
Value Proposition, Strategic Framework, 
and Capability Needs for

In-Space Assembly
AIAA Space 2018 Forum
September 17-19, 2018

1For Public Release.

Presenter: Phillip A. Williams, Ph.D.

Jim Dempsey Carie Mullins
Doris Hamill Elaine Gresham

Erica Rodgers, Ph.D. Sean Downs

Space Science & Technology Partnership Forum



Introduction

2

In-Space 
Assembly

S&T 
Partnership 

Forum

Conclusions

Introduction

Strategic 
Framework

Stakeholder 
Goals & 
Design 
Drivers

Value 
Proposition

Capability 
Needs

• Space paradigm undergoing a revolution enabled by autonomy and 
robotics

– Large, persistent space assets assembled and routinely upgraded
• In-space assembly (iSA), in-space servicing (iSS), and ultimately in-space 

manufacturing (iSM) will transform space operations capabilities with:
– Significant economic and performance benefits
– For government and commercial space endeavors

• Current state-of-the-art (SOA)
– 5-10 year-old technology at launch 
– 25+ year-old technology at end of mission life

• iSA and iSS enable advancements beyond SOA
– Incorporate modules with rapidly-improving technology
– Through modifications to upgrade and extend the life (persistence) of the space asset 
– Ensure capabilities remain on the cutting edge
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• Traditional way of building spacecraft leads to cycles of spiraling 
costs

– Higher-cost payloads motivated higher-reliability launch vehicles, which increased 
launch costs 

– Increased performance with larger payloads mandates larger and heavier-lift 
launch capabilities

• New, low-cost commercial launch systems have potential to break 
the spiral 

– iSA will take advantage of these launch systems
• Advances in automation and robotics make iSA possible

– Building up large structures beginning with relatively simple components
• iSA technologies will reduce cost of developing and launching new 

systems
– Enable repair or upgrade satellites
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• iSA improves value of space assets by lowering life-cycle cost and achieving 
higher performance 

• iSA brings new capabilities enabled by spacecraft dimensions, masses, or 
configurations that cannot be launched from Earth

• iSA allows individual spacecraft to evolve in response to new knowledge, 
techniques, and technologies

• iSA makes mission success less dependent on launch or on-orbit failure by 
offering options for recovery, which in turn could reduce the costs of making 
systems extremely reliable

• iSA improves cost-effectiveness through reusability and by enabling the 
phased accretion of capabilities through upgrades in operation
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Benefits of In-Space Assembly

• Structures assembled in space designed for operational loads, not launch loads
• Avoid system complexity and parasitic mass of on-orbit deployment 
• Extensible/reusable spacecraft support broader range of missions and 

conditions
• Remove/replace modules during operation -> improve life cycle costs & mission 

risk 
• Modularity enables launches of small components on lower-cost comm vehicles
• Only lose modular elements if failure, not entire spacecraft 
• Incremental buildup distributes cost across time -> pay as you go approach
• Facilitates cost sharing by multiple programs and multiple government agencies 

Bring about new capabilities enabled by 
spacecraft dimensions, masses, or 
configurations that cannot otherwise be 
launched from Earth  

Reduce 
Cost

Improve 
Performance

Limit 
Risk

When mature, in-space assembly, combined with in-space servicing, could 
produce significant advantages in spacecraft cost, performance, and risk

Presenter
Presentation Notes
iSA significantly expands the design options for spacecraft
Large spacecraft and extensible configurations designed for operational load (not launch load)
Spacecraft modularity allows 
Separate launch on smaller, cost effective launch systems; or 
Efficient packaging in smaller envelopes when multiple modules launched together
Assembly and verification in-space reduces need for large, expensive ground facilities
Modularity through iSA makes spacecraft easier to upgrade, reconfigure, and adapt to mission needs
Remove and replace modules during operation to significantly improve life cycle costs and mission risk compared with the present paradigm of building and launching a replacement spacecraft
E.g. - failed or outdated detectors or phased array modules could be replaced while continuing to utilize the existing spacecraft bus
Accept new technologies to support a broader range of missions and conditions
Operate over a longer lifetime because it would not become obsolete as quickly
Easy upgrades of payload technology advancements during operation
Improved cost and risk 
Smaller, modular components could be launched on smaller, lower cost commercial launch vehicles
Launch failures would not destroy the entire spacecraft, only a module, which would be less expensive to replace.
When mature, in-space assembly, combined with in-space servicing, could produce significant advantages in spacecraft cost, performance, and risk
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• Government and commercial already investing in the new 
paradigm in iSA and iSS

• iSA development and continual capability improvements will 
require a public-private partnership

• Technology and capability maturation will benefit from 
cooperation towards a shared goal

• Common core of high-leverage technologies should provide the 
nucleus of a capability that would form the basis path towards a 
robust and flexible capability for the spectrum of users.

• Space Science & Technology Partnership Forum
– U.S government space agencies produced agreement to explore the next steps in a 

possible cooperative endeavors
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Interagency Science & Technology Partnership Forum

Allow large, persistent space assets to be assembled and routinely upgraded in space 

Transform space operations capabilities with economic and performance 
benefits for both U.S. Government and commercial space endeavors 

Interagency Science & Technology Partnership Forum
Leverage synergies and influence agency portfolios

1. Facilitate cross-agency collaboration and strategize on technical 
solutions to common pervasive needs

2. Maintain awareness of each agency’s space S&T investments to 
reduce duplication and identify areas worthy of collaboration

3. Identify impediments to collaboration and formulate solutions

The S&T Partnership 
Forum has identified and 

prioritized pervasive 
goals (collaboration topic 
areas) that focus on key 

game-changing 
technologies across 
government space

The Space Science 
& Technology

(S&T) Partnership 
Forum is a 

strategic forum 
established in 2015 

to identify 
synergistic efforts 
and technologies.  

In-Space 
Assembly

Small Satellite 
Technology

Big Data 
Analytics

Cybersecurity

Other Topics 

NASA NROUSAF

AFRL
AF SMC

AFOSR
DARPA NOAA

OUSDNRL

Principal Partners

Affiliate Partners
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Interagency Science & Technology Partnership Forum

• Autonomous and semi-autonomous in-space assembly (iSA) is the focus of the 
collaboration topic area that NASA, under the direction of the Office of Chief 
Technologist (OCT), is currently coordinating among the S&T principal partners and 
affiliate partners.

• Aim to identify cross-cutting applications and benefits of developing a robust iSA
capability for future space assets

• The S&T iSA facilitation and analysis team, led by NASA OCT, collected data from the 
participating agencies on their current developments, activities, and needs in the 
area of in-space assembly.

• Herein  is presented  an overview of the S&T iSA facilitation and analysis team’s 
efforts in:

– establishing the value proposition and strategic framework for interagency collaboration 
in iSA within the partnership as a foundation to deliver value and achieve iSA topic 
objectives across government space agencies

– defining of the iSA capability needs, design drivers, and stakeholder goals to facilitate 
dialogue within the partnership and the larger community
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Value is how the S&T Partnership Forum stakeholders find worth, utility, benefit, or 
reward for their respective contribution to the enterprise.

3.  Value Delivery: 
Deliver on the promise 
with excellent technical 

and programmatic 
performance. 

2.  Value Proposition: 
Develop a robust 

value proposition to 
meet stakeholder 

expectations

1. Value Identification: 
Identify the 

stakeholders and their 
value expectations
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1. Value Identification: Identify the stakeholders and their value expectations

Resilience
level of invulnerability 

of a system in the 
presence of stress or in 

the event of an 
adversarial attack.

Military Utility
capability of the space 

system to achieve military 
objectives through 

operational effectiveness, 
suitability, availability, 

interoperability & 
affordability.

Upgradability
ability to improve 

performance and/or 
effectiveness of a system 
architecture by replacing 

sub-systems with newer & 
better capabilities. 

Scientific Progress
advance science & 

technology to enhance 
knowledge, education, 

innovation, economic vitality 
and stewardship of Earth.

Space Exploration
pursue missions through critical research 

and technology demonstrations, 
promotion of a robust U.S. commercial 
space industry, and space systems and 
robotic exploration of Earth from orbit 

and of the cosmos beyond.

Persistence
continued or 

prolonged existence 
of a space system 
and its required 
capabilities and 

operations.

Presenter
Presentation Notes
Resilience: Resilience is the level of invulnerability of a system in the presence of stress or in the event of an adversarial attack. Resilient systems have the ability to quickly restore their original capability after being disturbed. Highly resilient systems maintain their capability under extreme environmental conditions and under much larger adversarial actions.
Military utility: Military utility describes the capability of the space system to achieve military objectives through operational effectiveness, suitability, availability, interoperability and affordability. One key utility need is space situational awareness. Space situational awareness includes both full spatial awareness and full temporal awareness. Full spatial awareness includes all elements and events both within the atmosphere and in Earth orbit. Full temporal awareness includes elements and events continuously and in real-time, including estimation and prediction of future situations.
Upgradability: Upgradability is the ability to improve performance and/or effectiveness of a system architecture by replacing sub-systems with newer and better capabilities. Upgradability allows current space assets to improve both mission capability and resilience with time.
Scientific progress: The stakeholders seek to advance science, technology, aeronautics and space exploration to enhance aerospace knowledge, education, innovation, economic vitality and stewardship of Earth. Improved robustness, mobility, and longevity of robotic systems also enhance science performance.
Space exploration: The stakeholders pursue their missions through critical research and technology demonstrations, promotion of a robust U.S. commercial space industry and space systems and robotic exploration of Earth from orbit and of the cosmos beyond.
Persistence: Persistence is the continued or prolonged existence of a space systems and its required capabilities and operations, even in the presence of difficulty or adversarial opposition.  Key contributors to enabling persistent space assets are their abilities to be upgradeable and highly resilient.  
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2.  Value Proposition: Develop a robust value proposition to meet stakeholder expectations

Value Proposition (maximize)  =

S&T iSA Value Proposition addresses the most basic question: 
Why does the government, in a partnership arrangement, want to invest in in-space 
assembly?
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3.  Value Delivery: Deliver on the promise with excellent technical and programmatic performance. 

Technology

Systems

Collaboration

Knowledge

Resources

Recommendations for 
Collaboration to Achieve 

Value for In-Space 
Assembly

Interagency 
pilot project

Prize 
Competition

Technology 
Maturation

TIM* 1

TIM 2 TIM 3

Examples

* Technical Interchange Meeting
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Value Delivery Goal
Execution of in-space assembly that is both efficient and effective

Value Process Summary:
The government is facing a rapidly changing environment where new technologies and 
capabilities are entering the market place at an ever increasing rate.

To exploit the impacts of technologies and innovations, the government can anticipate the 
future of in-space robotic capabilities, rather than react to them.

Strategic Framework:
The strategic framework lays out how the advantages of new robotic technologies with 
government and commercial engagement will enhance in-space capabilities and reduce 
future costs. 
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Strategic Framework:
The strategic framework lays 
out how the advantages of 
new robotic technologies with 
government and commercial 
engagement will enhance in-
space capabilities and reduce 
future costs.
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• (Functional) Capability: the ability to perform lower level functions that combine to perform tasks 
to assemble a mission system. It represents basic functionality needed to perform a given task.

• Technology: solution that enables functional capability developments and thus the capability. 
Multiple technologies may be matured to enable a functional capability.

• Operational Mission: where the ISA capabilities are applied to perform a mission in the future 
(e.g. large telescope, artificial gravity habitat)

• Technology Demonstration Mission (TDM): where ISA capabilities are demonstrated on flight 
missions (e.g. Restore-L, RSGS)

• Technology Development Activity: activities performed to advance capabilities (e.g. specific 
technologies like manipulators/robotics, algorithms for autonomous operations)

• Relevance: relevance of capabilities to an organization’s in-space assembly operational missions, 
assessed as Enabling or Supporting

• Prioritization: degree to which a capability supports a stakeholder goal (strategic desires) and Tier 
1 design drivers (technical attributes) identified in TIM 1

– Stakeholder Goals: long-term performance targets for the S&T Partnership Forum 
stakeholders 

– Tier 1 Design Drivers: a particular property or application of a concept that serves as the 
rationale for the concept’s design to achieve its goal.  Tier 1 design drivers are those that were 
rated highest during a preliminary collective prioritization at TIM 1.
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We are 
here

Presenter
Presentation Notes
S&T iSA Facilitation & Analysis Team is currently wrapping up the analysis work and deliverables for Phase 2 while simultaneously starting planning and pre-work tasks for Phase #3.
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Current 
Investments & 

Planning

Synergies & 
Opportunities

Benefits of iSA
and In-Space 

Servicing

S&T iSA 
TIM #1

Applications 
Across 

Government & 
Commercial

Value 
Proposition

Strategic 
Framework iSA Dictionary

Stakeholder 
Goals & Design 

Drivers

NASA Goddard, Greenbelt, DC
February 2017
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1. Conducted TIM, 
described govt

activities, 
documented govt

iSA planning 3. Categorized 
capabilities, document 
benefits, documented 

potential concepts, 
identified applicability 
of commercial sector

2. Strategized on 
partnering 

activities, defined 
value proposition 
& strategic plan 

4. Integrated TIM data 
into document, 

established 
nomenclature, delivered 

and communicated 
document
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iSA Capability 
Needs Joint Priorities

Agency 
Capability 
Roadmaps

S&T iSA
TIM #2

iSA
Demonstration

Concepts

Integrated 
Analyses

Partnership 
Recommendations Public Papers Government 

Report

U.S. Naval Research Laboratory 
Washington, DC
September 2017
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1. Developed 
analysis 

framework, held 
TIM, collected and 

prioritized data 3. Determined and 
assessed potential 
demo platforms, 

developed analytic 
methodology and FOMs

2. Defined 
synergies, gaps, 

constructed 
roadmaps, 

bridged analysis 
to prioritization

4. Integrated analyses to 
make gov’t partnering 

recommendations, 
shared data analysis 

with principals, 
published public papers 

(2018 AIAA SPACE)
SYS-06
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Interagency 
Presentations

Commercial/in
teragency 

Panel Sessions

Market 
Research 

Questionnaire

S&T iSA
TIM #3

Follow-up 
Questionnaire; 

Virtual 
Sessions

Integrated
Analysis

Partnership 
Recommendations Public Papers Government 

Report

Industry Open Forum
NASA Headquarters, Washington, DC

November 6, 2018

Presenter
Presentation Notes
Integrated Analysis: 
Integrate commercial data into gov’t analyses, bridge commercial/govt assessments
Integrate potential commercial demo platforms into analyses, bridge commercial/gov’t assessments  
Partnership Recommendations:
Integrate analyses to make gov’t/commercial partnering recommendations
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• Stakeholder Goals: long-term performance targets 
for the S&T Partnership Forum stakeholders 

• Tier 1 Design Drivers: a particular property or 
application of a concept that serves as the rationale 
for the concept’s design to achieve its goal.  Tier 1 
design drivers are those that were rated highest 
during a preliminary collective prioritization at TIM 1

Stakeholder Goals (from TIM 1)

Supports Near term demo - A demo or mission that could be completed within the 
next 1 or 2 budget cycles

Affordable - Ability of a mission to meet budget targets

Lower Cost (in future) - The capabilities developed in early missions could 
potentially lower the cost of future missions

Industry transitioning - Capabilities demonstrated in missions that open up a new 
market for commercial space entities to pursue

Tier 1 Design Drivers (from TIM 1)

Stability - The tendency of a system to return to its desired state after being acted upon by outside influences. 

Assembly - The capability to assemble or construct spacecraft or space system components by joining components through a variety of methods. 

Upgradability - Refers to design choices that allow for the insertion of new technologies or enhanced capabilities after launch

Scalability - Part count stays the same, but the size or dimensions change (Dorsey et al., 2006).

Interfaces - Place at which independent systems meet and act on or communicate with each other. 

Presenter
Presentation Notes
Stability - The tendency of a system to return to its desired state after being acted upon by outside influences. Stability can be used in a wide range of contexts including pointing stability and thermal stability of spacecraft
Assembly - The capability to assemble or construct spacecraft or space system components by joining components through a variety of methods. This also includes the capability to disassemble or deconstruct the system and reconfigure it into a new system or spacecraft. 
Upgradability - Refers to design choices that allow for the insertion of new technologies or enhanced capabilities after launch
Scalability - Part count stays the same, but the size or dimensions change (Dorsey et al., 2006). For example, a segmented aperture on ISS could be scaled up to a size that may be more useful for astronomy. 
Interfaces - Place at which independent systems meet and act on or communicate with each other. Mechanical interfaces are defined as systems physically meeting to transfer something (structural loads, cargo, electricity, fluids). Communication interfaces enable transfer of information (common software, data). Considerations can be made for types of interfaces such as: secure, cooperative, or external.
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Introduction • Space S&T Partnership Forum, an interagency collaboration effort among NASA, the 
USAF, the NRO, DARPA, and the NRL, serves to coordinate and facilitate partner dialog, 
collect data and perform data analysis, and assemble data products into 
recommendations for partnerships to be executed within the S&T community.

• S&T iSA facilitation and analysis team coordinates efforts for the iSA collaboration 
topic area within the Forum with results described herein from Phases 1 & 2:

– iSA value proposition
– strategic framework
– capability needs
– stakeholder goals and design drivers

• Aforementioned efforts within phases of strategic framework feed into:
1) the data collection and analysis of iSA capabilities, including the development of 

government roadmaps for iSA efforts and
2) the prioritization of iSA capability needs and potential demonstration concepts for 

advancing iSA capabilities via interagency collaboration. 
• Preliminary results of these efforts will be presented in the 2018 AIAA SPACE session 

SYS-06 on Tuesday, September 18th 
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Tuesday, September 18, 2018
SYS-06. In-Space Assembly and Manufacturing
Room: Celebration 2
5:00 PM - 5:30 PM Space Science and Technology Partnership Forum: Analysis for a Joint 

Demonstration of High Priority, In-Space Assembly Technology
Doris Hamill; Sharon A. Jefferies; Robert W. Moses; Frederic Stillwagen; 
Carie Mullins; Elaine Gresham

5:30 PM - 6:00 PM Space Science and Technology Partnership Forum: In-Space Assembly 
Data Collection and Analysis
Dale C. Arney; Phillip A. Williams; James A. Dempsey; Erica Rodgers; 
Karin Bozak; Camryn Burley; Daniel Long; Riaz Husain
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Thank you for your attention!
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