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\/ Strengthening Our Connections
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Technical
COCOMs QDR |htelligence Universities DoD Labs

| | | | |
DDR&E External Research
Strategy Cell Advisory Panel Community

Curiosity-driven

Application-driven
Basic Research Strategy

Basic Research Strategy

| Basic Science Office

= AFOSR ARL ONR DTRA DARPA MDA

AUniversity visits and advisory panel A connections to the

research community
ANew Connections to the DDR&E Strategic Cell

AMore directed guidance to the OXRs

aoueping oIbaens
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600

500 -

N
o
o

w
o
o

N
o
o

100 -

DoD Basic Research Enterprise

mCore mURI (Research) mURI (Education) mHEL

Air Force Army DARPA DTRA/Chem Bio NDEP

DoD Total FY11 Basic Research Budget Request = $2.0B
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AFOSR Mission

Discover, shape, and champion basic science
that profoundly impacts the future Air Force

A 1D Breakthrough Research Opportunities i
Here & Abroad
~ AFoster Revolutionary Basic Research for Air

S

b Force Needs
< ATransition Technologies to DoD and Industry

-

-

TODAY0S BREAKTHROUGH SCI ENCE FOR TOMC



Basic Research (Focus Areas)

| (FY11PB - $351M)
Aerospace, Chemical & Physics &

Material Sciences

A Aero-Structure Interations &
Control v -

AEnergy, POy

Electronics

¥ ” AComplex Electronics &
~ « Fundamental Quantum

5 & >3

2P Processes
f/lPlasma Physics & High
Energy Density
AOptics, EM, Comm,
«. ==+ Slgnals Processing

University Research

Initiatives
(FY11PB - $136M)
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Life Sciences

Alnfo & Complex Networks

ADecision Making

ADynamical Sys, Optimization & Control
ANatural Materials & Systems
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v Six Disruptive Basic Research Areas:#f\r
“\/’ / Netro

The Honorable Zachary J. Lemnios (Assist Sec Def (R&E)) identified
following six as high priority basic research topics:

_

and solving formerly

Synthetic Biolo
y gy unsolvable problems

Computational Modeling of Human and
Social Behavior

1. Metamaterials and Plasmonics

2. Quantum Information Science Creates new

3. Cognitive Neuroscience foundations for new

4. Nanoscience and Nanoengineering ~ | disruptive technologies
5.

6.

_

AFive goals for DoD to strengthen the defense basic research program:
AProvide scientific leadership for the DoD basic research enterprise
AAt t ract the Nattoconribgte thandlead SoR Esearch
AEnsure the coherence and balance of the DoD basic research portfolio
AFoster connections between DoD performers and the DoD community

AMaximize the discovery potential of the defense research business
environment 10
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N Disruptive Basic Research Areas

1. Metamaterials & Plasmonics:

Engineered design of basic properties and

transport of energy/information in materials
and structures.

2. Quantum Information Science:
Manipulate and control nature down to
the precision of a single quantum.

A Key Research Challenges:

- Efficiently convert optical radiation into
localized energy, and vice versa.

- Enhancing local photophysical processes

- Precise assembly & fabrication of
hierarchical 3-D photonic

- Integrating plasmonics with
nanostructured semiconductor devices

AKey Research Challenges:
- Maintain guantum coherence over time

- Discovering new algorithms that fully
exploit QIS for new capabilities

- New techniques to control quantum
systems

- New materials, fabrication for long
coherence time

Seeing single atoms in an optical lattice 11



N Disruptive Basic

3

Research Areas

3. Cognitive Neuroscience:
More deeply understand and more fully

exploit the fundamental mechanisms of the
brain.

4. Nanoscience & Nano-

engineering: Advanced materials and
manufacturing processes are built using
control at the nanoscale.

A Key Research Challenges:
- Solving the inverse problem of predicting
human behavior from brain signals
- Translating clinical measurements &
analyses to uninjured personnel
- Developing models incorporating
individual brain variability

Map of brain interconnectivity as measured by
Diffusion Tensor Imaging

AKey Research Challenges:

- Understand physical, chemical, and
biological properties at nanoscale

- Develop nano-manufacturing using
designed molecular assemblies,
processing of information using
photons or electron spin

- Detection of chemicals or bioagents
using only a few molecules

14
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\/ Disruptive Basic Research Areas

5. Synthetic Biology:
The promise of engineered biology for a
multitude of applications.

A Key Research Challenges:

- Modeling and simulation to address
complexity of pathways

- Automation of trials

- Selection of appropriate host cell
compatible with synthetic genome

- Regulation and societal acceptance

BIOFUELS:

AFOSR Biofuel program
involved in a systems
biology approach to map
out and model natural
pathways/networks and to
target certain pathways for
genetic alteration via
metabolic engineering.

Algal production strains

6. Computational Models of
Human Behavior: A fundamental

understanding and predictive capability of

human behavior dynamics from
individuals to societies.

AKey Research Challenges:
Conflicting theories
Data management and fusion

Mathematical complexity

Validation of models

16



A 2
\\/ Trends in AFOSR Emphasis

- RED = PBD709 Topics
A Advanced Mathematics BLUE = Tech Horizons

A Hypersonics (Turbulence Control) Grand Challenges

A Complex, Multi-Functional Materials GREEN = Both
A High-Temperature Superconductivity
A Info Assurance and Network Sciences

A Interfacial Sciences (Thermal, Tribology)
A Counter-Directed Energy Weapons

A Robust Decision-Making, Info Fusion

A Socio-Cultural Modeling, Minerva

A Quantum Information Sciences

A Space Situational Awareness

A fs-Laser Material Interactions

A Artificial Intelligence
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ASecDef Topic Enhancements (PBD709)

Tech Horizons Grand Challenges

- Information Assurance

- Interacting Complex Networks
- Artificial Intelligence

- Socio-Cultural Modeling

AMateriaIs and Processes Far from
Equilibrium

- Physics and Chemistry of Surfaces in
Highly Stressed Environments

- Small Molecule Activation
- Extreme Optics
ATransformational Computing
- Neural Computing
- Bio-Inspired Distributed Control Sys.

-Beyond Mooreds Law ===

- Multiscale Modeling

1.

Inherently Intrusion-
Resistant Cyber Networks

2. Trusted Highly-Autonomous

3.

Decision-Making Systems

Fractionated, Composable,
Survivable Remote-Piloted
Systems

Hyper-Precision Air Delivery
In Difficult Environments




A

Aerospace, Chemical &
Materials Sciences
(RSA)

A Aero-Structure
Interactions and
Control

AEnerg)’, Power, and
Propulsion

AComplex Materials
and Structures

Physics &
Electronics

A Complex Electronics
and Fundamental
Quantum Processes

A Plasma Physics and
High Energy Density
Nonequilibrium
Processes

A Optics, Electro-
magnetics,

Communication, and
Signal Processing

- A Dynamical Systems,

| A Natural Materials

Math, Information
& Life Sciences
(RSL)

A Information and |
Complex Networks

A Decision Making

Optimization, and
Control

and Systems
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A 2 _ :
\“/ Aero-Structure Interactions and

Control

A Objective: Characterization, modeling, and exploitation of
Interactions between unsteady aerodynamic flow fields and
dynamic air vehicle structures.

A Critical Subjects Include:

A Tech Horizons KTAs:
- Autonomous Systems
- High-Temperature Materials

Turbulence and laminar-turbulent transition
Flow control

Unsteady aerodynamics
Structural dynamics

Aero elasticity

- Structural Modeling and Simulations

- High Speed Turbines
- Advanced Aerodynamic Configurations

30 kW Inductively Coupled Plasma Facility
for High Temperature Material Testing

22



Aero-Structure Interactions &

Control

AHypersonics Research - Long Range
Strike Weapon (CC): Advance fluid
physics knowledge base and resultant
predictive tools for hypersonic and
boundary layer flows required to design
future AF systems.

AHigh-Fidelity Simulations: Model-free
simulations of >Mach 3 shock/turbulent
boundary layer interactions provide
physical insight for development of
reduced order models.

AMicro-Robotic Fly: Research to
understand how wing design can impact
performance for an insect-size, flapping- ;
wing vehicle for monitoring & exploration. £ /
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4 Energy, Power, and Propulsion

A Objective: Focus on the production, storage, and efficient
utilization of energy.

A

Critical Subjects Include:
Novel energetic materials
Combustion research
Thermal science
Novel propulsion methods
Catalysis chemistry

New ways in which energy can be
produced/collected/stored/utilized

A Tech Horizons KTAs: Blue light (465 nm) is used to

Alternative Fuels convert CO, to alcohols with a
Spacecraft Propulsion substituted pyradine catalyst

Energy Storage and a p-GaP electrode.
Thermal Management Components
Hydrocarbon Boost Engine o



N Complex Materials and Structures
Qr

A Objective: Future materials and structures that incorporate
hierarchical design and functionality from the nanoscale
through the mesoscale to effect functionality and/or
performance characteristics to enhance the mission
versatility of future air and space systems.

A Critical Subjects Include:
I Materials with tunable properties 7 *
| Adaptive morphing structures e = :e
| Active materials with on-demand P %
shape and phase change Z35as S Ee ‘

I Reconfigurable structures
A Tech Horizons KTAs:

- Nanomaterials
- Directed En ergy Protection 3D Pillared CNT/Graphene Nano Structure

- Light Weight Multi-functional Materials
- Health Monitoring and Prognosis

2y

26
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N~ Decision Making

g

A Objective: Discovery of mathematical laws, foundational
scientific principles, and new, reliable and robust algorithms,
which underlie intelligent, mixed human-machine decision
making.

A Critical Subjects Include: /
I Robust human-machine decision making et

i Socio-cultural modeling

I Mathematical analysis and models of individual
human cognition and collective behaviorCombining
sensor, intelligence, and database information
resources to formulate hy
intensions, information fusion

A Tech Horizons KTAs:
- Cognitive Modeling
- Human-machine Interfaces
- Autonomous Reasoning and Learning
- Collaborative and Cooperative Control
- Social, Cultural, Human Behavior Modeling

Critical
Information

28
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A
\// Decision Making

AACT-R Cognitive Model - LVC Training &  [acSed 'TS;angd Bl
Assessment (CC): Develop a system which o P
can perform the full range of human cognitive
tasks: capturing in great detail the way we
perceive, think about, and act on the world.
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Memcs and Measurer \ &’i - Mission Ops

Manned and Unmanned Ops

A Capturing Black Swans: Developed new
tools in probability and statistics for ranking
risks, realistic prioritization to catastrophic
events, making decisions under unpredictable
conditions preceding an event and evaluating
the economic after-effects of a disaster.

AOptimized Mission Control of UAV:
Automated UAVs adapt their actions more
rapidly in response to unforeseen events and
ultimately require less human supervision.
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