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ISS Reaching End of Life

= Currently plan to keep operational
till 2024

= Potential to remain operational till
2031 at the max

Figure: 1SS

Private Space Stations

= $415.6 M awarded to 3 companies
in 20211

SESEN

Great Potential for an autonomous
robotic space station...

Space, and Lockheed Martin



Video: Facteon Robotic Assembly
Line for consumer appliances

Figure: Intelsat 10-02 taken by
MEV-2's infrared wide field of

view camera at 15 meters away >

Related Work

Autonomous (and
Manual) In-Space
Assembly: ISS

Autonomous Terrestrial
Assembly: Commercial
Products for Circuit
Boards, IC Engines, and
other appliances

Autonomous Docking:
Achieved with Large
Satellites, CubeSats have
not be Space Proven yet

]

Partner

SpaceTREx

Video: ISS Assembly (NASA)

Figure: AAReST
MirrorSats 3



Objective

Develop a design for a Space Station for LEO or
Cis-Lunar Space

Capable of autonomous operation

Assembled in-space autonomously
Modular with CubeSat building blocks
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Futional Architecture: Moularly Orientéd Robotic
Platform Hub (MORPH

Propulsion

Docking Port

Moduls /
Visible Light Camera (opay  Grapvle Fixture Guidance, Navigation
Satlet | & Control (GNC)
SAR SAR Vis uv Vis uv Vis uv Vis uv

Robot Arm Loading Dock

[ ] L [ ] @ o [ ] [ ] L 1
Poer, ADCS,
Solar Panels & Comms Antennas SEAtioNICOrENEEmEIN solar Panels & Comms Antennas Th
oty ermal Control
IR Camera Satlet
? ? ¢ ® 4 *—re 4 o System
LIDAR Unloading Dock \

— Truss Structure

SAR SAR
ADCS HG Comms
O e e e Electrical Power
NIR Camera Satlet Medles :
System (EPS)
Instrument "Satlets” | MORPH I Station Core

Modular Robotic Space Station inspired by the

functionality of the ISS
M [ A\

Docking Adapters ‘ Robotic Arm |

Manipulators

Communications ‘




Launch Earth Perform
Observing Perform Docking Operational

Satellites Checks

Earth
Observation

Vision for end-to-end autonomous robotic
construction and assembly.



Snacemix

ADC Actuator
Thruster
Battery Module
Solar Panel

Proposed Station Layout:
Earth Observation
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Alternative Configuration: Asser;lbiy of Complex
Structures with CubeSat Building Blocks

CubeSats with Docking capabilities
to form modules of the Station Core
itself

Video: Solar Panel Assembly using 12U Building Blocks
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Video: Parabolic Dish/ Mirror Assembly using
12U Building Blocks



Potential Applications

Earth Observation

Space Telescope

Ballistic Missile Defense/Detection

Zero-G Experimentation Hub
Communications Network (Military/Civilian)
Spacecraft Refueling Center

CubeSat Swarm Control Center

Space Debris Collection and cleanup
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Docking
= IAC 2021, AASGNC 2022

Inter-Satellite
Communication and

Coordination
= AASGNC 2022, IAC 2022%

SpaceTREx

Key Enabling Technologies

Chaser CubeSat (3U)
3U Solar Panel (Deployed)
. f’i CubeSat Thruster Nozzle
# CubeSat Propulsion System

Body Mounted Solar Panel
Integrated CubeSat ADC System

Surface Mounted (SMD) LED Light

Modified Probe (Mating Adapter)
Modified Cone (Mating Adapter)

Onboard Computer (OBC)

S-Band Patch Antenna

Battery Pack

Runner CubeSat (3U)



Conclusions and Future Work

Analysis
» Economic Viability
= Longevity
= Versatility
Trajectory Design
System and Subsystem Design
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