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The National Space Strategy identifies NASA/DOD as the OSAM leads for the Nation

National Space Strategy 2018

2document approved for public release

National Space Strategy 2018
(U) On-orbit Servicing and Manufacturing. Explore new capabilities to
service, manufacture, and assemble space systems.
Develop and demonstrate satellite servicing technologies to support a nascent commercial satellite 
industry, as well as application by NASA, DOD, and Other government agencies. Enable an industry-
led consortium to establish publicly available standards and operational safeguards for commercial 
satellite servicing using rendezvous and proximity operations. 
(U) Lead: NASA and DOD 
(U) Supporting DOS and DOC 
(U) Resources/Authorities required: NASA FY 2018 budget request of $74.0 million, With 
outyear funding / Covered under existing authorities in Title 51. 
(U) Timeline: Continuous program 
(U) Measure of Performance: Number of technologies developed and transferred between the 
government and industry; demonstration ff on-orbit mission extension, servicing, assembly, 
and manufacturing; and as appropriate, defined voluntary standards and operational practices 
for on-orbit servicing capabilities. 

NASA CALLED TO LEAD IN TWO AREAS

Courtesy of Keith Belvin, NASA LaRC
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National OSAM Initiative
• Mission: 

– Serve as NASA’s and the 
nation’s steward for OSAM 
capability development and 
mission execution, and as a 
central hub for engaging the 
broader OSAM stakeholder 
community

• Objectives:
– Facilitate Relationships
– Develop and Share 

Technology
– Advance New Concepts and 

Capabilities
– Serve as a Knowledge Center

Courtesy of Keith Belvin, NASA LaRC



OSAM
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OSAM is an emerging set of capabilities that enables 
servicing, repair, upgrade, modular assembly, and 
inspection of space assets
• Servicing is the on-orbit alteration of a satellite after its initial 

launch using another spacecraft
• Assembly involves on-orbit aggregation of components to 

constitute a spacecraft into a shape or configuration that cannot 
be achieved with traditional deployment methods and available 
launch vehicles 

• Manufacturing involves on-orbit transformation of raw 
materials into usable spacecraft components 

OSAM capabilities combine multiple technologies to enable new 
missions previously considered impossible… 

and demand autonomy!

Courtesy of Dale Arney, NASA LaRC
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Autonomy in Decision-Making
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• Autonomy is the ability of a system 
to achieve goals while operating 
independently of external control.
– 2015 NASA Technology Roadmaps
• Requires self-directedness 

(to achieve goals)
• Requires self-sufficiency 

(to operate independently)
• A system is the combination of elements 

that function together to produce the 
capability required to meet a need. The 
elements include all hardware, software, 
equipment, facilities, personnel, processes, 
and procedures needed for this purpose. 
– 2016 NASA Sys. Eng. Handbook

The Curiosity rover can 
autonomously drive from point 
to point using stereo vision and 
on-board path planning.

Supervised Autonomy
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Autonomous Systems are Cross-Cutting
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Autonomy is pervasive throughout the 
2020 NASA Technology Taxonomy 

and called out specifically in 
multiple NASA Technology Roadmaps

https://www.nasa.gov/offices/oct/taxonomy/index.html
document approved for public release

https://www.nasa.gov/offices/oct/taxonomy/index.html


ISA S&T Partnership Forum
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• Working together to identify common needs and capabilities for ISA
• Opening the doors to assembling habitats away from the 

safe harbor of low-Earth orbit and building large telescopes



In-Space Assembled Telescope (iSAT) Study
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• Enabling the next generation of large space telescopes in space
• iSAT asked “When is it worth assembling space telescopes in 

space rather than building them on the Earth and deploying 
them autonomously from a single launch vehicle?”

The Five Steps of the NASA iSAT Study

When is it Worth Assembling Observatories in Space? 
Astro 2020 APC Whitepaper, R Mukherjee et al. 2019

document approved for public release

https://exoplanets.nasa.gov/internal_resources/1254
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ISA Capability Needs
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https://www.nasa.gov/sites/default/files/atoms/files/snt_partnership_1_-_aiaa_space_2018.pdf

https://www.nasa.gov/sites/default/files/atoms/files/snt_partnership_1_-_aiaa_space_2018.pdf


ISA Capability Needs - Autonomy
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https://www.nasa.gov/sites/default/files/atoms/files/snt_partnership_1_-_aiaa_space_2018.pdf
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ISA Capability Needs – Automation / Autonomy
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https://www.nasa.gov/sites/default/files/atoms/files/snt_partnership_1_-_aiaa_space_2018.pdf

https://www.nasa.gov/sites/default/files/atoms/files/snt_partnership_1_-_aiaa_space_2018.pdf


NASA’s Autonomous Systems Capability Taxonomy
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1. 
Situation and 

Self Awareness

1.1 Sensing and 
Perception

1.2 State Estimation and 
Monitoring

1.3 Knowledge and
Model Building

1.4 Hazard Assessment

1.5 Event and Trend 
Identification

1.6 Anomaly
Detection

2. 
Reasoning 
and Acting

2.1 Mission Planning & 
Scheduling

2.2 Activity and Resource 
Planning and Scheduling

2.3 Motion Planning

2.4 Execution and Control

2.5 Fault Diagnosis 
and Prognosis

2.6 Fault Response

2.7 Learning and Adapting

3. 
Collaboration 

and Interaction

3.1 Joint Knowledge and 
Understanding

3.2 Behavior and Intent 
Prediction

3.3 Goal and Task 
Negotiation

3.4 Operational 
Trust Building

4. 
Engineering 
and Integrity

4.1 Verification and 
Validation

4.2 Test and Evaluation

4.3 Operational 
Assurance

4.4 Modeling and 
Simulation

4.5 Architecture and 
Design

Updated 2019-06-21
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iSAT: 20 m Segmented UV/V/NIR Telescope
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20 Meter 
Primary Mirror

Key Design Features
• Modularized Flight Elements
• Multiple Launches
• Relaxed Mass and Volume Constraints
• In-Space Assembly and Servicing of Flight Elements

https://exoplanets.nasa.gov/exep/technology/in-space-assembly/iSAT_study/

document approved for public release
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iSAT ConOps: Major Steps
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https://exoplanets.nasa.gov/exep/technology/in-space-assembly/iSAT_study/

Artistic rendition of representative 
robotic assembly steps for the 
Study’s iSAT reference concept 

https://exoplanets.nasa.gov/exep/technology/in-space-assembly/iSAT_study/


iSAT Technical Challenges
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Autonomous Robotic Ops
• Multi-agent collaboration
• Autonomous manipulation
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Autonomous Robotic Ops
• Multi-agent collaboration
• Autonomous manipulation
• Walking on

• Gossamer structures
• … 

• Assembly and manipulation of… 
• Soft goods
• … 

• Spacecraft attitude and control

document approved for public release



ISA at NASA Langley Research Center (LaRC)
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Autonomous ISA at NASA LaRC

• Autonomously assemble tri-truss 
to coarse alignment
−Predefined structure with 

truss placement task
− Identify, Seek, Grasp, 

Transport, Deliver, 
Join, Retreat

• Multi-Agent Collaboration
• Test & Evaluation (T&E)

22document approved for public release



T&E for Autonomous ISA – Modeling & Simulation

• Development, Test, and Evaluation via simulation
• Hardware In The Loop
• Data Distribution Service (DDS) 
• Distributed
• Full Scale
• Subscale 
• VR/AR/MR
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OSAM: Performance, Resilience, Persistence
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OSAM: Performance, Resilience, Persistence
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A Rich History

NASA LaRC’s
Legacy in 
Automated and 
Autonomous 
Systems
(Timeline circa 2015)
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LITE

MAPS

CALIPSO

SAGE III

LDEF

HALOE
Sojourner



Space Trusted Autonomy (STA) S&T Partnership Forum
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Trusted autonomy refers to self-sustaining and reliable technologies that are certified for mission 
use. In the future, these autonomous technologies will be reliable enough to perform mission tasks, 
run spacecraft systems and make changes to operations without input from humans or computers.

NASA’s Gateway will rely on autonomous technologies 
to keep the orbiting outpost functioning and in good 

health when NASA astronauts are not aboard.

Mars missions will require trusted autonomy to keep 
astronauts and hardware safe on the Red Planet where 

comm delays with Earth can be up to 24 minutes one way.

In addition to spacecraft and habitat operations, trusted autonomy will enable 
other advanced technologies such as in-space assembly and satellite servicing. 

https://www.nasa.gov/offices/oct/feature/Trusted_Autonomy_for_the_Moon_and_Mars/

https://www.nasa.gov/offices/oct/feature/Trusted_Autonomy_for_the_Moon_and_Mars/


Benjamin Reed 
Deputy Director, Satellite Servicing Projects Division 

NASA’s Goddard Space Flight Center 
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To arrange further discussion of on-orbit servicing technologies contact 
Patrick Cosgrove (Patrick.a.cosgrove@nasa.gov)

Robots are poised to make what was once thought to be impossible in space a reality. 
From extending the lifespan of satellites, to assembling massive life-seeking telescopes in 

space, to refueling and repairing spacecraft on journeys to distant locations, the 
possibilities are endless. Key to these endeavors is demonstrating the foundational 

capabilities – servicing, assembly, and manufacturing. 

Background Graphic: OSAM technologies continue 
the legacy of the Hubble Space Telescope (HST) 
Servicing Missions, and will be implemented to assist 
astronauts span and expand orbiting stations like the 
International Space Station (ISS).  OSAM technologies 
will also support lunar surface and orbiting operations.  

This document is approved for public release by 
the National Aeronautics and Space Administration.  
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