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EXECUTIVE SUMMARY

E X E C U T I V E

S U M M A R Y

The NASA Institute for Advanced Concepts (NIAC) has revolutionary advanced concepts, specifically systems and architectures, as its sole
focus. Its goal is to have a major impact on missions of the NASA Enterprises in the time frame of 10 to 40 years in the future. NIAC expands
our vision of future possibilities and is bounded only by the horizons of human imagination. Advanced concepts developed through NIAC
may be largely independent of existing technology and may define the requirements for enabling or newly emerging technology. NIAC
encourages a creative atmosphere within the technical community with the defining statement, "Don't let your preoccupation with reality stifle your imagination." However, NIAC recognizes that, "there is a subtle yet significant difference between a creative and credible concept,
and an imaginary pursuit."
Since 1998, the Universities Space Research Association (USRA), supported by Analytic Services Incorporated (ANSER), has led the management and operation of NIAC, under contract with NASA through the Goddard Space Flight Center. The explicit purpose of NIAC is to be
an independent source of revolutionary aeronautical and space concepts that could dramatically impact how NASA develops and conducts
its mission. The institute provides a highly visible, recognized and high-level entry point for outside thinkers and researchers who can explore
optional possibilities for future aerospace endeavors.
The term "Revolutionary" has many interpretations in the context of a multitude of recognized fields of endeavor. It is not unusual for synergy between seemingly unrelated disciplines to inspire creative paradigm changes resulting in "Revolutionary" breakthroughs. In the context of a focus on advanced concepts, NIAC defines "Revolutionary" as possessing one or more of the following six attributes:
1. The genius is in the generalities, and not the details.
2. The new idea illuminates a pathway toward an expansion of knowledge and may address a significant roadblock.
3. It inspires others to produce useful science and further elaboration of the fundamental idea.
4. It contributes to a major change in the framework of aerospace possibilities.
5. It triggers a transformation of intuition.
6. Revolutionary paradigm shifts are simple, elegant, majestic, beautiful and characterized by order and symmetry.
Over the last six and one-half years, NIAC has inspired and nurtured revolutionary advanced concepts that may offer new options for flight
inside and outside of the Earth's atmosphere, exploration of other planets, understanding of the Earth and the Earth's solar system environment, and significant expansion of our knowledge of the cosmos. To encourage open review of advanced concepts, NIAC posts all final
reports on the NIAC website. A number of NIAC-inspired concepts are now included in NASA's long range plans including the space elevator, space-based observatories based on formation flying components, balloon constellations for global atmospheric measurements, rotating tethers for interplanetary transportation, mechanical counter-pressure space suits and many others. While these innovative and visionary concepts are aimed decades into the future, these concepts may affect our interpretation of near-term aerospace challenges. NIAC's
visions of future possibilities provide a compelling inspiration to look beyond more immediate technical roadblocks and an elevation of
emerging paradigms with revolutionary potential.
During the first NIAC contract, Feb. 1998 to Jul 2003 (5 years plus a 5 month extension), USRA has consistently received an "excellent" rating from NASA in all categories of contract performance. NIAC consistently met financial goals for funds allocated to advanced concepts
development and for maintaining an efficient, cost-effective operational structure. During this sixth contract year, NIAC awarded six Phase
II contracts totaling $1.1 million (without options), and eleven Phase I grants totaling $1.2 million. Since the beginning of the first contract,
Feb. 1998, NIAC has received a total of 843 proposals and has awarded 91 Phase I grants and 32 Phase II contracts for a total value of
$18.6 million. These awards to universities, small businesses, small disadvantaged businesses and large businesses were for the development of revolutionary advanced concepts that may have a significant impact on NASA's future aeronautics and space missions.
During the follow-on contract beginning July 2003, NIAC began a new program, the NIAC Student Visions of the Future Program, aimed at
undergraduate university students. Through this program, funded by USRA, seven undergraduate students and student teams were selected to develop visionary advanced concepts. These students were invited to attend a NIAC meeting to present a poster of their concept
and may be invited to return to the next NIAC meeting to give a formal briefing on their concept.
NIAC continues to receive recognition in the popular and technical press with more than 70 articles being published in newspapers, popular science magazines, technical journals and numerous internet websites during the past year. NIAC received special recognition for excellence this year:
The Director of NIAC received the NASA Public Service Medal in August 2003.
The NIAC NASA Coordinator received the Exceptional Achievement Medal in August 2003.
The USRA-ANSER-NASA NIAC team was notified it would receive the NASA Group Achievement Award in a ceremony
on August 24, 2004.
NIAC was nominated for the 2004 World Technology Award for Space by the World Technology Network. Selections of the Award
Winners will be made in October 2004.
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Summary
During the sixth contract year of operation, NIAC has continued the processes that it successfully established to inspire, solicit, review, select, fund, nurture, and infuse into NASA. The performance periods for all completed and currently planned awards
are summarized in Table 1. The following sections describe the Calls that were awarded or initiated during the past year.

Call for Proposals CP 02-01 (Phase II)
NIAC CP 02-01 Phase II Call for Proposals was released on July 1, 2002 to each of the Phase I grantees who had not previously been awarded a Phase II contract. Proposals were received on December 2, 2002. The respective business categories
distribution of the eighteen proposals received are summarized in Table 2.

Business Category

Proposals Received

Awarded

Universities
Historic Black Colleges/Universities & Minority Institutions
Small Disadvantaged Businesses
Small Businesses
National Labs
Large Businesses

11
0
1
6
0
1

3
0
1
2
0
0

Total Proposals Received for CP 02-01

19

6

TABLE 2. Summary of CP 02-01 Responding Organizations
8

Due to delays in selecting the follow-on NIAC contractor, results of the peer review were not presented at the concurrence briefing to NASA until July 14, 2003. Six proposals were selected for award with a contract start date of September 1, 2003. The
proposals that were selected for awards under Call for Proposals CP 02-01 are summarized in Table 3 and abstracts are included in Appendix C. Detailed descriptions of these concepts are available on the NIAC Web site.

Principal Investigator & Organization

CP 02-01 Concept Proposal Title

ANTHONY COLOZZA
Ohio Aerospace Institute

Solid State Aircraft

STEVEN HOWE
Hbar Technologies

Antimatter Driven Sail for Deep Space Missions

JOHN MANOBIANCO
ENSCO, Inc.

Global Environmental MEMS Sensors (GEMS): A
Revolutionary Observing System for the 21st Century

DAVA NEWMAN
Massachusetts Institute of Technology

Astronaut Bio-Suit System for Exploration Class Missions

RAY SEDWICK
Massachusetts Institute of Technology

Electromagnetic Formation Flight (EMFF)

PARVIZ SOROUSHIAN
Technova Corporation

Inherently Adaptive Structural Systems
TABLE 3. CP 02-01 Phase II Award Winners

Call for Proposals CP 02-02 (Phase I)
NIAC CP 02-02 Phase I Call for Proposals was released on September 26, 2002. Proposals were originally scheduled to be
due on February 17, 2003 but due to the aforementioned delay in the program, proposals were not received until July 28, 2003.
The respective business categories distribution of the 56 proposals received are summarized in Table 4.

Business Category
Universities
Historic Black Colleges/Universities & Minority Institutions
Small Disadvantaged Businesses
Small Businesses
National Labs
Large Businesses
Total Proposals Received for CP 02-02

Proposals Received

Awarded

17
1
0
37
0
1
56

4
0
0
6
0
1
11

TABLE 4. Summary of CP 02-02 Responding Organizations

Peer review was completed by September 4, 2003, and the concurrence briefing to NASA was presented on September 24,
2003. There were 11 proposals selected for award and the resultant contracts began on October 1, 2003. The proposals that
were selected for awards under Call for Proposals CP 02-02 are summarized in Table 5 and abstracts are included in
Appendix D.
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Principal Investigator & Organization

CP 02-02 Concept Proposal Title

GREGORY CHIRIKJIAN
Johns Hopkins University

An Architecture for Unmanned Self-Replicating Lunar
Factories

STEVEN DUBOWSKY
Massachusetts Institute of Technology

Microbots for Large-Scale Planetary Surface and
Subsurface Exploration

NATHANIEL FISCH
General Plasma Technologies

Optimal Navigation in a Plasma Medium

STEVEN HOWE
Hbar Technologies

Micro Asteroid Prospector Powered by Energetic
Radioisotopes: MAPPER

JORDIN KARE
Kare Technical Consulting

Modular Laser Launch Architecture: Analysis and Beam
Module Design

JOHN OLDS
SpaceWorks Engineering, Inc.

The League of Extraordinary Machines: A Rapid and Scalable
Approach to Planetary Defense Against Asteroid Impactors

JOHN SLOUGH
University of Washington

The Plasma Magnet

PAUL TODD
Space Hardware Optimization Technology (SHOT), Inc.

Robotic Lunar Ecopoiesis Test Bed

TIHAMER TOTH-FEJEL
General Dynamics Advanced Information Systems

Modeling Kinematic Cellular Automata: An Approach to
Self-Replication

M. P. ULMER
Northwestern University

Self Assembly of Optical Structures in Space

JAMES WERTZ
Microcosm, Inc.

High Resolution Structureless Telescope
TABLE 5. CP 02-02 Phase I Award Winners

Call for Proposals CP 03-01 (Phase II)
NIAC CP 03-01 Phase II Call for Proposals was released on December 10, 2003. Under a new NIAC policy, it was released
to Phase I winners who had not previously been awarded a Phase II contract and had not submitted a Phase II proposal for
the same concept more than twice. The respective business categories distribution of the 14 proposals received on April 30,
2004 are summarized in Table 6.
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Business Category

Proposals Received

Awarded

Universities
Historic Black Colleges/Universities & Minority Institutions
Small Disadvantaged Businesses
Small Businesses
National Labs
Large Businesses
Total Proposals Received for CP 03-01

7
0
0
6
0
1
14

3
0
0
2
0
0
5

TABLE 6. Summary of CP 03-01 Responding Organizations

Five awards were made at the conclusion of peer review and the concurrence briefing (June 25, 2004). The contract start date
for these awards will be August 1, 2004. The proposals that were selected for award under Call for Proposals CP 03-01 are
summarized in Table 7 and abstracts are included in Appendix E. Detailed descriptions of these concepts are available on the
NIAC Web site.

Principal Investigator & Organization

CP 03-01 Concept Proposal Title

NARAYANAN KOMERATH
Georgia Institute of Technology

Tailored Force Fields for Space-Based Construction

CONSTANTINOS MAVROIDIS
Northeastern University

Bio-Nano-Machines for Space Applications

ALEXEY PANKINE
Global Aerospace Corporation

Sailing the Planets: Science from Directed Aerial Robot
Explorers

JOHN SLOUGH
University of Washington

The Plasma Magnet

PAUL TODD
Space Hardware Optimization Technology, Inc.

Robotic Lunar Ecopoiesis Test Bed

TABLE 7. CP 03-01 Phase II Award Winners

Call for Proposals CP 04-01 (Phase I)
NIAC CP 04-01 Phase I Call for Proposals was released on April 2, 2004. The respective business categories distribution of
the 113 proposals received on June 7, 2004 are summarized in Table 8.

Business Category
Universities
Historic Black Colleges/Universities & Minority Institutions
Small Disadvantaged Businesses
Small Businesses
National Labs
Large Businesses
Total Proposals Received for CP 04-01

Proposals Received

Awarded

35
0
12
62
3
1
113

TABLE 8. Summary of CP 04-01 Responding Organizations
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Survey of Technologies to Enable NIAC Concepts
Beginning with the fifth Annual Report that covered the contract performance period ending in July 2003, NIAC has surveyed
the critical enabling technologies for the NIAC Phase II concepts. The purpose of this survey is to provide NASA with inputs
to their investment strategy for advanced technologies that would enable further development of the NIAC concept and provide
additional justification for general categories of advanced technologies that may enable a broad range of future missions.
The Phase II CP 02-01 advanced concepts were actively funded during this contract year. Each of these Phase II Fellows was
asked to respond to the following questions related to critical technologies to enable their concept:
(1) What are the three most critical technologies to enable the further development of your NIAC concept? Please give a
brief explanation, two or three sentences, describing the critical relationship of each technology to your concept.
(2) What are the other technologies that are important for the further development of your concept? Please briefly describe
their relationship to your concept.
The six responses are completely reported in Appendix F along with short explanations of the relationship of each technology
to the advanced system or architecture.
The critical enabling technologies for these concepts are:

- Piezoelectric nano-fibers
- Solid electrolytes with improved ionic conductivity
- Advanced nano-composites
- Nano-scale power generation and storage
- Bioinert and biodegradable nano-electronics
- Miniaturized geo-location systems
- Three-dimensional textile deposition, to enable the formation of anisotropic material with specific mechanical properties
in specific directions
- Shape-changing polymers that provide human-scale force with limited voltage and current
- Information technology, wearable computing, & human power harvesting integration across entire space-suit systems
- Lightweight, portable, long-duration sources of power
- Technology to harvest the human body's waste energy to power BioSuit and EVA life support systems
- Electrically conducting textiles that enable distributed sensing
- Miniaturized circuitry for biomedical monitoring
- Materials with longer-term skin-contact compatibility.
- Edema assessment technology
- High current density, high temperature super conducting wire
- High efficiency cryo-coolers
- Distributed control algorithms
- High density, high strength, non-conducting materials
- Thin film solar arrays and their deposition onto a substrate
- Thin film batteries / capacitors
- Low Reynolds number flapping flight aerodynamics
- Thin film antennas
- Electronics and sensor miniaturization
- Autonomous flight control
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- Production/formation of sufficient amounts of antihydrogen
- Formation and storage of nano-flakes of solid antihydrogen
- Development of the Tuned Photovoltaic Conversion (TPC) method of converting fission energy into electricity
- Production and accumulation of antiprotons

Special Recognition for NIAC
NIAC and people associated with NIAC were honored this year with special recognition from the NASA Honor Awards program
and the World Technology Network.
On August 27, 2003 Bob Cassanova received the NASA Public Service Medal and Sharon Garrison received the NASA
Exceptional Achievement Medal in a ceremony at NASA Goddard. These awards are for exceptional achievement in support
of NASA's mission.
On May 28, 2004 NIAC was notified that it had been nominated for the 2004 World Technology Award as a corporation for the
SPACE category. Current individual members of the World Technology Network (most of whom are previous winners and finalists in all individual categories for previous Awards cycles) first nominate the innovative companies and individuals that they
believe are doing the work of greatest likely long-term significance, and then later cast their votes to determine the four Finalists
and a Winner for each of the different Awards categories. All of the Finalists and the Winner in the corporate categories will
become corporate members of the World Technology Network. The Finalists and Winners will be announced at the World
Technology Awards gala ceremony, to be held at the conclusion of the World Technology Summit (October 7 & 8 in San
Francisco), and are inducted into the Membership of the World Technology Network.
The link for the WTN is:
http://www.wtn.net/new/index.html
On June 16, 2004 NIAC was notified by NASA that the USRA/ANSER-NASA NIAC team was selected to receive the NASA
Group Achievement Honor Award. The ceremony will be held on August 24th at Martin's Crosswinds in Greenbelt, Maryland.
Bob Cassanova and Murray Hirschbein will accept the award for the group.

Coordination with NASA
Sharon Garrison, the NASA Coordinator for NIAC, is in the Advanced Concepts and Technology Office (ACTO) of the Flight
Program and Projects Directorate at NASA Goddard Space Flight Center (GSFC). She is the primary point-of-contact between
NIAC and NASA. Ms. Garrison actively communicates throughout NASA to a review team comprised of representatives from
the Mission Directorates and Centers. Table 9 is a listing of these representatives. Throughout the process of managing NIAC,
these representatives are kept informed by Ms. Garrison of the status of the Institute and are appropriately involved in decisions and feedback. NIAC provides monthly contract status reports and an annual report to the NASA Coordinator who forwards
these reports to the support team and others within NASA.
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NASA COTR

Sharon Garrison

NASA
Headquarters

John Mankins

NASA Mission
Directorates

M: Stanley Fishkind
R: Murray Hirschbein
S: Glenn Mucklow
T: Terry Allard
U: Gale Allen
U: Stephen Davison
Y: Gordon Johnston

NASA Centers
ARC: Larry Lasher
DFRC: Steve Whitmore
GRC: Daniel Glover
GSFC: Lisa Callahan
...JPL: Neville Marzwell
JSC: Al Conde
...KSC: Robert Youngquist
LaRC: Dennis Bushnell
...MSFC: John Cole
SSC: Bill St. Cyr

TABLE 9. NASA-NIAC Support Team

Throughout the six and one-half years of this NIAC contract, the NIAC Director briefed the associate administrators and other
senior technical staff at NASA Headquarters and the directors of NASA Centers. The purpose of these briefings is to facilitate
the eventual transition of NIAC advanced concepts into NASA long range plans, to inform them about the plans for NIAC, and
to seek their active support and feedback. Yearly, each of the NASA Enterprises was requested to provide visionary, grand challenges for use in future NIAC Calls for Proposals. In addition, NASA technical staff presented overviews of related NASA
advanced concept activities to the NIAC Director. NIAC also participates in Student programs sponsored through the NASA
Centers.

INVITED SEMINAR
KSC

8
July
2003

Bob Cassanova gave an invited seminar to 30 students attending the NASA
Space Life Sciences Training Program at KSC.

SEMINAR
NASA Academy at GSFC

22
July
2003

Bob Cassanova and Pat Russell gave a seminar to 16 students attending the
NASA Academy at GSFC.

REPORT
National Research Council
(NRC)

17
September
2003

The NRC released their report on “An Assessment of NASA’s Pioneering
Revolutionary Technology Program” and invited feedback. The report contains a
section that is complimentary about NIAC and made recommendations related to
a closer integration of the NIAC outputwith the NASA mainstream programs.
NIAC and NASA will be preparing a response to the report.

NASA 45th ANNIVERSARY
CELEBRATION
National Air and Space
Museum

1
October
2003

NASA celebrated its 45th anniversary with a special event at the National Air and
Space Museum. Pat Russell attended and spoke with many people about NIAC,
including Administrator Sean O’Keefe.

TABLE 10. Visits with NASA (continued on next page)
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9
October
2003

Bob Cassanova presented overviews of NIAC at the rescheduled meetings of the
GSFC Technology Federation (morning of Oct. 9 at GSFC) and the Joint Meeting of
the HQ Space Architects Office (Code AD) and the Strategic Investments Office
(Code BX) (afternoon of Oct. 9 at NASA HQ). Pat Russell, Ron Turner and Sharon
Garrison also attended. Copies of the NIAC Annual Report, the NIAC brochure and
NIAC posters were distributed. The purpose of these seminars was to give an
update of NIAC activities and future plans, to lead a discussion about aerospace
grand challenges and to explore methods for fusing NIAC Concepts into NASA.

BRIEFING
NASA Johnson Space Center

1-2
December
2003

Bob Cassanova visited NASA JSC to brief the Center Director and senior staff on
recent NIAC activities and hold technical discussions with technical staff in the areas
of human factors, in-situ resource utilization and extra-vehicle activity systems. He
toured the human factors and EVA labs and given demonstrations of the microvison
helmet mounted display, the freeze tolerant space suite radiator, the advanced EVA
suit technology demonstrator and the partial gravity counterbalancing system. During
the lab tours and meetings he met with Luis Tevino, Colleen Shea, Barbara Woolford,
David Fitts, Tom Polette and others. He also met briefly with Jerry Sanders to discuss the status of the JSC ISRU work. Bob gave a 30 minute briefing to the Center
Director, Gen. Howell, and staff. In a separate seminar, Bob briefed another group
of about 10 senior staff, including Bonnie Dunbar.

COLLABORATION
NASA Artist in Residence

January
2004

Pat Russell provided NIAC materials to the NASA Artist in Residence, Laurie
Anderson.

PRESENTATION
NASA’s Vision

5-6
April
2004

Ron Turner gave a presentation at a workshop on how the “Living With a Star” program can contribute to the new NASA space vision. The title of his presentation was
“Space Weather Challenges Intrinsic to the Moon, Mars and Beyond Vision.”

WORKSHOP
Langley Research Center
(LaRC)

19-21
May
2004

Bob Cassanova was invited to participate in a workshop at LaRC on the topic of
“Long Term Future of R&D at LaRC”. He provided an overview of NIAC and contributed to the discussions about the future plans for LaRC.

SEMINARS & BRIEFINGS
NASA Headquarters
and GSFC

TABLE 10. Visits with NASA (continued)
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Infusion of Advanced Concepts into NASA
One of the contract performance metrics that is included in the USRA contract with NASA is that 5 - 10% of the selected concepts are infused into NASA’s long range plans. After a concept has been developed and nurtured through the NIAC process,
it is NASA’s intent that the most promising concepts will be transitioned into its program for additional study and follow-on funding. NIAC has taken a proactive approach to this infusion process. In addition to the routine activities to maintain public awareness and visibility for all its funded advanced concepts, NIAC orchestrates the following activities:
• Conducts status and visibility briefings with NASA researchers and managers;
• Provides names of key NASA contacts to NIAC Phase I and Phase II Fellows;
• From the beginning of the Phase II Call for Proposals, NIAC connects Fellows with NASA to provide synergy and
optimal program consideration for future follow-on funding by NASA;
• Invites NASA leaders to Phase II site visits to participate in status and planning discussions;
• Encourages NIAC Fellows to publish their work in technical society meetings and technical journals;
• Supports NIAC Fellows to gain NASA testing/evaluation with NASA facilities key to advanced concept verification.
As a natural consequence of NIAC's open, semi-annual meetings and the posting of advanced concept final reports on the
NIAC website, other U.S. government agencies have actively persued contact with a few of the NIAC Fellows. Some of these
contacts have resulted in these non-NASA agencies providing funding directly to the NIAC Fellow to continue the development
of the concept. As a result, NASA benefits by leveraging the technical and financial resources of other aerospace-related government agencies.
By the end of this contract year, the concepts represented graphically in Figure 1 and listed in Table 11 have successfully begun
the process of transitioning into NASA, or other government agencies, as evidenced by the receipt of additional funding from
NASA and/or by being specifically noted in NASA long range plans.

Figure 1. Infusion Of Advanced Concepts Into NASA
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CONCEPT

INVESTIGATOR

STATUS

An Extremely Large Yet Ultra-light Space
Telescope and Array

Ivan Bekey

Received funding from the National
Reconnaissance Office (NRO) for development.

A Comprehensive Earth Protection
System Array

Robert Gold

Collaborated with LaRC during their analysis of
the concept.

New Architecture for Space Solar Power
Systems: Fabrication of Silicon Solar
Cells using In Situ Resources

Alex Ignatiev

Received additional funding from JSC for further
development.

Bradley Edwards

Additional NASA funding was budgeted for further development.

The Space Elevator

Moon and Mars Orbiting Spinning Tether
Transport

The Mini-Magnetospheric Plasma
Propulsion System, M2P2

X-Ray Interferometer

Global Constellation of Stratospheric
Scientific Platforms
Very Large Optics for the Study of
Extrasolar Terrestrial Planets

Robert Hoyt

Received additional funding of more than $2 million from NASA for further development of the
concept and related components through the
SBIR program.

Robert Winglee

Received additional funding from MSFC and the
STTR program for testing of the concept and
development of one of the components. M2P2
was also specifically mentioned in the Decadel
and NeXT plans.

Webster Cash

Specifically mentioned in NASA's long range
plan as the MAXIM program and additional
funding has been received to continue the
research program.

Kerry Nock

Concept was specifically mentioned in the
NASA's long range plan for Earth Sciences.

Neville Woolf

Concept was specifically mentioned in NASA's
long range plan for Space Sciences as the Life
Finder.

Entomopter for Mars

Anthony Colozza

Entomopter animation was used by Scott
Hubbard, NASA Ames Research Center
Director, in his inaugural address to ARC
employees on September 27, 2002.

Electromagnetic Formation Flight (EMFF)

Raymond Sedwick
and David Miller

EMFF is now being considered by the NRO for
additional development.

Solid State Aircraft

Anthony Colozza

Being considered as one component of an
architecture for Earth atmospheric sampling.

Table 11. Advanced Concepts Infused Into NASA
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Inspiration and Outreach
The process of inspiring the submission of revolutionary advanced concept proposals to NIAC begins with the continuous building of a foundation of creative and innovative thinking within a broad spectrum of technical communities. It is essential that the
process of inspiring and nurturing the development of revolutionary, paradigm-shifting, advanced concepts includes a very
active and continuous stimulation of a broad cross-section of innovators who reside in aerospace and non-aerospace communities and include all age groups from kindergarten to the most experienced innovators. The NIAC maintains a high degree of
connectivity with a diverse cross-section of innovative researchers in established and emerging technical disciplines. Appendix
A provides a listing of the inspiration and outreach activities conducted during the sixth contract year of operation.

12-15
November
2003

Pat Russell attended the ASGSB Annual Meeting. Pat, who has completed 7 years
as the Executive Director of the ASGSB, displayed the NIAC poster and distributed
brochures. A number of NIAC Fellows attended and presented papers. On
January 22, Pat Russell participated, as outgoing Executive Director of the
ASGSB, in a site visit to New York, NY to assist the ASGSB with selection and contract for 20th Annual Meeting.

SEMINAR
Eglin AFB
Eglin, Florida

15
December
2003

Bob Cassanova presented an invited seminar to 40 members of the technical staff
at the Air Force Research Laboratory Munitions Directorate. He met with the
Director, Chief Engineer, Chief Scientist and other senior technical staff. He was
given an overview presentation about their positronium energy/propulsion program and other areas of future technical emphasis and a guided tour of their
research facilities. The senior technical leadership expressed special interest in
closer technical collaboration with NIAC and NASA.

MEETING
American Astronomical
Society - Atlanta, GA

4-8
January
2004

Bob Cassanova attended the 203rd Meeting of the American Astronomical Society
and distributed the NIAC brochure.

WORKSHOP
Ecopoiesis Workshop
Albuquerque, NM

30-31
January
2004

Pat Russell and Ron Turner attended the Extremophile Selection for Ecopoiesis
Workshop. Pat gave a NIAC overview presentation. The workshop was organized
by NIAC Phase I Fellow Paul Todd.

INVITED PRESENTATION
Northern Virginia Astronomy
Club

8
February
2004

Ron Turner gave an invited presentation.

TESTIMONY
Presidential Commission
Atlanta, GA

25
March
2004

Ron Turner provided testimony at a meeting of the Presidential Commission on
Moon, Mars and Beyond. He discussed the radiation findings of a recent National
Academy Study, ‘Safe on Mars’.

26
March
2004

The Universities Space Research Association sponsored their annual technical
symposium at the Sheraton Hotel in Columbia, Maryland. Speakers included::
Richard Russell, Associate Director for Technology, Office of Science and
Technology Policy (OSTP), John Cullen, Professional Staff Member, Committee
on Commerce, Science, and Transportation, U. S. Senate, James Garvin, NASA
Lead Scientist for Mars Exploration, Franklin Chang-Dìaz, Director Advanced
Space Propulsion Laboratory, Johnson Space Center. Pat Russell, Ron Turner
and Bob Cassanova attended the Symposium.

COLLABORATION
American Society for
Gravitational Space Biology
(ASGSB)
Huntsville, AL

TECHNICAL SYMPOSIUM
Universities Space Research
Association
Columbia, MD

TABLE 12. Inspiration and Outreach Activities (continued on next 2 pages)
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INVITED WHITE PAPER
Suffolk, VA

29 March 4 April
2004

NIAC submitted an invited white paper for presentation at the Joint Space Concept
Development and Experimentation Strategy Workshop. This invitation and NIAC’s
response with a white paper is a result of a previous visit to NIAC by the technical
staff of the Joint Forces Command (JFCOM) Space Application Experimentation
Cell during which NIAC and JFCOM gave cross briefings on their space activities.

ROUNDTABLE ON SCIENCE &
PUBLIC POLICY
“Private Sector Opportunites
In President Bush’s New
Space Vision”
Washington, D.C.

7
April
2004

Pat Russell attended the Roundtable discussion on “Private Sector Opportunities in
President Bush's New Space Vision”. The speaker was Brig. General Simon "Pete"
Worden (ret.) who discussed how the private sector can contribute to the realization
of the President's vision.

INVITED SEMINAR
U.S. Air Force Academy
Colorado Springs, CO

29
April
2004

Bob Cassanova gave an invited seminar.

MEETING
American Physical Society
Denver, CO

1-4
May
2004

LECTURE
Bellsouth Management Retreat
Callaway Gardens, GA

11
May
2004

Bob Cassanova was invited to give a lecture to the management retreat.

ABSTRACT SUBMISSION
& ACCEPTANCE
55th International
Astronautical Congress
Vancouver, British Columbia

June
2004

NIAC submitted an abstract that was accepted and will be presented at the 55th
International Astronautical Congress, to be held October 4-8, 2004 in Vancouver,
British Columbia.

INVITED PAPER
2004 NASA/DoD Conference
Seattle, WA

24-26
June
2004

Phase II Fellow Anthony Colozza was invited to submit a paper on the “Solid State
Aircraft” to the 2004 NASA/DoD Conference on Evolvable Hardware for the special
session on Revolutionary Technology for Space Exploration. Participation in this
special session is by invitation only.

NIAC BRIEFING
National Science Foundation
(NSF)

24
June
2004

Pat Russell and Bob Cassanova gave an overview of NIAC to Craig Robinson,
Senior Advisor for Performance Assessment at NSF, and to his assistant, Jennie
Moehlmann.

Bob Cassanova and Ron Turner attended the Meeting of the American Physical
Society. Bob and Ron were available at the NIAC information booth, distributed NIAC
literature and spoke with a number of meeting attendees.

TABLE 12. Inspiration and Outreach Activities (continued on next page)
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Space Elevator Conference
Washington, D.C.

28-30
June
2004

The Space Elevator 3rd Annual International Conference at the Loews L'Enfant
Plaza Hotel. Keynote speakers included John Mankins, NASA's Manager of
Human and Robotics Technology, and Brian Chase, Vice President of The Space
Foundation. The Los Alamos National Laboratory, NASA Marshall Space Flight
Center, NASA Institute for Advanced Concepts, and the National Space Society
sponsored the event. Pat Russell attended the opening reception on June 27 and
the panel discussion on June 30. Presentations are now available online at:
http://www.isr.us/Spaceelevatorconference/2004presentations.html.

TABLE 12. Inspiration and Outreach Activities (continued)

The leadership of NIAC, including the Director, Associate Director and Senior Science
Advisor, promote revolutionary, advanced concepts through participation, primarily by
invitation, on steering and oversight committees organized by NASA and other civilian
agencies, Department of Defense, National Academy of Sciences, and National
Research Council committees. This key activity continues to provide open examination
and expansion of the NIAC process for advocacy, analysis and definition of advanced
concepts. NIAC regularly interfaces with other U.S. research agencies to (1) stay
informed about technology breakthroughs developed by these agencies; (2) encourage
feedback to NIAC Fellows from a diverse constituency of research organizations; (3)
explore the potential for supplemental funding for NIAC
advanced concepts; and (4)
establish links with the community of researchers funded
by these agencies.
The NIAC poster (above) has
become a useful tool for soliciting
and increasing NIAC's visibility. It is
distributed by the NIAC staff and its
representatives at numerous meetings, workshops, seminars and
conferences.

A NIAC exhibit (above) was presented at the
American Physical Society Meeting In Denver,
Colorado, May 1-4,2004

Ron Turner and Bob Cassanova in the
NIAC booth at the American Physical
Society meeting.
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NIAC maintains an open line
of communication with leaders
in the global technical community through the NIAC web site
and participation in national
and international technical
society meetings through the presentation of technical papers and use
of NIAC display booths (e.g., American Physical Society). The NIAC
leadership also provides advocacy by orchestrating vigorous dialogue
about revolutionary concepts through their active participation in appropriate technical societies (American Institute of Aeronautics and
Astronautics, the International Astronautical Federation and the
American Society for Gravitational and Space Biology) and in technical
committees affiliated with these societies. NIAC actively pursues exposure with aerospace industry associations through presentations to
these organizations, many of which have been invited presentations.
The NIAC leadership and NIAC Fellows also present invited seminars
at universities, non-NASA research agencies and non-aerospace
industry associations and non-aerospace industries, such as
BellSouth.

The NIAC annual meeting, the annual NIAC Phase I Fellows
meeting and focused NIAC workshops provide opportunities for
open analysis and advocacy of currently funded advanced concepts as well as an unbiased and open-minded examination of
revolutionary concepts and enabling technologies.

The NIAC brochure (above) has been widely distributed within NASA, other government agencies, technical societies, universities and science-oriented public.

Recruitment of Technically Diverse Peer Reviewers
The NIAC leadership has developed an efficient and proven method for identifying and selecting the most qualified and appropriate external review panel members to evaluate proposals submitted to the Institute. Over the last six and one-half years,
NIAC has continuously recruited experts across a broad cross-section of technical expertise and a total of 238 individuals have
been used, thus far, for peer review. In order to ensure a continuous refreshment of the available expertise representing newly
emerging technologies within the scientific community, the NIAC leadership continually recruits additional reviewers for each
new peer review cycle. NIAC peer reviewers recruited by USRA include senior research executives in private industry, senior
research faculty in universities, specialized researchers in both industry and universities, and aerospace consultants.
For identifying prospective peer reviewers, several resources are used in combination. Because Phase I proposals are necessarily less technically specific and will be judged more for the validity of the concept itself, evaluation of these proposals requires
experts regarded as "big picture" people (i.e., individuals whose careers have exposed them to a variety of technical disciplines
and an understanding of complex systems employing many different technologies). An example of this type of individual might
be a vice president of a major aerospace corporation.
Phase II proposals, however, which offer far more technical detail, will typically require a more specific group of evaluators.
One significant resource that the Institute has employed successfully and will continue to exploit is the personal knowledge of
the NIAC Director, Associate Director, and Senior Science Advisor of many qualified experts in a wide variety of fields related
to NIAC. Some of these experts have a prior association with NIAC, some served previously as NIAC reviewers, and some participated in one of the Grand Challenges workshops. Others may have been suggested by NIAC Science Council members. An
additional resource of qualified peer reviewers can be found in the authors of publications cited in the proposals to be reviewed.
These researchers often represent the forefront of knowledge in a specific, emerging technology directly relevant to the proposed study.
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NIAC Fifth Annual Meeting
The 5th Annual Meeting of the NASA Institute for Advanced Concepts was held November 5-6, 2003 at the Georgia Centers
for Advanced Telecommunications Technology in Atlanta, Georgia. Each of the following three keynote speakers gave one-hour
presentations. All current NIAC Phase II Fellows presented a briefing on their advanced concepts and the presentations are
available on the NIAC website at http://www.niac.usra.edu/. Among the 69 people in attendance were the CP 02-02 Phase I
NIAC Fellows, who displayed posters depicting their funded concepts.
GEORGE DYSON
Futurist and Author
George Dyson is a writer, boat designer, and historian of technology whose interests have included
the development (and redevelopment) of the Aleut kayak (Baidarka, 1986), the evolution of digital
computing and telecommunications (Darwin Among the Machines, 1997), and nuclear bomb-propelled space exploration (Project Orion, 2002). Dyson’s early adventures, contrasted with those of his
father, physicist Freeman Dyson, were the subject of Kenneth Brower’s (1978) The Starship and the
Canoe. Dyson’s kayak designs have been built by thousands of followers and his books have been
well received. James Michener praised Baidarka as “a grand, detailed book that will be a standard
for years to come,” Oliver Sacks wrote that Darwin Among the Machines was “a very deep and important book, beautifully written... as remarkable an intellectual history as any I have read,” and Arthur
C. Clarke describes Project Orion as “essential reading for engineers/scientists involved with government bureaucracies
and the notorious Military Industrial Complex... also vice versa.” Dyson, who lives in Bellingham, Washington, was Director’s
Visitor at the Institute for Advanced Study in Princeton, NJ for the academic year 2002-2003, excavating the records (19451958) of John von Neumann’s Electronic Computer Project, where the physical realization of the logical principles underlying stored-program digital computing established precedents followed by hardware and software development ever since.

BRIGADIER GENERAL SIMON P. WORDEN
Director of Development and Transformation, Space and Missile Systems Center, Air Force Space Command
“Perspectives on Space Future”
Brig Gen Simon P. Worden is director of development and transformation, Space and Missile
Systems Center, Air Force Space Command at Los Angeles Air Force Base, Calif. He entered the
Air Force in 1975 after graduating from the University of Arizona with a doctorate in astronomy.
Throughout the 1980s and early 1990s, he served in every phase of development, international
negotiations and implementation of the Strategic Defense Initiative, a primary component in ending the Cold War. He twice served in the executive office of the presidents. As the staff officer for
initiatives in the Bush administration's National Space Council, he spearheaded efforts to revitalize our civil space exploration and earth monitoring programs, and was the architect of the "faster,
cheaper, better" approach now adopted throughout the U.S. space program. The general commanded the 50th Space Wing that is responsible for more than 60 Department of Defense satellites and more than 6,000 people at 23 worldwide locations. He then served as deputy director
for requirements at Headquarters Air Force Space Command as well as the deputy director for command and control with
the Office of the Deputy Chief of Staff for Air and Space Operations at Air Force headquarters. Prior to assuming his current
position, the general was responsible for policy and direction of five mission areas: force enhancement, space support,
space control, force application and computer network defense. Brig Gen Worden has written or co-written more than 150
scientific technical papers in astrophysics, space sciences, and strategic studies. He was scientific co-investigator for two
NASA space science missions.
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GARY L. MARTIN
Space Architect, NASA Headquarters
“Future Directions: Strategy for Human and Robotic Exploration”
Gary L. Martin was named NASA’s Space Architect on October 11, 2002. In this position, Mr.
Martin sets NASA's future technology requirements and monitors development programs to
ensure systems will be ready when needed to support the next-generation science objectives.
Martin served as Assistant Associate Administrator for Advanced Systems in NASA's Office of
Space Flight from July 2000 until the recent appointment. Prior to the Office of Space Flight Mr.
Martin spent four years at Goddard Space Flight Center. Gary began his career at NASA in 1990
as the primary interface for requirements between the microgravity science community and the
designers of the Space Station. He was the Branch Chief for Advanced Programs (1992-94) within the Microgravity Sciences and Applications Division and then the Division’s acting Deputy
Director (1994-96). During this time he managed technology development and space flight hardware such as the Space Acceleration Measurements System and the Microgravity Glovebox, families of hardware whose units flew on both Shuttle and Mir.

NIAC Fellows Meeting and Workshop
The Phase I Fellows meeting and workshop was held
at the Crowne Plaza Hotel in Arlington, VA on March
23-24, 2004. All current Phase I Fellows presented a
status briefing on their advanced concepts.All of the
presentations, the attendance list and the agenda
are accessible via the NIAC website at
http://www.niac.usra.edu/. There were 55 people in
attendance.
Meeting attendees.
Special insight was provided through the presentations of the following four keynote speakers:
Bradley Edwards, Research Institute for Scientific Research - “Development Process for the Space Elevator”
Kenneth Edwards, Director, Revolutionary Munitions Air Force Research - “Propulsion and Power with Positrons”
James A. Garvin, NASA Lead Scientist for Mars Exploration Office of Space Science - “Mars Program Update”
Jerry Grey, Aerospace Consultant - “Perspectives on Propulsion for the Future”

NIAC student fellows poster presentations at the Fellows Meeting and Workshop.
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NIAC’s Support of NASA’s Vision
On January 14, 2004 President Bush unveiled a new vision for space exploration,
calling on NASA to "gain a new foothold on the moon and to prepare for new journeys to the worlds beyond our own." This announcement along with the publication
by NASA of "The Vision for Space Exploration" in February 2004 has inspired a
renewed spirit within the scientific community for space exploration.
On February 2, 2004 the President's Commission on Implementation of United
States Space Exploration Policy was chartered to provide recommendations to the
President on implementation of the vision. After receiving inputs to their deliberations from the technical community through a number of public hearings and an open
solicitation of inputs through the Commission's website, the Commission produced a
report in June 2004 entitled, “A Journey to Inspire, Innovate, and Discover” that outlined a number of far-reaching recommendations.
On pages 25-26, the report specifically mentioned NIAC as follows:
Finally, we suggest that the Administration and Congress create within NASA an
organization drawing upon lessons learned from the Defense Advanced Research
Projects Agency (DARPA). DARPA is a highly successful organization that is chartered to fund high-risk/high return basic research in support of national defense priorities. The Commission concludes that such an agency within NASA would be
extremely useful in addressing the development challenges regarding numerous
technologies associated with the vision. In addition, such an organization can be the
incubator of cutting-edge technologies and concepts that may not yet have known
applications. The Commission believes that the NASA Institute for Advanced
Concepts may serve as a nucleus for such an organization.
As a result of the new vision for NASA and the recommendations of the Presidential
Commission, NASA has restructured into four major mission directorates:
Exploration Systems, Space Operations, Science, and Aeronautics Research
NIAC now reports to the Office of Exploration
Systems. While NIAC is eager to continue
seeking advanced concepts in that directly
support NASA's exploration vision, NIAC will
continue to seek revolutionary concepts related to all mission offices. Innovation often
springs forth at the interface of scientific disciplines and, in the same sense, may emerge at
the interface of mission responsibilities.
Figure 1 illustrates a few of the NIAC sponsored advanced concepts that relate to four
key destinations: Moon, Mars, Outer Moons
and Extrasolar Planets.
Figure 2. NIAC Sponsored
Advanced Concepts that relate to
Moon, Mars, Outer Moons and
Extrasolar Planets
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NIAC Student Visions of the Future Program (NSVFP)
Beginning with the sixth contract year of operation, USRA sponsored the NIAC Student Visions of the Future Program (NSVFP) which
provides an inspiration for undergraduate students to use their youthful imagination and creativity to develop advanced concepts. This
program enables student recipients to attend and participate in NIAC meetings, broadening their exposure to ideas and assistance from
the NIAC Fellows. Undergraduate students, consisting of individual students or multi-disciplinary groups of students, overseen by a faculty advisor, were given the opportunity to develop proposals addressing NIAC topics, adhering to our unique requirements for projects
10-40 years into the future. These selected students receive the designation of "NIAC Student Fellow". An open solicitation for proposals will be issued once or twice annually and approximately five university teams and their mentors will be supported to attend the NIAC
Annual Meeting and present posters describing their concepts. Student teams responsible for the most innovative concepts, as judged
by the NIAC Science Council, will be invited to give a presentation of their results at the NIAC Fellows Meeting. USRA's contribution will
enable student recipients to attend and participate in NIAC meetings, thus broadening their exposure to ideas and assistance from the
NIAC Fellows. As a result of two open competitions, the NIAC Student Fellows program competitively awarded seven research projects
for university students during the sixth contract year of operation. A third NSVFP competition was announced in May 2004 with a proposal due date of September 1, 2004. The seven research projects awarded during this contract performance period are listed below:

Student Fellows Selection - September 2003
"Biomining for In-Situ
Resource Utilization"
Darin Ragozzine:
Harvard University

"Daedalon: A Revolutionary
Morphing Spacecraft Design for
Planetary Exploration"
Jarret M. Lafleur
Georgia Institute of Technology

"Verde Base (A Lunar Greenhouse)"
Kam Yee
University of Washington, Bothell

Student Fellows Selection - February 2004
"Ramjet Statoreactor"
Florin Mingireanu
Louisiana State University
Advisor: Prof. Ed Seidel

"The Origin of Life and
Spaceflight Biospherics:
In Situ Free Radical
Polymerization Processes for
Space System Applications"
Zach Adam
University of Washington
Advisor: Dr. Adam Bruckner

"Collectible Projectosats"
Darin Ragozzine and Frank White
Harvard University
Advisor: Dr. Sarah Stewart

"Global System for Monitoring
Earth Radiation Balance"
Ken Van Dyken, Joel Eigege,
Paul Sokomba and Dan Mouw
Calvin College
Advisor: Prof. Matthew Heun
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Inputs to NASA Technology Inventory Database
NIAC provides input to the NASA Technology Inventory Database immediately following the announcement of all awards for
Calls for Proposals for Phase I and Phase II concepts. The public version of this database, which is maintained by NASA
Goddard Space Flight Center (GSFC), is available (http://technology.gsfc.nasa.gov/technology/).

Financial Performance
NIAC measures its financial performance by how well it minimizes its operational expenses in order to devote maximum funds
to viable advanced concepts. During the sixth contract year of NIAC operation under USRA, 76.8% of the total NIAC budget
has been devoted to advanced concepts research and development. Our composite five and one-half year average was 74.5%
under the previous NIAC contract. We take great pride in this achievement.
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DESCRIPTION OF THE NIAC

Mission
The NASA Institute for Advanced Concepts (NIAC) was formed for the explicit purpose of functioning as an independent source
of revolutionary aeronautical and space concepts that could dramatically impact how NASA develops and conducts its missions.
The Institute provides a highly visible, recognized and high-level entry point for outside
thinkers and researchers. The ultimate goal of
NIAC is to infuse the most promising NIACfunded advanced concepts into future NASA
plans and programs. The Institute continues to
function as a virtual institute and utilizes Internet
resources whenever productive and efficient for
communication with grant and subcontract
recipients, NASA, and the science and engineering communities. Figure 3 depicts the NIAC
Mission.

FIGURE 3. NIAC Mission

Organization
The NIAC staff is located at the NIAC Headquarters office in Atlanta, Georgia and consists of its director, business manager,
and publication specialist. ANSER provides full-time, on-site computer network and software application support.
Recipients of NIAC subgrant or subcontract awards are designated as "NIAC Fellows."
As an Institute of the Universities Space Research Association (USRA), NIAC Director reports to the President of USRA. USRA
uses many methods in its management of NIAC to ensure NASA is provided with quality service at a reasonable price.
Approximately 70% of the funds provided by NASA for the operation of NIAC are used for funding advanced concepts. USRA
refers to the remaining 30% of the NIAC budget as NIAC operations costs. Three general management processes and/or methods are employed to provide a comprehensive and cost-effective, advanced concepts development program for NASA. First,
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USRA uses a proven solicitation and peer review process to solicit, evaluate, and select proposed advanced concepts. Once
new concepts are selected for funding, USRA employs the second phase of its acquisition management approach, which is to
award a grant or contract to the selected organizations. To accomplish this, USRA uses its government-approved purchasing
system. USRA personnel working this aspect of the acquisition process are guided by the USRA Procurement Manual, which
is modeled from the Federal Acquisition Regulations. After the appropriate contractual instrument has been awarded, USRA
monitors overall performance against the respective proposed budget and concept development milestones through bi-monthly reports from the principal investigators covering technical, schedule, and budget status.

FIGURE 4. NIAC Organization

ANSER, through a subcontract from USRA-NIAC, brings unique knowledge and expertise to the NIAC program by providing
technical and programmatic support to the operation of the Institute. ANSER's participation in the operation of NIAC enables
the Institute to have access to significant resources developed over decades of support to the government through the
Department of Defense (DoD). ANSER provides a means to stay aware of innovative DoD and Homeland Security (HS) activities relevant to NASA and NIAC. ANSER has a long association with U.S. military aerospace activities, DoD research facilities,
and the Defense Advanced Research Projects Agency (DARPA). ANSER's Institute of Homeland Security, established in April
2001, maintains a close working relationship with agencies and organizations involved in homeland security. This facilitates a
means to introduce NIAC Fellows and concepts to the relevant DoD and HS communities. At ANSER's initiative, several NIAC
Fellows have presented their research in invited talks in classified settings (e.g., through an NRO speaker's forum). These wellattended presentations get additional exposure after the taped talk and the electronic slides are posted on a DoD Web site.
ANSER supports the operation of the Institute as an electronic virtual entity. The NIAC organization is illustrated in Figure 4.
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As a corporate expense, the NIAC Science Council (formerly called the NIAC Science, Exploration and Technology Council)
was formed to oversee the operation of NIAC on behalf of the relevant scientific and engineering communities. The Council is
composed of a diverse group of thinkers, eminent in their respective fields, and representing a broad cross-section of technologies related to the NASA Charter. The Council has a rotating membership with each member serving a three-year term. The
USRA Board of Trustees appoints all Council members. The current membership of the NIAC Science Council is listed in
Table 13.

MEMBER
Dr. Charles Bowden
Dr. Robert A. Cassanova
Dr. John V. Evans
Dr. Lynda J. Goff
Dr. Bruce Jakosky
Dr. R. Keith Raney
Dr. Donna L. Shirley - Chair
Mr. Parker S. Stafford
Dr. Jack Stuster
Dr. Robert E. Whitehead

AFFILIATION
US Army Aviation & Missile Command
NASA Institute for Advanced Concepts (NIAC) [ex officio]
Aerospace Consultant
University of California-Santa Cruz
University of Colorado
Johns Hopkins University
University of Oklahoma
Aerospace Consultant
Anacapa Sciences, Inc.
Aerospace Consultant

TABLE 13. Current Membership of the NIAC Science Council

Facilities
NIAC Headquarters occupies 2,000 square feet of professional office space. The staff is linked via a Windows 2000-based
Local Area Network (LAN) consisting of four Pentium 4 PCs, one Macintosh G3 and three UNIX servers. Internet access is provided via a fiber-optic link through the Georgia Tech network. Other equipment includes one Dell Inspiron 7000, one IBM
Thinkpad T-21, one IBM Thinkpad T-41, one NEC MT 1030 LCD projector, one flatbed scanner, one Xerox Phaser 7300DN
printer, one HP Color LaserJet 5 printer, one HP LaserJet 4000TN printer, one HP LaserJet 3100 facsimile machine and a Sharp
AR405
copier.
The servers use RedHat Linux for their operating systems, Apache for the Web server, Sendmail for the email server, Sybase
SQL server for the database, and OpenSSL for Web and email security. The workstations use Windows 2000 for their operating systems, Microsoft Office XP Professional for office applications, Netscape Communicator for email access, and Adobe
Acrobat for distributed documents.

Virtual Institute
NIAC envisions progressive use of the Internet as a key element in its operation. The Internet is the primary vehicle to link the
NIAC office with NIAC fellows, NASA points-of-contact, and other members of the science and engineering communities. The
Internet is also the primary communication link for publicizing NIAC, announcing the availability of Calls for Proposals, receiving proposals, and reporting on technical status. All proposals must be submitted to NIAC in electronic format. All reports from
the fellows to NIAC and from NIAC to NASA are submitted electronically. The peer review of proposals is also conducted electronically whenever the peer reviewer has the necessary Internet connectivity and application software.
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NIAC Home Page
ANSER created and maintains the NIAC web site (http://www.niac.usra.edu) which serves as the focal point of NIAC to the
outside world. The web site can be accessed to retrieve and submit NIAC information and proposals. The NIAC web site is
linked from the NASA GSFC Flight Programs & Projects Directorate web site (http://ntpio.nasa.gov/niac/) and the NASA
Research Opportunities web site (http://search.nasa.gov/nasasearch/search/search.jsp?nasaInclude=niac&Simple+Search
.x=27&Simple+Search.y=1), the Office of Earth Science Research Opportunities at (http://www.earth.nasa.gov/nra/current/
index.htm) and the Small Business Innovative Research program at (http://sbir.nasa.gov). Numerous other links to the NIAC
Web site are now established from NASA Centers and science and engineering Web sites. Figure 5 depicts the site map of
the NIAC Web site.

HOME

WHAT ’S NEW

THE INSTITUTE

FUNDED STUDIES

TOPICS OF FUNDED STUDIES

CALL FOR PROPOSALS

NIAC LIBRARY

OTHER SITES OF INTEREST

DIRECTIONS & MAPS

MAILING LIST

FIGURE 5. Map of the NIAC Web Site - http://www.niac.usra.edu.
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WHAT’S NEW

News pertaining to NIAC is found through this link. There is also a link to the latest
Commerce Business Daily release pertaining to NIAC.

THE INSTITUTE

This link provides information about NIAC that includes a list of the NIAC Science
Council members, its purpose, method, goal, and contact information. There is also
a link to an Organizational Chart of NIAC.

FUNDED STUDIES

Information about each principal investigator and project that NIAC has funded is in
this section. There are links to various documents including abstracts of proposals,
presentations and final reports. This category can be sorted by Call, PI name, and topic.

CALL FOR PROPOSALS

This is a link to the current Call for Proposals. There is a link to the Questions &
Answers section as well.

NIAC LIBRARY

This contains an archive of previous Calls for Proposals, NIAC annual reports and
other miscellaneous documents. There are links to view the proceedings of Fellows
Meetings and various Workshops as well.

LINKS

Links to other sites are provided via this section.

MAILING LIST

NIAC provides a Mailing List where users can access the latest Call for Proposals via
email. Users are allowed the capability to add, edit and/or delete their own entry in this
section.

FEEDBACK

This provides users the opportunity to ask questions about NIAC. Questions &
Answers pertaining to the current Call for Proposals may be viewed in this section.

The NIAC Web page has undergone a marked change since last year’s Annual Report. The implementation of JAVA server
pages has allowed the dynamic production of certain Web pages. This is most evident in the Funded Studies section and the
Mailing List section. We are also currently in the process of a major upgrade to the website to meet contract requirements of
the follow-on contract period. We anticipate completion and delivery of this upgrade in October, 2004.
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ADVANCED

CONCEPT

SELECTION

PROCESS

The NIAC process of inspiring and moving toward an ultimate goal of infusing revolutionary advanced concepts into NASA’s
long range plans across the Enterprises is depicted in Figure 6.

FIGURE 6. NIAC’s Operating Paradigm

The NIAC process of inspiring and moving toward an ultimate goal of infusing revolutionary advanced concepts into NASA's
long range plans across all mission areas is depicted in Figure 6. NIAC's role is to provide additional options for consideration
by NASA with potentially revolutionary improvement in aerospace performance and the resulting dramatic extension of mission
and programmatic goals. NIAC provides a pathway for innovators with the ability for non-linear creativity to explore revolutionary solutions to the Grand Challenges of future aerospace endeavors. The ultimate goal of the NIAC process is to infuse the
most successful advanced concepts into mainstream plans and programs.
NIAC follows a process of Inspiration, Solicitation, Review, Selection and Nurturing leading to Infusion in its pursuit of advanced
concepts. Typical NIAC activities related to "Inspiration" and "Nurturing" are described in detail in the Accomplishments section of this report and include the production and distribution of numerous publications describing NIAC and it's funded concepts, active participation in technical meetings and societies, and attendance at numerous invited seminars, etc. Nurturing is
accomplished through Phase II site visits, NIAC sponsored meetings, nurturing many activities such as Phase II site visits and
NIAC sponsored meetings.
Throughout this process, NIAC engages in critical ongoing activities for:
•
•
•
•
•
•
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Collaboration with all constituencies of the technical community;
Collaboration and communication with all levels of government, industry and academia;
Connectivity with technology-oriented organizations;
Inspiration, education and outreach through the educational community and the mainstream press;
Supportive management and nurturing of NIAC awardees;
Feedback from its customers, other agencies and all constituencies of the technical community at large.

Release and Publicity of Calls for Proposals
There are various methods used to release and publicize the NIAC Phase I Calls for Proposals. Some of the ways that NIAC
solicits Calls to the community are as follows:
Notices are sent to the NIAC email distribution list, generated from responses by individuals who signed up on the NIAC web
site to receive the Call; Announcements on professional society web sites or newsletters (American Institute for Aeronautics
and Astronautics, American Astronautical Society,
the American Astronomical Society and the
American Society of Gravitational & Space
Biology); Announcements on the USRA and NIAC
web sites; Web links from NASA Enterprises Web
pages; Web link from the NASA Coordinator’s Web
page; Announcements to a distribution list for
Historic Black Colleges & Universities (HBCU),
Minority Institutions (MI) and Small Disadvantaged
Businesses (SDB) provided by NASA; Distribution
of announcements to an Earth Sciences list provided by NASA GSFC; Announcements distributed at
technical society meetings, Distribution of NSVFP
Announcement through the Space Grant College
Directors and the USRA Council of Institutions.
Figure 7. Publications Featuring Articles about NIAC
Since Phase II awards are based on a down-select
from Phase I winners, all Phase II Calls for
Proposals are emailed directly to past Phase I winners who have not previously received a Phase II contract. In addition to the
ongoing publicity through the NIAC web site, NIAC activities have been the subject of numerous articles in national and international publications and press specifically citing NIAC activities during the sixth contract year.

Solicitation
The actual solicitation for advanced concepts is assembled and published by the NIAC staff. The technical scope of the solicitation emphasizes the desire for revolutionary advanced concepts that address all elements of the NASA mission. This is particularly true for the Phase I solicitation. The scope of work is written to inspire proposals in all NASA mission areas and contains brief descriptions of NASA Enterprise areas of emphasis.
In general, proposed advanced concepts should be:
- Revolutionary, new and not duplicative of concepts
previously studied by NASA,
- An architecture or system,
- Described in an aeronautics and/or space mission context,
- Adequately substantiated with a description of the scientific
principles that form the basis for the concept,
- Largely independent of existing technology or a unique
combination of systems and technologies.

These revolutionary concepts may be
characterized by one or more of the
following attributes:
- The genius is in the generalities, and
not the details,
- The new idea creates a pathway that
addresses a roadblock,
- It inspires others to produce useful
science and further elaboration of the
fundamental idea,
- It contributes to a shift in the world view,
- It triggers a transformation of intuition.
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Over the last 100 years of scientific and engineering development, there have been many notable concepts, technical accomplishments and scientific breakthroughs that have had a revolutionary impact on transportation within the Earth’s atmosphere,
the exploration of our solar system and beyond, and on our understanding of the cosmos. Creative and often intuitive
approaches may lead to revolutionary paradigm changes and interpretative applications or concepts.
The Phase I Call for Proposals continues to express a special interest in receiving proposals for innovative and visionary concepts from disciplines that are normally focused on non-aerospace endeavors and may have the potential for innovative application in the aerospace sector. These concepts may be emerging at the interface of traditional disciplines where innovation
often spring forth in non-aerospace fields.
Based on an analysis of Phase I proposals submitted in response to previous Calls, CP 02-02 also included an explanation of
the basic requirements for concepts submitted to NIAC. The evaluation criteria for Phase I and Phase II concepts are structured to convey what is being sought and are summarized in Figure 8.

Phase I 6 months / $50 - $75K

Phase II Up to 24 month / Up to $400K

1. How well have the benefits been qualified
in the context of a future aeronautics and/or
space mission appropriate to the NASA charter
and responsibilities?
2. How well is the concept described a system or architecture context?
3. Is the concept revolutionary rather than
evolutionary? To what extent does the proposed activity suggest and explore creative
and original concepts that may initiate a revolutionary paradigm change?
4. Is the concept substantiated with a description of applicable scientific and technical disciplines necessary for development?
5. How well conceived and organized is the
study work plan, and does the team have
appropriate key personnel and proven experience?

1. Does the proposal continue the development
of a revolutionary architecture or system in the
context of a future NASA mission? Is the proposed work likely to provide a sound basis for
NASA to consider the concept for a future mission
or program?
2. Is the concept substantiated with a description of applicable scientific and technical disciplines necessary for development?
3. Has a pathway for development of a technology roadmap been adequately described? Are all
of the appropriate enabling technologies identified?
4. Are the programmatic benefits and cost versus performance of the proposed concept adequately described and understood? Does the
proposal show the relationship between the concept’s complexity and its benefits, cost, and performance?

FIGURE 8. NIAC Proposal Evaluation Criteria

The NIAC Calls for Proposals are distributed in electronic form only. Under a typical schedule for NIAC operation, NIAC solicits annually for one Phase I and one Phase II. The release of these proposals generally occur in the latter half of the calendar
year.
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Proposals
In order to be considered for award, all proposals are required to be submitted to NIAC electronically as a .pdf file. Technical
proposals in response to Phase I Call for Proposals are limited to 12 pages; whereas, Phase II technical proposals are limited
to 25 pages. There is no page limit for cost proposals.
Phase II proposals are only accepted from proposal authors who have previously received a Phase I award, have not previously received a Phase II follow-on contract and have not submitted their Phase II proposal more than twice. The deadline for submission is the same for the Phase II proposal and associated Phase I final report. Phase I Fellows may submit a Phase II proposal at any time after completion of their Phase I grant, but it must be received by NIAC by the designated deadline in order
to be considered in a particular review cycle.

Peer Review
Peer reviewers are selected from the technically appropriate reviewers in the NIAC database. Additional reviewers
are recruited as needed to adequately represent the technical emphasis of each proposal. Each reviewer is
required to sign a non-disclosure and a non-conflict-ofinterest agreement prior to their involvement. A small
monetary compensation is offered to each reviewer. The
technical proposals and all required forms are transmitted
to the reviewer via the Internet, by diskette or by paper
copy, depending on the electronic capabilities of the
reviewer.
Reviewers are given approximately thirty days to review
the technical proposals and return their completed evaluation forms. Figure 9 illustrates the peer review process.
Each proposal receives at least three independent peer
reviews. Each reviewer evaluates a proposal according to
the criterion stated in the Call for Proposals.
Templates/forms are created to help guide the reviewer
through the process of assigning a numerical ranking and
providing written comments. Only NIAC and USRA staff
analyze cost proposals.

Figure 9. NIAC Peer Review Process

The ANSER Corporation provides valuable assistance to
the peer review process through a search of its archives,
knowledge databases, and additional resources. These
information databases are used to provide additional
background on prior and ongoing advanced concept
research efforts sponsored by NASA and non-NASA
sources. To help assure that a proposed concept is not
duplicating previously studied concepts, NIAC accesses
the NASA Technology Inventory Database and searches
for related NASA-funded projects. Results of the peer
reviews are compiled by NIAC, rank-ordered by a review
panel, and prepared for presentation to NASA HQ at a
concurrence briefing.
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NASA Concurrence
The NIAC Director is required to present the prioritized research selections to the representatives of NASA Associate
Administrators at NASA HQ and the representatives of NASA Mission Offices before the final selection and announcement of
awards. Technical concurrence by NASA, required before any subgrants or subcontracts are announced or awarded, is
obtained to assure consistency with NASA’s Charter and to assure that the concept is not duplicating concepts previously or
currently being developed by NASA.

Awards
Based on the results of the NIAC peer review, technical concurrence from NASA’s Office of Exploration Systems and the availability of funding, the award decision is made by the NIAC Director. All proposal authors are notified electronically of the acceptance or rejection of their proposals. If requested, feedback based on the peer review evaluator’s comments is provided to the
non-selected proposal authors.
The USRA contracts office then begins processing contractual instruments to each of the winning organizations. The NIAC staff
inputs all pertinent technical information regarding the winning proposals into the NASA Technology Inventory Database as well
as on the NIAC Web site. The “product” of each award is a final report. All final reports are posted on the NIAC Web site for
public viewing.

Infusion of Advanced Concepts into NASA
The primary purpose of NIAC is to provide leadership to inspire, solicit, review, select, fund, nurture and infuse advanced concepts that may have significant impact on future NASA missions and programs. After a concept has been developed and nurtured through the NIAC process, it is NASA’s intent that the most promising concepts will be transitioned into its program for
additional study and follow-on funding. NIAC has taken a proactive approach to this infusion process. In addition to the routine
activities to maintain public awareness and visibility for all its funded advanced concepts, NIAC orchestrates the following activities:
- Conducts status and visibility briefings with NASA researchers and managers;
- Provides names of key NASA contacts to NIAC Phase I and Phase II Fellows;
- From the beginning of the Phase II Call for Proposals, NIAC connects Fellows with NASA to provide synergy
and optimal program consideration for future follow-on funding by NASA;
- Invites NASA leaders to Phase II site visits to participate in status and planning discussions;
- Encourages NIAC Fellows to publish their work in technical society meetings and technical journals;
- Supports NIAC Fellows for NASA testing/evaluation when NASA facilities are key to advanced concept verification.
By the end of this contract year, a number of concepts have successfully begun the process of transitioning into NASA and
some have obtained funding from other sources.
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PLANS FOR THE SEVENTH CONTRACT YEAR AND BEYOND

Key Milestones
The activities planned for the seventh contract year will build on NIAC's leadership position to inspire, select, fund and nurture
revolutionary advanced concepts and to orchestrate the transition of successful concepts into consideration by NASA for longrange development. Table 12 summarizes the major activities to be conducted in the next four years as well as activities that
began in prior years.
During the seventh year of the NASA contract, NIAC will build on the operational framework established in the first six years to
broaden the constituency of innovators responding to NIAC initiatives and to expand the participation of scientists and engineers from outside the normal aerospace disciplines. NIAC will actively seek contact with a broad range of technical disciplines
through participation in technical society meetings, presentation of invited addresses at universities and civic associations, and
capitalize on the continuing public exposure about NIAC in technical and popular science publications. NIAC will continue to
improve the Phase I and Phase II selection strategy to inspire and competitively select revolutionary advanced concepts with
the greatest potential for significant impact. To reinforce an atmosphere of revolutionary and innovative, but technically-credible thinking, the technical themes chosen for annual meetings and workshops will give special emphasis to scientific discoveries and emerging technologies that could be the basis for innovative, interdisciplinary architectures and systems aimed at the
major challenges of aeronautics and space. The following chart maps the activities by calendar year.

TABLE 14. Key Milestones
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Concept Solicitation, Selection and Award for the
Seventh Year
The peer review, selection, and concurrence by NASA and award based on proposals received in response to Phase II Call for
Proposals CP 03-01 and Phase I Call CP 04-01 is planned for completion in the fourth quarter of the 2004. Award start dates
are anticipated in August and October 2004, respectively.
The next Phase II Call for Proposals CP 04-02 will be sent to all eligible Phase I fellows by the third month of their Phase I
grant. Peer review, selection and award of Phase II contracts is planned for May and June 2005. The next Phase I Call for
Proposals, CP 05-01, is scheduled for release in the First Quarter 2005. The peer review and award is planned for June and
July 2005.

Management of Awards
NIAC will continue to require all grant and contract recipients to submit bi-monthly and final reports. All Phase II contractors will
be required to host a mid-term site visit and to submit an interim report before the end of the first half of their contract.
Participants in the site visits will include the NIAC Director, invited experts in the technical field of the concept, and NASA representatives who may be able to facilitate the eventual transition to its long-range NASA funding. All Phase II Fellows are
required to give a status briefing at the NIAC annual meeting. All Phase I Fellows are required to present a poster at the annual meeting and give a status briefing at the Phase I Fellows workshop held near the end of their Phase I grant.

Coordination with NASA and Other Federal Agencies
All NASA Associate Administrators or their designees, selected HQ theme managers, Center Directors, as well as selected
technical staff at NASA HQ are briefed annually on NIAC status and plans. NIAC will continue to closely collaborate with NASA
to leverage NIAC funded concepts that provide direct support for the NASA Vision announced by President Bush in January
2004 and will work closely with the Advanced Space Concepts and Technology group at NASA HQ and the Office of Exploration
Systems to encourage the transition of the most promising NIAC advanced concepts into mainstream programs.
Other federal agencies, such as the National Reconnaissance Office, Air Force Office of Scientific Research, Office of Naval
Research, and the Army Research Office, will be regularly visited to explore opportunities for collaboration with NIAC and with
NIAC Fellows. The NIAC technical leadership will affirmatively respond to invitations from non-NASA agencies to give seminars and to receive tours of technical facilities when such opportunities enhance and support NIAC’s effectiveness and NASA’s
long term goals.

Oversight by USRA Management
The NIAC Science Council will meet to receive an overview of the status and plans of NIAC on the day following each of the
scheduled annual meetings and Fellows meetings. The Council will issue a report to USRA management and NASA on the
operation of NIAC and will offer suggestions for future activities.

Reaching out to the Nation’s Youth
USRA has a new major innovation for involving students in NIAC. The NIAC Student Fellows program will competitively award
research projects for university undergraduate students as described in the next section, and will be funded by USRA's donation of 25% of the contract fee. Undergraduate students, consisting of individual students or multi-disciplinary groups of students, overseen by a faculty advisor, will be given the opportunity to develop proposals addressing NIAC topics, adhering to
our unique requirements for projects 10-40 years into the future. NIAC offers an ideal opportunity to engage the imagination
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of our young people, upon whom the nation's future depends. By offering visions of the future available through NASA priorities, youth are inspired to pursue educational goals in science, engineering, and mathematics that will enable them to pursue
careers dedicated to remarkable achievements.
NIAC has established relationships with existing programs (e.g., the NASA Academy at the Goddard Space Flight Center and
the Spaceflight and Life Sciences Training Program at Kennedy Space Center). NIAC will expand its involvement to include
NASA Academy programs at other Centers and will continue to give annual, invited presentations to these student groups. Through an intensely competitive process, these programs
select the best and brightest university students interested in pursuing space careers. NIAC
will expand its interaction with these types of programs to reveal opportunities available to
motivated participants.
USRA's network of ninety-five member universities provides a valuable resource for
accessing our nation's youth. USRA's University Relations Directors, including NIAC's
Associate Director, disseminate NIAC information to faculty and students during periodic
site visits to all USRA member institutions. NIAC's Associate Director will interact closely
with USRA's Director of Education and Outreach to leverage USRA's broad visibility within
the NASA-University community for the purposes of expanding the technical aspirations of
our nation's youth (K-12).
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APPENDIX A

Inspiration and Outreach Contacts
2003:
Defense Advanced Research Projects Agency
July 14: Bob Cassanova and Ron Turner visited with Karen Woods at the Defense Advanced Research Projects Agency
(DARPA).
Air Force Office of Scientific Research
July 16: Bob Cassanova and Pat Russell gave a seminar to 15 program managers at the Air Force Office of Scientific
Research.
Morehouse School of Medicine
July 17: Bob Cassanova gave a seminar to 12 faculty and students at the Morehouse School of Medicine.
Institute for Scientific Research
July 22: Bob Cassanova and Pat Russell gave a seminar to 22 technical staff members at the Institute for Scientific Research
in Fairmont, West Virginia. The seminar was hosted by the ISR Director of Research, Dr. Bradley Edwards.
Colorado School of Mines and the University of Colorado
Aug. 4-6: Pat Russell, Hussein Hussein, Lewis Peach, and David Cummings met with faculty and students at the Colorado
School of Mines and the University of Colorado, Boulder. Information about NIAC and the NIAC Student Visions of the Future
Program was distributed.
Air Force Research Lab at Kirtland AFB
Sept. 13-15: Bob Cassanova gave a seminar to the Air Force Research Lab at Kirtland AFB. He was accompanied by Pat
Russell.
Space Elevator Workshop
Sept. 13-15: Pat Russell gave a general overview of NIAC and a historical review of NIAC’s funding of the Space Elevator in
Santa Fe, NM.
National Science Foundataion Symposium
Oct. 8: Symposium on Ground-based astronomy in the 21st Century, Ron Turner attended this NSF sponsored symposium,
"The Universe from the Ground Up”, in Washington D.C., to learn more about the NSF astronomy and cosmology programs
and to establish contacts with appropriate NSF representatives.
Smithsonian Institution’s National Air and Space Museum
Oct. 8: Bob Cassanova and Pat Russell visited Roger Launius, Chair of the Division of Space History at the Smithsonian
Institution's National Air and Space Museum in Washington, D.C. Roger gave Pat and Bob a tour of the soon to be opened
Wright Brothers exhibit. Bob showed Roger the latest NIAC seminar presentation.
American Society for Gravitational and Space Biology
Nov. 12-15: NIAC Leadership’s Attendance at Technical Society Meetings Pat Russell attended the Annual Meeting of the
American Society for Gravitational and Space Biology in Huntsville, Alabama.
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National Science Foundation
Nov. 20: Ron Turner met with Richard Boyd, Program Officer for the National Science Foundation Nuclear Physics, Particle
and Nuclear Astrophysics Programs. The purpose was to begin to establish closer relationships with NSF.
Eglin, AFB Seminar
Dec. 15: Bob Cassanova presented an invited seminar to about 40 members of the technical staff at the Air Force Research
Laboratory Munitions Directorate at Eglin AFB, Florida. He met with the Director, Chief Engineer, Chief Scientist and other senior technical staff. He was given an overview presentation about their positronium energy/propulsion program and other areas
of future technical emphasis. He was given a guided tour of their research facilities. The senior technical leadership expressed
special interest in closer technical collaboration with NIAC and NASA.

2004:
American Astronomical Society
Jan. 4-8: Bob Cassanova attended the 23rd Meeting of the American Astronomical Society in Atlanta, Georgia and distributed
the NIAC brochure.
American Society for Gravitational and Space Biology
Jan. 22:Pat Russell participated, as outgoing Executive Director of the ASGSB, in a site visit to New York, NY to assist the
ASGSB with selection and contract for 20th Annual Meeting. Her travel expenses were paid by the ASGSB.
Extremophile Selection for Ecopoiesis Workshop
Jan. 30-31: Pat Russell and Ron Turner attended the Extremophile Selection for Ecopoiesis Workshop in Albuquerque, New
Mexico. Pat gave a NIAC overview presentation. The workshop was organized by NIAC Phase I Fellow Paul Todd.
Northern Virginia Astronomy Club
Feb. 8: Ron Turner gave an invited presentation to the Northern Virginia Astronomy Club.
STAIF Meeting
Feb. 8-11: Ron Turner attended and chaired a technical session at the STAIF-2004 meeting inAlbuquerque, New Mexico. He
also attended the AIAA Colonization Technical Committee after the STAIF meeting.
Santa Fe Institute
Feb. 9: While Ron Turner was in New Mexico attending the STAIF 2004 meeting, he visited the Santa Fe Institute (SFI) to
exchange information and pursue potential cooperative activities. He was following up on a previous contact by Pat Russell with
the SFI Director, Dr. Robert Eisenstein.
Public Hearing of the Presidential Commission on Moon, Mars, and Beyond
Feb. 11: Pat Russell attended the first public hearing of the President's Commission on Moon, Mars, and Beyond
(http://www.moontomars.org/ ) in Washington, DC. NIAC brochures were distributed to the Chair, Edward C. "Pete" Aldridge,
Jr., and a witness, Gen. Tom Stafford (Ret.). Among others. Pat talked to Commission members, Gen. Lester Lyles (Ret.) and
Neil deGrasse Tyson about NIAC.
Biological and Physical Research Advisory Committee
Feb. 13-14: Pat Russell attended the meeting of the Biological and Physical Research Advisory Committee (BPRAC).
Testimony to the Presidential Commission on Moon, Mars and Beyond
Mar. 25: Ron Turner provided testimony at a meeting of the Presidential Commission on Moon, Mars and Beyond. He discussed
the radiation findings of a recent National Academy Study, Safe on Mars.
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Universities Space Research Association Technical Symposium
Mar. 26: The Universities Space Research Association sponsored their annual technical symposium at the Sheraton Hotel in
Columbia, Maryland. Speakers included: Richard Russell, Associate Director for Technology, Office of Science and Technology
Policy (OSTP), John Cullen, Professional Staff Member, Committee on Commerce, Science, and Transportation, U. S. Senate,
James Garvin, NASA Lead Scientist for Mars Exploration, Franklin Chang-Dìaz, Director Advanced Space Propulsion
Laboratory, Johnson Space Center. Pat Russell, Ron Turner and Bob Cassanova attended the Symposium.
Joint Space Concept Development and Experimentation Strategy Workshop
Mar. 29-Apr. 4: NIAC submitted an invited white paper for presentation at the Joint Space Concept Development and
Experimentation Strategy Workshop in Suffolk, Virginia. This invitation and NIAC’s response with a white paper is a result of a
previous visit to NIAC by the technical staff of the Joint Forces Command (JFCOM) Space Application Experimentation Cell
during which NIAC and JFCOM gave cross briefings on their space activities.
Washington Roundtable on Science and Public Policy
Apr. 7: Pat Russell attended the Roundtable discussion on “Private Sector Opportunities in President Bush’s New Space
Vision”. Within a few months, the X-prize flights - private ventures in manned space flight - will begin, financed by private
investors and taking private citizens into space. Also within a few months, the DoD will launch a privately developed and funded rocket carrying a microsatellite into space. Billions more from the private sector are potentially available for space investment and privatesector partnerships with NASA. Important space missions have already begun with a privately financed solar
sail mission carrying both NASA and commercial payloads. Brig. Gen. Pete Worden (Ret.), a roundtable participant, was the
keynote speaker at NIAC Annual Meeting in 2003.
AIAA Space Colonization Meeting at NASA HQ
Apr. 19: Ron Turner and Pat Russell attended a meeting of the AIAA Technical Committed on Space Colonization at NASA
HQ. The meeting included presentations by John Mankins and Paul Spudis, a member of President’s Commission on Moon
and Mars.
Massachusetts Institute of Technology Biosuit Advisory Board Workshop
Apr. 23: Phase II Fellow Dava Newman hosted the Biosuit Advisory Board Workshop at MIT in Cambridge, Massachusetts.
Buzz Aldrin and Chris McKay did not attend but are members of the advisory board.
American Physical Society Meeting
May 1-4: Bob Cassanova and Ron Turner attended the Meeting of the American Physical Society in Denver, Colorado. Bob
and Ron were available at the NIAC information booth, distributed NIAC literature and spoke with a number of meeting attendees.
United States Air Force Academy
May 5: Bob Cassanova gave an invited lecture at the Hypersonics class of 44 cadets at the Air Force Academy. He also toured
research labs, the library, the Academy Chapel and other facilities. Bob had lunch with the hosts, John Bertin (professor of the
hypersonics class) and Colonel (Dr.) Neal Barlow, and about 4000 students. It was an exceptionally inspiring and memorable
visit to the academy.
BellSouth Management Retreat
May 11: Bob Cassanova gave an invited lecture to 220 management and technical staff members at the BellSouth management retreat at Callaway Gardens.
Third International Space Radiation Health Investigators’ Workshop
May 17-20: Ron Turner attended the 3rd International Space Radiation Health Investigators' Workshop on Long Island,
New York.
42

Mars Network Science Meeting
May 21: Ron Turner attended the Mars Network Science meeting in Berkeley, California. Both trips were funded by a NASA
grant. Ron held side discussions that contributed to spreading the word about NIAC to the radiation and planetary
communities.
Biological and Physical Research Advisory Committee
May 20-21: Pat Russell attended the Biological and Physical Research Advisory Committee (BPRAC) meeting at NASA HQ.
World Technology Network Nomination
May 28: Bob Cassanova was notified that NIAC, as a corporation, has been nominated for the 2004 World Technology Award
for the SPACE category. Current individual members of the World Technology Network (most of whom are previous winners
and finalists in all individual categories for previous Awards cycles) first nominate the innovative companies and individuals that
they believe are doing the work of greatest likely long-term significance, and then later cast their votes to determine the four
Finalists and a Winner for each of the different Awards categories. All of the Finalists and the Winner in the corporate categories
will become corporate members of the World Technology Network. The Finalists and Winners will be announced at the World
Technology Awards gala ceremony, to be held at the conclusion of the World Technology Summit (October 7 & 8 in San
Francisco), and are inducted into the Membership of the World Technology Network. The link for the WTN is:
http://www.wtn.net/new/index.html
Santa Fe Institute Meeting
June 4-6: The Santa Fe Institute (http://www.santafe.edu) sponsored a meeting entitled, "In Search of Innovation -- A Complex
Adaptive Systems Perspective". Speakers included NIAC Phase I Fellow Hod Lipson. Bryan Laubscher from Los Alamos
National Lab (LANL) discussed the Space Elevator. LANL continues to show a lot of interest in the space elevator. It appears
that the space elevator continues to inspire healthy discussion.
Congressional Biomedical Research Caucus
June 23: Pat Russell attended the luncheon and briefing sponsored by the Congressional Biomedical Research Caucus on at
the Capitol Hill Club. Dr. Christopher Johnson of the University of Utah spoke on the subject of The Digital Human.
National Science Foundation Briefing
June 24: Pat Russell and Bob Cassanova gave an overview of NIAC to Craig Robinson, Senior Advisor for Performance
Assessment at the NSF, and to his assistant, Jennie Moehlmann.
Third Annual International Space Elevator Conference
June 28-30: The Space Elevator 3rd Annual International Conference was held at the Loews L'Enfant Plaza Hotel in
Washington, DC. Keynote speakers included John Mankins, NASA's Manager of Human and Robotics Technology, and Brian
Chase, Vice President of The Space Foundation. The Los Alamos National Laboratory, NASA Marshall Space Flight Center,
NASA Institute for Advanced Concepts, and the National Space Society sponsored the event. Pat Russell attended the opening reception on June 27 and the panel discussion on June 30. Presentations are now available online
(http://www.isr.us/Spaceelevatorconference/2004presentations.html).
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APPENDIX B
NIAC Publicity
tten by Michael Rogers, which mentions Dr. Pankine of Global Aerospace Corporation.

Article about Sarkar’s

The Washington Post
7 June 2003
An article about NIAC written by Mark Niesse appeared in the Sunday early edition (7th), complete with a photograph of NIAC
Director Bob Cassanova and the NIAC coffee mug. USRA and ANSER were mentioned and Murray Hirschbein was quoted.
The Washington Post
8 June 2003
The following day (8th), the paper published an article about the Space Elevator entitled, “Sky Is Not the Limit for These
Researchers: NASA Unit is Willing to Take Far-Out Concepts and Turn Them into Reality.”
www.space.com
18 June 2003
An article entitled “Tether Technology: A New Spin on Space Propulsion,” written by Leonard David was published. In the article, NIAC-funded Robert Hoyt is interviewed and his work discussed. No mention was made, however, that he was originally
funded through NIAC Phase I and II awards. Additionally, Code S In-Space Propulsion (ISP) Program is discussed.
Christian Science Monitor
2 October 2003
The Christian Science Monitor published an article entitled ”Going up? Space elevator could slash launch costs” authored by
Peter N. Spotts.
IEEE Spectrum
6 October 2003
Bob Cassanova was contacted by Erico Guizzo, a reporter for the IEEE Spectrum, who is preparing an article about “Global
Environmental MEMS Sensors”, that is a recently awarded Phase II concept being developed by John Manobianco at ENSCO.
Newsweek
6 October 2003
The NIAC-funded Space Elevator is the subject of an article in this issue of Newsweek. The link to the article is at:
http://www.msnbc.com/news/972957.asp
AutoPILOT magazine
November-December 2003 issue
Bob Cassanova authored an article about NIAC published in this issue of the AutoPILOT magazine released in late October.
Denver Post
9 November 2003
The Denver Post published an article authored by Dave Barry on the space elevator. The link is:
http://www.denverpost.com/Stories/0,1413,36~142~1749755,00.html
Millbrook Press
November 2003
Penny Boston’s Phase II concept will be described in a children’s library book about caving by Laurie Lindop entitled “Science
on the Edge: Cave Sciences” forthcoming from Millbrook Press of Brookfield, CT.
Space.com & MSNBC
26 November 2003
Space.com published an article authored by Leonard David on “Looking to Lasers, Microwaves and Anti-Matter for Space
Travel” that included reference to the Phase II concept for Anti-Matter Driven Sails being developed by Steve Howe and
Gerald Jackson of Hbar Technologies. The article was also published by MSNBC. The link is: http://space.com/businesstechnology/technology/fof_physics_031126-1.html. The same article by Leonard David was published by MSNBC. The link
is:http://www.msnbc.com/news/998391.asp?0dm=C27CT
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Atlanta Journal Constitution
14 December 2003
The Atlanta Journal Constitution published an article by Mike Toner entitled, “100 YEARS OF AVIATION: What's next? Futurists
think big --- or small”, that cites NIAC and includes a few quotes from Bob Cassanova. Mike called Bob looking for ideas for his
article. Mike previously published an excellent article about NIAC on December 27, 2002, written after his attendance at the 4th
NIAC Annual Meeting. In the subject article, reference is made to innovative aeronautics concepts from around the United
States, including the entomopter being developed by Phase II Fellow Rob Michelson at GTRI. The paper version of the article
also includes a photo of Michelson. The article can be downloaded at the following link: http://www.ajc.com/sunday/content/epaper/editions/sunday/issue_f3bd9e2a2264305e1001.html
Space.com & MSNBC
17 December 2003
An article by Leonard David discusses the NIAC sponsored concept "Antimatter Driven Sail" being developed by Steve Howe
of Hbar Technologies. This link to the article is: http://www.space.com/businesstechnology/technology/interstellar_travel_031217-1.html

2004:
ScienCentral News
29 January 2004
An article on the "Space Elevator" was released at ScienCentral News. According to the article, President Bush has "called
for new technology to make space travel easier" and "nanotechnology might lead the way, by making possible an elevator
into space." The article references NIAC's funding of the Space Elevator and recent activity in this area. The article can be
found at the following link:
http://www.sciencentral.com/articles/view.php3?language=english&type=article&article_id=218392162
ctnow.com
4 February 2004
The following article was published on ctnow.com and describes Ross Hoffman's NIAC-funded advanced concept, however no
mention is made of NIAC in the article: “Ruling The Weather Front, New Technologies Revive Interest In Manipulating Storms
Or Temperatures, And Raise Questions About Moral Consequences”
Association of Mars Explorers Press Release
9 February 2004
A press release from the Association of Mars Explorers stated that Dr. Penny Boston (NIAC Phase II Fellow) will speak at
Association of Mars Explorers Dinner on March 30, 2004 at the Fairmont Hotel in San Jose, California. She will speak on
“Exploring Martian Caves”, a subject that is directly related to her NIAC sponsored Phase II contract
STAIF 2004 Conference
NIAC Phase I Fellow Alexey Pankine presented a paper on his Phase I concept at the recent STAIF 2004 Conference and his
paper esulted in two internet articles at the following links: http://news.bbc.co.uk/2/hi/technology/3475817.stm,
http://www.spacedaily.com/news/mars-balloon-04a.html
Slashdot
11 February 2004
An article entitled, “Fly the Unfriendly Skies” of Mars... in a Robotic Balloon, was released in Slashdot. The article is about
Global Aerospace Corporation's NIAC funded advanced concept concerning its development of remote-controlled balloons. The
website link is: http://radio.weblogs.com/0105910/2004/02/11.html
The science section of Slashdot is at: http://science.slashdot.org/
Atlanta-Journal-Constitution & AJC.com
21 February 2004
This issue of the Atlanta-Journal-Constitution, published a front page article entitled, Dodging A Space Bullet by Mike Toner.
This article acknowledged NIAC's sponsorship of the concept being developed by SpaceWorks Engineering under the leadership of NIAC Fellow John Olds. The same article was published in the online version of AJC.COM.
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CBC News Online
24 February 2004
A detailed article on the Space Elevator was published on CBC News Online. Bradley Edwards and NASA are mentioned but
NIAC is not cited. Complete article is available at:
http://www.cbc.ca/news/background/space/spaceelevator.html
The House Science Committee Hearing
10 March 2004
The House Science Committee Hearing on "Perspectives on the President's Vision for Space Exploration" was held to receive
testimony from non-governmental witnesses. At this Hearing, Mr. Norman Augustine, Donna Shirley, Michael Griffin, Lennard Fisk
and Larry Young gave testimony. Hearing details and the questions posed to the testifiers are listed at the following link:
http://www.spaceref.com/news/viewsr.html?pid=12148 Donna Shirley's complete written testimony is at the following link:
http://www.spaceref.com/news/viewsr.html?pid=12152 In her testimony, NIAC and the NIAC-funded Space Elevator were mentioned in her Observations and Recommendations section, as follows. "A preliminary design and cost estimates for a commercial space elevator system were funded by the NASA Institute for Advanced Concepts which routinely provides seed funding for
innovative space exploration concepts. However, none of NASA's human exploration studies are looking at anything creative like
the use of a space elevator. This is not to say that it is the answer, just that new approaches enabled by new technology should
be considered."
Nature.com
18 March 2004
An article in Nature.com entitled, "Robolympics contestants shoot for gold," was published about the world's first Robolympics in
San Francisco this weekend. "One event called Ribbon Climber, in which robots race up a carbon-fibre ribbon, was designed to
inspire 'space elevator' technology that might one day lift satellites into orbit." A picture is included. The link is:
http://www.nature.com/nsu/040315/040315-10.html
Space.com & MSNBC
25 March 2004
Leonard David authored an article on the Space.com website on “NASA Needs to Know More About Mars' Potential Dangers”.
The article describes the testimony that was given by Ron Turner, NIAC Senior Science Advisor, based on the NRC report,
“Safe on Mars: Precursor Measurements Necessary to Support Human Operations on the Martian Surface “. Ron was a member of the panel which prepared the report. The link to David’s article is: http://www.space.com/scienceastronomy/commission_dangers_040325.html
Popular Science
April 2004
The internet issue of Popular Science contained an article about the NIAC funded space elevator authored by Carl Hoffman. The
link is: http://www.popsci.com/popsci/science/article/0,12543,599827-4,00.html
Wired News
7 May 2004
The internet issue of Wired News has an article that includes an interview with Ross Hoffman, NIAC Phase II Fellow, and descriptions of several other NIAC-funded advanced concepts. Additionally, there is a link to the NIAC website in the article. The article
is entitled NASA Funds Sci-Fi Technology and is written by Noah Shachtman.
Wired News
7 May 2004
Wired News had an article that includes an interview with Ross Hoffman, NIAC Phase II Fellow, and descriptions of several other
NIAC-funded advanced concepts. Additionally, there is a link to the NIAC website in the article. The article is entitled NASA Funds
Sci-Fi Technology and is written by Noah Shachtman. This link to the article is: http://www.wired.com/news/technology/0,1282,63362,00.html
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CNN.com & Space.com
19 May 2004
An asteroid defense architecture developed by SpaceWorks Engineering, Inc. (SEI) is the subject of a lead space article on
CNN.com entitled "Asteroid eaters: Robots to hunt space rocks". For more information see the article at CNN.com or an
associated article with even more images at Space.com:
http://www.cnn.com/2004/TECH/space/05/19/asteroid.eater/index.htmlhttp://www.space.com/businesstechnology/technology/madmen_techwed_040519.html
Grand Rapids Press
21 May 2004
The online version of The Grand Rapids Press in Michigan, featured an article about the NIAC Student Visions of the Future
(NSVFP) project at Calvin College. NASA selected the Calvin College seniors to visit Washington, D.C., to present their design
for a global warming data gathering device before a group of scientists and were offered money to build a model of the device.
The link to the article is: http://www.mlive.com/news/grpress/index.ssf?/base/news-14/1085151100147230.xml
Associated Press
28-30 June 2004
The Space Elevator Conference inspired numerous articles in paper and on-line publications about the space elevator. Some
of the articles were based on the an article originating from the Associated Press. A few of the articles follow.
Palm Beach Post
27 June 2004
The Palm Beach Post carried the Assiciated Press article about the Space Elevator.
http://www.palmbeachpost.com/news/content/shared/news/technology/ap_story.html/Science/AP.V6896.AP-SpaceElevator.htm
CNN.com
25 June 2004
An article about the space elevator appeared on CNN.com and has short quotes by Bob Cassanova and Brad Edwards. The
link is: http://www.cnn.com/2004/TECH/space/06/25/space.elevator.ap/index.html
Atlanta Journal Constitution (AJC)
28 June 2004
There was an article in the Atlanta-Journal-Constitution on page A3 about the space elevator. NIAC is mentioned.
Discover Magazine
July 2004
Discover Magazine featured the NIAC-funded Space Elevator on the front cover and in an 8-page article. NIAC Fellow, Bradley
Edwards; NIAC Associate Director, Patricia Russell; and NASA's MSFC David Smitherman and NASA’s JPL, Neville Marzwell
were interviewed and quoted in the article.
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APPENDIX C
Call for Proposals CP 02-01 Phase II Award Abstracts
ANTHONY COLOZZA
Ohio Aerospace Institute
Solid State Aircraft
A revolutionary system type of unmanned aircraft may now be feasible due to recent advances in polymers, photovoltaics and
batteries. This aircraft is a “solid state” aircraft, with no conventional moving parts. Airfoil, propulsion, energy storage and control are combined in an integrated structure for the first time.
The most innovative aspect of this concept is the use of an ionic polymeric-metal composite (IPMC) as the source of control
and propulsion. This material has the unique capability of deforming in an electric field like an artificial muscle, and returning
to its original shape when the field is removed. Combining the IPMC with emerging thin-film batteries and thin-film photovoltaics
provides both energy source and storage in the same structure.
Combining the unique characteristics of the materials enables flapping motion of the wing to be utilized as the main propulsion.
With a flight profile similar to a hawk or eagle, the Solid State Aircraft will be able to soar for long periods of time and utilize
flapping to regain lost altitude. Recent discoveries and developments in these materials have indicated that this concept, on a
preliminary level, may provide a robust advanced aeronautical architecture suitable for both terrestrial and planetary missions.
Combining and building on the research for these
materials and on flapping wing aerodynamics, we
have organized a collaborative team to investigate
the integration and application of these technologies
for a revolutionary aeronautical system.

STEVEN HOWE
Hbar Technologies, LLC
Antimatter Driven Sail for Deep Space Missions
Space is vast. Over the next few decades, humanity will strive to send probes farther and farther into space to establish long
baselines for interferometry, to visit the Kuiper Belt, to identify the heliopause, or to map the Oort cloud. In order to solve many
of the mysteries of the universe or to explore the solar system and
beyond, one single technology must be developed – high performance propulsion. In essence, future missions to deep space will
require specific impulses greater than 20,000 seconds in order to
accomplish the mission within the career lifetime of an individual.
Only two technologies available to mankind offer such performance –
fusion and antimatter. Fusion has proven unattainable despite forty
years of research and billions of dollars. Antimatter, alternatively,
reacts 100% of the time in a well described manner. Development of
a suitable propulsion system, however, based on antimatter has yet
to be shown.
We propose to develop such a system. We will design a very straightforward system that will produce a variable specificimpulse with a maximum of near one million seconds. The concept is one that can be throttled, that can be steered, and that
can be demonstrated within the next two years. We will identify the components of the system architecture that will be need48

ed to perform a mission to the Kuiper Belt. In Phase I, we will also design a series of three experiments that will validate the
concept and can be completed in Phase II using the Low Energy Antiproton Production facility.

JOHN MANOBIANCO
ENSCO, Inc.
Global Environmental MEMS Sensors: A Revolutionary Observing System for the 21st Century
Technological advancements in MicroElectroMechanical Systems (MEMS) have inspired ENSCO, Inc. to propose a revolutionary observing system known as Global Environmental MEMS Sensors (GEMS). The GEMS concept features in situ, micronscale airborne probes that can measure atmospheric variables over all regions of the Earth with unprecedented spatial and temporal resolution. Environmental observations from a GEMS network have the potential to provide a quantum leap in our understanding of the Earth’s atmosphere and improve weather forecast accuracy well beyond current capability. Our proposal
responds directly to three of the NIAC grand challenges in aeronautics and space and several NASA Earth Science Enterprise
initiatives. Resulting improvements in forecast accuracy would translate directly into cost benefits for weather-sensitive space
launch and aviation industries, and mitigate the risk factors associated with life-threatening weather phenomena such as hurricanes, floods, tornadoes and severe storms.
Assessment of the optimum probe design and deployment
requires an interdisciplinary collaboration to examine complex trade-off issues such as the number of probes required
in the network, development and manufacturing costs, and
the impact of probe observations on forecast accuracy. We
propose to explore these trade-offs within the framework of
a design simulation cycle, which will allow us to validate the
viability of GEMS and define the major feasibility issues for
the meteorological and MEMS disciplines necessary for
system design and development. ENSCO has assembled a
team consisting of personnel with extensive weather
expertise and a world-renowned MEMS consultant from the
University of California-Berkeley. We will use observing
system simulation experiments to explore issues relating to
the deployment and dispersion of probes as well as the
impact of probe data on regional meteorological forecasts.
Our consultant will provide baseline parameters and realistic assessments/projections of MEMS technological
progress to achieve probes on the order of 100 µm in size.

Conceptualization of GEMS, illustrating both a global and
local distribution of probes, with communications and networking between probes and data collectors.

DAVA NEWMAN
Massachusetts Institute of Technology
Astronaut Bio-Suit System for Exploration Class Missions: Phase II
The proposed Bio-Suit System is designed to revolutionize human space exploration by providing enhanced astronaut extravehicular activity (EVA) locomotion and performance based
on the concepts of a ‘second skin’ capability and of biomechanically and cybernetically augmented human performance capacity. The novel Bio-Suit concept provides an overall exploration System realized throug symbiotic relationships between a suite of advanced technologies, creative design, human modeling and analysis, and new mission operations techniques.
By working at the intersection of engineering, design, medicine and operations, new emergent
capabilities and interrelationships could expand NASA's future mission possibilities, potentially allowing new directions for future NASA missions. In many respects, the Bio-Suit System
mimics Nature (biomimetics). For example, a second skin is envisioned, capable of augment49

ing our biological skin by providing mechanical counter-pressure. Perhaps the epidermis of such a second skin will be a sprayon organic, biodegradable layer offering protection in extremely dusty planetary environments. Incorporated into the second
skin will be electrically actuated artificial muscle fibers to enhance human strength and stamina. Locomotion and performance
are further enhanced by implementing biomimetic locomotion algorithms to actuate performance-enhancing hardware.
Wearable technologies will be embedded throughout the Bio-Suit System to place the explorer in an information-rich environment enabling real-time mission planning, prediction, and visualization. Human-in-the-loop modeling algorithms will be developed to calculate metabolic exploration costs and to plan and dynamically update optimal astronaut traverses that account for
changing mission requirements. The Bio-Suit System addresses the feasibility of further augmenting human capabilities by coupling human and robotic abilities into a hybrid of the two, to the point where the explorer is hardly aware of the boundary
between innate human performance and robotic activities. The proposed Bio-Suit System contributes to four underrepresented NIAC areas: human space flight, life sciences, information systems and software, and biology. The Bio-Suit System concept
is relevant to NASA's strategic plan and stated visionary challenges in the Human Exploration and Development of Space
(HEDS), Aerospace Technology, and Space Science enterprises. Additionally, the Bio-Suit System is essential for NASA to realize its technology road map development for journeys to L1, Moon/Mars, Near-Earth Objects, and eventually for the ‘go anywhere’ capability envisaged by the NASA Exploration Team (NEXT) initiative.

RAY SEDWICK
Massachusetts Institute of Technology
Electromagnetic Formation Flight
Satellite formation flight has been identified as the next revolutionary step in remote sensing technology. This allows for the
synthesis of large sensor apertures without the need for prohibitively large satellites. These systems also provide mission flexibility by being able to change their geometry to reflect the current mission needs. Furthermore, satellite formations
increase reliability, ease deployment, allow staged deployment, improve coverage and lower cost. By providing these
benefits, distributed satellite systems will replace many of
today’s single, larger satellites.
However, one of the main problems identified with distributed
satellite systems is the additional propellant needed to maintain these formations. Distributed satellite systems have a
much higher demand on the onboard propellant system due to
the need to keep satellites properly positioned with respect to
each other. Even if the geometry of the satellite formation is to
remain unchanged throughout the mission, many perturbative
effects including differential drag, non-uniform geo-potential (J2), and solar pressure all contribute to changes in the formation’s
geometry and must be counteracted. The amount of propellant that can be carried on the satellite puts an upper limit on the
mission lifetime. When the satellites have exhausted the available propellant, there will be a number of perfectly good, but generally useless, satellites continuing in their orbits.
In response to this limitation, the MIT Space Systems Lab (SSL) has been exploring electromagnetic formation flight (EMFF).
Electromagnets will be used to provide the necessary control authority to maintain satellite formations in the presence of disturbances. Electromagnets offer the added capability to reshape the geometry of the formation while in orbit. By changing the
angle of the electromagnetic field, different forces in any direction can be produced. These forces can be used to resize or tilt
a frame free orbit ellipse or reshape the satellite formation into almost any geometry. Electromagnets also have the added benefit that they provide a limitless means of control. Since the power source is electrical, it is a renewable resource and does not
limit mission life. Also, unlike conventional thrusters which may leave a plume of propellant by-products around the formation
that can deposit on sensitive optics, there are no contamination issues with electromagnets. Detailed studies, along with experimental testing, will verify the usefulness of EMFF and prove the ability of EMFF as a viable means of controlling satellites in
formation.
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PARVIZ SOROUSHIAN
Technova Corporation
Inherently Adaptive Structural Systems
We propose to develop bio-inspired structural systems capable of adapting to altering
and unpredictable service environments. Structural biomaterials such as bones, shells
and teeth occur as composite materials with outstanding properties embraced by a
complex structure which evolves in response to external stimuli. Conventional composite processing schemes cannot reproduce the exquisite ultra-structure of biomaterials.
In an approach inspired by the development of bone structure, we propose to use a
high-performance cellular (e.g., micro-cellular carbon) structure as the framework for
controlled deposition of various structural and functional mono-layers in an aqueous
processing environment. We will employ the ionically self-assembled mono-layer
(ISAM) technique to develop a complex, multi-layer architecture with detailed molecular
level control over its composition and micro-structure. The functional layers built into
the system convert the mechanical energy input of service environment to electrical
energy by employing either the piezoelectric effect to generate electrolytic cells or the
stress-induced phase transformation to generate galvanic cells. These cells drive electrolysis processes within a solid electrolyte which eliminate locally elevated stresses by
mobilizing finite material resources to best meet the structural demands of altering and
unpredictable service environments. Besides novel self-adaptation qualities, our envisioned system also offers major advantages in terms of structural efficiency, economy
and geometric/compositional versatility, and provides tremendous control over the load
paths within the system at local and global levels, with material resources strategically positioned along these paths for optimum structural performance. The proposed Phase I research will verify the viability of our approach towards development of
efficient structural systems with intrinsic adaptation attributes. We will accomplish the following objectives in Phase I research:
(1) develop design methodologies for hybrid, multi-layer systems of high structural efficiency with intrinsic adaptation qualities
which are amenable to ISAM processing; (2) establish processing schemes for building the hybrid, multi-layer architecture into
an open-cell foam structure; and (3) experimentally verify the structural and self-adaptation features of the new system, and
assess the prospects of the technology emphasizing development of autonomous and evolvable structures which perform optimally during long periods in unknown harsh and/or changing environments. Technova Corporation will join forces with Michigan
State University (Composite Materials and Structures Center), Auburn University, Dupont and Airmar Technology to implement
the proposed project.
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APPENDIX D
Call for Proposals CP 02-02 Phase I Award Abstracts
GREGORY S. CHIRIKJIAN
Johns Hopkins University
An Architecture for Unmanned Self-Replicating Lunar Factories
The purpose of this project was to analyze the feasibility of an automated robotic factory system for the in-situ development of
lunar resources. The ultimate goal of such a system is to make resources available for construction of a lunar colony and the
transportation of refined resources to low-lunar or low-Earth orbit for construction of large spacecraft. Our proposed architecture for accomplishing this goal consisted of five subsystems: (1) multi-functional robots for digging and transportation of materials, and assembly of components during the replication process; (2) materials refining plant; (3) parts manufacturing facility;
(4) solar energy conversion, storage and transmission; (5) Electromagnetic guns for long-distance transportation (e.g., for sending materials to low-Earth orbit, or transporting replicated factories to distal
points on the moon). The key issue to determine the feasibility of this approach
in the NIAC time frame was whether or not complementary technologies expected over the next 10 to 40 years would exist for an autonomous robotic factory to
function. In particular, it was not clear a priori whether such a system could be
devised such that it would be small enough to be transported to the moon, yet
complete in its ability to self-replicate with little input other than what is available
on the lunar surface. The situation regarding projected US heavy-launch capability has been dramatically changed with the initiative put forth by President
George W. Bush. But even in light of this new initiative, minimalist systems which
can be launched at low cost, harvest lunar resources, and bootstrap up to a substantial production capability are appealing. Selfreplication leads to exponential
growth, and would allow as few as one initial factory to spawn lunar production
of materials and energy on a massive scale. Such capacity would dramatically
impact man's ability to explore and colonize space, as well as to deliver hydrogen and oxygen to fuel interplanetary spacecraft and the fledgling industries that will develop in space over the next few
decades. Many technological hurdles must be overcome before self-replicating robots can become a reality, and current knowledge from many diverse disciplines must be recombined in new ways. In this Phase I feasibility study we examined what lunar
resources can be exploited, and investigated “toy" designs for robots with the ability to self-replicate. To this end, we examined
how each subsystem of a robotic factory (motors, electronic components, structural elements, etc.) can be constructed from
lunar materials, and demonstrated these ideas in hardware. We did this at several levels. For example, robots that assemble
exact functional copies of themselves from pre-assembled subsystems were demonstrated; The feasibility of assembling an
actuator from castable shapes of structural material and molten metal was demonstrated with proxy materials; The assembly
of simple self-replicating computers made of individual logic gates was demonstrated; A strategy was developed for how the
lunar regolith can be separated into ferrous, nonferrous conducting, and insulating materials in the absence of water was studied and partially demonstrated. In addition, the energy resources available at the lunar surface were evaluated, means for using
this energy were developed, and the energetic requirements of various subsystems were computed. Our conclusion is that the
proposed system architecture indeed appears to be feasible provided certain existing technologies can be integrated in new
ways. Phase I focused on the selection, demonstration and analysis of individual technologies for each subsystem in the architecture. Phase II will focus on the integration of these technologies, physical demonstration at the system level, and additional
analysis. The objectives which were achieved during Phase I had never been achieved by others, despite substantial theoretical interest in self-replicating systems over the past fifty years. Over the two years preceding the Phase I award, the PI's
research group established the infrastructure necessary to successfully meet the objectives of the proposed work. As follow-on
to this work which further builds on this infrastructure, a phase-II proposal will seek to examine aspects of the broader architecture by implementing each part of the proposed factory architecture as a model subsystem and demonstrate the functionality
of the integrated system.
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STEVEN DUBOWSKY
Massachusetts Institute of Technology
Microbots for Large-Scale Planetary Surface and Subsurface Exploration
This proposal presents a new mission concept for planetary exploration, based on the deployment of a large
number of small (meso-scale) spherical mobile robots
(“microbots”) over vast areas of a planet’s surface and
subsurface, including structures such as caves and
near-surface crevasses. This would allow extremely
large-scale in situ analysis of terrain composition and
history. This approach represents an alternative to rover
and lander-based planetary exploration, which is limited
to studying small areas of a planet’s surface at a small
number of sites. The proposed approach is also distinct
from balloon or aerial vehicle-based missions, in that it
would allow direct in situ measurement.
In the proposed mission, a large number (i.e. hundreds or thousands) of cm/mm-scale, sub-kilogram microbots would be distributed over a planet’s surface by an orbital craft and would employ hopping and bouncing as a locomotion mode to reach scientifically interesting artifacts. They would be powered by high energy-density polymer “muscle” actuators, and equipped with
a suite of miniaturized imagers, spectrometers, sampling devices, and chemical detection sensors to conduct in situ measurements of terrain and rock composition, structure, etc. Multiple microbots would coordinate to share information and cooperatively analyze large portions of a planet’s surface or subsurface.
In this Phase I study, the microbot mission scenario would be developed and its potential science return would be compared to
traditional rover-based missions. Enabling technologies for actuation, power, sensing and communication would be surveyed,
and preliminary microbot physical design concepts would be proposed. The mission scenario would be based on design concepts to be operational in 10 to 40 years, and would be justified by technical feasibility studies. This work would be carried out
by a multi-university team of engineers and astrobiologists.

NATHANIEL J. FISCH
General Plasma Technologies
Optimal Navigation in a Plasma Medium
Navigation of a spacecraft in a plasma medium in outer space may need to
make use of plasma propulsion in novel ways. It would be desirable if the
spacecraft could capture plasma as a propellant, hold plasma, and reject
plasma in an arbitrary direction. Plasma can be contained in magnetic mirror
traps. What is proposed here is to explore how these mirror traps can be
made asymmetrical so that navigational purposes can be accomplished optimally. For example, plasma particles impinging on the trap from one direction can be reflected, while from another direction the plasma is transmitted.
Thus operating almost as a Maxwell demon, such a trap would enable the
spacecraft to navigate efficiently in a plasma medium. Alternatively, the plasma particles might be heated and rejected for purposes of propulsion, but care can be taken that only mono-energetic and mono-directional particles are expelled, so that the
propulsion is accomplished at maximum efficiency. It would be desirable as well to convert plasma heat to work while rejecting
electromagnetic radiation, which is not forbidden by thermodynamic constraints.
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STEVEN D. HOWE
Hbar Technologies
Micro Asteroid Prospector Powered by Energetic Radioisotopes: MAPPER
The solar system is an almost limitless
store-house of resources. As humanity
begins to expand into space, we can
greatly reduce the cost and effort of
exploration by using the resources from
other orbiting bodies. The ability to
extract volatile gases or structural materials from moons and other planetesimals will allow smaller ships, faster missions, and
lower costs. Part of the problem, however, will be to locate the desired deposits from the billions of square miles of surface area
present in the solar system.
The asteroid belt between Mars and Jupiter is perhaps the most valuable and most overlooked of resource deposits in the solar
system. The total mass of the Belt is estimated to be 1/1000 the mass of the Earth. Unfortunately, the Belt has millions of objects
to explore. We propose to design a new exploration architecture that will allow all of the asteroid belt to be catalogued. By mapping out the locations of metal deposits along with the concentrations of water, we can make exploration of the solar system
take a quantum leap.
The ultimate goal of this project is to identify and investigate an exploration architecture that would allow hundreds of lightweight instrument packages to be sent to the Asteroid Belt. Each package will be able to identify mineral deposits and water by
passing within a minimum distance of each asteroid. Upon analysis, the elemental content of each asteroid will be transmitted
back to Earth for cataloguing. In addition, each asteroid will be implanted with a marker from which future explorers can immediately know the content of the asteroid. Each package will be able to land periodically to extract propellant from the water-bearing asteroids. Using a revolutionary power supply, each package will function for over 20 years, hopping from asteroid to asteroid and transmitting the location and element inventory to the Earth.

JORDIN T. KARE
Kare Technical Consulting
Modular Laser Launch Architecture: Analysis and Beam Module Design
The modular laser launcher is a new concept for laser launch in which the laser source consists of a large number – hundreds
or thousands – of self-contained, ground-based “beam modules,” each of which transmits a relatively small amount of power
to a laser-powered rocket vehicle. Compared to other launch technologies, including other laser launch concepts, a modular
laser launcher is very inexpensive to develop, since the beam module is small and the development cost is amortized over
many units. A modular launcher is potentially inexpensive to build, since the beam modules can be mass produced. It is inherently scalable, and can be incrementally expanded simply by adding beam modules. It can seamlessly incorporate improved
components or new technologies as they become available. A modular launcher is also inherently reliable and easy to maintain, since failure of any single module has no effect on the system
operation.
The modular launcher concept, combined with the inherently simple
and flexible heat-exchanger rocket, makes possible a unique end run
around primary roadblock for new launch technology: the high cost of
simply proving a concept will work.
In this Phase I effort, we will analyze the performance requirements
and scaling of modular laser launchers using various current and proposed laser technologies, develop baseline designs for
possible beam modules, and define a roadmap for technology development and deployment of a modular laser launch system.
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JOHN R. OLDS
SpaceWorks Engineering, Inc.
The League of Extraordinary Machines: A Rapid and Scalable Approach to Planetary
Defense Against Asteroid Impactors
A new approach to mitigate and protect against planetary Impactor events is proposed. The primary objective of this systems
concept is to apply small perturbations to near-Earth objects (NEOs) in an attempt to divert them from their path toward Earth
impact. Unlike past proposals from other individuals or organizations, SEI proposes a rapid and scalable solution consisting of
hundreds or thousands of small, nearly identical spacecraft that will intercept the
target body and conduct mass driver/ejector operations to perturb the target
body’s trajectory to the point where an impact with Earth can be avoided. In the
nominal configuration, each spacecraft will be independently controlled and
powered, but will work in loose coordination with other members of the network.
Such Modular Asteroid Deflection Mission Ejector Node (MADMEN) spacecraft
will be nuclear powered, be pre-deployed outside of low Earth orbit (likely an
Earth-Moon or Earth-Sun libration point), and be capable of using chemical
propulsive boost to rapidly intercept an incoming target. Upon arrival at the target, each MADMEN spacecraft will begin to eject small amounts of mass from
the asteroid that will, over time, have the effect to slightly change the heliocentric orbit of the target so that impact is avoided. SEI’s modular approach offers
a number of unique mission advantages including: overall mission reliability
through massive redundancy, faster production capability due to use of existing
spacecraft bus production capability, efficiencies-of-scale of the MADMEN spacecraft during production, flexible and practical
launch and transfer to an on-orbit pre-deployment location, a tailored response depending on the size and nature of the incoming threat, and the production of only small particles of ejecta that will not independently survive Earth atmospheric entry.

JOHN SLOUGH
MSNW
The Plasma Magnet
By intercepting the solar wind on a large enough scale, it is possible for a spacecraft to attain unprecedented speeds. The plasma magnet provides for a novel way by which this ambient energy of the solar wind can be captured with minimal energy and
mass requirements. The coupling of the solar wind is made through the generation of a large-scale (~30 km) dipole-magnetic
field. Unlike the original magnetic sail concept, the coil currents are conducted in a plasma rather than a superconducting coil.
In this way, the mass of the sail is reduced by orders of magnitude for the same thrust power. The plasma magnet consists of
a small-scale, low-power plasma source and a pair of meter-size polyphase coils. These coils produce a rotating magnetic field
that drives the necessary currents to maintain the large-scale magnetic dipole structure. These coils act much in the same way
that the stator does in an induction motor where the plasma electron fluid acts as the rotor. The plasma electrons rotate synchronously with the rotating field and produce a large dipole field in which the plasma remains magnetically confined. The plasma magnet is deployed by the Lorentz self-force on the
plasma current, which causes it to expand outward in a
disk-like shape until the expansion is halted by the solar
wind pressure. It is virtually propellantless as the intercepted solar wind can replenish and sustain the small amount
of plasma required to carry the magnet currents. Unlike a
solid magnet or sail, the plasma magnet expands with
falling solar wind pressure to provide constant thrust as it
moves regardless of the distance from the sun.
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PAUL TODD
Space Hardware Optimization Technology, Inc.
Robotic Lunar Ecopoiesis Test Bed
The long-term concept is to let a living ecosystem create itself in an
engineered dome on the Moon under controlled Mars-like conditions.
Under robotic control, a community of organisms creates its own environment that is no longer hostile to living things. For example, the energy to self-construct the bubble is initially obtained from fuel cells that
also produce the water that the enclosed system will use to moisten
the regolith. Initially, robotically controlled bottled gases will control the
internal pressure at 1.0 – 1.5 kPa, heat from the Sun will be controlled
by radiators initially actively positioned by photovoltaic electric motors
or solar-powered Stirling engines. Then chemoautotrophic microorganisms gain energy from the lunar regolith producing organic matter for fungi, which produce CO2 for algae, which will produce
O2 for some simple invertebrate animals. This would be a precursor to terraforming studies (fairly controversial) for Mars, but
accessible and controllable owing to the relative proximity of the Moon. This approach differs from Closed Environment Life
Support Systems (CELSS) approach in that the Ecopoiesis Test Bed is an architecture that causes the environment to evolve
on its own, starting with water and nitrogen and spores or inactive cells of appropriate prokaryotes, seeds, and eggs of organisms that eventually occupy the module. Experimental ecopoiesis is a new field, so experiments will begin in the laboratory and
evolve to ISS in at least three phases before a lunar module is considered. A gradual, stepwise multi-year approach is proposed, in which Phase I is a feasibility study, Phase II consists of laboratory experiments and spaceflight planning, and Phase
III is a multi-institution undertaking of indefinite duration culminating with a robotic lunar ecopoiesis laboratory.

TIHAMER TOTH-FEJEL
Veridian Systems Division
Modeling Kinematic Cellular Automata: An Approach to Self-Replication
Veridian Systems Division proposes to design a useful Self-Replicating System (SRS). As shown by NASA’s summer study
Advanced Automation for Space Missions, and other smaller studies, the development of dynamically reconfigurable SRSs that
implement Universal Constructors (UC) can revolutionize future space missions. For example, a self-replicating lunar factory
could build solar cells and other manufactured tools with which to explore and develop the Moon with exponential growth. But
despite the fact that these studies showed the tremendous power of machine self-replication, there have been no serious
attempts to further the field. However, two recent small efforts have resulted in some success. We propose to build upon one
of those successes by designing a system of Kinematic Cellular Automata (KCA) cells that are configured as a limited implementation of a Universal Constructor.
The trivial self-replication is easy, but the final goal of autotrophic self-replication is certain to be extremely difficult. So there is a huge unexplored area
between these two extremes, and we believe that an iterative approach of
gradually moving complexity out of the environment and into the cell is the
best chance at characterizing it.
Macro-scaled self-replication may be cumbersome and impractical, but with
the advent of nanotechnology, “self-replication is widely viewed as the key to
an entirely new industrial era that may one day replace modern microelectronic systems.” Also, self-replicating nanotechnology would reduce the price
of complex manufactured goods to that of agricultural products. But first, we
need to understand self-replication.
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M. P. ULMER
Northwestern University
Self Assembly of Optical Structures in Space
This is a proposal to study the revolutionary concept of applying self-assembly to the manufacture of optical telescopes in space or on the surface of
planetary bodes such as the Moon or Mars. The project plan takes advantage of the expertise of the two team members: one knowledgeable in space
optics and space systems; the other knowledgeable in the area of selfassembly based on both biological and non-biological origins. We will evaluate the feasibility of the concept and design experiments and further study to
be carried out in Phase II which will, upon successful completion, lead to the
design of a proof-of-concept mission.

JAMES R. WERTZ
Microcosm, Inc.
High Resolution Structureless Telescope
Microcosm and its sub-contractor, Michigan Aerospace Corporation (MAC), propose to define the architecture, technology
development plan, and key system trades for a high-resolution “structureless” telescope that eliminates the roadblocks to resolution and control inherent in conventional space telescopes. The structureless telescope takes advantage of a unique combination of technologies that involve the use of light pressure from nearby free-flying control lasers to maintain the position and
attitude of multiple, independent, free-floating mirror segments to a fraction of the wavelength of visible light. Preliminary analysis shows that, with appropriate controls to reduce or eliminate the environmental factors of solar wind and light pressure from
the Sun, the laser-generated control forces are both adequate and sufficiently controllable. Structural vibration and jitter, which
limit the performance of most large telescopes, are effectively eliminated. The telescope is maintainable, expandable, and can
use multiple focal plane sensors, depending on the need.
The structureless telescope thus has direct applicability to a
wide range of missions. This range can span from commercial and science missions that will now be able to study, for
example, weather patterns in extreme detail, to military missions that will satisfy the need to transform reconnaissance
into surveillance. For an Earth observation mission, the result
is a telescope capable of providing continuous 0.75 – 1.2
meter (National image Interpretability Rating Scales 5) quality imagery of any region on Earth visible from geosynchronous equatorial orbit (GEO). Alternatively, for space observations, including looking for extra-solar planetary systems, the
telescope could be placed at a Lagrange point.
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APPENDIX E
Call for Proposals CP 03-01 Phase II Award Abstracts
Narayanan Komerath
Georgia Institute of Technology
Tailored Force Fields for Space-Based Construction
Phase 1 of this project explored a new approach to build massive structures in
Space. We had shown from microgravity flight tests that multitudes of particles
in a standing wave field, would form into thin walls along the nodal surfaces of
the field. We examined how this could be used to build structures of various
sizes and shapes, without molds or machining. In gas-filled containers, small
objects can be built using acoustic or microwave fields. In vacuum, radio waves
will build large, massive structures from blocks of stone. Theory andvalidation in
Phase 1 linked experiments and analyses from acoustics, ultrasonics, optics,
microwaves and radio waves. A test case studied construction of a 50m diameter, 50m long cylindrical module with 2m-thick walls of Near Earth Object rock
suitable for radiation shielding, at the Earth-Sun L-4 libration point. Even such an
extreme conceptual leap could be tackled with a reasonable level of solar energy and other resources in the next 30 years. Subsequent events have shown
that our space economy architecture projections which set the context for such
a project, are directly in line with the new US Space Program roadmap. In Phase
2, we will detail the architecture and systems for construction using tailored
ectromagnetic force fields from initial launch to completion of construction.
Propulsion and system options will be explored. Conceptual design of antennae
for force-field applications will be developed, studying mass, cost and risk tradeoffs between energy collectors, storage, resonator technology and construction
time. Systems to pulverize NEO material, and to perform surface sintering and
structural assembly will be
described to show the
enabling technologies and
tradeoffs. Direct conversion of
solar to radio-wave energy is
seen to offer potential breakthroughs in efficiency and mass reduction. Several other applications for this
revolutionary concept will be explored.

Constantinos Mavroidis
Northeastern University
Bio-Nano-Machines for Space Applications
This project aims at proposing, studying and evaluating novel concepts of space devices that are based on revolutionary bionano-mechanisms formed by protein and DNA based nano-components. The recent explosion of research in nanotechnology,
combined with important discoveries in molecular biology have created a new interest in biomolecular machines and robots.
The main goal in the field of biomolecular machines is to use various biological elements — whose function at the cellular level
creates motion, force or a signal — as machine components. These components perform their preprogrammed biological function in response to the specific physiochemical stimuli but in an artificial setting. In this way proteins and DNA could act as
motors, mechanical joints, transmission elements, or sensors. If all these different components were assembled together in the
proper proportion and orientation they would form nanodevices with multiple degrees of freedom, able to apply forces and
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manipulate objects in the nanoscale world. The advantage of using nature's machine components is that they are highly efficient and reliable. We will identify and study computationally and experimentally protein and DNA configurations that can be
used as bio-nano-machine components. We will then study the design of two macro-scale devices with important space application that will be using bio-nano-component assemblies. The Networked TerraXplorer (NTXp) will be a long and light-weight
network of channels containing millions of bionano- robotic
elements with ultra-enhanced sensing and signaling capabilities. NTXp could be used to map and explore in detail very
large planetary surfaces. The All Terrain Astronaut Bio-Nano
Gears (ATB) will serve as an extra layer of shield on the
astronaut providing early detection and protection against
dangerous and harmful environments or aiding in healing
damages caused to the astronaut. The ATB gear will consist
of micro membranes and surface sheets that contain
swarms of bio-nano robots providing sensing and signaling
capabilities.

Alexey Pankine
Global Aerospace Corporation
Sailing the Planets: Science from Directed Aerial Robot Explorers
Global Aerospace Corporation is proposing to develop a revolutionary architecture that opens new and exciting pathways for
planetary exploration. At the core of the architecture are the Directed Aerial Robot Explorers (DAREs), which are autonomous
balloons with path guidance capabilities that can deploy swarms of miniature probes over multiple target areas. The DARE platforms will explore the
planets in concert with orbiter(s) and surface platforms (landers, rovers,
dropsondes). Flight path guidance will offer unprecedented opportunities in
high-resolution targeted observations of both atmospheric and surface
phenomena on global scales. Multifunctional microprobes will be deployed
from the balloons over the target areas, and perform a multitude of functions, such as atmospheric profiling or surface exploration, relaying data
back to the balloons or an orbiter. This architecture will enable low-energy,
long-term global exploration of planetary atmospheres and surfaces. The
proposed effort addresses objectives of several NASA Enterprises and of
the new vision for the space exploration recently announced by the
President. These objectives are related to the understanding of solar system formation and evolution, the search for life and its beginnings on other
planets, the investigation of the composition, evolution, and resources of
Mars, collaborative robotic missions to enable human exploration, and others. The technologies conceptualized in this study such as very longduration- flight balloons, flight path guidance, microprobes, and planetary platform navigation andcommunications - have direct relevance to future in situ exploration missions to Mars and Venus as outlined in the Solar System
Exploration Survey published by the NRC (2003). Mission cost estimates will assist in the assessment of the performance and
benefits of the concept and fitting it within future exploration mission cost categories. The results of this study can be applied
directly to the development of future New Frontier, Discovery, or Scout-type missions to Mars, Venus and Titan.

John Slough
University of Washington
The Plasma Magnet
Plasma sail propulsion based on the plasma magnet is a unique system that taps the ambient energy of the solar wind with
minimal energy and mass requirements. The coupling to the solar wind is made through the generation of a large-scale (~> 30
km) dipolar magnetic field. Unlike the original magnetic sail concept, the coil currents are conducted in a plasma rather than a
59

superconducting coil. In this way the mass of the sail is reduced by orders of magnitude for the same thrust power. The plasma magnet consists of a pair of polyphase coils that produce a rotating magnetic field (RMF) that drives the necessary currents
in the plasma to inflate andmaintain the large-scale magnetic structure. The plasma magnet is deployed by the Lorentz selfforce on the plasma currents, expanding outward in a disk-like shape until the expansion is halted by the solar wind pressure.
It is virtually propellantless as the intercepted solar wind replenishesthe small amount of plasma required to carry the magnet
currents. Unlike a solid magnet or sail, the plasma magnet expands with falling solar wind pressure to provide constant thrust.
In phase I a small prototype plasma magnet was built and tested. The RMF coils generated over 10 kA of plasma currents with
a radial expansion pressure sufficient to expand the dipole field to well over the 30 km scale that would supply as much as 5
MW of thrust power. The antenna and driver need weigh no
more than 10 kg, and can operate from a 300 V supply.
With the predicted scaling with size, it is possible to test the
concept in the laboratory with a greatly enhanced laboratory solar wind source. Under phase II, a laboratory scaled
experiment with an intensified solar wind source will assess
the power gain predicted. With the successful demonstration of thrust power at the several hundred kW level, a final
large tank test would be undertaken in phase III, and provide the final confirmation of the scaling for a space-based
demonstration.

Paul Todd
Space Hardware Optimization Technology, Inc.
Robotic Lunar Ecopoiesis Test Bed
A science and technology roadmap (architecture)
will be developed to determine the feasibility of
implanting and operating a robotically-tended
ecopoiesis test-bed on the moon. Ecopoiesis
research, an early precursor to terraforming studies
for Mars, consists of testing concepts in which photosynthetic organisms and chemoautotrophic
microorganisms gain energy from sunlight and
regolith, producing organic matter for fungi, which
produce CO2 for algae, which will produce O2 for
some simple invertebrate animals. The Ecopoiesis
Test Bed facilitates an evolution of the environment, starting with water and nitrogen and spores or inactive cells of appropriate
prokaryotes, seeds, and eggs of organisms that eventually occupy the regolith. The long-term concept allows a living ecosystem to create itself in an engineered enclosed environment on the moon under controlled Mars-like conditions. Experimental
ecopoiesis will begin in the laboratory and evolve to ISS in at least three phases before a lunar module is considered. A stepwise multi-year approach is proposed, beginning with Phase I, a pre-feasibility planning study (successfully completed). Phase
II comprises laboratory experiments and spaceflightplanning, to determine feasibility and develop a 100-year vision, and Phase
III, under independent support, will be a multi-institution undertaking culminating with a decision concerning the creation of a
robotic lunar ecopoiesis laboratory. Phase II comprises four tasks: (1) build an ecopoiesis chamber for 1g experiments in a 4liter volume, based on Phase I design; (2) run tests, by a multi-institutional team, using organism communities selected in Phase
I; (3) build a community of prototype ecopoiesis-chamber users, and design future laboratory small-scale (80 ml) equipment
(manufactured under separate funding) to stimulate interest in experimental ecopoiesis and prepare for experiments on ISS
using SHOT’s variablegravity space centrifuge technology; and (4) refine requirements for extraterre trial test beds and decide
upon the feasibility and scientific value of arobotic lunar test bed.
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APPENDIX F
Descriptions of Enabling Technologies from NIAC
Inherently Adaptive Structural Systems
SOROUSHIAN
tchnv@aol.com
CRITICAL TECHNOLOGIES
Our NIAC concept relies on piezoelectric conversion of (destructive) mechanical energy to (constructive) electric
energy which drives the adaptive phenomena in structural materials. Pronounced piezoelectric response will
enhance the rate and extent of adaptive phenomena. Further advances in piezoelectric nano-fibers promise to yield
pronounced piezoelectric effects.
ii. Solid electrolytes (commonly used in fuel cells) provide the media for electrolytic mass transport (to render adaptive effects by redistribution of structural substance). Today's solid electrolytes are developed for fuel cell applications; development of new solid electrolytes with enhanced thermo-mechanical performance (and improved ionic
conductivity) will benefit our adaptive structural systems.
iii. Piezoelectric and solid electrolyte constituents can be incorporated into structural materials (e.g., composites) as
nano-layered (fiber) coating systems. Advances in processing of nano-composites (nano-layered fiber coatings)
would thus benefit our adaptive structural technology.
OTHER TECHNOLOGIES
The adaptive structures which are subject of our research respond to stress gradient, seeking to achieve a normalized stress distribution which eliminates stress peaks. With the increasing significance of thermal protection in aerospace systems (highlighted by the recent shuttle disaster), application of our concept towards development of adaptive thermal systems (which respond to thermal gradient and seek to eliminate temperature peaks) would be a very
useful extension of our technology. Some vital elements of our technology can be used towards developing adaptive thermal protection systems.
Global Environmental MEMS Sensors (GEMS): A Revolutionary Observing System for the 21st Century
MANOBIANCO
manobianco.john@ensco.com
CRITICAL TECHNOLOGIES
Power generation and storage:
Generation and storage of electrical power is a critical area that has to be addressed for miniaturization of GEMS
probes. The unfortunate reality is that power storage does not scale like the common Moore’s law for electronics.
New technologies for storing and generating power in a miniaturized platform have to be created in order to realize
that full potential of the GEMS project. The ideal solution for power generation is thin-film solar cell technology. The
two primary candidates in this arena are thin-film amorphous silicon cells and nanoparticle dye cells. Although, thinfilm solar cells are an excellent material for power generation, the probe must also be capable of storing power for
night-time operation. Two possible options include thin-film batteries or thin-film capacitors.
Communications: The GEMS system would be completely useless without the ability to communicate data back to
the end user. State of the art communication systems today such as ad-hoc or mesh networks will not likely support
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the massive number of probes envisioned for the GEMS system. Ad-hoc networks provide low power, self-healing,
self-discovering capabilities which could enhance the functionality of GEMS. Since scaling limitations exist for these
networks, new protocols and hardware must be developed to overcome these difficulties or alternative systems such
as low power point-to-point satellite communication strategies must be used. Passive instead of active communication may be feasible using radio transponders, colorimetric changes, or optical reflections such as dynamic optical
tags. Passive techniques would reduce the power consumption, but in general suffer from other problems such as
non line-of-sight communication and small radar cross section.
Probe design:
The probes must meet specific design criteria in order to maximize the dwell time in the atmosphere. Materials science will play a key role to limit probe mass and potentially make them biodegradable or bioinert, thereby minimizing risks to the environment when the probes settle out of the atmosphere. Such designs will require greater
advances in the fields of flexible electronics including thin-film based semiconductors, organic electronics, or nanoelectronics. Organic electronics are already used in the thin-film display market and are showing rapid gains in terms
of functionality but are still orders of magnitude slower than standard semiconductor electronics. Nanoelectronics
have shown great potential in the research laboratory and could become commercially available within the next five
to ten years.
OTHER TECHNOLOGIES
Geolocation: One of the primary functions of signal processing will be for geolocation. Geolocation will likely be
accomplished by some combination of miniaturized global positioning system (GPS) receivers and localization algorithms. With a localization technique, the relative position of many probes in an ad-hoc network is determined based
on the radio communications between probes although it is not clear whether this technique will scale to the massive number of probes envisioned for a GEMS network.
Astronaut Bio-Suit System for Exploration Class Missions
NEWMAN
dnewman@mit.edu
CRITICAL TECHNOLOGIES
1. Three-dimensional textile deposition, to enable the formation of anisotropic material with specific mechanical properties in specific directions. Also, the ability to assemble a garment in three-dimensions through patterning of fibers
and incorporation of other materials (e.g. passive and active elements). Techniques that are currently under investigation are "electrospinlacing," "melt-blowing," and "melt-spinning." Three-dimensional material deposition will enable
a spacesuit to be exactly custom-fit to its wearer. The ability to give the textile specific mechanical properties in specific directions will enable a spacesuit to mimic the deformation of the skin.
Building a highly mobile space suit with good pressure production and low torques requires the ability to design and
build garments with highly anisotropic mechanical properties. Incorporation of various functional layers(cooling, information, etc.) within the Biosuit requires the ability to embed these layers and/or functional components (heat pipes,
fluid conduction systems, MEMS levers for cooling, etc) within a three-dimensional garment.
2. Shape-changing polymers that provide human-scale force with limited voltage and current (or much improved efficiency and compactness of their driving electronics). Often these are called "artificial muscles" and they include
dielectric elastomers, electrostrictive polymers, and mechano-chemical polymers and gels. These active polymers
will enable a mechanical counterpressure spacesuit to apply pressure to the body surface after the suit has been
donned. They will also allow for local control of the tension in the spacesuit fabric; local tension control is necessary
for providing constant pressure over different curvatures of the body surface.
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References:
1. Pelrine, Ron; Roy Kornbluh, Qibing Pei, Jose Joseph. "High-Speed Electrically Actuated Elastomers with Strain
Greater Than 100%." Science. 4 February 2000. 287: 836-7.
2. Herr, Hugh and Roy Kornbluh. "New horizons for orthotic and prosthetic technology: artifical muscle for ambulation." MIT, 2004.
3. Information technology, wearable computing, and human power harvesting integration across the entire EVA system: Integration of the space suit with smart EVA tools via data automation; integration of the
space suit and EVA tools with other components of the EVA system including robotic elements. Optimizing the spacesuit does not ensure a highly functional EVA system; coordination between all elements is critical. Integration of sensing (of the astronaut and of the environment) and communication capabilities is required to realize the benefits of
improved mobility potentially offered by MCP and the Biosuit system.
4. Lightweight, portable, long-duration sources of power, or the ability to harvest the human body's wast energy to
power BioSuit and EVA life support systems. Essentially, spacesuits for planetary exploration require advancements
in battery technology. Longer duration traverses will require more energy for the astronauts' life support systems,
but the additional energy cannot come by increasing the on-back mass for the astronaut. The use of electroactive
fibers and materials for spacesuit shape control or for biomedical sensing will also require additional energy.
OTHER TECHNOLOGIES
1. Electrically conducting textiles that enable distributed sensing. These textiles are based on "intrinsically conducting polymer fiber." These resistance these fibers is a function of their humidity, their mechanical stretching, and their
environment's temperature. Therefore, fabrics that contain these fibers can sense temperature, humidity, chemicals,
and mechanical stress. These fibers can also be formed into flexible keyboards for garments, and they can provide
shape control for fabrics.
Reference: Santa Fe Science and Technology Corporation. Santa Fe, New Mexico. Benjamin Mattes, President.
SFST has named their version of electrically conducting fiber the Panion TM fiber.
2. Miniaturized circuitry for biomedical monitoring
3. Materials with longer-term skin-contact compatibility.
Typical clothing is very loose compared to the biosuit system. Wearing tight clothing for long periods of time creates
significant irritation that would be intolerable during a long duration surface-exploration mission, especially in conjunction with other factors that may cause skin irritation.
Because MCP by definition requires tight clothing, reducing the level of skin irritation would have broad consequences including improving the frequency and duration of activity in the Biosuit. This technology would also have
broad application here on Earth in the medical field and perhaps for everyday clothing.
4. Edema assessment: Efforts are underway to improve our ability to assess edema formation using the Bowman
Perfusion Monitor from Hemedex. Edema is one of the critical problem encountered in previous mechanical counterpressure efforts,and monitoring of edema is critical to validating current and future MCP efforts. Edema monitoring
(including non-invasive monitoring) may be more generally useful in various aspects of space physiology and medicine.
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Electromagnetic Formation Flight (EMFF)
SEDWICK
sedwick@mit.edu
CRITICAL TECHNOLOGIES
The primary enabling technology for EMFF is high current density, high temperature super conducting wire. The current state of the art is about 13 kA/cm2, which allows it to be a competitive technology with thruster-based systems.
However, the force between two identical spacecraft scales as the square of this current density, for a fixed mass
and coil size, so increases in this density will greatly improve the viability of this technology at greater distances. The
wire being used is a matrix of superconducting material and regular metal, to provide strength and flexibility. The
superconducting material has been lab tested to an upper limit of 6,000 kA/cm2, so the improvements need only
come in the manufacturing process of the wire.
A second technology which will allow EMFF to function in Earth orbit is higher efficiency cryo-coolers. Current thermal designs appear to require on the order of 10s of Watts per coil of thermal power removal, translating to 100s of
Watts of electrical power input to cryo-coolers for each coil. This appears to be the driving power requirement for
the sytem.
The third most critical technology is distributed control algorithms. Unlike thruster based systems, movements within an EMFF system must be coordinated between multiple spacecraft simultaneously. This is a very complex control problem, which must be solved to make the technology viable.
OTHER TECHNOLOGIES
One potentially useful technology is high density, high strength, non-conducting materials, from which reaction
wheels can be manufactured. Metal wheels, rotating within the magnetic field of EMFF generate eddy currents,
which will act as a breaking mechanism on the wheels. Although shielding of the wheels with a high permeability
material can solve this problem, it would be more efficient to add mass to the system that would be useful in other
ways (i.e. angular momentum storage), rather than simply parasitic.
Ohio Aerospace Institute
COLOZZA
anthony.colozza@grc.nasa.gov
CRITICAL TECHNOLOGIES
1. Thin film solar arrays and their deposition onto a substrate. The performance and capabilities of the SSA are
directly related to the efficiency of the solar array material. By being able to directly apply the active solar array material (such as amorphous silicon) to the Ionic Polymer Metal Composite (IPMC) material will significantly reduce weight
and provide a truly integrated aircraft. The application of thin film array materials onto polymer substrates is a technology that would greatly benefit the array integration.
2. Thin film batteries / capacitors. The development of flexible thin film batteries is a critical element of the SSA
concept. The ability to store energy is required for the SSA to maintain flight. In order to utilize the total energy collected during a flap / glide cycle a battery or capacitor is needed. Also because of the movement of the wings the
output of the solar array will vary considerably and a battery or capacitor is needed to maintain consistent power output. Ideally this energy storage device will be able to be constructed directly onto the IPMC material utilizing it as the
substrate (as with the solar array). Again this provides for a fully integrated vehicle design.
3. Low Reynolds number flapping flight aerodynamics. The SSA will fly within a low Reynolds number flight regime.
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Therefore a detailed understanding of low Reynolds flow applied to a flapping wing is needed to truly optimize the
aircraft. Items such as boundary layer formation and control, flow separation vortex formation and drag reduction as
applied to a flapping wing are of interest.
OTHER TECHNOLOGIES
Thin film antennas. Due to the nature of the SSA the ability to carry fixed point masses will be limited. Therefore the
development of thin film antennas is a perfect fit for application on the SSA for communications and data collection.
Electronics and sensor miniaturization. The reduction in size and mass of electronics and sensors will greatly expand
the capabilities of the SSA.
Autonomous flight control. The ability to fly autonomous will greatly enhance the SSA's capabilities. This is needed
for flight on other planetary bodies such as Venus due to the significant delay in communications from Earth.
Hbar Technologies, LLC
Dr. Steven D. Howe
showe@hbartech.com
CRITICAL TECHNOLOGIES
The antimatter sail concept relies on the ability to use antiproton induced fission as a propulsion method. The key
technologies therefore to enabling this concept are: 1) production/formation of sufficient amounts of antihydrogen, 2)
formation and storage of nano-flakes of solid antihydrogen, and 3) development of the Tuned Photovoltaic
Conversion (TPC) method of converting fission energy into electricity. The formation of antihydrogen molecules is
the first step to making the storage of flakes feasible. The suspension of a charged nano-flake electrostatically will
demonstrate the storage concept. Both of these technologies can be demonstrated in the near term using normalmatter protons. The TPC concept uses fission to induce scintillation in a medium. The wavelength of the scintillation is tuned to the acceptance of a photovoltaic cell for high efficiency conversion. The TPC could be demonstrated using radioisotopes and currently available scintillating materials.
OTHER TECHNOLOGIES
Another significant technology is the production and accumulation of antiprotons. The current production levels need
to be greatly increased in order to make sufficient quantities for deep space missions.
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