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Good Morning, and I’d like to thank  you for inviting me. Let me start by sharing a little bit of personal history. Two months ago, I was in industry trying to understand what the future was going to hold with respect to S&T. Since assuming this position I’ve learned that there is reason to be hopeful even with the budgetary challenges.
The FY13 DoD budget request for S&T (6.1-6.3) is 3% less than the FY12 budget request: $11.86B for FY13 vs. $12.25B in FY12.��- Proposed spending in BA1 (Basic Research) actually rises from $2.08B in FY12 budget request to $2.12B in FY13 PBR..��- In PBR13, there are several areas of increased emphasis.  They include: high-speed kinetic strike (hypersonics), next generation turbine engine (ADVENT), robotics and autonomous systems, and software engineering basic research.��- There however are substantial decreases in several areas, including: materials and biotech, machine intelligence, and C3.��- Overall, DoD S&T has been protected in PBR13.
�Secondly, ASD(R&E) is a placing significant emphasis on looking at the S&T Enterprise (Academia, Industry and the government Labs) as a whole and ways/ models to make it more affordable, efficient and innovative.
This morning, I’d like to an overview of the  basic research and current S&T environment in the context of the strategic context. So let  me start with that context….
 



Key Elements of
Defense Strategic Guidance

 The military will be smaller and leaner,
but it will be agile, flexible, ready and
technologically advanced.

 Rebalance our global posture and
presence to emphasize Asia-Pacific and
the Middle East.

* Build innovative partnerships and
strengthen key alliances and
partnerships elsewhere in the world.

v — * Ensure that we can quickly confront and
GLOBAL LEADERSHIP: DEFENSE BLFDE]F.-‘I’ defeat aggreSSIOI’] from any adversary _
PRIORITIES FOR 21" PRIORITIES AND CHOICES .

anytime, anywhere.

CENTURY DEFENSE

* Protect and prioritize key investments in
technology and new capabilities, as well
as our capacity to grow, adapt and
mobilize as needed.
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Key Challenges
to our Technical Base
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“Technology Enabled Strategy”

SECRETARY OF DEFENSE
1000 DEFENSE PENTAGON

S e Counter AA/AD capabilities

MEMORANDUM FOR SECRETARIES OF THE MILITARY DEPARTMENTS
CHAIRMAN OF THE JOINT CHIEFS OF STAFF 0 0
UNDER SECRETARY OF DEFENSE FOR ACQUISITION, ° L OW-cost. adi I e f I ex| b I e
TECHNOLOGY AND LOGISTICS b) b)
SSISTANT SECRETARY OF DEFENSE FOR RESEARCH
ND ENGINEERING

In;u'..(-r(ms OF THE DEFENSE AGENCIES S m al I —f O O t p r I n t O p e r at I O n S

SUBIJECT: Science and Technology (S&T) Priorities for Fiscal Years 2013-17 Planning

The Department’s S&T leadership, led by the Assistant Secretary of Defense for
Research and Engineering, in close coordination with leadership from the Under Secretary of -
retary of Defense for Nuclear, Chemical, and Biological [ ) I n te g r at e d p art n e r S h I p
retary of Defense for Manufacturing and Industrial Base
) , has identified seven strategic investment priorities. These S&
priorities derive from a comprehensive analysis of recommendations resulting from the

ag= .
Quadrennial Defense Review mission architecture studies directed in the FY12-16 Defense
Planning Programming Guidance.

The priority S&T investment areas in the FY13-17 Program Objective Memorandum are:

(1) Data to Decisions nce and applications to reduce the cycle time and manpower

[ [ .

requirements for analysis and use of large data sets.

(2) Engineered Resilient Systems — engineering concepts, science, and design tools to [ ] u I I I an I ar I an I S aS e r
protect against malicious compromise of weapon systems and to develop agile ] ]
manufacturing for trusted and assured defense systems.

(3) Cyber Science and Technology - science and technology for efficient, effective - A
cyber capabilities across the spectrum of joint operations. e I e al l e r p e r a I O I l S

(4) Electronic Warfare / Electronic Protection — new concepts and technology to
protect systems and extend capabilities across the electro-magnetic spectrum.

(5) Counter Weapons of Mass Destruction (WMD) - advances in DoD’s ability to
locate, secure, monitor, tag, track, interdict, eliminate and attribute WMD weapons

and materials. I
cience and technology to achieve autonomous systems that reliably and ® a e y e C u r e a n e C I V e

(6) Autonomy
safely accomplish complex tasks, in all environments.
(7) Human Systems — science and technology to enhance human-machine interfaces to

increase productivity and effectiveness across a broad range of missions. N | I C I ear D et e r r e n t

OSD 02073-11

TR

L
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Modeling of Human
Behavior

Cognitive
Neuroscience

Quantum Systems

Nano Science and
Engineering
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Basic research discovers new concepts and new principles of nature whose UNDERSTANDING often leads to disruptive advances, rather than the more common incremental though still important improvements of the technologies that the DOD relies on.
The Department has also identified 6 areas for basic research that promise game-changing breakthroughs for the future.
Engineered materials
We have entered a new period of capability, where we can design materials whose characteristics for electromagnetic propagation and coupling can be sharply different than for materials found in nature, and use this to our benefit. This is the field of metamaterials.
Quantum systems
We are at the beginning of the second quantum revolution. First revolution (Planck, Einstein, Heisenberg) explained atomic energy levels, and gave us the laser, semiconductor electronics, and MRI, for example. It enabled the IT revolution [HOW?]

Now at the next level: utilizing entirely novel quantum resources that were simply not experimentally accessible to us before, and are able to enabling the generation, manipulation, control, and measurement of quantum states in various physical platforms. 

Unique properties like entanglement (linked information content without a physical connection) and superposition (a quantum bit, or qubit, capable of having multiple values at once)





Electronic Warfare /
Electronic Protection
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What are we trying to do? Ultimate goal: to “shape” the electromagnetic spectrum (EMS)  
Gain US advantage in lethality and speed of offensive or defensive engagement
Ensure US investments in  advanced weapons, C2, and  ISR assets  are secured from enemy countermeasures 
Challenges:  
Increasingly congested electromagnetic (EM) environment 
 Global availability of advanced technology, making adversaries’ EMS use more complex  (power managed, spectrally diverse, adaptive) 
 Rapid pace of  technological advancement leading to potential for technical surprise 
 Need to prosecute EW ops across all domains
 
Department has a holistic approach to EW focused on broad spectral/spatial coverage & adaptation to changing EM environment
EWBM – EW Battle Management .  In the face of advanced cruise and ballistic missiles, long range ISR and space  sensors the Navy is leading investigations into new ways to synchronize and amplify kinetic and non-kinetic effects via real-time  threat countermeasure pairing and sequencing together with software, displays and C2 management architectures
AGES- Advanced Ground EW Systems . Building on lessons learned from Counter-IED developments and associated rapid threat adaptations, Army is exploring new concepts and technologies associated with modularly composible systems capable of rapid programming and reconfiguration in a networked environment safe from mutual interference that can eventually allow simultaneous transmit and receive.
 ALISS – Affordable Laser IRCM Survivability System.  Driven by the need to address the extremely short timelines of shoulder or tracked vehicle fired man-portable air defense systems,  Air Force research is pushing advancements in new electro-optical sensors and countermeasure designs. These include research into longer range, multi-color IR detectors, closed-loop seeker classification and enhanced power developments.
 BLADE - Behavioral Learning for Adaptive Electronic Warfare (BLADE).  All services are looking to draw on lessons from DARPA BLADE and similar programs that recognize the future of electronics leading to adaptive RF systems.  This trend, fueled by commercial as well as military reasons, will require the designs that recognized spectrum content on the fly and that are capable of tracking signals through waveform and other changes.
In pursuing these solutions, these programs are pushing component requirement s towards linearity and bandwidth extremes along with agile, high dynamic range receiver electronics :
• Linear, low power, agile electronics 
• Ultra-wideband RF photonics - Agile, wideband transmitter electronics 
• MMW power generation 
• Low noise, high dynamic range wideband waveform generation - Affordable/modular agile beam antennas 
• Investment in affordable phased-array antenna technologies is 


http://www.generaldynamics.com/images/press releases/5_2008/NewsRelease May 19, 2008-Hi Res image.htm�

Countering Weapons of Mass
Destruction
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http://svspweb/SupportAreas/graphics/UAVs/Global_Hawk_02.png�
http://svspweb/SupportAreas/graphics/Strategic/E8JSTARS.jpg�
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More effective, affordable, adaptable
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Collaborative Analysis of Engineering Issues and Impacts

ERS envisions an ecosystem in which a wide range of stakeholders continually cross-feed

multiple types of data that inform each other’s activities
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What are you trying to do?  Transform the engineering of complex systems to make them affordable, effective, and adaptable; Enable engineers and program decision-makers to focus on building the right things to provide utility A) in a wide range of joint operations, and B) across many potential alternative futures.
How’s it done today?  Lockstep, linear, cost- and time- inefficient, uninformed, few alternatives considered; This is unacceptable given today’s pace of technology development, uncertain sociopolitical futures, and global availability of technology to potential competitors.
What are the new insights?  Increased computational power and availability allow us to exploit data and apply services in much more flexible ways. This creates an opportunity to consider capabilities and mission utility more deeply, rather than getting locked into requirements and key performance parameters. That is a critical enabler to engineering for adaptability and maximizing value of the system to the warfighter.
How will you do it? Build on industry trends toward model-based engineering. Orchestrate and demonstrate a new engineering ecosystem which combines automated tools and stakeholder participation to generate more counters to potential surprise.
Insert Key ERS Contributing Technology Concepts
• Co-evolution of systems and missions via information sharing and decision aids
• Option-preserving tradespace exploration
• Analyzed/evaluated wrt lifecycle issues
• Informing requirements refinement
• Accelerated design and testing via rapidly composable modeling & analysis tools, risk-sensitive engineering planning aids 
What makes you think it will succeed?   Bring together three ideas which have independently proved very promising:
· Modeling, from the physics domain (which is different from many other forms of modeling)
· Network-centric operations, from command and control
· Risk management, from the financial and business analysis community



Data-to-Decision Systems
Mission Span and Problem Statement

Tactical Operations Operations Intelligence

Low Latency

Narrow Field-of-View

Limited Fusion

Automatic Target Recognition
Data: ~MB-GB

Medium Latency

Wide Field-of-View

Hard Sensor Fusion
Assisted Target Recognition
Data: ~GB-TB

Long Latency

Synoptic Field-of-View
Hard/Soft Sensor Fusion
Multiple Hypotheses
Data: ~PB-EB

The complexity and adaptability of threats has surpassed our

ability to find them in large data volumes within mission timelines
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Highest Payoff Capabilities and
Associated Metrics

User Interaction Layer

« Data Management

« MOVINT Analysis

o IMINT Analysis

o Text Analysis

e User Interface
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Autonomy

e

MQ-8B Fire Scout SUGvV

Autonomy paradox; systems designed to reduce human operator footprint require
increased manpower support

In Irag and Afghanistan, nearly 20,000 robots and remotely operated vehicles have
deployed in support of US troops?

The MQ-1/9 fleet is collecting > 20,000 hours of FMV each month. Analysis personnel
now outnumber aircrew by 8:1'

Focus on developing technologies that enable the same or greater
mission effectiveness with reduced manpower requirements
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Key   shortcoming is teaming
Human to agent and agent to human
Research is attacking from two sides
Human performance augmentation
Machine side (e.g. autonomous data analysis
Main issue: Shared perception and understanding
Machine doesn’t know when the human is saturated and the human is unaware of what routine the machine is on
We have opportunities to work in technologies to close gap of shared understanding
Example: flexible electronics
Monitor operator workload and feed back to machine to slow down, divert info to another team member
Key subtext:
Push to get make RPA’s operational has come at expense of HSI design and development. Improvements in HSI have to be made with both new and legacy systems
Over 100  people needed for CAP
Substantial number required for PED
Gorgon Stare and Argus are coming on line
May need an order of magnitude reduction in the resource requirements
 
 



Human/autonomous system collaboration

Perception & intelligent decision-making

Scalable & robust collaboration
Intelligence enablers/architectures
Scalable planning and replanning
Learning

Social cognition and metacognition

Intelligence for decentralized systems
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Human/autonomous system collaboration
More natural modes of interaction that enable the warfighter to focus on the task, not the system; accommodating the warfighter
Ability to understand intent and recognize deception and actions of manned platforms, adversaries, bystanders and human team members
Cognitively compatible behavior during interaction to minimize human cognitive load
Dynamically changing levels of autonomy and interaction
Perception & intelligent decision-making
Autonomously adjudicate between wide area exploration and exploitation of area, entity, sensing modality, etc. 
Learning context (environmental), adaptive recognition and scene understanding to semantic level for presentation to a system or person
Automated processing from perception to action and/or actionable understanding
Autonomous systems that appropriately use both internal model-based/deliberative planning approaches and sensing/perception driven actions/control

Scalable & robust collaboration
Scalable, self-organizing, organizational structure/hierarchy appropriate to mission tasking
Task allocation/assignment, planning, coordination & control
Airspace/waterspace management to allow operation in close proximity to other manned and unmanned systems including crowded military and civilian areas 
Rigorous mathematical methods and tools for predicting behaviors of large numbers of unmanned systems under realistic assumptions and field testing approaches to identify potential problems and prove the capabilities and robustness of the system 
Intelligence enablers/architectures
Integration of algorithms for perception, reasoning, learning, control, interaction, etc. is required to build autonomous systems that operate in real-time.  Ad-hoc integration isn’t sufficient because these algorithms mutually constrain one another 
Reasoning - Identification of common representations, semantics and inference procedures to support scalable:
Deductive, inductive, abductive, probabilistic, and analogic reasoning
Common-sense reasoning
Spatial and temporal reasoning and reasoning by means of visual representation
Epistemic, dontic, bouletic and other forms of modal reasoning
Scalable planning and replanning

Learning complex concepts/tasks, group behaviors, etc.
Synergistically combining multiple learning methods
Reinforcement learning by active demonstration/recognizing affordances, goal-based imitation, analogical, human-assisted, and unsupervised
Learning over long periods of time including consolidation of learned material, unlearning overgeneralized material, structures and algorithms for efficient storage and retrieval of learned material
Active Transfer Learning including human-guided repair of failed transfer between domains and goal-based imitation

Social cognition and metacognition 
Endowing cognitive architectures with explicit “mental models” of other agents to allow for collaboration, dialogue participation, quick strategy adaptation, socially-guided acquisition of knowledge, etc. to include implementing ethical constraints, social conventions or norms, and “rules of war”
Intelligence for decentralized systems
When we have Teams of Agents, these problems (e.g., decentralized planning) become even harder









Cyber Science

Enhance United States
National Security & Economic Prosperity
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DoD internal/external
engagement

Services and Agencies Industry and Academia

 DoD Priority Steering « Key Elements of PSC S&T
Committees Roadmap shapes:
— Membership includes: — Service Broad Agency

— Service Scientific Research Announcements

Organizations & Laboratories

NSA
DARPA

DoD Chief Information
Officer

The Joint Staff
US Cyber Command

USD for Policy & USD for
Intelligence

Small Business Innovative
Research themes

Small Business Technology
Transfer themes

Multidisciplinary University
Research Initiatives topics
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Good Morning,
I was asked to speak to DoD’s Future Science & Technology Strategy�and  in particular  to provide insight into our future direction and shed light on areas of investment to include complex threats, force multipliers, basic science and how affordability can be achieved by learning to run faster. 
  I will be talking about themes and not budget specifics as there is a talk later today on that topic. These themes are in terms of our seven S&T priorities and our six basic research priorities. While I will mention a couple of programs  to give example I am not going to talk in detail  about any  one program. Instead I want to focus on these themes such that you have a better idea of where our investments are going.

to maintain the flow of innovation while also assuring people are in place in the future  to respond to emerging needs.
  The department is currently developing a STEM strategy as well as an overall strategy with respect to the S&T enterprise which is comprised of industry, academia and the government labs.
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