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NASA Technology Roadmaps are a foundational element of NASA's of the Strategic Technology

Investment Plan (STIP), an actionable plan that lays out the strategy for developing those
technologies essential to the pursuit of NASA's mission and achievement of National goals.

NASA in Process of Updating of NASA Technology Roadmaps

Process included multiple opportunities for input from those internal and external to NASA.

Overall Roadmap technical organization the same - same Technical Area Breakdown Structure
(TABs), with minor modifications and addition of TA15: Aeronautics.

Expanded to include all NASA-developed technologies including Aeronautics
(No longer just Space Technologies).

Multiple enhancements included.
Public will be provided the opportunity to review and comment on Roadmaps.

NASA's technology investments are tracked and analyzed in TechPort, a web-based software system
that serves as NASA's integrated technology data source and decision support tool.

Together, the roadmaps, the STIP, and TechPort provide NASA the ability to track and manage the

Agency-level technology portfolio.
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Background

Where Roadmaips Fit'In

Roadmaps - A set of documents that consider a wide
range of needed technologies and development pathways
for the next 20 years. The roadmaps focus on “applied
research” and “development” activities.
http://www.nasa.gov/offices/oct/home/roadmaps/index.html

Strategic Technology Investment Plan (STIP)-An
actionable plan that lays out the strategy for developing
the technologies essential to the pursuit of NASA’s
mission and achievement of National goals. This plan
provides the prioritization and guiding principles of

investment for the technologies identified in the roadmaps.
http://www.nasa.gov/pdf/726166main_SSTIP_02 06 13 FINAL hir
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Technology Projects
Documented &
Portfolio Analyzed
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NASA Technology Executive Council (NTEC) - NASA's
senior decision-making body for technology policy,
prioritization, and strategic investments.

TechPort — Web-based software system that serves as
NASA's integrated authoritative technology data source
and decision support tool. Provides information on

technology programs and projects.
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+ Roadmaps

. Why an Update Now?

National Aeronautics and
. Space Administration

FY 2010
Space Technology
Roadmaps

140 challenges (10 per roadmap)
» 320technologies
* 20-year horizon

Revised every 4 years,
last one 2010

NASA Technology Roadmap
Interim Report

FY 2011
National Research
Council (NRC) Study

Prioritization:

100 top technical challenges

83 high-priority technologies
(roadmap-specific)

16 highest of high technologies
(looking across all roadmaps)

Requested every 4 years

Technalogies vs. Challenges
TAU Launch Propulsion Systems

% of FYL2 Pisasering s Crosacumming investment
Dailans in Law o vl (TEL]

FY 2012

SSTIP Development
Updated ST Roadmaps:

Incorporate NRC Study Results

Developing a Strategic Space Technology
Investment Plan:

Current investments

current MD/Office priorities
Opportunities for partnership

Gaps vs. current budget and capabilities

20-Year horizon with 4-year implementation
cadence

Revised every 2 years

FY 2013
Execution

Investment Portfolio

NASA Technology Executive Council
Uses SSTIP to Make Decisions

Must accommodate:

- Mission Needs & Commitments
- Push Opportunities

- Affordability

- Technical Progress

- Programmatic Performance

Budgeted annually




“What Does -Update Mean?
- Scope Expanded — All NASA

Technology Roadmap Update
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Will Consider: Expanded Scope:

4 » Human Exploration capability work v/ Autonomous systems
’@* a » Advancements in technology v/ Avionics

- Will Include: v/ Information technology
1 . state-of-art v Orbital debris
v’ Radiation

—{ « Capability needs
 Performance goals

E LAUNCH PROPULSION

SYSTEMS

v’ Space weather

ENTRY, DESCENT, AND
LANDING SYSTEMS

IN SPACE PROPULSION 1NANOTECHNOLOGY
DE TECHNOLOGIES I u
< M
TA ~ 4 MODELING, SIMULATION
SPACE POWER J p
# ENERGY STORAGE INFORMATION TECHNOLOGY,
03 I I /. AND PROCESSING
TAFE MATERIALS, STRUCTURES,
el
I E . .. AND MANUFACTURING

TA ==d. COMMUNICATIONS TA GROUND AND
AND NAVIGATION =
05 I 3 i W LAUNCH SYSTEMS

5 HUMAN HEALTH, TA
Eﬁ[ p“® LIFE SUPPORT AND 14 "h‘;g T AL MARSEEMCES
J'.,"’ HUMAN EXPLORATION TAT= ~w— AERONAUTICS

| HABITATION SYSTEMS
n" 4 DESTINATION SYSTEMS

, SCIENCE INSTUMENTS,
OBSERVATORIES, AND
UB m,}SENSOR SYSTEMS

1/6/2015

Will Consider: Expanded Scope:

* New priorities v/ Aeronautics technology
e Current investments v/ Information technology

/4 + Updates in Science Decadal surveys Aeronautics technology J\..___\

» Unmet needs v/ Other technologies as
* Partnerships & more influenced by other roadmap
updates

National Aeronautics and
. Space Administration

Strategic Technology Investment Plan Update




~“What Does Update Mean?
' Reflects Changing Needs
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‘sl Include updates in new Human NASA relies on the science community to identify and
@7, Exploration, Science, and Aeronautics prioritize leading-edge scientific questions and the

o e ’ observations required to answer them. One principal
mission needs: means by which NASA's Science Mission Directorate
engages the science community in this task is through
_ o the National Research Council (NRC).
» Human Exploration mission classes and

design reference missions derived from
Capability Driven Framework and Human 2013 - Visions and Voyages for Planetary Science*

Spaceflight Architecture studies
2012 - Solar and Space Physics: A Science for a
Technological Society*

Science mission classes and design
reference missions derived from decadals
and Science plans

2010 — New Worlds, New Horizons in Astronomy and
Astrophysics*

2007 — Earth Science and Applications from Space:
_ National Imperatives for the Next Decade and
Aeronautics content from Thrust Areas and Beyond

Aeronautics Research and Development
Plans * The top three of the Decadal surveys are new and
have influenced the Technology Roadmap updates

1612015 . ) ' ‘ 8



W\T%at Does Update Mean?

“Supports NASA's Capability Driven Framework -

in the next decades
Incremental steps to steadily build, test, ; gl
refine, and qualify capabilities that lead
to affordable flight elements and a deep
space capability.

- | , Xploring Other Worligs

* Low-Gray;

Into the Solar System

National Aeronautics and
. Space Administration

Mars: Ultimate human destination

Yy Bodies
Nogecbabity [ Lunar Surface
Missiong > c'0ld §elmos

%

" Asteroids

J

Initial Negp., . SR —
- - : Extendin EaﬂhAstem,d Missiong G Surface Capabilities Needed
International P LEO o,
Space Station ) Gra“s'“'farspace S e N,
? o f!Dstatlonary Orbit Yby & Orbit P \ IOI.O
Int ~_Migh-Earth gryy T ¥ < N«
Nitial : A 0
EXDIOrat|On Missi - X
Ssiong High Thrust In-Space Propulsion Needed &
_ A \%, \
- Space Launch System: . \% 1
130 metric ton configuration s & o %‘;
B |
R 20140311-Rev 29 -
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‘What Does Update Mean?

= Capability. Driven Helps Align Priorities N GPice Administrion

to Our Missions
] v

1 Extending Reach Beyond LEO

e Mission Class

 Design Reference Missions (DRM) Type Crewed Mission to Surface

e Capability Entry, Descent and Landing

e Capability Performance Goal Earth; 10.99 km/s; Mars, 14 km/s

e Capability State of the Art (SOA)

e Capability Performance Gap

Mission Directorates - Decadals

* Technology Performance Goal

eTechnology State of the Art (SOA)

e Technology Gap

2014 Roadmap Development Process

e Technology Candidates

e Current Investments

e Unmet Needs (Technology Investment Gap) Aeronautics Equivalent Terms

Mission Class = Aeronautics Thrust
* Stakeholder Priorities / Possible Partnerships DRM = Research Theme

Technical Challenge
* NASA Technology Priorities Technical Work (Technologies)

Investment Plan
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What’s New? What’s Different
16 Sections

Overall technical organization the same - Same Technical Area

Breakdown Structure (TABS), with minor modifications
. . Content in Same Technical Area (TA)
Introductory/Crosscutting

. Some New Sub-Tiers
Section (Includes Index)

. More Detail (Snapshots)
. . Includes Pull and Push Technologies
15 Technical Areas

Standard document format, definitions and graphics
Introduction, crosscutting section, and index

Tied to Mission Class and Capability Needs
Includes SOA and Performance Goals

Main Body

Technology Area 3
Ssn Pawer Enargy Sbsmgs Aoscman

Technology Candidate
Snapshots

~40+ pages

1/6/2015
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~ PRoadmap Document

" TABS and Snapshots . | v.‘SpaceAdministration

Example Technology Area Breakdown Structure from
Science Instruments, Observatories, and Sensor Systems, TA 8 Each TA Includes a Similar TABS Outline

8.1 8.2 8.3

Remote Sensing

Observatories In-Situ Instruments / Sensor
Instruments / Sensors

8.1.1 8.2.1 8.3.1

Detectors and Focal Planes Mirror Systems Field and Particle Detectors
8.1.2 8.2.2

Electronics Structures and Antennas

8.1.3 8.2.3 8.3.3

Optical Components Distributed Aperture In-Situ (other)

[ Technology Candidate

8.1.4 Snapshots

Microwave, Millimeter, and
Submillimeter-Waves

8.1.5

Lasers

8.1.6 =
Cryogenic / Thermal —

1/6/2015



Roadmap Document
Technology Snapshot Overwew

National Aeronautics and
. Space Administration

X.Y Level 2 TABS Name
X.Y.Z Level 3 TABS Name

X.Y.Z.# Technology Name
Technology Description: [ . \
Description of the technology. The description should relate back to the capability. TeChnOIOgV Section:
Technology Challenge: . g
The top technical issues that impede achieving the capability performance goal. Provides descrlptlon'
Technology Current SOA: Technology Performance Goal: chaIIenges, current
The current state of the technology as The 20-year performance goal for this tech | tat fth
~| applied to any environment. technology with respect to the performance €chnology state o €
2 goals identified for the capability need. art perfo rmance goa|
| Parameter, Value: TRL: Parameter, Value: TRL: ’ ) !
£| The performance that the Current TRL || The 20-year performance goal | The Kand dependencies j
3| technology in can currently fefct::so,o for this technology with respect | TRLatPDR
= . )% or when
provide, as related to the with to the performance parameters infused,
needed capability. respect to identified for the capability need. | unless a
the technology
planned will not finish
operational development
environment by 2035.
Technology Development Dependent Upon:
! List of dependencies, including other technologies and basic science. ( \
Needed Capability: ili H .
Brief name for the capability needed to execute the mission Ca pa bllItV SeCtlon :
Capability Description: Describes the capability
Description of the capability needed to execute the mission. There should be a linkage .
N between the “Needed Capability” and the DRM/mission class. need, current ca pablllty
£ Capability Current SOA: Capability Performance Goal:
‘5| Best available capability that is currently The performance that the capability needs to state of the art' and
3| being used to provide the described provide so as to execute the design reference mission-driven
8 capability in your mission’s environment mission(s).
Parameter, Value: Parameter, Value: errforma nce goals j
The best performance provided in the The performance parameters and values that
mission environment associated with the are the key drivers for the development of
state of the art described. technologies intended to meet the capability
erformance goal (need). .. . k
Technology Needed For The Following SHERI) || e || ket | werimeleny |- B Mission Lin age:
) NASA Mission Class and Design Reference Enhancing Date . Mhatz:ggy Lists DESign Reference
¥ Mission eI
_ Mission Class: Design Reference Mission | Missions needing the
g Mission Class: Desugn Reference Mission I described capability, and

relevant dates

1/6/2015



| ~ New Introductory and

/" Crosscutting Section

New Section Contents

1/6/2015

a.

1. Technology Roadmap Overview
2. Technology Roadmap Development

Process
3. Technologies that Cross Multiple
Technology Areas and Indexes
NASA’s broad mission and goals
drive the need for technologies that
fulfill similar capabilities in many

different technology areas
Because of their nature, these

technologies do not fit neatly into
any one-technology area, but rather
are spread across all 15 roadmaps.
The 2014 Technology Roadmaps,
therefore, provides extra details on 9

areas

National Aeronautics and
. Space Administration

Expanded Areas

. Autonomous Systems*

and Artificial Intelligence

. Avionics*™

. Extra Vehicular Activity

. Information Technology*
. In-Situ Resource

Utilization

. Orbital Debris*

. Radiation* and Space
Weather*

. Sensors

. Thermal Protection
Systems



UEXAMPLE: -

National Aeronautics and
. Space Administration

~ " "Thermal Protection Systems
a Theral Protection Systems

(TPS) protect spacecraft from
extremely high temperatures
and heating during all mission
phases, and are very often
low-to-no-fault-tolerant,
critical systems that constitute
a significant mass fraction of
spacecraft.

e TPStechnologies appearin 10
of the technology areas, as
they require exotic materials
and structures necessary for
reentry and propulsion
systems, and require high-
temperature sensors and
electronics for health
monitoring and
communication through

plasma during reentry.

| 3.2.7,15.3.2.8

1/6/2015 . ) . ‘ 15



National Aeronautics and
. Space Administration

=

NTEC* NTEC NTEC NTEC NTEC
Initiated Decision Decision Review Decision
Radiation IT Scope Aero Scope Roadmap Independent
Technology Process Assessment
Study Center Scope

A

Technology
Council (CTC)
Provide Input

Roadmap Roadmap
to Roadmap Candidates Team
Process Selected Kick Off

Input & Decisions

March May June Aug Sept Dec Jan April June July Sept Oct Nov Feb
3 l 2013 2013 2013 2013 2013 2013 2014 2014 2014 2014 2014 2014 2014 2015
‘%_ 3
K l T T
Center HQ
2 l External Input Revi i
eview Revie
.g OGA TIM Review
Q
-2 External Input SOA Plus -
( o3 Other Government Agency (OGA), Review w_ . ud'l"
- = Q Q W‘ C
= Academia & Commercial
| 2 . :
| = Technical Interchange Meeting External Input Jependent
,iﬁ OGA Review Review

*NTEC - NASA Technology Executive Council
1/6/2015 SOA - State of Art




_:Conclusion

1/6/2015

NASA Technology Roadmaps are a foundational element
of NASA's Strategic Technology Investment Plan (STIP),
an actionable plan that lays out the strategy for
developing those technologies essential to the pursuit of
NASA's mission and achievement of National goals.

NASA s in the process of updating of the NASA
Technology Roadmaps
»  Public will be provided the opportunity to review
and comment on Roadmaps.

NASA's technology investments are tracked and
analyzed in TechPort, a web-based software system that
serves as NASA's integrated technology data source and
decision support tool.

Together, the roadmaps, the STIP, and TechPort provide
NASA the ability to manage the Agency-level technology
portfolio.

National Aeronautics and

. Space Administration

National Aeronautics and Space Administration

NASA Technology Roadmaps
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Technology Definitions S

NASA Technology Definition:

A solution that arises from applying the disciplines of engineering science to
synthesize a device, process, or subsystem to enable a specific capability.

Government-Wide
Office of Management and Budget Circular No. A-11
Conduct of Research and Development**

Systematic study directed toward fuller knowledge or understanding
of the fundamental aspects of phenomena and of observable

Basic Research facts without specific applications towards processes or products in
mind. Basic research, however, may include activities with broad
applications in mind.

Systematic study to gain knowledge or understanding necessary to
/ Applied Research  determine the means by which a recognized and specific need may
be met.

Is directed toward the production of useful materials, devices, and
systems or methods, including design, development, and
Development : -
/ improvement of prototypes and new processes to meet specific
requirements.

Included

' Technology

OMB Analytical Perspectives, Budget of the United States Government, Fiscal Year 2015
NASA Technology Actuals For Applied Research and Development = $7.8B in 2013
(This includes mission-specific technology and development and associated infrastructure).

** Can be downloaded at: http://www.whitehouse.gov/omb/circulars_all_current_year_all_toc

1/6/2015



~¥What Does Update Mean?
¥ Address NRC's Recommendations

National Aeronautics and
. Space Administration

2011 NRC Recommendations Final FY12 | SSTIP FY14 Other
Roadmaps Roadmap

Process

Technology Development Priorities
Advanced Stirling Radioisotope Generators

v

Cryogenic Storage and Handling

<\

Systems Analysis HEOMD Systems Analysis

Managing the Progression of Technologies to Higher v
Technology Readiness Levels

Foundational Technology Base 10% low TRL

SN SN SN NN NS
\

Cooperative Development of New Technologies SSTIP
Measure Technology Transition Mission use agreements

Industry Access to NASA Data TechPort

N

NASA Investments in Commercial Space Technology

N

Crosscutting Technologies

\

TA Breakdown Structure Recommendations
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GAP
ANALYSIS

MASA's Current
[miastments

NASA's MD/Ofice
Priorities

NRC
Eecommendations

MNASA Space
Technology
Roadmaps

FILTERING

NASAS Needed
Technologies

US. Space Policy

NASA'S Strategic

STIP Development Process

RANKING

NASA'S MDVOffice
Priarities
OGA Priorities &
Partnarship
Opportunities
International
Pariners, Prionities &
Opportunities
Commercial
Friarities &
Fartnership
Opportunities
Benefits
Capabiliies &
Facilities

National Aeronautics and

. Space Administration

DECISION
MAKING

Sirateqic
Technology
investment Goals
Capability
Chjectives
Technology
Challenges

Balance Across

Technologies

Cara Tachnology
Irvestments

Adracant Technobagy
Irvestments
Promising Mew

Technology
Imvestments

Balance Across
Technology
Maturity

PATH
FORWARD

Four-Year
nvestment
Flan
Emphasizing
Core
Technology
[nvestments



= Introduction to TechPort gy ey e

REPORTS LINKS PERFORMANCE HELP
e e, Epiors emda leshrslegy  Trachsrojed nd demael  Losen haw Tehaed san
rmvests, 2 shements ey =t

TechPort is a web-based software system. - Welcome to Techeor

The Techn 1 gy Portfolio System (TechPord) provides the NASA
aszingle, resouree for locating detailed
mhrmamabom\-\s%*fundedtechn ologies, which cover a broad
range of areas, such as propulsion, nanctechnolozy, robotics, and
human health. Usars can find extensive information on technologies in
TachPort, including detailad descriptions of tachnolozies, imazes,
. . . . scientific papers, patent and licenzing information, and locations where
1 1 work is being performed. In addition to using TechPort as a reference.
NASA's TechPort — A window into NASA's pioneering e e e et o
raports on zalected ez, Some NASA projects are
smaller (for example SEIR,/STTE, NIAC, and Canter Innovation Fand),

and cross-cutting technology programs and projects. e et s o e e e

‘projects may not yet have their content in TechPort.

Game Clanging Develogment Frogram

NASA develops and matures technologies that enable
achievement of aeronautics, space exploration, and
scientific-discovery missions.

TechPort serves as the Agency'’s integrated technology
data source, sharing the latest accomplishments and
new and exciting technology projects from all of NASA's
Mission Directorates, Centers and facilities.




Introduction to TechPort

4 N0

TechPort makes a wide range of technology information available, so
different users can search and find information relevant to their specific
needs.

v" Provides the capability to search and select NASA technology
information.

* Management Team

Brief Description

» Technology Readiness Level (TRL)
* Anticipated Benefits

* Realized Benefits

» Potential Applications

» Contributing Partners

*  Where Developed

» NASA Firsts

* News Stories

» Social Media Links

* Track milestones

» Track technology infusion into NASA missions

v" Provides capability to analyze the Agency technology portfolio and
evaluate how NASA's technology portfolio aligns with the Agency’s
investment strategy.

National Aeronautics and

. Space Administration

Search

Select

Irectorate (HEOMD)

Portfolio Analysis

Single Project Report

aser Communications Relay D

ABSTRACT

ANTICIPATED BENEFITS

To HASA funded missions:
A rekabie, capatée, and cost effective optical o
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= Introduction to TechPort

Step 3: Select 1o

¥ou have already completed a search ou have selected 29 items from your search
results. Thase will ba usad to creale your
reparts.

TechPort provides the capability to
generate standard and custom reports.

This enables NASA to manage the
Agency-level technology portfolio, access
3 gaps and overlaps, and make

| assessments on balance and

{ prioritization.

National Aeronautics and
. Space Administration

Active

Additive Manufacturing Technology Development Project

ABSTRACT

The 30 Printing In Zero-G (30 Print) technology demonstration
project is a proof-of-concept test designed 1o assess the
properties of melt deposition modeling additiv
the microgravity environment experienced on
Space Station (ISS).

ANTICIPATED BENEFITS

To NASA funded missions:

Customners for the 30 Print include NASA Deep Space Missions
{Human Exploraticn and Operations Mission Directorate)
specifically AES, STMD Game Changing Development Program,

Acth - .
Rapid Acquisition Imaging Spectrograph (RAISE) Renewal
Proposal Project

HELIOS Program | nce Mission Directorate (SMD) m
E.1
R 2
ABSTRACT R 2
E. 2
The Rapid Acquisition Imaging Spectrograph Experiment T
{RAISE) spunding rocket payload ks an extremedy high speed 3
imaging spectrograph designad to obsarve the i ’;
ng of the solar chromasphere and corana on ]
tir s a% short as 100 ms, with 1 arcsec spatial resolution
and a velocity sensitivity of 1.2 ks, RAISE reads out the full B

field of both detectors at 5-10 Mz, allowing us to record over
1.500 complete spectral cbservations in a single S-minute rocket  Paped Acquisition Imaging
g Up & new domain of high time resolution spectral :'I“':“':‘T"‘" (RAISE) Renownl
spectroscopy

Active Project 5
AHigh Performance, Onboard Multicore Iftelligent Payload
Module for Orbital and Suborbital Remote Sensing
Missions Project

ABSTRACT

Dramateally imorove onboard processing (OBP) capability for
high data rate missions, in particular. HysplRI

Utilize Ma2stro/Tilera and SpaceCube OBF components to ralse
the TRL for onboard applications via the use of multicore

ad Modube (IPM) end-to-end
operations concapt for low lalency quicklock data products from

the Intelligar P
- Multicsre Intifient Paytosd Madule

cemestion and geceerrection based on user salected location,
parameters, and algerithma
FRapid celivery of cata products n near neal time.

fTor Orbtal ard orbtal Hemote
aibome vehicles Sorwed Mias
Multi-tiered onboard data procossi ing chain
Drect cownlad of Level 2 (L2) data produsts with atmoepher: i

Apstract

Arfcipate Berefits
Dotsiled Desaripton .........
Tachnolegy Maturity 1

115 | e
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