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Naval Research Laboratory (Appropriations Act, 1916 ): - bl
“[Conduct] exploratory and research work...necessary... for |
the benefit of Government service, including the
construction, equipment, and operation of a laboratory....”
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Office of Naval Research (Public Law 588, 1946 ):
“... plan, foster, and encourage scientific research in
recognition of its paramount importance as related to the
maintenance of future naval power, and the preservation of

national security.... ”
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Transitioning S&T _(Defense Authorization Act, 2001)
“...manage the Navy’s basic, applied, and advanced
research to foster transition from science and technology to
higher levels of research, development, test, and
evaluation.”




@ Focused on advancing the Navy/Marine Corps
vision
@ |nnovative in product and process

@ Flexible enough to solve today’s critical
challenges while focusing on tomorrow and the
Navy and Marine Corps after Next

@ The focal point for all science and technology
research in the Navy and Marine Corps

ONR Excels at Transitioning Science, Technology, an d
|deas to the Fleet/Force
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CNR coordinates a
consortium of S&T
elements in Systems
Commands, Warfare Centers,
Naval Laboratories, UARCs,
FFRDCs, other naval organizations
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@ Basic Research
o Applied Research
o Advanced Technology Development

Basic Research—Shoaling

5 Waves Experiment Yo Advanced Technology
T — Development—REMUS

- Applied Research—Wave
Modeling and Prediction

Peer review of portfolios, not proposals



Today’'s Navy & Next Navy & Navy & Marine

Marine Corps Marine Corps Corps after Next
CNO, Commandant, PEO, CNR
CoComs, Fleet & USMC SYSCOMS DoN Science &
Technology
Operational Naval Naval Science
Navy & AGEEIRUET & Technology
Marine Programs
corps T

ONR main OPAREA



DISCOVERY &

INVENTION
HIGH (Basic and Applied
Science)

ONR

LEAP AHEAD
INNOVATIONS

ACQUISITION
ENABLERS
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Naval Labs and Centers

6.2
23% University & Nonprofit
w Industry

FY 2006 Obligations as of 30 Sep 06

(Preliminary Performer Percentages 10/06)
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Building a science and technology portfolio Is value

Investing, not _ speculation.

Kenneth Wilson (Physics, 1962)

Felix Bloch (Physics, 1952)
Linuz Pauling {Chemistry, 1054) William Fowler (Physles, 1983)
Severo Ochoa {Medicine, 1958) Jeroms Karle (Chemistry, 1985)
Herbert Hauptman (Chemistry, 1985)

Yuan T. Lee [Chemistry, 1986)
Dhudley Herschbach [Chemistry, 1986)
John Polanyi (Chemistry, 1986}

Hans Dehmelt (Physics, 1989)
Morman Ramsey (Physics, 1989)
Rudaolph Marcus (Chemistry, 1992)

Gieorgs Olah (Chemistry, 1994)
Richard Smalley (Chemistry, 1996)
William D. Phillips (Physics, 1987)
Walter Kehn (Chemistry, 1594)
Daniel Tsui (Physics, 1008)
Ahmed Zewail [Chemistry, 1995)
Herbert Kroemer (Physios, 2000)

Donald Glaser (Physics, 1980)
Robert Hotstadter {Physics, 1967)
Melvin Calvin (Chemistry, 1961)
Georg von Bekesy (Medicine, 1981)
Charles H. Townes (Fhysics, 1864)
Haldan Hartline (Medicine, 1967)
George Wald (Medicine, 1967}
Hans Bsthe {Physics, 1967T)
Har Gobind Khorana (Medicine, 1968)
Kenneth Arrow (Economics, 1872)
Gerald Edelman (Medicine, 1872)
Lean Cooper (Physica, 1972)

J. Robert Schrieffer (Physics, 1872)
Christian Anfinsen {Chemistry, 1972)
Paul Flory {Chemistry, 1974)
William Lipscomb {Chemistry, 1976}
Peter Mitchell {Chemistry, 1978)

Alan J. Hesger [ Che mistry, 2000)
Alan G. MacDiarmid { Chemistry, 2000)
Hideki Shirakawa { Chamiatry, 2000)
Eric Kandel (Medicine, 2000)
Erie Comell (2001}

Herbert Simon (Economics, 1978)
Herbert Brown (Chemistry, 1978)
Arthur Schawlow (Physics, 1981)
Nicolaas Bloembergen {Physics, 18681}
Roald Hoffman (Chemistry, 1981}
David Hubel (Medicine, 1881)

Carl Wieman (2001)
Woltgang Ketterle (2001)

Naval Nobels— 50 and counting

NRL’s Jerome
Karle receives
his Nobel



Platforms

Operational Environments
ISR

Countermeasures &
Counterweapons

* Autonomous Systems
* Materials

* Power & Energy

* Sensors & Electronics
* Weapons

Marine as a System
Warrior Performance &
Protection

C4

Information Analysis &
Decision Support
Logistics




Mission: seek opportunities to
promote science and technology
collaboration of mutual benefit
between the US and
researchers around the globe

*  Chief of

*

Naval Research

RADM Landay

Technical Director

*

Vice Chief of
MNaval Research

ONRHQ

ONRG

PMR-51

NRL

ONRG objectives:

Link the international S&T community to the Naval Research

Enterprise,

Assess “In Region” S&T/R&D Trends, and

Connect the Fleet/Forces to the Naval S&T/R&D Community

through Science Advisors.
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Sponsor scientist travel to
the US to talk to scientists
from the NRE (VSP)

Sponsor / participate in
International conferences
(CSP)

Engage in collaborative
projects (NICOP)

Exchange research
Information

Sponsor cooperative
research with the NRE.

NRE: Naval Research Enterprise
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CONFERENCES, WORKSHOPS AND COURSES

Methane Hydrates Cruises and Workshops, Chile

Percolation, Particle Systems and Randoms Media Conference, Chile
Multifunctional Materials Workshops in Brazil, Argentina and Chile
Oceanographic Course at Universidad de Concepcion, Chile

PASI on Differential Equations and Nonlinear Analysis (Americas VI)

6-1SICP Symposium: Advancements in Energetic Materials and Chemical
Propulsion, Chile

Seventh Latin American Workshop on Magnetism Magnetic Materials and their
Applications

Conferences on Non-equilibrium Statistical Mechanics and Nonlinear Physics
Latin America Science and Technology Forum on Biotechnology

IV Specialized Inter-American Naval Conference on Science and Technology, Peru
Analysis and Probability in Quantum Physics Workshop

International Indium Nitride Workshops, Brazil

IV Chilean Advanced School on Astrophysics, Chile

Riverine Warfare and Maritime Security Workshop, Colombia



ONRG-LA served as organizer and Secretariat of IV
SIANC-S&T, held in Lima, Peru from 13-15 MAR 2006

Peruvian Navy Admiral served as Conference Director

First time two countries host a Specialized Conference
together in the Hemisphere

Delegations present: Argentina, Brazil, Canada, Chile,
Colombia, Ecuador, Guatemala, Mexico, Nicaragua,
Peru, Dominican Republic, USA, and Venezuela

Main Objectives:
— Establish a forum for S&T collaboration in the regi on

— Leverage S&T to improve interoperability in the
Western Hemisphere

Council of Delegates
IV SIANC-S&T



A few examples from the region:

Nanotechnology : Joint US-Brazil project on nano-materials
for semiconductors.

Energy : Methane hydrates research: US -Chile-Canadian-
German and UK.

Oceanography : US - Argentina — Brazil — Uruguay project
studying the seasonal effects of the Rio de la Plata Basin
circulation.

Physics : Argentina-US project on complex networks.

Materials : Latin America-wide Multifunctional Materials
Workshops, US-Mexico-Chile

Cyber-Security : Argentina-US project on network security.

Astronomy : Project on optical interferometry with Chile.

Biotechnology:  Latin America-wide forum focused on latest
biotechnology in the region (genomics, extremophiles, force
health protection)

Very Large Interferometer,
Paranal, Chile



Semiconductor Quantum Dots for Satellite Cells Proj ect
(Brazil/Argentina/Canada/US)

Detection and Identification of Network Intruders ( Argentina/US)

Seamless and High-Resolution Mapping & Charting Tie  dto
Geocentric Reference Frame (Chile/US)

Fast Deployment of Autonomous Distributed System fo r Real Time
Augmented Reality Diving (Chile/US)

Forecasting hurricane strength conditions through a coustics
(Mexico/US)

Coupled Ocean/Atmosphere Mesoscale Prediction System COAMPS
(Argentina/uS)

Persistent Riverine Surveillance Network (Colombia/  US)
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Technology:
* Nodriza Class Riverine Patrol Craft

» Vessel Characteristics
* Fully Armored Craft (Anti-RPG / Small Arms)
* Length O.A. - 39.26 m, Beam O.A. - 9.50 m
* Draft—1.2 m, Displacement - 350 tons
* Automated Weapon Control Systems with
Target Recognition
* Helo Pad / Advanced C2 System / Hospital

Research opportunities:

» Pursue collaborative research and development
programs between ONR, NECC, Colombian Navy, and
SOCOM

» Leverage results of the upcoming Riverine Warfare
and Maritime Security Technology Workshop to
identify research areas of collaboration

» Capture Colombian Navy lessons learned in Riverine

crafts design in order to minimize shipbuilding costs of

potential US Navy riverine combat systems

Conduct demonstration of ONR Code 30 technologies

onboard Nodriza Class ship

Nodriza Class - Riverine Support Patrol Vessel

Other Colombian Naval Engineering
Programs

EEZ Patrol Ship

WATH Shi
Riverine Fast Boats S Ship



e Back ups









8"

81%

. v ' %%
0 /12 % ' ' 34 5 67
# "% $
2 8 1 4% #$% %
4 0% 4 4 4 0 49
% 8 " % 1'", 36 3"- v
0 7 &'18 & 4 30 3 & "
/ 1: &4 & % 5: 8"
0. . 7 - T g" 4 4
O % 803. % " % 0 #
% - 03 $ < T g 2 %%
6 32 /14 '% 30
% : m $ = , 3 ; -8
” # % 14 " "
0 % 0 7347 80 4 3"
oo, ’O 4 0
" 34 5 8 6 % 8 3
- % 5: 8"




Vision : Locate and track any target of interest
on, under and above the water extending to
250 nm ashore using integrated networks of
persistent sensors.

Objectives

Sensor Data Integration

* Rapid, accurate, multi-source data integration

» Automated integration of National & tactical sensors

 Data fusion to adapt non-organic and sparse information

Pervasive and persistent sensors

» All domain coverage (space, air, surface, and sub-surface)

« Affordability vs. endurance and reliability trade-off

 Fully automated (self networking with sensor level
processing)

» Secure and taskable data exfiltration nodes

Tactical sensor networks

» Autonomously interconnecting with real-time monitoring

» Secure, survivable, self-healing and adaptable

Homeland and Port Defense Monitoring

* New systems and protocols for target identification and
tracking utilizing fixed and deployable cueing systems

* WMD detection tools

Key Research Topics

Information Processing, Discovery and Presentation
Networked Sensors
Communications and Networks
Intelligent and Autonomous Systems
Distributed Undersea Search & Surveillance
Bio-sensors, -materials, -processes & Bio-inspired

Systems
Electro-Optics
ISRT - EM
Nanometer Scale Electronic Devices/Sensors
Navigation & Precision Timekeeping
Spacecraft Technology
WMD Detection




Vision: Generate options for decision making,
reduce information overload, and prevent
disruption-causing degradation to enable
Commander’s decision making at the tactical and
strategic level.

Obijectives

Rapid, Accurate, Decision Making:

» Enhanced human decision making while reducing the time-
filtering of data and information

» Automated generation and management of Courses of Action

» Automated graphical representation of Commander’s Intent

* Knowledge and task focused human-system interfaces

* Information assurance (authenticity, accessibility, and validity)

Decision aids:

» Smart algorithm development for optimum action

* Networked architecture for real-time operations

» Rapid and reliable data access for threat-intent determination

Communications and Networks:

* Mobile Ad-Hoc Networking

» On-demand reach-back of systems

* Quality of service mechanisms for Commander’s Intent

» Autonomous monitoring and control of tactical
communications and networks

» Automatic alignment of sensors & networks

Cyber Warfare
» Cyber Security
* Information Operations

Key Research Topics

Info Processing, Discovery and Presentation
Decision Support Tools
Automated Image Understanding
Human Factors Organizational Design and Decision

Research
Communications & Networks
Information Assurance & Anti-Tamper
Computational Analysis
Nanometer Scale Electronic Devices/Sensors
Solid State Electronics




Vision : Exploit the environment to our tactical
advantage by accurately predicting the ocean, air,
littoral and riverine environments on tactical and
strategic time scales.

Objectives

Mobile autonomous environment sensing:

» Autonomous sensing of ocean and littorals to Beach Exit Zone

 Actionable environmental sensing that automatically adapts
sensing strategy to changing conditions

Match predictive capabilities to tactical planning

requirements:

« Ocean-atmosphere coupled global, regional, and local modeling
and prediction for operational planning

* Forecasts for refractivity, duct heights, fog, rain, clouds, visibility,
tropical cyclones at global, regional and tactical scales to
increase mission go/success

Adapt Systems to the Environment:

» Methods to account for acoustic and electro-magnetic
propagation, scattering, ambient noise and bottom effects

« Automated sensor and weapons performance prediction and
reconfiguration

* Impact/response for space environmental effects.

Key Research Topics
Unmanned Undersea Vehicle Technologies
Unmanned Air and Ground Vehicles
Intelligent and Autonomous Systems
Bio-Inspired Systems
Physical Oceanography
Marine Meteorology
Ocean Acoustics
Littoral Geosciences, Optics and Biology
Space Environmental Effects
Marine Mammals
ASW Performance Assessment
Mine Warfare Performance Assessment




Vision : Enable Naval forces to preempt and defeat
adaptive non-conventional threats operating within
complex physical and social terrain.

Objectives

ISR:

* Unmanned Vehicles : Intelligent autonomous unmanned
vehicles, sensors, and communications

* Interior/Exterior Imaging : Rapidly reconstruct and fuse multi-
aspect sensor data into 3-D tactical models of building interiors
and exteriors

* Riverine Surveillance : Common and persistent maritime
picture on and below the surface/shore

Intelligence Analysis

* Image and Pattern recognition tools
 Societal, cultural, and behavioral modeling
» Biometrics

Active and Passive Forensics Tools
* Field-portable forensic tools, sensors, and sensor networks; as
well as spectrally-coded particulate markers and probes

Advanced Countermeasures

* Dominate EM spectrum

 Predict, detect and neutralize IED’s and P-IED’s

» Deny adversaries the ability to hide among civilian population
* Phase 0 S&T

Key Research Topics
Unmanned Undersea Vehicle Technologies
Unmanned Air and Ground Vehicles
Intelligent and Autonomous Systems
Automated Image Understanding
Information Processing & Presentation
Social, Cultural & Behavioral Modeling
Biometrics
Nanoscale Electronic Devices and Sensors
EW Attack
Counter IED
Non-Lethal weapons




Vision : Enable dispersed small units to dominate
extended battlespace through advanced
warfighter training, unambiguous situational
awareness, robust communications and sense
and respond logistics.

Objectives

Training

» Enhancement of Physical and Cognitive Performance
 Simulation — based scenarios for enhanced training

» Rapid assimilation of cultural environments

Communications
* Robust Command and Control networks
* Airborne relays on manned and unmanned platforms

Logistics

» Rapid re-supply and medical evacuation whenever possible
» Real-time automatic supply sensors and network

» Optimize medical self-sufficiency

Fires

* Integrate firepower of distributed ground, offshore, and air
assets

* Blue Force Tracking down to the individual

Survivability
» Warfighter stealth technology
» Warfighter exoskeleton technology

Maneuver

» Adaptable and survivable tactical mobility systems to enhance
operational tempo and extend range of vehicles and soldiers

» Advanced materials to reduce combat load

Key Research Topics

Training, Education & Human Performance
Expeditionary C4

Communications and Networks
Expeditionary Logistics

Expeditionary Firepower

Precision Strike

Expeditionary ISR

Unmanned Air and Ground Vehicles
Special Warfare / EOD

Land Mine Countermeasures
Expeditionary Maneuver/ Individual Mobility



Vision : Attain maritime, littoral, and riverine
access to denied areas and hold strategic and
tactical targets at risk using lethal and non-letha I
means.

Objectives

Anti -Submarine & Mine Warfare

» Rapid Clearing and detection of mines

» Advanced autonomy in unmanned robotic systems to expand
ground reach and reduce threat exposure

* Next generation data and contact fusion to expand the regional
ASW, mine & amphibious warfare operating picture to the
theater level

Distributed Surveillance

« Distributed, networked surface, ground, and underwater
sensors

* Unmanned systems with onboard processing

« Autonomous Maritime Reconnaissance/Neutralization

Battlespace Shaping

* Non-lethal technologies to stop small vehicles and large ships

* Battlespace shaping technology for enabling information
operations

* Decisive operations through a heavy EW attack area

» Access in GPS denied areas — Alternatives to GPS technology

» Operationally responsive use of space

» Tagging, Tracking, and Locating Technologies

Key Research Topics

Anti-Submarine Warfare Surveillance
Mine Hunting

Unmanned Vehicles

Intelligent and Autonomous Systems
Networked Sensors

Space Technologies

Nanoscale Electronic Devices & Sensors
Solid State Electronics

Functional Materials

EW — Attack

ISRT - EM

Large Vessel Stopping

Non-Lethal Weapons

Navigation and Precision-Timekeeping



Vision : Precise extended range indirect fires,
time-critical power on target and control of
collateral damage through electromagnetic
kinetic projectiles, hypersonic missile
propulsion and scalable effects weapons.

Objectives

Future Navy Fires

* Increased fires volume & accuracy

* GPS denial compensation

* Indirect fires to 250 miles from safe offshore locations
Control Collateral Damage

» Scalable effects weapons

» Selectable/directional lethality

Time Ciritical Strike

» Hardened target/moving target reach & destroy

» Worldwide to meet warfighter requirements

Small Unit Combat Power

* Increased small unit weapon lethality

* Neutralize larger hostile forces

Combat Insensitive Munitions

* Reduce system sensitivity to sympathetic detonation
» Maintain payload range & lethality

Key Research Topics

Advanced Energetics

Directed Energy

Electromagnetic Guns

High Speed Weapons Technologies
Precision Strike

Undersea Weaponry

ASW Rapid Attack

Mining

Non-Lethal Weapons

Signature Control & Sensors (LO/CLO)
EW Attack

Expeditionary Firepower



Vision : Enable manned and unmanned
platforms to operate in any hostile
environment and avoid/survive attack
through innovative materials, sensors,
countermeasures and counter-weapons

Objectives

Platform Stealth
* Reduce above water and subsurface signatures
» Multi-spectral LO technologies

Countermeasures & Counterweapons

* Threat weapon tracking

Automated decision making

Low False alarm rate 360 degree detection

Hard kill and soft kill against threat kinetic weapons
Increase standoff to outside threat damage range
Directed energy weapons for speed of light engagement
Counter-LO

Survivable Platforms

» Advanced materials in platform construction
» Damage tolerant platform architectures

» Automated damage control focusing

» Advanced materials for self healing platforms

Force Protection

» Anti-swimmer technology

» Detect and determine threat intent
* Non-lethal response

Key Research Topics

Signature Control (LO/CLO)
Undersea Weaponry

Torpedo Defense

Directed Energy

Survivable Platforms Structures
Functional Materials
Electro-Optics

Solid State Electronics

EW Attack

ISRT — EM

Expeditionary Force Protection
Non-Lethal Weapons



Vision : Sustained warfighter performance
and enhanced decision making in all
environments; through training technologies,
human systems integration, and casualty
management.

Obijectives

Training and Education

» Technologies to shorten training time and maximize
training impact

* Computational models of human cognition applicable to
tactical operations

» Advanced decision tools to aid in conclusive action in all
operational environments

* Risk and uncertainty in complex combat scenarios

Casualty Care/Prevention

» Understand combat physiological and mental stressors

» Improve warfighter resilience in the full range of military
environments and health threats

Warfighter Protection
» Advanced materials for lighter body armor
» Advanced materials for lighter equipment

Manpower management
* Human factors and organizational design to assist in
resource management

Key Research Topics
Training Education & Human Performance
Information Presentation
Decision Support Tools
Undersea Medicine
Casualty Care & Management
Casualty Prevention
Functional Materials
Human Factors, Organizational Design & Decision
Research




Vision : Increase Naval forces freedom of
action through energy assurance and power
efficient systems, to provide desired power at
the platform, system, and personal level.

Objectives

Alternative Energy Sources

» Use of synthetic hydrocarbons & alternative fuels
» Wave Action & Bio-Energy Conversion

Energy Storage

» Portable, rechargeable & reserve batteries

» Personal power

Efficient Energy & Power Conversion

» Materials to increase efficiency and power density
* Power distribution architectures

* Motors and actuators

» Technologies in lubrication, friction, and wear
High Energy & Pulse Power

» Energy storage power system architectures

» Energy pulsed power switching & control systems

Key Research Topics

Advanced Naval Power Systems
Air Platform Power

Power Electronics

Personal Power

Bio-Sensors, Materials, Processes
Manufacturing Science

Functional Materials



Vision : Develop agile, fuel efficient, and
modular platforms capable of operating in any
environment using physics-based design tools.

Obijectives

Efficient, high endurance, high speed platforms

* New and novel advanced platform design supporting new
directions in Naval warfare (size, agility, modularity, etc)

 Higher performance at reduced fuel consumption
aerodynamic and hydrodynamic propulsion & power plants

* All terrain, lighter, more agile ground vehicle suspensions
and drive trains

» Manned or unmanned surface vessel launch and recovery

* Light weight/higher strength advanced composites and
structural metals (cellular, light weight alloys) building blocks

Vertical lift operations in challenging
environments

* High performance VTOL/VSTOL

* High sea states launch and recovery technology to enable
manned / unmanned air and surface platform operations

Autonomous and unmanned vehicle mobility

* Vehicle design technology for littoral missions and
environments

» Multi-unmanned vehicles supporting simultaneous
cooperative operations

» Advanced robotic systems for ground combat

Key Research Topics

Advanced Sea Platforms

Air / Ground Vehicles

Air Propulsion

Advanced Naval Power Systems

Expeditionary Maneuver

Advanced Naval Materials (Structural, Functional)
Naval Engineering/Naval Architecture

Unmanned Undersea Vehicle Technologies
Unmanned Air and Ground Vehicles




Vision : Provide the warfighter with supplies
and equipment where and when needed, for
Distributed Operations, Seabasing, and
Global Fleet Stations.

Obijectives

Sea Basing

» Seabased logistics and communications operations M&S
* Ship-to-ship/ship-to-shore logistics

» Heavy-lift vehicle launch and recovery
« Flexible and responsive warehousing
Responsive and Visible Logistics
* Point-of-delivery systems

* Total asset visibility technologies

* Flexible and responsive logistics
Autonomous Re-supply

* Intelligent re-supply agent systems

» Sense and respond delivery system

Key Research Topics

Advanced Sea Platforms
Seabase Enablers

Expeditionary Logistics

Intelligent & Autonomous Systems

Human Factors, Organizational Design, and
Decision Research



Vision : Reduce acquisition and life cycle cost
of Naval platforms and systems through

design tools, reduced maintenance, intelligent
diagnostics, and automation.

Objectives

Platform Affordability

» Advanced M&S for design, test & evaluation
» Advanced composite alloys & ceramics

» Open architecture for hardware

» Software reliability

* Low cost sensors

* Innovative manufacturing technologies
Maintenance & Life Cycle Cost

» Condition-based maintenance systems

» Corrosion control technology

» Wear resistant life-time materials

* Energy efficient systems

» Performance prediction M&S tools
Automation to Reduce Manning

» Small autonomous vehicles & systems

» Operator action reduction technologies

* Remote monitoring (diagnostics and correction)
» Automated control systems

Key Research Topics
Advanced Sea Platforms
Air / Ground Vehicles
Complex Software System Tools
Anti-Tamper
Manufacturing Science and Technologies
Affordability / Reduced Platform Life Cycle Cost
Advanced Naval Power Systems
Power Electronics
Bio-Sensors, Materials, Processes
Structural Materials
Materials Prediction and Simulation
Environmental Quality
Intelligent and Autonomous Systems




