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Center for 
Commercial 

Applications of 
Combustion in Space 
(CCACS), Colorado 

School of Mines

Improved 
Hydrogen Storage 

Media

Plant Biotech 
Research in 

Space

Wisconsin Center for 
Space Automation 

and Robotics 
(WCSAR), Univ. of 

Wisconsin-Madison

Forest Products 
Consortium�

/Lignin 
Research

BioServe Space 
Technologies – a 

Research 
Partnership Center, 

University of 
Colorado

In-Situ 
Fabrication of 

Lunar Solar Cells

Texas Center for 
Superconductivity 

and Advanced 
Materials, University 

of Houston

Goal 

10

Medical Informatics �
and Technology 

Applications 
Consortium (MITAC), 

Virginia Commonwealth 
University 

Center for Space 
Power and Advanced 

Electronics, Space 
Research Institute, 
Auburn University

Center for Advanced 
Microgravity Material 
Processing (CAMMP) 

at Northeastern 
University

Programs of the Research Partnership 
Centers (RPCs) Related to Goal 10 of the 

National Aeronautics and Space 
Administration 2003 Strategic Plan

10.6

Requirement: astronaut 
health: remote 
diagnostics treatment. 
Space flight, current and in 
the future, requires the 
health of the astronauts be 
maintained and any 
medical interventions be 
able to be made.  (see 
Critical Path Roadmap, 
October 2000 for detailed 
description of specific 
requirements.)

Requirement: hydrogen 
utilization in space: 
spacecraft maneuver: 
auxiliary thrusters. Efficient 
utilization of hydrogen to 
supply power and byproduct 
water in space is dependent 
on having low mass, low 
volume storage equipment 
available to supply efficient 
fuel cells of auxiliary 
thrusters for appropriate 
course corrections.

10.5

Requirement: 
power supply: 
lunar surface:  
communications.   
In order to 
communicate with 
other locations 
such as satellites, 
Earth, space craft, 
etc), moon-based 
energy generating 
systems are 
needed.

10.4

Combustion 
Rockets

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

Magnetic 
Bearings for 
Aerospace 
Flywheels

Center for Space 
Power, Texas A&M 

University

Composite 
Materials for 
Flywheels 

Center for Space 
Power and 
Advanced 

Electronics, Space 
Research Institute, 
Auburn University

Fuel Cells 
and Hybrid 

Energy 
Systems

Requirement: space: 
fabrication techniques.  
In-space fabrication 
techniques must be 
developed to enable future 
generations of space 
explorers to develop safe 
and affordable habitats, 
perform maintenance and 
repair on space systems, 
and maximize the utilization 
of local "in-situ" resources.  

10.4

Thermophysical 
Properties of 

Molten Metals  

Solidification 
Design Center 
(SDC), Auburn 

University

Porous 
Ceramics for 

Bone 
Replacement 

Center for 
Commercial 

Applications of 
Combustion in Space 
(CCACS), Colorado 

School of Mines

HDMAX 
System

NASA Imaging Technology Space 
Center (ITSC), Florida Atlantic 

University and the NASA 
Commercial Space Center for 

Engineering (CSCE), Texas A&M

Texas Center for 
Superconductivity 

and Advanced 
Materials, University 

of Houston

Requirement: 
space 
vehicles: 
energy. Power 
sources with 
long life are 
needed for 
satellites, 
space probes 
or 
rover/landers.  

Novel 
Thermophotovoltaic 

Device for Direct Heat to 
Electricity Conversion

Requirement: 
space vehicles: 
long life power 
sources. 
Efficient long-life 
power sources 
for deep space 
exploration 
(where solar 
arrays are not 
useful).  

Design & 
Development of New 
(Epitaxial) Thin Film 
Solid Oxide Fuel Cell

Requirement: basic science: fuel cell 
processes. Each component of the fuel cell 
experiment, which includes the epitaxially 
grown thin films, photolithography patterned 
and chemically etched nickel anodes, and its 
interconnect assemblies, require a fundamental 
understanding of the ongoing processes and 
reactions occurring within the fuel cell.  
Scientific contributions in the areas of 
chemistry, engineering, and physics continue to 
be ascertained while this fundamental research 
takes place.  Therefore with each discovery, 
science (as a whole) will benefit from our 
contributions.

10.4

Texas Center for 
Superconductivity 

and Advanced 
Materials, University 

of Houston

Requirement: health care: earth: 
remote diagnostics treatment.  
There is a need to deliver  health 
care (diagnosis and treatment) to 
patients at many remote locations 
(any distance from where the 
expert specialist is). This implies a 
continual upgrade in capabilities 
for telemedicine, medical 
informatics and medical 
technology and implies the need 
to evaluate sensors, transmitters, 
effectors, and process simulators 
of this system. 

10.6

Research: 
propulsion 
systems: low mass 
& high power.  
NASA interplanetary 
missions require low 
mass and high 
power propulsion 
systems that fit well 
with both nuclear 
and solar-powered 
systems.

10.4 10.6 10.2

Requirement: tool: tools for in-situ detection and analysis of 
experimental samples. State-of-the-art equipments/tools need to be 
developed to allow for in-situ detection and analysis of experimental 
samples on board the orbiters (such as space shuttle and International 
Space Station).  Such capabilities can definitely minimize (a) on-board 
storage demands, (b) unnecessary transporting materials back and forth, 
(c) the science loss due to hardware or orbiter failure, or due to the 
deterioration of the sample qualities, and (d) most importantly the costs.

Importance: no loss of data.  If we had equipment for in-situ detection 
of DNA expression for our gene transfer experiment conducted during 
STS-107, we would have significant science return.  Unfortunately, we 
had 100% science loss because we lost all the samples.

10.4

Requirement: life 
support: 
consumable 
plants.  Advanced 
life support for long 
space trips requires 
consumable plants 
with known crop 
growth rates and 
plant regeneration 
quality.

10.4

Requirement: 
power supply: 
lunar surface:  
communications.   
In order to 
communicate with 
other locations 
such as satellites, 
Earth, space craft, 
etc., moon-based 
energy generating 
systems are 
needed.

10.2

Requirement: advanced space 
applications. New materials are 
needed to increase the 
performance, while decreasing 
the cost, of performing deep 
space missions. Thus it is 
necessary to acquire data on the 
range of materials (composition, 
physical properties) and the 
properties of combustion-
synthesized materials, 
particularly strength, thermal 
conductivity, maximum and 
minimum porosity, etc.

10.4 10.5

Requirement: less 
upmass and 
volume for all 
systems.  Saving 
weight and volume 
on all systems for 
orbital replacement 
units (ORUs) is an 
objective of all 
programs for the 
International Space 
Station because of 
the high cost of lifting 
objects into space. 

10.4

Requirement: less 
upmass and 
volume for all 
systems.  Saving 
weight and volume 
on all systems for 
orbital replacement 
units (ORUs) is an 
objective of all 
programs for the 
International Space 
Station because of 
the high cost of lifting 
objects into space. 

Requirement: 
electricity storage 
on spacecraft. 
Electricity storage 
backup systems 
where there is need 
for faster switching 
on and off for back 
up systems for the 
International Space 
Station and other 
satellites in low-
earth orbit.

10.4 10.5 10.4 10.5

Requirement: less 
upmass and 
volume for all 
systems.  Saving 
weight and volume 
on all systems for 
orbital replacement 
units (ORUs) is an 
objective of all 
programs for the 
International Space 
Station because of 
the high cost of lifting 
objects into space. 

10.2

Requirement: basic 
research: ceramic 
materials.  To make better 
ceramic materials it is 
necessary to understand 
the effect of gravity on 
characteristics of the 
material and to 
understand the 
consequences of putting 
other substances into the 
ceramic material to 
produce better results.

Requirement: basic science: 
observation tool. More precise 
data capture in space on such 
experiment areas as fluids, 
combustion, motion (such as 
vibratory events)  and 
observation of changes in 
organisms require as high a 
resolution of imaging as 
possible for precise observation 
and rapid downlink. 
Current limits. Current 
systems are limited by to 1 
million pixels. 

Requirement: space vehicle 
safety monitoring & 
analysis.  A higher definition 
camera that can be easily 
mounted on a robot arm or 
carried or worn by astronauts 
for outside space vehicle 
inspection and structural 
analysis (e.g. modeling of 
dynamic vibrations on 
spacecraft) is needed to 
improve identification of 
possible problems and enable 
timely repair.  

10.2 10.4

Requirement: data capture: 
space hardened digital camera 
for robotics.  Exploratory robots 
in space require as high 
resolution image as possible for 
precise observation of space 
objects and events.  Also needed 
is radiation tolerant capability so 
pixels are not lost to radiation (as 
happens with current generation 
of TV cameras based on change 
coupled device) or so that the 
camera parts are not damaged.

10.3 10.2 10.4 10.4 10.2

Requirement: 
basic science: 
tools.  New tools 
and technologies 
are needed that 
can be applied to 
entirely terrestrial 
genomic research.  
Such tools and 
techniques have 
been critical for 
advances in basic 
science.

Requirement: 
basic 
science: 
tools.  Space 
environment 
requires 
special 
equipment to 
deal with this 
research.

10.2

Automated 
Technologies for 
Human Genome 

Research 

Biosensors – Detectors 
for Biological 

Organisms/Biological 
Functions

Requirement: basic 
research: detect 
extraterrestrial life 
forms.  A need exists 
to be able to identify 
extraterrestrial life 
forms that might be 
encountered on other 
planets.

Requirement:  basic 
research: tool: detect 
kinetics of organism 
growth.  Biosensors are 
required to detect 
quantitatively the kinetics 
of organism growth for 
basic research.  They may 
also need to detect, in 
parallel, multiple organism 
antigens to determine 
differential expression 
during the growth cycle.

Requirement: basic 
research: understand 
surface antigen and 
reagent behavior in 
space.  A biosensor for 
microgravity has to take 
into account that surface 
antigens may be presented 
differently in microgravity 
and the biosensor reagents 
developed to detect them 
may behave differently in 
microgravity.  

10.2 10.2 10.210.1

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

Requirement: smart 
circuits. Circuits 
operating in deep space 
in harsh environments 
must be smart and 
independent, able to 
know when they have 
problems and repair 
themselves or adapt to 
the degradation and still
achieve the required 
function.

Requirement: improved 
circuits and assembly. 
Improved circuit devices 
must be coupled to the 
next higher level of 
understanding: that of 
circuit design operation 
and assembly techniques 
along with other ancillary 
passive devices. These 
must be done in a manner 
that does not compromise 
any of the inherent 
advantages of the SiC.

Requirements: circuits for 
harsh environments. It is 
necessary to understand the 
device physics and designs 
that withstand the harsh 
environments. Some 
applications for circuits may 
be near a nuclear reactor so 
both the active electronic 
devices in the circuits and 
their mounting and assembly 
must also be immune to the 
adverse effects of radiation 
and temperature.

10.4 10.5 10.4 10.5 10.4 10.5

High Temperature, 
Radiation Tolerant, 
Smart SiC Circuits

Center for Space 
Power and 
Advanced 

Electronics, Space 
Research Institute, 
Auburn University

 The Center for 
Satellite and Hybrid 

Communication 
Networks

Broadband Multimedia 
Group Communications 

Over Hybrid Wireless 
Networks

Requirement: 
communications: 
long distance 
broadband. NASA 
missions require 
broadband 
multimedia 
communications 
over large distances. 
So does the ISS and 
its experiments. 

Requirement: 
telemedicine: 
diagnostics & 
treatment. 
Communications 
are essential for 
space: for 
sensing, for 
telemedicine, for 
hazard avoidance, 
for monitoring, for 
security.

Requirement: Earth: 
inexpensive connectivity. 
The combination of satellite 
and wireless terrestrial 
networks provides 
inexpensive means for 
offering broadband 
connectivity to 
underprivileged 
neighborhoods and 
regions. This will work to 
help ameliorate the so 
called "digital divide" 
problem.

Requirement: Earth: 
mobile networks. 
Mobile adhoc 
networks will be 
critical to the future 
needs of the 
commercial 
communications 
industry and of the 
military. Group 
communications 
occupies the largest 
resources portion in 
these networks.  

Requirement: 
Earth 
observation. 
Earth 
observations, 
dissemination of 
the data, require 
multimedia 
broadband 
communications. 

10.310.2 10.510.3 10.3 10.510.3 10.3

Multiquantum 
Well 

Multijunction 
Solar Cells

Texas Center for 
Superconductivity 

and Advanced 
Materials (formerly 

SVEC)

10.6

Requirement: 
spacecraft: 
energy 
generation: solar 
cells. More 
efficient (smaller, 
lighter, and easier 
to launch) and 
longer lasting 
(radiation resistant) 
solar cells are 
needed on 
spacecraft to  
create more power.

Supercapacitor 
Energy Storage

Requirement: 
launch vehicles: 
energy storage. 
Energy storage 
systems that can 
supply short term 
(sec), high peak 
current pulses for 
applications such as 
launch vehicles, 
radar and 
communication 
satellites.

Requirement: 
electricity storage 
on spacecraft. 
Electricity storage 
backup systems 
where there is need 
for faster switching 
on and off for back 
up systems for the 
International Space 
Station and other 
satellites in low-
earth orbit.

Center for Space 
Power and 
Advanced 

Electronics, Space 
Research Institute, 
Auburn University

10.4 10.5 10.4 10.5

National Aeronautics and Space Administration
2003 Strategic Plan

Goal 10
Enable revolutionary capabilities 
through new technology.

10.1
Improve the capability 
to accurately assess 
and manage risk in the 
synthesis of complex 
systems.

10.2
Create new system 
concepts and 
demonstrate new 
technologies that 
enable new scientific 
measurements.

10.3
Develop breakthrough 
information and 
communication systems to 
increase our 
understanding of scientific 
data and phenomena.

10.4
Create novel aerospace 
concepts in support of the 
future human and robotic 
exploration and 
development of space.

10.5
Create novel aerospace 
concepts to support Earth 
and space science 
missions.

10.6
Enhance NASA's Mission by 
leveraging partnerships between 
NASA Enterprises and nonaerospace 
U.S. industrial firms and by leveraging 
the venture capital community for 
innovative technology development.Enable 

revolutionary 
capabilities 

through new 
technology.
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