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Technology Transforming the Battlespace
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= Increased rate of investment in military

Bilkons U8 doliars, PPP

R&D from near-peers 0 | ¢
l ;
| .
= Easy proliferation of knowledge and N T B e e R e ae T
technology has eroded US historic ~— - —
China is the world’s second largest investor in R&D
advantages with a forecast spending of $396.3 billion for 2016

— Increasing systems capabilities

— Advanced production capabilities
* Driving lower costs
* Decreasing the “time to market”

= Speed and cycle time

= Increasingly Competitive National
Security Technical Environment
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Threats Exist Across All Domains

= Adversaries are moving to next generation capabilities across all
domains: Air, Land, Maritime, Space, & Cyber

= Advanced materials, ranges, speed, and lethality seen across
Russian and Chinese platforms - approaching/at parity

= |ncreased ability to project power

— We are now on-par or outranged by Russian and Chinese
rocket and artillery capabilities

= China and Russia can hold U.S. and allied positions at risk

— 10 years ago, China only had the ability to strike Taiwan
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Comparing U.S. Army Systems with Foreign Counterparts: Identifying Possible Capability Gaps and Insights from
Other Armies, RAND, 2015 — For lllustrative Purposes Only
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What we are doing
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Secretary of Defense
Focus Areas

= Strengthen military readiness by
increasing /ethality of the force

= Strengthen our alfliances and
collaborate with allies whenever
and wherever possible

= Reformthe Department of
Defense through budget discipline
and increased accountability

“When it comes to security, no one goes their own way in this world alone.

Security is always best when provided by a team.”
— Secretary Mattis, Munich Security Conference, February 2017




=
ASD Research & Engineering (R&E) Mission

The United States depends on science, technology and innovative engineering
to not only protect the American people but to advance our national interests
and to prepare us to meet the challenges of an uncertain future.

- ASD(R&E) Mission

current and anticipated
capabilities.

Affordably
existing and future systems.

through
science and engineering.

Pursuing Sustained Technological Advantage
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Previous “Offset” Strategies

“First Offset Strategy” - 1950s “Second Offset Strategy” - 1970s
Nuclear deterrence to avoid a large Development of precision-guided
increase in defense expenditures to munitions to deter both conventional
conventionally deter Warsaw Pact and unconventional aggression from
forces during the 1950s. Soviet Forces.

Capabilities from the 2" offset strategy continue to enable U.S. technological
superiority today.
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=
Technology Offset Approach

Seeks to deny adversary objectives, and strengthen
conventional deterrence by:

= Leveraging autonomy and artificial intelligence
— Get inside an adversary’s decision cycle
= Greatly expanding manned-unmanned combat
— Extend our attack surface
= Re-amplifying our guided-munitions advantage
— With ‘raid-breaking’ capabilities
= Creating new mass
— Disaggregating complex systems to deliver combined effects
= Developing ‘inside-out’ and ‘over-under’ capabilities
— Leverage dispersal, sanctuaries, and speed
= Developing new forms of distributed maneuver
— Combining kinetic, Electronic Warfare, cyber

Distribution Statement A: Approved for public release; distribution is unlimited. 8



How does S&T Contribute?
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What is “Science & Technology”

Scalable Quantum
Computing win Lifes
Cintics and Cuandturm B

1 Mem@pies

= Basic Research (6.1):

— Investigation and analysis of basic laws
of nature and phenomenon to increase
scientific knowledge

= Applied Research (6.2):

— Application of knowledge to develop useful
materials, devices and systems or methods

= Advanced Technology Development (6.3):

— Development of components and
subsystems to integrate into system
prototypes for field experiments
and/or tests in a simulated environment
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From Basic Research to Multiple Applications

57
,//
Medical ’ y
Imaging Space - >
Navigation 2Pl B
Gravity Recovery & Climate
Experiment 7
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k“a Attack MCiIci)tr:rr;/]g;(t:ll\li/V Cell Phones Bank/in/g
i i Late 1990s: Major advances
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1980s \\ g e, =t optical clock research to
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The Atomichron — 1st E 0] LA trapping of atoms
1960s| commercial atomic clock. 50 z aptical docks
sold between 1956 - 1960 e e
w0 R SR 200 28 1949 — 1st atomic clock built,
Isidor Rabi suggested atomic beam . / an ammonia maser device
1940s| magnetic resonance as the basis A 4
for a clock
1879 Lord Kelvin proposed keeping '
time using atomic transitions
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U.S. DoD PB 2018 S&T Request
Technology Development Budget

___________________

i BA 3 - ]
i Advanced !
i Technology !

Development,

$6.0B USAF $2.6B

U.S. DOD S&T ,_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_'_',I
TOTAL
$13.2B . BA2-

: Applied :

Research,
i $5.0B ]

fininiiuininiininiyiininiiniy ! ‘o th
i BA 1 : Remaining 4

! . ! Estate*

: Basic Research ! $2.98
._...$22B '

*NOTES:
4t Estate includes Chem Bio, DTRA, OSD, and other DA.
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DoD RDT&E - PB 1995-PB 2018

DOD RDT&E
(FY 17 Constant Year Dollars in Billions)
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Leveraging the Entire R&E Ecosystem

Engaging with all partners to ensure technological superiority...

%wﬂ 0 \ew
Win today'’s fight

Business. Defense

Design and acquire for
the next fight

&, /
¥

//-—d

4 ,..‘JGIobaI Partners“"' v
» e, 4R PN
> r',‘"

.-(cademia & Industry

|

{ Feiierally Funded I

orce acceleration of science
and engineering - driving
ideas to capability

Enginegring’ &

Warfare Centers

Distribution Statement A: Approved for public release; distribution is unlimited. 14



e
pol NS non Inzux.a._m &l-""" = ST W M Sem Loglstes Carser LY
4 Vst of afestous Dismse

':-;.i'g'.i. :.-'-’ == AFRL: Hecdguarters ANy SPL iormescn Dimctonse (1

W v Arvuapcs Setecd Trsioa (TR LS. Ay Civiar i "

=Hig a ﬂra ﬂ"es s TR | Moo

T /L Mutiiels :Murincinirg Diessirbs: o ot IERBC: Cioke Fhaciors Rt anl En iasfiog Laderwtory ICRAEL

- ! 11% Husmn Fanformaniss Wing 711 HFW
o * R
N . o

and Genters SHESESTERE RS A
of Emdronesnal M (USARIEN

htic ot Ferseersh, Dovilcerumn|
e Erniniminig Ciritsd (MSRIOEC)

MEWE
Coran Diialion [C00

MUIWC. Fiypaon Do z il - Rarch Laberaicry [CERL}

‘Gonrmsicetions s Beoiroics Faserch,
Develigzeseret arel Ergl et g Carter (CERDED
PPN S S— Exkguwrsed Charrieal Bislagical Caniar [ECB0)
RRMC: 1.5, Arvey Messicnl Fiomsarch

ittt of Cheiion! Deifirei (LISAMFICDY

ey Aessmasrch L baratory | KAL)
MANC. Aol Division, Lakatorss MAMC, Wl Foac! Aty brsttina ool Fucssarih (WS R
Armrerd P Fadiobisbogy Raseerch insttots JRFRAD

v MmO benies Actvity [DMEA) d Diision
1 L " % e vl Mateal Rtaaroh Cunti [RMFC)
WA Wespons Division (RAWS WD 0 AW : et Divisms (NAWE AL, P sl Riwes HEWC. Hensdquuarters
i Laka e Poist Mo E ) MEWE: Carorcok Dvaion
WEWE: Pont Husnasis Division ; =
RSWE: Comna . Mzl Resmarch Laboratory (NRL)
MRL: Morimy
SPRIAR: 5ysinron Corver Pucki (SRAWER: S50 APRL 2 Force Offca of Sclansil: Flassarh (AFDSR)
Huncal Hemith Fuasmmrct, Gt (NEFV) (Cfcm of Ml Resanassth JOKR]
g = ~— . -4 SPAWAR: srtacte Sysberro Carder [S50-8) viry Remtimrch i bor Behursiol ancd Boulal Bderons |ARD
BFAL: At Sty Dt tzsita T b b NEWE: Fanarrm Citp Divisien
[7 . I ——) (MR Sivusiatien Tachaokngy and Traineg Cante’ [STTC)
AL D8t vy it (1Y ANG: T Syaama Diwksion (R4S TSD)
* - - ABL #hin Caces
I Wisale Rare
| » =
e .,_,_;g,‘,_, WPRL Muritions Drctonetes [
: pra— Farsmit- PrTmpT Ty ——
o
B G 7 AESAIE E D“:rmma_-da‘n-m ot uJuE GEORGIA
%m nlachaicd Spaie aret Maisie Deise: v fLERA MR-
Ressanch Unil - Btfuchsia Labsawioey Coesnared Tecknekagy Cantse
[=1] [BMDC TC)
Febarrmten: T cmray
Lsbormsory 1Ly
TOKYO, JAPAN
NRL: Grorni LLE. Ariry
To: hevisbonyy i
sl
B Force Off of Scirmifi:
Flusasarezty
i J
= Astiry Fersbirch Latsariricey (ARL) - Hireal Ruces st Labsarasary (HFiL] + Al Feres Rurssarch Labormeny (AFRL y
- Ergiives Ruswarch ard Deveiopent Comter [ERDCH - Offien of Nawsl Russarch [OMR} - Materisdn ates Manuiecturing 00 e, THIAIL
- Etigevwesd Chemicsl snel Blologes Corner [BGBT) - Wireal Sen Syabems Commmnd Contees - Bpace Wetich [l [
- Armasent Rassarh and Devslopmant Conter ARDEC) - Hurvil Gutircss Waatties Gariters (HEWC) - Bansera (BY) _ LiMa PERU Iemalituti of M Sehaiices
- Hitich Soblar Radaaron, Devsent i it m""u VR S Wdsrrration (Rl Ml MaScal Redaarch = 3
Engitssaring Certer MERDEC) i - Aeagen Systara (RO Uit - bl 6 SHAMIRLI-E)
- itz i Plusasarc e Metoriel Corsrsrd JRMC] W -'M“‘mm' al e - Werdtnoesy [TFW]
- Commusicasons Electronics Rsssrch, Developmen - Aty Diviskon PUAWG ADY = Tinih Human Perfrmancs Wing (T11 HF#) 1
arud Engirssaring Corar ICERDEC) e - p— I —— S SANTIAGD, CHILE
- Tank Forvearci, and - Siywlaiivh Carer Pacdile [38P.P] STy SPVE S Ry Pe— UE ey intmmuiionsl Teotwologmy s SINGARORE
Enginearing Cemer [TRADEC] - Syninre Germer Atandie [S3P-A) AFDER ‘OHA Qlobal i e ——
- Asmiry Prrsesrct biesttue Sor te Betumicrnd e Socsd Ak Force Offica of Scimvlif Pisemarih : Pirw sl Muslicand Flisisaiarich Coarmtiot (MMFIC)
Schimed (AR OMIR Qacbal
- Eipurcw il blies b Dirfurnna Goermarnd Tochrical Conear
ENDC TE)

63 Department of Defense laboratories and engineering centers

provide expertise and insight to enhance our warfighter’s capability .
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DoD Research and Engineering
World Class Capabilities

RDECOM FWD Army Medical Research Unit
United Kingdom United Kingdom
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U.S. Communities of Interest

Cols lead the innovation and the acceleration of advanced concepts and

prototypes across three main focus areas:

Systems / Human
Capability Focus Systems Sensors
Multiple technologies are
integrated into complex
systems to achieve
mission impact
gégund and Electronic Weapon
S oS Warfare Technologies
2
; Command,
F | e Control,
- # Autonomy Cvber Communication, Air Platforms
: - y Computers and ;
Intelligence ;
3 (C4l) .
Technol F'L
echnology Energy and o Materials and
Focus Power élde\gpé:nei?:s y Manufacturing
Technology goals with Technologies Processes
multiple applications

Alumni Cols: Engineered Resilient Systems *ASBREM: Armed Services Biomedical Research Evaluation and Management
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Looking Forward...
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Continuously Refine our Strategic Thinking
and Planning

“Where we are going and who we will be”

\

Strategic

Plan

“Where we are and who we are now” “How we get there”

Current S&T Focus Areas and Priorities U.S. Communities of Interest Leveraging the Entire R&E Ecosystem
Cols lead the innovation and the acceleration of advanced concepts and
prototypes across three main focus areas: Engaging with all partners to ensure technological supetriority...

-y 3

Advanced Electroni Artificial

c
Humar gyetems [ NARCTsehneloY | Manufacturing  Warlars & Intellgence
Performance & S
Sustainment e il Weapons Spectrum Future & High k=,
. Systems Parformance
:m"‘ . Energy Efficlency  Computing ceele !
'I'lnl h‘" o Engines & & Power Cyber ngineering - driving
Mobility 4 ideas to capability
Data Analytics

the next fight

- Refine our Mission, Strategic Plan, and Vision
for Technical and Enterprise Priorities

- Continuous look at the Technology, Focus Areas, Cols, and Partnering

Are we addressing the right problems?
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=
Long-Range Research & Development
Planning Program (LRRDPP)

= Purpose: Identify high-payoff enabling technology investments to provide
U.S. forces with decisive advantage in the operations in the 2030 timeframe

= An opportunity to:

— Shape key future U.S. materiel investments
— Ensure sustained U.S. technology superiority, and
— Seize the initiative in shaping a competitive future national security environment

= Focused on identifying critical technologies that can drive materiel concepts
with potential to contribute to a technology offset strategy

= Unconstrained by current U.S. materiel inventory, plans, or investments

= Will be re-accomplished every four years to inform Defense Strategic Review

Bottom Line: Study and prioritize new or unconventional technology

that could provide significant U.S. national security advantages
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Capability Gaps

Opportunities for Collaboration

Situational
Speed Awareness

Survivability/ Training
Protection Fidelity

INPUT FACTORS

e Weight/
Range Mobility
' Ability to
Lethality Communicate

LRRDPP - Long-Range Research & Development
Planning Program
A2/AD - Anti-Access/Area Denial
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Research and Development
— On-going Activities—

= Autonomy & Robotics .
= Artificial Intelligence / -
Man-Machine Interface o

= Micro-electronics

= Hypersonics -

= Directed Energy

= Manufacturing "

= Electronic Warfare

= Cyber

Future of Computing
Novel Engineered Materials

Precision Sensing: Time, Space,
Gravity, Electromagnetism

Emerging Biosciences
— Synthetic Biology

Understanding Human and Social
Behavior

Human Performance
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Enhancing Capabilities

Med, Unmanned and Dismounted
Soldier Systems Models and Simulations

Megacity Environment

New Approaches; Problems, Environments

Quantum cloud for secure
Information sharingand computing

=7

Unprecedented Warfighting capability
using quantum information science

¥ 2 e

Cross-Service Research
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Systems Are Changing

From:
e Systems built to last .
e Heuristic-based decisions .

Deeply integrated architectures

Hierarchical development .
organizations

Satisfying requirements .

Automated systems .
Static certification .
Standalone systems .

To:

Systems built to evolve
Data-driven decisions
Layered, modular architectures

Ecosystems of partners, agile
teams of teams

Constant experimentation and
innovation

Learning systems
Dynamic, continuous certification

Composable sets of mission
focused systems

Systems Engineering Needs to Change

Credit: Derived from David Long, Former INCOSE President
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Competition for Talent

Need to continue to attract the best and brightest to
national security service

Direct competition for talent

" = Eliminate barriers to

. service

—~s= " |ncrease recognition

S8 " of unique and
relevant technical
work and innovative
thinking

= Leverage all sources
of talent
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USD(AT&L) Reorganization...
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2017 National Defense Authorization Act (NDAA), §901
Organization of the Office of the Secretary of Defense

“Establish policies on, and supervising...”:

Undersecretary of Defense (R&E)

» Defense research and » Allocation of resources for Secretary of Defense
engineering defense research and :
|

» Technology development engineering

» Technology transition » Unifying defense research LR L)
* Prototyping and engineering efforts | 1
* Experimentation across the DoD

» Developmental testing _ _

activities and programs...

Undersecretary of Defense (A&S)

» Acquisition policy » Defense industrial base
0 system design, policy

development, and » Materials critical to national
production security Secretary of Defense

o procurement of goods and ¢ Contract administration |

services policy ! !
» Sustainment policy » Modernization of nuclear
o logistics forces Pt gt (Geqstons Ssamen)
O maintenance * Development of
o materiel readiness counter-WMD capabilities
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USD(R&E)
Proposed Organization

= Sets and advances technology finnovation Under Secretﬂw Df DEfEI"IS'E

agenda for DOD to dominate battlespace

(Research and Engineering)

[ 1 1 + Kill Chain Analysis (U5 and threat)
* Red-Teaming and Vulnerability Analysis
Defense Science Strategic Intel {Technology/Concepts)
Board MDA Analysis Cell * Global Technology Tracking
gs * Technology Forecasting
. Assistant Secretary of Defense Assistant Secretary of Defense
* Strategic Technology * Developmental
Objectives and Investment (Research & Technology) (Advanced Capabilities) Prototyping
Strate
&Y I | * Experimentation /
* Foundational Research and Concept Development
Innovative Approaches for DASD DASD Joint Endurt
: L. ) . i * Joint Enduring
Warfighting Challenges (Mission Engineering & Integration) Operational Needs (JEON)
. Affordable & Assured (Research &Technology Investment) & CCMD Support
Technology Development i ]
I DASD * Developmental Planning
g s
(academic/comm erl:igal / (Prototyping & Experimentation) Analysis {‘355‘;”3" i
government/international) (Laboratories and Personnel) I Integration of capability)
* Acquisition P
* Laboratory Infrastructure I . e Sﬁqu;srl_tlon rogram
and Workforee Policy Strategic Capabilities Office PP
(sco) * Open Architecture / Cyber
DARPA Security Policy &
] Standards
* Non-traditional Rapid
DIUx Acquisition Pathways
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T
USD(R&E) - Guiding Principles

Imperatives
1. Technical Superiority

USD(R&E) Key Concepts 2. Affordability
3. Accelerate Capability to the Warfighter

* Provide Major Tech Investment Shaping & Strategic Direction

* Focus on Joint, Cross-Cutting Missions

» Tightly Couple with Warfighter

 Integrate Intelligence & Analysis to Inform Decisions

* Incentivize/Prove New Tech Solutions

 Mandate Technology Insertion Opportunities / Institutionalize MOSA
* Implement Cyber Resilience & Cross-Cutting Enablers

* Inform S&T & Prototyping Development with Sustainability/ Manufacturability
* Inform Requirements, Vice Waiting for JCIDS

* |Identify New Pathways to Acquisition

* Ensure Transparency & Inclusion
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s
Maintaining Technology Superiority

= The U.S. military has long relied on high quality people, technological superiority,
innovative operational and organizational constructs, and our unmatched ability
to fight as a Joint Force

= We are addressing the erosion of technological superiority by identifying
and investing in /nnovative technologies and processes

= We are pushing the envelope with /innovative and cutting edge research

= Beyond technical innovation, we are pursuing new practices and organizational
structuresto ensure future U.S. technical dominance

= From basic researchto advanced capabilities, the DoD R&E enterprise provides
the technological foundations that ensures our military of the future remains the
most capable in the world

DoD R&E Enterprise: Solving Problems Today - Designing Solutions for Tomorrow
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DoD R&E Enterprise
Solving Problems Today - Designing Solutions for Tomorrow

e s

A
LT

Iy

DoD Research and Engineering Enterprise Defense Innovation Marketplace Twitter
https://www.acg.osd.mil/chieftechnologist/ http://www.defenseinnovationmarketplace.mil @DoDInnovation
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