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The Shift in Overall Agency Technology Strategy

A Shift From Technology Derived From Missions
1o
Missions Enabled by Technology

Enterprise Objectives

e

Missions

e

Technology Program
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Enterprise Objectives
Drive technology

Technology Program
Expands mission horizons

Missions

Evolve from the Convergence
of objectives and technology
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Human/Robotic Exploration and Development of Space I'
New HEDS Strategic Plan: Phased Exploration & Discovery ‘i
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For Now.. As Early as 2010-2015 As Early ;s 2015-2020 After 2020+ ...
. h ility for... h ility for... .
Getting ‘ - t e Capability for ‘ the Capability for N ‘ Sustainable
Ready Initial 50-100 day Class 300-1000 day class Initial Campaigns

Missions Interplanetary Missions

With Diverse Opportunities to Enable
Continuing Commercial Development of Space
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Human/Robotic Exploration and Development of Space e

Strategic Challenges for Earth Neighborhood Missions .

Strategic
Challenges

Strategic / Revolutionary
Techn_ologK Advances Needed
During the Next 5+ Years

Capabilities Needed for
“Earth Neighborhood
Missions™

Health and Safety

e Assuring risks to human
explorers during initial 50-100
day class missions beyond
low Earth orbit that are no
greater than those typical of
human space flight today

Affordability & Robustness

« Reduce the costs of initial
human missions beyond LEO
by a factor of 5:1 to 10:1
below estimates of the 1990s

Science & Research

e« Enabling a profound new
generation of deep space
scientific instruments and
infrastructure

e Returning to the moon to
achieve science, technology
and engineering goals

Biological Risk (Radiation)

Adaptation and Countermeasures
(Gravity)

Electric/Electromagnetic Propulsion

Space Solar Power

Space Assembly, Maintenance &
Servicing

Human Factors and Habitability

Atmospheric Flight Systems

Cryogenic Propellant Depots
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Communications and Control

Assembling/deploying and
maintaining exceptionally large
new space observatories
Identifying new concepts with
the potential to reduce the costs
of initial missions beyond LEO
by a factor of 10 or more below
estimates of the early 1990s

Developing affordable and
reliable transportation systems
to reach targets in the Earth’s
neighborhood

Enabling humans to live and
work safely in deep space
during 1-3 month sorties

Working with the private sector
to define exploration approaches
that may support commercial
space developments

Public access to exploration
missions in progress through the
media and internet
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Human/Robotic Exploration and Development of Space ,
Strategic Challenges for Initial Interplanetary Missions ..

Strategic
Challenges

Strategic / Revolutionar
Technology Advances Needed
During the Next 10+ Years

Capabilities Needed for

Initial Interplanetary
Missions

Health and Safety

e Assuring risks to human
explorers during initial 300-
1000 day class missions that
are no greater than those
typical of human space flight
today

Affordability & Robustness

Regenerative Life Support Systems

* Reduce the costs of initial
interplanetary human
missions by a factor of 10:1
below estimates of the 1990s

Science & Research

e Enabling initial missions to
Mars to dramatically
accelerate the pace of
discovery that could be
achieved through robotic
missions

» Addressing key questions

regarding possible past or
present life on Mars

Space Medicine and Health Care

Materials and Structures

Surface Science & Mobility Systems

Earth-to-Orbit Transportation

In-Space Chemical Propulsion

Nuclear Propulsion
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Establishing an effective “team”
of human and machine
explorers -- each leveraging the
capabilities of the other

Achieving knowledge of -- and
access to -- the deep subsurface
at Mars at multiple locations

Identifying new concepts with
the potential to reduce the costs
of initial interplanetary missions
by a factor of 10-20 below
estimates of the early 1990s
Developing affordable and
reliable interplanetary
transportation systems

Enabling humans to live and
work safely in deep space for 1-
3 years

Working with the private sector
to define exploration approaches
that may support commercial
space developments

Achieving high rate inter-
planetary communications to
enable engagement of the public
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Human/Robotic Exploration and Development of Space e
Strategic Challenges for Sustained Interplanetary

Capabilities Needed for
Sustained
Interplanetary Missions

Strategic / Revolutionary
Technology Advances Needed
During the Next 15+ Years

Strategic
Challenges

Health and Safety

e Assuring risks to human
explorers during 2-3 year
duration mission / surface
activities no greater than
those typical of human space
flight today

Affordability & Robustness

e Reduce the costs of sustained
interplanetary human
exploration by a factor of 10:1
or more below estimates of
the 1990s

Science & Research

* Enabling sustained
campaigns on Mars to gain a
deeper understanding of our
neighbor’s past, present and
future and to resolve
gquestions concerning the
possibility of life on Mars

» Establishing a foundation for
future human/robotic space
exploration

Continuing progress in technologies
advanced for initial interplanetary
exploration missions, plus...

Space Nuclear Power

Habitat Structural Systems

In Situ Resource Utilization

In Situ Manufacturing

Flying Systems
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Enabling profound new
discoveries in planetary science
and astrobiology

Exploration across the surface
of Mars over distances of 1000s
of kilometers (over 1-2 years)

Identifying concepts that could
reduce the costs of sustained
human planetary presence by a
factor of 20 or more below early
1990s estimates

Extending initial interplanetary
transportation systems to
achieve reusability and still
lower costs

Enabling humans to live and
work safely in deep space for 2-
3 years

Working with the private sector
to define exploration approaches
that may support commercial
space developments

High-rate communications to
enable engagement of the public
in the experience of exploration
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Technology for Human/Robotic Exploration and Development of Space | I'r

THREADS Strategic R&T Road Maps Focus

||||||||

- Primary Emphasis of the
fzj;ecmh ;est' Humlan/Robotlc
. Exploration &
Operations LSS Development of Space
— Strategic Research & Flight
Technology Road Maps Projects
System/ TRL 8 Advanced
Sub t
Dzvzuy:piqn;m — DF()eveIopment
rograms
TRL 7
S “System
Technology SpECIfIC"
Demonstration i
| TRL 6 Capability-
— — Focused
Technology
reenmotoay TRL 5 " ">~ Programs
Development “Applications
Research Pull”
and
Research to TeChnOIogy
Prove Base
Feasibility “Techno|ogy \/
Push”
Basic |
Technology BaSiC
Research Research
\J/ N N_ /)
Y Y 'S N
e.g., SSE e.g., OAST e.g., HEDS, SSE, e.g., Specific Flight
OLMSA ESE, OAST Projects
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Technology for Human/Robotic Exploration and Development of Space
Work Breakdown Structure

THREADS
1.0
Systems
Integration, 2.0

Analysis, Concepts,

Enabling Advanced

3.0

Technology Flight

Demonstrations

Modeling Research and
Technology
2.4
2.1 2.2 2.3 2.5
Space ‘Space Habitation Asssg?ncgl Exploration 82'6
Resources Utilities and and Bio- Ins ectior): ‘e and_ Tranebostation
Development Power astronautics Mai?\tenance Expeditions P
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2.7
Technology
Foundations
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Technology for Human/Robotic Exploration and Development of Space
Annual Road Map / Program Re-Formulation Process -

_ Define/Refine Trade
Defining the Challenge Conduct Studies Space and System

Concepts
e

10-25 year Roadmaps

Strategic ) At
* Long-Term “Visionary” Focused Themes
Research & Technology | . \yltple Interim Applications
Road Maps + Dual-Purpose Opportunities

113 . ” P
Budgets, Overall Competing | éograrg&t
Programmatics, etc Technology normic Analvsi
, etC. Investment Areas Economic Analysis

A

. ” NASA Competitive | * Systems Studies
A“:' Hougel Rt&Dn Research Process « Componentlevel / Long-Term R&D
ctivity selectio (6.9, NRAorCAN) | ¢ Interim Technology Demos

N

Individual activities of different types Individual projects of different types through
through NASA Centers & JPL ln}gger{r?eer?rﬁgg Program a competitive solicitation (e.g., NRA or CAN)

Involving existing contractual vehicles, in- | v Eqycation / Engagement | Involving multiple NASA Centers for
house, JPL, etc. oversight and teaming
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Technology for Human/Robotic Exploration and Development of Space
Competitive R&T Enabling Revolutionary Capabilities

------

Technology

Support Decisions
to Proceed with
Development of
The Desired
Capability...

In Most Cases
1 or 2 “Best
Candidate”

Technologies at

a Substantial

Level of Funding

Goal: TRL 6

~ .
Where Needed
1 or 2 “Best
Candidate”
Systems-Level
Technology
Flight Demos
at a Significant
Level of
Funding

Goal: TRL 7
N

)

Jj J

//
Where Necessary,
Teghnolqu Fltlght
- ~ \ xperiments
Many, Diverse T l
Competing ( h \
Technologies at
a Low Level of
Funding -- All Several
Addressing Competing g
Approximately Technologies at
the same a Moderate
functional Level of
capabilities... Funding
Starting Point: I} Goal: TRL 5 > I}
TRL 3/4
S ) \_ S ) \_
- T

Technologies Dropped or
Deferred to Future
Application Opportunities
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Number of Competing
Technologies Being
Funded

Total Resources Being
Invested in a specific technology

TIME
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Technology for Human/Robotic Exploration and Development of Space

The Role of HTCI

& The HEDS Technology / Commercialization Initiative (HTCI) will:

e Support future decisions regarding Human Exploration and Development of Space

v" Including planning for safe, affordable and effective future initiatives, programs and projects vis-a-vis
prospective advances in science and discovery, human exploration and commercial development of space

« Emphasize development and validation of highly innovative technologies and systems that open
up options for HEDS

« Consider commercialization to enable synergistic exploration and commercial developments of
technology, systems and infrastructures

« ldentify technologies needed for HEDS from other R&D programs -- resulting in in strong
partnerships to accomplish HEDS goals ... both within NASA (e.g., with OSS and OAT), with
industry, and internationally

& The HTCI will involve three types of activities:
« Systems Analysis/Advanced Concepts
« HEDS-Enabling Advanced Research and Technology, and
« Flight Demonstration Projects — including Small Missions

In addition, “cross-cutting” efforts will be made in Education and Outreach, and in the creation
of Industry-Government Partnerships

& The Strategic Scope of the initiative is necessarily broad -- However,
detailed investments will be made in the context of available resources
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HEDS Technology/Commercialization Initiative
Planned Types of Activities

& Systems Analysis/Advanced Concepts/Technology Road Mapping
o Formulate new approaches / advanced concepts using breakthrough technologies
« Guide technology investments through Systems Analysis, Modeling, Architecture Studies
o Focus efforts on HEDS Goals/Objectives through Forums/Workshops/Studies, etc.

& HEDS-Enabling Advanced Research & Technology

o Emphasize increased safety, reduced risk & costs, enabling new Education &
opportunities Engagement Strategy
« Address HEDS-unique advanced technology requirements | dentify scientific
» Pursue competitively selected projects quests/technology
challenges

o Leverage other resources, including NASA, other governments,

and industry partnerships (with a 50% cost share goal for industry) Every element/activity

should have an
education & outreach
component

Commercialization

& Technology Flight Experiments / Demonstrations

o Pursue multiple technology flight demonstrations and experiments,

and definition of candidate small missions Strategy
o “New Millennium-type” Flight Demonstrations for Robotic Missions | ntegrated with every
and on the International Space Station activity through
« Discovery program-type approach, allowing for different targets/ competitive/cost share
objectives with broad goals approach

o Competitively selected (50% cost share goal)
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