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3.4

Requirement:  astr onaut 
health:  remote 
dia gnostics treatment.  
Space �ight, current and in 
the future, requires the 
health of the astronauts be 
maintained and an y 
medical inter ventions be 
able to be made .  (see 
Cr itical P ath Roadmap , 
October 2000 f or detailed 
descr iption of speci�c 
requirements .)

Combustion 
Rockets

3.5

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

Porous 
Ceramics for 

Bone 
Replacement 

3.3

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

Requirement:  basic science:  
obser vation tool.  More precise 
data capture in space on such 
exper iment areas as �uids , 
combustion, motion (such as 
vibratory e vents)  and 
obser vation of changes in 
organisms require as high a 
resolution of imaging as 
possib le for precise obser vation 
and r apid downlink. 
Current limits.  Current 
systems are limited b y to 1 
million pixels . 

3.5 3.3

Texas Center for 
Superconductivity 

and Advanced 
Materials, University 

of Houston

Novel 
Thermophotovoltaic 

Device for Direct Heat to 
Electricity Conversion

Requirement:  health care:  ear th:  
remote dia gnostics treatment.   
There is a need to deliv er  health 
care (diagnosis and treatment) to 
patients at man y remote locations 
(an y distance from where the 
exper t specialist is).  This implies a 
continual upg rade in capabilities 
for telemedicine , medical 
informatics and medical 
technology and implies the need 
to evaluate sensors , transmitters , 
e�ectors , and process sim ulators 
of this system.  

3.4 3.1 3.3 3.3

Automated 
Technologies for 
Human Genome 

Research 

Biosensors – Detectors 
for Biological 

Organisms/Biological 
Functions

3.1 3.3

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

 The Center for 
Satellite and Hybrid 

Communication 
Networks

Broadband Multimedia 
Group Communications 

Over Hybrid Wireless 
Networks

Requirement:  Ear th:  
ine xpensive connectivity . 
The combination of 
satellite and wireless 
terrestr ial networks 
provides ine xpensiv e 
means f or o�ering 
broadband connectivity to 
underprivileged 
neighborhoods and 
regions . This will w ork to 
help amelior ate the so 
called "digital divide" 
problem.

3.1 3.3

Multiquantum 
Well 

Multijunction 
Solar Cells

3.4

Texas Center for 
Superconductivity 

and Advanced 
Materials (formerly 

SVEC)

Requirement:  
spacecraft:  
ener gy 
generation:  solar 
cells.  More 
e�cient (smaller , 
lighter, and easier 
to launch) and 
longer lasting 
(radiation resistant) 
solar cells are 
needed on 
spacecr aft to  
create more po wer.

Supercapacitor 
Energy 
Storage

3.1

Requirement:  
launc h vehic les:  
ener gy stora ge. 
Energy stor age 
systems that can 
supply shor t term 
(sec), high peak 
current pulses f or 
applications such as 
launch v ehicles , 
radar and 
communication 
satellites .

Center for Space 
Power and 
Advanced 

Electronics, Space 
Research Institute, 
Auburn University

Requirement:  hydr og en 
utilization in space:  
spacecraft maneuver:  
auxiliar y thruster s.  E�cient 
utilization of hydrogen to 
supply po wer and b yproduct 
water in space is dependent 
on ha ving low mass , lo w 
volume stor age equipment 
available to supply e�cient 
fuel cells of auxiliar y 
thrusters f or appropr iate 
course corrections .

3.1 3.4

Requirement:  basic 
science:  hydr og en 
interaction with materials.  
It is necessar y to 
understand the inter action 
of hydrogen with mater ials , 
beyond absorbed species 
and hydrides , to �nd ne w 
mater ials with the highest 
hydrogen stored 
concentr ation and with 
operating conditions as 
close as possib le to 
ambient.

3.4

Requirement:  natural 
products industr y:  unique 
phytoc hemicals and 
secondar y metabolites.  
Production of no vel types of 
phytochemicals and 
secondar y metabolites , such 
as essential oils , anthocy anin, 
�avonoids, lycopene , and 
iso�a vonoids (which ha ve 
great commercial v alues to 
food, n utraceutical, and 
cosmetic industr y) are a 
continuing need.

Requirement:  
agrib usiness:  ne w 
varieties of cr ops.  
There is a need to 
develop unique 
mutagenic crops , 
which contain the tr aits 
that are genetically 
stable (i.e ., genetically 
inherited) and 
commercially v aluable.  
Such crops ma y ha ve 
enriched n utrients and 
enhanced quality .

Requirement:  biopharmaceutical 
and a grib usiness:  e� ective g ene 
transf er tec hnologies/systems.  
E� ective and rob ust transf ormation 
systems are needed to e� ectively 
reduce the cycles and costs f or the 
development of no vel transgenic 
plant mater ials/crops and f or the 
production of high-v alue 
recombinant proteins in plants . 
Hence ,  high-throughput, cross-
board adaptiv e ag ro-bacter ium 
mediated tr ansf ormation systems 
are needed.

3.5 3.5 3.3

Requirement:  basic 
resear ch:  Lignin 
biosynthesis and 
cell wall biog enesis.   
The f orest products 
industry is seeking to 
more clear ly 
understand lignin 
biosynthesis and cell 
wall biogenesis in 
order to impro ve 
overall wood 
properties.

Requirement:   f orest 
products industr y:  
reduce ener gy & 
pollution  Understand 
lignin biosynthesis and 
cell w all biogenesis in 
trees of commercial v alue .  
Reduce chemical and 
energy requirements of 
the pulping process thus 
reducing en vironmental 
pollution emitted from 
pulp/paper mills .

3.2 3.5 3.2 3.5

Requirement:  
U.S.  econom y:  
low cost 
ener gy.  A 
strong U .S . 
economy 
requires a 
cheap supply of 
energy.  

3.3

Requirement:  
create ne w 
materials.  
Comb ustion 
synthesiz ed 
mater ials are 
needed f or 
applications on 
Ear th in such areas 
as cer amics , metal-
composite
structural mater ials , 
insulators , etc.

Requirement:  
reg enerative 
ener gy 
reco ver y f or 
trains.   Using 
�ywheels to 
recover energy 
used in 
breaking can 
sa ve energy 
and lo wer costs 
for comm uter 
trains is 
needed.

Requirement:  
commer cial satellite:  
less ener gy use .  Lo w-
ear th orbiting satellites 
used f or comm unications 
with less lag time are 
needed.   Currently such 
satellites are in 
geostationar y orbit, 
spending consider able 
time in the ear th's 
shado w, hence 
expending energy from 
their batter ies . 

Requirement:  
commer cial:  
satellites:  
attitude contr ol.  
Commercial 
satellites Industr y 
could sa ve weight 
and v olume by 
using �ywheel 
technology for 
combined attitude 
control and 
energy stor age .

3.1 3.1 3.4

Requirement:  
commer cial:  
satellites:  weight 
& v olume .  
Commercial 
satellites industr y 
could sa ve weight 
and v olume by 
using �ywheel 
technology for 
combined attitude 
control and 
energy stor age .

Requirement:  
commer cial satellite:  
less ener gy. Low-ear th 
orbiting satellites used 
for comm unications with 
less lag time are 
needed.   Currently such 
satellites are in 
geostationar y orbit, 
spending consider able 
time in the ear th's 
shado w, hence 
expending energy from 
their batter ies . 

Requirement:  
reg enerative 
ener gy 
reco ver y f or 
trains.   Using 
�ywheels to 
recover energy 
used in breaking 
can sa ve energy 
and lo wer costs 
for comm uter 
trains is needed.

3.1 3.1 3.4

Requirement:  
commer cial satellite:  
less la g time in ener gy 
deliver y.  Lo w-ear th 
orbiting satellites used f or 
communications with less 
lag time are needed.   
Currently such satellites 
are in geostationar y orbit, 
spending consider able 
time in the ear th's 
shado w, hence e xpending 
energy from their 
batteries . 

Requirement:  
commer cial:  
satellites:  less 
weight & 
volume . 
Commercial 
satellites Industr y 
could sa ve weight 
and v olume by 
using �ywheel 
technology for 
combined attitude 
control and 
energy stor age .

Requirement:  
electricity stora ge 
on spacecraft.  
Electr icity stor age 
backup systems 
where there is 
need f or faster 
switching on and 
o� for bac k up 
systems f or the 
International 
Space Station and 
other satellites in 
low-ear th orbit.

3.1 3.3 3.3

Requirement.  
medicine:  
bone 
replacement.   
Longer use 
bone 
replacement 
mater ials are 
needed f or 
human bone 
replacement 
surger y on 
ear th.

3.5

Requirement:  national 
security:  high-resolution 
sur veillance  Ultra-high 
resolution images are needed 
for high-resolution sur veillance 
both on the g round, at sea, and 
by aircr aft.  Applications include:   
remote video sur veillance;  
remote mapping;  remote 
medical image tr ansmission 
ser vices;  coastline and por t 
secur ity; mapping;  aircr aft 
carr ier sur veillance;  and drone 
aircr aft sur veillance .

Requirement:  mo vie industr y. High resolution, IMAX 
quality imaging from space is needed f or downlinks to the 
news, information, and education media and commercial �lm 
distribution.  
Current limits.  Current IMAX limit f or �lming a scene in 
space is one min ute with large , hea vy, po wer-hungry camer a 
equipment, and �lm limitations in r adiation en vironment.
Applications: commercial 
Potential applications of the HDTV equipment include:  
remote video sur veillance:remote mapping;  television HDTV 
production: electronic cinema production:  consumer 
camcorder mar ket; video conf erencing and camer a systems 
for emerging digital cinema mar kets (motion pictures , IMAX, 
etc).

3.2

Requirement:  
commer cial:  
power 
con ver sion.  More 
e�cient power 
conversion of 
terrestr ial fuels 
and direct 
conversion of heat 
to electr icity (no 
generator losses).

Requirement:  
basic science:  
cells in e xtreme 
envir onments.  
We need to lear n 
how cells adapt in 
extreme 
environments to 
better understand 
var ious cell 
phenomena on 
ear th.  

3.5

Requirement:  
disease dia gnosis.   
Life on ear th can 
bene�t from the 
development of 
biosensors f or 
microgravity because 
these will no doubt 
contain no vel and 
improved technology 
for incor poration into 
ground-based 
devices .

Requirement:  
detection of to xins,  
bacteria,  fungi,  
viruses,  spores.   
Quality of the air , 
water and f ood from 
threats of e xposure 
to pathogenic 
organisms requires 
a speci�c biosensor 
designed f or 
microgravity.  

Requirement.  
Secur ity and 
reliability of g roup 
communications in 
wireless netw orks 
is a fundamental 
research question.  
It has been 
recogniz ed as such 
by the Inter net 
Engineer ing Task 
Force , for example .

3.3

Center for Advanced 
Microgravity Material 
Processing (CAMMP) 

at Northeastern 
University

Carbon 
Nanotubes

3.5 3.5

Requirement:  
nanotube synthesis 
on ear th.  Process 
improvements in 
carbon nanotube 
synthesis are currently 
limited by the lac k of 
understanding of the 
interrelationships of 
factors impor tant in 
this synthesis reaction 
process and are 
needed to be 
understood.

Requirement:  
nanotube synthesis in 
space . Synthesis 
reactors on ear th are 
subject to a v ar iety of 
transpor t phenomena 
not found in the 
microgravity of the ISS 
laboratory. It is impor tant 
to understand the r ange 
of basic phenomena 
obser ved in carbon 
nanotube synthesis in 
microgravity.

Requirement:  basic 
science:  formation 
of nanotubes.  It is 
necessar y to 
understand the 
formation of 
nanotubes and the 
impact of process 
operating var iables in 
synthesis reactors to 
�nd new mater ials 
with the best 
performance 
char acter istics .

3.5

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

Common 
(Standardized) 

Carriers 

Requirement:  basic resear ch 
tool:  cost-e� ective 
experimental apparatus.   
Most basic science conducted 
in microgravity requires the 
accommodations pro vided by a 
common set of carr iers 
because such a �eet of 
common carr iers w ould 
eliminate the need f or each 
exper iment developer to 
duplicate this e� ort for systems 
presently under de velopment 
for upcoming �ights .  

Connection to OBPR 5 
questions and the Space 
Ar chitect's Capability 
Requirements.  This 
technology pro vides indirect or 
enabling suppor t for the 
activities in a n umber of the 
OBPR questions b y providing 
cost e� ective suppor t to the 
greatest n umber of 
researchers to ans wer the 
maximum number of 
questions .

3.1 3.1

Water Mist 
Fire 

Suppression

Center for 
Commercial 

Applications of 
Combustion in Space 
(CCACS), Colorado 

School of Mines

Requirement:  
saf ety:  airplanes,  
ships,  and 
computer r ooms.  
To improve �re 
suppression 
systems f or 
airplanes , ships , 
and computer 
rooms in b uildings. 

3.2 3.5

Requirement:  
food saf ety 
and 
homeland 
security .  F ood 
saf ety to 
detect molds 
and toxins in 
food supply 
and terror ists 
activities .

Requirement:  
commer cial 
food 
processing.  
Poultry 
processing 
plant requires 
rapid detection 
of 
contamination 
from fecal 
matter and 
other toxins . 

Requirement:  
medical:  
melanoma.   
Ear ly detection 
of melanoma 
would bene�t 
from rapid, 
precise detection 
device .

Requirement:  
ear th Ima ging  
Imaging f or oil & 
mineral 
exploration, 
forestr y and 
agricultural 
management 
and ear th 
sciences ha ve 
special 
detection 
requirements .   

Requirement:  
forensic:  
counterf eit 
documents.   
Detection of 
counterfeit notes , 
forged documents 
and other altered 
documents in la w 
enforcement 
requires e xtremely 
sensitiv e imaging 
equipment.

3.3 3.3 3.3 3.33.1 3.1

Hyperspectral 
Imaging

ProVision 
Technologies, a non-
profit NASA Research 

Partnership Center

Microbial 
Antibiotic 

Production

BioServe Space 
Technologies, 
University of 

Colorado-Boulder

3.3 3.5

Requirement:  
pharmaceutical 
industr y:  
micr obial 
fermentation.   
Increased 
production 
e�ciency in 
pharmaceutical 
manufactur ing 
would be 
bene�cial.

Bone
Loss 

3.2

Requirement:  
astr onaut 
bone loss.   
Astronauts 
must ha ve 
___% of bone 
and m uscle 
when landing 
on Mars .  

Requirement:  
basic 
resear ch:  
tec hniques.  
Better 
preclinical 
models f or 
human disease 
conditions are  
required to 
speed up dr ug 
research 
development.

3.3 3.5

BioServe Space 
Technologies, 
University of 

Colorado-Boulder

Requirement:  basic science:  
tools:  no vel therapeutics.   
Suppor ting the disco very of no vel 
therapeutics and or v accine 
exper iments with protein cr ystal 
growth in microgravity is a 
necessar y requirement to adv ance 
the disco very of cer tain drugs.  
Microgravity provides conditions 
for cr ystal g rowth that are 
unattainable here on Ear th and 
have proven successful with 
repetitious e xper iments.

Requirement:  basic 
science:  pr otein 
cr ystal gr owth  
Kno wledge gained 
from studying the 
processes dur ing 
protein cr ystal 
growth in 
microgravity 
conditions has 
implications f or 
protein cr ystal 
growth exper iments 
on Ear th.

Requirement:  basic 
science:  imm une 
system.   Improved 
understanding of the 
human imm une system, 
bone remodeling, 
chronic and inf ectious 
diseases , etc.  will yield 
obvious impro vements 
that can impro ve the 
quality of life on Ear th 
as w ell as those 
traveling in space . 

Protein Crystal Growth 
and Structure Based 

Drug Discovery

Center for 
Biophysical Science 

and Engineering 
(CBSE), University 

of Alabama at 
Birmingham

3.4
Le verage resources in 
suppor t of national pr iorities 
through par tnerships across 
industry, academia, and the 
Go vernment for mar ket-driven 
research in space .

3.5
Resolv e scienti�c issues 
impacting Ear th-based 
technological and industr ial 
applications b y using the 
unique low-gravity 
environment of space .

3.1
Enhance the Nation's secur ity 
by de veloping and 
demonstrating cr itical access-
to-space technologies that 
bene�t NASA, DOD , and other 
Go vernment agencies .

3.3
Improve the Nation's 
economic strength and 
quality of life by 
facilitating the inno vative 
use of NASA technology .

3.2
Enhance the Nation's 
secur ity through 
aeronautical 
par tnerships with 
DOD and other 
Go vernment 

Goal 3
Create a more secure w orld and impro ve the quality 
of life by investing in technologies and collabor ating 
with other agencies , industr y, and academia.

Goal 

3
Create a more secure world and 

improve the quality of life by 
investing in technologies and 

collaborating with other agencies, 
industry, and academia.

Research 
Partnership 
Centers

Project 
Name

3.4 3.4 3.4

MacroVU® Analytics
Draft--Please send suggestions to 

R. E. Horn
hornbob@earthlink.net

415-775-7377

In 2006, NASA had about 
5,000 principal nvestigators 
for its research projects 
that were organized around 
many missions, some of 
which would not be 
launched for 15 years, yet 
depended on the succesful 
accomplishment of specific 
technical developments 
that in turn depended upon 
making scientific progress 
with specific questions.  
We developed a visual plan 
for managing the Research 
Department’s commercial 
space station research 
projects. Then, working to-
gether with the mostly uni-
versity principal investiga-
tors, we created a group of 
35 project descriptions that 
would serve as a model for 
uncderstanding what prog-
ress was beingmade and 
what remained to be done.  
These projects were then 
grouped into the display at 
the right showing project 
name, requirements to be 
met, the ten NASA goals 
they were to meet..
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Senior Researcher
Stanford University
CEO, MacroVU.com
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