Ar, and H with mass resolution sufficient to distinguish He isotopes.		TBD		Test		Incomplete		Calibration and Performance Report		Enables estimation of He-3 released from the lunar surface or exosphere		Isotope separation capability TBD

										NPD-008		The Neutral Particle Detector shall measure neutral particle fluxes over an energy range appropriate for lunar exospheric conditions.		TBD		Test		Incomplete		Energy Response Test Report		Ensures sensitivity to thermally and sputter-released neutral particles		Energy range TBD based on science model

										NPD-009		The Neutral Particle Detector shall acquire neutral particle measurements with a time resolution ≤ 10 minutes per spectrum.		TBD		Test		Incomplete		Data Rate Test Report		Allows tracking of temporal variations in exospheric composition		Integration time trade TBD

										NPD-010		The Neutral Particle Detector shall store a minimum of 14 days of neutral particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										NPD-011		The Neutral Particle Detector shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to inlets, ion optics, and detectors		Inlet shielding or baffle design TBD

										NPD-012		The Neutral Particle Detector shall maintain calibration stability within ±10 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of exospheric density and composition estimates		Periodic in-flight calibration TBD





Design Decision 1

												1		2		3		4		5		6

										NAME		Information Gathering		Operations		Material Management		Accessibility		Research		Maintenance				Rank categories 1:N, N number categories

										Andrew Dishchuk		6		1		2		3		5		4

										Christian

										Max		1		3		5		2		6		4				*Jack notes research and information gathering can be combined

										Jack																Max's Questions:

										Brian																operations = digging stuff?		Sorta

										Paige																what makes information gathering & Research different?		Information gathering could be "Surveying"

										Zach																		Research can be creating things for a foundation of information collection/experimentation

										Riley































												7		4		7		5		11		8

												Kevin's personal approach: idea selection allows system requirements to naturally arise

												Long duration lunar sustainment

												Redwire		Hand in hand

												1		Energy

												2		Supply chain

												How to support "life in space"

														LASSO

														Proven reserve model

												Avoid the rover part

												PNT				LASSO DATA

																		Grading of resource

												Qty Volume of wter

												Lpross

												Mining processes on earth for characterizing sites, estabilishing mineral reserves, PRM (proven reserve model)

												Used to establish economic feasibility

												Lunar subterannean characterization

												Lunar terrain vehicle

										Future LTV		Astrobotic

												Astrolab

												Intuitive machines

												Lunar Outpost

												Lunanet		Requirements to help push us along

												Nokia 3G communications payload

												Cap out at 7

												Review and getting back

												Create pods for leadership and accountability

												3-4 may be optimal depending on people and task

												Systems lead





Mission statement template



				Mission Statement

				Number		Requirement						Comments

				MS-1		Demonstrate characterization of areas with He3 concentration on the lunar surface using spectrometry.						Intent of assisting with the foundation of a Proven Reserve Model (PRM).



				Objectives

				Number		Requirement		Source		Verification Document		Comments

				MO-1		May provide movement capabilities on the lunar surface.		MS-1				Red - highlights, things we are assuming we have access to

				MO-2		Shall demonstrate an antenna system that is capable of communicating with various lunar platforms.		MS-1				Need help writing out requirements for a comms system, I will try and write some initial conditions

				MO-3		Shall demonstrate power storage on the bus system capable of powering the bus. 		MS-1

				MO-4		Shall demonstrate Energy Generation and storage on the power system.		MS-1

				MO-5		Shall provide support for additional operations.		MS-1



				MO-1 Success Criteria

				Number		Requirement		Source		Verification Document		Comments

				MSC-2		Shall send and receive signals, position information, and data.		MO-2

				MSC-3		May store [TBR] W of power.		MO-3

				MSC-4		May restore power banks through [TBR] cycles of use, and for communication systems after use discontinues.		MO-4				Change to something along the lines of : allow for a power cycle of multiple use cases as a backup

				MSC-5		May allow 2+ connections for various electrical, and mechanical systems, with power allotment. 		MO-5				Some versions of the bus may require less, none, or more connections depending on customer's goal.



				Full Success Criteria

				Number		Requirement		Source		Verification Document		Comments

				FSC-1		When in range, the communication system should display the position, and communicate the position of other rovers, and systems in sight.		MO-1

				FSC-2		Allow the full timespan required by the full success criterion of the payload the bus is used for.		MO-3

				FSC-3		Allow access, or adjustable designs for all components of payloads.		MO-4





System Requirements template



						System Requirements

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

				Looking up requirements from other industries?		(UNP12-1)		Lunar Payload shall be designed to withstand the launch, on-orbit environments, and landing of the launch vehicle without failure that results in damage of launch vehicle and its contents or failure that causes injury to the ground handling crew.		UNP MC User's Guide		Test		Incomplete		System Inspection Document

				Environmental requirements on surfce		(UNP12-2)		Lunar bus shall be designed to meet the requirements specified in the (research on lunar payload requirements)		UNP MC User's Guide		Inspection		Incomplete		System Inspection Document

				What is provided by LTV		SYS-1		Bus shall be capable of movement on various lunar terrains.		MS-1		Inspection		Incomplete		System Inspection Document				Mechanical Team

				Backtrack potential RPS that NASA has put out for LTVs		SYS-2		Bus may be accompanied by a payload.		MS-1		Inspection		Incomplete		System Inspection Document		The bus is intended to be used as a functional environement for external systems and operations. The bus' interfaceability with  various mechanisms is a desired function.for success.

				100's of W at most.  Generate own power preferably		SYS-3		Lunar bus shall be capable of downlinking state of health and functional data.		MS-1		Test		Incomplete		System Inspection Document

				Accomodations		SYS-4		Lunar bus shall perfom system checks before and during payload procedures, and while using power systems.		MO-3		Inspection		Incomplete		System Inspection Document

				Basic estimations ~ 27u of space						MO-1		Analysis		Incomplete		System Inspection Document

				Mass ~ Mass efficient as possible.						MO-3		Demonstration		Incomplete		System Inspection Document

				1 kg > $1M						MO-1		Demonstration		Incomplete		System Inspection Document

				Chat&Google for environmental requirements for different scenarios		MECH-1		Withstand launch vibrations		SYS-1		Demonstration		Incomplete		System Inspection Document

				Subsections for each system						MS-1		Demonstration		Incomplete		System Inspection Document

				Exhaustive - build ourselves a wall for our problems						MO-1		Demonstration		Incomplete		System Inspection Document

				For examples on how this should be completed, check out AFRL DOCKING								Test, Inspection, Amalysis, Demonstration 
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SRR Composition:
 The System Requirements  Review (SRR) creates  requirements  at 

multiple  levels  of, progressing from mission intent to system 
behavior.

Requirement wording is  intentionally s tructured to distinguish 
between objectives, success criteria, and enforceable  system 
requirements .

Only requirements  at the  System Requirement (SR) level and below 
are  written as  “shall” s tatements , indicating mandatory, verifiable  
behavior.
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Requirement Language and Intent:
Mission Statement (MS):  Describes overall mission purpose and 

scope.
Mission Objectives (MO):  Express mission intent and capability 

goals. They are qualitative.
Mission Success Criteria (MSC):  Introduce measurable outcomes 

that define mission success.
System Requirements (SR):  Define what the system shall  do to 

satisfy MSCs, including performance, interfaces, constraints , and 
behaviors .
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Shall generate a map of lunar surface characteristics  using 
tooling  such as spectroscopy,  and ground-penetrating  radar, 
to create a model  of resource distribution  of H2O, & He3 at a 
50% confidence  level
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Shall generate a map of lunar surface characteristics  using 
tooling  such as spectroscopy,  and ground-penetrating  radar, 
to create a model  of resource distribution  of H2O, & He3 at a 
50% confidence  level
 

Number Requirement

MS-1

Mission Statement

Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource 
distribution of H2O, & He3 at a 50% confidence level


SRR Information



														Work Allotment:		Role:				Responsibility:

														Paige:		System Requirement Lead				Checking over filled in boxes, making sure content makes sense, and connects between sub-teams.

														Jack:		Systems Lead				Complete front page, and work on inspection documents that satisfy system requirements.

														Nilson		Electrical Lead				Complete electrical sub-system design requirements.

														George		Computer Lead				Complete computer sub-system design requirements.

														Max		Mechanical  Lead				Complete mechanical sub-system design requirements. 

														Christian		Team Lead				Compile system information into a neat package for presentation. Help Paige check boxes as you go since you will be reading them over as you make your slides.



										Feedback from midpoint:		Team Name		School		Feedback for the team				Evaluator

										Feedback from midpoint:		Orbital Gators		University of Florida		Good contrast of your concept against other work. Would have liked to see slide of assumptions/constraints. Also would have liked to see more information on the market for He3 and who could fund this/who would invest in this system. Good summary slide.				Jessica Piness, Aegis Aerospace, jessica.piness@aegisaero.com

												Orbital Gators		University of Florida		What sensor technology advancement is needed meet the mission requirements?				Victor Lin, The Aerospace Corp, victor.s.lin@aero.org



				Priority		TO DO LIST:

				4		Create priorities for completing requirements

				3		Label and color every different subteams requirements to make it more traceable (While doing the substem for each req)

				2		Connect the proper MO's MSC's and SR's and have the proper sources

				5		Read over SRR and polish. 

				1		Add subsystem to each relevant requirement

				1		Recheck SRR for inclusion of tooling

								Comments				Comments:

				Priority		Decide TO DO:		We need to decide on assumptions either before or after designing

				1		CONOPS











				ID		Assumption / Constraint		Rationale

				AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

				AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

				AC-3		Griffin provides up to 5 kWe solar power generation during surface operations.		Enables base-station architecture

				AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

				AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

				AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads





				Mission Objective		Mission Success Criterion		System Requirement		Subsystem

				MO-1		MSC-1.1		SR-1.1.1		Payload

				MO-1		MSC-1.2		SR-1.2.1		EPS

				MO-2		MSC-2.1		SR-2.1.1		Comms

				MO-3		MSC-3.1		SR-3.1.1		Mobility





Mission statement



				Mission Statement																				Mission Statement

				Number		Requirement						Comments												Number		Requirement

				MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level						Intent of assisting with the foundation of a Proven Reserve Model (PRM).												MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level

																								Mission Objectives

				Mission Objectives																				Number		Requirement

				Number		Requirement		Source		Verification Document		Justification		Comments										MO-1		Demonstrate the ability to detect and quantify indicators correlated with Helium-3 presence in lunar regolith.

				MO-1		Enable detection and quantification of indicators correlated with Helium-3 presence in lunar regolith.		MS-1				Support Mission Statement 												MO-2		Demonstrate the ability to detect H2O and/or indicators of H2O

				MO-2		Enable detection and characterization of H₂O and/or hydration indicators in the lunar environment.		MS-1																MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment, and site selection.

tc={7F26E5B8-B93D-4422-9FFF-D8B4A7F6722F}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    @Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6

				MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment and site selection.		MS-1																MO-4		Demonstrate a system architecture that balances cost and reusability to enable repeated lunar surface characterization missions.

				MO-4		Provide a reusable and cost-balanced system architecture enabling repeated lunar surface characterization missions.		MS-1																MO-5		Demonstrate coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.

				MO-5		Provide coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.		MS-1																MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.

				MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.		MS-1																MO-7		Interface with the Astrobotic Griffin lander to provide for lunar surface resource surveying activities.

				MO-7		Interface with the Astrobotic Griffin lander to support lunar surface resource surveying operations.		MS-1



				MO-1 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-1.1		Shall scan a [TBR] region of the lunar surface for Helium-3 predictors and/or inverse predictors		MO-1						[TBR] can be used for values you don’t understand/know yet.

				MSC-1.2		The mission shall generate spatially resolved maps of Helium-3 indicator parameters with a spatial resolution of [TBR] pixels/m.		MO-1

				MSC-1.3		The mission shall estimate Helium-3 concentration within surveyed regions with a confidence level of ≥ 50%.		MO-1

				MSC-1.4		The mission shall correlate Helium-3 concentration estimates with at least [TBR] independent predictor variables (e.g., regolith maturity, TiO₂ content, depth).		MO-1

				MSC-1.5		The mission shall provide quantified uncertainty bounds for all Helium-3 resource predictions.		MO-1

				MSC-1.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-1



				MO-2 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-2.1		Shall scan a [TBR] region of the lunar surface for direct H₂O signatures and/or secondary hydration indicators.		MO-2						Only instrument for H2O is Lunar Penetrating Radar

				MSC-2.2		The mission shall generate spatially resolved maps of H₂O‑related parameters (e.g., hydration band depth, neutron count rate, dielectric constant) with a spatial resolution of [TBR] pixels/m.		MO-2

				MSC-2.3		The mission shall estimate H₂O concentration or equivalent hydrogen abundance within surveyed regions with a confidence level of ≥ 50%.		MO-2

				MSC-2.4		The mission shall correlate H₂O concentration estimates with at least [TBR] independent predictor variables (e.g., regolith temperature, albedo, neutron moderation, surface maturity).		MO-2

				MSC-2.5		The mission shall provide quantified uncertainty bounds for all  H₂O resource predictions.		MO-2

				MSC-2.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-2



				MO-3 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-3.1		The system shall successfully characterize surface properties relevant to regolith composition, roughness, and particle size distribution across the mission area.		MO-3						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-3.2		The system shall characterize subsurface structure and layering to a depth sufficient to support resource assessment and site selection.		MO-3						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-3.3		The system shall identify terrain characteristics affecting mobility, including slope, surface roughness, and bearing capacity proxies.		MO-3

				MSC-3.4		The system shall collect surface and subsurface characterization data over a spatial area sufficient to support comparative site evaluation.		MO-3

				MSC-3.5		The collected surface and subsurface data shall achieve sufficient spatial and measurement resolution to distinguish between candidate sites.		MO-3

				MSC-3.6		The system shall successfully characterize surface and subsurface properties under relevant lunar environmental conditions.		MO-3

				MSC-3.7		The characterized properties shall be demonstrably relevant to resource presence, extractability, or infrastructure placement decisions.		MO-3



		Full success = 90% (proven reserve)		MO-4 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-4.1		The system shall complete at least [TBD] full reuse cycles without requiring major component replacement. Each cycle shall demonstrate functional performance within [TBD]% of baseline values to confirm durability of mass‑critical hardware		MO-4						This requirement ensures that mass‑critical components are durable enough to avoid costly and heavy replacements.

				MSC-4.2		Total lifecycle cost for [TBD] missions shall not exceed [TBD] dollars, inclusive of development, launch mass penalties, refurbishment, and operations. 		MO-4

				MSC-4.3		The architecture shall support swapping or upgrading at least [TBD] major subsystems without redesign of the primary structure or interfaces. Standardized mechanical, electrical, and data interfaces shall enable payload and subsystem changes while minimizing added mass.		MO-4

				MSC-4.4		The system shall survive [TBD] lunar day–night cycles without requiring major refurbishment, maintaining thermal and mechanical performance within [TBD]% of nominal.		MO-4						This requirement prevents reliance on heavy protective measures by demonstrating inherent resilience to lunar extremes

				MSC-4.5		Dust ingress shall not exceed [TBD] grams and shall not cause more than [TBD]% degradation in critical subsystem performance.		MO-4						Sealing, filtration, and abrasion‑resistant design features shall preserve functionality without adding prohibitive mass

				MSC-4.6		The system shall achieve a cost per delivered kilogram to the lunar surface of no more than [TBD] dollars, accounting for launch, structural mass, and amortized reusable hardware		MO-4						This metric directly ties architecture choices to the mass sensitivity of lunar delivery and guides tradeoffs between robustness and weight

				MSC-4.7		The system shall demonstrate maintainability and refurbishment processes compatible with mission operations timelines and resource constraints.		MO-4





				MO-5 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-5.1		All science/characterization data products are geo-referenced to an agreed mission reference frame.		MO-5						[TBR] can be used for values you don’t understand/know yet.

				MSC-5.2		The payload/platform coordinate frame is aligned and traceable to the Lunar Lander coordinate frame.		MO-5						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-5.3		Position accuracy supports the spatial resolution required for resource/surface mapping.		MO-5						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-5.4		Timing synchronization supports correlation of measurements across sensors and with lander-provided data.		MO-5

				MSC-5.5		The system can exchange the required PNT-related data with the Lunar Lander.		MO-5

				MSC-5.6		The system maintains geolocation capability through expected comm dropouts or degraded conditions.		MO-5



				MSC-5.7				MO-5						Optionally add: The system shall demonstrate maintainability and refurbishment processes compatible with mission operations timelines and resource constraints.



				MO-6 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-6.1		The mission shall generate georeferenced maps of lunar surface and subsurface characteristics covering the defined mission area of interest.		MO-6						Mission area definition [TBR]

				MSC-6.2		Generated maps shall achieve spatial resolution sufficient to represent features identified in MO-1, MO-2, and MO-3.		MO-6						Resolution thresholds [TBR]

				MSC-6.3		The mission shall produce integrated spatial data products combining surface, subsurface, and resource-indicator measurements.		MO-6						Data fusion approach [TBR]

				MSC-6.4		All generated map products shall include documented metadata describing resolution, uncertainty, and data provenance.		MO-6						Metadata standard [TBR]

				MSC-6.5		Mapped data products shall cover at least [TBR]% of the mission area of interest.		MO-6						Coverage requirement

				MSC-6.6		The mission shall generate final data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-6						PRM interface requirements [TBR]

				MSC-6.7		All final georeferenced products shall be stored in a mission-approved, standardized format for downstream analysis.		MO-6						File formats [TBR]



				MO-7 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-7.1		The system shall be mechanically integrated with the Astrobotic Griffin lander and survives launch, descent, and landing without structural damage or loss of functionality.		MO-7						Mission area definition [TBR]

				MSC-7.2		The system shall successfully receive, regulate, and utilize Griffin-provided electrical power throughout all applicable mission phases.		MO-7						Resolution thresholds [TBR]

				MSC-7.3		The system shall exchange command and telemetry data with the Griffin lander using supported communication interfaces during nominal operations.		MO-7						Data fusion approach [TBR]

				MSC-7.4		The system shall operate within Griffin thermal, contamination, and environmental constraints for the duration of surface operations.		MO-7						Metadata standard [TBR]

				MSC-7.5		The system shall complete all planned surface operations without violating Griffin mission operations timelines or safety constraints.		MO-7						Coverage requirement

				MSC-7.6		All payload data generated while interfaced with Griffin shall be successfully downlinked, archived, and retrievable for post-mission analysis.		MO-7						PRM interface requirements [TBR]



				Full Success Criteria

				FSC ID		Mission Success Criterion		Related SR(s)		Verification Method		Success Condition (SRR Level)		Status

				FSC-1		Scan and map lunar surface regions for subsurface characteristics		MO-1

				FSC-1.1		MSC-1.1: Scan region for He-3 predictors		SR-1.1, SR-2.1		Analysis, Test		Capability demonstrated; thresholds TBD		Open

				FSC-1.3		MSC-1.3: Estimate He-3 with ≥90% confidence		SR-2.3, SR-2.5		Analysis		Uncertainty propagation defined		Open

				FSC-2.1		MSC-2.1: Detect H₂O indicators		SR-2.1		Analysis, Test		Detection logic defined		Open

				FSC-3.3		MSC-3.3: Assess terrain mobility		SR-3.3		Analysis		Mobility metrics defined		Open

				FSC-4.1		MSC-4.1: Reuse cycles supported		SR-4.1		Test		Reuse architecture defined		Open

				FSC-5.1		MSC-5.1: Data georeferenced		SR-5.1		Analysis		PNT interface defined		Open

				FSC-6.6		MSC-6.6: PRM-ready data products		SR-6.6		Analysis		Product formats defined		Open

						`

@Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6







System Requirements (Main)



								System Requirements

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1 : Sensing & Measurement

								SR-1.1		The system shall provide sensing and measurement capabilities sufficient to characterize lunar surface and subsurface properties relevant to mission objectives.		MO-1, MO-2, MO-3		Sensing Architecture Definition		Instrumentation		Establishes top-level measurement intent prior to tool-specific or data-product requirements.		Parent requirement

								SR-1.1 : Sensing & Measurement Requirements

								SR-1.1.1		The system shall include instrumentation capable of measuring elemental and/or isotopic proxy variables correlated with Helium-3 abundance.		MSC-1.1		Tool Selection & Instrument Trade Study		Instrumentation		Enables identification of proxy indicators for Helium-3 distribution.		Detailed tool requirements defined in separate SR-1.1.1 Tooling Table

								SR-1.1.2		The system shall include an instrument capable of scanning regolith structure.		MSC-1.1		Instrument Architecture Definition		Instrumentation		Supports subsurface predictor variables relevant to resource characterization.		Subsurface characterization

								SR-1.1.3		The system shall characterize regolith maturity indicators at each surveyed location to support inference of solar-wind exposure and volatile implantation history.		MSC-1.1		Science Traceability Matrix		Instrumentation, Computer		Regolith maturity is a key proxy for Helium-3 accumulation potential.		Capability-level requirement

								SR-1.1.3.1		The system shall derive regolith maturity metrics using measurements from multiple surface and environmental instruments.		SR-1.1.3		Data Fusion Architecture		Instrumentation, Computer		Maturity cannot be determined from a single measurement modality.		Multi-instrument fusion

								SR-1.1.3.2		The system shall output a regolith maturity index or categorical maturity classification for each surveyed location.		SR-1.1.3		Data Product Definition		Computer		Provides a consistent maturity descriptor for mapping and modeling.		Index definition TBD

								SR-1.1.3.3		The system shall quantify uncertainty associated with derived regolith maturity metrics.		SR-1.3.3, SR-1.4.1		Uncertainty Propagation Analysis		Computer		Required for confidence reporting and PRM integration.		Confidence bounds TBD

								SR-1.1.3.4		The system shall preserve input measurement metadata and derivation parameters used to compute regolith maturity.		SR-6.4.1		Data Management Plan		Computer		Ensures traceability and reproducibility of maturity estimates.		Metadata retained

								SR-1.1.3.5		The regolith maturity characterization process shall operate within available onboard computing and power resources.		SR-COMP, SR-EPS		Resource Budget Analysis		Computer, EPS		Prevents derived products from exceeding system capabilities.		Processing location TBD

								SR-1.1.4		The system shall collect co-registered measurements of surface composition and subsurface structure.		MSC-1.1, MSC-1.4		Co-registration Strategy		Instrumentation, Computer		Enables correlation of surface and subsurface predictor variables.		Time-synchronized datasets

								SR-1.1.4.1		Co-registration shall preserve spatial alignment errors below [TBD] m at each surveyed location.		SR-1.1.4		Error Budget Analysis		Computer, GNC		Required to prevent false correlation in resource modeling.		Threshold TBD

								SR-1.1.4.2		The system shall time-align measurements used for co-registration within [TBD] s.		SR-1.1.4		Timing Verification		Computer		Prevents temporal skew between instruments.		Uses SR-COMP timing

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.2 : Spatial Coverage and Resolution

								SR-1.2		The system shall provide spatial coverage and measurement resolution sufficient to support lunar surface and subsurface characterization objectives.		MSC-1.1, MSC-1.2		Sampling & Coverage Architecture		Instrumentation, Computer		Establishes spatial adequacy requirements for sensing.		Header requirement

								SR-1.2.1		The system shall scan a minimum surface area of [TBR] km² during nominal mission operations.		MSC-1.1		Coverage Analysis		Instrumentation		Ensures sufficient areal sampling of the region of interest.		Coverage trace

								SR-1.2.2		The system shall define minimum sampling density requirements for surface and subsurface measurements.		SR-1.2		Sampling Strategy Document		Instrumentation, Computer		Prevents under-sampling of heterogeneous terrain.		Density TBD

								SR-1.2.3		The system shall achieve a lateral spatial resolution of ≤ [TBR] m for surface measurements.		MSC-1.2		Resolution Analysis		Instrumentation		Required to resolve spatial variability in surface properties.		Resolution requirement

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.3 : Data Processing & Modeling

								SR-1.3		The system shall process raw sensor data into derived quantities suitable for resource estimation.		MSC-1.3		Data Processing Architecture		Computer		Establishes high-level processing capability.		Header requirement

								SR-1.3.1		The system shall support reprocessing of derived quantities as models and coefficients are updated.		SR-1.3		Software Design Document		Computer		Enables model evolution without reflight.		Important for PRM

								SR-1.3.2		The system shall track algorithm versions and parameters used to generate derived products.		SR-1.3		Configuration Management Plan		Computer		Required for traceability and reproducibility.		Metadata retained

								SR-1.3.3		The system shall process raw sensor data into georeferenced resource maps onboard or via ground processing.		MSC-1.2, MSC-1.6		Processing Flow Definition		Computer		Enables flexible processing allocation.		Processing location flexible

								SR-1.3.4		The system shall estimate Helium-3 concentration using a physics-based or empirically validated model.		MSC-1.3		Model Definition Document		Computer		Enables quantitative resource estimation.		Model selection open

								SR-1.3.5		The system shall propagate sensor and model uncertainties to produce confidence intervals for all resource estimates.		MSC-1.3, MSC-1.5		Uncertainty Propagation Analysis		Computer		Required for confidence reporting and PRM ingestion.		—

								SR-1.3.6		The system shall output at least [TBR] independent predictor variables per mapped location to support correlation of Helium-3 concentration estimates.		MSC-1.4		Predictor Variable Definition		Computer		Enables multivariate correlation and validation.		Predictor count TBD

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.4 : Uncertainty & Confidence

								SR-1.4		The system shall quantify and propagate uncertainty for all derived resource-related products.		MSC-1.5		Uncertainty Analysis Framework		Computer		Establishes uncertainty accountability.		Header requirement

								SR-1.4.1		The system shall identify dominant uncertainty contributors for each derived product.		SR-1.4		Sensitivity Analysis		Computer		Enables targeted improvement and trade studies.		Ranked contributors

								SR-1.4.2		The system shall report uncertainty in a standardized statistical form.		SR-1.4		Data Product Specification		Computer		Ensures consistency across products and PRM ingestion.		e.g., 1σ, 95% CL

								SR-1.4.3		The system shall quantify uncertainty contributions from instrumentation, environmental variability, and model assumptions.		MSC-1.5		Error Budget Analysis		Computer		Enables traceable uncertainty attribution.		—

								SR-1.4.4		The system shall report Helium-3 abundance estimates with a minimum confidence level of 50%.		MSC-1.3		Confidence Reporting Definition		Computer		Supports mission-level success criteria.		Threshold defined by mission

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.5 : Data Products & Archiving

								SR-1.5		The system shall generate, store, and archive derived data products suitable for validation, reuse, and downstream modeling.		MSC-1.6		Data Management Architecture		Computer		Establishes lifecycle data handling requirements.		Header requirement

								SR-1.5.1		The system shall generate resource distribution maps compatible with PRM (Planetary Resource Mapping) workflows.		MSC-1.6		PRM Interface Definition		Computer		Ensures downstream usability.		Format TBD

								SR-1.5.2		The system shall archive raw and processed data in a format suitable for post-mission validation and reuse.		MSC-1.6		Data Management Plan		Computer		Preserves scientific value beyond mission lifetime.		Retention policy TBD

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-2 : Resource Characterization Requirements

								SRH-2		The system shall characterize the presence, distribution, and uncertainty of lunar volatile and resource indicators sufficient to support resource assessment objectives.		MO-1, MO-2		Resource Characterization Architecture		Instrumentation, Computer		Establishes top-level intent for resource inference beyond raw sensing.		Parent requirement

								SR-2.1 : Water (H₂O) Characterization Requirements

								SR-2.1		The system shall characterize indicators of lunar water (H₂O) presence and distribution within the mission area of interest.		MSC-2.1		Science Traceability Matrix		Instrumentation, Computer		Establishes the top-level capability for H₂O characterization.		Capability-level

								SR-2.1.1		The system shall detect subsurface indicators consistent with potential ice or hydrated regolith.		SR-2.1		Analysis 3.1, Test 3.1		Instrumentation, Computer		Subsurface indicators are primary evidence for water presence.		Subsurface detection

								SR-2.1.1.1		Subsurface indicators shall include dielectric contrasts measured by the Lunar Penetrating Radar (LPR) to depths ≥ [TBR] m.		SR-2.1.1		Analysis 3.1, Test 3.1		Instrumentation		LPR is the primary subsurface H₂O indicator.		Allocates depth to LPR

								SR-2.1.2		The system shall detect surface or near-surface indicators correlated with hydration potential.		SR-2.1		Analysis 3.2		Instrumentation, Computer		Surface indicators strengthen inference and support mapping/fusion.		Surface/near-surface indicators

								SR-2.1.2.1		Surface indicators shall include hydration-related spectral slopes or absorption features measured by the Multispectral Imaging (MSI) camera across [TBR] bands.		SR-2.1.2		Spectral Analysis Report		Instrumentation		MSI provides surface hydration indicators.		Allocates bands to MSI

								SR-2.1.2.2		Surface indicators may include neutral hydrogen or hydrogen-bearing neutral particle flux measured by the Neutral Particle Detector (NPD) with sensitivity ≤ [TBR] particles/cm²/s.		SR-2.1.2		Particle Environment Analysis		Instrumentation		Hydrogen flux is a strong indirect indicator of volatile transport.		Optional/secondary contributor

								SR-2.1.2.3		Surface indicators shall include elemental proxy indicators supporting hydration inference as applicable (e.g., oxygen-bearing mineral abundance).		SR-2.1.2		Analysis 3.2		Instrumentation		Supports hydration potential inference via elemental proxies.		Keeps tool-agnostic

								SR-2.1.2.3.1		Elemental proxy indicators may be measured by APXS with precision ≤ [TBR]% as applicable to support hydration potential inference.		SR-2.1.2.3		Analysis 3.2		Instrumentation		APXS cannot detect H₂O directly but can detect O-rich minerals.		Optional/secondary contributor

								SR-2.1.2.4		Surface indicators shall include regolith physical property proxies correlated with volatile retention (e.g., particle size distribution).		SR-2.1.2		Regolith Proxy Analysis		Instrumentation		Fine-grained soils often retain more OH/H₂O.		Keeps tool-agnostic

								SR-2.1.2.4.1		Regolith particle size distribution shall be measured by the Grain Analyzer with resolution ≤ [TBR] µm to identify fine-grained soils correlated with volatile retention.		SR-2.1.2.4		Grain Analysis Report		Instrumentation		Particle size distribution supports volatile retention inference.		Optional/secondary contributor

								SR-2.1.3		The system shall correlate subsurface and surface/near-surface indicators to infer water presence at each surveyed location.		SR-2.1		Data Fusion Architecture		Computer		Multi-modal correlation reduces false positives and increases confidence.		Fusion requirement

								SR-2.1.3.1		Correlation shall be performed using spatially co-registered datasets consistent with the system co-registration requirements.		SR-1.1.4, SR-5		Co-Registration Analysis		Computer, GNC		Prevents incorrect alignment from driving false correlations.		Ties to SR-1 closure

								SR-2.1.4		The system shall output spatially resolved water-indicator map layers suitable for downstream analysis and comparison of candidate sites.		SR-2.1		Data Product Definition		Computer		Converts indicators into actionable decision-support products.		Indicator layers (not extraction)

								SR-2.1.4.1		Each water-indicator output shall include associated uncertainty/quality metadata.		SR-1.4		Uncertainty Propagation Report		Computer		Required for PRM integration and defensible confidence statements.		Links uncertainty chain

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-2.2 : Spatial Coverage and Resolution for Water (H₂O) Characterization

								SR-2.2		The system shall achieve sufficient spatial coverage and resolution to support mapping and comparative assessment of lunar water indicators.		MSC-2.2		Coverage & Resolution Analysis		Instrumentation, GNC, Computer		Ensures H₂O indicators are spatially meaningful and decision-relevant.		Capability-level

								SR-2.2.1		The system shall achieve a surface coverage rate of ≥ [TBR] km² per operational day during nominal mission operations.		SR-2.2		Coverage Analysis		Instrumentation, GNC		Ensures the mission area of interest can be surveyed within the available mission timeline.		Migrated from old SR-2.1.6

								SR-2.2.2		The system shall produce spatially resolved surface hydration indicator maps with lateral resolution ≤ [TBR] m.		SR-2.2		Imaging Performance Analysis		Instrumentation		Required to distinguish spatial variability in hydration indicators.		MSI-driven

								SR-2.2.2.1		Surface hydration indicator resolution shall be supported by the Multispectral Imaging (MSI) camera ground sampling distance (GSD).		SR-2.2.2		Imaging Performance Analysis		Instrumentation		Allocates resolution performance to MSI.		GSD TBD

								SR-2.2.3		The system shall produce spatially resolved subsurface water-indicator maps with horizontal resolution ≤ [TBR] m.		SR-2.2		Subsurface Resolution Analysis		Instrumentation		Required to localize subsurface anomalies for site comparison.		LPR-driven

								SR-2.2.3.1		Subsurface resolution shall be supported by the Lunar Penetrating Radar (LPR) measurement geometry and processing approach.		SR-2.2.3		LPR Performance Analysis		Instrumentation		Allocates resolution performance to LPR.		Horizontal resolution

								SR-2.2.4		The system shall achieve subsurface vertical resolution ≤ [TBR] m for water-indicator interpretation.		SR-2.2		Subsurface Resolution Analysis		Instrumentation		Enables discrimination of layered subsurface features.		LPR vertical resolution

								SR-2.2.5		The system shall georeference all water-indicator measurements with positional accuracy ≤ [TBR] m.		SR-2.2		Navigation & Co-Registration Analysis		GNC, Computer		Required to correctly align multi-sensor water-indicator datasets.		Ties to PNT

								SR-2.2.6		The system shall maintain spatial alignment error between surface and subsurface water-indicator datasets below [TBR] m.		SR-2.2		Co-Registration Error Budget		Computer, GNC		Prevents false correlation or misinterpretation of H₂O indicators.		Links to SR-1.1.4

								SR-2.2.7		The system shall document spatial resolution and coverage metadata for all generated water-indicator products.		SR-2.2		Data Product Specification		Computer		Enables traceability, reuse, and PRM ingestion.		Metadata completeness

								SR-2.3 : Water (H₂O) Detection Confidence and Performance

								SR-2.3		The system shall estimate lunar water (H₂O) presence with quantified confidence sufficient to support comparative site assessment and resource modeling.		MSC-2.3		Confidence Model Definition		Computer		Establishes performance expectations for H₂O detection beyond raw indicator mapping.		Capability-level

								SR-2.3.1		The system shall estimate water presence confidence at each surveyed location by combining multiple surface and subsurface indicators.		SR-2.3		Data Fusion Architecture		Computer		Confidence requires multi-sensor corroboration.		Fusion-based

								SR-2.3.1.1		Confidence estimation shall incorporate subsurface dielectric indicators measured by the LPR.		SR-2.1.1		Detection Performance Analysis		Instrumentation, Computer		Subsurface indicators provide strongest evidence of water presence.		Primary contributor

								SR-2.3.1.2		Confidence estimation shall incorporate surface or near-surface hydration indicators as applicable.		SR-2.1.2		Detection Performance Analysis		Instrumentation, Computer		Surface indicators provide contextual support.		Secondary contributors

								SR-2.3.2		The system shall propagate measurement and model uncertainties when estimating water presence confidence.		SR-1.4		Uncertainty Propagation Report		Computer		Prevents overconfidence and supports defensible claims.		Uses SR-1 uncertainty chain

								SR-2.3.2.1		Uncertainty propagation shall include contributions from instrumentation, environmental variability, and model assumptions.		SR-2.3.2		Sensitivity Analysis		Computer		Captures dominant error sources.		Error budget

								SR-2.3.3		The system shall report water presence confidence using a standardized statistical representation.		SR-2.3		Data Product Specification		Computer		Enables consistent interpretation across sites and missions.		e.g., probability or confidence interval

								SR-2.3.4		The system shall achieve a minimum water presence confidence of ≥ 50% for locations identified as candidate water-bearing sites.		MSC-2.3		Detection Performance Analysis		Computer		Establishes a baseline detection performance threshold.		Threshold requirement

								SR-2.3.4.1		Locations not meeting the minimum confidence threshold shall be flagged accordingly in water-indicator products.		SR-2.3.4		Data Quality Review		Computer		Prevents misinterpretation of low-confidence detections.		Quality flag

								SR-2.3.5		The system shall preserve confidence metrics and uncertainty metadata alongside all water-indicator map products.		SR-6.4		Data Management Plan		Computer		Required for PRM ingestion and downstream decision-making.		Metadata retention

								SR-2.3.6		The water detection confidence estimation process shall operate within available onboard and ground processing resources.		SR-COMP, SR-EPS		Resource Budget Analysis		Computer, EPS		Ensures feasibility without impacting other mission objectives.		Processing location TBD

								SR‑2.4 : Correlate H₂O Estimates with Predictor Variables

								SR-2.4		The system shall correlate estimated H₂O presence with relevant surface, subsurface, and environmental predictor variables.		MSC-2.4		Correlation Method Definition		Computer		Enables interpretation of H₂O estimates in terms of physical drivers.		Capability-level

								SR-2.4.1		The system shall associate each H₂O estimate with a defined set of predictor variables derived from mission measurements.		SR-2.4		Data Fusion Architecture		Computer		Prevents isolated or context-free resource estimates.		Predictor list defined elsewhere

								SR-2.4.1.1		Predictor variables shall include subsurface structure indicators derived from LPR measurements.		SR-2.1.1		Correlation Analysis		Instrumentation, Computer		Subsurface structure strongly influences volatile retention.		Primary predictor

								SR-2.4.1.2		Predictor variables shall include regolith maturity indicators where available.		SR-1.1.3		Correlation Analysis		Instrumentation, Computer		Maturity correlates with solar wind exposure and volatile accumulation.		Secondary predictor

								SR-2.4.1.3		Predictor variables shall include surface compositional proxies relevant to hydration potential.		SR-2.1.2		Correlation Analysis		Instrumentation, Computer		Compositional context improves interpretation.		Contextual

								SR-2.4.2		The system shall quantify correlation strength between estimated H₂O presence and each predictor variable.		SR-2.4		Statistical Correlation Report		Computer		Enables identification of dominant contributors to H₂O presence.		Correlation metric TBD

								SR-2.4.2.1		Correlation metrics shall include uncertainty-aware measures.		SR-1.4		Statistical Validation		Computer		Prevents misleading correlations.		Error-aware

								SR-2.4.3		The system shall identify predictor variables that consistently correlate with elevated H₂O presence across surveyed regions.		SR-2.4		Comparative Analysis		Computer		Supports generalization beyond single sites.		Cross-site

								SR-2.4.4		The system shall preserve predictor–H₂O correlation results alongside mapped H₂O products.		SR-6.4		Data Product Specification		Computer		Required for PRM integration and downstream modeling.		Metadata-linked

								SR-2.4.5		The system shall support visualization or reporting of H₂O estimates alongside associated predictor variables.		SR-2.4		Data Visualization Definition		Computer		Enables engineering and science interpretation at SRR/CDR.		Optional plots/maps

								SR-2.4.6		Correlation analysis shall not require assumptions beyond those documented in the uncertainty and modeling framework.		SR-1.3, SR-1.4		Model Documentation		Computer		Maintains traceability and defensibility.		Assumption control

								SR-2.5 : Water (H₂O) Uncertainty Quantification

								SR-2.5		The system shall quantify and report uncertainty associated with all water-related indicators, estimates, and derived products.		MSC-2.5		Uncertainty Framework Definition		Computer		Prevents over-interpretation of H₂O results given secondary mission priority.		Capability-level

								SR-2.5.1		The system shall propagate measurement uncertainty from contributing instruments into all derived water-indicator products.		SR-2.5		Uncertainty Propagation Analysis		Computer		Ensures sensor limitations are reflected in outputs.		Multi-sensor

								SR-2.5.1.1		Measurement uncertainty shall include contributions from subsurface indicators derived from LPR measurements.		SR-2.1.1		LPR Error Budget		Instrumentation, Computer		Subsurface uncertainty dominates bulk H₂O inference.		Primary contributor

								SR-2.5.1.2		Measurement uncertainty shall include contributions from surface and near-surface indicators as applicable.		SR-2.1.2		Surface Indicator Error Budget		Instrumentation, Computer		Surface indicators provide contextual support with higher uncertainty.		Secondary

								SR-2.5.2		The system shall quantify uncertainty introduced by data fusion and correlation models used for water inference.		SR-2.5		Model Sensitivity Analysis		Computer		Prevents model-driven false confidence.		Algorithm-level

								SR-2.5.3		The system shall express water-related uncertainty using a standardized statistical representation.		SR-2.5		Data Product Specification		Computer		Enables consistent interpretation and comparison across sites.		e.g., σ, confidence interval

								SR-2.5.4		The system shall associate uncertainty metadata with each spatially resolved water-indicator output.		SR-6.4		Data Management Plan		Computer		Required for traceability and downstream modeling.		Metadata-linked

								SR-2.5.5		The system shall distinguish between uncertainty arising from measurement limitations and uncertainty arising from environmental or model assumptions.		SR-2.5		Uncertainty Decomposition Analysis		Computer		Clarifies whether uncertainty can be reduced by future missions.		Important for follow-on

								SR-2.5.6		The system shall support reporting of water-indicator uncertainty without implying extractable resource viability.		SR-2.5		Product Interpretation Guidelines		Computer		Prevents mischaracterization of secondary mission results.		Very important SRR point

								SR‑2.6 : PRM-Compatible Water Data Products

								SR-2.6		The system shall generate water-related data products suitable for incorporation into Proven Reserve Model (PRM) workflows.		MSC-2.6		PRM Interface Definition		Computer		Enables secondary water results to inform future modeling and mission planning.		Capability-level

								SR-2.6.1		The system shall produce spatially resolved water-indicator layers with associated uncertainty metadata.		SR-2.5		Data Product Specification		Computer		Required for PRM ingestion without reinterpretation.		No extractability claim

								SR-2.6.2		Water-related data products shall preserve separation between measured indicators and inferred quantities.		SR-2.4		Product Architecture Definition		Computer		Prevents misinterpretation of indirect measurements.		Indicators ≠ reserves

								SR-2.6.3		The system shall provide documentation describing assumptions, limitations, and applicable use cases of water-related data products.		SR-2.5		Product Interpretation Guide		Computer		Ensures secondary mission results are not over-applied.		SRR-critical

								SR-2.6.4		The system shall store water-related data products in mission-approved standardized formats compatible with PRM tools.		MSC-6.6		Data Format Specification		Computer		Enables reuse without reprocessing.		Format TBD (e.g., PDS4, GeoTIFF)

								SR-2.6.5		The system shall ensure water-related data products can be spatially aligned with He-3 and surface characterization products.		SR-6		Co-Registration Analysis		Computer		Enables comparative studies without implying co-location.		Important nuance

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-3 : Surface & Subsurface Site Characterization

								SRH-3		The system shall characterize surface and subsurface properties relevant to site suitability, access, and future mission planning.		MO-3		Site Characterization Definition		Instrumentation, Computer		Establishes capability to support site evaluation beyond resource presence.		Header (non-testable)

								SR-3.1 : Surface Property Identification

								SR-3.1		The system shall characterize surface regolith properties across the mission area.		SR-3		Surface Characterization Analysis		Instrumentation		Enables assessment of terrain usability.		Capability

								SR-3.1.1		The system shall measure surface composition proxies relevant to regolith type and maturity.		SR-1.1.1, SR-1.1.3		Analysis		Instrumentation		Composition informs mechanical and thermal behavior.		Derived

								SR-3.1.2		The system shall characterize surface roughness at a spatial resolution sufficient to distinguish traversable and non-traversable terrain.		MSC-3.1		Analysis		Instrumentation, Computer		Required for mobility and site access assessment.		Resolution TBD

								SR-3.1.3		The system shall assess regolith particle size and cohesion indicators relevant to bearing capacity.		SR-1.1.3		Analysis		Instrumentation		Bearing capacity affects lander and rover interaction.		Proxy-based

								SR-3.2 : Subsurface Characterization for Site Assessment

								SR-3.2		The system shall characterize subsurface structure relevant to site stability and accessibility.		SR-3		Subsurface Analysis		Instrumentation		Subsurface conditions affect excavation and anchoring.		Capability

								SR-3.2.1		The system shall identify subsurface layering, voids, or discontinuities within the depth range relevant to surface operations.		SR-1.1.2		Analysis		Instrumentation		Prevents site selection over unstable terrain.		LPR-based

								SR-3.2.2		Subsurface characterization shall be spatially co-registered with surface measurements.		SR-5		Analysis		Computer		Enables integrated site assessment.		Required

								SR-3.3 : Terrain Slope & Mobility Constraints

								SR-3.3		The system shall characterize terrain slope and morphology relevant to surface mobility.		MSC-3.3		Terrain Analysis		Computer		Supports access and traversal planning.		Capability

								SR-3.3.1		The system shall estimate local terrain slope across the mission area.		SR-3.3		Analysis		Computer		Excessive slope limits mobility and operations.		Accuracy TBD

								SR-3.3.2		The system shall identify terrain features that may impede traversal or deployment.		SR-3.3		Analysis		Computer		Supports hazard avoidance.		Derived

								SR-3.4 : Site Comparison & Ranking Support

								SR-3.4		The system shall support comparative evaluation of candidate sites using measured surface and subsurface characteristics.		MSC-3.4		Site Comparison Framework		Computer		Enables prioritization of regions for follow-on missions.		Capability

								SR-3.4.1		The system shall enable ranking of candidate regions based on suitability metrics derived from characterization data.		SR-3.4		Analysis		Computer		Allows objective comparison.		Metrics TBD

								SR-3.4.2		Site suitability outputs shall preserve uncertainty information associated with contributing measurements.		SR-1.4		Analysis		Computer		Prevents overconfidence in rankings.		Required

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-4 : Reuse, Modularity and Lifecycle Sustainability

								SRH-4		The system shall support modularity, reuse, and refurbishment to enable multiple mission cycles and extended operational lifetime.		MO-4		System Architecture Definition		Structures, Instrumentation, EPS, Computer		Distinguishes the mission architecture from single-use lunar payloads.

								SR-4.1 : Reuse Cycles and Performance Retention

								SR-4.1.1		The system shall be capable of completing at least [TBD] reuse cycles while maintaining required functional performance.		SR-4.1		Reuse Cycle Test Plan		System		Quantifies reuse intent without committing prematurely.		Threshold TBD

								SR-4.1.1.1		A reuse cycle shall be defined as a complete sequence of deployment, operation, recovery or servicing, and redeployment.		SR-4.1.1		Reuse Definition Document		System		Prevents ambiguity in reuse claims.		Definition

								SR-4.1.2		Mission-critical subsystems shall retain functional performance within [TBD]% of baseline after each reuse cycle.		SR-4.1		Post-Cycle Performance Assessment		Instrumentation, EPS, Computer		Ensures reuse does not degrade mission value.		Performance-based

								SR-4.1.2.1		Baseline performance shall be established during initial system acceptance testing.		SR-4.1.2		Acceptance Test Report		System		Creates a traceable reference point.		Required

								SR-4.1.3		The system shall support verification of functional health following each reuse cycle.		SR-4.1		Health Verification Procedure		Computer, Instrumentation		Ensures reuse decisions are data-driven.		Testable

								SR-4.1.4		The system shall identify components whose degradation limits reuse lifetime.		SR-4.1		Degradation Analysis		Structures, Instrumentation		Enables informed refurbishment planning.		Design feedback

								SR-4.1.5		The system shall support refurbishment actions that restore functionality without full system replacement.		SR-4.1		Refurbishment Concept		Structures, Instrumentation		Makes reuse operationally realistic.		Architecture-level

								SR-4.2 : Lifecycle Cost and Reuse Economics

								SR-4.2		The system shall incorporate lifecycle cost considerations into the design to support economically viable reuse and refurbishment.		MSC-4.2		Lifecycle Cost Framework		System		Ensures reuse is justified beyond technical feasibility.		Capability-level

								SR-4.2.1		The program shall maintain a lifecycle cost model including development, integration and test, launch, operations, and refurbishment costs.		SR-4.2		Lifecycle Cost Model		Program		Provides quantitative basis for reuse trades.		Model-based

								SR-4.2.1.1		The lifecycle cost model shall explicitly account for costs attributable to reuse, including refurbishment labor, spares, and downtime.		SR-4.2.1		Cost Driver Breakdown		Program		Enables comparison against single-use architectures.		Reuse-specific

								SR-4.2.2		The lifecycle cost model shall support comparison between reusable and non-reusable mission architectures.		SR-4.2		Trade Study Report		Program		Allows objective evaluation of architectural choices.		Trade-enabling

								SR-4.2.3		The system design shall identify major cost drivers associated with reuse and refurbishment.		SR-4.2		Cost Sensitivity Analysis		System		Focuses design effort on impactful elements.		Feedback loop

								SR-4.2.4		The system shall track mass growth attributable to reuse features and its impact on lifecycle cost.		SR-4.2		Mass & Cost Coupling Analysis		Structures, Program		Reuse often increases mass; this must be justified.		Launch cost linkage

								SR-4.2.5		The system shall support estimation of cost per delivered kilogram as a function of reuse cycles.		SR-4.2		Cost-per-kg Model		Program		Common metric for lunar mission comparison.		Architecture-level

								SR-4.2.6		Lifecycle cost assumptions and limitations shall be documented and traceable to system design decisions.		SR-4.2		Cost Assumptions Register		Program		Prevents hidden optimism or misinterpretation.		SRR-critical

								SR-4.3 : Modularity and Standard Interfaces

								SR-4.3		The system shall implement a modular architecture with standardized interfaces to enable replacement, upgrade, and refurbishment of subsystems and tools.		MSC-4.3		Modular Architecture Definition		System		Establishes modularity as an enforceable design property.		Capability-level

								SR-4.3.1		The architecture shall support removal and replacement of major subsystems without redesign of the primary structure.		SR-4.3		Interface Control Document (ICD)		Structures		Prevents structural lock-in and redesign penalties.		Core requirement

								SR-4.3.1.1		Major subsystems shall include payload tools, avionics modules, and power-related components.		SR-4.3.1		Subsystem Definition Document		System		Defines scope of modularity.		Expandable

								SR-4.3.2		The system shall provide standardized mechanical mounting interfaces for replaceable subsystems.		SR-4.3		Mechanical ICD		Structures		Enables physical interchangeability.		Geometry + fasteners TBD

								SR-4.3.3		The system shall provide standardized electrical power interfaces for replaceable subsystems.		SR-4.3		Electrical ICD		EPS		Prevents custom wiring for each tool.		Voltage/current rails TBD

								SR-4.3.4		The system shall provide standardized data interfaces for replaceable subsystems.		SR-4.3		Data Interface Specification		Computer, COMM		Enables plug-and-play data integration.		Protocol TBD

								SR-4.3.5		The system shall support integration of the planned payload set through the standardized interfaces.		SR-4.3		Integration Demonstration		System		Ensures interfaces are not theoretical.		Includes all SR-1.1 tools

								SR-4.3.6		The system shall prevent mechanical, electrical, or data interface incompatibility between modular subsystems.		SR-4.3		Interface Compliance Test		System		Reduces integration risk and servicing errors.		Error-proofing

								SR-4.3.7		Interface designs shall tolerate expected lunar environmental conditions without loss of functionality.		SR-4.4		Environmental Qualification		Structures, EPS		Ensures modularity survives real conditions.		Thermal, dust

								SR-4.3.8		The system shall support verification of interface integrity after servicing or refurbishment events.		SR-4.3		Post-Service Inspection Procedure		System		Ensures reuse does not degrade interfaces.		Required for reuse

								SR-4.4 : Environmental Survivability Across Reuse Cycles

								SR-4.4		The system shall maintain functional integrity across multiple reuse cycles under expected lunar environmental conditions.		MSC-4.4		Environmental Survivability Plan		System		Extends reuse logic into real lunar conditions.		Capability-level

								SR-4.4.1		The system shall tolerate repeated thermal cycling associated with lunar day–night transitions without loss of mission-critical functionality.		SR-4.4		Thermal Cycling Test Report		Thermal, Structures		Thermal fatigue is a primary reuse limiter.		Reuse-aware

								SR-4.4.1.1		Mission-critical interfaces shall maintain mechanical alignment and electrical continuity across thermal cycles.		SR-4.3		Interface Integrity Test		Structures, EPS		Prevents “survived but unusable.”		Key SR

								SR-4.4.2		The system shall tolerate cumulative radiation exposure expected over multiple mission cycles without unacceptable degradation.		SR-4.4		Radiation Analysis		Radiation, Computer		Reuse increases total dose.		Cumulative

								SR-4.4.3		The system shall limit performance degradation due to lunar dust exposure across reuse cycles.		SR-4.4		Dust Exposure Test		Structures, Instrumentation		Dust is a long-term reuse risk.		Abrasion, contamination

								SR-4.4.4		Environmental effects contributing to degradation shall be tracked and reported across reuse cycles.		SR-4.1		Degradation Tracking Report		Computer		Enables data-driven reuse decisions.		Feedback loop

								SR-4.4.5		Environmental survivability considerations shall be incorporated into refurbishment and servicing planning.		SR-4.4		Refurbishment Concept		System		Links survivability to ops reality.		Important

								SR-4.5 : Refurbishment and Servicing Constraints

								SR-4.5		The system shall support refurbishment and servicing operations that enable reuse within defined operational constraints.		MSC-4.5		Servicing Concept of Operations (CONOPS)		System		Ensures reuse is feasible within mission operations.		Capability-level

								SR-4.5.1		The system shall support refurbishment activities that can be completed within [TBD] hours of active servicing time per reuse cycle.		SR-4.5		Servicing Time Analysis		Operations		Prevents reuse from imposing excessive operational burden.		Time-bound

								SR-4.5.2		Refurbishment activities shall not require disassembly beyond the defined modular interface boundaries.		SR-4.3		Servicing Procedure Definition		Structures		Enforces modularity and limits scope of servicing.		Critical

								SR-4.5.3		The system shall identify components intended for replacement, inspection, or refurbishment during servicing.		SR-4.1		Refurbishment Plan		System		Enables predictable servicing workflows.		Replaceable list

								SR-4.5.4		Servicing operations shall not require precision alignment beyond what can be achieved using the standardized interfaces.		SR-4.3		Interface Tolerance Analysis		Structures		Avoids unrealistic servicing precision requirements.		SRR-safe

								SR-4.5.5		The system shall support verification of successful refurbishment prior to redeployment.		SR-4.1		Post-Servicing Verification Test		System		Prevents redeployment of degraded systems.		Required

								SR-4.5.6		Refurbishment and servicing operations shall not introduce unacceptable contamination or damage to adjacent subsystems.		SR-4.4		Contamination Control Plan		Structures, Instrumentation		Protects system integrity across reuse cycles.		Dust-sensitive

								SR-4.5.7		Servicing assumptions, limitations, and required resources shall be documented and traceable to system design decisions.		SR-4.5		Servicing Assumptions Register		Program		Prevents hidden dependencies or unrealistic concepts.		Transparency

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-5 : Position, Navigation, Timing (PNT) and Lander Coordination

								SRH-5		The system shall provide position, navigation, and timing capability sufficient to georeference all mission measurements and coordinate with the lunar lander.		MO-5, MSC-5.1		PNT Architecture Definition		GNC, Computer, COMM		Enables spatially aligned data products and coordinated operations.

								SR-5.1 : Data geo-referencing

								SR-5.1		The system shall assign a position solution to every collected science and characterization data record.		MSC-5.1		Data Tagging Specification		Computer, GNC		Without position tags, mapping and correlation are invalid.		Per-record

								SR-5.1.1		The system shall time-tag every collected data record using a synchronized mission time standard.		MSC-5.1		Time Sync Test Plan		Computer		Time alignment is required for multi-sensor fusion and motion compensation.		Per-record

								SR-5.1.2		The system shall express all position-tagged data in a defined reference frame consistent with the lunar lander mission reference frame.		MSC-5.1		Frame Definition Document		GNC, Computer		Ensures compatibility and comparability across datasets.		Frame TBD

								SR-5.1.3		The system shall record quality flags and uncertainty metadata for each position and time-tagged record.		SR-5.1		Navigation Quality Specification		GNC, Computer		Prevents misuse of degraded navigation data.		Quality tagging

								SR-5.2 : Coordinate Frame Alignment with Lunar Lander

								SR-5.2		The system shall maintain a defined coordinate transformation between the system body frame and the lunar lander mission frame.		MSC-5.2		Coordinate Transform Analysis		GNC		Required for map alignment and coordinated operations.		Transform model

								SR-5.2.1		The system shall implement a coordinate transformation between the platform frame and the lunar lander frame.		MSC-5.2		Analysis		GNC		Enables consistent localization and pointing.		Implementation TBD

								SR-5.2.2		The system shall calibrate and validate transformation parameters during mission operations as applicable.		MSC-5.2		Test, Analysis		GNC, Computer		Prevents drift or setup error from corrupting maps.		Method TBD

								SR-5.3 : Position Solution Accuracy Sufficient for Mapping

								SR-5.3		The system shall achieve position accuracy sufficient to support the spatial resolution of mission map products.		MSC-5.3		Navigation Error Budget		GNC		Ensures mapping requirements are physically meaningful.		Ties to SR-1.2 / SR-2.2

								SR-5.3.1		The system shall maintain position error ≤ [TBD] m for data products requiring spatial alignment.		SR-5.3		Analysis, Test		GNC		Limits misregistration between modalities.		Threshold TBD

								SR-5.3.2		The system shall provide an estimate of position uncertainty associated with each position solution.		SR-5.3		Analysis		GNC, Computer		Required for uncertainty propagation and SR-2.5.		1σ or 95% TBD

								SR-5.4 : Time Synchronization Sufficient for Sensor Function

								SR-5.4		The system shall maintain time synchronization sufficient to align multi-sensor measurements and support fusion products.		MSC-5.4		Time Sync Analysis		Computer		Prevents timing drift from corrupting co-registration.		Capability

								SR-5.4.1		The system shall synchronize its time base to the lunar lander time standard at an interval sufficient to prevent unacceptable timing drift.		MSC-5.4		Analysis, Test		Computer, COMM		Enables consistent timestamps across system and lander.		Interval TBD

								SR-5.4.1.1		Maximum allowable timing drift between synchronizations shall be ≤ [TBD].		SR-5.4.1		Analysis		Computer		Bounds timing error contribution to fusion.		Units TBD (ms/s)

								SR-5.4.2		The system shall record timing metadata needed to align multi-sensor measurements (e.g., latency, sampling rate, clock offset).		MSC-5.4		Inspection, Analysis		Computer		Supports post-processing and verification.		Metadata

								SR-5.5 : Lander Interface for PNT Data Exchange

								SR-5.5		The system shall exchange required navigation, time, and coordination data with the lunar lander through a defined interface.		MSC-5.5		Lander Interface ICD		COMM, Computer		Enables coordinated ops and georeferencing.		Interface TBD

								SR-5.5.1		The system shall receive required navigation and time data from the lunar lander through the defined interface.		MSC-5.5		Test		COMM, Computer		Supports synchronization and localization.		Update rate TBD

								SR-5.5.2		The system shall transmit required state, health, and quality data to the lunar lander to support coordinated operations.		MSC-5.5		Test		COMM, Computer		Enables shared situational awareness.		Data fields TBD

								SR-5.6 : Continuity and Fail-Safe Behavior

								SR-5.6		The system shall maintain a bounded navigation solution during temporary loss of lunar lander updates.		MSC-5.6		Loss-of-Updates Analysis		GNC, Computer		Ensures mission continuity when comms degrade.		Capability

								SR-5.6.1		The system shall support a maximum lander-update outage duration ≥ [TBD] while maintaining bounded position uncertainty.		SR-5.6		Analysis, Test		GNC		Prevents uncontrolled drift in maps.		Duration TBD

								SR-5.6.2		The system shall flag and quarantine data collected outside acceptable PNT thresholds.		MSC-5.6		Test		Computer		Prevents low-quality navigation from contaminating fused products.		Data quality gating

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-6 : Map Generation & Data Products

								SRH-6		The system shall generate georeferenced data products representing surface, subsurface, and resource-related characteristics of the lunar mission area.		MO-6		Data Products Definition		Computer		Establishes the mission’s final deliverables as map/data products.		Header

								SR-6.1 Map Generation Coverage

								SR-6.1		The system shall generate map products covering the defined mission area of interest.		MSC-6.1		Coverage Analysis		Computer		Ensures delivered products represent the required area.		Coverage thresholds live here (TBD)

								SR-6.1.1		All map products shall be expressed in a mission-defined lunar reference frame consistent with the lander mission frame.		MSC-6.1, SR-5.1.2		Coordinate Definition Document		GNC, Computer		Ensures products are interoperable and alignable.		Reference frame TBD

								SR-6.1.2		The system shall associate every map record with a valid position and mission time tag.		MSC-6.1, SR-5.1, SR-5.1.1		Data Tagging Specification		Computer		Mapping without per-record geo/time tags breaks fusion and PRM ingestion.		“Every record” requirement

								SR-6.2 : Product Layer Architecture

								SR-6.2		The system shall generate separate data layers for measured indicators and derived estimates.		MSC-6.2		Product Architecture Definition		Computer		Prevents conflating measurements with inferences.		Key SRR clarity item

								SR-6.2.1		Indicator layers shall include surface indicator products (e.g., spectral, compositional, regolith proxies) as applicable.		MSC-6.2, SR-1		Indicator Products Spec		Computer		Supports re-analysis and future algorithm updates.		Tool-agnostic

								SR-6.2.2		Indicator layers shall include subsurface structure products derived from subsurface sensing.		MSC-6.2, SR-1.1.2		Subsurface Products Spec		Computer		Required for subsurface interpretation and correlation.		Depth binning TBD

								SR-6.2.3		Derived estimate layers shall include resource-related outputs and/or confidence products as applicable.		MSC-6.2, SR-2		Resource Products Spec		Computer		Delivers mission-level synthesized results.		Keeps He-3 and H₂O separate

								SR-6.3 : Data Integration and Fusion

								SR-6.3		The system shall preserve uncertainty and confidence information alongside all delivered map products.		MSC-6.3, SR-1.4, SR-2.5		Uncertainty & Confidence Spec		Computer		Prevents over-interpretation; enables defensible modeling.		Applies to indicators + estimates

								SR-6.3.1		Uncertainty/confidence metadata shall be co-registered with the corresponding spatial data layer.		MSC-6.3		Co-registration Analysis		Computer		Prevents “global uncertainty” misuse.		Spatially local uncertainty

								SR-6.4 :Metadata and Uncertainty Documentation

								SR-6.4		The system shall attach metadata describing resolution, uncertainty, provenance, and processing history to all data products.		MSC-6.4		Data Management Plan		Computer		Traceability and reproducibility requirement.		SRR “show your work”

								SR-6.4.1		Metadata shall include instrument state, calibration state, processing version, and time/position quality flags.		MSC-6.4, SR-5.1.3		Metadata Field Definition		Computer		Enables filtering and post-mission validation.		Calibration link

								SR-6.5 : Area Coverage Sufficiency

								SR-6.5		The system shall store raw, calibrated, and processed datasets required to reproduce delivered map products.		MSC-6.5		Data Archival Plan		Computer		Enables auditability and scientific validity.		Three-tier storage

								SR-6.5.1		The system shall retain sufficient raw and calibration datasets to support reprocessing and validation.		MSC-6.5		Reprocessing Readiness Report		Computer		Prevents “maps only” failure mode.		Explicit reprocessing support

								SR-6.6 : PRM Compatibility

								SR-6.6		The system shall generate data products suitable for incorporation into PRM workflows.		MSC-6.6, SR-2.6		PRM Interface Definition		Computer		Enables downstream reserve modeling integration.		Toolchain compatibility

								SR-6.6.1		PRM-ready products shall preserve separation of indicators vs inferred estimates and include limitations/assumptions documentation.		MSC-6.6, SR-2.6.2, SR-2.6.3		Product Interpretation Guide		Computer		Prevents misuse of secondary objective outputs (esp. H₂O).		SRR-critical

								SR-6.7 : Data Format and Storage

								SR-6.7		The system shall store final products in mission-approved standardized formats and ensure accessibility for downstream analysis.		MSC-6.7		Data Format Specification; Data Access Demo		Computer		Ensures outputs can be used by others, not trapped in a custom pipeline.		Formats TBD (e.g., PDS4, GeoTIFF)

								SR-6.7.1		The system shall demonstrate successful export, retrieval, and use of final products in the analysis pipeline.		MSC-6.7		Demonstration Test Report		Computer		Verifies deliverability end-to-end.		“Can we actually use it?”

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-7 : Griffin Lander Interface System Requirements

								SRH-7		The system shall mechanically interface with the Astrobotic Griffin lander.		MSC-7.1		GRIFFIN ICD		LVI		Ensures physical compatibility and survivability through all mission phases.		Header

								SR-7.1 : Mechanical Interface Requirements

								SR-7.1		The system shall mechanically interface with the Astrobotic Griffin lander to enable secure integration, launch, descent, landing, and surface operations without loss of functionality.		MSC-7.1		Mechanical ICD		Structures		Ensures physical compatibility and survivability through all mission phases.		Structural and mounting compatibility

								SR-7.1.1		The system shall mount to the Griffin payload deck using a compatible bolt pattern and mechanical interface.		SR-7.1		Mechanical ICD		Structures		Ensures secure attachment and load transfer.		Adapter plate permitted

								SR-7.1.2		The system shall maintain structural integrity under Griffin-defined launch, descent, and landing loads.		SR-7.1		Structural Analysis & Test		Structures		Prevents structural failure during high-load mission phases.		Includes vibration and shock

								SR-7.1.3		The system shall remain within Griffin payload mass and center-of-gravity allocations.		SR-7.1		Mass Properties Report		Structures		Maintains lander stability and control authority.		Limits defined by Astrobotic

								SR-7.1.4		The system shall not interfere with Griffin landing legs, sensors, antennas, or deployment mechanisms.		SR-7.1		Integration Review		Structures		Prevents interference with lander critical functions.		Clearance verification

								SR-7.1.4.1		The system shall remain within a defined payload envelope not exceeding ¾ of the available Griffin payload volume.		SR-7.1.4		Integration Review		Structures		Prevents interference with lander critical functions.		Clearance verification

								SR-7.2 : Electrical Power Interface  Requirements

								SR-7.2		The system shall interface with Griffin-provided electrical power services to support nominal operations during all applicable mission phases.		MSC-7.2		Electrical ICD		EPS		Ensures continuous power availability for mission-critical functions.		Includes cruise, descent, and surface operations

								SR-7.2.1		The system shall accept Griffin-provided 28 V DC power within allowable voltage and current limits.		SR-7.2		Electrical ICD		EPS		Ensures compatibility with lander power bus.		Standard payload power bus

								SR-7.2.2		The system shall not exceed allocated power limits during any mission phase.		SR-7.2		Power Budget		EPS		Prevents overloading the lander power system.		Nominal, peak, and release modes

								SR-7.2.3		The system shall support safe power-on, power-off, and fault-recovery commands issued by the lander.		SR-7.2		Electrical Test Procedure		EPS, Computer		Protects lander bus and enables safe recovery.		Lander-commanded transitions

								SR-7.3 : Command, Data, and Software Interface Requirements

								SR-7.3		The system shall exchange command, telemetry, and payload data with the Griffin lander using supported data interfaces during nominal mission operations.		MSC-7.3		Data Interface ICD		Communications, Computer		Enables command execution, health monitoring, and science data return.		Wired or wireless as supported

								SR-7.3.1		The system shall communicate with the Griffin lander using supported wired or wireless data interfaces.		SR-7.3		Data Interface ICD		Communications		Enables payload-lander data exchange.		RS-422, SpaceWire, or WLAN

								SR-7.3.2		The system shall transmit telemetry and receive commands during scheduled communication windows.		SR-7.3		Ops & Comm Test		Communications, Computer		Ensures coordinated operations with lander timeline.		Timing controlled by lander

								SR-7.3.3		The system shall support lander-provided time synchronization services.		SR-7.3		Software Test Report		Computer		Enables time-aligned data fusion and mapping.		Time base per Griffin

								SR-7.3.4		The system shall store data locally during communication outages and downlink upon reconnection.		SR-7.3		Data Handling Test		Computer, Communications		Prevents data loss during link interruptions.		Fault-tolerant ops

								SR-7.4 : Thermal, Environmental, and Contamination Requirements

								SR-7.4		The system shall operate within the thermal, environmental, contamination, and EMI constraints imposed by the Griffin lander throughout the mission duration.		MSC-7.4		Environmental Compliance Report		Thermal, Radiation, Structures		Prevents degradation of lander or payload performance due to environmental incompatibility.		Thermal, contamination, EMI compatibility

								SR-7.4.1		The system shall operate within Griffin-defined thermal environments during cruise, descent, and surface phases.		SR-7.4		Thermal Analysis		Thermal		Prevents thermal overstress or performance loss.		Polar environment included

								SR-7.4.2		The system shall implement thermal isolation at the lander interface.		SR-7.4		Thermal ICD		Thermal, Structures		Prevents heat backflow into the lander.		Interface isolation

								SR-7.4.3		The system shall comply with Griffin contamination control requirements.		SR-7.4		Contamination Control Plan		Structures		Prevents contamination of lander systems.		ISO Class 8 integration

								SR-7.4.4		The system shall comply with Griffin EMI/EMC requirements for hosted payloads.		SR-7.4		EMI Test Report		Communications, EPS		Prevents electromagnetic interference with lander avionics.		MIL-STD-461 heritage

								SR-7.5 : Mission Operations Compatibility Requirements

								SR-7.5		The system shall operate in accordance with Griffin mission timelines, operational constraints, and safety requirements.		MSC-7.5		Mission Operations Plan		Operations, Computer		Ensures coordinated and safe surface operations with the lander.		Includes command windows and surface ops

								SR-7.5.1		The system shall support Griffin mission timelines and command sequencing.		SR-7.5		Ops Plan Review		Operations, Computer		Ensures synchronized surface operations.		Includes surface ops

								SR-7.5.2		The system shall enter a safe state upon loss of communication or power.		SR-7.5		Fault Management Test		Computer		Protects lander and payload during faults.		Lander-safe behavior

								SR-7.6 : Data Delivery and Archival Requirements

								SR-7.6		The system shall ensure that all data generated while interfaced with the Griffin lander are successfully transmitted, archived, and accessible for post-mission analysis.		MSC-7.6		Data Management Plan		Communications, Computer		Preserves mission data value and enables post-mission science and reuse.		Supports post-mission reuse

								SR-7.6.1		The system shall downlink all collected data through Griffin-supported data services.		SR-7.6		Data Downlink Test		Communications		Ensures data delivery to ground systems.		Nominal ops

								SR-7.6.2		The system shall retain raw and processed data in non-volatile memory until confirmed receipt.		SR-7.6		Data Integrity Test		Computer		Prevents loss of high-value mission data.		Confirms receipt before purge

























Assumptions and Contraints



												ID		Assumption / Constraint		Rationale

												AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

												AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

												AC-3		Griffin provides up to 5 kWe solar power generation during  surface operations.		Enables base-station architecture

												AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

												AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

												AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads





												ID		Assumption / Constraint		Status		Plan		Rationale

												AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Closed		Verified via DR-7.1.3		Allocated from total Griffin payload capacity

												AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Partially Closed		Envelope defined in Mechanical ICD		Lander integration constraint

												AC-3		Griffin provides up to 5 kWe solar power generation during  surface operations.		Assumption		Sensitivity trades in EPS		Enables base-station architecture

												AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Assumption		CONOPS clarification		Supports continuous operations

												AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Closed		COMM/COMP SRs		Enables data downlink

												AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Closed		Program allocation		Remaining mass allocated to payloads
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				System Requirements

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.A : Alpha Particle X-Ray Spectrometer (APXS)

				SR-1.1.1.A		The APXS shall measure one or more elemental proxy variables relevant to Helium-3 correlation.		SR-1.1.1		Instrument Spec Sheet		Instrumentation		Enables proxy-based He-3 estimation.		Elements TBD

				SR-1.1.1.A.1.1		The APXS shall resolve elemental abundances with resolution ≤ [TBD] wt%.		SR-1.1.1.A.1		Instrument Performance Analysis		Instrumentation		Required to distinguish meaningful compositional variations.		TBD by model sensitivity

				SR-1.1.1.A.1.2		The APXS shall measure elemental abundance with uncertainty ≤ ±[TBD] wt%.		SR-1.1.1.A.1		Calibration Report		Instrumentation		Supports reserve-confidence modeling.		Links to SR-1.3.3

				SR-1.1.1.A.2		The APXS shall transmit measurement data to the onboard computer subsystem for storage and processing.		SR-1.1.1.A		ICD-APXS-DATA		Instrumentation, Computer		Enables downlink and fusion with other sensors.		Data format TBD

				SR-1.1.1.A.2.1		The APXS shall support time-tagged data products compatible with the computer subsystem defined in SR-COMP.		SR-5.1.2		Data Interface Specification		Instrumentation, Computer		Required for co-registration and fusion.		Timestamp standard per SR-COMP

				SR-1.1.1.A.2.2		The APXS shall support prioritized data handling consistent with SR-COMP and SR-COMM.		SR-6.4.1		Ops Concept		Instrumentation, Computer		Preserves high-value data during outages.		Priority TBD

				SR-1.1.1.A.3		The APXS shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-APXS-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.A.3.1		The APXS shall remain securely mounted under expected launch vibration and shock environments.		SR-STRUCT.6		Vibration Test Report		Instrumentation, Structures		Prevents damage during launch.		Launch vehicle TBD

				SR-1.1.1.A.3.2		The APXS shall maintain alignment under nominal surface operational loads.		SR-STRUCT.3		Alignment Inspection		Instrumentation, Structures		Required for consistent measurement geometry.		Tolerance TBD

				SR-1.1.1.A.4		The APXS shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures operability across lunar environments.		Limits allocated via ICD

				SR-1.1.1.A.4.1		The APXS shall operate within the thermal control modes defined by the system (nominal, servicing, safe).		SR-THERM.5		Ops Concept		Instrumentation, Thermal		Prevents thermal-induced faults.		Mode usage TBD

				SR-1.1.1.A.5		The APXS shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Ensures performance stability over mission duration.		TID allocation TBD

				SR-1.1.1.A.6		The APXS shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems.		Power draw TBD

				SR-1.1.1.A.6.1		The APXS shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware scheduling.		Duty cycle TBD

				SR-1.1.1.A.7		The APXS shall be compatible with the pointing knowledge and stability provided by SR-GNC.		SR-GNC.2		Pointing Analysis		Instrumentation, GNC		Required for consistent spatial attribution.		Stability TBD

				SR-1.1.1.A.8		The APXS shall support calibration sufficient to ensure repeatable and traceable measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity.		Pre-flight + in-situ

				SR-1.1.1.A.8.1		The APXS shall support pre-flight calibration prior to launch.		SR-1.1.1.A.8		Calibration Procedure		Instrumentation		Establishes baseline performance.		Ground calibration

				SR-1.1.1.A.8.2		The APXS shall preserve calibration metadata with associated measurement data.		SR-6.4.1		Data Format Spec		Instrumentation, Computer		Enables uncertainty propagation.		Metadata schema TBD

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.B : Multispectral Imaging (MSI) Camera Tool Requirements

				SR-1.1.1.B		The MSI shall measure surface reflectance across multiple spectral bands relevant to regolith composition and maturity assessment.		SR-1.1.1		Instrument Spec Sheet		Instrumentation		Enables spectral proxy extraction for He-3 correlation.

				SR-1.1.1.B.1		The MSI shall include at least [TBD] discrete spectral bands		SR-1.1.1.B		Instrument Spec Sheet		Instrumentation		Bands for maturity and hydration-related features.		Bands TBD

				SR-1.1.1.B.1.1		The MSI'spectral bands shall span [TBD]–[TBD] nm.		SR-1.1.1.B		Instrument Performance Analysis		Instrumentation		Required to resolve maturity- and hydration-related spectral features.		TBD by trade

				SR-1.1.1.B.1.2		The MSI shall achieve signal-to-noise ratio (SNR) ≥ [TBD] in key spectral bands under nominal illumination conditions.		SR-1.1.1.B.1		Radiometric Analysis		Instrumentation		Ensures usable spectral data for modeling and fusion.		Illumination TBD

				SR-1.1.1.B.1.3		The MSI shall achieve a ground sampling distance (GSD) ≤ [TBD] m/pixel at nominal operating altitude or standoff.		SR-1.2.2, SR-2.2.1		Imaging Performance Analysis		Instrumentation		Required to meet mapping resolution requirements.		Altitude TBD

				SR-1.1.1.B.2		The MSI shall transmit raw and calibrated image data to the onboard computer subsystem for storage and processing.		SR-1.1.1.B		ICD-MSI-DATA		Instrumentation, Computer		Enables downlink, fusion, and map generation.		Data volume TBD

				SR-1.1.1.B.2.1		The MSI shall support time-tagged image products compatible with SR-COMP.		SR-5.1.2		Data Interface Specification		Instrumentation, Computer		Required for spatial and temporal co-registration.		Timestamp standard per SR-COMP

				SR-1.1.1.B.2.2		The MSI shall support prioritized data handling consistent with SR-COMP and SR-COMM.		SR-6.4.1		Ops Concept		Instrumentation, Computer		Preserves high-value image products during outages.		Priority TBD

				SR-1.1.1.B.3		The MSI shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-MSI-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.B.3.1		The MSI shall remain securely mounted under expected launch vibration and shock environments.		SR-STRUCT.6		Vibration Test Report		Instrumentation, Structures		Prevents damage during launch.		Launch vehicle TBD

				SR-1.1.1.B.3.2		The MSI shall maintain optical alignment under nominal surface operational loads.		SR-STRUCT.3		Alignment Inspection		Instrumentation, Structures		Required for accurate imaging geometry.		Tolerance TBD

				SR-1.1.1.B.4		The MSI shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures imaging performance across lunar environments.		Limits allocated via ICD

				SR-1.1.1.B.4.1		The MSI shall operate within system thermal control modes (nominal, servicing, safe).		SR-THERM.5		Ops Concept		Instrumentation, Thermal		Prevents thermally induced radiometric drift.		Mode usage TBD

				SR-1.1.1.B.5		The MSI shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		Dose allocation TBD

				SR-1.1.1.B.6		The MSI shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems.		Power draw TBD

				SR-1.1.1.B.6.1		The MSI shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware imaging strategies.		Duty cycle TBD

				SR-1.1.1.B.7		The MSI shall be compatible with the pointing knowledge and stability provided by SR-GNC.		SR-GNC.2		Pointing Analysis		Instrumentation, GNC		Required to achieve spatial resolution and prevent motion blur.		Stability TBD

				SR-1.1.1.B.8		The MSI shall support calibration sufficient to ensure repeatable and traceable radiometric measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and uncertainty modeling.		Pre-flight + in-situ

				SR-1.1.1.B.8.1		The MSI shall support pre-flight radiometric calibration prior to launch.		SR-1.1.1.B.8		Calibration Procedure		Instrumentation		Establishes baseline detector response.		Ground calibration

				SR-1.1.1.B.8.2		The MSI shall preserve calibration and radiometric metadata with associated image data.		SR-6.4.1		Data Format Spec		Instrumentation, Computer		Enables uncertainty propagation and fusion.		Metadata schema TBD

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.C : Flux Magnetometer (FMAG) Tool Requirements

				SR-1.1.1.C		The system shall include a Flux Magnetometer (FMAG) to measure local magnetic field properties correlated with regolith maturity and solar-wind implantation relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Magnetic anomalies influence solar-wind exposure and volatile retention.		Candidate tool

				SR-1.1.1.C.1		The FMAG shall measure the local magnetic field vector at the measurement location.		SR-1.1.1.C		Instrument Specification		Instrumentation		Required to characterize magnetic shielding and implantation efficiency.		Axes TBD

				SR-1.1.1.C.1.1		The FMAG shall achieve magnetic field measurement resolution ≤ [TBD] nT.		SR-1.1.1.C.1		Performance Analysis		Instrumentation		Required to resolve meaningful lunar magnetic variations.		TBD by science model

				SR-1.1.1.C.1.2		The FMAG shall measure magnetic field magnitude with uncertainty ≤ ±[TBD] nT.		SR-1.1.1.C.1		Calibration Report		Instrumentation		Supports correlation with proxy-based He-3 estimation.		Links to SR-1.3.3

				SR-1.1.1.C.2		The FMAG shall transmit time-tagged magnetic field measurements to the onboard computer subsystem.		SR-5.1.2		ICD-FMAG-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.C.2.1		The FMAG shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and uncertainty propagation.		Metadata schema TBD

				SR-1.1.1.C.3		The FMAG shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-FMAG-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.C.3.1		The FMAG shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement drift.		Launch vehicle TBD

				SR-1.1.1.C.4		The FMAG shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable sensor response across lunar environments.		Limits via ICD

				SR-1.1.1.C.5		The FMAG shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves sensor performance over mission duration.		TID allocation TBD

				SR-1.1.1.C.6		The FMAG shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.C.7		The FMAG shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation with other proxy measurements.		Accuracy TBD

				SR-1.1.1.C.8		The FMAG shall support calibration sufficient to ensure repeatable and traceable magnetic field measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.D : Electrostatic Analyzer (ESA)

				SR-1.1.1.D		The system shall include an Electrostatic Analyzer (ESA) to measure charged particle and surface plasma environment properties correlated with solar-wind implantation relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Plasma and surface charging conditions influence solar-wind implantation and regolith interaction.		Candidate tool

				SR-1.1.1.D.1		The ESA shall measure charged particle energy and/or flux in the near-surface lunar plasma environment.		SR-1.1.1.D		Instrument Specification		Instrumentation		Required to characterize electrostatic conditions affecting implantation and retention.		Species TBD

				SR-1.1.1.D.1.1		The ESA shall resolve particle energy over a range of [TBD] eV to [TBD] eV.		SR-1.1.1.D.1		Performance Analysis		Instrumentation		Required to capture relevant solar-wind and secondary particle populations.		Range TBD

				SR-1.1.1.D.1.2		The ESA shall measure particle flux with uncertainty ≤ ±[TBD]%.		SR-1.1.1.D.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.D.2		The ESA shall transmit time-tagged particle measurements to the onboard computer subsystem.		SR-5.1.2		ICD-ESA-DATA		Instrumentation, Computer		Enables temporal correlation with other proxy measurements.		Data rate TBD

				SR-1.1.1.D.2.1		The ESA shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.D.3		The ESA shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-ESA-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.D.3.1		The ESA shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.D.4		The ESA shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable electrostatic measurements across lunar conditions.		Limits via ICD

				SR-1.1.1.D.5		The ESA shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		TID allocation TBD

				SR-1.1.1.D.6		The ESA shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.D.7		The ESA shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of plasma measurements.		Accuracy TBD

				SR-1.1.1.D.8		The ESA shall support calibration sufficient to ensure repeatable and traceable charged-particle measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.E :Neutral Particle Detector (NPD) Tool Requirements

				SR-1.1.1.E		The system shall include a Neutral Particle Detector (NPD) to measure neutral particle fluxes correlated with solar-wind implantation and volatile transport relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Neutral hydrogen flux is a strong indirect proxy for implantation and regolith interaction processes.		Candidate tool

				SR-1.1.1.E.1		The NPD shall measure neutral particle flux in the near-surface lunar environment.		SR-1.1.1.E		Instrument Specification		Instrumentation		Required to characterize energetic neutral atom and hydrogen populations.		Species TBD

				SR-1.1.1.E.1.1		The NPD shall measure neutral particle flux with sensitivity ≤ [TBD] particles/cm²/s.		SR-1.1.1.E.1		Performance Analysis		Instrumentation		Required to resolve meaningful spatial and temporal variations.		TBD by science model

				SR-1.1.1.E.1.2		The NPD shall measure neutral particle flux with uncertainty ≤ ±[TBD]%.		SR-1.1.1.E.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.E.2		The NPD shall transmit time-tagged neutral particle measurements to the onboard computer subsystem.		SR-5.1.2		ICD-NPD-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.E.2.1		The NPD shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.E.3		The NPD shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-NPD-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.E.3.1		The NPD shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.E.4		The NPD shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures detector stability across lunar environments.		Limits via ICD

				SR-1.1.1.E.5		The NPD shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		TID allocation TBD

				SR-1.1.1.E.6		The NPD shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.E.7		The NPD shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of neutral particle measurements.		Accuracy TBD

				SR-1.1.1.E.8		The NPD shall support calibration sufficient to ensure repeatable and traceable neutral particle measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.E :Automated Grain Analyzer (AGA) Tool Requirements

				SR-1.1.1.F		The system shall include a Grain Analyzer to characterize regolith physical properties correlated with maturity and solar-wind exposure relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Grain size and morphology correlate with regolith maturity and implantation history.		Candidate tool

				SR-1.1.1.F.1		The Grain Analyzer shall measure regolith particle size distribution at the measurement location.		SR-1.1.1.F		Instrument Specification		Instrumentation		Required to assess maturity-related physical proxies.		Method TBD

				SR-1.1.1.F.1.1		The Grain Analyzer shall resolve particle size to a minimum resolution of ≤ [TBD] µm.		SR-1.1.1.F.1		Performance Analysis		Instrumentation		Required to distinguish fine-grained soils associated with enhanced volatile retention.		TBD by science model

				SR-1.1.1.F.1.2		The Grain Analyzer shall measure particle size distribution with uncertainty ≤ ±[TBD]%.		SR-1.1.1.F.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.F.2		The Grain Analyzer shall measure one or more regolith physical maturity indicators (e.g., grain shape, cohesion proxy, angularity).		SR-1.1.1.F		Instrument Specification		Instrumentation		Physical maturity indicators complement optical and elemental proxies.		Indicators TBD

				SR-1.1.1.F.3		The Grain Analyzer shall transmit time-tagged measurement data to the onboard computer subsystem.		SR-5.1.2		ICD-GRAIN-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.F.3.1		The Grain Analyzer shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.F.4		The Grain Analyzer shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-GRAIN-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.F.4.1		The Grain Analyzer shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.F.5		The Grain Analyzer shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable measurement performance across lunar environments.		Limits via ICD

				SR-1.1.1.F.6		The Grain Analyzer shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves sensor performance over mission duration.		TID allocation TBD

				SR-1.1.1.F.7		The Grain Analyzer shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.F.8		The Grain Analyzer shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of regolith measurements.		Accuracy TBD

				SR-1.1.1.F.9		The Grain Analyzer shall support calibration sufficient to ensure repeatable and traceable regolith physical property measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration





Sub-Surface



				System Requirements

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.2.A : Lunar Penetrating Radar (LPR)

				SR-1.1.2.A		The system shall include a Lunar Penetrating Radar (LPR) to characterize subsurface regolith structure and layering relevant to resource assessment.		SR-1.1.2		Instrument Trade Study		Instrumentation		LPR provides direct subsurface structural information required for ice and regolith depth assessment.		Primary SR-1.1.2 tool

				SR-1.1.2.A.1		The LPR shall measure subsurface dielectric properties of lunar regolith.		SR-1.1.2.A		Instrument Specification		Instrumentation		Dielectric contrast enables inference of layering, density changes, and potential volatile presence.		Frequency TBD

				SR-1.1.2.A.1.1		The LPR shall characterize subsurface structure to a penetration depth of ≥ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Required to assess resource-relevant subsurface volumes.		Depth TBD by science model

				SR-1.1.2.A.1.2		The LPR shall achieve vertical resolution of ≤ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Enables discrimination between subsurface layers and interfaces.		Resolution TBD

				SR-1.1.2.A.1.3		The LPR shall achieve horizontal resolution of ≤ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Required for spatially resolved subsurface mapping.		Depends on antenna geometry

				SR-1.1.2.A.2		The LPR shall transmit time-tagged subsurface measurement data to the onboard computer subsystem.		SR-5.1.2		ICD-LPR-DATA		Instrumentation, Computer		Enables co-registration with surface and proxy measurements.		Data rate TBD

				SR-1.1.2.A.2.1		The LPR shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for subsurface data fusion and uncertainty propagation.		Metadata schema TBD

				SR-1.1.2.A.3		The LPR shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT for the LHSRCM.		SR-4.3.2		ICD-LPR-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Antenna placement TBD

				SR-1.1.2.A.3.1		The LPR shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents antenna misalignment and structural failure.		Launch environment TBD

				SR-1.1.2.A.4		The LPR shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable electronics and timing for radar operation.		Thermal limits via ICD

				SR-1.1.2.A.5		The LPR shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves timing electronics and signal integrity.		TID allocation TBD

				SR-1.1.2.A.6		The LPR shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems during radar operation.		Peak vs avg power TBD

				SR-1.1.2.A.6.1		The LPR shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware subsurface scanning strategies.		Duty cycle TBD

				SR-1.1.2.A.7		The LPR shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required to spatially align subsurface profiles with surface measurements.		Accuracy TBD

				SR-1.1.2.A.8		The LPR shall support calibration sufficient to ensure repeatable and traceable subsurface measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for quantitative interpretation of dielectric contrasts.		Pre-flight calibration











































































































































































GriffinReq

				* Will need to stem from systems requirements

		[MO-4] The payload structure shall survive random vibrations and launch loads of X g (test) 

		[MO-4] The payload shall fit within 40m^3(v) in Griffin Lander

		[MO-4] The payload sturcture will survive TBR lunar trips

		[MO-4] The payload structure and internals shall not exceed 200 kg

		[MO-4] The payload will not be compromised by lunar surface temperatures or lunar dust





Thermal



						System Requirements

						Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

						SR-THERM : Thermal Subsystem Requirements

						SR-THERM.1		The thermal subsystem shall maintain all mission-critical components within their specified operational temperature limits during nominal mission operations.		SR-4.4.1, SR-3.6.1		Thermal Control Plan, Thermal Model Report, TVAC Report		Thermal		Ensures reliable operation and performance of instruments and avionics.		Operational limits defined in component ICDs

						SR-THERM.2		The thermal subsystem shall maintain all mission-critical components within their specified survival temperature limits during non-operational and safe modes.		SR-4.4.1		Thermal Model Report, TVAC Report		Thermal		Prevents permanent damage during lunar night and contingency states.		Includes extended comm/power outages

						SR-THERM.3		The thermal subsystem shall support thermal control across lunar day–night cycles without loss of system functionality.		SR-4.4.1		Thermal Cycling Test, Thermal Analysis		Thermal		Required for sustained multi-cycle surface operations.		Tied to reuse requirements

						SR-THERM.4		The thermal subsystem shall limit temperature gradients across mission-critical mechanical interfaces to ≤ [TBD] °C.		SR-4.4.3		Thermal Model Report, Inspection, Test		Thermal, Structures		Prevents interface misalignment, binding, or preload loss.		Gradient limit TBD by structural tolerances

						SR-THERM.5		The thermal subsystem shall provide distinct thermal control modes including nominal, servicing, and safe modes.		SR-4.4.2, SR-5.6		Ops Concept, Thermal Control Plan		Thermal, Operations		Ensures thermal stability across operational states.		Mode definitions TBD

						SR-THERM.6		The thermal subsystem shall operate within the available electrical power budget allocated to thermal control.		SR-EPS.1, SR-4.4.2		EPS Budget, Thermal Control Plan		Thermal, EPS		Prevents power conflicts with science and avionics systems.		Heater duty cycles TBD

						SR-THERM.7		The thermal subsystem shall provide thermal environments compatible with all supported payloads and replaceable subsystems.		SR-1.1.x, SR-4.3		Interface Control Document (ICD), Thermal Analysis		Thermal, Instrumentation		Enables modular payload integration without redesign.		Tool-specific compatibility verified via ICD

						SR-THERM.8		The thermal subsystem shall protect standardized mechanical and electrical interfaces from thermal degradation due to dust accumulation and cycling.		SR-4.5.1, SR-4.4.3		Test Report, ICD		Thermal, Structures		Interfaces are especially vulnerable to combined dust and thermal effects.		Cross-links dust + thermal

						SR-THERM.9		The thermal subsystem shall be verified through analysis and thermal-vacuum (TVAC) testing prior to mission deployment.		SR-4.4		TVAC Report, Thermal Model Correlation		Thermal		Demonstrates compliance with operational and survival requirements.		Standard verification approach





Radiation



						System Requirements

						Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

						SR-RAD : Radiation Subsystem Requirements

						SR-RAD.1		The system shall tolerate the expected lunar surface radiation environment without loss of mission-critical functionality.		SR-3.6.1, SR-4.4.1		Radiation Environment Analysis, Parts Radiation Report		Radiation		Ensures continued operation under solar and galactic radiation exposure.		Environment defined by mission duration and orbit

						SR-RAD.2		The system shall protect mission-critical electronics from total ionizing dose (TID) effects over the mission lifetime.		SR-3.6.1		Radiation Analysis, Shielding Trade Study		Radiation, Computer		Prevents cumulative degradation of avionics and data systems.		TID limits TBD

						SR-RAD.3		The system shall mitigate single-event effects (SEE) such that recoverable upsets do not result in permanent loss of mission data or control.		SR-5.6.1		Fault Management Plan, Radiation Test Report		Radiation, Computer		SEUs are expected in lunar environment and must be handled gracefully.		Includes latch-up protection

						SR-RAD.4		The system shall detect and flag corrupted data resulting from radiation-induced errors prior to use in map generation or data fusion.		SR-1.3.3, SR-6.4.2		Data Integrity Test, Software Verification Report		Radiation, Computer		Prevents propagation of corrupted data into PRM products.		CRC/checksum based

						SR-RAD.5		The system shall preserve mission-critical data across radiation events through error detection and recovery mechanisms.		SR-6.2.2, SR-5.6.2		Data Handling Test, Fault Injection Test		Radiation, Computer		Protects high-value science and mapping products.		Supports re-transmission

						SR-RAD.6		The radiation subsystem shall be compatible with modular payload integration without requiring tool-specific shielding redesign.		SR-4.3.1, SR-4.3.5		ICD, Radiation Trade Study		Radiation, Structures		Preserves modularity and avoids payload-specific redesign.		Tool compatibility via ICD

						SR-RAD.7		The system shall maintain radiation-tolerant operation during extended surface missions and lunar day–night cycles.		SR-4.4.1		Radiation + Thermal Combined Analysis		Radiation, Thermal		Radiation and thermal effects are coupled on the lunar surface.		Cross-subsystem coupling

						SR-RAD.8		The radiation subsystem shall be verified through analysis and, where applicable, component-level radiation testing.		SR-3.6.1		Radiation Test Report, Analysis Report		Radiation		Demonstrates compliance without requiring full system irradiation.		Analysis-heavy verification





EPS



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-EPS : Electrical Power Subsystem Requirements

										SR-EPS.1		The electrical power subsystem shall provide regulated electrical power to all mission-critical subsystems during nominal operations.		SR-3.6.1, SR-4.4.1		EPS Architecture Document, Power Budget Analysis		EPS		Ensures continuous operation of instruments, avionics, and data handling.		Voltage rails defined in ICD

										SR-EPS.2		The electrical power subsystem shall support a total average power load of ≥ [TBD] W during nominal mission operations.		SR-1.1.x, SR-2.x		Power Budget Analysis		EPS		Ensures sufficient power margin for sensing, processing, and communications.		Includes growth margin		\

										SR-EPS.3		The electrical power subsystem shall support peak power loads of ≥ [TBD] W for durations of ≥ [TBD] s without violating bus voltage limits.		SR-1.1.x, SR-4.4.2		Transient Power Analysis, Test Report		EPS		Supports high-demand instrument modes and communication events.		Peak loads include heaters

										SR-EPS.4		The electrical power subsystem shall provide energy storage sufficient to support mission-critical functions during non-generation periods.		SR-4.4.1		Energy Storage Analysis, Test Report		EPS		Required for lunar night, eclipses, or low-insolation conditions.		Storage capacity TBD (Wh)

										SR-EPS.5		The electrical power subsystem shall implement load prioritization and shedding to preserve mission-critical functions under power-limited conditions.		SR-5.6.1		Fault Management Plan, EPS Logic Verification		EPS, Computer		Prevents loss of command, timing, and data storage during contingencies.		Priority tiers TBD

										SR-EPS.6		The electrical power subsystem shall support distinct operational power modes including nominal, servicing, and safe modes.		SR-5.6, SR-4.4.2		Ops Concept, EPS Control Logic		EPS, Operations		Enables power-aware operations and fault recovery.		Mode definitions TBD

										SR-EPS.7		The electrical power subsystem shall provide standardized electrical interfaces for modular payloads and replaceable subsystems.		SR-4.3.3, SR-4.3.5		Interface Control Document (ICD)		EPS		Enables payload modularity without redesign of the power system.		Connector & rail standards TBD

										SR-EPS.8		The electrical power subsystem shall maintain power delivery within specified limits across expected thermal and radiation environments.		SR-THERM.6, SR-RAD.1		Combined Environment Analysis		EPS, Thermal, Radiation		EPS performance is sensitive to temperature and radiation effects.		Cross-subsystem coupling

										SR-EPS.9		The electrical power subsystem shall protect against over-current, over-voltage, and latch-up events.		SR-RAD.3, SR-5.6.1		Electrical Protection Test, Fault Injection Test		EPS		Prevents cascading failures and permanent hardware damage.		Protection thresholds TBD

										SR-EPS.10		The electrical power subsystem shall be verified through analysis and subsystem-level testing prior to mission deployment.		SR-3.6.1		EPS Test Report, Power Balance Verification		EPS		Demonstrates compliance with operational and contingency requirements.		Standard EPS verification







Communications



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-COMM : Communications Subsystem Requirements

										SR-COMM.1		The communications subsystem shall provide a reliable data link between the system and the Lunar Lander (or relay) during nominal mission operations.		SR-5.5.1, SR-6.1.1		Communications Architecture Document, Link Analysis		Communications		Required for downlink of science, mapping, and health data.		Relay via Griffin

										SR-COMM.2		The communications subsystem shall support a minimum science and housekeeping data throughput of ≥ [TBD] Gb/day under nominal conditions.		SR-1.3.1, SR-6.1.1		Link Budget Analysis		Communications		Ensures timely delivery of mapping and PRM-ready products.		Includes margin

										SR-COMM.3		The communications subsystem shall support prioritized data transmission such that mission-critical health and high-value science products are downlinked before lower-priority data.		SR-5.6.2, SR-6.2.2		Communications Protocol Specification, Ops Concept		Communications, Computer		Prevents loss of critical data during limited contact periods.		Priority classes TBD

										SR-COMM.4		The communications subsystem shall retain all mission-critical data during communication outages of ≥ [TBD] hours without data loss.		SR-5.6.1, SR-6.2.2		Data Handling Test, Fault Injection Test		Communications, Computer		Lunar surface operations include extended link outages.		Storage handled by SR-COMP

										SR-COMM.5		The communications subsystem shall support transmission of time-tagged and georeferenced data products with associated metadata.		SR-5.1.1, SR-5.1.2		Interface Control Document (ICD), Data Format Specification		Communications, Computer		Required for correct reconstruction of mapped products.		Metadata fields TBD

										SR-COMM.6		The communications subsystem shall support bidirectional exchange of command, timing, and state information with the Lunar Lander.		SR-5.5.1, SR-5.5.2		Interface Control Document (ICD), Test Report		Communications		Enables coordinated operations and fault recovery.		Update rate TBD

										SR-COMM.7		The communications subsystem shall operate within the electrical power capability defined in SR-EPS during all operational modes.		SR-EPS.1, SR-EPS.5		Power Budget Analysis, Test		Communications, EPS		Prevents communication events from disrupting mission operations.		Tx duty cycle TBD

										SR-COMM.8		The communications subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.3, SR-RAD.1		Combined Environment Analysis		Communications, Thermal, Radiation		Ensures link availability across lunar day–night cycles.		Cross-subsystem coupling

										SR-COMM.9		The communications subsystem shall implement error detection and retransmission mechanisms to ensure data integrity.		SR-RAD.4, SR-6.4.2		Protocol Verification, Fault Injection Test		Communications, Computer		Prevents corrupted data from entering PRM workflows.		CRC/ARQ mechanisms

										SR-COMM.10		The communications subsystem shall support standardized data interfaces compatible with modular payload integration.		SR-4.3.4, SR-4.3.5		Interface Control Document (ICD)		Communications		Preserves modularity and avoids payload-specific comm redesign.		Protocol TBD

										SR-COMM.11		The communications subsystem shall be verified through link analysis and subsystem-level testing prior to mission deployment.		SR-3.6.1		Communications Test Report		Communications		Demonstrates performance under expected mission conditions.		Standard verification





Computer



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-COMP : Computer Subsystem Requirements

										SR-COMP.1		The computer subsystem shall provide command and data handling services for all mission-critical subsystems and payloads.		SR-1.3.1, SR-5.5.1		C&DH Architecture Document		Computer		Enables coordinated operation of sensing, storage, and communications.		Central flight computer

										SR-COMP.2		The computer subsystem shall acquire, time-tag, and store all science and housekeeping data generated by onboard instruments.		SR-5.1.1, SR-5.1.2		Data Handling Design Document		Computer		Required for traceable, georeferenced data products.		Time standard TBD

										SR-COMP.3		The computer subsystem shall support processing of data products from raw (L0) through processed and fused (L3) levels as applicable.		SR-1.3.1, SR-6.3.1		Software Architecture Document		Computer		Enables generation of PRM-ready map products.		Processing split onboard/ground TBD

										SR-COMP.4		The computer subsystem shall provide non-volatile storage sufficient to retain all mission-critical data during expected communication outages.		SR-COMM.4, SR-6.2.2		Memory Sizing Analysis		Computer		Prevents loss of high-value data during link outages.		Storage capacity TBD

										SR-COMP.5		The computer subsystem shall preserve data integrity through error detection mechanisms for stored and transmitted data.		SR-RAD.4, SR-6.4.2		Software Verification Report		Computer		Prevents corrupted data from propagating into map products.		CRC/checksum based

										SR-COMP.6		The computer subsystem shall quarantine, flag, or discard data products that fail integrity or quality checks.		SR-RAD.5, SR-5.6.2		Fault Injection Test Report		Computer		Protects downstream processing and PRM outputs.		Logic TBD

										SR-COMP.7		The computer subsystem shall associate metadata describing position, time, uncertainty, and instrument state with each stored data product.		SR-5.1.1, SR-6.4.1		Data Format Specification		Computer		Required for multi-instrument fusion and uncertainty propagation.		Metadata schema TBD

										SR-COMP.8		The computer subsystem shall support prioritized data handling and storage consistent with communications prioritization.		SR-COMM.3		Data Handling Design Document		Computer		Ensures critical data are retained and downlinked first.		Priority tiers TBD

										SR-COMP.9		The computer subsystem shall support bidirectional data exchange with the communications subsystem using standardized interfaces.		SR-COMM.6		Interface Control Document (ICD)		Computer, Communications		Enables reliable command, telemetry, and file transfer.		Protocol TBD

										SR-COMP.10		The computer subsystem shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1, SR-EPS.5		Power Budget Analysis		Computer, EPS		Prevents data handling from disrupting mission operations.		Duty cycle TBD

										SR-COMP.11		The computer subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.1, SR-RAD.1		Combined Environment Analysis		Computer, Thermal, Radiation		Ensures reliable operation on the lunar surface.		Cross-subsystem

										SR-COMP.12		The computer subsystem shall support fault detection, isolation, and recovery (FDIR) sufficient to preserve command, timing, and data storage functions.		SR-5.6.1		FDIR Plan, Fault Injection Test		Computer		Required for autonomous recovery from upsets and faults.		Safe mode logic TBD

										SR-COMP.13		The computer subsystem shall be verified through analysis, simulation, and subsystem-level testing prior to mission deployment.		SR-3.6.1		C&DH Test Report		Computer		Demonstrates compliance with mission requirements.		Standard verification

										SR-COMP.14		The computer subsystem shall implement command, data handling, storage, and downlink functionality using standard NASA Core Flight System (cFS) applications without modification of core cFS services.		CPEDOC		Software Architecture Review		Computer		Preserves software heritage, reduces regression risk, and improves maintainability.		Custom logic implemented as cFS apps

										SR-COMP.15		The computer subsystem shall support extensible data handling through configurable application-level services rather than hard-coded mission logic.		CPEDOC		Software Design Review		Computer		Enables future payload additions and reuse without restructuring core software.		Supports modular mission growth





Structures



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-STRUCT : Structural Subsystem Requirements

										SR-STRUCT.1		The structural subsystem shall support all mission-critical subsystems and payloads under expected launch, landing, and surface operational loads.		SR-3.6.1, SR-4.4.1		Structural Analysis Report		Structures		Ensures structural integrity throughout all mission phases.		Load cases TBD

										SR-STRUCT.2		The structural subsystem shall maintain mechanical integrity across lunar day–night thermal cycles without permanent deformation or loss of function.		SR-4.4.1		Thermal-Structural Analysis		Structures, Thermal		Prevents fatigue, cracking, and misalignment due to thermal cycling.		Tied to reuse

										SR-STRUCT.3		The structural subsystem shall maintain alignment of mission-critical interfaces within allowable tolerances across all operational conditions.		SR-4.4.3, SR-5.3		Structural Test, Inspection		Structures		Required for co-registered sensing and modular interface fit.		Alignment tolerance TBD

										SR-STRUCT.4		The structural subsystem shall provide standardized mechanical interfaces to support modular payloads and replaceable subsystems.		SR-4.3.2, SR-4.3.5		Interface Control Document (ICD)		Structures		Enables modularity without redesign of primary structure.		Interface envelope TBD

										SR-STRUCT.5		The structural subsystem shall support repeated installation and removal of replaceable subsystems for at least [TBD] reuse cycles.		SR-4.1.1		Inspection, Demonstration		Structures		Supports refurbishment and reuse objectives.		Fastener limits TBD

										SR-STRUCT.6		The structural subsystem shall withstand expected launch vibration and shock environments without damage to mounted payloads or avionics.		SR-3.6.1		Vibration & Shock Test Report		Structures		Protects sensitive instrumentation during launch.		Launch vehicle TBD

										SR-STRUCT.7		The structural subsystem shall provide load paths that prevent excessive stress transfer to modular payload interfaces.		SR-4.3.1		Structural Analysis		Structures		Avoids damage to replaceable payloads and interfaces.		Interface isolation TBD

										SR-STRUCT.8		The structural subsystem shall be compatible with dust mitigation features for exposed mechanical interfaces and connectors.		SR-4.5.3		Inspection, Test		Structures		Dust accumulation can impair mechanical fit and motion.		Covers, seals, wipes

										SR-STRUCT.9		The structural subsystem shall operate within the mass allocation defined by the system mass budget.		SR-4.6.2		Mass Properties Report		Structures		Structural mass strongly impacts cost per delivered kilogram.		Mass margin TBD

										SR-STRUCT.10		The structural subsystem shall be verified through analysis, inspection, and subsystem-level testing prior to mission deployment.		SR-3.6.1		Structural Verification Report		Structures		Demonstrates compliance with mission load and interface requirements.		Standard verification





GNC





										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-GNC : Guidance, Navigation, and Control Subsystem Requirements

										SR-GNC.1		The GNC subsystem shall provide position and attitude estimates sufficient to support georeferenced science and mapping products.		SR-5.1.1, SR-6.1.1		Navigation Analysis Report		GNC		Required to correctly geolocate surface and subsurface measurements.		Accuracy thresholds TBD

										SR-GNC.2		The GNC subsystem shall provide attitude knowledge and stability sufficient to meet payload pointing and resolution requirements during data collection.		SR-1.2.2, SR-2.2.1		Pointing Analysis, Test		GNC		Ensures MSI, LPR, and other sensors meet resolution and SNR requirements.		Stability TBD

										SR-GNC.3		The GNC subsystem shall support time-synchronized navigation solutions compatible with the system time standard.		SR-5.1.2, SR-5.4.1		Timing & Sync Verification		GNC, Computer		Required for multi-sensor co-registration and fusion.		Time base defined by SR-COMP

										SR-GNC.4		The GNC subsystem shall provide navigation state updates at a rate sufficient to support coordinated sensing and motion compensation.		SR-5.3.1		GNC Performance Analysis		GNC		Prevents spatial smearing and misregistration of measurements.		Update rate TBD

										SR-GNC.5		The GNC subsystem shall maintain bounded navigation error during temporary loss of external navigation updates.		SR-5.6.1		Fault Injection Test, Analysis		GNC		Required for robustness during comm or relay outages.		Outage duration TBD

										SR-GNC.6		The GNC subsystem shall estimate and report navigation uncertainty associated with each position solution.		SR-5.3.2, SR-6.4.2		Navigation Data Product Review		GNC		Required for uncertainty propagation in PRM modeling.		Confidence metric TBD

										SR-GNC.7		The GNC subsystem shall support coordinate frame transformations between the platform frame and the Lunar Lander reference frame.		SR-5.2.1		Interface Control Document (ICD)		GNC		Enables consistent spatial alignment across systems.		Frame definition TBD

										SR-GNC.8		The GNC subsystem shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Budget Analysis		GNC, EPS		Prevents GNC operation from disrupting mission power balance.		Duty cycle TBD

										SR-GNC.9		The GNC subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.1, SR-RAD.1		Combined Environment Analysis		GNC, Thermal, Radiation		Ensures reliable navigation performance on the lunar surface.		Cross-subsystem

										SR-GNC.10		The GNC subsystem shall support safe-state transitions and recovery following navigation faults or loss of valid state estimates.		SR-5.6.1		FDIR Plan, Test		GNC, Computer		Prevents propagation of invalid navigation solutions.		Safe logic TBD

										SR-GNC.11		The GNC subsystem shall be verified through analysis, simulation, and subsystem-level testing prior to mission deployment.		SR-3.6.1		GNC Verification Report		GNC		Demonstrates compliance with navigation and pointing requirements.		Standard verification





Sheet1

														SR-1.1.1.Y		The system shall include a multispectral imaging camera capable of measuring surface spectral properties.		SR-1.1.1		Instrumentation-[TBRSys].N.N		Instrumentation		Enables proxy-based estimation of Helium-3 distribution.

														SR-1.1.1.Y.a		The multispectral camera shall acquire imagery in [TBR] spectral bands.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N		Instrumentation		Resolution sufficient to distinguish relevant spatial or compositional variations.

														SR-1.1.1.Y.b

														SR-1.1.1.Y.c		The multispectral camera shall achieve spatial resolution of ≤ [TBR] m per pixel.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N		Instrumentation		Measurement uncertainty must support reserve estimation confidence.

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall store collected measurement data in onboard memory prior to downlink.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N, Computer-[TBRSys].N.N		Instrumentation, Computer		Enables buffering and prioritized data downlink.		—

														SR-1.1.1.Y		The LSRCM structure shall provide mechanical and electrical interface capability for [TBR TOOLING 1].		SR-1.1.1		Structures-[TBRSys].N.N		Structures, Instrumentation		Ensures secure integration without compromising system integrity.		—

														SR-1.1.1.Y.a		The LSRCM shall maintain a secure interface with [TBR TOOLING 1] under launch vibration and load conditions.		SR-1.1.1.B		Structures-[TBRSys].N.N		Structures		Prevents damage or detachment during launch.		—

														SR-1.1.1.Y.b		The LSRCM shall maintain a secure interface with [TBR TOOLING 1] under nominal operational and servicing conditions.		SR-1.1.1.B		Structures-[TBRSys].N.N, Operations-[TBRSys].N.N		Structures, Operations		Ensures alignment and survivability during surface operations.

														SR-1.1.1.Y		The [TBR TOOLING 1] shall operate within the expected lunar surface thermal environment.		SR-1.1.1		Thermal-[TBRSys].N.N		Instrumentation, Thermal		Ensures sustained operation across lunar day/night cycles.

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall tolerate expected lunar surface radiation levels without degradation of measurement performance.		SR-1.1.1.C		Radiation Analysis-[TBRSys].N.N		Instrumentation		Preserves measurement accuracy over mission duration.		—

														SR-1.1.1.Y		The [TBR TOOLING 1] shall operate within the LSRCM mission duty cycle and available power budget.		SR-1.1.1		EPS-[TBRSys].N.N		Instrumentation, EPS		Prevents power conflicts with other mission systems.		—

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall operate according to [TBR] standards,nominal operational modes.		SR-1.1.1.E, SR-1.1.1.B.b		Calibration Procedure-[TBRSys].N.N		Instrumentation		Establishes baseline instrument performance.

														SR-1.1.1.Y.b		The [TBR TOOLING 1] shall operate according to [TBR] standards,during servicing operational modes.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall operate according to [TBR] standards,safe operational modes.		SR-1.1.1.E		Data Management Plan-[TBRSys].N.N		Instrumentation, Computer

														SR-1.1.1.Y		The [TBR TOOLING 1] shall support calibration sufficient to ensure repeatable and traceable measurements.		SR-1.1.1		Instrument Calibration Plan-[TBRSys].N.N		Instrumentation		Required for scientific validity and reserve modeling.

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall support pre-flight calibration prior to launch.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation		Establishes baseline instrument performance.

														SR-1.1.1.Y.b		The [TBR TOOLING 1] shall support in-situ or operational calibration during the mission as applicable.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation		Accounts for drift due to radiation, temperature, or aging.

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall preserve calibration metadata with associated measurement data.		SR-1.1.1.E		Data Management Plan-[TBRSys].N.N		Instrumentation, Computer		Enables post-processing and traceability.





PowerReq



						Lunar Penetrating Radar Requirements

						Number		Requirement		Source		Verification Document		Comments

						pwr-01		The system shall be electrically compatible with the Griffin lander's 28 ± 5% V DC power service provided via the Standard Electrical Connector (SEC).		MO-4, MSC-4.3, SR-1.6.4, SR-4.3.3, SYS-16, SYS-21		Electrical ICD, Test Report		Ensures basic compatibility for charging and operations while attached to the lander.

						pwr-02		The system's total power consumption shall not exceed 200 W (1.0 W/kg) during nominal operations while attached to the lander.		MO-4, SR-1.6.5, SYS-1		Power Budget, Analysis		This budget must account for instrument standby, thermal control, and battery charging before deployment.

						pwr-03		The system shall be fully self-powered after deployment from the lander, providing all necessary power for mobility, science operations, and communications.		MO-1, MO-2, MO-3, MO-4, SYS-1a, SYS-31		Power Budget, System Design Document		Per the PUG, the lander does not provide power after egress. The system will require its own solar arrays and/or batteries.

						pwr-04		The onboard energy storage system (batteries) shall be sized to support a minimum of one full mobility and survey sortie without recharging.		MO-1, MO-2, MO-3, SYS-12, SYS-26, SYS-31, SYS-36		Energy Budget Report, Analysis		This includes power for mobility/propulsion, all instruments operating, the onboard computer, and communications.

						pwr-05		The power system shall provide continuous, regulated power to the science instrument suite, including the LPR (≤ 8 W), Grain Size Analyzer (≤ 5 W), and APXS (≤ 6 W).		MO-1, MO-2, MO-3, LPR-001, AGA-001, APXS-001		Electrical Power Test Report, Power Budget		Stable power is critical for measurement accuracy. The full instrument suite power draw must be accounted for.

						pwr-06		The power system shall provide continuous power to the payload's onboard computer, communication systems, and data storage hardware during all operational phases.		MO-5, MO-6, SYS-15, ELEC-2, ELEC-6, ELEC-8		Electrical ICD, Power Budget		These core systems are mission-critical for navigation, mapping, and data return.

						pwr-07		The system shall include an autonomous power management function to monitor energy consumption and to safe non-critical systems to prevent power depletion.		MO-4, SYS-37		Power Management Report, Demonstration		Protects mission operations by ensuring power is available for key functions like mobility and data collection.

						pwr-08		The power system must supply sufficient power to the thermal control system to maintain all components within their operational temperature range (-30°C to +80°C).		MO-4, MSC-4.4, SR-1.6.9, SR-4.4.1, SYS-4, SYS-33		Thermal Analysis Report, Power Budget		This is a major power driver, especially for survival through lunar night, which may require significant heater power.

						pwr-09		Any high instantaneous power events, such as for mobility, shall be supplied by the payload's internal energy storage, not directly from the lander's power bus.		MO-4, SYS-1f, SYS-1g, SYS-28		Propulsion/Mobility Integration Report		Protects the lander's circuits and ensures the payload can handle its own power spikes, as required for deployable systems.





System Requirements

								*READ THIS STUFF AND MAKE SURE IT MAKES SENSE



						System Requirements

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-1		The mission power system shall provide at least 1 W of regulated electrical power per kilogram of payload during nominal surface operations while the payload is attached to the lander.		PUG Lander Document		Analysis		Updated		Clarifies that 1 W/kg applies only while attached.		PUG: Nominal 1 W/kg power allocation.

						SYS-1a		For deployable payloads, the payload shall be self-powered following separation from the lander; the lander will not provide nominal power after egress.				Analysis		New		Deployables must provide their own power after release.		PUG: Deployable payloads take full control of power after release.

						SYS-1c		The lander shall provide a scheduled PEAK power service of up to 2.5 W per kilogram of payload while the payload remains attached, subject to Astrobotic scheduling and power availability.				Analysis		New		Defines lander PEAK power allocation.		PUG: Peak = 2.5 W/kg when scheduled.

						SYS-1d		The payload customer shall request and schedule any required PEAK power windows (start/stop times, duration, justification) through the payload integration and mission operations process.				Inspection		New		Clarifies scheduling requirement for peak power use.		PUG: Additional power services available via scheduling.

						SYS-1e		The lander shall provide a RELEASE power pulse of up to 30 W peak for approximately 60 seconds for deployment/actuation events only.				Test		New		Defines available high-power pulse for deployment-only operations.		PUG: Release = 30 W peak for ~60 seconds.

				NOTE: Calculate power requirements of all instruments combined, potential driving or propulsion systems, and computers necessary. Generate rough estimates of this to incorporate into requirements so that requirements can be broad enough to support designing a rover or some projectile payload.		SYS-1f		If a launch-from-lander event requires power beyond PEAK or sustained high power, the payload shall include internal power storage (batteries or capacitors) sized to support the event and post-release operations.				Inspection		New		Ensures high-power events must use onboard energy storage.		PUG: Deployables control power post-release; lander not used for sustained loads.

						SYS-1g		High instantaneous actuation power shall be supplied by on-payload energy storage; SEC power circuits shall be used only for charging and release signals within the lander-provided limits.				Test		New		Protects lander circuits; ensures payload uses internal storage for spikes.		PUG: SEC supports limited operational and release circuits only.

						SYS-2		The system shall support a total payload mass of up to 200 kg including instruments and mounting hardware.				Analysis		Updated		Fit within Griffin 625 kg capacity.		PUG: Griffin payload capacity.

						SYS-3		The system shall provide a payload accommodation volume of at least 40 m^3 for science instruments.				Inspection		Updated		Volume fits within Griffin mounting envelope.		PUG: Payload envelope & mounting decks.

				NOTE: adjust this temperature range in the instrument requirements		SYS-4		The system shall support payload operation across lunar surface thermal environments from −30°C to +80°C.				Test		Updated		Matches PUG lunar surface thermal environment.		PUG: Thermal Environment (Surface).

						SYS-5		The system shall survive launch vibration, acoustic, and shock environments consistent with Falcon Heavy limits.				Test		Updated		Mechanical loads defined by GEVS and Astrobotic.		PUG: Mechanical Environment.		Launch vehicle for Griffin

						SYS-6		The system shall tolerate cumulative radiation exposure of at least 1 krad(Si).				Analysis		Updated		Matches typical mission TID (<1 krad).		PUG: Radiation environment.

						SYS-7		The system shall support continuous science data collection for a minimum of 14 days on the lunar surface.				Analysis		Updated		Matches Griffin 14-day surface duration.		PUG: Griffin Polar Configuration.

						SYS-8		The system shall operate in vacuum, lunar dust, and variable solar illumination without unacceptable performance degradation.				Test		Updated		Environmental compatibility.		PUG: Pressure, contamination, surface environment.

						SYS-9		The system shall allow payloads to be deployed from the lander without requiring additional mission support beyond standard Astrobotic egress procedures.				Test		Updated		Matches standard deployable payload ops.		PUG: Egress Procedures.

						SYS-10		The system shall support payload operation as a navigation gateway for future missions.				Analysis		Unchanged		Supports use of OPAL or enhanced sensors.		PUG: TRN/OPAL.

						SYS-11		The system shall be compatible with a launch schedule no later than 2032.				Analysis		Unchanged		Schedule constraint.		N/A

						SYS-12		The system shall support surface surveys covering at least 50 km².				Analysis		Unchanged		Survey requirement.		N/A

				Note: Verify that all instruments can achieve this. May need to adjust.		SYS-13		The system shall support detection of subsurface structures to a depth of at least 2 m.				Test		Unchanged		Science requirement.		N/A

						SYS-14		The system shall support construction of 3D maps of regolith thickness, density, and grain size.				Analysis		Unchanged		Science requirement.		N/A

						SYS-15		The system shall provide an internal payload controller (OBC) for managing instruments and data.				Inspection		Updated		Uses radiation-tolerant FPGA payload computer.		PUG: Payload Computer.

						SYS-16		The system shall support instrument electrical interfaces at 28 V ± 5% DC.				Inspection		Updated		Matches SEC power specification.		PUG: Electrical Interfaces.

						SYS-17		The system shall support data interfaces using RS-422 or SpaceWire.				Test		Updated		Matches standard lander payload interfaces.		PUG: Data Interfaces.

						SYS-18		Instruments shall be controllable via scripts (C++ or RUST) on Linux-based systems using open APIs.				Test		Updated		Supports autonomous ops from PMCC.		PUG: Ground Segment.		Rust/C++

						SYS-19		The system shall support a maximum downlink bandwidth of 10 kbps per kilogram during nominal surface operations.				Analysis		Updated		Matches nominal data allocation.		PUG: Data Services (Release 10 kbps/kg).

						SYS-20		Instruments shall support integration times ≤100 ms per sample or operate in stop-and-stare mode without exceeding mission duration.				Test		Unchanged		Science operations requirement.		N/A

						SYS-21		The system shall use the Standard Electrical Connector (SEC) for all power and data interfaces.				Inspection		New		Ensures compatibility with Glenair SuperNine connector.		PUG: SEC description.

						SYS-22		The system shall maintain thermal conductance <0.1 W/K between payload and lander mounting interfaces.				Test		New		Required for thermal isolation.		PUG: Thermal Interfaces.

						SYS-23		The system shall comply with EMI/EMC requirements per MIL-STD-461G.		MIL-STD-461G		Inspection		New		Active payload EMI constraint.		PUG: Electromagnetic Environment.

						SYS-24		The system shall comply with ISO Class 8 cleanroom integration requirements (or optional Class 7 if required).				Inspection		New		Matches integration facility constraints.		PUG: Contamination Control.

						SYS-25		The system shall support the standard 75 mm bolt-pattern mounting grid with M5 helicoils on the payload mounting decks.				Inspection		New		Ensures structural compatibility with mounting decks.		PUG: Payload Mounting Decks.

						Other Systems Requirements considerations:

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-26		The system shall support repositioning of the payload across the lunar surface to enable multi-location measurement operations.		TBD		Analysis/Simulation		New		Mobility Concept Report		Ensures science coverage of survey areas		Specific mobility method (hover, rover, or hybrid) TBD during concept development

				*		SYS-27		The system shall provide sufficient payload stability during repositioning to maintain instrument performance within mission-defined measurement tolerances.		TBD		Test/Analysis		New		Stabilization Performance Report		Prevents motion-induced degradation of He-3 and H₂O measurements		Covers concept-phase hover or traverse scenarios

						SYS-28		The system shall support any propulsion or traction systems required for payload repositioning without exceeding mass, volume, or power budgets.		TBD		Analysis		New		Propulsion/Mobility Integration Report		Ensures mobility does not compromise system constraints		Fuel/mass allocation TBD

				*		SYS-29		The system shall maintain dust mitigation for sensors and mobility systems during surface operations.		TBD		Test		New		Environmental Test Report		Prevents sensor degradation and maintains operational reliability		Applies for hover, rover, or hybrid modes

				*		SYS-30		System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.
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Comment:
    Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.		TBD		Analysis		New		Data Storage Analysis Report		Prevents data loss during extended surveys		Accounts for measurements while moving or stationary

				*		SYS-31		The system shall support energy storage sufficient to power mobility and instrument operations for a minimum of Y hours per mission operation period.		TBD		Analysis		New		Energy Budget Report		Ensures survey coverage without exceeding power limits		Includes propulsion energy and payload usage; exact Y TBD

				*		SYS-32		The system shall provide safe clearance from the surface and obstacles during repositioning to prevent collision or damage to the payload.		TBD		Test/Analysis		New		Operational Safety Analysis Report		Ensures payload safety during mobility operations		Hover altitude or clearance margin TBD

						SYS-33		The system shall maintain thermal stability of instruments during surface repositioning under varying illumination and shadow conditions.		TBD		Test		New		Environmental Qualification Test Report		Protects instrument performance during dynamic thermal loads		May require insulation, heaters, or thermal control design

				*		SYS-34		The system shall provide navigation and hazard avoidance sensors sufficient for safe autonomous or semi-autonomous surface repositioning.
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Comment:
    Include importance of control algorithms for autonomous/semi-auto repositioning.		TBD		Test		New		Navigation Performance Report		Enables coverage of target survey areas without collisions		Sensor types TBD; Doppler LiDAR, stereo cameras, optical flow possible

						SYS-35		The system shall allow instrument operation during movement without exceeding measurement error limits defined for mission objectives.		TBD		Test/Analysis		New		Science Performance Test Report		Ensures He-3 and H₂O measurements remain valid during motion		Integration times and motion blur constraints TBD

						SYS-36		The system shall support recharging or refueling of energy stores between sorties if multiple sorties are required to complete survey objectives.		TBD		Analysis		New		Operational Sustainability Report		Enables extended mission coverage across multiple locations		Recharge/refuel method TBD (solar, battery swap, propellant refill)

				*		SYS-37		The system shall monitor and manage onboard energy consumption to prevent depletion during critical science or mobility operations. 		TBD		Test/Analysis		New		Power Management Report		Protects mission operations and prevents partial survey failure		Includes automated or manual power management

						SYS-38		System should have sufficient control algorithms- based on sensors onboard to facilitate autonomous maneuvering. 

																				Specs of PUG lander Computer: GNC flight sensor drivers and propulsion control units, are enclosed separately near the relevant subsystem hardware. Peregrine's flight computer consists of a 32-bit high-performance dual-core LEON 3 FT microprocessor. The computer employs radiation hardened integrated circuits as well as fault-tolerant and SEU-proof characteristics.

Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.



Include importance of control algorithms for autonomous/semi-auto repositioning.
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LPR Req

				Will this Instruemnt be used?								*If you find that there is nothing in systems requirements to tie to an instrument requirement, then add to the systems requirements.

				YES

										Lunar Penetrating Radar Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

		VERIFY THIS ROW FOR ALL INSTRUMENTS								LPR-001		The Lunar Penetrating Radar shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities.		Peak power during radar pulse transmission TBD

										LPR-002		The Lunar Penetrating Radar shall have a total mass ≤ 4.0 kg, including mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits.		Mass growth margin of 15 percent allocated

										LPR-003		The Lunar Penetrating Radar shall fit within the allocated payload envelope of 30 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location.		Antenna deployment volume excluded

										LPR-004		The Lunar Penetrating Radar shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures.		Survival temperature limits TBD

										LPR-005		The Lunar Penetrating Radar shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle.		Load spectra TBD based on launch vehicle

										LPR-006		The Lunar Penetrating Radar electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration.		Shielding trade study pending

										LPR-007		The Lunar Penetrating Radar shall be capable of storing a minimum of 14 days of continuous radar data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps.		Data rate and compression assumptions TBD

										LPR-008		The Lunar Penetrating Radar shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to exposed electronics and antennas.		Dust mitigation strategy under development





Grain Analyzer Req

				Will this Instrument be used?

				YES

										Automated Grainsize Analyzer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										AGA-001		The Automated Grain Size Analyzer shall operate within an average power consumption ≤ 5 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities		Peak power during measurement TBD

										AGA-002		The Automated Grain Size Analyzer shall have a total mass ≤ 2.5 kg, including mounting hardware		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15% allocated

										AGA-003		The Automated Grain Size Analyzer shall fit within the allocated payload envelope of 25 x 15 x 15 cm with a minimum clearance of 2 mm on all sides		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Microscope optics and sample holder included

										AGA-004		The Automated Grain Size Analyzer shall operate nominally between minus 30 C and plus 50 C		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										AGA-005		The Automated Grain Size Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										AGA-006		The Automated Grain Size Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Shielding trade study pending

										AGA-007		The Automated Grain Size Analyzer shall be capable of measuring particle size distributions from 10 µm to 2 mm with an accuracy of ±10%		TBD		Test		Incomplete		Calibration Test Report		Enables identification of surface conditions associated with He-3 retention		Accuracy and particle size range based on science objectives

										AGA-008		The Automated Grain Size Analyzer shall store a minimum of 14 days of continuous measurement data onboard		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data rate and compression assumptions TBD

										AGA-009		The Automated Grain Size Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to optics and sensors		Dust mitigation strategy under development

										AGA-010		The Automated Grain Size Analyzer shall be capable of analyzing regolith samples either in situ or from collected sample containers		TBD		Test		Incomplete		Functional Test Report		Supports operational flexibility for multiple mission scenarios		Sample handling mechanism TBD

										AGA-011		The Automated Grain Size Analyzer shall provide measurement data with a time resolution of ≤ 1 minute per sample		TBD		Test		Incomplete		Data Rate Test Report		Enables timely characterization of multiple samples during surface operations		Depends on imaging speed and processing algorithm

										AGA-012		The Automated Grain Size Analyzer shall maintain alignment of optics and sensors within ±1 mm under operational and launch conditions		TBD		Inspection/Test		Incomplete		Alignment Verification Report		Ensures measurement accuracy during transport and operation		Optical mount design TBD





APXS Req

				Will this Instrument be used?

				TBD

										Alpha Particle X-Ray Spectrometer (APXS) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										APXS-001		The APXS shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables routine surface composition measurements		Peak power during excitation TBD

										APXS-002		The APXS shall have a total mass ≤ 3.0 kg, including mounting hardware and deployment mechanism.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										APXS-003		The APXS shall fit within the allocated payload envelope of 25 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployment arm volume excluded

										APXS-004		The APXS shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										APXS-005		The APXS shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										APXS-006		The APXS electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										APXS-007		The APXS shall measure elemental abundances for elements with atomic numbers from Na to Fe with an accuracy of ±10 percent.		TBD		Test		Incomplete		Calibration and Validation Report		Enables identification of Ti-rich basaltic materials associated with enhanced He-3 retention		Titanium detection threshold TBD

										APXS-008		The APXS shall achieve a minimum surface measurement integration time of ≤ 30 minutes per target.		TBD		Test		Incomplete		Performance Test Report		Allows multiple compositional measurements within nominal surface operations timeframe		Integration time dependent on count rate

										APXS-009		The APXS shall store a minimum of 14 days of compositional data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										APXS-010		The APXS shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to detectors and contact surfaces		Dust cover or purge mechanism TBD

										APXS-011		The APXS shall be capable of performing measurements while in direct contact with the lunar surface.		TBD		Test		Incomplete		Functional Test Report		Ensures accurate elemental analysis by minimizing standoff distance		Surface contact force TBD

										APXS-012		The APXS shall maintain detector alignment and calibration within mission limits for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for compositional analysis		Periodic in-flight calibration TBD





Flux Mag Req

				Will this Instrument be used?

				TBD

										Fluxgate Magnetometer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										FGM-001		The Fluxgate Magnetometer shall operate within an average power consumption ≤ 3 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous magnetic field measurements		Peak power during sampling TBD

										FGM-002		The Fluxgate Magnetometer shall have a total mass ≤ 2.0 kg, including sensor, boom, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Boom length TBD

										FGM-003		The Fluxgate Magnetometer shall fit within the allocated payload envelope of 20 x 15 x 15 cm when stowed, with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployed boom volume excluded

										FGM-004		The Fluxgate Magnetometer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										FGM-005		The Fluxgate Magnetometer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										FGM-006		The Fluxgate Magnetometer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										FGM-007		The Fluxgate Magnetometer shall measure magnetic field vectors with a resolution of ≤ 0.1 nT over a dynamic range of at least ±1000 nT.		TBD		Test		Incomplete		Calibration and Performance Report		Enables detection of lunar crustal magnetic anomalies that deflect solar wind		Performance consistent with prior lunar missions

										FGM-008		The Fluxgate Magnetometer shall acquire vector magnetic field measurements at a sampling rate ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports mapping of spatial variations in magnetic anomalies during surface operations		Higher rates optional if power allows

										FGM-009		The Fluxgate Magnetometer shall store a minimum of 14 days of continuous magnetic field data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per sample TBD

										FGM-010		The Fluxgate Magnetometer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to exposed sensors and connectors		Dust shielding strategy TBD

										FGM-011		The Fluxgate Magnetometer shall minimize magnetic interference from spacecraft systems to within mission-defined limits.		TBD		Analysis/Test		Incomplete		Magnetic Cleanliness Report		Ensures accurate measurement of weak crustal magnetic fields		Magnetic cleanliness requirements TBD

										FGM-012		The Fluxgate Magnetometer shall maintain calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for correlation with solar-wind implantation		Periodic in-flight calibration TBD





MS Camera Req

				Will this Instrument be used?

				TBD

										Multispectral Imaging Camera Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										MSIC-001		The Multispectral Imaging Camera shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous imaging operations		Peak power during image acquisition TBD

										MSIC-002		The Multispectral Imaging Camera shall have a total mass ≤ 2.5 kg, including optics, detector, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										MSIC-003		The Multispectral Imaging Camera shall fit within the allocated payload envelope of 20 x 15 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with rover mounting location		Field-of-view envelope excluded

										MSIC-004		The Multispectral Imaging Camera shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										MSIC-005		The Multispectral Imaging Camera shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										MSIC-006		The Multispectral Imaging Camera electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										MSIC-007		The Multispectral Imaging Camera shall acquire images in at least 5 discrete spectral bands spanning the visible to near-infrared range.		TBD		Test		Incomplete		Optical Performance Test Report		Enables inference of regolith maturity and grain size related to He-3 retention		Spectral band centers TBD

										MSIC-008		The Multispectral Imaging Camera shall achieve a ground sampling distance ≤ 5 mm per pixel at nominal imaging altitude.		TBD		Test		Incomplete		Imaging Resolution Report		Allows identification of fine-grained regolith features		Pixel scale dependent on optics

										MSIC-009		The Multispectral Imaging Camera shall support imaging while the rover is moving at speeds up to 5 cm/s without unacceptable image blur.		TBD		Test		Incomplete		Motion Imaging Test Report		Enables efficient surface coverage during rover traverses		Exposure time and stabilization strategy TBD

										MSIC-010		The Multispectral Imaging Camera shall store a minimum of 14 days of multispectral image data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Image compression scheme TBD

										MSIC-011		The Multispectral Imaging Camera shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to optics and detectors		Dust cover or optical window TBD

										MSIC-012		The Multispectral Imaging Camera shall maintain radiometric calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Radiometric Calibration Report		Ensures long-term validity of reflectance measurements used to infer regolith maturity		In-flight calibration target TBD





ESA Req

				Will this Instrument be used?

				TBD

										Electrostatic Analyzer (ESA) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										ESA-001		The Electrostatic Analyzer shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and supports continuous charged-particle measurements		Peak power during high-rate sampling TBD

										ESA-002		The Electrostatic Analyzer shall have a total mass ≤ 4.0 kg, including sensors, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										ESA-003		The Electrostatic Analyzer shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Field-of-view envelope excluded

										ESA-004		The Electrostatic Analyzer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										ESA-005		The Electrostatic Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										ESA-006		The Electrostatic Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										ESA-007		The Electrostatic Analyzer shall measure ion and electron energies from 1 eV to 20 keV with an energy resolution ≤ 20 percent.		TBD		Test		Incomplete		Calibration and Performance Report		Enables characterization of solar wind ions responsible for He-3 implantation		Energy range aligned with solar wind expectations

										ESA-008		The Electrostatic Analyzer shall measure charged particle angular distributions with a field of view ≥ 180 degrees.		TBD		Test		Incomplete		Angular Response Test Report		Enables determination of particle arrival direction and surface implantation geometry		Multiple sensor heads or deflection system TBD

										ESA-009		The Electrostatic Analyzer shall acquire charged particle measurements at a cadence ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports correlation with magnetic field and surface measurements		Higher cadence optional if power allows

										ESA-010		The Electrostatic Analyzer shall store a minimum of 14 days of charged particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data compression strategy TBD

										ESA-011		The Electrostatic Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to apertures and sensors		Dust shielding or electrostatic deflection TBD

										ESA-012		The Electrostatic Analyzer shall minimize contamination from spacecraft-generated charged particles and electric fields.		TBD		Analysis/Test		Incomplete		EMI and Plasma Interaction Report		Ensures accurate measurement of ambient solar wind environment		Spacecraft-plasma interaction modeling TBD

										ESA-013		The Electrostatic Analyzer shall maintain absolute energy calibration stability within ±10 percent over the mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of charged particle energy measurements		In-flight calibration using solar wind TBD

										ESA-014		The Electrostatic Analyzer shall provide time-tagged measurements synchronized to spacecraft time within ±10 ms.		TBD		Test		Incomplete		Time Synchronization Test Report		Enables correlation with magnetometer and surface measurements		Time distribution architecture TBD





NPD Req

				Will this Instrument be used?

				TBD

										Neutral Particle Detector Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										NPD-001		The Neutral Particle Detector shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous exospheric measurements		Peak power during ionization TBD

										NPD-002		The Neutral Particle Detector shall have a total mass ≤ 4.0 kg, including sensor head, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										NPD-003		The Neutral Particle Detector shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Inlet field-of-view volume excluded

										NPD-004		The Neutral Particle Detector shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										NPD-005		The Neutral Particle Detector shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										NPD-006		The Neutral Particle Detector electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										NPD-007		The Neutral Particle Detector shall measure neutral species including He, Ar, and H with mass resolution sufficient to distinguish He isotopes.		TBD		Test		Incomplete		Calibration and Performance Report		Enables estimation of He-3 released from the lunar surface or exosphere		Isotope separation capability TBD

										NPD-008		The Neutral Particle Detector shall measure neutral particle fluxes over an energy range appropriate for lunar exospheric conditions.		TBD		Test		Incomplete		Energy Response Test Report		Ensures sensitivity to thermally and sputter-released neutral particles		Energy range TBD based on science model

										NPD-009		The Neutral Particle Detector shall acquire neutral particle measurements with a time resolution ≤ 10 minutes per spectrum.		TBD		Test		Incomplete		Data Rate Test Report		Allows tracking of temporal variations in exospheric composition		Integration time trade TBD

										NPD-010		The Neutral Particle Detector shall store a minimum of 14 days of neutral particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										NPD-011		The Neutral Particle Detector shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to inlets, ion optics, and detectors		Inlet shielding or baffle design TBD

										NPD-012		The Neutral Particle Detector shall maintain calibration stability within ±10 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of exospheric density and composition estimates		Periodic in-flight calibration TBD





Design Decision 1

												1		2		3		4		5		6

										NAME		Information Gathering		Operations		Material Management		Accessibility		Research		Maintenance				Rank categories 1:N, N number categories

										Andrew Dishchuk		6		1		2		3		5		4

										Christian

										Max		1		3		5		2		6		4				*Jack notes research and information gathering can be combined

										Jack																Max's Questions:

										Brian																operations = digging stuff?		Sorta

										Paige																what makes information gathering & Research different?		Information gathering could be "Surveying"

										Zach																		Research can be creating things for a foundation of information collection/experimentation

										Riley































												7		4		7		5		11		8

												Kevin's personal approach: idea selection allows system requirements to naturally arise

												Long duration lunar sustainment

												Redwire		Hand in hand

												1		Energy

												2		Supply chain

												How to support "life in space"

														LASSO

														Proven reserve model

												Avoid the rover part

												PNT				LASSO DATA

																		Grading of resource

												Qty Volume of wter

												Lpross

												Mining processes on earth for characterizing sites, estabilishing mineral reserves, PRM (proven reserve model)

												Used to establish economic feasibility

												Lunar subterannean characterization

												Lunar terrain vehicle

										Future LTV		Astrobotic

												Astrolab

												Intuitive machines

												Lunar Outpost

												Lunanet		Requirements to help push us along

												Nokia 3G communications payload

												Cap out at 7

												Review and getting back

												Create pods for leadership and accountability

												3-4 may be optimal depending on people and task

												Systems lead
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C3 Cosmic derives requirements for students to build an 
architecture for a Capstone project. 

The requirements given are listed, and used as the foundation of 
the system requirements detailed in MO -7, MSC-7.N, and SR-7.N.
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ID Assumption / Constraint Status Plan Rationale

AC-1
The Griffin lander provides a maximum of 200 

kg payload mass to the C3 mission.
Closed Verified via DR-

7.1.3
Allocated from total 

Griffin payload capacity

AC-2
The C3 payload volume shall not exceed ¾ of 

the available Griffin payload volume.
Partially Closed

Envelope 
defined in 

Mechanical ICD

Lander integration 
constraint

AC-3
Griffin provides up to 5 kWe solar power 

generation during  surface operations. Assumption
Sensitivity 

trades in EPS
Enables base-station 

architecture

AC-4
Griffin provides energy storage sufficient for 

~100 hr lunar night survival. Assumption
CONOPS 

clarification
Supports continuous 

operations

AC-5
Griffin provides a surface communications relay 

(≈60 Mbps) and Earth relay capability. Closed
COMM/COMP 

SRs Enables data downlink

AC-6
Griffin base-station systems consume 

approximately 400 kg of total lander mass. Closed
Program 
allocation

Remaining mass 
allocated to payloads

The following assumptions are those given by the C3 COSMIC 
Capstone Challenge.


SRR Information



														Work Allotment:		Role:				Responsibility:

														Paige:		System Requirement Lead				Checking over filled in boxes, making sure content makes sense, and connects between sub-teams.

														Jack:		Systems Lead				Complete front page, and work on inspection documents that satisfy system requirements.

														Nilson		Electrical Lead				Complete electrical sub-system design requirements.

														George		Computer Lead				Complete computer sub-system design requirements.

														Max		Mechanical  Lead				Complete mechanical sub-system design requirements. 

														Christian		Team Lead				Compile system information into a neat package for presentation. Help Paige check boxes as you go since you will be reading them over as you make your slides.



										Feedback from midpoint:		Team Name		School		Feedback for the team				Evaluator

										Feedback from midpoint:		Orbital Gators		University of Florida		Good contrast of your concept against other work. Would have liked to see slide of assumptions/constraints. Also would have liked to see more information on the market for He3 and who could fund this/who would invest in this system. Good summary slide.				Jessica Piness, Aegis Aerospace, jessica.piness@aegisaero.com

												Orbital Gators		University of Florida		What sensor technology advancement is needed meet the mission requirements?				Victor Lin, The Aerospace Corp, victor.s.lin@aero.org



				Priority		TO DO LIST:

				4		Create priorities for completing requirements

				3		Label and color every different subteams requirements to make it more traceable (While doing the substem for each req)

				2		Connect the proper MO's MSC's and SR's and have the proper sources

				5		Read over SRR and polish. 

				1		Add subsystem to each relevant requirement

				1		Recheck SRR for inclusion of tooling

								Comments				Comments:

				Priority		Decide TO DO:		We need to decide on assumptions either before or after designing

				1		CONOPS











				ID		Assumption / Constraint		Rationale

				AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

				AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

				AC-3		Griffin provides up to 5 kWe solar power generation during surface operations.		Enables base-station architecture

				AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

				AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

				AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads





				Mission Objective		Mission Success Criterion		System Requirement		Subsystem

				MO-1		MSC-1.1		SR-1.1.1		Payload

				MO-1		MSC-1.2		SR-1.2.1		EPS

				MO-2		MSC-2.1		SR-2.1.1		Comms

				MO-3		MSC-3.1		SR-3.1.1		Mobility





Mission statement



				Mission Statement																				Mission Statement

				Number		Requirement						Comments												Number		Requirement

				MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level						Intent of assisting with the foundation of a Proven Reserve Model (PRM).												MS-1		Shall generate a map of lunar surface characteristics using tooling such as spectroscopy, and ground-penetrating radar, to create a model of resource distribution of H2O, & He3 at a 50% confidence level

																								Mission Objectives

				Mission Objectives																				Number		Requirement

				Number		Requirement		Source		Verification Document		Justification		Comments										MO-1		Demonstrate the ability to detect and quantify indicators correlated with Helium-3 presence in lunar regolith.

				MO-1		Enable detection and quantification of indicators correlated with Helium-3 presence in lunar regolith.		MS-1				Support Mission Statement 												MO-2		Demonstrate the ability to detect H2O and/or indicators of H2O

				MO-2		Enable detection and characterization of H₂O and/or hydration indicators in the lunar environment.		MS-1																MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment, and site selection.

tc={7F26E5B8-B93D-4422-9FFF-D8B4A7F6722F}: [Threaded comment]

Your version of Excel allows you to read this threaded comment; however, any edits to it will get removed if the file is opened in a newer version of Excel. Learn more: https://go.microsoft.com/fwlink/?linkid=870924

Comment:
    @Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6

				MO-3		Characterize key lunar surface and subsurface properties relevant to resource assessment and site selection.		MS-1																MO-4		Demonstrate a system architecture that balances cost and reusability to enable repeated lunar surface characterization missions.

				MO-4		Provide a reusable and cost-balanced system architecture enabling repeated lunar surface characterization missions.		MS-1																MO-5		Demonstrate coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.

				MO-5		Provide coordinated position, navigation, and timing capability with the Lunar Lander to support geolocated data collection.		MS-1																MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.

				MO-6		Generate georeferenced maps and data products of lunar resources and surface characteristics over the mission area of interest.		MS-1																MO-7		Interface with the Astrobotic Griffin lander to provide for lunar surface resource surveying activities.

				MO-7		Interface with the Astrobotic Griffin lander to support lunar surface resource surveying operations.		MS-1



				MO-1 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-1.1		Shall scan a [TBR] region of the lunar surface for Helium-3 predictors and/or inverse predictors		MO-1						[TBR] can be used for values you don’t understand/know yet.

				MSC-1.2		The mission shall generate spatially resolved maps of Helium-3 indicator parameters with a spatial resolution of [TBR] pixels/m.		MO-1

				MSC-1.3		The mission shall estimate Helium-3 concentration within surveyed regions with a confidence level of ≥ 50%.		MO-1

				MSC-1.4		The mission shall correlate Helium-3 concentration estimates with at least [TBR] independent predictor variables (e.g., regolith maturity, TiO₂ content, depth).		MO-1

				MSC-1.5		The mission shall provide quantified uncertainty bounds for all Helium-3 resource predictions.		MO-1

				MSC-1.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-1



				MO-2 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-2.1		Shall scan a [TBR] region of the lunar surface for direct H₂O signatures and/or secondary hydration indicators.		MO-2						Only instrument for H2O is Lunar Penetrating Radar

				MSC-2.2		The mission shall generate spatially resolved maps of H₂O‑related parameters (e.g., hydration band depth, neutron count rate, dielectric constant) with a spatial resolution of [TBR] pixels/m.		MO-2

				MSC-2.3		The mission shall estimate H₂O concentration or equivalent hydrogen abundance within surveyed regions with a confidence level of ≥ 50%.		MO-2

				MSC-2.4		The mission shall correlate H₂O concentration estimates with at least [TBR] independent predictor variables (e.g., regolith temperature, albedo, neutron moderation, surface maturity).		MO-2

				MSC-2.5		The mission shall provide quantified uncertainty bounds for all  H₂O resource predictions.		MO-2

				MSC-2.6		The mission shall produce data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-2



				MO-3 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-3.1		The system shall successfully characterize surface properties relevant to regolith composition, roughness, and particle size distribution across the mission area.		MO-3						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-3.2		The system shall characterize subsurface structure and layering to a depth sufficient to support resource assessment and site selection.		MO-3						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-3.3		The system shall identify terrain characteristics affecting mobility, including slope, surface roughness, and bearing capacity proxies.		MO-3

				MSC-3.4		The system shall collect surface and subsurface characterization data over a spatial area sufficient to support comparative site evaluation.		MO-3

				MSC-3.5		The collected surface and subsurface data shall achieve sufficient spatial and measurement resolution to distinguish between candidate sites.		MO-3

				MSC-3.6		The system shall successfully characterize surface and subsurface properties under relevant lunar environmental conditions.		MO-3

				MSC-3.7		The characterized properties shall be demonstrably relevant to resource presence, extractability, or infrastructure placement decisions.		MO-3



		Full success = 90% (proven reserve)		MO-4 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-4.1		The system shall complete at least [TBD] full reuse cycles without requiring major component replacement. Each cycle shall demonstrate functional performance within [TBD]% of baseline values to confirm durability of mass‑critical hardware		MO-4						This requirement ensures that mass‑critical components are durable enough to avoid costly and heavy replacements.

				MSC-4.2		Total lifecycle cost for [TBD] missions shall not exceed [TBD] dollars, inclusive of development, launch mass penalties, refurbishment, and operations. 		MO-4

				MSC-4.3		The architecture shall support swapping or upgrading at least [TBD] major subsystems without redesign of the primary structure or interfaces. Standardized mechanical, electrical, and data interfaces shall enable payload and subsystem changes while minimizing added mass.		MO-4

				MSC-4.4		The system shall survive [TBD] lunar day–night cycles without requiring major refurbishment, maintaining thermal and mechanical performance within [TBD]% of nominal.		MO-4						This requirement prevents reliance on heavy protective measures by demonstrating inherent resilience to lunar extremes

				MSC-4.5		Dust ingress shall not exceed [TBD] grams and shall not cause more than [TBD]% degradation in critical subsystem performance.		MO-4						Sealing, filtration, and abrasion‑resistant design features shall preserve functionality without adding prohibitive mass

				MSC-4.6		The system shall achieve a cost per delivered kilogram to the lunar surface of no more than [TBD] dollars, accounting for launch, structural mass, and amortized reusable hardware		MO-4						This metric directly ties architecture choices to the mass sensitivity of lunar delivery and guides tradeoffs between robustness and weight

				MSC-4.7		The system shall demonstrate maintainability and refurbishment processes compatible with mission operations timelines and resource constraints.		MO-4





				MO-5 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-5.1		All science/characterization data products are geo-referenced to an agreed mission reference frame.		MO-5						[TBR] can be used for values you don’t understand/know yet.

				MSC-5.2		The payload/platform coordinate frame is aligned and traceable to the Lunar Lander coordinate frame.		MO-5						[S-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well.

				MSC-5.3		Position accuracy supports the spatial resolution required for resource/surface mapping.		MO-5						[C-SYS] is intended to be the scanning system for now. We may change this later, but we should ideally have a scanning system requirements page as well. Not sure what to specify data is relayed to.

				MSC-5.4		Timing synchronization supports correlation of measurements across sensors and with lander-provided data.		MO-5

				MSC-5.5		The system can exchange the required PNT-related data with the Lunar Lander.		MO-5

				MSC-5.6		The system maintains geolocation capability through expected comm dropouts or degraded conditions.		MO-5



				MSC-5.7				MO-5						Optionally add: The system shall demonstrate maintainability and refurbishment processes compatible with mission operations timelines and resource constraints.



				MO-6 Success Criteria		ERROR:#NAME?

				Number		Requirement		Source		Verification Document				Comments

				MSC-6.1		The mission shall generate georeferenced maps of lunar surface and subsurface characteristics covering the defined mission area of interest.		MO-6						Mission area definition [TBR]

				MSC-6.2		Generated maps shall achieve spatial resolution sufficient to represent features identified in MO-1, MO-2, and MO-3.		MO-6						Resolution thresholds [TBR]

				MSC-6.3		The mission shall produce integrated spatial data products combining surface, subsurface, and resource-indicator measurements.		MO-6						Data fusion approach [TBR]

				MSC-6.4		All generated map products shall include documented metadata describing resolution, uncertainty, and data provenance.		MO-6						Metadata standard [TBR]

				MSC-6.5		Mapped data products shall cover at least [TBR]% of the mission area of interest.		MO-6						Coverage requirement

				MSC-6.6		The mission shall generate final data products suitable for incorporation into a Proven Reserve Model (PRM).		MO-6						PRM interface requirements [TBR]

				MSC-6.7		All final georeferenced products shall be stored in a mission-approved, standardized format for downstream analysis.		MO-6						File formats [TBR]



				MO-7 Success Criteria

				Number		Requirement		Source		Verification Document				Comments

				MSC-7.1		The system shall be mechanically integrated with the Astrobotic Griffin lander and survives launch, descent, and landing without structural damage or loss of functionality.		MO-7						Mission area definition [TBR]

				MSC-7.2		The system shall successfully receive, regulate, and utilize Griffin-provided electrical power throughout all applicable mission phases.		MO-7						Resolution thresholds [TBR]

				MSC-7.3		The system shall exchange command and telemetry data with the Griffin lander using supported communication interfaces during nominal operations.		MO-7						Data fusion approach [TBR]

				MSC-7.4		The system shall operate within Griffin thermal, contamination, and environmental constraints for the duration of surface operations.		MO-7						Metadata standard [TBR]

				MSC-7.5		The system shall complete all planned surface operations without violating Griffin mission operations timelines or safety constraints.		MO-7						Coverage requirement

				MSC-7.6		All payload data generated while interfaced with Griffin shall be successfully downlinked, archived, and retrievable for post-mission analysis.		MO-7						PRM interface requirements [TBR]



				Full Success Criteria

				FSC ID		Mission Success Criterion		Related SR(s)		Verification Method		Success Condition (SRR Level)		Status

				FSC-1		Scan and map lunar surface regions for subsurface characteristics		MO-1

				FSC-1.1		MSC-1.1: Scan region for He-3 predictors		SR-1.1, SR-2.1		Analysis, Test		Capability demonstrated; thresholds TBD		Open

				FSC-1.3		MSC-1.3: Estimate He-3 with ≥90% confidence		SR-2.3, SR-2.5		Analysis		Uncertainty propagation defined		Open

				FSC-2.1		MSC-2.1: Detect H₂O indicators		SR-2.1		Analysis, Test		Detection logic defined		Open

				FSC-3.3		MSC-3.3: Assess terrain mobility		SR-3.3		Analysis		Mobility metrics defined		Open

				FSC-4.1		MSC-4.1: Reuse cycles supported		SR-4.1		Test		Reuse architecture defined		Open

				FSC-5.1		MSC-5.1: Data georeferenced		SR-5.1		Analysis		PNT interface defined		Open

				FSC-6.6		MSC-6.6: PRM-ready data products		SR-6.6		Analysis		Product formats defined		Open

						`

@Dishchuk, Andrew for MO-3, probably best to drop it and factor any discrepancies into MO-6

"Generate maps of lunar resources and surface characteristics" might work for MO6







System Requirements (Main)



								System Requirements

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1 : Sensing & Measurement

								SR-1.1		The system shall provide sensing and measurement capabilities sufficient to characterize lunar surface and subsurface properties relevant to mission objectives.		MO-1, MO-2, MO-3		Sensing Architecture Definition		Instrumentation		Establishes top-level measurement intent prior to tool-specific or data-product requirements.		Parent requirement

								SR-1.1 : Sensing & Measurement Requirements

								SR-1.1.1		The system shall include instrumentation capable of measuring elemental and/or isotopic proxy variables correlated with Helium-3 abundance.		MSC-1.1		Tool Selection & Instrument Trade Study		Instrumentation		Enables identification of proxy indicators for Helium-3 distribution.		Detailed tool requirements defined in separate SR-1.1.1 Tooling Table

								SR-1.1.2		The system shall include an instrument capable of scanning regolith structure.		MSC-1.1		Instrument Architecture Definition		Instrumentation		Supports subsurface predictor variables relevant to resource characterization.		Subsurface characterization

								SR-1.1.3		The system shall characterize regolith maturity indicators at each surveyed location to support inference of solar-wind exposure and volatile implantation history.		MSC-1.1		Science Traceability Matrix		Instrumentation, Computer		Regolith maturity is a key proxy for Helium-3 accumulation potential.		Capability-level requirement

								SR-1.1.3.1		The system shall derive regolith maturity metrics using measurements from multiple surface and environmental instruments.		SR-1.1.3		Data Fusion Architecture		Instrumentation, Computer		Maturity cannot be determined from a single measurement modality.		Multi-instrument fusion

								SR-1.1.3.2		The system shall output a regolith maturity index or categorical maturity classification for each surveyed location.		SR-1.1.3		Data Product Definition		Computer		Provides a consistent maturity descriptor for mapping and modeling.		Index definition TBD

								SR-1.1.3.3		The system shall quantify uncertainty associated with derived regolith maturity metrics.		SR-1.3.3, SR-1.4.1		Uncertainty Propagation Analysis		Computer		Required for confidence reporting and PRM integration.		Confidence bounds TBD

								SR-1.1.3.4		The system shall preserve input measurement metadata and derivation parameters used to compute regolith maturity.		SR-6.4.1		Data Management Plan		Computer		Ensures traceability and reproducibility of maturity estimates.		Metadata retained

								SR-1.1.3.5		The regolith maturity characterization process shall operate within available onboard computing and power resources.		SR-COMP, SR-EPS		Resource Budget Analysis		Computer, EPS		Prevents derived products from exceeding system capabilities.		Processing location TBD

								SR-1.1.4		The system shall collect co-registered measurements of surface composition and subsurface structure.		MSC-1.1, MSC-1.4		Co-registration Strategy		Instrumentation, Computer		Enables correlation of surface and subsurface predictor variables.		Time-synchronized datasets

								SR-1.1.4.1		Co-registration shall preserve spatial alignment errors below [TBD] m at each surveyed location.		SR-1.1.4		Error Budget Analysis		Computer, GNC		Required to prevent false correlation in resource modeling.		Threshold TBD

								SR-1.1.4.2		The system shall time-align measurements used for co-registration within [TBD] s.		SR-1.1.4		Timing Verification		Computer		Prevents temporal skew between instruments.		Uses SR-COMP timing

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.2 : Spatial Coverage and Resolution

								SR-1.2		The system shall provide spatial coverage and measurement resolution sufficient to support lunar surface and subsurface characterization objectives.		MSC-1.1, MSC-1.2		Sampling & Coverage Architecture		Instrumentation, Computer		Establishes spatial adequacy requirements for sensing.		Header requirement

								SR-1.2.1		The system shall scan a minimum surface area of [TBR] km² during nominal mission operations.		MSC-1.1		Coverage Analysis		Instrumentation		Ensures sufficient areal sampling of the region of interest.		Coverage trace

								SR-1.2.2		The system shall define minimum sampling density requirements for surface and subsurface measurements.		SR-1.2		Sampling Strategy Document		Instrumentation, Computer		Prevents under-sampling of heterogeneous terrain.		Density TBD

								SR-1.2.3		The system shall achieve a lateral spatial resolution of ≤ [TBR] m for surface measurements.		MSC-1.2		Resolution Analysis		Instrumentation		Required to resolve spatial variability in surface properties.		Resolution requirement

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.3 : Data Processing & Modeling

								SR-1.3		The system shall process raw sensor data into derived quantities suitable for resource estimation.		MSC-1.3		Data Processing Architecture		Computer		Establishes high-level processing capability.		Header requirement

								SR-1.3.1		The system shall support reprocessing of derived quantities as models and coefficients are updated.		SR-1.3		Software Design Document		Computer		Enables model evolution without reflight.		Important for PRM

								SR-1.3.2		The system shall track algorithm versions and parameters used to generate derived products.		SR-1.3		Configuration Management Plan		Computer		Required for traceability and reproducibility.		Metadata retained

								SR-1.3.3		The system shall process raw sensor data into georeferenced resource maps onboard or via ground processing.		MSC-1.2, MSC-1.6		Processing Flow Definition		Computer		Enables flexible processing allocation.		Processing location flexible

								SR-1.3.4		The system shall estimate Helium-3 concentration using a physics-based or empirically validated model.		MSC-1.3		Model Definition Document		Computer		Enables quantitative resource estimation.		Model selection open

								SR-1.3.5		The system shall propagate sensor and model uncertainties to produce confidence intervals for all resource estimates.		MSC-1.3, MSC-1.5		Uncertainty Propagation Analysis		Computer		Required for confidence reporting and PRM ingestion.		—

								SR-1.3.6		The system shall output at least [TBR] independent predictor variables per mapped location to support correlation of Helium-3 concentration estimates.		MSC-1.4		Predictor Variable Definition		Computer		Enables multivariate correlation and validation.		Predictor count TBD

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.4 : Uncertainty & Confidence

								SR-1.4		The system shall quantify and propagate uncertainty for all derived resource-related products.		MSC-1.5		Uncertainty Analysis Framework		Computer		Establishes uncertainty accountability.		Header requirement

								SR-1.4.1		The system shall identify dominant uncertainty contributors for each derived product.		SR-1.4		Sensitivity Analysis		Computer		Enables targeted improvement and trade studies.		Ranked contributors

								SR-1.4.2		The system shall report uncertainty in a standardized statistical form.		SR-1.4		Data Product Specification		Computer		Ensures consistency across products and PRM ingestion.		e.g., 1σ, 95% CL

								SR-1.4.3		The system shall quantify uncertainty contributions from instrumentation, environmental variability, and model assumptions.		MSC-1.5		Error Budget Analysis		Computer		Enables traceable uncertainty attribution.		—

								SR-1.4.4		The system shall report Helium-3 abundance estimates with a minimum confidence level of 50%.		MSC-1.3		Confidence Reporting Definition		Computer		Supports mission-level success criteria.		Threshold defined by mission

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-1.5 : Data Products & Archiving

								SR-1.5		The system shall generate, store, and archive derived data products suitable for validation, reuse, and downstream modeling.		MSC-1.6		Data Management Architecture		Computer		Establishes lifecycle data handling requirements.		Header requirement

								SR-1.5.1		The system shall generate resource distribution maps compatible with PRM (Planetary Resource Mapping) workflows.		MSC-1.6		PRM Interface Definition		Computer		Ensures downstream usability.		Format TBD

								SR-1.5.2		The system shall archive raw and processed data in a format suitable for post-mission validation and reuse.		MSC-1.6		Data Management Plan		Computer		Preserves scientific value beyond mission lifetime.		Retention policy TBD

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-2 : Resource Characterization Requirements

								SRH-2		The system shall characterize the presence, distribution, and uncertainty of lunar volatile and resource indicators sufficient to support resource assessment objectives.		MO-1, MO-2		Resource Characterization Architecture		Instrumentation, Computer		Establishes top-level intent for resource inference beyond raw sensing.		Parent requirement

								SR-2.1 : Water (H₂O) Characterization Requirements

								SR-2.1		The system shall characterize indicators of lunar water (H₂O) presence and distribution within the mission area of interest.		MSC-2.1		Science Traceability Matrix		Instrumentation, Computer		Establishes the top-level capability for H₂O characterization.		Capability-level

								SR-2.1.1		The system shall detect subsurface indicators consistent with potential ice or hydrated regolith.		SR-2.1		Analysis 3.1, Test 3.1		Instrumentation, Computer		Subsurface indicators are primary evidence for water presence.		Subsurface detection

								SR-2.1.1.1		Subsurface indicators shall include dielectric contrasts measured by the Lunar Penetrating Radar (LPR) to depths ≥ [TBR] m.		SR-2.1.1		Analysis 3.1, Test 3.1		Instrumentation		LPR is the primary subsurface H₂O indicator.		Allocates depth to LPR

								SR-2.1.2		The system shall detect surface or near-surface indicators correlated with hydration potential.		SR-2.1		Analysis 3.2		Instrumentation, Computer		Surface indicators strengthen inference and support mapping/fusion.		Surface/near-surface indicators

								SR-2.1.2.1		Surface indicators shall include hydration-related spectral slopes or absorption features measured by the Multispectral Imaging (MSI) camera across [TBR] bands.		SR-2.1.2		Spectral Analysis Report		Instrumentation		MSI provides surface hydration indicators.		Allocates bands to MSI

								SR-2.1.2.2		Surface indicators may include neutral hydrogen or hydrogen-bearing neutral particle flux measured by the Neutral Particle Detector (NPD) with sensitivity ≤ [TBR] particles/cm²/s.		SR-2.1.2		Particle Environment Analysis		Instrumentation		Hydrogen flux is a strong indirect indicator of volatile transport.		Optional/secondary contributor

								SR-2.1.2.3		Surface indicators shall include elemental proxy indicators supporting hydration inference as applicable (e.g., oxygen-bearing mineral abundance).		SR-2.1.2		Analysis 3.2		Instrumentation		Supports hydration potential inference via elemental proxies.		Keeps tool-agnostic

								SR-2.1.2.3.1		Elemental proxy indicators may be measured by APXS with precision ≤ [TBR]% as applicable to support hydration potential inference.		SR-2.1.2.3		Analysis 3.2		Instrumentation		APXS cannot detect H₂O directly but can detect O-rich minerals.		Optional/secondary contributor

								SR-2.1.2.4		Surface indicators shall include regolith physical property proxies correlated with volatile retention (e.g., particle size distribution).		SR-2.1.2		Regolith Proxy Analysis		Instrumentation		Fine-grained soils often retain more OH/H₂O.		Keeps tool-agnostic

								SR-2.1.2.4.1		Regolith particle size distribution shall be measured by the Grain Analyzer with resolution ≤ [TBR] µm to identify fine-grained soils correlated with volatile retention.		SR-2.1.2.4		Grain Analysis Report		Instrumentation		Particle size distribution supports volatile retention inference.		Optional/secondary contributor

								SR-2.1.3		The system shall correlate subsurface and surface/near-surface indicators to infer water presence at each surveyed location.		SR-2.1		Data Fusion Architecture		Computer		Multi-modal correlation reduces false positives and increases confidence.		Fusion requirement

								SR-2.1.3.1		Correlation shall be performed using spatially co-registered datasets consistent with the system co-registration requirements.		SR-1.1.4, SR-5		Co-Registration Analysis		Computer, GNC		Prevents incorrect alignment from driving false correlations.		Ties to SR-1 closure

								SR-2.1.4		The system shall output spatially resolved water-indicator map layers suitable for downstream analysis and comparison of candidate sites.		SR-2.1		Data Product Definition		Computer		Converts indicators into actionable decision-support products.		Indicator layers (not extraction)

								SR-2.1.4.1		Each water-indicator output shall include associated uncertainty/quality metadata.		SR-1.4		Uncertainty Propagation Report		Computer		Required for PRM integration and defensible confidence statements.		Links uncertainty chain

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-2.2 : Spatial Coverage and Resolution for Water (H₂O) Characterization

								SR-2.2		The system shall achieve sufficient spatial coverage and resolution to support mapping and comparative assessment of lunar water indicators.		MSC-2.2		Coverage & Resolution Analysis		Instrumentation, GNC, Computer		Ensures H₂O indicators are spatially meaningful and decision-relevant.		Capability-level

								SR-2.2.1		The system shall achieve a surface coverage rate of ≥ [TBR] km² per operational day during nominal mission operations.		SR-2.2		Coverage Analysis		Instrumentation, GNC		Ensures the mission area of interest can be surveyed within the available mission timeline.		Migrated from old SR-2.1.6

								SR-2.2.2		The system shall produce spatially resolved surface hydration indicator maps with lateral resolution ≤ [TBR] m.		SR-2.2		Imaging Performance Analysis		Instrumentation		Required to distinguish spatial variability in hydration indicators.		MSI-driven

								SR-2.2.2.1		Surface hydration indicator resolution shall be supported by the Multispectral Imaging (MSI) camera ground sampling distance (GSD).		SR-2.2.2		Imaging Performance Analysis		Instrumentation		Allocates resolution performance to MSI.		GSD TBD

								SR-2.2.3		The system shall produce spatially resolved subsurface water-indicator maps with horizontal resolution ≤ [TBR] m.		SR-2.2		Subsurface Resolution Analysis		Instrumentation		Required to localize subsurface anomalies for site comparison.		LPR-driven

								SR-2.2.3.1		Subsurface resolution shall be supported by the Lunar Penetrating Radar (LPR) measurement geometry and processing approach.		SR-2.2.3		LPR Performance Analysis		Instrumentation		Allocates resolution performance to LPR.		Horizontal resolution

								SR-2.2.4		The system shall achieve subsurface vertical resolution ≤ [TBR] m for water-indicator interpretation.		SR-2.2		Subsurface Resolution Analysis		Instrumentation		Enables discrimination of layered subsurface features.		LPR vertical resolution

								SR-2.2.5		The system shall georeference all water-indicator measurements with positional accuracy ≤ [TBR] m.		SR-2.2		Navigation & Co-Registration Analysis		GNC, Computer		Required to correctly align multi-sensor water-indicator datasets.		Ties to PNT

								SR-2.2.6		The system shall maintain spatial alignment error between surface and subsurface water-indicator datasets below [TBR] m.		SR-2.2		Co-Registration Error Budget		Computer, GNC		Prevents false correlation or misinterpretation of H₂O indicators.		Links to SR-1.1.4

								SR-2.2.7		The system shall document spatial resolution and coverage metadata for all generated water-indicator products.		SR-2.2		Data Product Specification		Computer		Enables traceability, reuse, and PRM ingestion.		Metadata completeness

								SR-2.3 : Water (H₂O) Detection Confidence and Performance

								SR-2.3		The system shall estimate lunar water (H₂O) presence with quantified confidence sufficient to support comparative site assessment and resource modeling.		MSC-2.3		Confidence Model Definition		Computer		Establishes performance expectations for H₂O detection beyond raw indicator mapping.		Capability-level

								SR-2.3.1		The system shall estimate water presence confidence at each surveyed location by combining multiple surface and subsurface indicators.		SR-2.3		Data Fusion Architecture		Computer		Confidence requires multi-sensor corroboration.		Fusion-based

								SR-2.3.1.1		Confidence estimation shall incorporate subsurface dielectric indicators measured by the LPR.		SR-2.1.1		Detection Performance Analysis		Instrumentation, Computer		Subsurface indicators provide strongest evidence of water presence.		Primary contributor

								SR-2.3.1.2		Confidence estimation shall incorporate surface or near-surface hydration indicators as applicable.		SR-2.1.2		Detection Performance Analysis		Instrumentation, Computer		Surface indicators provide contextual support.		Secondary contributors

								SR-2.3.2		The system shall propagate measurement and model uncertainties when estimating water presence confidence.		SR-1.4		Uncertainty Propagation Report		Computer		Prevents overconfidence and supports defensible claims.		Uses SR-1 uncertainty chain

								SR-2.3.2.1		Uncertainty propagation shall include contributions from instrumentation, environmental variability, and model assumptions.		SR-2.3.2		Sensitivity Analysis		Computer		Captures dominant error sources.		Error budget

								SR-2.3.3		The system shall report water presence confidence using a standardized statistical representation.		SR-2.3		Data Product Specification		Computer		Enables consistent interpretation across sites and missions.		e.g., probability or confidence interval

								SR-2.3.4		The system shall achieve a minimum water presence confidence of ≥ 50% for locations identified as candidate water-bearing sites.		MSC-2.3		Detection Performance Analysis		Computer		Establishes a baseline detection performance threshold.		Threshold requirement

								SR-2.3.4.1		Locations not meeting the minimum confidence threshold shall be flagged accordingly in water-indicator products.		SR-2.3.4		Data Quality Review		Computer		Prevents misinterpretation of low-confidence detections.		Quality flag

								SR-2.3.5		The system shall preserve confidence metrics and uncertainty metadata alongside all water-indicator map products.		SR-6.4		Data Management Plan		Computer		Required for PRM ingestion and downstream decision-making.		Metadata retention

								SR-2.3.6		The water detection confidence estimation process shall operate within available onboard and ground processing resources.		SR-COMP, SR-EPS		Resource Budget Analysis		Computer, EPS		Ensures feasibility without impacting other mission objectives.		Processing location TBD

								SR‑2.4 : Correlate H₂O Estimates with Predictor Variables

								SR-2.4		The system shall correlate estimated H₂O presence with relevant surface, subsurface, and environmental predictor variables.		MSC-2.4		Correlation Method Definition		Computer		Enables interpretation of H₂O estimates in terms of physical drivers.		Capability-level

								SR-2.4.1		The system shall associate each H₂O estimate with a defined set of predictor variables derived from mission measurements.		SR-2.4		Data Fusion Architecture		Computer		Prevents isolated or context-free resource estimates.		Predictor list defined elsewhere

								SR-2.4.1.1		Predictor variables shall include subsurface structure indicators derived from LPR measurements.		SR-2.1.1		Correlation Analysis		Instrumentation, Computer		Subsurface structure strongly influences volatile retention.		Primary predictor

								SR-2.4.1.2		Predictor variables shall include regolith maturity indicators where available.		SR-1.1.3		Correlation Analysis		Instrumentation, Computer		Maturity correlates with solar wind exposure and volatile accumulation.		Secondary predictor

								SR-2.4.1.3		Predictor variables shall include surface compositional proxies relevant to hydration potential.		SR-2.1.2		Correlation Analysis		Instrumentation, Computer		Compositional context improves interpretation.		Contextual

								SR-2.4.2		The system shall quantify correlation strength between estimated H₂O presence and each predictor variable.		SR-2.4		Statistical Correlation Report		Computer		Enables identification of dominant contributors to H₂O presence.		Correlation metric TBD

								SR-2.4.2.1		Correlation metrics shall include uncertainty-aware measures.		SR-1.4		Statistical Validation		Computer		Prevents misleading correlations.		Error-aware

								SR-2.4.3		The system shall identify predictor variables that consistently correlate with elevated H₂O presence across surveyed regions.		SR-2.4		Comparative Analysis		Computer		Supports generalization beyond single sites.		Cross-site

								SR-2.4.4		The system shall preserve predictor–H₂O correlation results alongside mapped H₂O products.		SR-6.4		Data Product Specification		Computer		Required for PRM integration and downstream modeling.		Metadata-linked

								SR-2.4.5		The system shall support visualization or reporting of H₂O estimates alongside associated predictor variables.		SR-2.4		Data Visualization Definition		Computer		Enables engineering and science interpretation at SRR/CDR.		Optional plots/maps

								SR-2.4.6		Correlation analysis shall not require assumptions beyond those documented in the uncertainty and modeling framework.		SR-1.3, SR-1.4		Model Documentation		Computer		Maintains traceability and defensibility.		Assumption control

								SR-2.5 : Water (H₂O) Uncertainty Quantification

								SR-2.5		The system shall quantify and report uncertainty associated with all water-related indicators, estimates, and derived products.		MSC-2.5		Uncertainty Framework Definition		Computer		Prevents over-interpretation of H₂O results given secondary mission priority.		Capability-level

								SR-2.5.1		The system shall propagate measurement uncertainty from contributing instruments into all derived water-indicator products.		SR-2.5		Uncertainty Propagation Analysis		Computer		Ensures sensor limitations are reflected in outputs.		Multi-sensor

								SR-2.5.1.1		Measurement uncertainty shall include contributions from subsurface indicators derived from LPR measurements.		SR-2.1.1		LPR Error Budget		Instrumentation, Computer		Subsurface uncertainty dominates bulk H₂O inference.		Primary contributor

								SR-2.5.1.2		Measurement uncertainty shall include contributions from surface and near-surface indicators as applicable.		SR-2.1.2		Surface Indicator Error Budget		Instrumentation, Computer		Surface indicators provide contextual support with higher uncertainty.		Secondary

								SR-2.5.2		The system shall quantify uncertainty introduced by data fusion and correlation models used for water inference.		SR-2.5		Model Sensitivity Analysis		Computer		Prevents model-driven false confidence.		Algorithm-level

								SR-2.5.3		The system shall express water-related uncertainty using a standardized statistical representation.		SR-2.5		Data Product Specification		Computer		Enables consistent interpretation and comparison across sites.		e.g., σ, confidence interval

								SR-2.5.4		The system shall associate uncertainty metadata with each spatially resolved water-indicator output.		SR-6.4		Data Management Plan		Computer		Required for traceability and downstream modeling.		Metadata-linked

								SR-2.5.5		The system shall distinguish between uncertainty arising from measurement limitations and uncertainty arising from environmental or model assumptions.		SR-2.5		Uncertainty Decomposition Analysis		Computer		Clarifies whether uncertainty can be reduced by future missions.		Important for follow-on

								SR-2.5.6		The system shall support reporting of water-indicator uncertainty without implying extractable resource viability.		SR-2.5		Product Interpretation Guidelines		Computer		Prevents mischaracterization of secondary mission results.		Very important SRR point

								SR‑2.6 : PRM-Compatible Water Data Products

								SR-2.6		The system shall generate water-related data products suitable for incorporation into Proven Reserve Model (PRM) workflows.		MSC-2.6		PRM Interface Definition		Computer		Enables secondary water results to inform future modeling and mission planning.		Capability-level

								SR-2.6.1		The system shall produce spatially resolved water-indicator layers with associated uncertainty metadata.		SR-2.5		Data Product Specification		Computer		Required for PRM ingestion without reinterpretation.		No extractability claim

								SR-2.6.2		Water-related data products shall preserve separation between measured indicators and inferred quantities.		SR-2.4		Product Architecture Definition		Computer		Prevents misinterpretation of indirect measurements.		Indicators ≠ reserves

								SR-2.6.3		The system shall provide documentation describing assumptions, limitations, and applicable use cases of water-related data products.		SR-2.5		Product Interpretation Guide		Computer		Ensures secondary mission results are not over-applied.		SRR-critical

								SR-2.6.4		The system shall store water-related data products in mission-approved standardized formats compatible with PRM tools.		MSC-6.6		Data Format Specification		Computer		Enables reuse without reprocessing.		Format TBD (e.g., PDS4, GeoTIFF)

								SR-2.6.5		The system shall ensure water-related data products can be spatially aligned with He-3 and surface characterization products.		SR-6		Co-Registration Analysis		Computer		Enables comparative studies without implying co-location.		Important nuance

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-3 : Surface & Subsurface Site Characterization

								SRH-3		The system shall characterize surface and subsurface properties relevant to site suitability, access, and future mission planning.		MO-3		Site Characterization Definition		Instrumentation, Computer		Establishes capability to support site evaluation beyond resource presence.		Header (non-testable)

								SR-3.1 : Surface Property Identification

								SR-3.1		The system shall characterize surface regolith properties across the mission area.		SR-3		Surface Characterization Analysis		Instrumentation		Enables assessment of terrain usability.		Capability

								SR-3.1.1		The system shall measure surface composition proxies relevant to regolith type and maturity.		SR-1.1.1, SR-1.1.3		Analysis		Instrumentation		Composition informs mechanical and thermal behavior.		Derived

								SR-3.1.2		The system shall characterize surface roughness at a spatial resolution sufficient to distinguish traversable and non-traversable terrain.		MSC-3.1		Analysis		Instrumentation, Computer		Required for mobility and site access assessment.		Resolution TBD

								SR-3.1.3		The system shall assess regolith particle size and cohesion indicators relevant to bearing capacity.		SR-1.1.3		Analysis		Instrumentation		Bearing capacity affects lander and rover interaction.		Proxy-based

								SR-3.2 : Subsurface Characterization for Site Assessment

								SR-3.2		The system shall characterize subsurface structure relevant to site stability and accessibility.		SR-3		Subsurface Analysis		Instrumentation		Subsurface conditions affect excavation and anchoring.		Capability

								SR-3.2.1		The system shall identify subsurface layering, voids, or discontinuities within the depth range relevant to surface operations.		SR-1.1.2		Analysis		Instrumentation		Prevents site selection over unstable terrain.		LPR-based

								SR-3.2.2		Subsurface characterization shall be spatially co-registered with surface measurements.		SR-5		Analysis		Computer		Enables integrated site assessment.		Required

								SR-3.3 : Terrain Slope & Mobility Constraints

								SR-3.3		The system shall characterize terrain slope and morphology relevant to surface mobility.		MSC-3.3		Terrain Analysis		Computer		Supports access and traversal planning.		Capability

								SR-3.3.1		The system shall estimate local terrain slope across the mission area.		SR-3.3		Analysis		Computer		Excessive slope limits mobility and operations.		Accuracy TBD

								SR-3.3.2		The system shall identify terrain features that may impede traversal or deployment.		SR-3.3		Analysis		Computer		Supports hazard avoidance.		Derived

								SR-3.4 : Site Comparison & Ranking Support

								SR-3.4		The system shall support comparative evaluation of candidate sites using measured surface and subsurface characteristics.		MSC-3.4		Site Comparison Framework		Computer		Enables prioritization of regions for follow-on missions.		Capability

								SR-3.4.1		The system shall enable ranking of candidate regions based on suitability metrics derived from characterization data.		SR-3.4		Analysis		Computer		Allows objective comparison.		Metrics TBD

								SR-3.4.2		Site suitability outputs shall preserve uncertainty information associated with contributing measurements.		SR-1.4		Analysis		Computer		Prevents overconfidence in rankings.		Required

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-4 : Reuse, Modularity and Lifecycle Sustainability

								SRH-4		The system shall support modularity, reuse, and refurbishment to enable multiple mission cycles and extended operational lifetime.		MO-4		System Architecture Definition		Structures, Instrumentation, EPS, Computer		Distinguishes the mission architecture from single-use lunar payloads.

								SR-4.1 : Reuse Cycles and Performance Retention

								SR-4.1.1		The system shall be capable of completing at least [TBD] reuse cycles while maintaining required functional performance.		SR-4.1		Reuse Cycle Test Plan		System		Quantifies reuse intent without committing prematurely.		Threshold TBD

								SR-4.1.1.1		A reuse cycle shall be defined as a complete sequence of deployment, operation, recovery or servicing, and redeployment.		SR-4.1.1		Reuse Definition Document		System		Prevents ambiguity in reuse claims.		Definition

								SR-4.1.2		Mission-critical subsystems shall retain functional performance within [TBD]% of baseline after each reuse cycle.		SR-4.1		Post-Cycle Performance Assessment		Instrumentation, EPS, Computer		Ensures reuse does not degrade mission value.		Performance-based

								SR-4.1.2.1		Baseline performance shall be established during initial system acceptance testing.		SR-4.1.2		Acceptance Test Report		System		Creates a traceable reference point.		Required

								SR-4.1.3		The system shall support verification of functional health following each reuse cycle.		SR-4.1		Health Verification Procedure		Computer, Instrumentation		Ensures reuse decisions are data-driven.		Testable

								SR-4.1.4		The system shall identify components whose degradation limits reuse lifetime.		SR-4.1		Degradation Analysis		Structures, Instrumentation		Enables informed refurbishment planning.		Design feedback

								SR-4.1.5		The system shall support refurbishment actions that restore functionality without full system replacement.		SR-4.1		Refurbishment Concept		Structures, Instrumentation		Makes reuse operationally realistic.		Architecture-level

								SR-4.2 : Lifecycle Cost and Reuse Economics

								SR-4.2		The system shall incorporate lifecycle cost considerations into the design to support economically viable reuse and refurbishment.		MSC-4.2		Lifecycle Cost Framework		System		Ensures reuse is justified beyond technical feasibility.		Capability-level

								SR-4.2.1		The program shall maintain a lifecycle cost model including development, integration and test, launch, operations, and refurbishment costs.		SR-4.2		Lifecycle Cost Model		Program		Provides quantitative basis for reuse trades.		Model-based

								SR-4.2.1.1		The lifecycle cost model shall explicitly account for costs attributable to reuse, including refurbishment labor, spares, and downtime.		SR-4.2.1		Cost Driver Breakdown		Program		Enables comparison against single-use architectures.		Reuse-specific

								SR-4.2.2		The lifecycle cost model shall support comparison between reusable and non-reusable mission architectures.		SR-4.2		Trade Study Report		Program		Allows objective evaluation of architectural choices.		Trade-enabling

								SR-4.2.3		The system design shall identify major cost drivers associated with reuse and refurbishment.		SR-4.2		Cost Sensitivity Analysis		System		Focuses design effort on impactful elements.		Feedback loop

								SR-4.2.4		The system shall track mass growth attributable to reuse features and its impact on lifecycle cost.		SR-4.2		Mass & Cost Coupling Analysis		Structures, Program		Reuse often increases mass; this must be justified.		Launch cost linkage

								SR-4.2.5		The system shall support estimation of cost per delivered kilogram as a function of reuse cycles.		SR-4.2		Cost-per-kg Model		Program		Common metric for lunar mission comparison.		Architecture-level

								SR-4.2.6		Lifecycle cost assumptions and limitations shall be documented and traceable to system design decisions.		SR-4.2		Cost Assumptions Register		Program		Prevents hidden optimism or misinterpretation.		SRR-critical

								SR-4.3 : Modularity and Standard Interfaces

								SR-4.3		The system shall implement a modular architecture with standardized interfaces to enable replacement, upgrade, and refurbishment of subsystems and tools.		MSC-4.3		Modular Architecture Definition		System		Establishes modularity as an enforceable design property.		Capability-level

								SR-4.3.1		The architecture shall support removal and replacement of major subsystems without redesign of the primary structure.		SR-4.3		Interface Control Document (ICD)		Structures		Prevents structural lock-in and redesign penalties.		Core requirement

								SR-4.3.1.1		Major subsystems shall include payload tools, avionics modules, and power-related components.		SR-4.3.1		Subsystem Definition Document		System		Defines scope of modularity.		Expandable

								SR-4.3.2		The system shall provide standardized mechanical mounting interfaces for replaceable subsystems.		SR-4.3		Mechanical ICD		Structures		Enables physical interchangeability.		Geometry + fasteners TBD

								SR-4.3.3		The system shall provide standardized electrical power interfaces for replaceable subsystems.		SR-4.3		Electrical ICD		EPS		Prevents custom wiring for each tool.		Voltage/current rails TBD

								SR-4.3.4		The system shall provide standardized data interfaces for replaceable subsystems.		SR-4.3		Data Interface Specification		Computer, COMM		Enables plug-and-play data integration.		Protocol TBD

								SR-4.3.5		The system shall support integration of the planned payload set through the standardized interfaces.		SR-4.3		Integration Demonstration		System		Ensures interfaces are not theoretical.		Includes all SR-1.1 tools

								SR-4.3.6		The system shall prevent mechanical, electrical, or data interface incompatibility between modular subsystems.		SR-4.3		Interface Compliance Test		System		Reduces integration risk and servicing errors.		Error-proofing

								SR-4.3.7		Interface designs shall tolerate expected lunar environmental conditions without loss of functionality.		SR-4.4		Environmental Qualification		Structures, EPS		Ensures modularity survives real conditions.		Thermal, dust

								SR-4.3.8		The system shall support verification of interface integrity after servicing or refurbishment events.		SR-4.3		Post-Service Inspection Procedure		System		Ensures reuse does not degrade interfaces.		Required for reuse

								SR-4.4 : Environmental Survivability Across Reuse Cycles

								SR-4.4		The system shall maintain functional integrity across multiple reuse cycles under expected lunar environmental conditions.		MSC-4.4		Environmental Survivability Plan		System		Extends reuse logic into real lunar conditions.		Capability-level

								SR-4.4.1		The system shall tolerate repeated thermal cycling associated with lunar day–night transitions without loss of mission-critical functionality.		SR-4.4		Thermal Cycling Test Report		Thermal, Structures		Thermal fatigue is a primary reuse limiter.		Reuse-aware

								SR-4.4.1.1		Mission-critical interfaces shall maintain mechanical alignment and electrical continuity across thermal cycles.		SR-4.3		Interface Integrity Test		Structures, EPS		Prevents “survived but unusable.”		Key SR

								SR-4.4.2		The system shall tolerate cumulative radiation exposure expected over multiple mission cycles without unacceptable degradation.		SR-4.4		Radiation Analysis		Radiation, Computer		Reuse increases total dose.		Cumulative

								SR-4.4.3		The system shall limit performance degradation due to lunar dust exposure across reuse cycles.		SR-4.4		Dust Exposure Test		Structures, Instrumentation		Dust is a long-term reuse risk.		Abrasion, contamination

								SR-4.4.4		Environmental effects contributing to degradation shall be tracked and reported across reuse cycles.		SR-4.1		Degradation Tracking Report		Computer		Enables data-driven reuse decisions.		Feedback loop

								SR-4.4.5		Environmental survivability considerations shall be incorporated into refurbishment and servicing planning.		SR-4.4		Refurbishment Concept		System		Links survivability to ops reality.		Important

								SR-4.5 : Refurbishment and Servicing Constraints

								SR-4.5		The system shall support refurbishment and servicing operations that enable reuse within defined operational constraints.		MSC-4.5		Servicing Concept of Operations (CONOPS)		System		Ensures reuse is feasible within mission operations.		Capability-level

								SR-4.5.1		The system shall support refurbishment activities that can be completed within [TBD] hours of active servicing time per reuse cycle.		SR-4.5		Servicing Time Analysis		Operations		Prevents reuse from imposing excessive operational burden.		Time-bound

								SR-4.5.2		Refurbishment activities shall not require disassembly beyond the defined modular interface boundaries.		SR-4.3		Servicing Procedure Definition		Structures		Enforces modularity and limits scope of servicing.		Critical

								SR-4.5.3		The system shall identify components intended for replacement, inspection, or refurbishment during servicing.		SR-4.1		Refurbishment Plan		System		Enables predictable servicing workflows.		Replaceable list

								SR-4.5.4		Servicing operations shall not require precision alignment beyond what can be achieved using the standardized interfaces.		SR-4.3		Interface Tolerance Analysis		Structures		Avoids unrealistic servicing precision requirements.		SRR-safe

								SR-4.5.5		The system shall support verification of successful refurbishment prior to redeployment.		SR-4.1		Post-Servicing Verification Test		System		Prevents redeployment of degraded systems.		Required

								SR-4.5.6		Refurbishment and servicing operations shall not introduce unacceptable contamination or damage to adjacent subsystems.		SR-4.4		Contamination Control Plan		Structures, Instrumentation		Protects system integrity across reuse cycles.		Dust-sensitive

								SR-4.5.7		Servicing assumptions, limitations, and required resources shall be documented and traceable to system design decisions.		SR-4.5		Servicing Assumptions Register		Program		Prevents hidden dependencies or unrealistic concepts.		Transparency

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-5 : Position, Navigation, Timing (PNT) and Lander Coordination

								SRH-5		The system shall provide position, navigation, and timing capability sufficient to georeference all mission measurements and coordinate with the lunar lander.		MO-5, MSC-5.1		PNT Architecture Definition		GNC, Computer, COMM		Enables spatially aligned data products and coordinated operations.

								SR-5.1 : Data geo-referencing

								SR-5.1		The system shall assign a position solution to every collected science and characterization data record.		MSC-5.1		Data Tagging Specification		Computer, GNC		Without position tags, mapping and correlation are invalid.		Per-record

								SR-5.1.1		The system shall time-tag every collected data record using a synchronized mission time standard.		MSC-5.1		Time Sync Test Plan		Computer		Time alignment is required for multi-sensor fusion and motion compensation.		Per-record

								SR-5.1.2		The system shall express all position-tagged data in a defined reference frame consistent with the lunar lander mission reference frame.		MSC-5.1		Frame Definition Document		GNC, Computer		Ensures compatibility and comparability across datasets.		Frame TBD

								SR-5.1.3		The system shall record quality flags and uncertainty metadata for each position and time-tagged record.		SR-5.1		Navigation Quality Specification		GNC, Computer		Prevents misuse of degraded navigation data.		Quality tagging

								SR-5.2 : Coordinate Frame Alignment with Lunar Lander

								SR-5.2		The system shall maintain a defined coordinate transformation between the system body frame and the lunar lander mission frame.		MSC-5.2		Coordinate Transform Analysis		GNC		Required for map alignment and coordinated operations.		Transform model

								SR-5.2.1		The system shall implement a coordinate transformation between the platform frame and the lunar lander frame.		MSC-5.2		Analysis		GNC		Enables consistent localization and pointing.		Implementation TBD

								SR-5.2.2		The system shall calibrate and validate transformation parameters during mission operations as applicable.		MSC-5.2		Test, Analysis		GNC, Computer		Prevents drift or setup error from corrupting maps.		Method TBD

								SR-5.3 : Position Solution Accuracy Sufficient for Mapping

								SR-5.3		The system shall achieve position accuracy sufficient to support the spatial resolution of mission map products.		MSC-5.3		Navigation Error Budget		GNC		Ensures mapping requirements are physically meaningful.		Ties to SR-1.2 / SR-2.2

								SR-5.3.1		The system shall maintain position error ≤ [TBD] m for data products requiring spatial alignment.		SR-5.3		Analysis, Test		GNC		Limits misregistration between modalities.		Threshold TBD

								SR-5.3.2		The system shall provide an estimate of position uncertainty associated with each position solution.		SR-5.3		Analysis		GNC, Computer		Required for uncertainty propagation and SR-2.5.		1σ or 95% TBD

								SR-5.4 : Time Synchronization Sufficient for Sensor Function

								SR-5.4		The system shall maintain time synchronization sufficient to align multi-sensor measurements and support fusion products.		MSC-5.4		Time Sync Analysis		Computer		Prevents timing drift from corrupting co-registration.		Capability

								SR-5.4.1		The system shall synchronize its time base to the lunar lander time standard at an interval sufficient to prevent unacceptable timing drift.		MSC-5.4		Analysis, Test		Computer, COMM		Enables consistent timestamps across system and lander.		Interval TBD

								SR-5.4.1.1		Maximum allowable timing drift between synchronizations shall be ≤ [TBD].		SR-5.4.1		Analysis		Computer		Bounds timing error contribution to fusion.		Units TBD (ms/s)

								SR-5.4.2		The system shall record timing metadata needed to align multi-sensor measurements (e.g., latency, sampling rate, clock offset).		MSC-5.4		Inspection, Analysis		Computer		Supports post-processing and verification.		Metadata

								SR-5.5 : Lander Interface for PNT Data Exchange

								SR-5.5		The system shall exchange required navigation, time, and coordination data with the lunar lander through a defined interface.		MSC-5.5		Lander Interface ICD		COMM, Computer		Enables coordinated ops and georeferencing.		Interface TBD

								SR-5.5.1		The system shall receive required navigation and time data from the lunar lander through the defined interface.		MSC-5.5		Test		COMM, Computer		Supports synchronization and localization.		Update rate TBD

								SR-5.5.2		The system shall transmit required state, health, and quality data to the lunar lander to support coordinated operations.		MSC-5.5		Test		COMM, Computer		Enables shared situational awareness.		Data fields TBD

								SR-5.6 : Continuity and Fail-Safe Behavior

								SR-5.6		The system shall maintain a bounded navigation solution during temporary loss of lunar lander updates.		MSC-5.6		Loss-of-Updates Analysis		GNC, Computer		Ensures mission continuity when comms degrade.		Capability

								SR-5.6.1		The system shall support a maximum lander-update outage duration ≥ [TBD] while maintaining bounded position uncertainty.		SR-5.6		Analysis, Test		GNC		Prevents uncontrolled drift in maps.		Duration TBD

								SR-5.6.2		The system shall flag and quarantine data collected outside acceptable PNT thresholds.		MSC-5.6		Test		Computer		Prevents low-quality navigation from contaminating fused products.		Data quality gating

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-6 : Map Generation & Data Products

								SRH-6		The system shall generate georeferenced data products representing surface, subsurface, and resource-related characteristics of the lunar mission area.		MO-6		Data Products Definition		Computer		Establishes the mission’s final deliverables as map/data products.		Header

								SR-6.1 Map Generation Coverage

								SR-6.1		The system shall generate map products covering the defined mission area of interest.		MSC-6.1		Coverage Analysis		Computer		Ensures delivered products represent the required area.		Coverage thresholds live here (TBD)

								SR-6.1.1		All map products shall be expressed in a mission-defined lunar reference frame consistent with the lander mission frame.		MSC-6.1, SR-5.1.2		Coordinate Definition Document		GNC, Computer		Ensures products are interoperable and alignable.		Reference frame TBD

								SR-6.1.2		The system shall associate every map record with a valid position and mission time tag.		MSC-6.1, SR-5.1, SR-5.1.1		Data Tagging Specification		Computer		Mapping without per-record geo/time tags breaks fusion and PRM ingestion.		“Every record” requirement

								SR-6.2 : Product Layer Architecture

								SR-6.2		The system shall generate separate data layers for measured indicators and derived estimates.		MSC-6.2		Product Architecture Definition		Computer		Prevents conflating measurements with inferences.		Key SRR clarity item

								SR-6.2.1		Indicator layers shall include surface indicator products (e.g., spectral, compositional, regolith proxies) as applicable.		MSC-6.2, SR-1		Indicator Products Spec		Computer		Supports re-analysis and future algorithm updates.		Tool-agnostic

								SR-6.2.2		Indicator layers shall include subsurface structure products derived from subsurface sensing.		MSC-6.2, SR-1.1.2		Subsurface Products Spec		Computer		Required for subsurface interpretation and correlation.		Depth binning TBD

								SR-6.2.3		Derived estimate layers shall include resource-related outputs and/or confidence products as applicable.		MSC-6.2, SR-2		Resource Products Spec		Computer		Delivers mission-level synthesized results.		Keeps He-3 and H₂O separate

								SR-6.3 : Data Integration and Fusion

								SR-6.3		The system shall preserve uncertainty and confidence information alongside all delivered map products.		MSC-6.3, SR-1.4, SR-2.5		Uncertainty & Confidence Spec		Computer		Prevents over-interpretation; enables defensible modeling.		Applies to indicators + estimates

								SR-6.3.1		Uncertainty/confidence metadata shall be co-registered with the corresponding spatial data layer.		MSC-6.3		Co-registration Analysis		Computer		Prevents “global uncertainty” misuse.		Spatially local uncertainty

								SR-6.4 :Metadata and Uncertainty Documentation

								SR-6.4		The system shall attach metadata describing resolution, uncertainty, provenance, and processing history to all data products.		MSC-6.4		Data Management Plan		Computer		Traceability and reproducibility requirement.		SRR “show your work”

								SR-6.4.1		Metadata shall include instrument state, calibration state, processing version, and time/position quality flags.		MSC-6.4, SR-5.1.3		Metadata Field Definition		Computer		Enables filtering and post-mission validation.		Calibration link

								SR-6.5 : Area Coverage Sufficiency

								SR-6.5		The system shall store raw, calibrated, and processed datasets required to reproduce delivered map products.		MSC-6.5		Data Archival Plan		Computer		Enables auditability and scientific validity.		Three-tier storage

								SR-6.5.1		The system shall retain sufficient raw and calibration datasets to support reprocessing and validation.		MSC-6.5		Reprocessing Readiness Report		Computer		Prevents “maps only” failure mode.		Explicit reprocessing support

								SR-6.6 : PRM Compatibility

								SR-6.6		The system shall generate data products suitable for incorporation into PRM workflows.		MSC-6.6, SR-2.6		PRM Interface Definition		Computer		Enables downstream reserve modeling integration.		Toolchain compatibility

								SR-6.6.1		PRM-ready products shall preserve separation of indicators vs inferred estimates and include limitations/assumptions documentation.		MSC-6.6, SR-2.6.2, SR-2.6.3		Product Interpretation Guide		Computer		Prevents misuse of secondary objective outputs (esp. H₂O).		SRR-critical

								SR-6.7 : Data Format and Storage

								SR-6.7		The system shall store final products in mission-approved standardized formats and ensure accessibility for downstream analysis.		MSC-6.7		Data Format Specification; Data Access Demo		Computer		Ensures outputs can be used by others, not trapped in a custom pipeline.		Formats TBD (e.g., PDS4, GeoTIFF)

								SR-6.7.1		The system shall demonstrate successful export, retrieval, and use of final products in the analysis pipeline.		MSC-6.7		Demonstration Test Report		Computer		Verifies deliverability end-to-end.		“Can we actually use it?”

								Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

								SR-7 : Griffin Lander Interface System Requirements

								SRH-7		The system shall mechanically interface with the Astrobotic Griffin lander.		MSC-7.1		GRIFFIN ICD		LVI		Ensures physical compatibility and survivability through all mission phases.		Header

								SR-7.1 : Mechanical Interface Requirements

								SR-7.1		The system shall mechanically interface with the Astrobotic Griffin lander to enable secure integration, launch, descent, landing, and surface operations without loss of functionality.		MSC-7.1		Mechanical ICD		Structures		Ensures physical compatibility and survivability through all mission phases.		Structural and mounting compatibility

								SR-7.1.1		The system shall mount to the Griffin payload deck using a compatible bolt pattern and mechanical interface.		SR-7.1		Mechanical ICD		Structures		Ensures secure attachment and load transfer.		Adapter plate permitted

								SR-7.1.2		The system shall maintain structural integrity under Griffin-defined launch, descent, and landing loads.		SR-7.1		Structural Analysis & Test		Structures		Prevents structural failure during high-load mission phases.		Includes vibration and shock

								SR-7.1.3		The system shall remain within Griffin payload mass and center-of-gravity allocations.		SR-7.1		Mass Properties Report		Structures		Maintains lander stability and control authority.		Limits defined by Astrobotic

								SR-7.1.4		The system shall not interfere with Griffin landing legs, sensors, antennas, or deployment mechanisms.		SR-7.1		Integration Review		Structures		Prevents interference with lander critical functions.		Clearance verification

								SR-7.1.4.1		The system shall remain within a defined payload envelope not exceeding ¾ of the available Griffin payload volume.		SR-7.1.4		Integration Review		Structures		Prevents interference with lander critical functions.		Clearance verification

								SR-7.2 : Electrical Power Interface  Requirements

								SR-7.2		The system shall interface with Griffin-provided electrical power services to support nominal operations during all applicable mission phases.		MSC-7.2		Electrical ICD		EPS		Ensures continuous power availability for mission-critical functions.		Includes cruise, descent, and surface operations

								SR-7.2.1		The system shall accept Griffin-provided 28 V DC power within allowable voltage and current limits.		SR-7.2		Electrical ICD		EPS		Ensures compatibility with lander power bus.		Standard payload power bus

								SR-7.2.2		The system shall not exceed allocated power limits during any mission phase.		SR-7.2		Power Budget		EPS		Prevents overloading the lander power system.		Nominal, peak, and release modes

								SR-7.2.3		The system shall support safe power-on, power-off, and fault-recovery commands issued by the lander.		SR-7.2		Electrical Test Procedure		EPS, Computer		Protects lander bus and enables safe recovery.		Lander-commanded transitions

								SR-7.3 : Command, Data, and Software Interface Requirements

								SR-7.3		The system shall exchange command, telemetry, and payload data with the Griffin lander using supported data interfaces during nominal mission operations.		MSC-7.3		Data Interface ICD		Communications, Computer		Enables command execution, health monitoring, and science data return.		Wired or wireless as supported

								SR-7.3.1		The system shall communicate with the Griffin lander using supported wired or wireless data interfaces.		SR-7.3		Data Interface ICD		Communications		Enables payload-lander data exchange.		RS-422, SpaceWire, or WLAN

								SR-7.3.2		The system shall transmit telemetry and receive commands during scheduled communication windows.		SR-7.3		Ops & Comm Test		Communications, Computer		Ensures coordinated operations with lander timeline.		Timing controlled by lander

								SR-7.3.3		The system shall support lander-provided time synchronization services.		SR-7.3		Software Test Report		Computer		Enables time-aligned data fusion and mapping.		Time base per Griffin

								SR-7.3.4		The system shall store data locally during communication outages and downlink upon reconnection.		SR-7.3		Data Handling Test		Computer, Communications		Prevents data loss during link interruptions.		Fault-tolerant ops

								SR-7.4 : Thermal, Environmental, and Contamination Requirements

								SR-7.4		The system shall operate within the thermal, environmental, contamination, and EMI constraints imposed by the Griffin lander throughout the mission duration.		MSC-7.4		Environmental Compliance Report		Thermal, Radiation, Structures		Prevents degradation of lander or payload performance due to environmental incompatibility.		Thermal, contamination, EMI compatibility

								SR-7.4.1		The system shall operate within Griffin-defined thermal environments during cruise, descent, and surface phases.		SR-7.4		Thermal Analysis		Thermal		Prevents thermal overstress or performance loss.		Polar environment included

								SR-7.4.2		The system shall implement thermal isolation at the lander interface.		SR-7.4		Thermal ICD		Thermal, Structures		Prevents heat backflow into the lander.		Interface isolation

								SR-7.4.3		The system shall comply with Griffin contamination control requirements.		SR-7.4		Contamination Control Plan		Structures		Prevents contamination of lander systems.		ISO Class 8 integration

								SR-7.4.4		The system shall comply with Griffin EMI/EMC requirements for hosted payloads.		SR-7.4		EMI Test Report		Communications, EPS		Prevents electromagnetic interference with lander avionics.		MIL-STD-461 heritage

								SR-7.5 : Mission Operations Compatibility Requirements

								SR-7.5		The system shall operate in accordance with Griffin mission timelines, operational constraints, and safety requirements.		MSC-7.5		Mission Operations Plan		Operations, Computer		Ensures coordinated and safe surface operations with the lander.		Includes command windows and surface ops

								SR-7.5.1		The system shall support Griffin mission timelines and command sequencing.		SR-7.5		Ops Plan Review		Operations, Computer		Ensures synchronized surface operations.		Includes surface ops

								SR-7.5.2		The system shall enter a safe state upon loss of communication or power.		SR-7.5		Fault Management Test		Computer		Protects lander and payload during faults.		Lander-safe behavior

								SR-7.6 : Data Delivery and Archival Requirements

								SR-7.6		The system shall ensure that all data generated while interfaced with the Griffin lander are successfully transmitted, archived, and accessible for post-mission analysis.		MSC-7.6		Data Management Plan		Communications, Computer		Preserves mission data value and enables post-mission science and reuse.		Supports post-mission reuse

								SR-7.6.1		The system shall downlink all collected data through Griffin-supported data services.		SR-7.6		Data Downlink Test		Communications		Ensures data delivery to ground systems.		Nominal ops

								SR-7.6.2		The system shall retain raw and processed data in non-volatile memory until confirmed receipt.		SR-7.6		Data Integrity Test		Computer		Prevents loss of high-value mission data.		Confirms receipt before purge

























Assumptions and Contraints



												ID		Assumption / Constraint		Rationale

												AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Allocated from total Griffin payload capacity

												AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Lander integration constraint

												AC-3		Griffin provides up to 5 kWe solar power generation during  surface operations.		Enables base-station architecture

												AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Supports continuous operations

												AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Enables data downlink

												AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Remaining mass allocated to payloads





												ID		Assumption / Constraint		Status		Plan		Rationale

												AC-1		The Griffin lander provides a maximum of 200 kg payload mass to the C3 mission.		Closed		Verified via DR-7.1.3		Allocated from total Griffin payload capacity

												AC-2		The C3 payload volume shall not exceed ¾ of the available Griffin payload volume.		Partially Closed		Envelope defined in Mechanical ICD		Lander integration constraint

												AC-3		Griffin provides up to 5 kWe solar power generation during  surface operations.		Assumption		Sensitivity trades in EPS		Enables base-station architecture

												AC-4		Griffin provides energy storage sufficient for ~100 hr lunar night survival.		Assumption		CONOPS clarification		Supports continuous operations

												AC-5		Griffin provides a surface communications relay (≈60 Mbps) and Earth relay capability.		Closed		COMM/COMP SRs		Enables data downlink

												AC-6		Griffin base-station systems consume approximately 400 kg of total lander mass.		Closed		Program allocation		Remaining mass allocated to payloads
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				System Requirements

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.A : Alpha Particle X-Ray Spectrometer (APXS)

				SR-1.1.1.A		The APXS shall measure one or more elemental proxy variables relevant to Helium-3 correlation.		SR-1.1.1		Instrument Spec Sheet		Instrumentation		Enables proxy-based He-3 estimation.		Elements TBD

				SR-1.1.1.A.1.1		The APXS shall resolve elemental abundances with resolution ≤ [TBD] wt%.		SR-1.1.1.A.1		Instrument Performance Analysis		Instrumentation		Required to distinguish meaningful compositional variations.		TBD by model sensitivity

				SR-1.1.1.A.1.2		The APXS shall measure elemental abundance with uncertainty ≤ ±[TBD] wt%.		SR-1.1.1.A.1		Calibration Report		Instrumentation		Supports reserve-confidence modeling.		Links to SR-1.3.3

				SR-1.1.1.A.2		The APXS shall transmit measurement data to the onboard computer subsystem for storage and processing.		SR-1.1.1.A		ICD-APXS-DATA		Instrumentation, Computer		Enables downlink and fusion with other sensors.		Data format TBD

				SR-1.1.1.A.2.1		The APXS shall support time-tagged data products compatible with the computer subsystem defined in SR-COMP.		SR-5.1.2		Data Interface Specification		Instrumentation, Computer		Required for co-registration and fusion.		Timestamp standard per SR-COMP

				SR-1.1.1.A.2.2		The APXS shall support prioritized data handling consistent with SR-COMP and SR-COMM.		SR-6.4.1		Ops Concept		Instrumentation, Computer		Preserves high-value data during outages.		Priority TBD

				SR-1.1.1.A.3		The APXS shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-APXS-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.A.3.1		The APXS shall remain securely mounted under expected launch vibration and shock environments.		SR-STRUCT.6		Vibration Test Report		Instrumentation, Structures		Prevents damage during launch.		Launch vehicle TBD

				SR-1.1.1.A.3.2		The APXS shall maintain alignment under nominal surface operational loads.		SR-STRUCT.3		Alignment Inspection		Instrumentation, Structures		Required for consistent measurement geometry.		Tolerance TBD

				SR-1.1.1.A.4		The APXS shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures operability across lunar environments.		Limits allocated via ICD

				SR-1.1.1.A.4.1		The APXS shall operate within the thermal control modes defined by the system (nominal, servicing, safe).		SR-THERM.5		Ops Concept		Instrumentation, Thermal		Prevents thermal-induced faults.		Mode usage TBD

				SR-1.1.1.A.5		The APXS shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Ensures performance stability over mission duration.		TID allocation TBD

				SR-1.1.1.A.6		The APXS shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems.		Power draw TBD

				SR-1.1.1.A.6.1		The APXS shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware scheduling.		Duty cycle TBD

				SR-1.1.1.A.7		The APXS shall be compatible with the pointing knowledge and stability provided by SR-GNC.		SR-GNC.2		Pointing Analysis		Instrumentation, GNC		Required for consistent spatial attribution.		Stability TBD

				SR-1.1.1.A.8		The APXS shall support calibration sufficient to ensure repeatable and traceable measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity.		Pre-flight + in-situ

				SR-1.1.1.A.8.1		The APXS shall support pre-flight calibration prior to launch.		SR-1.1.1.A.8		Calibration Procedure		Instrumentation		Establishes baseline performance.		Ground calibration

				SR-1.1.1.A.8.2		The APXS shall preserve calibration metadata with associated measurement data.		SR-6.4.1		Data Format Spec		Instrumentation, Computer		Enables uncertainty propagation.		Metadata schema TBD

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.B : Multispectral Imaging (MSI) Camera Tool Requirements

				SR-1.1.1.B		The MSI shall measure surface reflectance across multiple spectral bands relevant to regolith composition and maturity assessment.		SR-1.1.1		Instrument Spec Sheet		Instrumentation		Enables spectral proxy extraction for He-3 correlation.

				SR-1.1.1.B.1		The MSI shall include at least [TBD] discrete spectral bands		SR-1.1.1.B		Instrument Spec Sheet		Instrumentation		Bands for maturity and hydration-related features.		Bands TBD

				SR-1.1.1.B.1.1		The MSI'spectral bands shall span [TBD]–[TBD] nm.		SR-1.1.1.B		Instrument Performance Analysis		Instrumentation		Required to resolve maturity- and hydration-related spectral features.		TBD by trade

				SR-1.1.1.B.1.2		The MSI shall achieve signal-to-noise ratio (SNR) ≥ [TBD] in key spectral bands under nominal illumination conditions.		SR-1.1.1.B.1		Radiometric Analysis		Instrumentation		Ensures usable spectral data for modeling and fusion.		Illumination TBD

				SR-1.1.1.B.1.3		The MSI shall achieve a ground sampling distance (GSD) ≤ [TBD] m/pixel at nominal operating altitude or standoff.		SR-1.2.2, SR-2.2.1		Imaging Performance Analysis		Instrumentation		Required to meet mapping resolution requirements.		Altitude TBD

				SR-1.1.1.B.2		The MSI shall transmit raw and calibrated image data to the onboard computer subsystem for storage and processing.		SR-1.1.1.B		ICD-MSI-DATA		Instrumentation, Computer		Enables downlink, fusion, and map generation.		Data volume TBD

				SR-1.1.1.B.2.1		The MSI shall support time-tagged image products compatible with SR-COMP.		SR-5.1.2		Data Interface Specification		Instrumentation, Computer		Required for spatial and temporal co-registration.		Timestamp standard per SR-COMP

				SR-1.1.1.B.2.2		The MSI shall support prioritized data handling consistent with SR-COMP and SR-COMM.		SR-6.4.1		Ops Concept		Instrumentation, Computer		Preserves high-value image products during outages.		Priority TBD

				SR-1.1.1.B.3		The MSI shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-MSI-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.B.3.1		The MSI shall remain securely mounted under expected launch vibration and shock environments.		SR-STRUCT.6		Vibration Test Report		Instrumentation, Structures		Prevents damage during launch.		Launch vehicle TBD

				SR-1.1.1.B.3.2		The MSI shall maintain optical alignment under nominal surface operational loads.		SR-STRUCT.3		Alignment Inspection		Instrumentation, Structures		Required for accurate imaging geometry.		Tolerance TBD

				SR-1.1.1.B.4		The MSI shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures imaging performance across lunar environments.		Limits allocated via ICD

				SR-1.1.1.B.4.1		The MSI shall operate within system thermal control modes (nominal, servicing, safe).		SR-THERM.5		Ops Concept		Instrumentation, Thermal		Prevents thermally induced radiometric drift.		Mode usage TBD

				SR-1.1.1.B.5		The MSI shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		Dose allocation TBD

				SR-1.1.1.B.6		The MSI shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems.		Power draw TBD

				SR-1.1.1.B.6.1		The MSI shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware imaging strategies.		Duty cycle TBD

				SR-1.1.1.B.7		The MSI shall be compatible with the pointing knowledge and stability provided by SR-GNC.		SR-GNC.2		Pointing Analysis		Instrumentation, GNC		Required to achieve spatial resolution and prevent motion blur.		Stability TBD

				SR-1.1.1.B.8		The MSI shall support calibration sufficient to ensure repeatable and traceable radiometric measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and uncertainty modeling.		Pre-flight + in-situ

				SR-1.1.1.B.8.1		The MSI shall support pre-flight radiometric calibration prior to launch.		SR-1.1.1.B.8		Calibration Procedure		Instrumentation		Establishes baseline detector response.		Ground calibration

				SR-1.1.1.B.8.2		The MSI shall preserve calibration and radiometric metadata with associated image data.		SR-6.4.1		Data Format Spec		Instrumentation, Computer		Enables uncertainty propagation and fusion.		Metadata schema TBD

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.C : Flux Magnetometer (FMAG) Tool Requirements

				SR-1.1.1.C		The system shall include a Flux Magnetometer (FMAG) to measure local magnetic field properties correlated with regolith maturity and solar-wind implantation relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Magnetic anomalies influence solar-wind exposure and volatile retention.		Candidate tool

				SR-1.1.1.C.1		The FMAG shall measure the local magnetic field vector at the measurement location.		SR-1.1.1.C		Instrument Specification		Instrumentation		Required to characterize magnetic shielding and implantation efficiency.		Axes TBD

				SR-1.1.1.C.1.1		The FMAG shall achieve magnetic field measurement resolution ≤ [TBD] nT.		SR-1.1.1.C.1		Performance Analysis		Instrumentation		Required to resolve meaningful lunar magnetic variations.		TBD by science model

				SR-1.1.1.C.1.2		The FMAG shall measure magnetic field magnitude with uncertainty ≤ ±[TBD] nT.		SR-1.1.1.C.1		Calibration Report		Instrumentation		Supports correlation with proxy-based He-3 estimation.		Links to SR-1.3.3

				SR-1.1.1.C.2		The FMAG shall transmit time-tagged magnetic field measurements to the onboard computer subsystem.		SR-5.1.2		ICD-FMAG-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.C.2.1		The FMAG shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and uncertainty propagation.		Metadata schema TBD

				SR-1.1.1.C.3		The FMAG shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-FMAG-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.C.3.1		The FMAG shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement drift.		Launch vehicle TBD

				SR-1.1.1.C.4		The FMAG shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable sensor response across lunar environments.		Limits via ICD

				SR-1.1.1.C.5		The FMAG shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves sensor performance over mission duration.		TID allocation TBD

				SR-1.1.1.C.6		The FMAG shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.C.7		The FMAG shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation with other proxy measurements.		Accuracy TBD

				SR-1.1.1.C.8		The FMAG shall support calibration sufficient to ensure repeatable and traceable magnetic field measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.D : Electrostatic Analyzer (ESA)

				SR-1.1.1.D		The system shall include an Electrostatic Analyzer (ESA) to measure charged particle and surface plasma environment properties correlated with solar-wind implantation relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Plasma and surface charging conditions influence solar-wind implantation and regolith interaction.		Candidate tool

				SR-1.1.1.D.1		The ESA shall measure charged particle energy and/or flux in the near-surface lunar plasma environment.		SR-1.1.1.D		Instrument Specification		Instrumentation		Required to characterize electrostatic conditions affecting implantation and retention.		Species TBD

				SR-1.1.1.D.1.1		The ESA shall resolve particle energy over a range of [TBD] eV to [TBD] eV.		SR-1.1.1.D.1		Performance Analysis		Instrumentation		Required to capture relevant solar-wind and secondary particle populations.		Range TBD

				SR-1.1.1.D.1.2		The ESA shall measure particle flux with uncertainty ≤ ±[TBD]%.		SR-1.1.1.D.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.D.2		The ESA shall transmit time-tagged particle measurements to the onboard computer subsystem.		SR-5.1.2		ICD-ESA-DATA		Instrumentation, Computer		Enables temporal correlation with other proxy measurements.		Data rate TBD

				SR-1.1.1.D.2.1		The ESA shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.D.3		The ESA shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-ESA-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.D.3.1		The ESA shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.D.4		The ESA shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable electrostatic measurements across lunar conditions.		Limits via ICD

				SR-1.1.1.D.5		The ESA shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		TID allocation TBD

				SR-1.1.1.D.6		The ESA shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.D.7		The ESA shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of plasma measurements.		Accuracy TBD

				SR-1.1.1.D.8		The ESA shall support calibration sufficient to ensure repeatable and traceable charged-particle measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.E :Neutral Particle Detector (NPD) Tool Requirements

				SR-1.1.1.E		The system shall include a Neutral Particle Detector (NPD) to measure neutral particle fluxes correlated with solar-wind implantation and volatile transport relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Neutral hydrogen flux is a strong indirect proxy for implantation and regolith interaction processes.		Candidate tool

				SR-1.1.1.E.1		The NPD shall measure neutral particle flux in the near-surface lunar environment.		SR-1.1.1.E		Instrument Specification		Instrumentation		Required to characterize energetic neutral atom and hydrogen populations.		Species TBD

				SR-1.1.1.E.1.1		The NPD shall measure neutral particle flux with sensitivity ≤ [TBD] particles/cm²/s.		SR-1.1.1.E.1		Performance Analysis		Instrumentation		Required to resolve meaningful spatial and temporal variations.		TBD by science model

				SR-1.1.1.E.1.2		The NPD shall measure neutral particle flux with uncertainty ≤ ±[TBD]%.		SR-1.1.1.E.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.E.2		The NPD shall transmit time-tagged neutral particle measurements to the onboard computer subsystem.		SR-5.1.2		ICD-NPD-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.E.2.1		The NPD shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.E.3		The NPD shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-NPD-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.E.3.1		The NPD shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.E.4		The NPD shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures detector stability across lunar environments.		Limits via ICD

				SR-1.1.1.E.5		The NPD shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves detector performance over mission duration.		TID allocation TBD

				SR-1.1.1.E.6		The NPD shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.E.7		The NPD shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of neutral particle measurements.		Accuracy TBD

				SR-1.1.1.E.8		The NPD shall support calibration sufficient to ensure repeatable and traceable neutral particle measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.1.E :Automated Grain Analyzer (AGA) Tool Requirements

				SR-1.1.1.F		The system shall include a Grain Analyzer to characterize regolith physical properties correlated with maturity and solar-wind exposure relevant to Helium-3 abundance.		SR-1.1.1		Instrument Trade Study		Instrumentation		Grain size and morphology correlate with regolith maturity and implantation history.		Candidate tool

				SR-1.1.1.F.1		The Grain Analyzer shall measure regolith particle size distribution at the measurement location.		SR-1.1.1.F		Instrument Specification		Instrumentation		Required to assess maturity-related physical proxies.		Method TBD

				SR-1.1.1.F.1.1		The Grain Analyzer shall resolve particle size to a minimum resolution of ≤ [TBD] µm.		SR-1.1.1.F.1		Performance Analysis		Instrumentation		Required to distinguish fine-grained soils associated with enhanced volatile retention.		TBD by science model

				SR-1.1.1.F.1.2		The Grain Analyzer shall measure particle size distribution with uncertainty ≤ ±[TBD]%.		SR-1.1.1.F.1		Calibration Report		Instrumentation		Supports quantitative proxy correlation and uncertainty propagation.		Links to SR-1.3.3

				SR-1.1.1.F.2		The Grain Analyzer shall measure one or more regolith physical maturity indicators (e.g., grain shape, cohesion proxy, angularity).		SR-1.1.1.F		Instrument Specification		Instrumentation		Physical maturity indicators complement optical and elemental proxies.		Indicators TBD

				SR-1.1.1.F.3		The Grain Analyzer shall transmit time-tagged measurement data to the onboard computer subsystem.		SR-5.1.2		ICD-GRAIN-DATA		Instrumentation, Computer		Enables co-registration with other proxy measurements.		Data rate TBD

				SR-1.1.1.F.3.1		The Grain Analyzer shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for fusion and PRM-ready uncertainty analysis.		Metadata schema TBD

				SR-1.1.1.F.4		The Grain Analyzer shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT.		SR-4.3.2		ICD-GRAIN-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Envelope TBD

				SR-1.1.1.F.4.1		The Grain Analyzer shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents damage and measurement bias.		Launch vehicle TBD

				SR-1.1.1.F.5		The Grain Analyzer shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable measurement performance across lunar environments.		Limits via ICD

				SR-1.1.1.F.6		The Grain Analyzer shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves sensor performance over mission duration.		TID allocation TBD

				SR-1.1.1.F.7		The Grain Analyzer shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other payloads.		Power draw TBD

				SR-1.1.1.F.8		The Grain Analyzer shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required for spatial correlation of regolith measurements.		Accuracy TBD

				SR-1.1.1.F.9		The Grain Analyzer shall support calibration sufficient to ensure repeatable and traceable regolith physical property measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for scientific validity and long-term comparison.		Pre-flight calibration





Sub-Surface



				System Requirements

				Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

				SR-1.1.2.A : Lunar Penetrating Radar (LPR)

				SR-1.1.2.A		The system shall include a Lunar Penetrating Radar (LPR) to characterize subsurface regolith structure and layering relevant to resource assessment.		SR-1.1.2		Instrument Trade Study		Instrumentation		LPR provides direct subsurface structural information required for ice and regolith depth assessment.		Primary SR-1.1.2 tool

				SR-1.1.2.A.1		The LPR shall measure subsurface dielectric properties of lunar regolith.		SR-1.1.2.A		Instrument Specification		Instrumentation		Dielectric contrast enables inference of layering, density changes, and potential volatile presence.		Frequency TBD

				SR-1.1.2.A.1.1		The LPR shall characterize subsurface structure to a penetration depth of ≥ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Required to assess resource-relevant subsurface volumes.		Depth TBD by science model

				SR-1.1.2.A.1.2		The LPR shall achieve vertical resolution of ≤ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Enables discrimination between subsurface layers and interfaces.		Resolution TBD

				SR-1.1.2.A.1.3		The LPR shall achieve horizontal resolution of ≤ [TBD] m.		SR-1.1.2.A.1		Performance Analysis		Instrumentation		Required for spatially resolved subsurface mapping.		Depends on antenna geometry

				SR-1.1.2.A.2		The LPR shall transmit time-tagged subsurface measurement data to the onboard computer subsystem.		SR-5.1.2		ICD-LPR-DATA		Instrumentation, Computer		Enables co-registration with surface and proxy measurements.		Data rate TBD

				SR-1.1.2.A.2.1		The LPR shall support metadata tagging consistent with SR-COMP requirements.		SR-6.4.1		Data Format Specification		Instrumentation, Computer		Required for subsurface data fusion and uncertainty propagation.		Metadata schema TBD

				SR-1.1.2.A.3		The LPR shall be mechanically compatible with the standardized payload interface defined in SR-STRUCT for the LHSRCM.		SR-4.3.2		ICD-LPR-MECH		Instrumentation, Structures		Enables modular integration and replacement.		Antenna placement TBD

				SR-1.1.2.A.3.1		The LPR shall remain structurally secure under expected launch vibration and surface operational loads.		SR-STRUCT.6		Vibration / Shock Test Report		Instrumentation, Structures		Prevents antenna misalignment and structural failure.		Launch environment TBD

				SR-1.1.2.A.4		The LPR shall be compatible with the thermal control capability defined in SR-THERM.		SR-THERM.1		Thermal Compatibility Analysis		Instrumentation, Thermal		Ensures stable electronics and timing for radar operation.		Thermal limits via ICD

				SR-1.1.2.A.5		The LPR shall be compatible with the radiation tolerance defined in SR-RAD.		SR-RAD.1		Radiation Compatibility Assessment		Instrumentation		Preserves timing electronics and signal integrity.		TID allocation TBD

				SR-1.1.2.A.6		The LPR shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Interface ICD		Instrumentation, EPS		Prevents power conflicts with other subsystems during radar operation.		Peak vs avg power TBD

				SR-1.1.2.A.6.1		The LPR shall support duty-cycled operation consistent with system power modes.		SR-EPS.6		Ops Concept		Instrumentation, EPS		Enables power-aware subsurface scanning strategies.		Duty cycle TBD

				SR-1.1.2.A.7		The LPR shall be compatible with the position and attitude knowledge provided by SR-GNC.		SR-GNC.1		Co-registration Analysis		Instrumentation, GNC		Required to spatially align subsurface profiles with surface measurements.		Accuracy TBD

				SR-1.1.2.A.8		The LPR shall support calibration sufficient to ensure repeatable and traceable subsurface measurements.		SR-1.3.3		Calibration Plan		Instrumentation		Required for quantitative interpretation of dielectric contrasts.		Pre-flight calibration











































































































































































GriffinReq

				* Will need to stem from systems requirements

		[MO-4] The payload structure shall survive random vibrations and launch loads of X g (test) 

		[MO-4] The payload shall fit within 40m^3(v) in Griffin Lander

		[MO-4] The payload sturcture will survive TBR lunar trips

		[MO-4] The payload structure and internals shall not exceed 200 kg

		[MO-4] The payload will not be compromised by lunar surface temperatures or lunar dust





Thermal



						System Requirements

						Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

						SR-THERM : Thermal Subsystem Requirements

						SR-THERM.1		The thermal subsystem shall maintain all mission-critical components within their specified operational temperature limits during nominal mission operations.		SR-4.4.1, SR-3.6.1		Thermal Control Plan, Thermal Model Report, TVAC Report		Thermal		Ensures reliable operation and performance of instruments and avionics.		Operational limits defined in component ICDs

						SR-THERM.2		The thermal subsystem shall maintain all mission-critical components within their specified survival temperature limits during non-operational and safe modes.		SR-4.4.1		Thermal Model Report, TVAC Report		Thermal		Prevents permanent damage during lunar night and contingency states.		Includes extended comm/power outages

						SR-THERM.3		The thermal subsystem shall support thermal control across lunar day–night cycles without loss of system functionality.		SR-4.4.1		Thermal Cycling Test, Thermal Analysis		Thermal		Required for sustained multi-cycle surface operations.		Tied to reuse requirements

						SR-THERM.4		The thermal subsystem shall limit temperature gradients across mission-critical mechanical interfaces to ≤ [TBD] °C.		SR-4.4.3		Thermal Model Report, Inspection, Test		Thermal, Structures		Prevents interface misalignment, binding, or preload loss.		Gradient limit TBD by structural tolerances

						SR-THERM.5		The thermal subsystem shall provide distinct thermal control modes including nominal, servicing, and safe modes.		SR-4.4.2, SR-5.6		Ops Concept, Thermal Control Plan		Thermal, Operations		Ensures thermal stability across operational states.		Mode definitions TBD

						SR-THERM.6		The thermal subsystem shall operate within the available electrical power budget allocated to thermal control.		SR-EPS.1, SR-4.4.2		EPS Budget, Thermal Control Plan		Thermal, EPS		Prevents power conflicts with science and avionics systems.		Heater duty cycles TBD

						SR-THERM.7		The thermal subsystem shall provide thermal environments compatible with all supported payloads and replaceable subsystems.		SR-1.1.x, SR-4.3		Interface Control Document (ICD), Thermal Analysis		Thermal, Instrumentation		Enables modular payload integration without redesign.		Tool-specific compatibility verified via ICD

						SR-THERM.8		The thermal subsystem shall protect standardized mechanical and electrical interfaces from thermal degradation due to dust accumulation and cycling.		SR-4.5.1, SR-4.4.3		Test Report, ICD		Thermal, Structures		Interfaces are especially vulnerable to combined dust and thermal effects.		Cross-links dust + thermal

						SR-THERM.9		The thermal subsystem shall be verified through analysis and thermal-vacuum (TVAC) testing prior to mission deployment.		SR-4.4		TVAC Report, Thermal Model Correlation		Thermal		Demonstrates compliance with operational and survival requirements.		Standard verification approach





Radiation



						System Requirements

						Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

						SR-RAD : Radiation Subsystem Requirements

						SR-RAD.1		The system shall tolerate the expected lunar surface radiation environment without loss of mission-critical functionality.		SR-3.6.1, SR-4.4.1		Radiation Environment Analysis, Parts Radiation Report		Radiation		Ensures continued operation under solar and galactic radiation exposure.		Environment defined by mission duration and orbit

						SR-RAD.2		The system shall protect mission-critical electronics from total ionizing dose (TID) effects over the mission lifetime.		SR-3.6.1		Radiation Analysis, Shielding Trade Study		Radiation, Computer		Prevents cumulative degradation of avionics and data systems.		TID limits TBD

						SR-RAD.3		The system shall mitigate single-event effects (SEE) such that recoverable upsets do not result in permanent loss of mission data or control.		SR-5.6.1		Fault Management Plan, Radiation Test Report		Radiation, Computer		SEUs are expected in lunar environment and must be handled gracefully.		Includes latch-up protection

						SR-RAD.4		The system shall detect and flag corrupted data resulting from radiation-induced errors prior to use in map generation or data fusion.		SR-1.3.3, SR-6.4.2		Data Integrity Test, Software Verification Report		Radiation, Computer		Prevents propagation of corrupted data into PRM products.		CRC/checksum based

						SR-RAD.5		The system shall preserve mission-critical data across radiation events through error detection and recovery mechanisms.		SR-6.2.2, SR-5.6.2		Data Handling Test, Fault Injection Test		Radiation, Computer		Protects high-value science and mapping products.		Supports re-transmission

						SR-RAD.6		The radiation subsystem shall be compatible with modular payload integration without requiring tool-specific shielding redesign.		SR-4.3.1, SR-4.3.5		ICD, Radiation Trade Study		Radiation, Structures		Preserves modularity and avoids payload-specific redesign.		Tool compatibility via ICD

						SR-RAD.7		The system shall maintain radiation-tolerant operation during extended surface missions and lunar day–night cycles.		SR-4.4.1		Radiation + Thermal Combined Analysis		Radiation, Thermal		Radiation and thermal effects are coupled on the lunar surface.		Cross-subsystem coupling

						SR-RAD.8		The radiation subsystem shall be verified through analysis and, where applicable, component-level radiation testing.		SR-3.6.1		Radiation Test Report, Analysis Report		Radiation		Demonstrates compliance without requiring full system irradiation.		Analysis-heavy verification





EPS



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-EPS : Electrical Power Subsystem Requirements

										SR-EPS.1		The electrical power subsystem shall provide regulated electrical power to all mission-critical subsystems during nominal operations.		SR-3.6.1, SR-4.4.1		EPS Architecture Document, Power Budget Analysis		EPS		Ensures continuous operation of instruments, avionics, and data handling.		Voltage rails defined in ICD

										SR-EPS.2		The electrical power subsystem shall support a total average power load of ≥ [TBD] W during nominal mission operations.		SR-1.1.x, SR-2.x		Power Budget Analysis		EPS		Ensures sufficient power margin for sensing, processing, and communications.		Includes growth margin		\

										SR-EPS.3		The electrical power subsystem shall support peak power loads of ≥ [TBD] W for durations of ≥ [TBD] s without violating bus voltage limits.		SR-1.1.x, SR-4.4.2		Transient Power Analysis, Test Report		EPS		Supports high-demand instrument modes and communication events.		Peak loads include heaters

										SR-EPS.4		The electrical power subsystem shall provide energy storage sufficient to support mission-critical functions during non-generation periods.		SR-4.4.1		Energy Storage Analysis, Test Report		EPS		Required for lunar night, eclipses, or low-insolation conditions.		Storage capacity TBD (Wh)

										SR-EPS.5		The electrical power subsystem shall implement load prioritization and shedding to preserve mission-critical functions under power-limited conditions.		SR-5.6.1		Fault Management Plan, EPS Logic Verification		EPS, Computer		Prevents loss of command, timing, and data storage during contingencies.		Priority tiers TBD

										SR-EPS.6		The electrical power subsystem shall support distinct operational power modes including nominal, servicing, and safe modes.		SR-5.6, SR-4.4.2		Ops Concept, EPS Control Logic		EPS, Operations		Enables power-aware operations and fault recovery.		Mode definitions TBD

										SR-EPS.7		The electrical power subsystem shall provide standardized electrical interfaces for modular payloads and replaceable subsystems.		SR-4.3.3, SR-4.3.5		Interface Control Document (ICD)		EPS		Enables payload modularity without redesign of the power system.		Connector & rail standards TBD

										SR-EPS.8		The electrical power subsystem shall maintain power delivery within specified limits across expected thermal and radiation environments.		SR-THERM.6, SR-RAD.1		Combined Environment Analysis		EPS, Thermal, Radiation		EPS performance is sensitive to temperature and radiation effects.		Cross-subsystem coupling

										SR-EPS.9		The electrical power subsystem shall protect against over-current, over-voltage, and latch-up events.		SR-RAD.3, SR-5.6.1		Electrical Protection Test, Fault Injection Test		EPS		Prevents cascading failures and permanent hardware damage.		Protection thresholds TBD

										SR-EPS.10		The electrical power subsystem shall be verified through analysis and subsystem-level testing prior to mission deployment.		SR-3.6.1		EPS Test Report, Power Balance Verification		EPS		Demonstrates compliance with operational and contingency requirements.		Standard EPS verification







Communications



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-COMM : Communications Subsystem Requirements

										SR-COMM.1		The communications subsystem shall provide a reliable data link between the system and the Lunar Lander (or relay) during nominal mission operations.		SR-5.5.1, SR-6.1.1		Communications Architecture Document, Link Analysis		Communications		Required for downlink of science, mapping, and health data.		Relay via Griffin

										SR-COMM.2		The communications subsystem shall support a minimum science and housekeeping data throughput of ≥ [TBD] Gb/day under nominal conditions.		SR-1.3.1, SR-6.1.1		Link Budget Analysis		Communications		Ensures timely delivery of mapping and PRM-ready products.		Includes margin

										SR-COMM.3		The communications subsystem shall support prioritized data transmission such that mission-critical health and high-value science products are downlinked before lower-priority data.		SR-5.6.2, SR-6.2.2		Communications Protocol Specification, Ops Concept		Communications, Computer		Prevents loss of critical data during limited contact periods.		Priority classes TBD

										SR-COMM.4		The communications subsystem shall retain all mission-critical data during communication outages of ≥ [TBD] hours without data loss.		SR-5.6.1, SR-6.2.2		Data Handling Test, Fault Injection Test		Communications, Computer		Lunar surface operations include extended link outages.		Storage handled by SR-COMP

										SR-COMM.5		The communications subsystem shall support transmission of time-tagged and georeferenced data products with associated metadata.		SR-5.1.1, SR-5.1.2		Interface Control Document (ICD), Data Format Specification		Communications, Computer		Required for correct reconstruction of mapped products.		Metadata fields TBD

										SR-COMM.6		The communications subsystem shall support bidirectional exchange of command, timing, and state information with the Lunar Lander.		SR-5.5.1, SR-5.5.2		Interface Control Document (ICD), Test Report		Communications		Enables coordinated operations and fault recovery.		Update rate TBD

										SR-COMM.7		The communications subsystem shall operate within the electrical power capability defined in SR-EPS during all operational modes.		SR-EPS.1, SR-EPS.5		Power Budget Analysis, Test		Communications, EPS		Prevents communication events from disrupting mission operations.		Tx duty cycle TBD

										SR-COMM.8		The communications subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.3, SR-RAD.1		Combined Environment Analysis		Communications, Thermal, Radiation		Ensures link availability across lunar day–night cycles.		Cross-subsystem coupling

										SR-COMM.9		The communications subsystem shall implement error detection and retransmission mechanisms to ensure data integrity.		SR-RAD.4, SR-6.4.2		Protocol Verification, Fault Injection Test		Communications, Computer		Prevents corrupted data from entering PRM workflows.		CRC/ARQ mechanisms

										SR-COMM.10		The communications subsystem shall support standardized data interfaces compatible with modular payload integration.		SR-4.3.4, SR-4.3.5		Interface Control Document (ICD)		Communications		Preserves modularity and avoids payload-specific comm redesign.		Protocol TBD

										SR-COMM.11		The communications subsystem shall be verified through link analysis and subsystem-level testing prior to mission deployment.		SR-3.6.1		Communications Test Report		Communications		Demonstrates performance under expected mission conditions.		Standard verification





Computer



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-COMP : Computer Subsystem Requirements

										SR-COMP.1		The computer subsystem shall provide command and data handling services for all mission-critical subsystems and payloads.		SR-1.3.1, SR-5.5.1		C&DH Architecture Document		Computer		Enables coordinated operation of sensing, storage, and communications.		Central flight computer

										SR-COMP.2		The computer subsystem shall acquire, time-tag, and store all science and housekeeping data generated by onboard instruments.		SR-5.1.1, SR-5.1.2		Data Handling Design Document		Computer		Required for traceable, georeferenced data products.		Time standard TBD

										SR-COMP.3		The computer subsystem shall support processing of data products from raw (L0) through processed and fused (L3) levels as applicable.		SR-1.3.1, SR-6.3.1		Software Architecture Document		Computer		Enables generation of PRM-ready map products.		Processing split onboard/ground TBD

										SR-COMP.4		The computer subsystem shall provide non-volatile storage sufficient to retain all mission-critical data during expected communication outages.		SR-COMM.4, SR-6.2.2		Memory Sizing Analysis		Computer		Prevents loss of high-value data during link outages.		Storage capacity TBD

										SR-COMP.5		The computer subsystem shall preserve data integrity through error detection mechanisms for stored and transmitted data.		SR-RAD.4, SR-6.4.2		Software Verification Report		Computer		Prevents corrupted data from propagating into map products.		CRC/checksum based

										SR-COMP.6		The computer subsystem shall quarantine, flag, or discard data products that fail integrity or quality checks.		SR-RAD.5, SR-5.6.2		Fault Injection Test Report		Computer		Protects downstream processing and PRM outputs.		Logic TBD

										SR-COMP.7		The computer subsystem shall associate metadata describing position, time, uncertainty, and instrument state with each stored data product.		SR-5.1.1, SR-6.4.1		Data Format Specification		Computer		Required for multi-instrument fusion and uncertainty propagation.		Metadata schema TBD

										SR-COMP.8		The computer subsystem shall support prioritized data handling and storage consistent with communications prioritization.		SR-COMM.3		Data Handling Design Document		Computer		Ensures critical data are retained and downlinked first.		Priority tiers TBD

										SR-COMP.9		The computer subsystem shall support bidirectional data exchange with the communications subsystem using standardized interfaces.		SR-COMM.6		Interface Control Document (ICD)		Computer, Communications		Enables reliable command, telemetry, and file transfer.		Protocol TBD

										SR-COMP.10		The computer subsystem shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1, SR-EPS.5		Power Budget Analysis		Computer, EPS		Prevents data handling from disrupting mission operations.		Duty cycle TBD

										SR-COMP.11		The computer subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.1, SR-RAD.1		Combined Environment Analysis		Computer, Thermal, Radiation		Ensures reliable operation on the lunar surface.		Cross-subsystem

										SR-COMP.12		The computer subsystem shall support fault detection, isolation, and recovery (FDIR) sufficient to preserve command, timing, and data storage functions.		SR-5.6.1		FDIR Plan, Fault Injection Test		Computer		Required for autonomous recovery from upsets and faults.		Safe mode logic TBD

										SR-COMP.13		The computer subsystem shall be verified through analysis, simulation, and subsystem-level testing prior to mission deployment.		SR-3.6.1		C&DH Test Report		Computer		Demonstrates compliance with mission requirements.		Standard verification

										SR-COMP.14		The computer subsystem shall implement command, data handling, storage, and downlink functionality using standard NASA Core Flight System (cFS) applications without modification of core cFS services.		CPEDOC		Software Architecture Review		Computer		Preserves software heritage, reduces regression risk, and improves maintainability.		Custom logic implemented as cFS apps

										SR-COMP.15		The computer subsystem shall support extensible data handling through configurable application-level services rather than hard-coded mission logic.		CPEDOC		Software Design Review		Computer		Enables future payload additions and reuse without restructuring core software.		Supports modular mission growth





Structures



										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-STRUCT : Structural Subsystem Requirements

										SR-STRUCT.1		The structural subsystem shall support all mission-critical subsystems and payloads under expected launch, landing, and surface operational loads.		SR-3.6.1, SR-4.4.1		Structural Analysis Report		Structures		Ensures structural integrity throughout all mission phases.		Load cases TBD

										SR-STRUCT.2		The structural subsystem shall maintain mechanical integrity across lunar day–night thermal cycles without permanent deformation or loss of function.		SR-4.4.1		Thermal-Structural Analysis		Structures, Thermal		Prevents fatigue, cracking, and misalignment due to thermal cycling.		Tied to reuse

										SR-STRUCT.3		The structural subsystem shall maintain alignment of mission-critical interfaces within allowable tolerances across all operational conditions.		SR-4.4.3, SR-5.3		Structural Test, Inspection		Structures		Required for co-registered sensing and modular interface fit.		Alignment tolerance TBD

										SR-STRUCT.4		The structural subsystem shall provide standardized mechanical interfaces to support modular payloads and replaceable subsystems.		SR-4.3.2, SR-4.3.5		Interface Control Document (ICD)		Structures		Enables modularity without redesign of primary structure.		Interface envelope TBD

										SR-STRUCT.5		The structural subsystem shall support repeated installation and removal of replaceable subsystems for at least [TBD] reuse cycles.		SR-4.1.1		Inspection, Demonstration		Structures		Supports refurbishment and reuse objectives.		Fastener limits TBD

										SR-STRUCT.6		The structural subsystem shall withstand expected launch vibration and shock environments without damage to mounted payloads or avionics.		SR-3.6.1		Vibration & Shock Test Report		Structures		Protects sensitive instrumentation during launch.		Launch vehicle TBD

										SR-STRUCT.7		The structural subsystem shall provide load paths that prevent excessive stress transfer to modular payload interfaces.		SR-4.3.1		Structural Analysis		Structures		Avoids damage to replaceable payloads and interfaces.		Interface isolation TBD

										SR-STRUCT.8		The structural subsystem shall be compatible with dust mitigation features for exposed mechanical interfaces and connectors.		SR-4.5.3		Inspection, Test		Structures		Dust accumulation can impair mechanical fit and motion.		Covers, seals, wipes

										SR-STRUCT.9		The structural subsystem shall operate within the mass allocation defined by the system mass budget.		SR-4.6.2		Mass Properties Report		Structures		Structural mass strongly impacts cost per delivered kilogram.		Mass margin TBD

										SR-STRUCT.10		The structural subsystem shall be verified through analysis, inspection, and subsystem-level testing prior to mission deployment.		SR-3.6.1		Structural Verification Report		Structures		Demonstrates compliance with mission load and interface requirements.		Standard verification





GNC





										System Requirements

										Number		Requirement		Source		Verification Document		Sub System		Justification		Comments

										SR-GNC : Guidance, Navigation, and Control Subsystem Requirements

										SR-GNC.1		The GNC subsystem shall provide position and attitude estimates sufficient to support georeferenced science and mapping products.		SR-5.1.1, SR-6.1.1		Navigation Analysis Report		GNC		Required to correctly geolocate surface and subsurface measurements.		Accuracy thresholds TBD

										SR-GNC.2		The GNC subsystem shall provide attitude knowledge and stability sufficient to meet payload pointing and resolution requirements during data collection.		SR-1.2.2, SR-2.2.1		Pointing Analysis, Test		GNC		Ensures MSI, LPR, and other sensors meet resolution and SNR requirements.		Stability TBD

										SR-GNC.3		The GNC subsystem shall support time-synchronized navigation solutions compatible with the system time standard.		SR-5.1.2, SR-5.4.1		Timing & Sync Verification		GNC, Computer		Required for multi-sensor co-registration and fusion.		Time base defined by SR-COMP

										SR-GNC.4		The GNC subsystem shall provide navigation state updates at a rate sufficient to support coordinated sensing and motion compensation.		SR-5.3.1		GNC Performance Analysis		GNC		Prevents spatial smearing and misregistration of measurements.		Update rate TBD

										SR-GNC.5		The GNC subsystem shall maintain bounded navigation error during temporary loss of external navigation updates.		SR-5.6.1		Fault Injection Test, Analysis		GNC		Required for robustness during comm or relay outages.		Outage duration TBD

										SR-GNC.6		The GNC subsystem shall estimate and report navigation uncertainty associated with each position solution.		SR-5.3.2, SR-6.4.2		Navigation Data Product Review		GNC		Required for uncertainty propagation in PRM modeling.		Confidence metric TBD

										SR-GNC.7		The GNC subsystem shall support coordinate frame transformations between the platform frame and the Lunar Lander reference frame.		SR-5.2.1		Interface Control Document (ICD)		GNC		Enables consistent spatial alignment across systems.		Frame definition TBD

										SR-GNC.8		The GNC subsystem shall operate within the electrical power capability defined in SR-EPS.		SR-EPS.1		Power Budget Analysis		GNC, EPS		Prevents GNC operation from disrupting mission power balance.		Duty cycle TBD

										SR-GNC.9		The GNC subsystem shall maintain functionality across expected thermal and radiation environments.		SR-THERM.1, SR-RAD.1		Combined Environment Analysis		GNC, Thermal, Radiation		Ensures reliable navigation performance on the lunar surface.		Cross-subsystem

										SR-GNC.10		The GNC subsystem shall support safe-state transitions and recovery following navigation faults or loss of valid state estimates.		SR-5.6.1		FDIR Plan, Test		GNC, Computer		Prevents propagation of invalid navigation solutions.		Safe logic TBD

										SR-GNC.11		The GNC subsystem shall be verified through analysis, simulation, and subsystem-level testing prior to mission deployment.		SR-3.6.1		GNC Verification Report		GNC		Demonstrates compliance with navigation and pointing requirements.		Standard verification





Sheet1

														SR-1.1.1.Y		The system shall include a multispectral imaging camera capable of measuring surface spectral properties.		SR-1.1.1		Instrumentation-[TBRSys].N.N		Instrumentation		Enables proxy-based estimation of Helium-3 distribution.

														SR-1.1.1.Y.a		The multispectral camera shall acquire imagery in [TBR] spectral bands.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N		Instrumentation		Resolution sufficient to distinguish relevant spatial or compositional variations.

														SR-1.1.1.Y.b

														SR-1.1.1.Y.c		The multispectral camera shall achieve spatial resolution of ≤ [TBR] m per pixel.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N		Instrumentation		Measurement uncertainty must support reserve estimation confidence.

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall store collected measurement data in onboard memory prior to downlink.		SR-1.1.1.A		Instrumentation-[TBRSys].N.N, Computer-[TBRSys].N.N		Instrumentation, Computer		Enables buffering and prioritized data downlink.		—

														SR-1.1.1.Y		The LSRCM structure shall provide mechanical and electrical interface capability for [TBR TOOLING 1].		SR-1.1.1		Structures-[TBRSys].N.N		Structures, Instrumentation		Ensures secure integration without compromising system integrity.		—

														SR-1.1.1.Y.a		The LSRCM shall maintain a secure interface with [TBR TOOLING 1] under launch vibration and load conditions.		SR-1.1.1.B		Structures-[TBRSys].N.N		Structures		Prevents damage or detachment during launch.		—

														SR-1.1.1.Y.b		The LSRCM shall maintain a secure interface with [TBR TOOLING 1] under nominal operational and servicing conditions.		SR-1.1.1.B		Structures-[TBRSys].N.N, Operations-[TBRSys].N.N		Structures, Operations		Ensures alignment and survivability during surface operations.

														SR-1.1.1.Y		The [TBR TOOLING 1] shall operate within the expected lunar surface thermal environment.		SR-1.1.1		Thermal-[TBRSys].N.N		Instrumentation, Thermal		Ensures sustained operation across lunar day/night cycles.

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall tolerate expected lunar surface radiation levels without degradation of measurement performance.		SR-1.1.1.C		Radiation Analysis-[TBRSys].N.N		Instrumentation		Preserves measurement accuracy over mission duration.		—

														SR-1.1.1.Y		The [TBR TOOLING 1] shall operate within the LSRCM mission duty cycle and available power budget.		SR-1.1.1		EPS-[TBRSys].N.N		Instrumentation, EPS		Prevents power conflicts with other mission systems.		—

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall operate according to [TBR] standards,nominal operational modes.		SR-1.1.1.E, SR-1.1.1.B.b		Calibration Procedure-[TBRSys].N.N		Instrumentation		Establishes baseline instrument performance.

														SR-1.1.1.Y.b		The [TBR TOOLING 1] shall operate according to [TBR] standards,during servicing operational modes.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall operate according to [TBR] standards,safe operational modes.		SR-1.1.1.E		Data Management Plan-[TBRSys].N.N		Instrumentation, Computer

														SR-1.1.1.Y		The [TBR TOOLING 1] shall support calibration sufficient to ensure repeatable and traceable measurements.		SR-1.1.1		Instrument Calibration Plan-[TBRSys].N.N		Instrumentation		Required for scientific validity and reserve modeling.

														SR-1.1.1.Y.a		The [TBR TOOLING 1] shall support pre-flight calibration prior to launch.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation		Establishes baseline instrument performance.

														SR-1.1.1.Y.b		The [TBR TOOLING 1] shall support in-situ or operational calibration during the mission as applicable.		SR-1.1.1.E		Calibration Procedure-[TBRSys].N.N		Instrumentation		Accounts for drift due to radiation, temperature, or aging.

														SR-1.1.1.Y.c		The [TBR TOOLING 1] shall preserve calibration metadata with associated measurement data.		SR-1.1.1.E		Data Management Plan-[TBRSys].N.N		Instrumentation, Computer		Enables post-processing and traceability.





PowerReq



						Lunar Penetrating Radar Requirements

						Number		Requirement		Source		Verification Document		Comments

						pwr-01		The system shall be electrically compatible with the Griffin lander's 28 ± 5% V DC power service provided via the Standard Electrical Connector (SEC).		MO-4, MSC-4.3, SR-1.6.4, SR-4.3.3, SYS-16, SYS-21		Electrical ICD, Test Report		Ensures basic compatibility for charging and operations while attached to the lander.

						pwr-02		The system's total power consumption shall not exceed 200 W (1.0 W/kg) during nominal operations while attached to the lander.		MO-4, SR-1.6.5, SYS-1		Power Budget, Analysis		This budget must account for instrument standby, thermal control, and battery charging before deployment.

						pwr-03		The system shall be fully self-powered after deployment from the lander, providing all necessary power for mobility, science operations, and communications.		MO-1, MO-2, MO-3, MO-4, SYS-1a, SYS-31		Power Budget, System Design Document		Per the PUG, the lander does not provide power after egress. The system will require its own solar arrays and/or batteries.

						pwr-04		The onboard energy storage system (batteries) shall be sized to support a minimum of one full mobility and survey sortie without recharging.		MO-1, MO-2, MO-3, SYS-12, SYS-26, SYS-31, SYS-36		Energy Budget Report, Analysis		This includes power for mobility/propulsion, all instruments operating, the onboard computer, and communications.

						pwr-05		The power system shall provide continuous, regulated power to the science instrument suite, including the LPR (≤ 8 W), Grain Size Analyzer (≤ 5 W), and APXS (≤ 6 W).		MO-1, MO-2, MO-3, LPR-001, AGA-001, APXS-001		Electrical Power Test Report, Power Budget		Stable power is critical for measurement accuracy. The full instrument suite power draw must be accounted for.

						pwr-06		The power system shall provide continuous power to the payload's onboard computer, communication systems, and data storage hardware during all operational phases.		MO-5, MO-6, SYS-15, ELEC-2, ELEC-6, ELEC-8		Electrical ICD, Power Budget		These core systems are mission-critical for navigation, mapping, and data return.

						pwr-07		The system shall include an autonomous power management function to monitor energy consumption and to safe non-critical systems to prevent power depletion.		MO-4, SYS-37		Power Management Report, Demonstration		Protects mission operations by ensuring power is available for key functions like mobility and data collection.

						pwr-08		The power system must supply sufficient power to the thermal control system to maintain all components within their operational temperature range (-30°C to +80°C).		MO-4, MSC-4.4, SR-1.6.9, SR-4.4.1, SYS-4, SYS-33		Thermal Analysis Report, Power Budget		This is a major power driver, especially for survival through lunar night, which may require significant heater power.

						pwr-09		Any high instantaneous power events, such as for mobility, shall be supplied by the payload's internal energy storage, not directly from the lander's power bus.		MO-4, SYS-1f, SYS-1g, SYS-28		Propulsion/Mobility Integration Report		Protects the lander's circuits and ensures the payload can handle its own power spikes, as required for deployable systems.





System Requirements

								*READ THIS STUFF AND MAKE SURE IT MAKES SENSE



						System Requirements

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-1		The mission power system shall provide at least 1 W of regulated electrical power per kilogram of payload during nominal surface operations while the payload is attached to the lander.		PUG Lander Document		Analysis		Updated		Clarifies that 1 W/kg applies only while attached.		PUG: Nominal 1 W/kg power allocation.

						SYS-1a		For deployable payloads, the payload shall be self-powered following separation from the lander; the lander will not provide nominal power after egress.				Analysis		New		Deployables must provide their own power after release.		PUG: Deployable payloads take full control of power after release.

						SYS-1c		The lander shall provide a scheduled PEAK power service of up to 2.5 W per kilogram of payload while the payload remains attached, subject to Astrobotic scheduling and power availability.				Analysis		New		Defines lander PEAK power allocation.		PUG: Peak = 2.5 W/kg when scheduled.

						SYS-1d		The payload customer shall request and schedule any required PEAK power windows (start/stop times, duration, justification) through the payload integration and mission operations process.				Inspection		New		Clarifies scheduling requirement for peak power use.		PUG: Additional power services available via scheduling.

						SYS-1e		The lander shall provide a RELEASE power pulse of up to 30 W peak for approximately 60 seconds for deployment/actuation events only.				Test		New		Defines available high-power pulse for deployment-only operations.		PUG: Release = 30 W peak for ~60 seconds.

				NOTE: Calculate power requirements of all instruments combined, potential driving or propulsion systems, and computers necessary. Generate rough estimates of this to incorporate into requirements so that requirements can be broad enough to support designing a rover or some projectile payload.		SYS-1f		If a launch-from-lander event requires power beyond PEAK or sustained high power, the payload shall include internal power storage (batteries or capacitors) sized to support the event and post-release operations.				Inspection		New		Ensures high-power events must use onboard energy storage.		PUG: Deployables control power post-release; lander not used for sustained loads.

						SYS-1g		High instantaneous actuation power shall be supplied by on-payload energy storage; SEC power circuits shall be used only for charging and release signals within the lander-provided limits.				Test		New		Protects lander circuits; ensures payload uses internal storage for spikes.		PUG: SEC supports limited operational and release circuits only.

						SYS-2		The system shall support a total payload mass of up to 200 kg including instruments and mounting hardware.				Analysis		Updated		Fit within Griffin 625 kg capacity.		PUG: Griffin payload capacity.

						SYS-3		The system shall provide a payload accommodation volume of at least 40 m^3 for science instruments.				Inspection		Updated		Volume fits within Griffin mounting envelope.		PUG: Payload envelope & mounting decks.

				NOTE: adjust this temperature range in the instrument requirements		SYS-4		The system shall support payload operation across lunar surface thermal environments from −30°C to +80°C.				Test		Updated		Matches PUG lunar surface thermal environment.		PUG: Thermal Environment (Surface).

						SYS-5		The system shall survive launch vibration, acoustic, and shock environments consistent with Falcon Heavy limits.				Test		Updated		Mechanical loads defined by GEVS and Astrobotic.		PUG: Mechanical Environment.		Launch vehicle for Griffin

						SYS-6		The system shall tolerate cumulative radiation exposure of at least 1 krad(Si).				Analysis		Updated		Matches typical mission TID (<1 krad).		PUG: Radiation environment.

						SYS-7		The system shall support continuous science data collection for a minimum of 14 days on the lunar surface.				Analysis		Updated		Matches Griffin 14-day surface duration.		PUG: Griffin Polar Configuration.

						SYS-8		The system shall operate in vacuum, lunar dust, and variable solar illumination without unacceptable performance degradation.				Test		Updated		Environmental compatibility.		PUG: Pressure, contamination, surface environment.

						SYS-9		The system shall allow payloads to be deployed from the lander without requiring additional mission support beyond standard Astrobotic egress procedures.				Test		Updated		Matches standard deployable payload ops.		PUG: Egress Procedures.

						SYS-10		The system shall support payload operation as a navigation gateway for future missions.				Analysis		Unchanged		Supports use of OPAL or enhanced sensors.		PUG: TRN/OPAL.

						SYS-11		The system shall be compatible with a launch schedule no later than 2032.				Analysis		Unchanged		Schedule constraint.		N/A

						SYS-12		The system shall support surface surveys covering at least 50 km².				Analysis		Unchanged		Survey requirement.		N/A

				Note: Verify that all instruments can achieve this. May need to adjust.		SYS-13		The system shall support detection of subsurface structures to a depth of at least 2 m.				Test		Unchanged		Science requirement.		N/A

						SYS-14		The system shall support construction of 3D maps of regolith thickness, density, and grain size.				Analysis		Unchanged		Science requirement.		N/A

						SYS-15		The system shall provide an internal payload controller (OBC) for managing instruments and data.				Inspection		Updated		Uses radiation-tolerant FPGA payload computer.		PUG: Payload Computer.

						SYS-16		The system shall support instrument electrical interfaces at 28 V ± 5% DC.				Inspection		Updated		Matches SEC power specification.		PUG: Electrical Interfaces.

						SYS-17		The system shall support data interfaces using RS-422 or SpaceWire.				Test		Updated		Matches standard lander payload interfaces.		PUG: Data Interfaces.

						SYS-18		Instruments shall be controllable via scripts (C++ or RUST) on Linux-based systems using open APIs.				Test		Updated		Supports autonomous ops from PMCC.		PUG: Ground Segment.		Rust/C++

						SYS-19		The system shall support a maximum downlink bandwidth of 10 kbps per kilogram during nominal surface operations.				Analysis		Updated		Matches nominal data allocation.		PUG: Data Services (Release 10 kbps/kg).

						SYS-20		Instruments shall support integration times ≤100 ms per sample or operate in stop-and-stare mode without exceeding mission duration.				Test		Unchanged		Science operations requirement.		N/A

						SYS-21		The system shall use the Standard Electrical Connector (SEC) for all power and data interfaces.				Inspection		New		Ensures compatibility with Glenair SuperNine connector.		PUG: SEC description.

						SYS-22		The system shall maintain thermal conductance <0.1 W/K between payload and lander mounting interfaces.				Test		New		Required for thermal isolation.		PUG: Thermal Interfaces.

						SYS-23		The system shall comply with EMI/EMC requirements per MIL-STD-461G.		MIL-STD-461G		Inspection		New		Active payload EMI constraint.		PUG: Electromagnetic Environment.

						SYS-24		The system shall comply with ISO Class 8 cleanroom integration requirements (or optional Class 7 if required).				Inspection		New		Matches integration facility constraints.		PUG: Contamination Control.

						SYS-25		The system shall support the standard 75 mm bolt-pattern mounting grid with M5 helicoils on the payload mounting decks.				Inspection		New		Ensures structural compatibility with mounting decks.		PUG: Payload Mounting Decks.

						Other Systems Requirements considerations:

						Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

						SYS-26		The system shall support repositioning of the payload across the lunar surface to enable multi-location measurement operations.		TBD		Analysis/Simulation		New		Mobility Concept Report		Ensures science coverage of survey areas		Specific mobility method (hover, rover, or hybrid) TBD during concept development

				*		SYS-27		The system shall provide sufficient payload stability during repositioning to maintain instrument performance within mission-defined measurement tolerances.		TBD		Test/Analysis		New		Stabilization Performance Report		Prevents motion-induced degradation of He-3 and H₂O measurements		Covers concept-phase hover or traverse scenarios

						SYS-28		The system shall support any propulsion or traction systems required for payload repositioning without exceeding mass, volume, or power budgets.		TBD		Analysis		New		Propulsion/Mobility Integration Report		Ensures mobility does not compromise system constraints		Fuel/mass allocation TBD

				*		SYS-29		The system shall maintain dust mitigation for sensors and mobility systems during surface operations.		TBD		Test		New		Environmental Test Report		Prevents sensor degradation and maintains operational reliability		Applies for hover, rover, or hybrid modes

				*		SYS-30		System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.
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Comment:
    Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.		TBD		Analysis		New		Data Storage Analysis Report		Prevents data loss during extended surveys		Accounts for measurements while moving or stationary

				*		SYS-31		The system shall support energy storage sufficient to power mobility and instrument operations for a minimum of Y hours per mission operation period.		TBD		Analysis		New		Energy Budget Report		Ensures survey coverage without exceeding power limits		Includes propulsion energy and payload usage; exact Y TBD

				*		SYS-32		The system shall provide safe clearance from the surface and obstacles during repositioning to prevent collision or damage to the payload.		TBD		Test/Analysis		New		Operational Safety Analysis Report		Ensures payload safety during mobility operations		Hover altitude or clearance margin TBD

						SYS-33		The system shall maintain thermal stability of instruments during surface repositioning under varying illumination and shadow conditions.		TBD		Test		New		Environmental Qualification Test Report		Protects instrument performance during dynamic thermal loads		May require insulation, heaters, or thermal control design

				*		SYS-34		The system shall provide navigation and hazard avoidance sensors sufficient for safe autonomous or semi-autonomous surface repositioning.
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Comment:
    Include importance of control algorithms for autonomous/semi-auto repositioning.		TBD		Test		New		Navigation Performance Report		Enables coverage of target survey areas without collisions		Sensor types TBD; Doppler LiDAR, stereo cameras, optical flow possible

						SYS-35		The system shall allow instrument operation during movement without exceeding measurement error limits defined for mission objectives.		TBD		Test/Analysis		New		Science Performance Test Report		Ensures He-3 and H₂O measurements remain valid during motion		Integration times and motion blur constraints TBD

						SYS-36		The system shall support recharging or refueling of energy stores between sorties if multiple sorties are required to complete survey objectives.		TBD		Analysis		New		Operational Sustainability Report		Enables extended mission coverage across multiple locations		Recharge/refuel method TBD (solar, battery swap, propellant refill)

				*		SYS-37		The system shall monitor and manage onboard energy consumption to prevent depletion during critical science or mobility operations. 		TBD		Test/Analysis		New		Power Management Report		Protects mission operations and prevents partial survey failure		Includes automated or manual power management

						SYS-38		System should have sufficient control algorithms- based on sensors onboard to facilitate autonomous maneuvering. 

																				Specs of PUG lander Computer: GNC flight sensor drivers and propulsion control units, are enclosed separately near the relevant subsystem hardware. Peregrine's flight computer consists of a 32-bit high-performance dual-core LEON 3 FT microprocessor. The computer employs radiation hardened integrated circuits as well as fault-tolerant and SEU-proof characteristics.

Add “System should allocate sufficient computing resources for computational processes necessary and the onboard computer should be shielded from solar radiation and other external factors.



Include importance of control algorithms for autonomous/semi-auto repositioning.
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LPR Req

				Will this Instruemnt be used?								*If you find that there is nothing in systems requirements to tie to an instrument requirement, then add to the systems requirements.

				YES

										Lunar Penetrating Radar Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

		VERIFY THIS ROW FOR ALL INSTRUMENTS								LPR-001		The Lunar Penetrating Radar shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities.		Peak power during radar pulse transmission TBD

										LPR-002		The Lunar Penetrating Radar shall have a total mass ≤ 4.0 kg, including mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits.		Mass growth margin of 15 percent allocated

										LPR-003		The Lunar Penetrating Radar shall fit within the allocated payload envelope of 30 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location.		Antenna deployment volume excluded

										LPR-004		The Lunar Penetrating Radar shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures.		Survival temperature limits TBD

										LPR-005		The Lunar Penetrating Radar shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle.		Load spectra TBD based on launch vehicle

										LPR-006		The Lunar Penetrating Radar electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration.		Shielding trade study pending

										LPR-007		The Lunar Penetrating Radar shall be capable of storing a minimum of 14 days of continuous radar data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps.		Data rate and compression assumptions TBD

										LPR-008		The Lunar Penetrating Radar shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to exposed electronics and antennas.		Dust mitigation strategy under development





Grain Analyzer Req

				Will this Instrument be used?

				YES

										Automated Grainsize Analyzer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										AGA-001		The Automated Grain Size Analyzer shall operate within an average power consumption ≤ 5 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous operation during science activities		Peak power during measurement TBD

										AGA-002		The Automated Grain Size Analyzer shall have a total mass ≤ 2.5 kg, including mounting hardware		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15% allocated

										AGA-003		The Automated Grain Size Analyzer shall fit within the allocated payload envelope of 25 x 15 x 15 cm with a minimum clearance of 2 mm on all sides		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Microscope optics and sample holder included

										AGA-004		The Automated Grain Size Analyzer shall operate nominally between minus 30 C and plus 50 C		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										AGA-005		The Automated Grain Size Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										AGA-006		The Automated Grain Size Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Shielding trade study pending

										AGA-007		The Automated Grain Size Analyzer shall be capable of measuring particle size distributions from 10 µm to 2 mm with an accuracy of ±10%		TBD		Test		Incomplete		Calibration Test Report		Enables identification of surface conditions associated with He-3 retention		Accuracy and particle size range based on science objectives

										AGA-008		The Automated Grain Size Analyzer shall store a minimum of 14 days of continuous measurement data onboard		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data rate and compression assumptions TBD

										AGA-009		The Automated Grain Size Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose significant risks to optics and sensors		Dust mitigation strategy under development

										AGA-010		The Automated Grain Size Analyzer shall be capable of analyzing regolith samples either in situ or from collected sample containers		TBD		Test		Incomplete		Functional Test Report		Supports operational flexibility for multiple mission scenarios		Sample handling mechanism TBD

										AGA-011		The Automated Grain Size Analyzer shall provide measurement data with a time resolution of ≤ 1 minute per sample		TBD		Test		Incomplete		Data Rate Test Report		Enables timely characterization of multiple samples during surface operations		Depends on imaging speed and processing algorithm

										AGA-012		The Automated Grain Size Analyzer shall maintain alignment of optics and sensors within ±1 mm under operational and launch conditions		TBD		Inspection/Test		Incomplete		Alignment Verification Report		Ensures measurement accuracy during transport and operation		Optical mount design TBD





APXS Req

				Will this Instrument be used?

				TBD

										Alpha Particle X-Ray Spectrometer (APXS) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										APXS-001		The APXS shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables routine surface composition measurements		Peak power during excitation TBD

										APXS-002		The APXS shall have a total mass ≤ 3.0 kg, including mounting hardware and deployment mechanism.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										APXS-003		The APXS shall fit within the allocated payload envelope of 25 x 20 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployment arm volume excluded

										APXS-004		The APXS shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										APXS-005		The APXS shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										APXS-006		The APXS electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										APXS-007		The APXS shall measure elemental abundances for elements with atomic numbers from Na to Fe with an accuracy of ±10 percent.		TBD		Test		Incomplete		Calibration and Validation Report		Enables identification of Ti-rich basaltic materials associated with enhanced He-3 retention		Titanium detection threshold TBD

										APXS-008		The APXS shall achieve a minimum surface measurement integration time of ≤ 30 minutes per target.		TBD		Test		Incomplete		Performance Test Report		Allows multiple compositional measurements within nominal surface operations timeframe		Integration time dependent on count rate

										APXS-009		The APXS shall store a minimum of 14 days of compositional data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										APXS-010		The APXS shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to detectors and contact surfaces		Dust cover or purge mechanism TBD

										APXS-011		The APXS shall be capable of performing measurements while in direct contact with the lunar surface.		TBD		Test		Incomplete		Functional Test Report		Ensures accurate elemental analysis by minimizing standoff distance		Surface contact force TBD

										APXS-012		The APXS shall maintain detector alignment and calibration within mission limits for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for compositional analysis		Periodic in-flight calibration TBD





Flux Mag Req

				Will this Instrument be used?

				TBD

										Fluxgate Magnetometer Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										FGM-001		The Fluxgate Magnetometer shall operate within an average power consumption ≤ 3 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous magnetic field measurements		Peak power during sampling TBD

										FGM-002		The Fluxgate Magnetometer shall have a total mass ≤ 2.0 kg, including sensor, boom, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Boom length TBD

										FGM-003		The Fluxgate Magnetometer shall fit within the allocated payload envelope of 20 x 15 x 15 cm when stowed, with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Deployed boom volume excluded

										FGM-004		The Fluxgate Magnetometer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										FGM-005		The Fluxgate Magnetometer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										FGM-006		The Fluxgate Magnetometer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										FGM-007		The Fluxgate Magnetometer shall measure magnetic field vectors with a resolution of ≤ 0.1 nT over a dynamic range of at least ±1000 nT.		TBD		Test		Incomplete		Calibration and Performance Report		Enables detection of lunar crustal magnetic anomalies that deflect solar wind		Performance consistent with prior lunar missions

										FGM-008		The Fluxgate Magnetometer shall acquire vector magnetic field measurements at a sampling rate ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports mapping of spatial variations in magnetic anomalies during surface operations		Higher rates optional if power allows

										FGM-009		The Fluxgate Magnetometer shall store a minimum of 14 days of continuous magnetic field data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per sample TBD

										FGM-010		The Fluxgate Magnetometer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to exposed sensors and connectors		Dust shielding strategy TBD

										FGM-011		The Fluxgate Magnetometer shall minimize magnetic interference from spacecraft systems to within mission-defined limits.		TBD		Analysis/Test		Incomplete		Magnetic Cleanliness Report		Ensures accurate measurement of weak crustal magnetic fields		Magnetic cleanliness requirements TBD

										FGM-012		The Fluxgate Magnetometer shall maintain calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term data validity for correlation with solar-wind implantation		Periodic in-flight calibration TBD





MS Camera Req

				Will this Instrument be used?

				TBD

										Multispectral Imaging Camera Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										MSIC-001		The Multispectral Imaging Camera shall operate within an average power consumption ≤ 6 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous imaging operations		Peak power during image acquisition TBD

										MSIC-002		The Multispectral Imaging Camera shall have a total mass ≤ 2.5 kg, including optics, detector, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										MSIC-003		The Multispectral Imaging Camera shall fit within the allocated payload envelope of 20 x 15 x 15 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with rover mounting location		Field-of-view envelope excluded

										MSIC-004		The Multispectral Imaging Camera shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										MSIC-005		The Multispectral Imaging Camera shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										MSIC-006		The Multispectral Imaging Camera electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										MSIC-007		The Multispectral Imaging Camera shall acquire images in at least 5 discrete spectral bands spanning the visible to near-infrared range.		TBD		Test		Incomplete		Optical Performance Test Report		Enables inference of regolith maturity and grain size related to He-3 retention		Spectral band centers TBD

										MSIC-008		The Multispectral Imaging Camera shall achieve a ground sampling distance ≤ 5 mm per pixel at nominal imaging altitude.		TBD		Test		Incomplete		Imaging Resolution Report		Allows identification of fine-grained regolith features		Pixel scale dependent on optics

										MSIC-009		The Multispectral Imaging Camera shall support imaging while the rover is moving at speeds up to 5 cm/s without unacceptable image blur.		TBD		Test		Incomplete		Motion Imaging Test Report		Enables efficient surface coverage during rover traverses		Exposure time and stabilization strategy TBD

										MSIC-010		The Multispectral Imaging Camera shall store a minimum of 14 days of multispectral image data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Image compression scheme TBD

										MSIC-011		The Multispectral Imaging Camera shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to optics and detectors		Dust cover or optical window TBD

										MSIC-012		The Multispectral Imaging Camera shall maintain radiometric calibration stability within ±5 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Radiometric Calibration Report		Ensures long-term validity of reflectance measurements used to infer regolith maturity		In-flight calibration target TBD





ESA Req

				Will this Instrument be used?

				TBD

										Electrostatic Analyzer (ESA) Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										ESA-001		The Electrostatic Analyzer shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and supports continuous charged-particle measurements		Peak power during high-rate sampling TBD

										ESA-002		The Electrostatic Analyzer shall have a total mass ≤ 4.0 kg, including sensors, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass margin of 15 percent allocated

										ESA-003		The Electrostatic Analyzer shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Field-of-view envelope excluded

										ESA-004		The Electrostatic Analyzer shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										ESA-005		The Electrostatic Analyzer shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										ESA-006		The Electrostatic Analyzer electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										ESA-007		The Electrostatic Analyzer shall measure ion and electron energies from 1 eV to 20 keV with an energy resolution ≤ 20 percent.		TBD		Test		Incomplete		Calibration and Performance Report		Enables characterization of solar wind ions responsible for He-3 implantation		Energy range aligned with solar wind expectations

										ESA-008		The Electrostatic Analyzer shall measure charged particle angular distributions with a field of view ≥ 180 degrees.		TBD		Test		Incomplete		Angular Response Test Report		Enables determination of particle arrival direction and surface implantation geometry		Multiple sensor heads or deflection system TBD

										ESA-009		The Electrostatic Analyzer shall acquire charged particle measurements at a cadence ≥ 1 Hz.		TBD		Test		Incomplete		Data Rate Test Report		Supports correlation with magnetic field and surface measurements		Higher cadence optional if power allows

										ESA-010		The Electrostatic Analyzer shall store a minimum of 14 days of charged particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data compression strategy TBD

										ESA-011		The Electrostatic Analyzer shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to apertures and sensors		Dust shielding or electrostatic deflection TBD

										ESA-012		The Electrostatic Analyzer shall minimize contamination from spacecraft-generated charged particles and electric fields.		TBD		Analysis/Test		Incomplete		EMI and Plasma Interaction Report		Ensures accurate measurement of ambient solar wind environment		Spacecraft-plasma interaction modeling TBD

										ESA-013		The Electrostatic Analyzer shall maintain absolute energy calibration stability within ±10 percent over the mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of charged particle energy measurements		In-flight calibration using solar wind TBD

										ESA-014		The Electrostatic Analyzer shall provide time-tagged measurements synchronized to spacecraft time within ±10 ms.		TBD		Test		Incomplete		Time Synchronization Test Report		Enables correlation with magnetometer and surface measurements		Time distribution architecture TBD





NPD Req

				Will this Instrument be used?

				TBD

										Neutral Particle Detector Requirements

										Number		Requirement		Source		Verification Method		Status		Verification Document		Justification		Comments

										NPD-001		The Neutral Particle Detector shall operate within an average power consumption ≤ 8 W at the allocated bus voltage.		TBD		Test		Incomplete		Electrical Power Test Report		Ensures compatibility with lander power system and enables continuous exospheric measurements		Peak power during ionization TBD

										NPD-002		The Neutral Particle Detector shall have a total mass ≤ 4.0 kg, including sensor head, electronics, and mounting hardware.		TBD		Inspection		Incomplete		Mass Properties Report		Prevents exceedance of lander payload mass limits		Mass growth margin of 15 percent allocated

										NPD-003		The Neutral Particle Detector shall fit within the allocated payload envelope of 30 x 20 x 20 cm with a minimum clearance of 2 mm on all sides.		TBD		Inspection		Incomplete		Mechanical Interface Drawing		Ensures mechanical compatibility with lander mounting location		Inlet field-of-view volume excluded

										NPD-004		The Neutral Particle Detector shall operate nominally between minus 30 C and plus 50 C.		TBD		Test		Incomplete		Thermal Vacuum Test Report		Ensures instrument functionality during expected lunar surface temperatures		Survival temperature limits TBD

										NPD-005		The Neutral Particle Detector shall survive launch vibration and shock environments without structural failure or loss of functionality.		TBD		Test		Incomplete		Structural and Vibration Test Report		Launch loads present the highest mechanical stress during the mission lifecycle		Load spectra TBD based on launch vehicle

										NPD-006		The Neutral Particle Detector electronics shall tolerate a total ionizing dose of at least 10 krad Si.		TBD		Analysis		Incomplete		Radiation Analysis Report		Ensures electronics survive cumulative radiation exposure over the mission duration		Flight heritage reduces development risk

										NPD-007		The Neutral Particle Detector shall measure neutral species including He, Ar, and H with mass resolution sufficient to distinguish He isotopes.		TBD		Test		Incomplete		Calibration and Performance Report		Enables estimation of He-3 released from the lunar surface or exosphere		Isotope separation capability TBD

										NPD-008		The Neutral Particle Detector shall measure neutral particle fluxes over an energy range appropriate for lunar exospheric conditions.		TBD		Test		Incomplete		Energy Response Test Report		Ensures sensitivity to thermally and sputter-released neutral particles		Energy range TBD based on science model

										NPD-009		The Neutral Particle Detector shall acquire neutral particle measurements with a time resolution ≤ 10 minutes per spectrum.		TBD		Test		Incomplete		Data Rate Test Report		Allows tracking of temporal variations in exospheric composition		Integration time trade TBD

										NPD-010		The Neutral Particle Detector shall store a minimum of 14 days of neutral particle data onboard.		TBD		Analysis		Incomplete		Data Storage and Bandwidth Analysis		Enables uninterrupted science data collection during communication gaps		Data volume per spectrum TBD

										NPD-011		The Neutral Particle Detector shall operate in lunar vacuum and tolerate exposure to lunar regolith dust without unacceptable performance degradation.		TBD		Test		Incomplete		Environmental Qualification Test Report		Lunar vacuum and dust pose risks to inlets, ion optics, and detectors		Inlet shielding or baffle design TBD

										NPD-012		The Neutral Particle Detector shall maintain calibration stability within ±10 percent for the full mission duration.		TBD		Analysis/Test		Incomplete		Calibration Stability Report		Ensures long-term validity of exospheric density and composition estimates		Periodic in-flight calibration TBD





Design Decision 1

												1		2		3		4		5		6

										NAME		Information Gathering		Operations		Material Management		Accessibility		Research		Maintenance				Rank categories 1:N, N number categories

										Andrew Dishchuk		6		1		2		3		5		4

										Christian

										Max		1		3		5		2		6		4				*Jack notes research and information gathering can be combined

										Jack																Max's Questions:

										Brian																operations = digging stuff?		Sorta

										Paige																what makes information gathering & Research different?		Information gathering could be "Surveying"

										Zach																		Research can be creating things for a foundation of information collection/experimentation

										Riley































												7		4		7		5		11		8

												Kevin's personal approach: idea selection allows system requirements to naturally arise

												Long duration lunar sustainment

												Redwire		Hand in hand

												1		Energy

												2		Supply chain

												How to support "life in space"

														LASSO

														Proven reserve model

												Avoid the rover part

												PNT				LASSO DATA

																		Grading of resource

												Qty Volume of wter

												Lpross

												Mining processes on earth for characterizing sites, estabilishing mineral reserves, PRM (proven reserve model)

												Used to establish economic feasibility

												Lunar subterannean characterization

												Lunar terrain vehicle

										Future LTV		Astrobotic

												Astrolab

												Intuitive machines

												Lunar Outpost

												Lunanet		Requirements to help push us along

												Nokia 3G communications payload

												Cap out at 7

												Review and getting back

												Create pods for leadership and accountability

												3-4 may be optimal depending on people and task

												Systems lead
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MO-1:
Enable detection  and quantification  of indicators  correlated  with  
Helium-3 presence in lunar regolith . 

MO-2:
Enable detection  and characterization  of H₂O and/or  hydration  
indicators  in the lunar environment .

MO-3:
Characterize key lunar surface and subsurface properties  relevant  to 
resource assessment and site selection .
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MO-4:
Provide a reusable and cost-balanced system architecture  enabling 
repeated lunar surface characterization  missions.
MO-5:
Provide coordinated  position,  navigation, and timing  capability  with  
the Lunar Lander to support  geolocated data collection .
MO-6:
Generate georeferenced maps and data products  of lunar resources 
and surface characteristics  over the mission area of interest .
MO-7:
Interface  with  the Astrobotic  Griffin  lander to support  lunar surface 
resource surveying operations .
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System Requirement Header Purpose

SR-1 Sensing & Measurement

SR-2 Resource Characterization

SR-3 Site Characterization & Suitability

SR-4 Reuse, Modularity & Lifecycle

SR-5 Position, Navigation, Timing

SR-6 Data Products & Delivery

SR-7 Griffin Lander Interfacing

Ensuring Implementable and Verifiable Requirements:
 System Requirements are written to be testable, analyzable, inspectable, or 

demonstrable, ensuring each requirement can be objectively verified.
 Subsystem and tool requirements are derived from system requirements, rather than 

directly from mission objectives, to preserve verification ability.
 This hierarchical structure prevents the introduction of unverified or unnecessary 

design features and ensures all implemented capabilities are traceable to mission 
intent.
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MSC Group Associated Mission Objective Scope of Success Criteria

MSC-1 MO-1 Helium-3 proxy detection and 
quantification performance

MSC-2 MO-2 H₂O / hydration indicator detection 
and characterization

MSC-3 MO-3
Surface and subsurface property 
characterization for resource 
assessment

MSC-4 MO-4 Reusable, modular, and cost-balanced 
system architecture

MSC-5 MO-5 Coordinated position, navigation, and 
timing with the Lunar Lander

MSC-6 MO-6 Generation of georeferenced maps 
and mission data products

MSC-7 MO-7 Compatibility and integration with the 
Astrobotic Griffin lander

Each Mission Success Criterion group defines objective-level success and serves as the 
direct parent for system requirements.
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SR-1 Sensing and Measurement

SR-1.1 Sensing and Measurement Requirements

SR-1.2 Spatial Coverage and Resolution

SR-1.3 Data Processing & Modeling

SR-1.4 Uncertainty & Confidence

SR-1.5 Data Products & Archiving

System Requirement Header

SR-1.1.1 Helium-3 Abundance Tooling

SR-1.1.1.A Alpha Particle X-Ray Spectrometer (APXS) Requirements

SR-1.1.1.B Multispectral Imaging (MSI) Camera Tool Requirements

SR-1.1.1.C Flux Magnetometer (FMAG) Tool Requirements

SR-1.1.1.D Electrostatic Analyzer (ESA) Tool Requirements

SR-1.1.1.E Neutral Particle Detector (NPD) Tool Requirements

SR-1.1.1.F Automated Grain Analyzer (AGA) Tool Requirements

SR-1.1.2 H2O Abundance Tooling

SR-1.1.2.A Lunar Penetrating Radar Requirements

Õ↑ ☼ļ ╝☼║ФÕΑļ ŝ ↑ ☺
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AURORA Tooling Property Data:
Helium -3:

Subsurface  Density:
Lunar Penetrating Radar (LPR)

Grain Size:
Automated Grain Size  Analyzer 

Multispectral Imaging Camera

Water :

Dielectric contrast:
Lunar Penetrating Radar (LPR)

TiO2 Content :
Alpha Particle  X-Ray Spectrometer 
(APXS)
Magnetic Anomalies  (Negative  
Correlation)
Fluxgate  Magnetometer
Solar Wind Flux
Electrostatic Analyzer (ESA)
Neutral Gas Flux 
Neutral Particle  Detector (NPD)
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Subsystem Primary Responsibility Owned Requirement Domains

Instrumentation / Payload Science sensing and measurement tools
SR-1 (Sensing & Measurement), SR-2 
(Resource Characterization), tool-level SR-
1.1.x

Subsurface Scanning Subsurface structure and volatile indicator 
detection

SR-1.1.2, SR-2.1, SR-2.2 (LPR-driven 
requirements)

Structures Mechanical integrity, mounting, and 
modular interfaces

SR-4 (Reuse & Modularity), SR-7 (Griffin 
mechanical integration)

Thermal Thermal control and survivability across 
lunar environments

SR-4.4 (Environmental survivability), SR-7.4 
(Griffin thermal constraints)

Electrical Power System (EPS) Power generation, storage, and distribution SR-4 (Reuse impacts), SR-7.2 (Griffin power 
interface), EPS-allocated SRs
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Subsystem Primary Responsibility Owned Requirement Domains

Computer / Avionics (COMP) Data processing, fusion, storage, and 
control

SR-1.3, SR-1.4, SR-1.5, SR-6 (Data Products 
& Archiving)

Communications (COMM) Data transfer, lander relay, and interfaces SR-5.5 (PNT data exchange), SR-7.3 (Griffin 
comms interface)

Guidance, Navigation & Control (GNC) Position, navigation, timing, and frame 
alignment SR-5 (PNT & Lander Coordination)

Radiation Radiation environment assessment and 
survivability SR-4.4.2 (Cumulative radiation exposure)

Griffin / Lander Interface External system integration and constraint 
management

SR-7 (Interface requirements), 
Assumptions & Constraints (AC-1 to AC-6)
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 Mitigation approach for each top risk
 Ensuring System requirements are met will mitigate the risk factors
 R-7: Explicit TBD/TBR closure plan; sensitivity -based prioritization; phased 

resolution
 R-13: Patching gaps in data where momentary data -loss occurs due to failure with 

numerical estimation and filtering. Ensuring robust communications to mitigate 
error.

What reduces likelihood vs consequence

What remains after mitigation
 Re-scan data if data-loss is critical, could take away from available mission time.

Risk Area Likelihood Reduction Consequence Reduction

Griffin power Conservative EPS sizing, duty cycles Reduced science rate

Mass growth Mass margins, early estimates Descoping non-critical payloads

Data downlink Bounded data products Onboard storage, delayed downlink

Thermal survival Passive thermal design Reduced operational timeline

Interface mismatch Early ICDs Manual operational constraints
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 Top Driving Requirements:

 Communications of data between lander and systems on Earth, 
implementing error detection systems to mitigate corrupt data. (SR-
COMM.1, SR-COMM.9)
 Instrumentation/sensors (SR-1.1, SR-1.1.3.1, SR -1.3, SR-1.4)
 Power allocation and consumption (PWR-03, PWR-06)
 Auto/Semi -Autonomous Control of Lunar Lander Vehicle (SR-GNC.1, SR-

5.1.1, SR-5.3)
 Mesh metrics together to create a probable reserve model (SR-6)
 Data Validation– Making sure the Data sent is not corrupted (SR-5.6)
 The system shall incorporate lifecycle cost considerations into the design to 

support economically viable reuse and refurbishment. (SR-4.2)
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 1. Framework Selection: NASA cFS

 Action:  Adopted NASA Core Flight System ( cFS) as the flight 
software architecture.

 Why:  Provides flight -proven fault protection (Health & Safety app) 
and modularity (SR-4.3) out of the box, reducing development risk 
compared to a custom solution.

 2. Data Standardization (PDS4 & PRM)

 Action:  Defined a strict Master File Naming Convention  and a 
Universal Binary Header  mapped to PDS4 standards.

 Why:  Ensures all science data is legally admissible for the Proven 
Reserve Model (PRM) by guaranteeing traceability (MSC-6.4) and 
enables automated generation of archival labels.

Metric Heritage 
(Perseverance)

NASA VIPER (Modern 
Lunar)

Our Prototype (Target)

CPU Speed 200 MHz Split: Rad-hard + FPGA 1.5 GHz (ARM)

RAM 256 MB 1 GB 8 GB LPDDR4

Storage 16 GB Flash ~ 1 TB 2 TB NVMe

Cost $200,000+ High (Class C) < $500

Primary 
Optimization

Radiation Survival Hardware Acceleration Algorithm Validation

 3. Hardware Architecture Selection

 Action:  Conducted trade  s tudy comparing Heritage (RAD750) vs . 
Modern (VIPER/Ingenuity) architectures .

 Decision:  Se lected a COTS Architecture  (ARM v8 + 2TB NVMe) for 
the  prototype  phase .

 Justification:  The  Lunar Penetrating Radar (LPR) generates ~170 
GB/day of raw data. We prioritized high-speed buffering (NVMe) to 
validate  algorithms now, with a path to a Split -Architecture  (Rad-
Hard Supervisor + Rad-Tolerant Compute) for the  final flight unit.

 4. Data Lifecycle Strategy

 Action: Defined a Store-and-Forward s tate  machine  using the  cFS 
CFDP application.

 Why:  Manages the  downlink bottleneck by prioritizing map 
products  over raw data, while  guarantee ing data integrity (CRC32) 
and automated re transmission during comms outages (DR-7.3.4).
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