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Office of the Chief Technologist Roles

* NASA Chief Technologist:

— Serves the Administrator as the principal NASA advisor on matters concerning
Agency-wide technology policy and programs

— Advocates externally for NASA's research and technology programs

 Delegated to NASA Deputy Chief Technologist:

— Integrates, coordinates and tracks the technology investments across the Agency
working to infuse technologies into future NASA missions and facilitating Agency
technology governance (e.g., risk acceptance, reporting)

— Documents, demonstrates, and communicates the societal impact of NASA
technology investments

— Leads technology transfer and technology commercialization activities across the
Agency, facilitating internal creativity and innovation efforts

 Delegated to Space Technology Program Director:
— Directs management and budget authority of the Space Technology Programs

OFFICE OF THE CHIEF TECHNOLOGIST www.nasa.gov/oct
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Technology Area Breakdown Structure

e LAUNCH PROPULSION SYSTEMS

# * SCIENCE INSTRUMENTS,
sy OBSERVATORIES & SENSOR SYSTEMS

| * IN-SPACE PROPULSION
B TECHNOLOGIES

e SPACE POWER & ENERGY
STORAGE

TA03 “
* ROBOTICS, TELE-ROBOTICS &
K AUTONOMOUS SYSTEMS

e COMMUNICATION & NAVIGATION . » MATERIALS, STRUCTURES, MECHAN-

ICAL SYSTEMS & MANUFACTURING

“ « GROUND & LAUNCH SYSTEMS
81 PROCESSING

e HUMAN HEALTH, LIFE SUPPORT &
HABITATION SYSTEMS

e HUMAN EXPLORATION DESTINA- E r' * THERMAL MANAGEMENT SYSTEMS

TION SYSTEMS

=< i

http://www.nasa.gov/offices/oct/home/roadmaps/index.html
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NASA Process

8: DRAFT NASA STRs ,’

OCT released draft Space Technology Roadmaps
to the NRC & to the Public

;‘
z =

/H\/

7: Internal Reviews N

Each TA Roadmap reviewed by OCT
& extended teams of subject experts

6: Roadmapping Process
Preliminary roadmaps for TA areas

&
[0

N

<

3:EstablishTATeams o, o o
OCT established NASA internal /] /HVH\
6-member subject expert teams
for each TA, with one or two chairs

5: Form Starting Point for TA Roadmaps
Assessed past roadmaps;
MD & Center inputs

4: Common Approach for TA Teams
Guidelines, assumptions, deliverables

2: |dentify Technology Areas
Identified Technology Areas (TAs)

)@
Spring Jan.
2012 ‘ ‘ 2012

9: FINAL NASA  H: FINAL NRCREPORT

1: START & Input from MDs & Center
Identified MD Goals, Missions,
Architectures & Timelines;

MD Technology Roadmaps & Prioritizations;
Center Technology Focus Areas

Mar. . @

Space Technology Roadmap Process

NRC Process

: Establish NRC Teams

RC to appoint steering committee and 6 panels

B: Identify Common Assessment Approach
NRC to establish a set of criteria to enable
prioritization within and among all TAs

C: Initial Community Feedback
NRC to solicit external input from
industry & academia

D: Additional Community Feedback
NRC to conduct public workshops

E: Deliberations by NRC Panels
NRC panels meet individually to
prioritize technologies and suggest

| improvements to roadmaps

F: Documentation by NRC Panels
NRC Panels to provide written summary
to Steering Committee

G: NRCInterim Findings

NRC to release a brief interim report that addresses
high-level issues associated with the roadmaps,
such as the advisability of modifying the number
or technical focus of the draft NASA roadmaps

STR REPORT With decisional information, including: summary of findings and
NASA to release recommendations for each of the roadmaps; integrated outputs from

Roadmap Report the workshops and panels ; identify key common threads and issues;

NASA Space Technology RoadmapS PI‘OCQSS priorities, by group (e.g., high, medium, low), of the highest priority

technologies from the TAs
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Isotopes Related Technology Areas in the Roadmaps

TADZ

TAO1

SYSTEMS

* LAUNCH
PROPULSION

TAQ2 rovuision

TECHNOLOGIES

Soup RockeT PropPuLSION
SysTEMS

.
.
.
.

Propellants

Case Materials

Nozzle Systems

Hybrid Rocket Propulsion
Systems
Fund | Solid Propulsi

CHemicaL ProPULSION
Liquid Storable
I,h‘uid Cryogenic

sels

Solid

Hybrid

Cold Gas/W ’|"H Gas

Micro-proy

P

Technologies

Licuio Rocker PROPULSION

Svsmws

.

. C

¢ CH /LOX Based

o Detonation Wave Engines
(Closed Cycle)

o Propellants

o Fundamental Liquid

Propulsion Technologics

AR BREATHING PROPULSION

SvsTems
« TBCC
« RBCC
¢ Detonation Wave Engines

(Open Cycle)

Turbine Based Jet Engines
(Flyback Bomur\)
Ramjet/Scramjet Engines
(Accelerators)
Deceply-cooled Air Cycles
Air Collection &
Enrichment System
Fundamental Air Breathing
Propulsion Technologics

ANCILLARY PROPULSION
SvsTEms

Auxiliary Control Systems
Main Propulsion Systems
(Excluding Engines)

Launch Abort Systems

Thrust Vector Control Systems
Health Management &
Sensors

Pyro & Separation Systems
Fundamental Ancillary
Propulsion Technologies

UNCONVENTIONAL / OTHER
PROPULSION SYSTEMS

.
.
.
.

Ground Launch Assist
Air Launch / Drop Systems

Space Tether Assist
Beamed Encrgy / Encrgy
Addition

Nuclear

High Encrﬁt\' Density
Materials/Propellants

OFFICE OF THE CHIEF TECHNOLOGIST

Electric Propulsion
Solar Sail Propulsion
“Thermal Propulsion

o Tether Propulsion

Aovanceo (TRL <3) PropuLsion

TECHNOLOGIES

o Beamed Energy Propulsion
Electric Sail Propulsion

« Fusion Propulsion

» High Energy Densicy Materials

«  Antimatter Propulsion

o Advanced Fission

o Breakthrough Propulsion

SuPPORTING TECHNOLOGIES

.

.

.

.
.
.
.
.
.
.
NoON- CHEMICAL PRroPuLSION
.
.
.

Engine Health Monitoring & S
Propellant Storage & Transfer
Materials & Manufacturing
Technologies
«  Heat Rejection
Doy
A03 * SPACE POWER
ENERGY STORAG!

OWER GENERATION
Energy Harvesting
Chemical (Fuel Cells, Heat E
Solar (Photo-Voltaic & Thermal)

Radioisotope

Fission
Fusion

ENERGY STORAGE m
Batteries
Flywheels
Regenerative Fuclgss

Power MANAGEMEG
DISTRIBUTION

FDIR
Management & |
l)i\uitulian & Transmission

Wireless Power Transmission

Conversion & Regulation
LRoss CuTTING TECHNOLOGY

Analytical Tools

Green Energy lmpAu

Multi-functional Seructures

Alternative Fucls

incsl

TAO03 — Space Power & Energy Storage

TAO4 <& sosorics

& AUTONOMOUS SYSTEMS

SensING & PERCEPTION

o Sterco Vision

o LIDAR

o Proximity Sensing

o Sensing Non-Geometric Terrain
Propertics

Estimating Terrain Mechanical
Properties

Tactile Sensing Arrays

elestial Nav.

.
.
.
o Rcal-time Self-calibrating of
Hand-cye Systems
Mosiry

Simul

Active Hllumination
3-D Path Planning wjfUncertainty
Mechanisms
Robotic Jer Backp:
Smart Tethers
Robot Swarms
Walking in Mig
MANIPULATION

.........
o 5
= 3
=
=
g
e

s (light, high strengeh)
s .\!.\mp\ obnr Hands

s e e e

.-\lbomhnn
ng Mechanisms
ti-arm / Finger Manipulation
nning with Uncertainty
N-SYSTEMS INTEGRATION
Crew Decision Support Systems
Immersive Visualization
Distributed Collaboration
o Multi Agent Coordination
Hapric Displays
Displaying Range Data to Humans
AuTtonoMY
Spacecraft Control Systems
Vehicle Health, Prog/Dia
Human Life Support $
P[.\nmng/ﬁghclju]lns Resources
Operations
Integrated Systems Health
Management
FDIR & Diagnosis
System Monitoring & Prognosis
V&V of C: omplex Adaprive Sys's
Automated Software Generation
Software Reliability
Semi Automatic Systems
Auton. Renoezvous & Docking
o Rendezvous and Caprure
« Low xmpau & Androgenous
D ems & Interfaces
o Relative Navigation Sensors
o Robust AR&D GN&C Algorithms
& FSW
¢ Onboard Mission Manager
o AR&D Integration & Standardiz.n
RTA SysTems ENGINEERING
o Human safety
Refucling Interfaces & Assoc. Tools
Modula Serviceable Interfaces
. Low Power Onboard

s e e e

'lhum al Control

Robot-to-Suit Interfaces

Common Human-Robot Interfaces
Crew Self Sufficiency

A . COMMUNICATION
& NAVIGATION

MM. & NAVIGATION

cquisition & Tracking
Atmospheric Mitigation
ADIO FREQUENCY COMMUNICATIONS
o Spectrum Efficient Technologies
o Power Efficient Technologies
* Propagation
. Flig&\( & Ground Systems
«  Earth Launch & Reentry Comm.
e Antennas
INTERNETWORKING
Disruptive Tolerant Networking
Adaptive Network Topology
Information Assurance
Integrated Network Management
Posimion, NavigaTion, AND TIMING
Timekeeping
Time Distribution
Onboard Auto Navigation & Mancuver
Sensors & Vision Processing Systems
Relative & Proximity Navigation
Auto Precision Formation Flying
Auto Approach & Landing
NTEGRATED TECHNOLOGIES
Radio Systems
Ultra Wideband
Cognitive Networks
Science from the Comm. System
Hybrid Oprical Comm. & Nav. Sensors
RF/Optical Hybrid Technology
EVOLUTIONARY CONCEPTS
X-Ray Navigation
X-Ray Communications
Neutrino-Based Navigation & Tracking
Quantum Key Distribution
uantum Communications
IF Microwave Amplifier
Reconfigurable Large Apertures

A06 * HUMAN HEALTH,

LIFE SUPPORT &
ABITATION SYSTEMS

EnvironmeNTAL ConTroL & LiFe

Suprort SysTems & Hasimarion Sys.

o Air Revitalization

o Water Recovery & Management

o Waste Management

o Habitation

EXTRAVEHICULAR ACTVITY SYSTEMS
Pressure Garment

o Portable Life Support System

o Power, Avionics and Software

Human Heaui & PERFORMANCE

o Medical Diagnosis / Prognosis

« Long-Duration Health

o Behavioral Health & Performance

o Human Factors & Performance

ENVIRONMENTAL MONITORING, SAFETY

& EmerGency RESPONSE

«  Sensors: Air, Water, Microbial, ctc.

o Fire: Detection, Suppression

o Protective Clothing / Breathing

* Remediation

RapiaTion

o Risk Assessment Modeling

+ Radiation Mitigation

*  Protection Systems

.

.

e e e e e e

R

Space Weather Prediction
Monitoring Technology

TAQ7 ExeLonanon

DESTINATION SYSTEMS

IN-SiTu Resource UTiLization

o Destination Reconnaissance,
Prospecting, & Mapping

¢ Resource Acquisition

o Consumables Production

o Manufacturing & Infrastructure
Emplacement

SusTAINABILITY &

SUPPORTABILITY

o Logistics Systems

o Maintenance Systems

o Repair Systems

“Apvancep” Human MosiLimy

SvysTEMs

o EVA Mobilicy

o Surface Mobility

o Off-Surface Mobility

“ADVANCED” HABITAT SYSTEMS

o Integrated Habitat Systems

o Habitac Evolution

Mission OPERATIONS & SAFETY

o Crew Training

o Environmental Protection

o Remote Mission Operations

o Planctary Safety

CRross-CuTTING SysTEMs

o Modecling, Simulations &
Destination Characterization

o Construction & Assembly

. I)mt I’rucminn & \lizig.uinn

-

I'I'A08 . SCIENCE

INSTRUMENTS,
gsseavmn@s& SENSOR
SYSTEMS |

EMOTE SEN&WSTRUMENTS /
ENSORS

lg Detectors & FgPlanes

Electronics
Oplu.\l Luuq ts

‘m“‘

¢ ENTRY, DESCENT &

’TAOg LANDING SYSTEMS

AEROASSIST & ATMOSPHERIC ENTRY
Rigid Thermal Protection Systems
Flexible Thermal Protection Systems
Rigid Hypersonic Decelerators
Deployable H\pkr\l)lll\ l)uc|uuor\
Instr & Health N
Entry \(odclmg& Simulation

8

Attached Deployable Decelerators
Trailing l)tp[o\ able Decelerators
Supersonic Retropropulsion
GN&C Sensors
Descent Modeling & Simulation

LANDING

o Touchdown Systems

o Egress & Deployment Systems

o Propulsion Systems

o Large Body GN&C

o Small Body Systems

« Landing Modeling & Simulation

VEHICLE SysTEMS TECHNOLOGY

o Architecture Analyses

o Scparation Systems

o System Integration & Analyses

. '\(l“ﬂ\phclc & Surface Characterization

TA1 1 ¢ MODELING, SIMULA-
TION, INFORMATION
TECHNOLOGY & PROCESSING

TA13 (i -

SYSTEMS PROCESSING

Compuring

o Flight Computing
¢ Ground Computing
Mooeuna

o Software Modeling & Model-Checking

o Integrated Hardware & Software Modcling
¢ Human-System Performance Modeling

o Science & Engincering Modeling

o Frameworks, Languages, Tools & Standards
SimuLATION
.

.

.

.

Distributed Simulation

Integrated System Lifecycle Simulation

Simulation-Based Systems Engineering

Simulation-Based Training &

Decision Support Systems
INFORMATION PROCESSING

o Science, Engincering & Mission Data
le

. nt Data Understanding

o Semantic Technologies

o Collaborative Science & Engineering

o Advanced Mission Systems

* MATERIALS, STRUC-

I'I'A-l 0 * NANOTECHNOLOGY

TURES, MECHANICAL
SYSTEMS & MANUFACTURING

ENGINEERED MATERIALS & STRUCTURES
o Ligheweight Structures

o Damage Tolerant Systems

o Coatings

o Adhesives

o Thermal Protection & Control

ENERGY GENERATION & STORAGE

o Encrgy Storage

o Encrgy Generation

PROPULSION

o Propellants

o Propulsion Components

e In-Space Propulsion

Sensors, ELectronics & Devices
Sensors & Actuators

o Nanoclectronics

e Miniature Instruments

v I:
m:"

MATERIALS
Lightweight Seruc
Computational D:

.
.

o Flexible Material S ns
: Ty
.

Environment
Special Marerials :
STRUCTURES
Lightweight Cond
Design & Certificd
Reliabilicy & Sustag
Test Tools & Meth
Innovative, Multify

onal Concepts

Deployables, Dol Incerfaces
Mechanism Life ion Systems

Elcctro-mechani®gf\gchanical &

Micromechanisr
o Design & Ana s and Methods
. Rchﬁnlm Li ment / Health

Monitoring
o Certification Meth
MANUFACTURING
o Manufacturing PR
. lmcll:gmtlm:bn
Cyber Ph

.muhuunng and

Y Vs
Electronics & Op(m.umﬁlcmring Process
o Susainable Manugjeiling
| Cross-Curmng m
Nondestructive Ev. on & Sensors

Model-Based Cef on &
Sustainment Mel
Loads and Envird s

TECHNOLOGIES TO OPTIMIZE THE

OreraionaL LiFe-CycLe

o Storage, Distribution &
Conservation of Fluids

o Automated Alignment, Coupling,
& Assembly Systems

o Autonomous Command &
Control for Ground and Integrated
Vehicle/Ground Systems

ENVIRONMENTAL AND GREEN

TECHNOLOGIES

o Corrosion Prevention, Detection,
& Mirigation

o Environmental Remediation &
Site Restoration

o Preservation of Natural Ecosystems

o Alternate Energy Prototypes

TECHNOLOGIES TO INCREASE ReU-

ABILITY AND MISSION AVAILABILITY

o Advanced Launch Technologies

o Environment-Hardened Materials
and Structures

e Inspection, Anomaly Detection
& Identification

o Fault Isolation and Diagnostics

o Prognostics Technologies

o Repair, Mitigation, and Recovery
Technologies

o Communications, Networking,
Timing & Telemetry

TECHNOLOGIES TO IMPROVE Mis-

sioN SareTy/Mission Risk

o Range Tracking, Surveillance &
Fligh( Safety Technologics

o Landing & Recovery Systems &
Components

o Weather Prediction and Mitigation

o Robotics / Telerobotics

o Safety Systems

l A14

* THERMAL
MANAGEMENT

JSYSTEMS

I- Heat A“‘"““"‘

o Plume Shicldgg (Convective &
Radiative) P
I- Sensor Systen®s & Measurement

Crwocsmc Sy:
o Passive Thermal
o Active Thermal
o Integration &
THeERMAL Con

o Hear Tr.mskr

Svsrsms
o Entry / Ascer

Technologies

Space Technology Roadmaps STR « TABS
TECHNOLOGY AREA BREAKDOWN STRUCTURE
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TAO03 Technology Area Breakdown Structure

YEAR:
.
.
MISSION APPLICATIONS: .
- Empbhasis 2010 2015 2020 2025 2030
FTD41ss 4 HEOLong D“'aéjs; NEO SEP/NEP Human Mars NEP
SOMDI ESMD Missions Demonstration /& Crewed Mission Atk Wission Ak
Venus Surface
. Mars ISRU
NEO SEP-Roboti e ha issi
SMD Missions Viswon | RovoticMissionfll A M=Hon o satumTian
Robotic Mission
. . . 2020 Aircraft: 50% fuel 2030 Aircraft: 70% fuel
Aeronautics Missions Legend: and CO, Reduction ~ /i and CO, Reduction
= Interim milestone High Density Power w/
- LCH,/LO, propulsion
= High Density >50 MW, a; < 1.0 Space A Ultra High Mass
A Technology at TRL6 Solar Power Fusion Power/Propulsion Density, L?)w Self-A
_ " L X High Density Power w/ Lﬂz/ 2 KW non-2%Pyi Deep 550 MW, o < 1.0 Discharge Storage
= 15t Mission Potential LO; propulsion 0 o
N Cal bi it. Space Powel Space Fusion Power >5 MW, a<5.0
pﬂ ies Max Density High-g Survivable PoweA High Mass Density, Lo\:A Space Fission Power
A= Missions Envisioned 238Py Power Mbix Volumets Self-discharge Storag Surface-to-Orbit
- Density Slorag* Allax Density RFC Storage Recharge Capabili
= i 3 DC/DC Conversion Phase 2 Smart DC/D 2
A = Propulsion Integration 0.2 kg/kW -.=90%4 Aphase 1 Smegt Povier fus Wireless Micro- APower Bus Advanced Micro- Dot kg,m":’i';&z‘
Rapid Response RFC Storagd | Power Bus PowerBus ¥
Advanced, Locally High Z-T
Powered Sensors’ Nanothermoelectrics’

1.1 Energy Harvesting

Micro Stirling PowerA
Generator
ABO Wi/kg Passive CC/

A“Dlrecl CO," SOFC

c
Q :
% L2Chemical: Fuel Cells & Heat Engines fi - v ~oF
-
o
c
@ 1.3Solar: PV &thermal Cycle 1: A Acyce2 ovcle 3.4
L)
I.- g N Advanced Stirling 10 W Radioisotope Advanced Radioisotope
4 RadIOISOtOpe ‘ Radioisotope Generator Heat Source Generator
.
is<i 2 kW, End-to-End AZ kW, Criticals
1.4 Fission ’ ’
N\ 5 MW, End-to-End A_ 5 MW, Criticals
n— : Aneutronic Fusion ~100 MW, Aneutronic ~100 MW, Aneutronic
1.5 Fusion Physics Praof ., _ Reactor usion Power System
B . 2.1 Batteries Cycle 1A ACycIe 2 Cycle 3A
-
e
= 200 Whik 500 Wh/kﬁ 2700 Whikg
5 0o 2.2 FIYWheeIS 9 ia Carbon
°- 5 High Pressure Solid Regen SOFC Nanotube Fibers
~ Oxide Electrolysis 1500 Whik
™ 2.3Regenerative Fuel Cells High pressure PEM Rogen PEM
Electrolysis >1500 Whikg
Smart Grid Applied to Space

Smart RPC Design Fit Algorithms Fit Qual

Q ft
=4 ualified
E . ) . 5 W wireless power >100kW over 400km v = 60% PowerA
= 80Y .
a 3.0 Power Management and Distribution transfer v = 80% | W — Beaming (Laser /Microwave)
Q_ Space-qualified Carbon Nanotube: >Advanced, Low Switching
i Supercapacitors Loss Semiconductor Devices

o ;gm;g:;ﬂjLZ?Aa s Advanced Power Processing pejcap >300 C Junction Temp

P Units for Electric Prop. Semiconductor Device
v “Alternative” RadioisotopeA

and Fission Fuel
) Cross Cutting | ti Boron Nitride Nanotube
ics-| tructural Supercapacitors

= ross Cutting Innovations ;r;);:ﬁ:gsased Integrated pertape Nanoengineered 20%-wt
- A Biofuels for Mars ISRU H, Storage
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Nuclear Systems Working Group (NSWG)

 Advance the use of nuclear power and propulsion technologies ahead of current
state-of-the-art for future NASA programs, projects, and commercial space.

* Provides avenue for Agency-level coordination, planning, and integration between
stakeholders for technology development.

* Focus on near- and long-term technology development I e
strategies that: s

— Minimize duplication effort
— ldentify areas of synergy

— ldentify areas of infusion with the commercial sector

— ldentify potential partnerships

— ldentify the Agency’s nuclear resources (workforce, technology)

— Provide recommendations to align with associated programs
projects, and technology development efforts

— Recommend investments to ensure a diverse portfolio December 14, 2011

The NASA NSWG shall report to and function in an advisory capacity to the
Chief Technologist, and to the NASA Technology Executive Council (NTEC).
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* OCT provides a home within NASA for
— Agency-wide technology coordination

— New technology development that can be infused to Mission Directorate,
and National needs

 The NASA-wide Nuclear Systems Working Group (NSWG) Lead reports to the
NASA Chief Technologist and to NTEC on relevant topics, including

— Radioisotope Power Systems (e.g., static and dynamic conversion based)
— Nuclear Power Generation (e.g., fission and fusion)
— Nuclear Propulsion (e.g., nuclear thermal and nuclear electric)

« Specific Agency needs will be addressed next by Len Dudzinski
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