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EXECUTIVE SUMMARY

The Transformational Systems Concepts and Technologies for Our Future in Space workshop, 

held June 17–19, 2003, in Huntsville, AL, brought together invitees from NASA, the Department of 

Defense (DOD), universities, and industry to conceptually formulate notional “road maps” that could lead 

to an accelerated, ongoing transformation of space infrastructure, beginning in the middle years of the 

next decade. 

National space strategies call for technical innovation with programmatic realism. The increasing 

importance of space is refl ected in national-level guidance from within key agencies and from indepen-

dent blue-ribbon advisory panels, as well as the President’s recent commitment to space exploration. 

NASA’s Vision for Space Exploration, released in 2004, and NASA’s Strategic Plan, released in 

2003, both spoke of the benefi ts of space for the prosperity and security of future generations of Ameri-

cans. In the Strategic Plan, NASA Administrator Sean O’Keefe pointed to the potential of NASA’s work to 

enable fundamental advances in science, improve homeland security, counter threats to Earth’s ecosystem, 

and strengthen young people’s interest in math and science. He also emphasized that in today’s environ-

ment of new changes, challenges, and opportunities, NASA must transform the way it plans and operates 

its programs.

NASA’s Advanced Systems Offi ce (ASO) offers a workable approach in transforming space sys-

tems. The ASO is exploring modular design combined with stepping-stone development as a promising 

new approach to achieve transformation in space in service of its explicit responsibility to support NASA’s 

strategic goal: “Enable revolutionary capabilities through new technology.” The ASO’s proposed approach 

to innovation can transform space systems in the future. Such an approach can, it appears, achieve up to 

fi ve times as much with the same resources if each new space system or component is not treated as a 

unique and discrete design and development challenge. New space systems instead can be designed and 

planned so that each builds on previous systems and provides capabilities to support future systems. Sub-

systems can be designed to use common modular components, achieving economies of scale in production 

and operation. Standards, interoperability, and “plug and play” capabilities, if they are implemented vigor-

ously and consistently, will result in systems that can effi ciently be upgraded with new technologies.

The initial benefi ts of such an approach can be dramatic. Since the fi rst generation of space tech-

nology, space infrastructure and systems have seen periodic evolution but have not seen the same transfor-

mational change. Today’s expendable launch vehicle’s, upper stages, spacecraft busses, and components 

are relatively similar to those used for the last 30 yr. Yet, in that period, new technologies and techniques 

in dozens of relevant disciplines have been emerging and maturing. The Transformational Space Systems 

approach formulated by the ASO will draw on those advances, and future advances that build on them are 

poised to help achieve revolutionary innovation in space.
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At the heart of this ambitious target is the notion that transformative innovation in space is over-

due. Since the last big change in space infrastructure—the decision 20 yr ago to build the Space Station, 

space technology has not advanced dramatically. 

Transformation can be realized through modular design and stepping-stone development. The 

approach to transformation that NASA is exploring consists of a shared framework for planning and a set 

of design and development principles. 

The disciplined planning process incorporates integrated development and demonstration cycles, 

frequent new starts, and clear go/no-go decision points. It relies heavily on a technology planning work 

breakdown structure (WBS) and technology roadmaps, and employs systems analysis models and techni-

cal interchange workshops.

Transformational design and development yield revolutionary advances by using modular designs 

and a planned, stepping-stone development process. A modular approach to space systems can offer many 

improvements over traditional one-of-a-kind space systems comprised of different subsystem elements 

with little standardization in interfaces or functionality. Modular systems are more fl exible, scaleable, 

reconfi gurable, and evolvable. They can reduce costs through learning-curve effects and economies of 

scale, or by enabling servicing and repair that would not otherwise be feasible. 

NASA’s progress to date in embracing modular design has been modest. However, the Agency’s 

strategic commitment to using a building-block approach to create stepping stones to the future has poised 

the Agency to move toward transformation of space systems.

Modular technology for space systems is real. Technologies that have the potential to address some 

of the chief near-term challenges; e.g., self-assembling structures, modular spacecraft and propulsion, and 

modular space infrastructure elements, have been demonstrated in the laboratory. Reaping the benefi ts of 

these technologies and of new technologies that will emerge in the future requires additional research and 

development (R&D), and the opportunity for frequent fl ight demonstrations and experiments. 

The Transformational Systems Concepts and Technologies for Our Future in Space workshop 

helped chart NASA’s path. The workshop consisted of an alternating series of plenary sessions and work-

ing sessions. Working groups developed recommendations on the transformation process and provided 

technical inputs on technology roadmaps, conceptual designs, and technology development plans on the 

following topics:

• Systems Integration, Analysis, Concepts, and Modeling: The working group’s recommendations 

were that NASA should support interface and data standards, hybrid modeling approaches that accom-

modate both single-user applications and multiuser environments and interchange between them, open 

architecture and data standards, and architecture assessment models.

• Architectures, Mission Applications, and Benefi ts: The working group’s fi rst fi nding was that 

past failures and limitations should not be allowed to inappropriately constrain future options. The group 

felt it would be necessary to change NASA’s scientifi c mission strategy from a debate; e.g., like the cur-

rent debate over Mars programs, to a thoughtful, analysis-based process. It offered suggestions to make 
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systems analysis the norm, such as a better understanding by NASA and the DOD of how well predictive 

tools performed for on-orbit systems. The group advocated an evolutionary approach that would dovetail 

high-level, lower fi delity studies with higher fi delity studies. The group called for a process for integrat-

ing the studies from different groups (NASA, DOD, industry, etc.) and a central repository for sharing 

information. Finally, the group strongly encouraged that the advanced systems, technologies, research, 

and analysis modeling teams open communication immediately with the space architect team members 

and work with them to identify which models to use in higher level studies.

• Space Assembly, Maintenance, and Servicing: The working group suggested that future mission 

opportunities for space assembly, maintenance, and servicing could include Jupiter Icy Moons orbiter-

class missions. The group suggested these missions include assembly support and onboard maintenance 

capability. The group also identifi ed postlaunch verifi cation capability for deep-space missions as a related 

opportunity. The group felt that the process of technology roadmapping required inputs to roadmaps from 

a much broader community than NASA space assembly, maintenance, and servicing experts. The group 

also found that the domain as a whole needs better, more formalized studies to focus future investment 

more strategically. The working group also recommended undertaking a series of tasks to demonstrate that 

the ability currently exists to build an optical-quality telescope with multiple assembly approaches. 

• High-Energy Space Systems: The working group recommended that a range of promising power-

rich technologies be pursued, in recognition of the fact that different technologies have different attributes 

and limitations. The group specifi cally recommended R&D occur in four areas—novel photovoltaics, 

nuclear propulsion, beamed power, and chemical and mechanical propulsion. The objective of this R&D 

should be the development of a “power toolbox” that provides alternative technologies to meet different 

needs. The group emphasized the importance of an “assembly line” for technology that moved technolo-

gies up through maturity levels. Finally, the group emphasized that competition drives innovation, and 

recommended that competition among fi rms be encouraged and competition between technologies be 

promoted. However, they recommended government agencies should work together.

• Revolutionary Space Systems: The working group found that the development of revolutionary 

systems needs seed money to keep planning and technology activities alive, with funding applied to both 

existing and new initiatives as needed. The group recommended setting a series of integrated milestones 

to set goals and track progress. It also urged that decision makers make a clear connection between NASA 

and the DOD. Finally, the group felt that it was important to involve industry access and recommended 

assessing the related policy issues. 

• Technology Flight Demonstrations: A specifi c recommendation of the working group was that 

leads of the technology-development WBS elements in support of transformation should collect technol-

ogy fl ight demonstration and technology fl ight experiment candidates into an accessible resource. Broader 

recommendations were that, for technology fl ight demonstrations to be most useful, NASA would have to 

change the thinking about success and failure when dealing with technology, to recognize the value and 

legitimacy of a negative result. Finally, the group suggested that NASA investigate how the DOD con-

ducts technology experiments and demos.
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NASA will continue to explore the potential for transformation through workshops with diverse 

stakeholders. Future workshops will address fl ight demonstrations and experiments, leading-edge research 

in academia, principles of modular design and development, and other topics. Future workshops will be 

based on what NASA learns from its ongoing interactions with engineers, scientists, mathematicians, 

business people, academics, and many others. These insights from these events will aid NASA in its quest 

to understand and act on the potential for transforming space infrastructure and advancing NASA’s vision 

to improve life here, to extend life to there, and to fi nd life beyond.
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Basic principles observed and reported
Technology concept and/or application formulated
Analytical and experimental critical function and/or characteristic proof of concept
Component and/or breadboard validation in laboratory environment
Component and/or breadboard validation in relevant environment
System/subsystem model or prototype demonstration in a relevant environment (ground or space)
System prototype demonstration in a space environment
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Actual system “fl ight proven” through successful mission operations
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• Parabolic trajectory aircraft
• Sounding rockets
• Expendable launch vehicle “piggyback”
• Space Shuttle (or other reusable launch vehicles)
 – Mid-deck lockers (“laboratory” accommodations)
 – Shuttle bay (“external” accommodations
• International Space Station
 – “Laboratory” accommodations Nearer term emphasis
 – “External” accommodations Immediate emphasis 
 – “Unique” accommodations
 – “Supported” activities
• Free fl yers
 – Technology development missions
• Space science mission engineering payloads
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