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This paper presents the conceptual design of the Michigan In-Space Servicing Orbiter
(MISO), as part of the 2025-26 COSMIC Capstone Challenge. MISO is an orbital depot
designed to support the growing ISAM industry by providing propellant refueling and modular
component transfer services to servicer spacecraft operating in Geostationary Earth Orbit
(GEO). The depot is stationed in a sub-GEO orbit at 34,786 km, selected to minimize Δv
requirements for visiting servicer spacecraft while maintaining a feasible response time. Six
docking ports spanning five interface standards provide mechanical capture and fluid transfer
capability. A closed-loop propellant architecture enables the storage and transfer of up to 7,000
kg of hydrazine, while a 7-DOF robotic manipulator facilitates the exchange of modular orbital
replacement units from an internal cargo bay. Demand-driven resupply missions sustain the
depot’s inventories throughout a 15-year lifetime. The design is supported by detailed subsystem
analyses including orbital mechanics trade studies, transient thermal modeling, radiation
environment characterization, structural sizing, link budget analysis, and a full lifecycle cost
and revenue model. Financial analysis projects a total lifecycle cost of ∼$1.65 billion against
lifetime revenue of $5.4 to $8.7 billion. The study demonstrates the technical and economic
feasibility of a persistent depot architecture as foundational infrastructure for scalable ISAM
operations.

I. Introduction

The space industry is undergoing a fundamental shift from single-use missions toward interconnected and sustainable
space infrastructure. Historically, satellites have been designed as "one-and-done" systems launched with a fixed

lifetime and discarded once fuel is depleted or components degrade. However, advances in in-space servicing, assembly,
and manufacturing (ISAM) are enabling a new paradigm in which spacecraft can be refueled, repaired, upgraded, and
assembled in space. As [1] describes, ISAM capabilities can vastly expand the performance, availability, and lifetime of
space systems compared to the traditional paradigm of assets.

ISAM technologies have already demonstrated the ability to extend satellite lifetimes, reduce costs, and enable
capabilities that would be constrained by launch vehicle limitations. Servicing missions can refuel and reposition
satellites, while in-space assembly allows for the construction of large structures beyond fairing size constraints.
Foundational demonstrations such as the ISS, Hubble Space Telescope servicing, and Northrop Grumman’s Mission
Extension Vehicle (MEV) have validated the operational potential of these capabilities [1]. The technologies are widely
recognized as fundamental to the development of a sustainable and scalable space economy.

At the same time, the number of operational satellites is rapidly increasing. This growth is driving demand for
logistics, maintenance, and life-extension services, creating a multi-billion-dollar market for on-orbit servicing solutions.
As a result, both government agencies and commercial entities are investing heavily in ISAM technologies to support
future exploration, national security, and commercial operations.

In response to these emerging needs, this paper presents the Michigan In-Space Servicing Orbiter (MISO) concept:
an orbital platform designed to provide propellant storage and component logistics. By integrating refueling with
component storage into a single platform, MISO aims to enable reusable mission architectures and reduce the cost
and complexity of satellite operations. This paper provides a comprehensive overview of the concept, including its
mission objectives, system architecture, business case, and supporting analyses. The discussion spans conceptual design,
subsystem development, operational considerations, and economic feasibility, ultimately assessing the system’s potential
to contribute to a sustainable in-space logistics infrastructure.
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II. Motivation and Mission Rationale
The traditional paradigm of spacecraft design, where satellites are fully integrated systems without means of

maintenance, imposes significant limitations on both performance and economic efficiency. Satellite lifetimes are often
constrained by consumables such as propellant and by component degradation from radiation. As a result, otherwise
functional spacecraft with mostly working components are decommissioned, leading to inefficient use of resources.

In-space servicing offers a transformative solution to these challenges by enabling the extension, repair, and upgrade
of existing assets. ISAM fosters an ecosystem that fundamentally changes the space operations paradigm, creating a
foundation for sustainable exploration and serving as a force multiplier for capabilities such as space logistics, power
generation, and reusability [1]. By refueling satellites and replacing critical components, servicing infrastructure can
significantly increase mission lifetimes and improve return on investment for satellite operators.

From a commercial perspective, the rapid expansion of satellite constellations and high-value assets in Geostationary
Earth Orbit (GEO) has created strong demand for servicing and logistics solutions. Existing demonstrations, such as
MEV-1, have already proven the viability of servicing as a revenue-generating activity. However, current approaches are
limited to single-purpose servicers, lacking the scalability and flexibility required for a mature servicing space economy.

The MISO concept is motivated by the need to transition from mission-specific servicing vehicles to persistent,
multi-functional infrastructure. By acting as an orbital distribution hub, MISO reduces the operational burden on
individual servicers and enables a more efficient logistics network. This shift mirrors the evolution of terrestrial
transportation systems, where centralized depots and infrastructure dramatically improved scalability and cost efficiency.

III. Conceptual Mission Architecture

A. Overview
MISO is an autonomous orbital depot that provides propellant resupply and modular component transfer services to

client spacecraft operating in the GEO regime to reduce per-mission costs and mass penalties. Standardized docking
and servicing interfaces allow for multiple customers to access the depot for service. The depot is launched into an
elliptical transfer orbit aboard a Falcon Heavy and uses its iodine-fed Hall-effect propulsion system to circularize to its
operational altitude of 34,786 km over approximately three years.

The operational concept follows a fixed-orbit servicing paradigm: the depot remains stationed in its designated
orbit while client spacecraft perform rendezvous, proximity operations, and docking (RPOD). In the near term, the
primary clients are expected to be dedicated servicing spacecraft that act as intermediaries between the depot and legacy
satellites lacking sufficient maneuvering capability, though future spacecraft with standardized servicing interfaces may
access the depot directly. All visiting vehicles are assumed to carry compatible guidance, navigation, and control (GNC)
systems and standardized docking interfaces for autonomous or supervised docking.

The depot’s propellant refueling architecture is based on hydrazine, selected for its widespread use in GEO satellite
propulsion systems, with a total storage capacity of 7,000 kg across seven bladder tanks. The initial deployment launches
with a full propellant load to maximize initial revenue-generating inventory. In addition to propellant services, the depot
provides modular resupply components stored within an internal cargo bay and transferred via an onboard robotic
manipulator. Subsequent resupply missions, triggered by inventory depletion, leverage rideshare launch opportunities to
restore the depot to full operational capacity.

B. Primary Mission Objectives
The MISO mission is structured around two primary demonstration objectives. The first is to demonstrate on-orbit

propellant storage and transfer, validating the depot’s ability to receive, store, and dispense hydrazine to docked client
vehicles through a pressure-regulated fluid transfer system. The second is to demonstrate on-orbit component storage
and transfer via a robotic arm, confirming the depot’s capability to exchange orbital replacement units (ORUs) such as
solar array modules, antenna assemblies, and battery packs. Mission success is demonstrated by completing mechanical
docking with a visiting vehicle, executing propellant transfer operations within specified flow-rate and quantity margins
or completing at least one robotic component handoff, and maintaining continuous telemetry throughout. Full mission
success requires sufficient cumulative transfers to achieve profitability.
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IV. Business Case Analysis
To assess the economic viability of the MISO concept, a comprehensive business case analysis was conducted,

incorporating lifecycle cost estimation and a demand-driven revenue model based on projected GEO servicing adoption.
Conservative assumptions were applied across development, manufacturing, launch, and operations to ensure robustness.
The estimates were used to evaluate long-term profitability under both early-market and mature ISAM conditions.

A. Cost Estimate
The total lifecycle cost is estimated to be about $1.65B, including development, production, launch, and operation.

Development costs include research and development (R&D), system design, and program management over an estimated
five-year build period. Production costs account for manufacturing, integration, and testing. Launch costs are based on
a Falcon Heavy-class vehicle.A development overhead allocation and a contingency margin of approximately 30% is
applied to account for technical and programmatic uncertainties. The operations phase includes recurring costs such as
mission operations, maintenance, insurance, and corporate administrative expenses over the depot’s operational lifetime.
Additionally, periodic resupply missions using rideshare, estimated at $45M to $110M per mission to GTO-class orbits,
are incorporated as a recurring cost driver tied directly to servicing demand and propellant throughput.

Table 1 summarizes the estimated costs.

Table 1 MISO Lifecycle Cost Breakdown

Cost Category Estimated Cost (USD)
Research & Development (R&D) $180M
Manufacturing $350M
Integration and Testing $80M
Launch $100M
Development Overhead $120M
Contingency (30%) $260M
Operations (Lifetime) $380M
Insurance $130M
Corporate/Admin $50M
Total Lifecycle Cost $1.65B

B. Revenue Model
The revenue model yields a projected lifetime revenue of $5.4B to $8.7B USD after incorporating revenue streams

from fuel sales, membership-based services, component resupply, and on-orbit storage services. Pricing tiers are
designed to incentivize long-term customer engagement. The diversified structure reduces reliance on any single revenue
stream and improves resilience to market variability.

1. Fuel Revenue
The core revenue stream of hydrazine propellant sales is project to total $3.5B to $5.5B over the 15-year operational

lifetime. Using Northrop Grumman’s Mission Extension Vehicle (MEV) as a baseline client, the analysis assumes
an average of 300 kg of fuel per transfer, with pricing structured across tiered memberships ($100k to $170k per kg
depending on the tier). This results in an average revenue of approximately $30M to $40M per servicing mission.
Annual fuel revenue scales with frequency of servicing operations, as seen in Table 2.

2. Membership Model
To stabilize revenue and incentivize long-term engagement, a membership model will be implemented which

generates projected lifetime revenue of $1.5B to $2.2B. Two membership tiers are offered: Tier 1 (Premium) offers the
largest price reductions, while Tier 2 (Standard) offers discounted pricing relative to the baseline. Both membership
tiers provide reserved servicing slots and priority docking access. The membership structure is designed to benefit
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Table 2 Annual Fuel Revenue

Phase Operations per Year Revenue
Early 3 $100M/year
Growth 8 $290M/year
Mature 15 $540M/year

servicers with moderate to high operational frequency. Specifically, for customers servicing at least four clients per year,
the membership provides a net cost advantage relative to baseline pricing. This pricing strategy incentivizes repeat
utilization of the depot while supporting long-term customer retention. A summary of the membership structure is
provided in Table 3.

Table 3 Membership Model Structure

Revenue Stream Description
Tier 1 Membership Priority access + maximum discounts
Tier 2 Membership Priority access + discounted pricing
Tier 3 (Baseline) Standard pricing for fuel and components

3. Component Revenue and On-Orbit Storage Services
Additional revenue is generated through the sale of high-value spacecraft components, including batteries, solar

arrays, and antenna systems. Demand is mission-driven and tied to servicing operations, with estimated lifetime revenue
of $300M to $800M.

The depot also provides volumetric storage services priced per cubic meter per month. While initially a minor
contributor, this revenue stream grows with ISAM market maturity, generating $50M to $200M over the system lifetime.

C. Business Outlook and Profitability
The financial model reflects a phased growth trajectory aligned with ISAM market adoption. Revenue during early

years is constrained by capital expenditure and low servicing frequency (2 to 5 operations/year). As adoption increases,
operation frequency scales to 6 to 10 operations/year during growth, and ultimately to 12 to 20 operations/year in a
mature market, driven by increased GEO servicing demand. Th break-even point is expected to occur between Year 12
and 14, corresponding to 4 to 6 years after operational deployment, as recurring revenues begin to offset lifecycle costs.

Key drivers of profitability include servicing frequency, adoption of membership tiers, and utilization of onboard
storage capacity. Importantly, the depot’s refillable architecture and scalable servicing model enable continued revenue
generation beyond initial propellant inventory, supporting long-term operational sustainability and positioning the
system as critical infrastructure within the emerging ISAM economy. A summary of the projected financial performance
is provided in Figure 1.

V. ConOps and Operating Sequence
This section describes the primary sequence of events during the mission, including launch, orbit insertion,

rendezvous procedure during operation, and end-of-life.

A. Launch and Orbit Insertion
The depot is launched by a SpaceX Falcon Heavy rocket into an elliptical transfer orbit with perigee at 185 km and

apogee at 34,786 km. This orbit is similar to a Geostationary Transfer Orbit (GTO), but its apogee is 1,000 km lower.
The depot’s mass of roughly 26,000 kg, with margin, is within the Falcon Heavy’s maximum payload mass to GTO of
26,700 kg, and its structure is designed to fit within the payload fairing.

After being placed into the transfer orbit, the depot fires its Hall Effect thrusters for roughly 3 years until the orbit is
circularized to the operating altitude of approximately 34,786 km. Details on how the transfer time was calculated are

4



Fig. 1 This graph shows cumulative cost and revenue over the mission lifecycle, highlighting how profitability
depends on market adoption rate.

provided in Section VIII C, Electric Propulsion Subsystem.

B. Depot Altitude Selection
The depot operates in a circular orbit with 0° inclination at an altitude of roughly 34,786 km, 1,000 km below

GEO. After considering various options, this altitude was selected because it minimizes required ΔE for servicers while
maintaining a reasonable average response time, where response time is defined as the time it takes for a servicer to
travel to the depot from its current position in GEO. The initial goal when selecting an altitude was to minimize response
time. This was motivated by prospect of providing rapid support to a servicer that needs urgent repair. An optimization
analysis showed that placing the depot at an altitude of 18,400 km would achieve a 90th percentile response time of 24
hours [2]. However, this created an unreasonable ΔE requirement for servicers of 1.5 km/s [2]. Upon further analysis,
the priority was shifted to minimizing the ΔE requirement for servicers while maintaining a reasonable response time.
This led to two primary options: placing the depot in GEO and placing it below GEO. Evaluating these options showed
that while placing it in GEO gives more flexibility to servicers to choose their balance between ΔE and response time,
while placing it slightly below GEO requires less ΔE on average.

The main benefit to servicers of a depot in GEO would be the flexibility to choose their balance between ΔE and
response time. With both satellites in the same orbit, ΔE and response time are driven by the initial angular separation
between the servicer and depot. The trade-off between the variables can be seen in Fig. 2. For any given angular
separation, a servicer can either spend more ΔE to minimize the response time by covering the entire separation angle
with a limited number of phasing orbits, or it can minimize ΔE by using more phasing orbits to gradually cover the
separation angle. For example, assume the servicer starts 90° ahead of the depot. It can close this separation in just over
three days by entering a phasing orbit which closes 30° of separation with each orbit. This would require 158 m/s of ΔE.
Alternatively, it can spend 17 m/s to use a phasing orbit which would close 3° of separation with each orbit, resulting in
a transfer time of 30 days. This concept would provide valuable flexibility to servicers to choose their transfer orbit
based on their priorities.

However, placing the depot just below GEO will exchange this flexibility for a significant reduction in required ΔE.
In this case, the response time is dominated by the time a servicer has to wait for the right alignment to start a Hohmann
Transfer. The ΔE is set for any chosen depot altitude, but response time depends on initial angular separation, since that
determines the wait time required for alignment. Fig. 3 shows how response time scales with depot altitude, where
response time is averaged across all initial separation angles. The result is that for a comparable response time to the
previous case, ΔE tends to be lower. For example, a depot altitude of 1,000 km below GEO requires an average response
time of 14 days and a ΔE of just 19 m/s. This combination of response time and ΔE could not be achieved if the depot
were in GEO. Since the priority is minimum ΔE, it is acceptable to sacrifice the option of ultra-low response times in
favor of consistently lower ΔE cost.
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Fig. 2 For the case of the depot in GEO, ΔE and response time vary with initial angular separation from the
servicer to the depot. Positive angles lead to a phasing orbit with period >24 hours, and negative angles lead to
one with period <24 hours.

Fig. 3 For the case of the depot below GEO, ΔE decreases linearly with altitude, while average response time
begins to sharply increase between 34,000 and 35,000 km. Note that the average response time is in units of days.

C. Station-keeping
If left uncorrected, the depot’s inclination would increase by about 1° per year, so the depot will use its thrusters to

correct this inclination drift with North-South station-keeping maneuvers. The RAAN of the orbit will also drift over
time, but since there are no other satellites currently at that altitude which pose a collision risk, there is no need to
correct the RAAN drift.

D. Near-Field Rendezvous
Once a servicer is at close range to the depot, defined as within 10 km, it will perform its near-field rendezvous

in a safe and controlled manner using a walking safety ellipse. Once it gets within 1 km of the depot, it will perform
two burns to reduce the diameter of the ellipse. At that point, the servicer will switch to maneuvering using relative
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navigation. The depot will have a set of AprilTags, the fiducation preferred by NASA’s Exploration and In-space
Services (NExIS) Projects Division, on all sides [3].

E. End-of-Life
When the depot reaches the end of its life and is no longer operational, it will be raised into the standard graveyard

orbit for GEO satellites about 300 km above GEO. This will require roughly 47 m/s of ΔE.

VI. System Requirements and Architecture

A. System Requirements
The system requirements for MISO were developed through a structured requirement flowdown process, beginning

with high-level mission objectives. This approach ensures traceability between mission goals and subsystem design.
Requirements are organized into two primary levels: top-level mission requirements (Level 1), which define overarching
system objectives and capabilities; and system functional and performance requirements (Level 2), which specify the
quantitative and qualitative criteria necessary to achieve mission success.

1. Top-Level Mission Requirements
The top-level mission requirements establish the fundamental objectives of MISO, emphasizing persistent operation,

modular servicing capability, and operational autonomy. These requirements define the system as a reusable on-orbit
infrastructure element capable of supporting a range of in-space servicing activities. A summary of the primary mission
requirements is provided in Table 4.

Table 4 Top-Level Mission Requirements (Level 1)

Requirement ID Description
L1-M-03 The spacecraft shall be capable of completing servicing operations in orbit without reliance on

human involvement.
L1-M-04 The spacecraft shall be capable of transferring liquid propellant to a client satellite.
L1-M-05 The spacecraft shall be capable of transferring replacement components to a client spacecraft.
L1-M-08 The spacecraft shall be capable of being refuled by resupply spacecraft.
L1-M-11 The spacecraft shall be capable of reaching and operating within 1,000 km of GEO, including

consideration for all environmental factors.

2. System Functional and Performance Requirements
System-level requirements define the functional capabilities and performance metrics required to satisfy the

mission objectives. These requirements are allocated across major subsystems, including structures, propulsion, power,
communications, GNC, thermal management, and servicing systems. Key requirements address propellant storage and
transfer performance, robotic arm capability, docking interface compatibility, power generation and storage capacity,
communication bandwidth, and system reliability over the 15-year design life. Environmental considerations, including
radiation tolerance and thermal cycling near GEO, are also incorporated into subsystem requirements. A subset of
representative system-level requirements is provided in Table 5.

B. System Architecture
The MISO system architecture is organized into three functional layers: mission management, which handles high-

level planning, client communication, and safety monitoring; service management, which governs docking, proximity
operations, and servicing execution; and resource management, which oversees propellant inventory, power distribution,
thermal regulation, and system health. These layers are designed to support both autonomous and ground-supervised
operations. Table 6 summarizes the primary architectural functions and their associated responsibilities.
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Table 5 Representative System Functional and Performance Requirements (Level 2)

Requirement ID Description
L2-STRC-01 The structure shall be designed to withstand all mechanical loads with a 1.4 safety factor.
L2-STRC-02 The system shall have a standard interface for client spacecraft to dock to.
L2-PROP-01 The propulsion system shall be able to insert the depot into its final orbit and maintain the orbit.
L2-REG-01 The system shall comply with strategies and regulations for debris mitigation and end-of-life.
L2-RA-02 The robotic arm subsystem shall support component transfer operations and shall not be

required to perform docking or capture of a client servicer.

Table 6 Key System Architectural Functions

Function Description
Mission Management and
Safety

Controls overall mission flow, including communication, service request assessment,
mission mode selection (planned vs. emergency), and safety/fault monitoring.

Guidance, Navigation, and
Control (GNC)

Enables rendezvous with the client satellite through orbital state estimation, trajectory
planning, path execution, proximity operations, and station-keeping.

Visiting Vehicle Interaction
Management

Monitors and regulates approaching vehicles by defining keep-out zones, assigning
docking ports, coordinating approaches, and enforcing proximity safety constraints.

Identification and Interface
Verification

Ensures compatibility and correctness by identifying the target, verifying ICD compli-
ance, recognizing visual markers, and validating docking geometry and authorization.

Capture, Anchoring and Sta-
bilization

Manages physical interaction using a robotic arm to establish contact, dampen relative
motion, engage anchoring mechanisms, and stabilize structural loads.

Resource Storage and Man-
agement

Maintains servicing resources, including fuel storage (monitoring, selection, routing)
and module/parts inventory (tracking, preparation for transfer).

Servicing Operations Executes core mission tasks such as satellite health assessment, module/part transfer,
refueling, repair/replacement, and service verification.

Separation and Post-Service
Operations

Handles safe mission closure through anchor release, controlled undocking, departure
trajectory planning, and post-service clearance monitoring.

Station-keeping and System
Support

Provides continuous background support including power/thermal management, robotics
health monitoring, port readiness, fault detection/recovery, and ground override.

VII. Physical System Design
This section presents the physical system design of the depot, which includes the arrangement of subsystems,

propellant storage, payload accommodation, and external interfaces. The design of the depot ensures compatibility with
launch vehicle constraints, efficient volume utilization, and the ability to support on-orbit servicing operations.

A. Spacecraft Configuration
The depot satellite is designed as a hexagonal prism, as shown in Figure 4a, to support in-orbit refueling and payload

transfer. The primary structure consists of six aluminum corner beams connected by honeycomb sandwich panels,
forming the side walls, base plate, mid plate, and top plate. This hexagonal prism bus allows for internal storage of
payloads, fuel, and subsystems, shown in Figure 4b, as well as six accessible ports for client satellites to dock to the
depot.

B. Layout
The internal layout is organized to separate payload handling and propellant storage while maintaining a balanced

center of mass and efficient system integration. The spacecraft is divided into two primary sections: the payload bay
(upper section) and the fuel bay (lower section), as shown in Figure 5. The payload bay houses client-deliverable
hardware, including 3 deployable antennas, 30 batteries, and 4 roll-out solar arrays. The fuel bay contains all propellant
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(a) Hexagonal depot spacecraft with deployed solar arrays
and robotic arm.

(b) Internal component arrangement and primary load-
bearing frame.

Fig. 4 CAD images of depot spacecraft.

storage and plumbing, including 7 hydrazine tanks for client refueling, 4 iodine tanks for electric propulsion maneuvers,
and 4 helium tanks for pressurization. The propellant tanks are arranged symmetrically around the spacecraft centerline
to minimize center of mass o�sets, ensuring stable attitude control. Externally, the spacecraft features six docking
interfaces (one per side panel), a 7-DOF robotic arm mounted on a 360º rail, six deployable solar arrays, antennas for
ground and client communications, and RCS cold gas thrusters for attitude control. This layout allows for parallel
servicing operations and robotic accessibility to all docking ports.

Fig. 5 General layout of depot.

C. Dimensions and Volume Constraints
The spacecraft dimensions are driven by the launch vehicle constraints, propellant/payload storage requirements,

and power generation needs. Figure 6a shows the general dimensions of the depot. With the robotic arm and solar
arrays stowed, the depot has a height of 3.57 m and a width of 3.51 m. In this stowed con�guration, the footprint of the
depot �ts within SpaceX's Falcon Heavy payload fairing, shown in Figure 6b. When the depot's solar arrays are fully
deployed, it will have a full span of 16.26 m. The depot is designed to maximize usable internal volume to store the
payload, fuel, and subsystems while remaining within launch vehicle constraints.

VIII. Key Subsystems
The MISO platform has various key subsystems that de�ne the technical foundation of the architecture. First,

the Client Refueling subsystem enables standardized, reliable propellant transfer to a range of servicing clients. The
Component Transfer subsystem, consisting of a modular cargo bay and robotic manipulation system, supports the delivery,
exchange, and installation of critical hardware elements. The Electric Propulsion subsystem provides high-e�ciency
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