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National Space Strategy 2018
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NASA CALLED TO LEAD IN TWO AREAS

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

President Donald J. Trump is
Unveiling an America First
National Space Strategy

== IHFRASTRUCTURE & TECHMOLOGY smued onc March 33, 2018
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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.

) Lead: NASA and DOD

(V) 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.

(V) 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.

Courtesy of Keith Belvin, NASA LaRC document approved for public release



National Space Strategy 2018

NASA CALLED TO LEAD IN TWO AREAS
The National Space Strategy identifies NASA/DOD as the OSAM leads for the Nation

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

e Objectives:
— Facilitate Relationships
— Develop and Share

President Donald J. Trump is
Unveiling an America First
National Space Strategy
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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.

) Lead: NASA and DOD
(V) 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. Tech n0|ogy

(V) Timeline: Continuous program

(U) Measure of Performance: Number of technologies developed and transferred between the — Advance New Conce ptS and
government and industry; demonstration ff on-orbit mission extension, servicing, assembly, C bl .

and manufacturing; and as appropriate, defined voluntary standards and operational practices d pa lities

for on-orbit servicing capabilities.

— Serve as a Knowledge Center

Courtesy of Keith Belvin, NASA LaRC document approved for public release 3



OSAM is an emerging set of capabilities that enables
servicing, repair, upgrade, modular assembly, and
inspection of space assets

e 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...

Courtesy of Dale Arney, NASA LaRC document approved for public release

ISS In-Space
Servicing

ISA In-Space
Assembly

ISM In-Space
Manufacturing



OSAM: In-Space Assembly (ISA)

OSAM is an emerging set of capabilities that enables ISS In-Space
servicing, repair, upgrade, modular assembly, and Servicing
inspection of space assets

e 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!

ISA In-Space ISM In-Space
Assembly Manufacturing

Courtesy of Dale Arney, NASA LaRC document approved for public release 5




In-Space Assembly (ISA)

OSAM is an emerging set of capabilities that enables ISS In-Space
servicing, repair, upgrade, modular assembly, and Servicing
inspection of space assets

e 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/! ISA In-Space ISM In-Space

Assembly Manufacturing

Courtesy of Dale Arney, NASA LaRC document approved for public release 6




Autonomy In Decision-Making

e Autonomy is the ability of a system
to achieve goals while operating SUPENVISEd Autonomy
independently of external control.

— 2015 NASA Technology Roadmaps

e Requires self-directedness The Curiosity rover can

(to achieve goal S) autonomously drive from point

) .. to point using stereo vision and
e Requires self-sufficiency on-board path planning.

(to operate independently)
e 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

document approved for public release
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Autonomous Systems are Cross-Cutting
e —

Propulsion Systems
1.1  Chemical Space Propulsion
1.2 Electric Space Propulsion
1.3 Aero Propulsion

1.4  Advanced Propulsion

Flight Computing and Avionics

21 Avionics Component Technologies
2.2 ionis 3 and ¥ 8
23 Avionics Tools, Models, and Analysis

Aerospace Power and Energy Storage
3.1 Power Generation and Energy Conversion

3.2 Energy Storage

3.3 Power Management and Distribution

Robotic Systems
4.1 Sensing and Percaption
Mobility
Manipulation
Human-Robot Interaction
Autonomous Rendezvous and Docking
Robotics Integration

Communications, Navigation, and
Orbital Debris Tracking/Characteriza-
tion Systems

5.1  Optical Communications
5.2 Radio Frequency
53 Internetworking
54  Network Provided Position, Navigation, and Timing
5.5 y G Te
5.6 Networking and Ground Based Orbital Debris Tracking
and Management
57 Acoustic Communications -
- - -
Human Health, Life Support, and
Habitation Systems
Environmental Control and Life Support Systems
and Habitation Systems
Extravshicular Aetivity Systams
Human Health and Performance
Environmental Monitoring, Safety, and
Emergency Response
Radiation
Human Systems Integration

- -
Exploration Destination Systems

71 In-Situ Resource Ulilization
7.2 Mission Infrastructure, Sustainability, and Supportability
7.3 Mission Operations and

M
Sensors and Instruments

81 Remote Sensing Instruments and Sensors
8.2  Observatories
8.3  In-Situ Instruments and Sensors

Entry, Descent, and Landing

8.1  Aeroassist and Atmospheric Entry
a2 Descent

93 Landing

9.4 Vshicle Systems

<10

Autonomous Systems
10.1 Situational and Self Awareness
10.2 Roasoning and Acting

10.3 Collaboration and Interaction
10.4 Engineering and Integrity

Software, Modeling, Simulation, and

Information Processing

11.1  Software Development, Enginsering, and Integrity

11.2  Modeling

11.3  Simulation

1.4  Information Processing

11.5 Mission Architocture, Systems Analysis, and Concept Development
11.6 Ground Computing

Materials, Structures, Mechanical Systems,

and Manufacturing
121  Materials

12.2  Structures

12.3 Mechanical Systems
124 Manufacturing

125 Structural Dynamics

| & =

Ground, Test, and Surface Systems
13.1 Infrastructure Optimization

13.2  Testand Qualification

13,3 Assembly. Integration, and Launch

13.4 Mission Success Technologies

Thermal Management Systems

141  Cryogenic Systoms
14.2  Thermal Control Components and Systems
143 Thermal Protection Components and Systems

Flight Vehicle Systems

151 Aerosciences

15.2 Flight Mechanics

Air Traffic Management and Range
Tracking Systems

16.1  Safe All Vehicle Access

16.2  Weather/Environment

16.3  Traffic Management Concepls

16.4  Architeciures and Infrastructure

16.5  Range Tracking, Surveillance, and Flight Safety Technologies
16.6 Integrated Modeling. Simulation, and Testing

| IS
Guidance, Navigation, and Control (GN&C)
and T: etit i

171 Guid

17.2  Mavigation Technologies

17.3  Control Technologies

17.4  Attitude Estimation Technologies

17.5 GNC i ing i

17.6  Technologies for Aircraft Trajectory Generation, Management,
and Optimization tor Airsp: i
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and called out specifically in
multiple NASA Technology Roadmaps



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

document approved for public release




In-Space Assembled Telescope (ISAT) Study

 Enabling the next generation of large space telescopes in space

e SAT 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?”

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

Step 5

Grass Roots Quantitative
Concept Analyses of
Project ISA Costs

Planning

Step 1

Reference
Telescope
Architecture &
Modularization
Selection

Trade Space Qualitative
Analyses and } Cost and Risk

Concept of Analysis of
Operations ISA

Selection

The Five Steps of the NASA I1SAT Study

document approved for public release
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https://exoplanets.nasa.gov/internal_resources/1254

In-Space Assembled Telescope (ISAT) Study

 Enabling the next generation of large space telescopes in space

e SAT 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?”

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

Step 5

Grass Roots Quantitative
Concept Analyses of
Project ISA Costs

Planning

Step 1

Reference
Telescope
Architecture &
Modularization
Selection

Trade Space Qualitative
Analyses and } Cost and Risk

Concept of Analysis of
Operations ISA

Selection

The Five Steps of the NASA I1SAT Study
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ISA Capability Needs

1. Deployable modules - e e " laRC
1.1 Deployable su Deployable mOdU|eS alter a build-up in
1.2 Inflatable com Errors.
2. Struciurf;IAssemblv Structural aSSG‘mb|y ble of
2.1 Rohotic assem . N arts capable o
22 onereacimd 3. Gonnecting utilities s spectrum of design

2.3 Ability to asse
2.4 Ability to asse
2.5 Ability to asse

2.6 Ability to asse

Ablllty tO dlSJOln tries, systems, and
. . . . g . mensional or mass
Sensing, Modeling, Simulation, and Verification

O N OREWN =

joints Interoperability

2.7 Ability to asse .

stability Automation/Autonomy

2.8 Ability to asse L.

co ntroll _ P recision b structural

2.9 Ability to asse ) . control.

(o2 Moon. Vars) | § - Adaptive correction power and data

210 Ability to dep with active

fabrication proces '] 0 . DeS|gn

2.11 Conductive hg .  TBD sensors for
3. Connecting utilities 1 1 Tunablllty metry.

3.1 Ability to routs

assembled joints 1 2 Sta b|||ty passive vibration

3.2 Ability to routd

23aniiy oroutd 1.3, Standard interfaces

3.4 Ability ta routs . . —
aaityasan | 14.Docking/berthing dard mechanical,

connection
4.1 Ability to reverl T 3. Precision TP PTOTCITCS TUTOT W CTT-LT raracterized propertl'es.
and fluid connections.

4.2 Ability to disconnect structural, electrical, and fluid
connections without propagating damage to other
system components.

8.1 ligging and joining processes capable of achieving a 14. Docking/Berthing

high level of precision open-loop. 14.1 Soft docking / berthing of modules
8.2 Known precision limits of any andall assembly

agent elements across the assembly site's

environmental envelope

https://www.nasa.gov/sites/default/files/atoms/files/snt partnership 1 - aiaa space 2018.pdf
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ISA Capability Needs - Autonomy

1. Deployable modules
1.1 Deployable su 1 . Deployable mOdU|eS ™ alter a build-up in
1.2 Inflatable com 2 St t I bl — Brrors.
2. Structural Assembl - —=
2.1 Robotic asser: . Al ure_l ass_e_m y @ {)‘ arts capable of
22 ongreachmd 3. Connecting utilities S 5 &) pspectrum ofdesian
2.3 Ability to asse 4 Ablt t d . . g ‘ﬂ :a
2.4 Ability to asse| Il y 0 ISJOIn _@ O) d)) tries, .SYStTmS’ and
= . . . . - . —— . |mensional or mass
25 miiyoasset 5 - Sensing, Modeling, Simulation, and Verification ®. 3 «b)
2.6 Ability to asse i —
it 6. Interoperability S = Z
2.7 Ability to asse . c‘b) {) \
stability /. Automation/Autonomy I ) =
2.8 Ability to asse o >> 1) 5=
o, | 8. Precision = B3 penan
- 1 0 asse . . ; E_:J . -
(e.e. Moon, vars)| §  Ada p’uve correction 3 = 9 power and data
2.1D_L\b!hty to dep ) — " — {)* with active
fabrication pr_oces '] 0 DeS|gn — ‘Q @,
2.11 Conductive hg . @ '6* ,r*  TBD sensors for
3. Connecting utilities 1 1 Tunablllty ) & €31 meury.
3.1 Ability to routs . — { (¢
gﬁ;;nt:itl}iﬁdtj;ir:jte 1 2 Sta b|||ty . QDE 'a L—)) passive vibration
33mniity orourd 1 3_Standard interfaces O)
4 Ability to route - . ndard mechanica
sasivyoason | 14.Docking/berthing D o e
4.1 Ability ta revert

3. Precision FPPTOTCITCS TWIT WWCTT-CrraT acterized propertl'es.

8.1 ligging and joining processes capable of achieving a 14. Docking/Berthing
high level of precision open-loop. 14.1 Soft docking / berthing of modules

and fluid connections.
4.2 Ability to disconnect structural, electrical, and fluid
connections without propagating damage to other

system components. 8.2 Known precision limits of any andall assembly

agent elements across the assembly site's
environmental envelope

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

1. Deployable modules
1.1 Deployable su

1.2 Inflatable com
2. Structural Assembly|
2.1 Robotic assem
2.2 Long-reachmg
2.3 Ability to asse
2.4 Ability to asse
2.5 Ability to asse

2.6 Ability to asse
joints
2.7 Ability to asse
stability
2.8 Ability to asse
control
2.9 Ability to asse
(e.g. Moon, Mars)
2 .10 Ability to dep
fabrication proces
2.11 Conductive he
3. Connecting utilities
3.1 Ability to routs
assembled joints
3.2 Ability to routd
3 3 Ability to routa

3.4 Ability to routs
4. Ability to disjoin
4.1 Ability ta revert

Deployable modules

Structural assembly

Connecting utilities

Ability to disjoin

Sensing, Modeling, Simulation, and Verification
Interoperability

Automation/Autonomy G=
Precision

9. Adaptive correction

10.Design

11.Tunability

12.Stability

13.Standard interfaces

14.Docking/berthing

O N OREWN =

alter a build-up in
Brrors.

arts capable of
s spectrum of design

tries, systems, and
mensional or mass

b structural
control.

power and data
with active

 TBD sensors for
metry.

passive vibration

ndard mechanical,
connection

and fluid connections.
4.2 Ability to disconnect structural, electrical, and fluid

connections without
system components.

8. Precision
8.1 lJigging and joining processes capable of achieving a
high level of precision open-loop.

14. Docking/Berthing
ropagating damage to other
e 8 8.2 Known precision limits of any andall assembly
agent elements across the assembly site's
environmental envelope

TP PTOTCITCS TUTOT W CTT-LT raracterized propertl'es.

14.1 Soft docking / berthing of modules

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

L ————

1. Deployable module:

1.1 Deployable su 1 . Deployable mOdU|eS alter a build-up in
1.2 Inflatable com rrors.
B P 2. Structural assembly o
2.1 Rohotic assem . N rts capable o
22 ngreachma 3. Connecting utilities 5 spectrum of design

7. Automation / Autonomy Ability to perform tasks and assess situation for decision
making with minimal or no human input

7.1 Intelligence to make stereotyped decisions | Software to automate assembly operations short of full
correctly without human input autonomy, minimal adaptability to unexpected situations

7.2 Intelligence for full autonomy
7.3 Fail-safe modes of behavior on failure | Ability to detect problems and move into “safe mode™ to

detection foreclose additional problems
7.4 Multi-agent autonomy (distributed situation | Ability of multiple autonomous agents to develop common
assessment & coordinated control) situation state estimate & develop appropriate cooperative

plans of action w/out requiring massive real-time data links
between agents

3.4 Ability to routs . - dard hanical,
aavmyoagen | 14.Docking/berthing e

4.1 Ability to reverl

. . T 2. Precision TPPTOTCITICS TUTT wermrtraracterized propertl'es.
EiE flu!c.j Conne_cuons' - - 8.1 ligging and joining processes capable of achieving a 14. Docking/Berthing
4.2 Ability to disconnect structural, electrical, and fluid . .. ) .
high level of precision open-loop. 14.1 Soft docking / berthing of modules

connections without propagating damage to other

system components. 8.2 Known precision limits of any andall assembly

agent elements across the assembly site's
environmental envelope

https://www.nasa.gov/sites/default/files/atoms/files/snt partnership 1 - aiaa space 2018.pdf
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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 l

2.4 Execution and Control |

2.5 Fault Diagnosis |
and Prognosis

2.6 Fault Response l

2.7 Learning and Adaptingl

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

i

Updated 2019-06-21
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NASA’s Autonomous Systems Capability Taxonomy

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

16
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ISAT: 20 m Segmented UV/V/NIR Telescope

Key Design Features
Modularized Flight Elements

Multiple Launches
Relaxed Mass and Volume Constraints

In-Space Assembly and Servicing of Flight Elements . 20 Meter .
Primary Mirror '

document approved for public release
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iISAT ConOps: Major Steps

Berthing of Cargo
Delivery Vehicle

Optical Element
Assembly

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

st ‘ " document approved for public release
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ISAT Technical Challenges

Autonomous Robotic Ops

* Multi-agent collaboration

e Autonomous manipulation

iSAT Technical SMIneaf

structures and
Challenges precision joining
(incomplete list) jecnanisms

Robotic
manipulators
walking on
gossamen i
structures with Multi-agent collaborative

minimal induced autonomous manipulation
stresses

Spacecraft attitude /

and control during
assembly

document approved for public release
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Precise,
adjustable,
reversible
interfaces with
harnesses

manipulation of

soft goods such

as Mylar sheets
and blankets
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r =
ISAT Technical Challenges

= 2 : Stiff linear |
ISAT TEChn ICHI structures and
Challenges

precision joining

Autonomous Robotic Ops

(incomplete list)
Multi-agent collaboration

Precise,
qdjustable,
_ reversible

B A interfaces with
e | harnesses
Robotic
Autonomous manipulation manipRiatos
walking on

Walking on

mechanisms

gossamer
[ ]

structures with Multi-agent collaborative
minimal induced autonomous manipulation
stresses

Gossamer structures

5 +— Assembly and
Ltas Y .« manipulation of

. . G B A soft goods such
Assembly and manipulation of... I S : as Mylar sheets
_ < and blankets

e Soft goods _ L R S St Y |
Spacecraft attitude and control

Spacecraft attitude /

and control during
assembly
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Robot arm with end effector

Pallets with Pallet storage

truss struts

Y motion base

X motion baseX

© motion base

document approved for public release 21



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 | -

e Test & Evaluation (T&E)

document approved for public release
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T&E for Autonomous ISA — Modeling & Simulation

* Development, Test, and Evaluation via simulation
e Hardware In The Loop

« Data Distribution Service (DDS)
 Distributed

e Full Scale

e Subscale

 VR/AR/MR

document approved for public release



OSAM: Performance, Resilience, Persistence

NASA: Telescope - stable, large space platform that is enabled by on-orbit assembly
Telescope iSAT study: “The consensus finding of the SMEs in this Study was that closing
the gaps and demonstrating them is achievable with today’s capabilities.”

* \Very large structure robotically assembled with erectable units

* Essentially no increase in complexity with increasing size

* Efficient packaging (launch mass limited — not volume limited)

\_ * Inherently serviceable, expandable, repairable with predictable structural performance

NASA: Lunar Surface (Artemis) — persistent architecture for lunar infrastructure

Artemis maps manufacturing toward ISRU; assembly to construction 0
* Logistics need low cost ($/kg) landed mass

—
« Drive toward persistent architecture — every lander/payload adding to Iunar I 7*'"

infrastructure — sustainable and resilient |
* Surface power for demanding ops and lunar night

DOD: Persistent Platform - instantiation of a persistent infrastructure
Persistent Platform reusable infrastructure pushing mission affordability

*  Move from building spacecraft around payload toward providing service to
payload
* Connector based service: mechanical, power, data, thermal, fluid

* Complete end-to-end service to payload developer/customer
document approved for public release
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OSAM: Performance, Resilience, Persistence

NASA: Telescope - stable, large space platform that is enabled by on-orbit assembly
Telescope iSAT study: “The consensus finding of the SMEs in this Study was that closing
the gaps and demonstrating them is achievable with today’s capabilities.”

* \Very large structure robotically assembled with erectable units

* Essentially no increase in complexity with increasing size

* Efficient packaging (launch mass limited — not volume limited)

* Inherently serviceable, expandable, repairable with predictable structural performance

NASA: Lunar Surface (Artemis) — persistent architecture for lunar infrastructure

Artemis maps manufacturing toward ISRU; assembly to construction 0
* Logistics need low cost ($/kg) landed mass

—
* Drive toward persistent architecture — every lander/payload adding to Iunar I "*’"
infrastructure — sustainable and resilient

* Surface power for demanding ops and lunar night

DOD: Persistent Platform - instantiation of a persistent infrastructure
Persistent Platform reusable infrastructure pushing mission affordability

*  Move from building spacecraft around payload toward providing service to
payload
Connector based service: mechanical, power, data, thermal, fluid

Complete end-to-end service to payload developer/customer
document approved for public release
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A Rich History |

NASA LaRC’s
Legacy in
Automated and
Autonomous
Systems

(Timeline circa 2015)

document approved for public release



Trusted autonomy refers to self-sustaining and reliable technologies that are certified for mission e
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.

N

Mars missions will require trusted autonomy to keep NASA's Gateway will rely on autonomous technologies
astronauts and hardware safe on the Red Planet where to keep the orbiting outpost functioning and in good
comm delays with Earth can be up to 24 minutes one way. health when NASA astronauts are not aboard.

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/

document approved for public release 27


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

National Aeronautics and
Space Administration

On-orbit Servicing Assembly and Manufacturing (OSAM)
Journeying Longer and Seeing Farther

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.

To arrange further discussion of on-orbit servicing technologies contact

Patrick Cosgrove (Patrick.a.cosgrove@nasa.gov)
Background Graphic: OSAM technologies continue

the legacy of the Hubble Space Telescope (HST)

Servicing Missions, and will be implemented to assist

astronauts spary and expand orbiting stations like the

. 2 . This document is approved for public release by
In‘ternatlonal face Sta_tlon (59). OSA.N.I technolog|es the National Aeronautics and Space Administration.
willialso support lunar surface and orbiting operations.
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