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Creating Innovative Technology for Mission Success

’I-‘hc CICT Program s parc of the NASA ‘Aerospace
Technology Earterprise’s fundamental cechnology
thrust to develop tools. processes, and technologies
chat enable new aerospace system capabilicies and
miss10ns.

The CICT Program's four key objectives are:

Provide seamless access to NASA resources—
including ground-, air-, and space-based distribuced
tnformation technology resources—so chat NASA
sciennists and engtneers can more easily control
ruissions, make new scientific discovenes, and design
the nexc-generation space vehicles.

Provide high-rate data delivery from these assets
directly to users for missions such as che Earch
Science Enterprise’s Digital Earch Vision, the
Human Exploranion and Development of Space,
and Space Scrence.

Develop goal-oriented human-centered systems
that wall facihrate che observacion and study of
the Earth’s chirnace, the combined human-robouc
exploration of Mars. the safe and cost-cffective
operacion of the Space Shuttle and subsequenc
launch vehicles, and the robouc exploration of
deep space

Research, develop and evaluate revoiutionary
technotogy that can make furure aerospace systems
smaller, lighter. and more relable

The CICT Program includes four projects:

The Computing, Networking, and Information
Systems (CNIS) Project focuses on providing
seamless access to NASA [T resources chrough che
development and demonscration of grand challenge

m

This montogé of arusts’ concepts
represents some of the technologies and
opplications addressed by the CICT Program.

applicanions, information eavironments, gnd
common services, and advanced computing and
necworking testbeds.

The Space Communications (SC) Project focuses
on ntetligene communications archicectures, high-
rate backbone nemworks, Hexible access networks,
wnter-spacecraft cooperative nerworks. aad proxuaucy
wireless networks

The intelligent Systems (IS) Project tocuses on
automaced reasoning, human-centered computing,
and 1ncelligent data understanding

The Information Technology Strategic Research
(ITSR) Project incubaces technologtes for other
CICT projects and NASA programs The [TSR
Project’s dynamuc porcfolio currently includes
intelligent concrols and diagnostics, automated
software engineening technologies, bio-nano-
technology, evolvable systems. and revolutionary
compuung algorichms

|
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Computing, Networking, and
(CNIS) Projecc

CNIS Project Goal: Provide seamless access to
ground-based distributed information technology
resources (both hardware and software) to enable

NASA missions.

To support the ambicious goals of NASA’s Encer-
puses, CICT's Computing, Nerworking, and
Information Systems (CNIS) Project researches new
technologies thar will provide NASA scientists and
engineers with seamless access to distributed

..~ ~ sinformartion:cechnology resources regardless of

location

The CNIS Project 1s developing an information
architecture called che NASA Grid to provide a
persiscent, high-performance, networked environ-

. ment that can be used by the NASA communicy for
solving critical problems. The NASA Grid inte-
grates geographically distributed resources, such as
supercomputers, large dambases, high-end instru-
mencs, laborarories, and training facilities

CNIS includes five subprojects 1) Grand Challenge
Applications, 2} lnformation Environmencs, 3)
Gond Common Services, 4) Advanced Nerworking
Testbed Research, and 5) Advanced Computing
Testbed Research.

Informaction Systems

Providing Seamless Access to NASA IT Resources

Grand Chailenge Applications (GCA)

The GCA subproject focuses on NASA Grand _-
Challenge Applicanons whose demanding require-
ments can drive developmenc of the Grd and .«
demonstrate how Grid capabilities can be used o
tmprove science and cngii’iccring processes. The
Grand Challenge Applicadons include. 1) Earch
Systems Simulation, 2) Incernational Space Seation
Systems Simulation, 3) che Collaborative [nforma-
doa Porcal for the Mars Exploration Rover Mission,
and 4) Space Flight Simulacion.

>

Information Eﬁmhmeq;s (1E)

The [E subproject is rescarcl:ﬁhg new technologies
w build distributed vircual environmenws and .
frameworks for management of applications and
analysis, visualization, and integracion of informa-
tion using distributed heterogeneous resources.

Grid Common Services (GCS)

The GCS subproject is developing a layer of
“middleware” thar allows hardware resources o be
accessed and shared 1n a secure and reliable fashion.
GCS will develop services such as job execurion

management and runtime services, uniform access -

control and secunty, and Gnd management and
admuniscracion L=

=2

5} Networking & Computing Testbeds

Geid Common Services

B Informaticn Environments

Thes image shows the different ]

layers that the CNIS Project 1s
butding into the NASA Grid to
support NASA mussions.

Advanced Networking Testbed Research
(ANTR})

The ANTR group will infuse emerging networdang
rechnologtes into NASA mission applicacions.
ANTR will build a testhed to interconnece hugh-
demand NASA compuning and data resources,
demonstrate the application of advanced neoworking
technologtes, and perform networking research to
support integrated resource management, distrib-
uted collaboracions, nomadic networking, and
secure collaborative environments.

=

[

Grand Chollenge Applications

NASA Gnd

Advanced Computing Testbed Research
{ACTR)

The ACTR group is tnvesugating nex-generation,
high-end compuung architeccures and intercon-
nects, programumung paradigms to make programs
portable and scalable. automated parallelizacion
and performance optimization tools, and tools for
modeling and oprimuzing application performance
on different platforms for various sets of data

3
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The “Chapman" supercomputer (front) is beng used
to run global chmate model simufations (back).

Optimizing the Code for Global Climate
Modeling on the Crigin 3800

The CNIS Project is developing a high-end
computing testbed to support applicacions
requiring high-performance compurting capabdiuies
For example, CNIS 1s working wich the NASA
Advanced Supercompuning Dwvision and NASA's
Earth Science Encerprise on global climate mode!-
ing, powered by NASA’s high-performance
1,024-processor SGI Origin 3800 supercomputer
called “Chapman ” Accessible via the NASA Grid,
Chapman is the first 1,024-processor computer wich
a single system 1mage (SS1) architecture tn wiuch all
processors share 1 common memory This dramau-
cally increases Chapman'’s performance over other
cluster archicectures Chapman has increased che
number of simulated chimace days from 900 a day
to more than 2,900 a day

Developing an Inteiligent Virtual Reality
Mode! of the International Space Sta-
tion

CNIS 15 collaborating wich the Aerospace Technol-
ogy Encerprise’s Engtneering for Complex Systems
(ECS) Program to develop the Intelligent Virtual
Saaon The [neelligent Virtual Scacon’s novei
framework and architecture enable che integracion
of collaborative tools. advanced engineering tools,
and wntelligent tools to provide a single access potnr
to distribuced informacion regarding the [nterna-
uonal Space Station (ISS), along wich intelhgent
analysis, search, and fitering capabuities [t also
provides an 1nteractive real-ume simulanion environ-
ment, with realistic astronaut avacars, to assist 1n [SS
design, training, and operations The VS will help
NASA monitor and operate the (nternanonal Space
Stanion, train astronauts, and support fault decec-

uon, solanon, and recovery

This tation of the i I Space Station (ISS) centrs-
fuge d dule (left) 1s an ple of how the
Intelligent Yirtual Station will help NASA train ostronauts to
operate the ISS (right).

ST oL - i d

The Coltaborative information Portal (left) 1s a web-bosed tool
thot wilf be used to monitor the progress of the Mars Explora-
ton Rover (rignt).

Increasing the Efficiency of the Mars
Exploration Rover Mission

The Mars Exploration Rover Cotlaborative
Information Poreal (MER CIP) s a simple and
custormizable web-based toal that brings together
informacion from muluple sources so that che user
can quickly and easily determune the currenr status
of mussion operacions It 15 the “one-stop” place w©
which all cean members go to determine “whac’s
gong on " Users can quickly ortenc themselves,
monucor the progress of mussion teams and key
events, compare planned and execured sequences
and cesules, and check che progress towards mussion
success. Wich technologres developed under CNIS,
users can easily find the informacon they need to
enhance the:r “situational awareness” and share
nformarion, cotlaborating with others to analyze
daca faster

Improving the Safety and Survivability
of Space Flight

To support NASAs long-term mvestment strategy
under the [ntegrated Space Transporration Plan
CNIS 15 developing new processes and demonstrac-
ing collaboraive software framework rechnologes
for use by the Space Launch ninative ro improve
simulacions of ascent, abort, docking at the lnterua-
uonal Space Station, descent, landing, and other
flight maneuvers The collaborauve design environ-
menc will enable rapid simulacion and testing of
various designs 10 a virtual environment Engineers
will be able to test performance. abort capabiiues.
and fy-abiltcy—keys to understanding and improv-
ing the safety and survivabihity of space flight The
use of high-confidence simulacion tools wichin the
Gnd environment will also improve che design,
analysis, and nisk assessmenc of re-usable launch
vehicles (RLVs) and theuwr subsystems (such as the
liquid rocket subsystem) dunng the enure launch-
to-orbuc-and-return phase. Decreasing the ame

required to simulace the turbopump, 2 major com-
ponenc of the liquid rocket subsystem, 1s especually
important for efimuinacing vibrauon and improving
turbopump performance; this will enable an RLV
to carry heavier payloads and make fucure missions
more affordable.

These images show a simulation of fuel flow in
the RLY turbopump {feft) and an arust’s concept
of the RLY abort and recovery process (right)

5
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Space Communicateons ({SC)

Project

Delivering Data Quickly and Directly Between Earth and Space

SC Project Goal: Enable broad, continuous
presence and coverage for high-rate data delivery
from ground-, air-, and space-based assess directly

to the users.

Working closely with CICT’s CNIS Project, which
provides scamless access to NASA data resources, the
Space Communucations (SC) Project provides high-
rate delivery of daca from those resources directly

to users. The SC Project is looking for innovative
ways 1o meet the needs of four NASA Enterprises.
The Earth Science Enterprise needs a disesibured
necwork thar enables all Earth-observing spacecraft
to transfer real-time, mulci-sensor informadon
directly to users. The Human Explorasion and
Development of Space Eneerprise requires muli-
gigabi, Interner-based communications in near-
Earth orbir. The Space Science Enterprise needs

The Space Communicauons
Project is designing the
Space internet.

high-rate communicarions from sciencific spacecraft
traveling o our outer planets and beyond, as well
as incra-planetary necworks for surface exploration
Finally, che SC Project helps meet che Acrospace
Technology Encerprise’s goals for a Nadanal
Alrspace system architecture to support safe and
secure air travel in 2015.

SC includes five subprojects: 1) Intelligent
Architectures, 2) Backbone Networks, 3) Access
Nerworks, 4) [nter-Spacecraft Necworks, and

S} Proximicy Networks.

Intelligent Architectures {1A}

The IA subproject is developing the technology for
intelligent, auronomous communicacion archicec-
tures thar enable anytime/anywhere operations with
end-to-end information delivery from space direcdly
to users Thus task includes developing archicectural
design tools and emulation testbeds for space

commugucation newworks; intelhigent aschitectures
for farmation flying and constellacon mussions;
proximity network archicectures and protocols for
surface exploration; a space backbane for dynamic
routing and transmaission of large daca sets, and
archicectures supporting dicect-to-user applications
for near-Earth missions In order o develop the next
generation satettice necwork archirecture, SC and
CNIS are working together o develop a state-of-
the-ast satellice emulation testbed

Backbone Networks (BN}

The BN subproject is developing technologies

for high-rate backbone neoworks, including micro-
wave cransmicter and recewer technologies for high-
power, highly efficient, minarure systerns; opucal
communications technologies for deep-space
missions and incer-sarellite cross-links; nerworking
technologes to support inceroperability; and
standards for seamless communicanon networks

Access Networks (AN}

The AN subproject 1s developing rechnology for
flexible, reconfigurable communicanon systems that
enable mobile communicacions from mfrastructure
nodes to fixed and/or mobule assets in space or on
the ground This includes low-cost and widespread
ground termunals for direct-to-user apphications;
products and subsysterns for connecting mission
elements o both the near-Earth and deep-space

backbone, and the protocol and mobile neeworking
technologtes for enabling greater coverage and
accessibilicy to future NASA missions.

inter-Spacecraft Networks {IN)

To enable future NASA spacecraft to communicace
with cach other while flying in formauon, the iN
subproject is invesugating ways of extending the
daca and control bus across the cluster by using
cross-link technologies for the physical and data
layers, using standard protocols and media access
control for the network and transpore layers, and
using systern management technologies for the
application and network layers.

Proximity Networks (PN)

The PN subproject 1s developing shore-range, short-
lived, proximity wireless nerworks to enable small
sensor packages o nter-communicate in space. This
sk includes developing smart high-speed, lower-
power, fixed wireless micro-instccument sensoc
necworks to enhance the quality and granulanty of
science dara retneved tn extreme planerary environ-
ments. [t also includes developing muniature wircless
ncranets with reconfigurable protocols and inte-
grated navigation and communication systems o
provide greater access and dissemunaton of explora-
cion dara.

7
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Designing the Earth’s Sensor Web and
Interplanetary Communications

SC’s (A subproject is already designing an Incerplan-
etary (or Solar Syscem) Communicanions and
Sensor Netwark to provide bugh-rate continuous
coverage for space missions This end-to-end
infor-mation delivery system will be a network

of networks, with connecting nodes between neas-
Earch syscems and deep-space systems across the
Solar System. The high-bandwidch links established
will enable evolvable, secure and transparenc
connectvity to the user.

Saturn

This conceptual map of the Interplanetary
c "

and Sensor N
shows the location of key refay stations.

The Incerplanetary system infrascruccure will
include a necwork of relay stacions placed at the
planctary Lagrangian points (where stations can
remain in a fixed orbit relanive t their respecrive
planer and the sun). These relay stations will
provide server and network routing services o
support several musstons simultaneously. In-space
“lighthouse” services will support missions that
requitre autonomous navigation and dme synchro-
mization. The Sensor Web architecture enables

Selected Applications Addressed by the SC Project

researchers to study che Earch as a global syseem, -
rather than as a sertes of individual observations.
Thus will require revolutionary changes in the
design of the communicacion nerwork and the

development of new communication technologies'

to effectively creare 4 space and sub-space (land
air and sea) wide-area network.

High-Power Microwave Sources for
Backbone Networks

High-power microwave sources will be critical com-
ponents of che future high-daca-rate space backbone.
For the next Mars mission, the BN subproject will
provide new high-power microwave sources chat
deliver 300% more power than current models. This
will increase the effecuve data rate cransmission by a
factor of ten, providing a greater return of science
data BN is also developing a miniacurized traveling
wave tube that will be half che size and weighe of
current models and 20% more efficient.

N R ot

The Mars Reconnaissance Orbrter (above) will
use high-power microwave sources.

Scanning Reflectarray Antenna

To ncrease the coverage and chroughpur of trans-
rissions from space, and reduce the cost of launch-
ing vibration-free antennas for small spacecraft, the
AN subproject is developing electrically steered
reflecrarray antennas based on thin-film ferroelectric
phase shifters Ferroelectric reflectarray antennas can
be produced for only a tench of the cost of MMIC
(Microwave Monolichic Integrated Circuir) phased-
array antennas, and consume much less power than
gimbaled antennas Ferroelectric
reflectirray antennas provide
bearn steering of greater chan
plus-or-rninus thirty degrees,
and deliver more than one-
gigabyte-per-second

chroughput from =

space © Eacth. The ferroelectnic reflectarray antenna
({above} will enable cost-effective space
communications,

Ad Hoc Networks for Mobile Space and
Surface Systems

To improve communicacions performance, flexibl-
1ty, manageability, and reliability, the [N subproject
1s creaung multthop wireless ad-hoc necworking
protocols for use in NASA space and surface
nusstons. The protocols are dynamic, self-organiz-
ing, and self-configuring to enable greater flexibiliry
berween nodes in a planeary enviconment. The
nodes will cooperate to cransmit data between nodes
that are not widun wireless range of each other.

This artist’s concept shows an ad-hac network on Mars.

A Local Area Network for Space-Based
Instruments

The PN subproject is creacing a network architecture
that will enable fixed and mobile sensors o commu-
mucate 1n space. Applications include planery
surface exploration using robot-to-robor and incra-
robot communicauons, communications of sensors
within vehicles, communications for astronaur
activities ouside the vehicle, and wareless conrrol
from the Incernavional Space Stauon. PN's research
emphasizes low power draw, use of commercial off-
the-shelf parts, and adequate bandwidch.

%
(/Rabot to Robot

Local area netwarks for robots (above)
will enable fixed and mobile sensors to
communicate th space.

i
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Intelligenct Systems (IS) Project

Enabling Systems That Think, Adapt, Evolve, and Work with Human_s

Representing some of the IS Project’s research interests, these timages (from ieft to nght) are a planetary rover, a regsoning =
system model, and an artist’s concept of an aercbot (balloon) for exploring the atmosphere of Saturn’s largest moon, Titan. .

1S Project Goal: Develop smarter, adaptive
systems and tools that work together with humans

to achieve NASA's Space Science, Earth Science,

Explorasion, and Aerospace missions of the future.

INASA’s bold vision for the twenty-first century
includes increasing the safety, security, and capacity
of the U.S. air wransporranon systern; ensuring the
safe and cost-effective operacion of the Space
Shurrle and future space vehucles; using Earch-
orbitng satellices to betrer understand climanc
phenomena; deploying human-robouc systems to
explore the planets; and sending incelligent robots
ineo deep space o discover the ongins of life. These
goals require system (human plus machine) intelli-
gence thar does noc exist today. IS is tasked with

developing technologies to enable chus system
intelligence IS includes chree subprojects:

1) Automated Reasoning, 2) Human-Cenrered
Computing, and 3) Intelligenc Data Understanding

A ted R ing (AR)

Because of the complexity of future NASA missions
to Mars and beyond. and the communication
restricuons and delays inherenc in space, NASA
needs smarter vehucles and processes thar can
tespond wich limited 1ncervention to uncertain
environments. NASA also needs more autoraced,
cost-effective processes for designing, operaung,
and mainraining these vehicles. n addicon, NASA
needs highly reliable, cost-effecuve software to
enable these systerns and processes. To suppore these
goals, the AR subproject is focusing on 1) syscem
autonomy and auromation, and 2) automated
software synchesis, verficanson, and validation.

AR’s goals are to provide robouc explorers witch
capabilities such as auronomous guidance and
control, on-board science interpretacion, and
neelligene vehicle health maintenance, o find new
ways to cost-effectively develop and test sofeware;
and to develop new methods to reduce the man-
power required for ground supporr activicies.

Human-Centered Computing {HCC)

The HCC subproject is researching ways to inte-
grate the performance of systems chat receive muixed
mput and responses from experts, incelhigent
software agents, and/or robots. Viewing humans and
technological systems as inextricably linked, HCC
looks at not only “the computer,” bur also cogniave/
social systems and physical faclities and environ-
ments. HCC is focusing its research on three areas
1) multi-modal interface technology, 2) human-
system modeling, and 3) agenc-based decision
systemns.

The mulu-modal interface technology addresses
areas such as distributed collaboranive science,
dialogue systems between humans and robots, and
biologically based human-compurer interfaces The
human-system modeling technology addresses areas
such as work systems, learning complex dynamic
wsks. and human-centered software development.

The agent-based decision systems address areas such
as che Mars Exploracion Rover, incelligent launch
and range operations, and integrated mission
operations for the [nternational Space Station.

Intelligent Data Understanding {1DU)

INASA scientists and engineers collect more data
each day than they can effectively analyze. The [DU
subproject 1s looking for new ways for scienusts to
extract meaningful wnformacion from large, diverse
darabases, such as those generated by space-based
observarones. NASA engneers and operatons staff
also need help analyzing the massive maineenance
dara available for systems such as che Space Shutde
and the Internacional Space Sation.

To meet these challenges, (DU is conducting
research in three main areas: 1) data mining,

for processing and combining raw dawa and detect-
1ng patterns and regularinies within the daca set.

2) knowledge discovery, for helping a scienast or
engineer underscand underlying causal relanonships
and processes; and 3) machine learning, for using
knowledge extracted from data to perform a specific
task chat assists a human or system in wking
decisive action.

0.
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LY ists have d pattern P
the recurring weather phenameng, "Ef Niiio™ (Jeft) and
"La Nifia" (nght).

Forecasting Events on Earth

Accurare forecasung of climatic and biological
events on Earth is an atengency and incernational
goal. NASA leads the world in the use of space-
based observing sensors and complex computer
models w0 help understand and forecast future
events in the Earth’s biosphere. IS's IDU subproject
is developing a system called the Terrestrial Observa-
uon and Prediction System (TOPS) to rapidly and
accurarely understand dara from NASA’s Earch
Observing Systern and discover useful connections
between the complex components of the Earch
system. TOPS will quickly assimilate web-based
climate and satellite daea into NASA models of
hydro-ecological processes to forecast the impace
of changes in climate and weather on hydrological
and biological systems.

{DU technology helps scientists explore large sets of
climauc dara, find association pacierns, and analyze
anomalies to discover and understand the impacts

> of weather phenomena such as “El Nio.”

Designing Spaceport Systems

The HCC subproject is working wich Kennedy
Space Ceater to create a Spaceport Operations
Testbed that will enable researchers to safely test
new information and decision support systems for
launch, range, and Right operations The goal is to
replace today’s space flight procedures and systems
with safer and more responsive incelligenc systems
thac can handle more flights and mixed operations
ac lower cost with fewer human controllers.

The testbed researchers will use collaboration
techniques, teamwork-cognitioa models, experase-
capture systems, and new human-machine inter-
faces to find new ways to enhance human perfor-
mance and operations. Spaceport designers and
operations planners will be able to test cheir deas
against a vanety of simulated missions, vehicles,.
flight anomalies, human controller scenarios, and
range operations. Cos

e
SERcaa

Pictured is an artist’s concept of a future spacaport.

types of robots.

Managing Muitipie Robots Efficiently

NASA faces significant challenges in sending
different rypes of robots o a planet such as Mars
to gacher scientific dara. NASA roboes must learn
how to work together to achieve complex tasks—
surveying sites of scientific interest, coordinating
their use of wnstruments o analyze rocks, intelli-
gendy forming nerworks for commuanicadon,
evaluating one another’s health and progress,

and assisting each other in diagnosts and repair.
To develop an overall archicecture for dynamic
team formation, the AR subproject is researching
autonomous robot architectures, mult-roboc
coordination, planning and scheduling; task
execuuon; distributed conerol; probabulistic reason-
ing; machine learning, and monitoring and fault
diagnosts The team will evaluate both discributed
and global approaches to see which offer the most
compurational efficiency.

Landing Safely on New Planets

Another challenge 1s to land a spacecraft, especually
one without a human pilot, on an unknown planet-
ary surface. In the face of unexpected circumsrances,
the craft musc decide quickly how to best preserve
its safety while still executing ics mussion. To solve
chis problem, the AR subproject is exploring
wneelligent sensing and reflexive behavior. The team
will develop software systems thac provide spacecraft
with real-time sitational information, or “aware-
ness,” so that they can quickly and intelligently
decide what to do next Autonomous on-board

dara analysis systems can offser the effects of sudden
and unexpected winds and enable the craft to land
precusely and safely. The reward is a greater return
of scientific dara.

Thes artist’s concept of the Mars Smart Lander
shows it detecting hazards before landing.

13
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lonformaction Technology Scrategic Rescarch (ITSR) Project

Seeding the Next Generation of Aerospace Technology

ITSR Project Goal: Research, develop and

evaluate a broad portfolio of fundamental

- information technology and biologically

inspired nanotechnology for infusion into

NASA missions.

Future NASA missions wil require new and
dramarically different technologies, including new
materials; smaller, ligheer devices chac consume less
power, highly reliable software; and reconfigurable
compuung and information techaologies. [n ITSR’s
technology “incubator,” hugh-risk, high-payoff, and
long-range technologtes are idenafied, explored,
developed, verified, and transferred co NASA
missions. ITSR’s dynamuc research portfolio
currentdy includes development and assembly

of nanoscale components; intelhigent, adapave.
immersive, mulu-modal control of acrospace
vehicles; automated developmenct and venficanion
of high-confidence software; adapuve and fault-

@} |

Thrs artist’s concept represents some of the
revolutionary technologies that the [TSR
Project 13 developing

tolerant systems; and new models of computing
ITSR currendy includes five subprojects:

1) Incelligene Concrols and Dragnostcs, 2) Evolv-
able Systems, 3) Automated Software Engineering
Technologies, 4) Bio-Nanotechnology, and 5)
Revolutionary Compucing Algorichms.

Intelligent Controls and Diagnostics (ICD)

The [CD subproject researches adaprive vehicle
control systems thar automadcally compensate

for unanuciparced failures or damage which mighe
ocherwise cause a catastrophe; outer-loop technolo-
gies cha incelligently maneuver a vehicle; health
managemenc and diagnostics eechnologues thac
detect, solate, and take steps o recufy imminent
system and/or component malfunctions; and
machine-learning algorithms chac augment control
and enable new interfaces for immersive vircual
human-machine environmencs. These technologies
are designed for awrcraft and spacecraft applications
(pdoted, remotely piloted, and autonomous), and
for robotic vehicles/devices used for atmospheric
and space-based science and exploranion.

Evolvable Systems (ES)

The ES subproject seeks to ensure mission success
and ncrease science rewurn by developing biologi-
cally inspired, adapuve, hardware and software
systems. These systems will respond to, and recover
from, component faults and failures by adapring,
repairing, and reconfiguring themselves, effectively
marshalling healthy resources and reconfiguring
them for mission success. ES is developing advanced
algorithms for three functional areas: (1) reconfigur-
ation and re-use, (2) opumizauon and design, and
(3) adaprauon and learning.

Automated Software Engineering Technolo-
gies (ASET)

NASA’s 1977 Voyager mussion contained 3,000
lines of software code, whereas the Incernauonal
Space Swaton contains nearly two million. The
ASET subproject is advancing technologies and
wools for cost-effectively developing highly reliable,
complex software systems that increase mssion
safecy and the probabilicy of success. ASET s
applying formal methods for specifying software
requirements and design, developing high-assurance
design techniques, and improving program synthe-
sis Researchers will look ar mathemarical specifica-
uon and venfication of software requirements and
design, explore ways to automate and scale-up
analyucal methods of verifying and debugging
software across its life cycle, and develop efficient
algorithms for automaically generatng high-
assurance software designs and code.

Bio-Nanotechnology {BN)

Nanotechnology is the science of creating funcuonal
materials, devices, and systems by concrolling macter
and exploiting its novel phenomena and properues

(physical, chermical, and biological) at che nano-
metric (acomic) scale. With nanotechnology, NASA
scientists can take the notion of “small but power-
ful” to the extreme, while using biology to provide
the models and processes. We car expect remarkable
results: biologically-inspired sensors will be sensitive
to a single photon; data storage based on DNA

will be a trillion times more cosnpact than current
media; and supercomputers modeled after the brain
will use only a billionth of the power used by today’s
supercomputers. The BN subproject’s research will
enable NASA to develop smaller and lighter space-
craft, smaller and more efficient and powerful
computers, radiation-resistant nanoelectronucs,
biosensors, in-vivo medical devices, aruficial neural
systerns, robots, and nanoelectromechanical syscems

Revolutionary Computing Algorithms (RCA)

The RCA subproject researches new compuranional
models and algorithms for future space missions.
Quantum computing, for example, exploits recentdy
discovered quantum effects—such as superposicion
and interference—to solve computationally hard
problems. Biological systems inspire new compura-
tional models and problem-solving mechods that
can be applied w automated reasoning, human-
centered compuung, and tnrelligent data under-
standing Current efforss 1n neural networks, genetc
algorithms, cognicive science, and gene sequencing
are expected to generate new approaches for
compuung and storing informauon. For example,
RCA s invesugaung new algorithms char enable
remote sensory systems to cormnpress daca by select-
ing only cthe novel and unpredicrable input, applica-
uon of this technology will enable landing craft o
dynamucally esumate crajectory, closure rate, and
fhight acutude 1 relacion o the surface.
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Using Evolution to Repair Spacecraft
Electronics

Genetic algonthms are
computational search
procedures chat
simulate che evolution-
ary processes of nacural
selection and genetics
to find the optimal
solution to a problem.
They have been used

Genetic algorithms could lead
to self-rapairing electronics for
spacecroft such as the

Mars Qdyssey.

to solve many prob-
lems, from jet engine optmization to factory
scheduling. ITSR’s ES subproject is investigaung
genetic algorithms co see if they can make space-
craft elecrronics more toleranc of faules caused by
extreme temperature, radiation, or manufactuning
Today's faule-tolerance strategy of deploying
redundant systems is effecuve bur adds to the size,
weight, and power requirements of the spacecraft
Self-repairing clectronics mighe be more efficient
while adding lictle co these requirements Chal-
lenges remain, however. Genetic algorichms musc
scale to repair increasingly complex funcdonalicy
and be able to reconfigure chips in real cime. If
they can meec these challenges, ES will investigate
their use in fault tolerance for sensors and plan-
ecary rovers.

Designing Spacecraft with Smart
Whisker Technology

Many creatures have distnbuted sensor arrays char,
1n combination wich cherr neural processing,
enable them (o safely explore unknown environ-
ments. The RCA
subproject is
studying aspects
of these sensory
systemns

Rats use their whiskers to identify objects.
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discover new approaches to sensor fusion and new
algorichms for representing spatio-temporal dam o
spacecraft and other devices. Research includes
studying how rats use their whiskers o 1dencify an
object’s position, orientation, size, shape. and
texture; how monkeys store “programs” for coordi-
naced movement in theirbrain’s cerebellum; and
how electric fish detect and locate obyects via :
electrolocation and flud flow estimauion. From'chis
research, RCA will develop algorithms for use in
designing artificial sensing and exploratory systems
for spacecraft.

Developing and Verifying Software for
Aerospace

The ASET subproject is developing formal verifica-
tion cools and technologres to enhance and assure
the reliability of a new commercial avionics technol-
ogy—lntegrated Modular Avionics (IMA). IMA
can reduce the size
i weighe, power, and
recurring cost of
B commercial avionics
f§ syscems by enabling
shared compuring
resources to simul-
Shuttle’s cockpit reveals a web mncously host
of avionics devices. funcuons of differ-
ing criticality, but the risk 15 thar a less criucal rask
could affect a more critical task. The ASET technol-
agy would verify the safety of the IMA operating
system, ensuring that tasks do not negauvely affect
each other. ASET is also explonng automated
approaches to certifying software generated by a
program synchesis system, such as che one used to
generate state estumation code for parts of a deep-
space mission’s attitude concrol system ASET will
demonstrate that automated ceruficacion tools can
be used to reliably check these synthesized pro-
grams, leading to faster and more rehable software
development

Searching for the Origin of Life with
Nanotechnology

The BN subproject is analyzing the scructure and
funcuon of genertically engineered protein-based
systems and nanowire-based systems to see if chey
can be used o create biosensors for future NASA
mussions. The nanostructures could be used w©
produce sraaller, stronger, and “smarter” probes
These probes could search for extraterreserial life
forms, and detect life-threatening atmospheric
elements both 1n space and on Earth. For example,
BN is developing a solid-state “nanopore”—an
ulera-sensiave device thac can rapidly detect single
molecules of nucleic acids (RNA and DNA),
idencifying chem by their nucleoude sequence

The nanoprobe could be used o detect life on
other planets, and to decode virtually alf DNA
gencuc variations among organisms on Earth. Thus
and ocher BN research will have useful applications
in the fields of electrorucs and medicine, as well as
space science.

The search for the orgin of life
{ortist's concept, center) will be
arded by biosensors buit from
protens (left). The carbon
nanotube (modeled on nght
with attached functionalized
module} offers another versaule
matenadl for nanotechnology.

Designing Intelligence for the Human
and the Machine

When an aircraft or spacecraft
loses a crucial flight control
effector, catastrophe often
results. The ICD subproject
is dedicated 10 improving the
safety of aerospace vehicles
wich more incelligent vehicle
conrol systems, such as the
- {ntelligent Flight Control
Fhight simulators are  System. The system automac-
;7;:::(::0"“‘;;"};"‘.' ically compensates Fo.r flight
conurol failures by using the
remaining effectors to replace the failed function.
For example, in aircraft applications 1t compensates
for a failed rudder by deploying differenual engine
thrust, and a failure of the clevarors by initiacing a
symmetnc up-or-down movement of che alerons.
This system has enabled pilots to handle severe
control fadures that would have otherwise led ©o
acrash ICD is also explonng new modalicies of
human-machine wnteraction, such as connecting
pdots and astronauts direcdy to computers via the
human electrical nervous system. Researchers are
developing brain-computer incerfaces using electro-
encephalographic (EEG) pattern recognition and
prostheses control using electromyographic (EMG)
pattern recogniuon Applications include “wearable
cockpres” wach virtual instruments, keyless worksta-
don incerfaces, direct communucation with autono-
mous reasoning syscems, and more
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