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Self-Assembled Science Station

Executive Summary

What comes after the ISS is gone?

Where can scientists do space research?

How can we increase the TRL of ISAM?

Credit: NASA

In-space 
assembly

ARMADAS 
(building 
blocks)

Commercial 
science use 

case

Self-Assembled 
Science Station 

(SASS):
a persistent, 
autonomous, 

reconfigurable, 
self-assembling 
research station
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2.4 Program Management Milestones

Milestone Completion Date
Select program manager August 2025

Chose capabilities November 2025

Defined system requirements January 2026

Completed trade studies In progress

Finalized conceptual design In progress

Developed a path to PDR In progress



Self-Assembled Science Station

ARMADAS Concept

Credit to NASA
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Persistent Payload Station Concept

https://www.grandviewresearch.com/industry-analysis/cubesat-market-report
https://oig.nasa.gov/wp-content/uploads/2024/02/IG-22-005.pdf
https://www.grandviewresearch.com/industry-analysis/earth-observation-market-report

GEO

• Experimental and Earth Observation 
payloads make up billions of dollars of 
the space market

– >$1.5 billion in CubeSat market by the 
mid 2030s

– >$7 billion in Earth Observation market 
by mid 2030s

– Billions spent on ISS every year

• The SASS Concept is aimed at a 
specific niche of these markets and 
would be on the order of hundreds of 
millions of dollars.

Does not require 
dedicated bus

Pointed at Earth

SASS Payload 
Niche

https://www.grandviewresearch.com/industry-analysis/cubesat-market-report
https://www.grandviewresearch.com/industry-analysis/cubesat-market-report
https://www.grandviewresearch.com/industry-analysis/cubesat-market-report
https://www.grandviewresearch.com/industry-analysis/cubesat-market-report
https://www.grandviewresearch.com/industry-analysis/cubesat-market-report
https://www.grandviewresearch.com/industry-analysis/cubesat-market-report
https://www.grandviewresearch.com/industry-analysis/cubesat-market-report
https://oig.nasa.gov/wp-content/uploads/2024/02/IG-22-005.pdf
https://oig.nasa.gov/wp-content/uploads/2024/02/IG-22-005.pdf
https://oig.nasa.gov/wp-content/uploads/2024/02/IG-22-005.pdf
https://oig.nasa.gov/wp-content/uploads/2024/02/IG-22-005.pdf
https://oig.nasa.gov/wp-content/uploads/2024/02/IG-22-005.pdf
https://oig.nasa.gov/wp-content/uploads/2024/02/IG-22-005.pdf
https://oig.nasa.gov/wp-content/uploads/2024/02/IG-22-005.pdf
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Concept of Operations
Components 1

Voxels: Structural, Routing, or Solar
Cassettes

Credit: NASA
Credit: NASA
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Concept of Operations
Components 2

External 
Assembly 

Arms

Internal 
Assembly 

Arms

Station CoreLogistics Arms
(Dual-arm 

manipulator)

Credit: NASA

Credit: NASA

Credit: Northrup Grumman
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Concept of Operations
Components 3

Small Experiments
6U CubeSat sized

6 kg payload
<30 W

Shielded Experiments
12U CubeSat sized

20 kg payload
<60 W

Large Experiments
Arkisys Bosun Locker 

(Medium) sized
100 kg payload

<100 W
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Concept of Operations

• Initial launch includes all components for 
the first set of experiments
o Assume launch aboard reusable Falcon 9 

(<4 ton mass)

o Voxels are folded and packed into 
"cassettes"

• Temporary solar panel, communications 
equipment, and dual arm manipulator 
are deployed (MET 1 hour)

• System reaches GEO, dual arm 
manipulator deploys first SOLL-E arm 
(MET 1 week)

Initial Construction 1
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Concept of Operations

• Dual-arm manipulator removes voxels from 
cassettes, hands them to SOLL-E arms
o MMIC-I bots bolt voxels to structure built into core

• The central structure is finished, work begins on 
solar panels (MET 2 weeks)
o Rotator joints (purple) for tracking sun
o Dual-arms move assembly bots

• The solar panels are completed (MET 4 months)
o Electrical routing will be pre-built into some of the 

voxels, allowing modular DC and data busses

Initial Construction 2
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Concept of Operations

• The structure is finished, experiments are 
placed on the earth-facing side of the station 
(MET 5 months)

• After assembly arms are inactive, freeing up 
power for high-bandwidth communications

• Experiments can be used for radiation studies, 
Earth observation, or anything else that requires 
a high-orbit but does not necessitate a free-
flying payload.

Initial Construction 3
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Concept of Operations

• Resupply missions bring station-keeping fuel 
and new experiments to swap out with old ones

• This allows new customers to use the station 
while launching a minimal amount to GEO

• Replacement robots and solar panel sections 
are brought up as needed

Resupply
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Concept of Operations
Why Assembly?

• Swapping customer payloads and degraded solar panel sections is built-in to the system 
architecture

• Potential volume savings, modularity, and risk mitigation strategies vs. deployables
– More points of failure, but also more options to address failures

• Prepares technology for larger assembly missions which could not be done without assembly
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Animation of Assembly and Operation

Animation of assembly Animation of operation
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Impact
Overall Impact ISAM Impact Space Research Impact

Autonomous assembly 
TRL increases

Directly supports NIIP 2.2.1

Flight qualify ARAMDAS to be a 
standard in-space assembly standard 

interface (NIIP 2.1.3, 3.1.1, NS 4)

Provides an in-space service to 
commercial, academic, and 

government clients (NIIP 3.2)
Improve scientific output 

(NS 3)

Market replacement for ISS 
research facilities

Cost reduction for future 
payloads (standard 

modularity)

Space infrastructure assembly 
standard established for future 

facilities

Test bed for rapid technology 
validation

Proposes a use case which fully 
characterizes the first 

autonomously built persistent 
platform  (NS 4)

Collaboration between commercial, 
academic, government, and international 

stakeholders for the advancement of 
space science

NIIP = National ISAM Implementation Plan 2022
NS = National Strategy for ISAM 2022
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Alternative ConOps
Datacenter Concept

• Google's Project Suncatcher and other 
studies have proposed datacenters in space. 
SASS hardware could be directly applied to 
this application 

• Not extensively studied for this project, but a 
basic analysis done on cost

– Assume sun-synchronous orbit, industry 
standard rack power consumption, and high 
electricity price on the ground

– At $400/kg, launching only the solar panel 
voxels in a configuration like SASS would be 
more cost effective than paying for ground 
electricity in 5 years

– Number of panel voxels needed for one rack 
pictured
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Feasibility
Power and Thermals

• Number of experiments was the driving 
requirement, number was iterated multiple 
times to find a workable payload configuration

• Continuous power requirement of 2250 W, 
drives solar panel requirement of ~3000 W

• Panel voxel requirement of ~140 for direct 
sunlight, assume ~500 for mass calculations

– Trim down during path to PDR

• Thermal Calculations use emissivity and 
absorptivity of white epoxy and have 
requirement of 16.5 m^2

– Easily accounted for with experiment side 
panels and core structure surface
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Feasibility
Bill of Materials & CAD

Falcon 9 Payload
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Feasibility
Autonomy

SASS is an exciting use-case for ARMADAS

Credit: NASA/Dominic HartCredit: https://doi.org/10.1126/scirobotics.adi2746



Self-Assembled Science Station

Data Handling and Comms

Tracking and Data Relay 
Constellation

Science Station

Ground Station 50 Mbit/s

50 Mbit/s
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Risks

• Schedule/cost risks (S...) and 
technical risks.

• Schedule risk mitigation strategies:
– 1: Analysis prior to PDR design
– 2: Prototyping prior to PDR design

• Technical risk mitigation strategies:
– 3: Latch detection (joint/latch level)

– 4: Runtime evaluation/replace early

– 5: Robot deployables assistance

5 9d.1, 9e.1

4 S1.3, S3.1 S1.2 9b.1

3 7d.1, 7e.1
7a.2, 7b.2, 
8b.1

S1.1, S4.1, 
S6.1, S7.1, 
6a.2, 6b.2, 
7a.1, 7b.1

2 7c.1, 8a.1 S2.1, S5.1 9b.2, 9c.1 S4.2

1 S5.2, S10.1
S10.2, 
6a.1, 6b.1 2.1, 3.1

1 2 3 4 5

5

4 S1.3, S3.1 S1.2, 9b.2

3
6a.1, 6b.1, 
7d.1, 7e.1, 
9d.1, 9e.1

S4.1, S6.1, 
S7.1 S1.1

2 7c.1, 8a.1
S2.1, S4.2, 
S5.1

7a.2, 7b.2, 
8b.1, 9c.1 9b.1

1
S5.2, 
S10.1, 
2a.1, 3a.1

S10.2
6a.2, 6b.2, 
7a.1, 7b.1, 
9a.1

1 2 3 4 5

Before Mitigation After Mitigation

Li
ke

lih
oo

d

Consequence

Li
ke

lih
oo

d

Consequence
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Risks

5 9d.1, 9e.1

4 S1.3, S3.1 S1.2 9b.1

3 7d.1, 7e.1
7a.2, 7b.2, 
8b.1

S1.1, S4.1, 
S6.1, S7.1, 
6a.2, 6b.2, 
7a.1, 7b.1

2 7c.1, 8a.1 S2.1, S5.1 9b.2, 9c.1 S4.2

1 S5.2, S10.1
S10.2, 
6a.1, 6b.1 2.1, 3.1

1 2 3 4 5

5

4 S1.3, S3.1 S1.2, 9b.2

3
6a.1, 6b.1, 
7d.1, 7e.1, 
9d.1, 9e.1

S4.1, S6.1, 
S7.1 S1.1

2 7c.1, 8a.1
S2.1, S4.2, 
S5.1

7a.2, 7b.2, 
8b.1, 9c.1 9b.1

1
S5.2, 
S10.1, 
2a.1, 3a.1

S10.2
6a.2, 6b.2, 
7a.1, 7b.1, 
9a.1

1 2 3 4 5

Before Mitigation After Mitigation

• Example Risks:

• S1.2: Power and data routing 
voxels require unexpected amount 
of development (Mitigation: 2)

• 9b.1: Dual-arm manipulator 
damages cassette during voxel 
removal (Mitigation: 4)

• 7a.1: SOLL-E arm fails to latch to 
voxel properly, fault is not detected 
immediately (Mitigation: 3)

Li
ke

lih
oo

d

Consequence

Li
ke

lih
oo

d

Consequence



Self-Assembled Science Station

Technology Gaps

• Robot coordination:
– Internal and external assembly robots collaborate with the dual-arms

– Automated path planning and robust verification at each step

• Smart decision-making for attitude correction under robot movement
– Correcting every small movement would be overwhelming

– Sensitive experimental payloads used for Earth observation

• Modular data and power transfer between voxels
– Pulling wires is impractical for this many power sources and sinks
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Advancing High Value Missions

The Self-Assembled Science Station advances multiple missions 
objectives outlines by COSMIC and the Federal government.

1.Providing in-space services
2.Flight qualifying ISAM hardware
3.Developing autonomous space 

technology
4.Improving national scientific output
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Most Innovative Concepts Considered

• Shorter crawling arms vs. dual arm rail system
– Pro: Increased modularity, logistics operations can happen anywhere on the station

– Con: Large torque/force on voxels, increased autonomy complexity

– Rails are already proven with large manipulator arms (CANADARM)

• Permanent experiment-holding voxels vs experiments pre-built into voxels
– Swapping cubesat-format experiments into bays would decrease cost/mass of each experiment

– All robots are already made to handle voxels, un-voxeled experiments would require extra manipulators

• Studying the volume-savings of origami-folding voxels demonstrates how useful they could be in building 
smaller space structures 

– Assembling voxels from their basic parts (which could be packed tighter) is impractical for the SASS robots
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Biggest Challenges Encountered

Three Biggest Challenges:
1. Scope and Goals: Determining output has been a constant struggle. Most of us work day-to-day on low 

level technical challenges, we found scoping out a high-level concept difficult.
Suggestion: Determine scope and goal as first step after picking a basic concept.

2. Motivation and Commitment: This has been an exciting change-of-pace from other research activities. 
Discussing concepts, performing informal trade studies, and sizing our architecture were easily self-
motivated. With other commitments, it was difficult to prioritize the detailed work on this project.
Suggestion: It makes sense that this is a capstone competition mostly designed for a class setting, but we had fun and 
appreciate the opportunity.

3. ARMADAS Specifications: ARMADAS is an active research concept, not a specification. There are several 
concepts for voxels, and it was difficult to parse what level of development each concept was in.
Suggestion: A disambiguation hub for ARMADAS and other NASA assembly projects.
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2.3 Path to PDR

Customer needs assessed

Initial cost study

Address technology gaps

Iterate design for launch vehicle

Finalized design for PDR
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Paper 

Our paper "Automated 
Construction of an 

Unmanned Scientific Space 
Platform" is planned to be 

sent as an extended abstract 
to SciTech 2027.
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Future Work

1. Simulate momentum canceling and 
stabilization techniques to account 
for robot agents and dual arm rail 
system motion.

2. Design a foldable Voxel with data 
and power transfer capability.

3. Compete for federally/commercially 
funded research and advance ISAM 
concept/capabilities.
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Conclusion

• The team has evaluated a mission which has a constrained budget while still raising the TRL of several key 
components. The mission would demonstrate the power of assembled structures in space, while 
simultaneously addressing a clear, present, and marketable need.

• The team has identified challenges and risks which require further study.
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Questions

Questions?
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Backup Slides
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ConOps
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ConOps
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ConOps
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Datacenter
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Construction Speed
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Power and Mass
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Power and Mass
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Feasibility

Mission items Possibility to be built or 
designed within 5 years

(1-5)*
Bill of Materials 5
CAD Drawings 5
Manufacturing & Testing approach 2
Technological Development 4
Launch/Delivery 5

*1 being unlikely within 5 years
5 being possible within 5 years
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