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NAVAL RESEARCH LABORATORY

VIEW FROM THE TOP

from CAPT MARK C. BRUINGTON and DR. JOHN A. MONTGOMERY

he U.S. Naval Research Laboratory (NRL) is a

place unlike any other. It's where we advance basic
science and nurture unconstrained ideas so that, in the
future, the two may merge as an innovative capabil-
ity. When the Navy and Marine Corps have a tough
problem, they come here; but we’re not just pushing the
envelope for today’s warfighters, we're also enhancing
the United States’ global posture and influence in ways
that won’t come to light for another 50 years.

When we're asked what makes NRL so special, we
always say that it's our people first and foremost. We
bring together the best scientists and engineers, and
provide them the freedom and the tools to pursue their
passions and answer the most urgent applications. We
don't know of another place that encourages—requires,
even — the kinds of interdisciplinary avenues of re-
search like NRL. As this NRL Review shows, it’s really
at these intersections — where materials science and
computational physics, chemistry, and sensing merge
— that the most innovative research flourishes.

These kinds of advances are possible because
NRL has world-class facilities across the United States,

with one-of-a-kind laboratories like the Laboratory

for Autonomous Systems Research, the Institute for
Nanoscience, and the Nike Laser Facility. These are the
places where we find the space to build our knowledge,
expand our creativity, and interface with colleagues to
do our work.

The products that emerge are meaningful and cost-
effective to transition to our warfighters as we partner
with industry. This Review provides an in-depth look at
some of the most important products from the past year,
including global weather prediction systems, alternative
energy technologies, and remote sensors and imagers.
NRL’s advances often come to be used by citizens in
their everyday life; this year’s Review highlights some
of those achievements as well.

As we continue to foster research in these and
many other areas, we remain confident that NRL will
— as it has done since 1923 — keep our nation and
our allies ahead of our adversaries, with science and \

technology benefits for us all.
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The NRL Review dramatically illustrates the range of research
capabilities and innovative technologies that make the Naval
Research Laboratory a leader in so many fields. Driving all of
NRLs innovations and successes are the highly motivated
people who work here. It is these people who provide the talent,
creativity, and sustained effort to turn ideas into realities

in support of the Navy mission. In this section, we proudly

highlight some of these special people.




MR. PAUL CHARLES has been a research chemist in the Center
for Bio/Molecular Science and Engineering since his arrival at
NRL in 1991. His research has focused on the design of novel
fluorescence-based biomolecular sensors for the detection of
explosives, PCBs, and drugs of abuse. This research has been
adapted for field monitoring applications of environmental
contaminants in seawater, groundwater, and soil. Mr. Charles’s
current research has involved sensor integration into under-
water autonomous vehicles for use in the marine environment.
He has experience in the design and synthesis of 3D polymeric
materials for the immobilization of proteins and oligonucle-
otides in microarrayed formats; synthesis and characterization
of molecular products by HPLC, FTIR, and GC-MS; and meth-
' ods and protocol development for solvent vapor headspace and
particulate analysis. Mr. Charles has a B.A. in biological sciences
from the University of Maryland, Baltimore County (UMBC) and a master’s degree from the University of Maryland,
University College (UMUC) (health care/business administration). He has more than 40 publications (1000+ citations),
5 patents, and numerous presentations at national and international conferences. In addition to his research, Mr. Charles
serves as the director of the ONR-sponsored summer internship program at NRL for underrepresented minority under-
graduates who attend historically black colleges and universities/minority institutions (HBCU/MI). This program encour-
ages talented students to pursue graduate degrees in the STEM disciplines by providing a 10-week “hands-on” research
and mentoring experience with NRL scientists. Students are also provided opportunities such as career development and
scientific workshops, teambuilding events, and educational visits to graduate schools to enhance their NRL research expe-
rience. To date, more than 260 interns have participated, and more than 25 have co-authored refereed articles published
in prestigious scientific journals. “I have been extremely blessed to have worked more than 20 years as an NRL scientist
with some of the brightest minds in the world performing state-of-the-art research. I strongly promote diversity in the
scientific community and believe it is essential that we encourage our youth and provide opportunities through mentor-
ing programs (especially to talented underrepresented minorities interested in STEM disciplines). I believe the Navy and
the DoD can maintain its high level of scientific superiority; however, it must continue to broaden its scope and embrace
ideas from all communities. Brilliant ideas know no race, color, or gender. They are just brilliant ideas”

MS. TRIJNTJE DOWNES is a member of the Intelligence,

Surveillance, and Reconnaissance (ISR) Systems Section in the
Applied Optics Branch within the Optical Sciences Division.
She received a master’s degree in physics from U.C. Irvine in
1988, and worked at Rockwell International and the RAND
Corporation before joining NRL in 1998. She spent five years
in the Remote Sensing Division helping to develop and test
models for ocean—atmospheric light fields before transferring
to Optical Sciences where she has been instrumental in the
analysis, development, and field testing of numerous hyper-
spectral sensors. She leads the data analysis efforts for sensor
collections and is one of the key image specialists that evaluate
advanced target detection algorithms developed by the branch.
In addition, she manages the branch’s multilevel security data
storage and exploitation facility where all of the classified and
unclassified multisensor data are archived and exploited. “Working at NRL provides both an academic and commercial-
industrial experience. We see ourselves as the ‘trusted, honest agent’ for our customers who rely on our research to
provide answers to difficult questions”
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MS. LAURIE FIALKOWSKI is a mathematician in the NRL

Acoustics Division. Her areas of research include acoustic
signal processing and acoustic propagation modeling, with
application areas in detection and classification of underwater
sound sources, as well as geo-acoustic inversions. As part of the
Acoustic Signal Processing and Systems Branch, Ms. Fialkows-
ki has focused much of her research in developing techniques
that will provide the Navy with robust target detection and
classification capabilities, both for platform-based receivers
and for autonomous surveillance. She is currently the principal
investigator of an effort to develop and field-test waveguide-
invariant-based methods that exploit acoustic guide sources at
the ocean surface for use in passive signal processing in littoral
regions. In support of this effort, Ms. Fialkowski participated
in the planning and execution of at-sea experiments on the
New Jersey Shelf in 2012 and 2014. During these experiments, Ms. Fialkowski worked alongside several NRL scientists
to deploy ocean acoustic recording equipment from aboard the University of Delaware’s research vessel R/V Hugh R.
Sharp. During her years at NRL, Ms. Fialkowski has participated in several ocean acoustic experiments, many of which
involved multinational collaboration. Ms. Fialkowski first came to NRL as a cooperative education student in 1988 while
pursuing a bachelor’s degree in applied math at Texas A & M University; she joined NRL full-time after completing her
undergraduate degree in 1990. Ms. Fialkowski also completed a master’s degree in applied math at the University of
Maryland in 1998 while participating in NRUs Edison Memorial Graduate Training Program, a program which enables
employees to pursue graduate studies in their fields at local universities. “Working at NRL has offered me interesting
and diverse opportunities, many that I never imagined would be available to a mathematician.... From the day I came
aboard, experienced scientists enthusiastically offered guidance, and I was encouraged to participate in workshops and
field experiments. My time at NRL continues to be an exciting balance between independent research, team develop-
ment, and field experience”

MR. BRETT HUHMAN has been in the Electromagnetic Launch-
ers and Advanced Systems Section of the Plasma Physics Divi-
sion since his arrival at NRL as a contractor in 2005; he became
an NRL employee in 2007. He graduated from the University of
Missouri with a B.S. and M.S. in electrical engineering in 2003
and 2006, respectively. In 2013, he was selected as a recipient
of the NRL Edison Memorial Graduate Training Program, and
is currently a Ph.D. candidate at Virginia Tech. Since joining
NRL, Mr. Huhman has pushed the state of the art in both high-
resolution flash x-ray sources and electromagnetic railguns. In
2005, he successfully delivered a modified Febetron unit that
combined the casing and Marx capacitor bank of a Febetron
with an NRL-designed front end, allowing the use of a much
smaller anode on the vacuum diode. The resulting radiographs
have demonstrated a 10x increase in radiographic figure of
merit for explosively strained material tests. From 2007 to 2012, he was the operations manager of the NRL Railgun,
coordinating the efforts of a multidisciplinary team investigating the pulsed power, materials, and physics of high pow-
ered railguns. In 2011, he was a recipient of an Award of Merit for Group Achievement for NRLs 1000th railgun shot. In
2012, Mr. Huhman became the PI for NRLs new effort in battery-based rep-rated pulsed power systems, designing from
the ground up an operational system capable of driving a small caliber railgun 10 times per minute for five minutes.
“NRL has the greatest working environment for me: I can go to work in jeans and t-shirt, shoot oft an indoor artillery
gun, and have access to world-class scientists working on nearly any topic.”

2014 NRL REVIEW | nrl’s involved!



DR. SANGEET “SUNNY” KHEMLANI is a cognitive scientist at
the Navy Center for Applied Research in Artificial Intelligence
(NCARAI). He joined NRL in 2011 as a postdoctoral fellow
after earning a B.S. in cognitive science from Rensselaer Poly-
technic Institute and a Ph.D. in cognitive science from Prince-
ton University. In 2014 he was hired as a Karles Fellow under
the auspices of the Intelligent Systems Section at NCARAI. His
research goal is to build computational models of higher-level
cognitive behaviors. He designed mReasoner, a system that
mimics how people reason about abstract concepts like quan-
tity, time, and probability. One of the things he enjoys most
about working at NRL is the opportunity to collaborate with
talented experts in human-robot interaction, artificial intelli-
gence, and cognitive science at the Laboratory for Autonomous
Systems Research (LASR). “The LASR community is unique

in its focus on the difficult problem of how to build autonomous systems that are sensitive to human cognitive abilities
and constraints. My goal is to get people and robots reasoning together by designing artificial systems to understand the
strengths and weaknesses of human information processing”

MR. ANDREW QUAID is the senior engineering technician

responsible for the planning and execution of oceanographic
experiments for the Physical Oceanographic Processes Sec-
tion of the Oceanography Division. In 2002 he earned a B.S. in
chemical oceanography from the Florida Institute of Technolo-
gy. He worked for the U.S. Geological Survey and assisted with
ecological mapping of the deep water coral reefs in and around
the now active oil drilling operations in the northeastern Gulf
of Mexico. In 2004 he joined NRL, working around the globe
on many different projects, with many diverse oceanographic
devices. Since Oceanography Division field experiments are
always unique, he often has to quickly devise effective solu-
tions to complex problems associated with data collection and
logistics. Some of his more recent innovative accomplishments
include development and implementation of a new type of
pitch/roll/depth sensor important to deployment of Barny-mounted ADCPs; a Set and Drift at Depth (SDD) mission se-
quencing for gliders; a mechanism for increasing the sampling rates for glider-mounted optical instrumentation, a capa-
bility currently unique to NRL; and a power control system for efficiency of an autonomous inverted echo sounder that
resulted in high cost savings. He is the Oceanography Division’s expert in the deployment and piloting of autonomous
underwater vehicles (AUVs) and sensor platforms. His combined experience with instrumentation, theory of opera-
tion, and ability to process and quality control various types of data are vital to accomplishing objectives for the numer-
ous field experiments in the Division. Through NRLs Edison program, he earned an M.S. in marine science from the
University of Southern Mississippi in 2012. His thesis work is related to NRLs development of a sediment microbial fuel
cell, often referred to as the “Bug Battery,” in which he was integral to the fabrication and field testing. “I knew I made
the correct career choice in 2002, after graduating from the Florida Institute of Technology. I knew I would be seeking
employment in the oceanographic field for the rest of my career, and have found a happy home working for NRL. NRL
has enabled me to continue my education, which meshes perfectly with the hands-on knowledge of studying dynamic
ocean processes, and the technology that is used for sensing the environment. My goals for the Division are to redesign
sensor platforms and to incorporate new technology, allowing for more efficient and cost-effective field exercises, while
improving observational techniques, data quality and quantity”

nrl’s involved! | 2014 NRL REVIEW



MS. TERI THOMAS is head of the NRL Purchasing Branch

in the NRL Supply and Information Services Division. Ms.
Thomas oversees the full spectrum of the acquisition process
and manages the purchasing of required supplies, material, and
services up to $150,000 on the open market; up to the maxi-
mum order limit through the Federal Supply Schedule (FSS)
program and other indefinite-delivery type contracts; and
through the wholesale supply system. In addition, as part of a
temporary Federal initiative, Ms. Thomas’ branch has procure-
ment authority for purchasing commercial items and services
greater than $150,000 but not exceeding $6.5 million. These
functions are critical to the success of the NRL research mis-
sions. In FY14, her branch processed more than 11,000 pro-
curement requests valued at $96 million, often under extreme
deadlines as priority orders. Ms. Thomas has been in the posi-
tion since March 2009 and has 34 years of acquisition experience. Throughout her career, she has served as procurement
technician, purchasing agent, and procurement specialist. As the branch head, she routinely works with the NRL scien-
tists, researchers, and other technical and support personnel by providing expert advice and guidance on the best way to
satisfy the customers’ needs. “I am always searching for new ways to simplify and streamline the process, yet maintain
the spirit and intent of the myriad complex Federal and other DoD procurement regulations and policies. My goal is to
lead and inspire my staft to provide critical and successful customer support to the NRL research community”

DR. SHARON VTIPIL is an aerospace engineer with NRLs Mis-
sion Analysis Section of the Naval Center for Space Technol-
ogy. She applies her astrodynamics expertise to solving space
challenges in the areas of orbit determination, coverage analy-
sis, and orbit design. Sharon maintains two NRL astronautical
software programs: Orbit/Covariance Estimation and ANalysis
(OCEAN) and Ephemeris Propagator Library (EPL). OCEAN
is used for orbit determination and data simulation while EPL
determines satellite look angles for ground sites. Sharon earned
her bachelor of science degree in aerospace engineering from
the United States Naval Academy in 1997. Upon graduation,
she commissioned into the United States Air Force. As a Space
Command officer, she worked for eight years in the areas of
space operations and program management. During her time
in the Air Force, she earned her master of engineering degree
in aerospace engineering from the University of Florida in 2000. In 2010, she earned a doctorate degree in aerospace en-
gineering from Old Dominion University researching orbit design for Earth observing satellites. “Here at NRL I have the
opportunity to pursue my goal of supporting U.S. military warfighting capabilities through enhanced space programs.”

highly motivated people

NRL established the Karles Fellowship in honor of Drs. Jerome and Isabella Karle, two scientists who have dedicated their entire profes-
sional lives to innovative advancements in science and technology. The Karles embody the intensity and fervor that NRL wishes to foster
and harbor in the workforce of the future. Karles Fellowships are awarded to new NRL hires who are recent graduates and show excep-
tional scientific abilities and research potential. The Karles Fellowship is one element of NRL's Jerome and Isabella Karle Distinguished
Scholar Fellowship Program, which also includes the Karles Senior Research Fellowship, open to established researchers whose credentials
are comparable to those of the Karles, and the annual Karles Invitational Conference.

2014 NRL REVIEW | nrl’s involved!



NR L bemonstrates Capabilities of Coupled Oceanic and

Atmospheric Prediction Tools at

Three-dimensional depiction of
turbulence kinetic energy in the TRI-
DENT WARRIOR region (U.S. Mid-At-
lantic coast) for an 18-hour forecast
valid July 16, 2013, at 1200 UTC.

U.S. Naval Research Laboratory (NRL) scientists in
the Marine Meteorology Division and the Oceanography
Division, with funding provided by the Office of Naval
Research, took part in the Navy fleet experiment TRIDENT
WARRIOR 2013 (TW13), July 13-18, demonstrating in
situ atmospheric and oceanic sensing systems and real-time
operational mesoscale numerical weather prediction models.

“These numerical experiments demonstrate, in real
time, the impact of the observations on tactically relevant
environmental features of the ocean battlespace environ-
ment,” said Dr. James Doyle, head of the Mesoscale Model-
ing Section, Marine Meteorology Division. “This is the first
time feedback between environmental forecasts and targeted
observations has been conducted in both the ocean and
atmosphere during a Navy exercise.”

Feedback between environmental forecasts and targeted
observations has resulted from long-term research at NRL
into understanding and developing high-resolution coupled
prediction capabilities to diagnose and predict the sensitivity
of tactically relevant environmental predictions to observa-
tions and develop controlled observation systems.

“This unique opportunity provides a better understand-
ing between environmental forecast systems and controlled
observing systems in the coastal marine atmospheric bound-
ary layer;” adds Dr. Gregg Jacobs, head of the Ocean Dynam-
ics and Prediction Branch, Oceanography Division. “These
feedbacks will offer a positive impact on future mesoscale
model forecasts and tactical decision aid programs for the
Navy”

In collaboration with the Fleet Numerical Meteorology
and Oceanography Center and the Naval Oceanographic
Office, NRL researchers ran the high-resolution coupled pre-
diction systems — Coupled Ocean/Atmosphere Mesoscale
Prediction System (COAMPS) and Navy Operational Global
Ocean Model (NCOM) — which made use of the NRL
Atmospheric Variational Data Assimilation (NAVDAS) and
Navy Coupled Ocean Data Assimilation (NCODA) systems.
The model suite was used to assimilate routine satellite, sur-
face, and subsurface atmospheric and oceanic observations

2013.Navyv.Eleet.Exercise

ScanEagle unmanned
aerial vehicle is launched
during TRIDENT WARRIOR
exercises off the Virginia
coast.

and special TW13 unmanned aerial, surface, and undersea
vehicle observations taken during the mid-Atlantic exercise.

NRL further provided an extensive ocean environmental
battlespace survey through Naval Air Warfare Center’s Air
Test and Evaluation Squadron Twenty (VX-20) to test the
predictability of frontogenesis in the ocean that can block
surface acoustic ducting. Also deployed as network tools
were ocean gliders provided by NRL, Oregon State Univer-
sity, and the Naval Oceanographic Office, and wave buoys
from UC-San Diego Scripps Institution of Oceanography.
NRL researchers assimilated data from these devices to
demonstrate nearshore wave prediction systems.

A Scripps ScanEagle unmanned aerial vehicle provided
high-fidelity measurements of the atmospheric boundary
layer, sea-breeze fronts, inversions, and other structures that
impact the electromagnetic (EM) propagation character-
istics. The ScanEagle observations along with radiosonde
ascents, Naval Postgraduate School kite and buoy obser-
vations, and four SHARC (Sensor Hosting Autonomous
Remote Craft) Wave Glider unmanned surface vehicles and
surface meteorology data provided additional real-time
sensing of EM and coupled boundary layer conditions.

Notable firsts also established during the experiment
included the first consistent ocean nesting forecasts from
global resolutions, down to nearshore forecasts at Virginia
Beach, Virginia; high-resolution coupled COAMPS forecasts
in real time loosely coupled with wave forecasts; real-time
COAMPS adjoint model forecasts at high resolution in a
nested mode used to identify regions where EM predic-
tions may benefit the most from observations; and the first
automated control of unmanned underwater ocean gliders
targeting unmanned undersea vehicles to provide optimal
forecasts.

TRIDENT WARRIOR 2013 is part of an advanced field
experimentation series designed to place new or improved
capabilities into the hands of the Fleet for evaluation in an
operational environment. The annual venue allows the Navy
and its partners to incorporate real-world warfighter feed-
back early in the acquisition process.

nrl’s involved! | 2014 NRL REVIEW



The restored NTS-2 engineering model during installation at the Smithsonian.

GPS Satellite NTS-2 Joins OtherNK

Research Laboratory has developed

many technologies that have made a
mark on history. One of NRL's most significant
technology contributions was recently
placed on display at the Smithsonian
National Air and Space Museum (NASM) in
Washington, DC, where several others are
already on view.

NRL's NTS-2 prototype Global Positioning
System (GPS) satellite is featured in “Time
and Navigation: The Untold Story of Getting
from Here to There,” a new permanent
exhibition that opened at NASM in 2013. The
exhibition explores “the surprising connection
between time and place” and looks at
the technological history of the tools of
timekeeping and navigation, from sextants
and chronometers to atomic clocks and
satellites. The restored engineering model
of NTS-2 is in a section of the exhibition that
fraces the evolution of satellite navigation.

NTS-2 was the fourth satellite designed
and built by NRL in the TIMATION (time/
navigation) program, initiated in 1964 to
explore the concept of navigation based on
accurate time signals sent from satellites. The
concept grew out of NRL's experiments with
ranging (and the attendant need for precise
time synchronization) during development of
the Naval Space Surveillance System, a radar
“fence” that fracked satellites passing over
the United States. The TIMATION program
proved that accurate, reliable, and real-
time navigation could be achieved with a

In nine decades of operation, the Naval

combination of passive ranging and a constellation of space-borne, high-precision clocks. TIMATION |,
launched in 1967, and TIMATION II, launched in 1969, carried quartz clocks and demonstrated accurate
positioning and fime fransfer. In 1973, as NRL was developing TIMATION I, the program was combined
with other military programs to form the NAVSTAR Global Positioning System Joint Program Office.
TIMATION Il was renamed Navigation Technology Satellite (NTS)-1 and launched in 1974 carrying two
rubidium atomic clocks, the first atomic clocks in space. NTS-2, launched in 1977, carried cesium atomic
clocks and was the first satellite in the initial demonstration constellation of NAVSTAR GPS satellites. GPS

revolutionized the science of navigation.

Several other NRL achievements are highlighted at the National Air and Space Museum and at
other museums in the Washington, DC area (see the pages ahead). These displays place NRL's work in
the context of the science, technology, and exploration history of our nation. They also allow a wider
audience fo see NRL innovations up close and draw inspiration from them.
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XAF Radar (1938)

The "bedspring” antenna from the U.S. Navy's first shipboard radar system, de-
veloped and demonstrated at sea by NRL, is on outdoor display at the National
Electronics Museum in Linthicum, Maryland. A panel display inside the museum
provides technical and historical details. NRL's 200 MHz XAF radar was the pro-
totype that showed the Navy what this new radio detection and ranging system
— not yet called radar — could do. At-sea exercises aboard USS New York (BB 34)

in early 1939 demonstrated the defection power of the system, leading Admiral
A.W. Johnson, Commander Atlantic Fleet, to call it “one of the most important
military developments since the advent of radio itself.” The NRL system went rap-
idly to production by RCA, and by the time the United States entered World War
Il, radar systems were installed on 20 Navy vessels.

(Photo courtesy of the National Electronics Museum)

Vanguard | Satellite (1958)

A flight backup of NRL's Vanguard | satellite is on display in the “Space
Science” exhibit at NASM's Udvar-Hazy Center in Chantilly, Virginia.
Vanguard | was the second U.S. satellite in space, launched on March
17, 1958, and still orbiting Earth today. As part of U.S. participation in
the International Geophysical Year, the Vanguard program developed
(1) a satellite carrying a scientific experiment, (2) a new rocket type to
place satellites in orbit, and (3) the first satellite tracking system, Mini-
frack. Vanguard | confirmed the Earth’s pear shape, used solar cells as a power source, and provided data on
atmospheric temperature and density. On display in the “Space Race” gallery of the museum’s Washington,
DC building is a damaged Vanguard unit recovered after a disappointing rocket failure of December 6, 1957.
The exhibit includes a photo of Vanguard engineers Roger Easton and Martin Votaw inspecting this unit in 2008,
the 50th anniversary of the successful launch. NASM recently returned three Vanguard models to NRL that are
now taken to conferences and STEM festivals as display and teaching tools.

Vanguard Rocket (1958)

As part of the Vanguard satellite program, NRL led the development of a new,
three-stage launch vehicle designed to launch satellites into a high, long-lived
orbit. Vanguard's technical ancestor was the Viking sounding rocket, another
NRL-directed program, which had reached the highest altitude of any research
rocket at that time. A Vanguard rocket fransferred by NRL to the Smithsonian

in 1958 is on display in NASM's “Space Race"” gallery. A 1960s photo shows it on

outdoor display in “Rocket Row" together with a Jupiter C, a Polaris, and an
Atlas.
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GRAB (1960)

Engineering models of NRL's GRAB (Galactic Radiation and Background)
satellites are on display at both the National Air and Space Museum (“Space
Race” gallery) and the National Cryptologic Museum. GRAB | was America’s
first electronic intelligence (ELINT) satellite, launched in 1960 to gather signals
from Soviet air defense radars and transpond them to a worldwide network of
ground stations for recording and interpretation. The GRAB program provided
proof of concept for satellite-based signals inteligence and provided impor-
tant information on Soviet capabilities during the Cold War. In 1962, GRAB
and its successor ELINT satellite program, Poppy, were transferred to the newly
established National Reconnaissance Office. The National Cryptologic Mu-
seum, located next to National Security Agency headquarters at Fort Meade,
Maryland, displays GRAB Il and Poppy satellites.

LOFTI (1961)

A model of NRL's first Low Frequency Trans-lonospheric (LOFTI) radio satel-
lite is hanging with several other early satellites in NASM's Udvar-Hazy
Center. Launched February 22, 1961, LOFTI | was designed to explore low-
frequency radio wave propagation in the ionosphere. The LOFTI studies
were proposed in 1958 at NRL as part of a comprehensive satellite com-
munication research program. LOFTI attempted to determine whether
very low frequency (VLF) energy could penetrate through the ionosphere
and be received by submerged submarines. The satellites demonstrated
that under many ionospheric conditions VLF signals were extremely attenu-
ated and could not be detected, making them unreliable for submarine
communication.

Far-Ultraviolet Camera/Spectrograph (1972)

NRL's Far-Ultraviolet Camera/Spectrograph went to the Moon on the Apollo
16 mission in April 1972, becoming the first lunar observatory. An engineering
model is on display in the “Apollo fo the Moon™ gallery at NASM. Developed
by Dr. George Carruthers, the instrument was set up on the lunar surface by
the mission astronauts to gather images and spectra of Earth, nebulae, star
clusters, and other astronomical features at exireme- and far-ultraviolet (FUV)
wavelengths. Results included the first photographs of the FUV equatorial
bands of atomic oxygen that girdle the Earth, and of the geocoronal hydro-
gen glow extending many Earth radii into space. Dr. Carruthers received the
2011 National Medal of Technology and Innovation for this invention and his
other contributions to space science.

10 nrl’s involved! | 2014 NRL REVIEW



Clementine (1994)

An engineering model of NRL's Clementine satellite,
also called the Deep Space Program Science Experi-
ment, hangs on display in the NASM “Lunar Exploration
Vehicles” exhibit. Jointly sponsored by NASA and the
Ballistic Missile Defense Organization, Clementine com-
pleted a high-quality multispectral mapping mission of
the entire lunar surface, at the same time testing and
space-qualifying new lightweight imaging sensors and
other defense technologies. NRL developed Clem-
entine as a next-generation, “smarter” spacecraft
with streamlined costs and space operations. President Clinton called it a “major revolution in
spacecraff management and design.” Fun Fact: After ordering a Chinese dinner, mission scien-
fists attached their fortune cookie message o the spacecraft. It read, “You will soon take a very
pleasant and successful frip.”

Dragon Eye (2002)

NASM'’s “Military Unmanned Aerial Vehicles” display includes Dragon
Eye, a small, battery-powered UAV developed by NRL in collabora-
tion with the Marine Corps Warfighting Laboratory to provide recon-
naissance and threat detection capabilities to field commanders.
Dragon Eye grew out of NRL's concept of developing affordable,
expendable airborne sensor platforms for practical warfighter
operation. Robust, stealthy, and compact enough to be carried in
a Marine’s backpack, Dragon Eye weighs only 5.5 pounds and is
hand- or bungee-launched. A small ground control station receives
the aircraft’s video and GPS position. Pre-production units were
deployed in 2003 with the 1st Marine Expeditionary Force during
Operation Iragi Freedom, providing critical on-site intelligence. The well-used combat unit on display, sporting
epoxy and duct tape repairs, was flown by the 3rd Marine Division in Afghanistan in 2005.

In nine decades of operation,
the Naval Research Laboratory has developed many
technologies that have made a mark on history.

See more of NRL's technological history, including a
prototype excimer laser and other instruments and
records, in the Smithsonian’s online catalogues at
http://www.si.edu/Collections.
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NRL Hosts Its Third Annual

ARLES INVITATIONAL CONFERENC

JANUARY 13-14, 2014

INTELLIGENT AUTONOMOUS SYSTEMS
SCIENCE AND TECHNOLOGY

Intelligent Autonomous Systems is an exciting field of exceptional potential that has become one of the most active areas
of scientific research around the world. This emerging field is highly multidisciplinary with contributions from cognitive
science, neuroscience, computer science, robotics, linguistics, machine learning, and artificial intelligence, among others.
Intelligent autonomy takes advantage of the full power of these fields to create new scientific concepts and makes possible
entirely new technologies that have the potential to change both society and military capabilities. Important advances have
been made in recent years by using concepts from human cognition to enable more intelligent systems, including the ar-
eas of computational neuroscience and computational cognitive science. These advances range from focusing on the brain
(e.g., building computation models of neural structures to study the emergence of known cognitive processes based on
fMRI and EEG data) to focusing on the mind (e.g., building computational cognitive process models based on data collect-
ed from human participants solving certain tasks). Both of these approaches have had a large impact on the development
of intelligent autonomy, yielding greatly improved computational perception and human-robot interaction, and providing
novel methods for control of autonomous systems. The Karles Invitational Conference on Intelligent Autonomous Systems
Science and Technology provided a timely program and forum designed to further explore and help assess the future direc-

tion of these groundbreaking developments. Presentations were organized into four sessions: Architectures, Methodolo-

gies, and Tools; Perceptual Reasoning; Human/Autonomous System Interaction; and Trust, Acceptance, and Ethics.
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he professional contributions of 1985 Nobel Laureate in Chemistry Dr. Jerome Karle (June
T18, 1918 — June 6, 2013) and of 1993 Bower Award Laureate and 1995 National Medal of
Science recipient Dr. Isabella Karle (born December 2, 1921) were critical in enabling the resolu-
tion of the molecular structure and function of complex macromolecules. While fundamental in
nature, the Karles’ contributions continue to have a significant impact on the basic and applied
physical, chemical, metallurgical, geological, and biological sciences. In commemoration of their
achievements and broad scientific impact, the U.S. Naval Research Laboratory in Washington,
DC, has initiated an annual invitational forum that convenes the leading authorities and innova-
tors of a selected scientific research area who are on the verge of producing contributions with
similar reach and impact. This year’s selected topic was Intelligent Autonomous Systems Science
and Technology.

Drs. Jerome and Isabella Karle

nrl’s involved! | 2014 NRL REVIEW 13
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NRL — OUR HERITAGE

The early 20th century founders of the Naval
Research Laboratory (NRL) knew the importance of
science and technology in building naval power and
protecting national security. They knew that success
depended on taking the long view, focusing on the
long-term needs of the Navy through fundamental
research. NRL began operations on July 2, 1923, as the
United States Navy’s first modern research institution,
and it continues today as one of the Navy’s premier
research and development centers.

Thomas Edison’s Vision: The first step came in
May 1915, a time when Americans were deeply worried
about the great European war. Thomas Edison, when
asked by a New York Times correspondent to comment
on the conflict, argued that the Nation should look to
science. “The Government,” he proposed in a published
interview, “should maintain a great research labora-
tory....In this could be developed...all the technique
of military and naval progression without any vast
expense.” Secretary of the Navy Josephus Daniels seized
the opportunity created by Edison’s public comments
to enlist Edison’s support. He agreed to serve as the
head of a new body of civilian experts — the Naval
Consulting Board — to advise the Navy on science
and technology. The Board’s most ambitious plan was
the creation of a modern research facility for the Navy.
Congress allocated $1.5 million for the institution in
1916, but wartime delays and disagreements within the
Naval Consulting Board postponed construction until
1920.

The Laboratory’s two original divisions — Radio
and Sound — pioneered in the fields of high-frequency
radio and underwater sound propagation. They pro-
duced communications equipment, direction-finding
devices, sonar sets, and perhaps most significant of all,
the first practical radar equipment built in this country.
They also performed basic research, participating, for
example, in the discovery and early exploration of the
ionosphere. Moreover, the Laboratory was able to work
gradually toward its goal of becoming a broadly based
research facility. By the beginning of World War II,
five new divisions had been added: Physical Optics,
Chemistry, Metallurgy, Mechanics and Electricity, and
Internal Communications.

World War II Years and Growth: Total employ-
ment at the Laboratory jumped from 396 in 1941
to 4400 in 1946, expenditures from $1.7 million to
$13.7 million, the number of buildings from 23 to 67,
and the number of projects from 200 to about 900.
During WWII, scientific activities necessarily were
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concentrated almost entirely on applied research. New
electronics equipment — radio, radar, sonar — was
developed. Countermeasures were devised. New
lubricants were produced, as were antifouling paints,
luminous identification tapes, and a sea marker to help
save survivors of disasters at sea. A thermal diffusion
process was conceived and used to supply some of the
235U isotope needed for one of the first atomic bombs.
Also, many new devices that developed from booming
wartime industry were type tested and then certified as
reliable for the Fleet.

Post-WWII Reorganization: The United States
emerged into the postwar era determined to con-
solidate its significant wartime gains in science and
technology and to preserve the working relationship
between its armed forces and the scientific community.
While the Navy was establishing its Office of Naval
Research (ONR) as a liaison with and supporter of
basic and applied scientific research, it was also encour-
aging NRL to broaden its scope and become, in effect,
its corporate research laboratory. There was a transfer
of NRL to the administrative oversight of ONR and a
parallel shift of the Laboratory’s research emphasis to
one of long-range basic and applied investigation in a
broad range of the physical sciences.

However, rapid expansion during WWII had left
NRL improperly structured to address long-term Navy
requirements. One major task — neither easily nor
rapidly accomplished — was that of reshaping and
coordinating research. This was achieved by transform-
ing a group of largely autonomous scientific divisions
into a unified institution with a clear mission and a
fully coordinated research program. The first attempt
at reorganization vested power in an executive com-
mittee composed of all the division superintendents.
This committee was impracticably large, so in 1949, a
civilian director of research was named and given full
authority over the program. Positions for associate
directors were added in 1954, and the laboratory’s 13
divisions were grouped into three directorates: Elec-
tronics, Materials, and Nucleonics.

The Breadth of NRL: During the years since
World War II, the Laboratory has conducted basic and
applied research pertaining to the Navy’s environments
of earth, sea, sky, space, and cyberspace. Investiga-
tions have ranged widely — from monitoring the Sun’s
behavior, to analyzing marine atmospheric conditions,
to measuring parameters of the deep oceans. Detec-
tion and communication capabilities have benefited by
research that has exploited new portions of the elec-



tromagnetic spectrum, extended ranges to outer space,
and provided a means of transferring information
reliably and securely, even through massive jamming.
Submarine habitability, lubricants, shipbuilding materi-
als, firefighting, and the study of sound in the sea have
remained steadfast concerns, to which have been added
recent explorations within the fields of virtual reality,
superconductivity, biomolecular science and engineer-
ing, and nanotechnology.

The Laboratory has pioneered naval research into
space — from atmospheric probes with captured V-2
rockets, through direction of the Vanguard project
(America’s first satellite program), to inventing and
developing the first satellite prototypes of the Global
Positioning System (GPS). Today, NRL is the Navy’s
lead laboratory in space systems research, as well as
in fire research, tactical electronic warfare, microelec-
tronic devices, and artificial intelligence.

The consolidation of NRL and the Naval Oceano-
graphic and Atmospheric Research Laboratory, with
centers at Bay St. Louis, Mississippi, and Monterey,
California, added critical new strengths to the Labora-
tory. NRL now is additionally the lead Navy center

for research in ocean and atmospheric sciences, with
special strengths in physical oceanography, marine
geosciences, ocean acoustics, marine meteorology, and
remote oceanic and atmospheric sensing.

The Twenty-First Century: The Laboratory is
focusing its research efforts on new Navy strategic
interests in the 21st century, a period marked by global
terrorism, shifting power balances, and irregular and
asymmetric warfare. NRL scientists and engineers
are working to give the Navy the special knowledge,
capabilities, and flexibility to succeed in this dynamic
environment. While continuing its programs of basic
research that help the Navy anticipate and meet future
needs, NRL also moves technology rapidly from
concept to operational use when high-priority, short-
term needs arise — for pathogen detection, lightweight
body armor, contaminant transport modeling, and
communications interoperability, for example. The
interdisciplinary and wide-ranging nature of NRLs
work keeps this “great research laboratory” at the
forefront of discovery and innovation, solving naval
challenges and benefiting the nation as a whole.

HIGHLIGHTS OF NRL RESEARCH IN 2013

The scientific community at NRL conducts innovative research across a wide spectrum of technical areas, much of
it detailed in the NRL Review chapters ahead. This section presents a few highlights from the year.

Reliant AUV - Long Endurance Autonomous Mission
September 2013 Beaten aiber

The NRL Reliant autonomous underwater vehicle
(AUV), an advanced version of the Bluefin Robotics
Bluefin-21 vehicle, is the prototype for the new U.S.
Navy Knifefish mine hunter. Reliant completed a
record-setting endurance mission of 109 hours,
traveling nearly 315 miles from Boston to New York.

Demonstration of Long Endurance Autonomy with Heavyweight-Class Autonomous Underwater Vehicle

(AUV): The Naval Research Laboratory (NRL) executed a record-setting 500 km “Long Endurance” AUV mission that started

in the waters off Boston Harbor and finished at the approaches to New York City. The research mission was designed to exercise
state-of-the-art AUV autonomy methods and demonstrate the capability of a new high-capacity energy section on NRLs Reliant
AUV. When equipped with a Low Frequency Broadband (LFBB) sonar system, Reliant is perhaps best known as the prototype

for the new U.S. Navy Knifefish mine hunter. The 20 ft long vehicle navigates using a fiber optic gyro based inertial navigation
system that is integrated with GPS and a Doppler Velocity Log (DVL), enabling precise navigation underwater for long endurance
missions. The vehicle reported its position periodically via Iridium satellite and made it to New York with a 10% energy reserve.
This is the first of several planned exercises that will increase autonomy complexity and endurance over the life of NRLs research
program. Conducting long endurance missions such as this is essential to ultimately obtaining the level of performance required
in Navy undersea vehicle autonomy and hardware robustness.

the naval research laboratory | 2014 NRL REVIEW
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(a) Schematic representa-
tion of the combined laser
direct-write (LDW) and
fused deposition modeling
(FDM) 3D printing system at
NRL. (b) Sample 3D printed
electronics comprising
interconnects made by LDW
over an FDM-generated
part.

Direct-Write Processes for Electronic Components: NRLs Materials Science and Technology Division has integrated laser
direct-write with additive manufacture processes to develop 3D printed electronics. Additive manufacturing (AM) techniques

are capable of fabricating 3D parts layer-by-layer from a computer design; however, integrating electronic circuits within these
parts is beyond current AM capabilities. Meanwhile, laser direct-write (LDW) processes can be used to pattern electronic materi-
als into functional circuits and devices; however, these patterns are incorporated only on the surface of the part over which they
are printed. The integration of LDW processes with AM techniques will allow the rapid implementation of geometrically precise
parts with electronics within their bodies and surfaces. By printing electronic patterns by LDW between the layers generated by
the AM processes, highly functional 3D parts with embedded electronics can readily be produced; these are otherwise difficult
and expensive to fabricate with current manufacturing techniques. Merging these two processes will enable multifunctional 3D
electronic modules required by next-generation autonomous systems. NRLs efforts in this area will be applied to the development
of hybrid structures designed for mission-specific tasks such as detecting, processing, and transmitting.

Close-up view of the underside of the
PSC-12 hull, where electrodes spaced
8 in. apart generated oxidants from

the seawater to keep the hull clear of
biofouling. One electrode (black) is
visible at the left edge of the image; the
lighter color immediately adjacent to it
was caused by the oxidants bleaching
the grey hull paint. (The protrusion

at 2 in. is a guide for cabling to the
reference cell.) Inset: Plot of the oxidant
concentration above the required 0.2
ppm around each electrode on the hull.
The prototype system performed nearly
exactly as predicted by the model.

Integrated Underwater Hull Shield: The Integrated Underwater Hull Shield program successfully demonstrated a scaled pro-
totype, on a 64 ft Navy research vessel based out of Panama City, Florida, of an integrated ship hull system that provided cathodic
protection to the hull while distributing electrochemically generated oxidant ions that prevented growth of biofouling organisms
such as barnacles and oysters. The system used distributed electrodes that operated on a programmed duty cycle to maintain the
aluminum hull against corrosion and to generate low concentrations of hypochlorite species that prevented settlement or growth
of the biofouling organisms. The integrated system used six distributed silver-chloride reference cells to monitor the hull and elec-
trode potentials, and a single controller that ran off the ship’s power that monitored the reference cells and regulated power to the
electrodes. The prototype was operational for nine months, during which time the ship (PSC-12) made multi-week deployments
from Panama City to Ft. Lauderdale, Florida, and performed all its regular missions.
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Photo of NRL dual-rotor UAV with photovoltaic array, used in power beaming
flight tests with a kW-class cw fiber laser.

Laser Power Beaming to UAVs: NRL researchers from the Plasma Physics and Tactical Electronic Warfare Divisions success-
fully tested a rotary-wing unmanned aerial vehicle (UAV) powered solely by a high-power fiber laser. A series of flight tests was
conducted over a 40 m path in the prototyping high bay in the Laboratory for Autonomous Systems Research at NRL, where a
high-power fiber laser was used to beam power to the UAV. A 2 kW, single-mode fiber laser (1.07 um wavelength) transmits power
to a photovoltaic (pv) array fabricated using InGaAs laser power converter chips from Spectrolab (Sylmar, CA). The individual
chips are 40% to 50% eflicient at the fiber laser wavelength, and the array provides more than 160 W of electricity to power the
vehicle. Off-the-shelf components were used to develop the optical tracking system, which automatically positions the laser beam
on the center of the pv array during flight. The researchers designed and fabricated a 3.8 Ib, dual-rotor UAV that provides air
cooling of the pv array using the rotor wash. The NRL approach to long-range laser power beaming uses the same wavelength and
technology as Navy designs for 100 kW class solid-state lasers for ship self-defense. Long-range laser power beaming to UAV's can
allow for long-duration flights with reduced manpower requirements for many Navy and Department of Defense missions, includ-
ing offboard decoys, persistent surveillance, and communication relays.
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Mesoporous Materials in Military Uniforms for Personal Protection: Deposition of NRL-developed mesoporous mate-
rials onto cotton, military uniform fabrics, and static-dissipative polyester fabrics was demonstrated to provide a protective layer
preventing the permeation of both liquid and vapor threat agents. The protective fabrics were further shown to provide catalytic
decontamination of organophosphorous targets and sulfur mustard related compounds, effectively regenerating the capacity of the
coatings for continued use. Catalysis is facilitated through illumination of the materials by ambient light or through application

of an electric current. In contrast to traditional protective layers, water permeation (critical to comfort) was not impeded by these
functionalized fabrics. The materials are low density, resulting in minimal weight increase, and are washable. Coatings of this type

provide the potential for incorporating protective capabilities into routine use fabrics and surfaces, as well as for improving the
function of traditional protective garments.
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3D printed titanium bipolar plates are used
to make a hydrogen fuel cell stack. The

3D printing allows a hollow internal flow
field for coolant flow. The external design

is optimized for hydrogen and air flow. The
plates are assembled together with gaskets
and fuel cell membranes to make the fuel
cell stack.

3D Printing in Hydrogen Fuel Cells for Unmanned Air Vehicles: An NRL team from several research divisions has
leveraged 3D printing for developing and integrating their next generation of hydrogen fuel cells into unmanned systems. NRL has
demonstrated 24- and 48-hour flights of fuel cell systems on the Ion Tiger UAV, and is also using hydrogen fuel cells in its subma-
rine-launched XFC UAV. Fuel cells directly convert the energy in hydrogen to electricity by electrochemically combining with the
oxygen in air. The only byproducts are water and low-grade heat, and no combustion occurs. Combined with the high energy of
hydrogen, the result is an electric power source that is lightweight and has high energy per unit weight. Additive manufacturing
processes such as 3D printing promise rapid prototyping of new designs which can be tested and verified without the expense of
traditional manufacturing. The team used the 3D printing process of direct metal laser sintering to make titanium bipolar plates
which are the backbone of the fuel cell system. The plate design was optimized with computational fluid design, 3D printed, and
then assembled together with fuel cell membranes and compressed together into a 400 W stack. This was integrated with other
components of the fuel cell system and electronics, and flown on the Ion Tiger in March 2014. The process demonstrated how 3D
printing can be practically used to speed up development time and build prototypes.

XFC launch from a submerged submarine (time-lapse
image). This new capability is expanding undersea
influence beyond the current platform-centric sensing
capabilities.

Submarine-Launched, Long Endurance UAS: In response to Navy and Department of Defense needs and requirements,
NRL demonstrated the launch of an all-electric, fuel-cell-powered, long endurance unmanned aerial system (UAS) from a
submerged U.S. Navy submarine. The XFC UAS (eXperimental Fuel Cell UAS) is an expendable, folded-wing (Navy patented),
vertically launched, all-electric (stealthy), long endurance small UAS for intelligence, surveillance, and reconnaissance (ISR) and
other tactical needs. It was fired from the submarine’s torpedo tube using a Sea Robin launch vehicle system. Once deployed, the
Sea Robin with integrated XFC rose to the ocean surface where it appeared as a spar buoy. Upon command, the XFC vertically
launched from the Sea Robin and flew a successful several-hour mission demonstrating live video streaming back to the submarine
and surface support vessels before landing at the Naval Sea Systems Command Atlantic Undersea Test and Evaluation Center
(AUTEC). Because the XFC has modular payload capability and is vertically launched, it has a very small footprint and can be
easily adapted to other Service and Agency needs. With the fielding of XFC, the submarine’s ISR reach will be extended over the
horizon. This new capability allows new missions previously not possible, greatly expanding undersea influence beyond the current
platform-centric sensing capabilities.
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Maritime tracks in the Atlantic
Ocean area of responsibility (AOR)
from NRL’'s Mongoose fusion
engine.

SENTIENT — Maritime Awareness Technologies: The SENTIENT initiative mission is revolutionizing the intelligence
cycle by contextualizing the past and anticipating the future to focus problem-centric, multiple intelligence (multi-INT) collec-
tion. Maritime Domain Awareness (MDA) technologies from NRL have been modified and upgraded to support this effort. NRLs
Mongoose/Sea-link Advanced Analysis (S2A), a multi-INT correlation software suite, is being used to provide core fusion capabili-
ties and enable Activity Based Intelligence (ABI) for SENTIENT. NRLs MDA solutions are being applied to the problem-centric
intelligence hypothesis that the Intelligence Community (IC) can increase its value and performance, become responsive to chang-
ing situations, and optimize resources in an anticipatory manner through the adoption of new processes and enabling technolo-
gies. NRL processes and technologies are being integrated into the SENTIENT system, enabling the optimal tasking of appropriate
sensors with the timeliness required to produce actionable intelligence. These efforts are revolutionizing the tasking, collection,
processing, exploitation, and dissemination (TCPED) of information for the Department of Defense and IC. The SENTIENT
initiative is being executed within the National Reconnaissance Office Advanced Systems and Technology Directorate, Advanced
Systems Office.

Deployment of a BMFC in the mesocosm at LASR. This
particular experiment is composed of 70 interconnected
carbon fiber bottlebrush anodes attached to the bottom of
a SEPTR oceanographic instrument.

The Benthic Microbial Fuel Cell: A benthic microbial fuel cell (BMFC) sits on the sediment/water (benthic) interface of
marine environments and generates electrical power, utilizing organic matter naturally residing in marine sediments as its fuel,
and oxygen in overlying water as its oxidant. The BMFC can generate power indefinitely — this is due to constant replenishment of
organic matter and oxygen by naturally occurring diffusion and advection; durability/regenerative ability of its electrode catalysts
consisting of self-forming biofilms comprised of microorganisms naturally inhabiting the benthic interface; and lack of moving/
degradable/depletable components. The BMFC is being developed to power persistent in-water intelligence, surveillance, recon-
naissance (ISR) capabilities presently limited in operational live time by battery depletion. In field-based research demonstrations,
BMFCs have powered a riverine meteorological buoy with a radio transceiver link, a hydrophone with a radio transceiver link, an
acoustic modem, and a surveillance camera with a cellular link. It is estimated to be at Technology Readiness Level 6. During the
past 10 years, small-scale BMFCs (<0.1 W continuous output) have been deployed in coastal waters ranging in depth from <1 m to
>1000 m over durations of <6 months to >2 years before being retrieved without indication of depletion in power output. Devel-
opment of full-scale BMFCs (>1 W continuous output) commenced at NRL in 2013. In the Laboratory for Autonomous Systems
Research (LASR), a 6 m diameter mesocosm was erected to mimic the benthic interface, enabling accelerated iterative design and
evaluation of full-scale BMFC-equipped moorings (BEMs). This alleviates the cost, risk, and logistics burden of full-scale field
evaluations. Field deployment of optimized BEMs is slated to begin in 2015.
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Flimmer vehicle in-flight, using the two

aft fins as aerodynamic stability surfaces

| and the two forward fins as canards. After
splashdown, this same vehicle submerges
and then swims underwater using the four
fins for propulsion and maneuverability.

The WANDA UUV.

Unmanned Underwater and Aerial Vehicle — Flimmer: The NRL-developed unmanned underwater vehicle (UUV)
WANDA (Wrasse-inspired Agile Near-shore Deformable-fin Automaton) was developed using robotic flapping fins to provide an
unmanned platform capable of precise maneuverability and station-keeping for critical Navy missions in dynamic near-shore envi-
ronments. The original UUV prototype has been modified to increase payload capacity and vehicle speed, through scaling up the
size of both the vehicle hull and the fins. Validated computational fluid dynamics (CFD) studies show that this WANDA-II UUV

is capable of speeds between 1.7 and 2.3 knots while also expanding the hull volume from 3500 to 3800 cm?>. While the design of
WANDA-II provides a platform ideal for near-shore mobility, long-range transit to an area of interest requires longer endurance at
higher speeds. To address this need, a hybrid vehicle called Flimmer (Flying-Swimmer) was developed. Flimmer employs the same
deformable fin technology as WANDA-II, but provides long-range transit capability through the use of a 1.67 m span wing for a
flying ingress to a water splashdown. Computational results have characterized Flimmer in its capacity as both an airplane and an
underwater swimming vehicle. Further, CFD capability has been extended to simulate the splashdown of this vehicle, transitioning
between air and water media. Experimental testing of the aerodynamic, hydrodynamic, and landing characteristics of this vehicle
is currently under way.
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The Nike laser facility overlaps up to 44 focused beams onto planar targets to study aspects of laser-driven fusion. Scientists have
found that a thin gold or palladium coating on plastic targets reduces hydrodynamic instability in the laser-accelerated targets, as
shown in the comparison figures at right.

An Attractive Hybrid Indirect and Direct Drive Approach to Laser Fusion: High-power lasers are an attractive driver
for inertial confinement fusion (ICF) and related high energy density physics experiments. However, the spatial modulations of
multiple high intensity laser beams can be the seed for instabilities that grow and destroy the target material. Minimizing these
modulations is usually accomplished either by smoothing the beams (direct drive) or by converting the beams into x-rays that

are smoother (indirect drive). NRL scientists have developed a hybrid approach that uses a thin coating of gold or palladium over
plastic targets to locally generate x-rays that initially drive the target acceleration. Little or no laser imprint is observed in experi-
ments on the NRL Nike KrF laser facility. The laser eventually burns through this layer, and the high efficiency of directly driven
targets is retained. This hybrid technique thereby combines advantages of indirect drive and direct drive. This approach will be
tested as part of the National Ignition Facility hydrodynamic and ablator physics program and could provide a unique platform for
equation of state experiments, as well as an attractive path to fusion energy.
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Images show the local density of dust particles normal-
ized by the average dust density in the initial layer after
700 seconds in orbit for several different methods of
initializing the layer. The three plots represent dust layers
with, from left to right, no imposed flow, an inhomoge-
neous flow profile with maximum velocity of 1 km/s, and
an inhomogeneous flow profile with maximum velocity
of 4 km/s. In the figure, the gravitational direction is
oriented from top to bottom, the Earth’s magnetic field
points into the page, and the imposed flow is oriented
across the page. The layer in the rightmost figure (4
km/s) is able to maintain a coherent structure throughout
the simulation while the others (No Flow and 1 km/s) are
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De-Orbiting Space Debris: Scientists in NRLs Plasma Physics Division and Laboratories for Computational Physics and Fluid
Dynamics recently proposed a means of passively removing small-scale orbital space debris by releasing in orbit a layer of tungsten
dust. The dust layer decelerates the debris by artificially enhancing drag and slowly lowering its orbit until atmospheric friction

is sufficient to force its re-entry and, ultimately, incineration. It is crucial that the dust layer remain intact for as long as possible

to maximize its effectiveness. Both large (several micron) and small (nanometer) diameter dust grains have been considered.

The effect of dust charge on the larger dust grains is negligible and they form a stable ring that can be used for an Active Debris
Removal (ADR) system. Detailed numerical simulations have analyzed the behavior of a nanometer diameter tungsten dust layer,
for which charging effects are not negligible, in gravitational and magnetic fields using linear stability theory and computational
fluid dynamics simulations. We found that a uniformly orbiting dust layer is unstable and rapidly disperses. Several methods of
stabilizing the layer were considered. A promising approach is to apply inhomogeneous motions to the layer relative to its orbital
speed. Intrinsic gravitational and shear instabilities rapidly destroy the layer at low flow speeds, but at higher speeds the layer
remains intact for longer periods of time. These findings suggest it may be possible to tailor the relative motions to maximize this
effect. Research on this topic and complementary stabilization techniques is ongoing.

50 pym
I View from below of a calcareous base plate developing under
a live juvenile barnacle Balanus amphitrite under cross-
polarized light. Calcite crystals with differing orientations
appear as different colors. The newly formed base plate
consists of a wide band displaying a distinct ring of coarse
crystals surrounded by bands of fine crystals. (Photo: Dr.
Christopher So)

Developing a Fundamental Understanding of Bar-
nacle Adhesion: NRL scientists are using high-resolution
microscopy to reveal how a barnacle’s “bricks and mortar”
adhesion process unfolds in real time. The details of how bar-
nacles cure their adhesive and mineralize the bonded region
have remained elusive due to the challenge of the “buried”
bonding interface underneath the barnacle. Furthermore,
monitoring barnacle growth, like watching paint dry (or literally glue curing), is a slow process. A team of NRL Materials Direc-
torate scientists, combining expertise in chemistry, biology, and materials science, has revealed this process in three-dimensional
detail using high-resolution optical and chemical microscopies. To speed things up, the team uses time-lapse videography through
transparent surfaces, from underneath the barnacles. The barnacle builds its interface by expanding the surrounding shell that then
pulls along and unfolds a membrane identified as cuticle along the underlying surface. This process is slow and is accompanied

by some adhesion. Ductwork is then created that delivers additional protein adhesive to the interface, doubling adhesion. Finally,

a calcification front passes on top of the membrane within the barnacle, like bricks and mortar. The process repeats cyclically

as the barnacle, a relative of insects, spiders, crabs, and lobsters, goes through the molting process to grow. These new details of
how protein secretion, cuticle unfolding and curing, and mineralization combine to create barnacles’ robust adhesion is forcing a
reevaluation of the overall picture of barnacle adhesion.
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Low-energy electron and hole carriers in 2D graphene occupy states on the surface of a Dirac cone (left). Upon the introduction of
two parallel line defects in graphene (center), the states within the railroad structure are further restricted to the set of black curves.
These curves highlight a dimensional crossover, at which the 2D states escape the Dirac cone and become 1D boundary-localized
states. As only states on the Dirac cone are able to bring carriers across the structure between the two contact electrodes, the
structure exhibits a transport gap near the Dirac point, at which the two inverted cones meet. This transport gap depends on the
separation, W, between the line defects, and with a gate electrode, can be used to switch on and off the conductance per unit
length, g, across the structure (right).

Graphene Resonant Tunneling Transistor: Graphene is a promising material for future nanoelectronic applications, with
its atomically thin planar structure ideal for high-density applications and exceptional conduction properties minimizing costly
power dissipation. Even at room temperature, electron and hole carriers in graphene could travel past 10,000 atoms, on average,
without being scattered, a property matched by few if any other materials. The roadblock for graphene nanoelectronics has been
the inability to controllably switch off this exceptional conduction. One solution is to introduce nanoscale interfaces within gra-
phene that create boundary conditions that block conduction of low-energy carriers through quantum interference. A switchable
device can then be achieved by electrostatically gating this structure. The interfaces in this graphene resonant tunneling transistor
could be realized by structural defects, including the extended 5-5-8 line defect observed in graphene.

Schematic of interband cascade light-emitting device
(ICLED) producing incoherent light in the mid-wave
infrared. The mesa device is mounted epitaxial-side-
down on a CuW submount for heat dissipation, and
the light emerges from the back side after passing
through the GaSb substrate.

Interband Cascade Lasers (ICLs) and Light Emitting Diodes (LEDs): NRL interband cascade lasers (ICLs) and light
emitting diodes (LEDs) have recently extended the state of the art for coherent and incoherent sources emitting in the 3.0 to 3.6
um wavelength range. The lasers employ a new innovative design that redistributes the optical mode within the waveguide, lowers
the internal loss, and increases the electrical-to-optical power conversion efficiency. Most of the mode is shifted from the cladding
and active regions to a low-loss separate confinement layer while sufficient gain is maintained by adding more stages. The resulting
ICLs emitting at a wavelength of 3.5 pm generate nearly 600 mW of continuous wave (cw) output power in a high-quality beam

at room temperature (25 °C). Wallplug efficiencies of 10% are now routine, and values up to 14% are observed even for relatively
long cavities. The interband cascade light-emitting devices (ICLEDs) have 15 stages and incorporate NRLs patented “carrier
rebalancing” design. They perform well in cw mode because NRLs proprietary epitaxial-side-down mounting architecture is ideal
for these devices that emit from the bottom through the GaSb substrate. The ICLEDs produce up to 1.6 mW of cw output at room
temperature, in a broad spectral band that is more favorable for chemical sensing. This power is more than a factor of 2 beyond any
previous report for the mid-IR, and nearly an order of magnitude higher than the best commercial devices.
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B Alaser beam is used to measure the magnetic properties in two
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complementary ways. The linear polarization of the incident laser

light is rotated by the sample magnetization and measured in

Interface  a reflection geometry. The magneto-optic Kerr effect (MOKE)
measures the net magnetization (“bulk”) of the Fe film, while
magnetic second harmonic generation (MSHG) selectively probes
the interface magnetization only.

MgO

New Nanoscale Exchange Electron Spin Bias Mechanism: Exchange bias occurs at the interface between an antifer-
romagnet (AFM) and a ferromagnet (FM) — the hard magnetization of the AFM biases the softer magnetization of the FM to
point in a selected direction to optimize some function or performance. Exchange bias is of great technological importance in
tailoring the operating characteristics of most magnetic devices, including hard disk read heads, magnetic memory, and magnetic
sensors. However, it remains poorly understood and continues to be extensively studied. NRL scientists, in collaboration with
researchers at the College of William and Mary, have discovered a new form of exchange bias manifested only in the interface
electron spin system, in marked contrast with typical systems where exchange bias is observed in the net magnetization. Atomic
magnetic moments at the interface between a ferromagnetic metal (iron) and an oxide (magnesium oxide) were demonstrated to
be exchange biased independently of the bulk magnetization, and therefore could be controlled and switched independently of
the bulk. These results are very important for ultrathin magnetic films and nanoscale structures, and have broad implications for
advanced magnetic memory, sensors, and reprogrammable logic.

NRL's 7.7 kW peak power, 94 GHz
sheet-beam extended interaction klystron
amplifier: assembled and sectioned circuit
photographs (left) and simulations of
electron gun and amplifier performance
(right).

Sheet Electron Beam Gun Powers RF Amplifiers, Delivering Record Power in Ka- and W-Bands in Compact
Packages: A novel, 20 kV, 3.5 ampere sheet electron beam gun, designed using NRL's MICHELLE 3D electron beam optics code,
has been successfully demonstrated in two new high-power millimeter-wave amplifiers: a Ka-band amplifier centered around 35
GHz generating a record 12.7 kW of peak radio-frequency (RF) power with a half-power bandwidth of ~5 GHz (more than an
order of magnitude improvement compared to state-of-the-art conventional round-beam amplifiers of comparable frequency and
operating voltage) and a 94 GHz amplifier generating a record 7.7 kW of peak RF power (a more than sevenfold increase in power
compared with conventional round-beam amplifiers of comparable frequency and operating voltage). The unprecedented 70 kW
of beam power with >98% beam transport in a highly compact package is a key enabling technology for compact, high-power
millimeter-wave amplifiers for Navy/Department of Defense electronic warfare systems, directed energy applications, high-
resolution radar, and high-data-rate communications with low probability of intercept.
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Microfabricated high-power millimeter-wave
amplifiers: NRL recently demonstrated over 60 W
of power at 214.5 GHz from a compact traveling
wave amplifier (left image). The key component,
the copper serpentine interaction circuit shown in
the right image, was microfabricated using UV-LIGA
techniques developed at NRL.

New Ultraviolet Photolithographic Process Demonstrated in a High-Power RF Amplifier Generating a Record
60 W and 15 GHz Bandwidth in G-Band: A major impediment to the development of practical high average power devices
operating above 100 GHz frequency, in the “terahertz gap,” has been the difficulty in creating suitable precision structures that
meet the need for tight mechanical tolerances to fabricate finely structured sub-wavelength electromagnetic interaction circuits
and that meet the need for solid metal construction to minimize losses and for good thermal management. To surmount these
obstacles, NRL scientists have (1) developed a solid metal microfabrication process based on ultraviolet photolithography to create
robust, precision, high-power circuit structures for millimeter-wave and submillimeter-wave amplifiers; and (2) demonstrated

an amplifier that proves the ability of the microfabricated circuits to produce high power at high frequency. A traveling-wave

tube amplifier using a serpentine waveguide circuit structure fabricated with a patent-pending NRL ultraviolet photolithographic
process has demonstrated a record peak radio-frequency (RF) output power of over 60 W at a frequency of 214 GHz with a small-
signal bandwidth of 15 GHz, offering 12 times the power and 50 times the bandwidth of state-of-the-art commercial devices. This
demonstration is the first-ever vacuum electronic amplifier fabricated using the UV lithography process. It is a key enabling tech-
nology for a diverse range of Navy capabilities including high-resolution radar imaging, high-data-rate secure communications,
all-weather imaging, and stand-off spectroscopic detection of chemical/biological/radiological/nuclear (CBRN) hazards.

Exhaust Flow

Detonation
Wave =~

Unburned ) 2 A schematic of the rotating detonation engine concept
Fill Region R e including the computed flow field within the engine.

Inlet Flow

Rotating Detonation Engines for Reducing Fuel Consumption: NRL has been in the forefront of exploiting the detona-
tive mode of combustion for increasing energy conversion efficiency and thus reducing fuel consumption. Previous research on
pulsed or intermittent detonation engines is nearing full-scale engine demonstration. Meanwhile, detailed numerical simulations
have shown that going to rotating (a form of continuous) detonation engines can reduce fuel consumption even more than pulsed
or intermittent detonation engines. With the science basis established by the NRL simulations, ONR, DARPA, ARPA-E, and AFRL/
AFOSR have all initiated programs to increase the Technology Readiness Level of this technology.
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Redesigning zinc electrodes as 3D architectures enables dendrite-free cycling and a 30%
capacity increase relative to commercial Zn/air batteries.

3D Zinc Sponge Electrodes for Batteries with Dendrite-Free Recharging: To make a breakthrough in a century-old
quest in battery technology — to physically suppress formation of dendritic spikes upon charge/discharge cycling of metallic zinc
(Zn) electrodes — researchers in the NRL Chemistry Division completely rethought the battery structure. They replaced the thin
foils or powder composites comprising typical zinc electrodes with an aperiodic “sponge” form factor to create high-surface-area,
3D-wired porous zinc architectures. The Zn sponge electrode has already been tested in single-use Zn/air batteries and shown to
discharge 90% of the zinc (versus <60% utilization of Zn in powder-composite electrodes) while maintaining a monolithic form-
factor. Typical Zn batteries can be cycled only 8 to 10 times before dendrites grow long enough to contact the opposing electrode
and short out operation. With Zn sponges, dendrite formation is shut off, even after 80 cycles at current loads that otherwise
ensure formation of dendrites. Rechargeable, dendrite-free, zinc-based batteries offer viable alternatives to fire-prone Li-based
batteries. The NRL team is now evaluating their zinc sponges in rechargeable, aqueous-based batteries capable of hundreds of
cycles at high depth-of-discharge of the electron-rich zinc with a focus on Ni/Zn cells (of relevance for electric vehicles and funded
by ARPA-E) and Ag/Zn cells (a favorite NASA and military single-use system).
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NRL TODAY

ORGANIZATION AND ADMINISTRATION

The Naval Research Laboratory is a field command
under the Chief of Naval Research, who reports to the
Secretary of the Navy via the Assistant Secretary of the
Navy for Research, Development and Acquisition.

Heading the Laboratory with joint responsibili-
ties are CAPT Mark C. Bruington, USN, Command-
ing Officer, and Dr. John A. Montgomery, Director of
Research. Line authority passes from the Commanding
Officer and the Director of Research to three Associate
Directors of Research, the Director of the Naval Center
for Space Technology, and the Associate Director for
Business Operations. Research divisions are organized
under the following functional directorates:

« Systems

 Materials Science and Component Technology

e Ocean and Atmospheric Science and
Technology

o Naval Center for Space Technology

The NRL Fact Book, published every two years,
contains information on the structure and functions of
the directorates and divisions.

NRL operates as a Navy Working Capital Fund
(NWCEF) Activity. All costs, including overhead, are
charged to various research projects. Funding in FY13
came from the Chief of Naval Research, the Naval
Systems Commands, and other Navy sources; govern-
ment agencies such as the U.S. Air Force, the Defense
Advanced Research Projects Agency, the Department of
Energy, and the National Aeronautics and Space Admin-
istration; and several nongovernment activities.

PERSONNEL DEVELOPMENT

At the end of FY13, NRL employed 2613 persons —
33 officers, 47 enlisted, and 2533 civilians. In the research
staff, there are 868 employees with doctorate degrees, 344
with master’s degrees, and 414 with bachelor’s degrees.
The support staff assists the research staff by providing
administrative support, computer-aided design, machin-
ing, fabrication, electronic construction, publication and
imaging, personnel development, information retrieval,
large mainframe computer support, and contracting and
supply management services.

Opportunities for higher education and other profes-
sional training for NRL employees are available through
several programs offered by the Employee Relations
Branch. These programs provide for graduate work
leading to advanced degrees, advanced training, college
course work, short courses, continuing education, and

career counseling. Graduate students, in certain cases,
may use their NRL research for thesis material.

For non-NRL employees, several postdoctoral
research programs exist. There are also agreements with
several universities for student opportunities, as well as
summer and part-time employment programs. Summer
and interchange programs for college faculty members,
professional consultants, and employees of other gov-
ernment agencies are also available. These programs
are described in the NRL Review chapter “Programs for
Professional Development.”

NRL has active chapters of Women in Science and
Engineering (WISE), Sigma Xi, Toastmasters Inter-
national, and the Federal Executive and Professional
Association. An amateur radio club, a drama group, and
several sports clubs are also active. NRL has a Recreation
Club that provides gymnasium and weight-room facili-
ties. NRL also has an award-winning Community Out-
reach Program. See “Programs for Professional Develop-
ment” for details on all these programs and activities.

NRL has its very own credit union. Established in
1946, NRL Federal Credit Union (NRLFCU) is a sound
financial institution that serves about 20,000 members
including NRL employees, contractors, select employee
groups and their families as well as consumers via the
American Consumer Council. Focusing on its mission
of Trusted Partners for Life, NRLFCU provides many
free and low-cost products and services, including free
checking with free bill pay, Visa CheckCard®, and
mobile banking with remote deposit and great rates on
auto and personal loans, credit cards, mortgages and
more. Plus, NRLFCU offers the convenience of direct
deposit, online access, and local branches (including
one located in Bldg. 222, one in Waldorf, MD, and one
in Alexandria, VA), nationwide access via the National
Shared Branching Network with over 30,000 surcharge-
free ATMs, and personalized full-service investment
and brokerage services. For more information, call
301-839-8400 or visit nrlfcu.org.

Public transportation to NRL is provided by Metro-
bus. Metrorail service is three miles away.

SITES AND FACILITIES

NRIs main campus in Washington, D.C., consists of
89 main buildings on about 131 acres. NRL also main-
tains 15 other research sites, including a vessel for fire
research and a Flight Support Detachment. The many
diverse scientific and technological research and support
facilities are described here. More details can be found
in the NRL Major Facilities publication at www.nrl.navy.
mil.
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he revolutionary opportunities
available in nanoscience and
nanotechnology led to a National

Nanotechnology Initiative in 2001. In that
same year, the NRL Institute for Nanoscience was
established. The prospect for nanoscience to provide a
dramatic change in the performance of materials and
devices was the rationale for identifying this emerging
field as one of the DoD strategic research areas for
basic research funding on a long-term basis.

The mission of the NRL Institute for Nanosci-
ence is to conduct highly innovative, interdisciplinary
research at the intersections of the fields of materials,
electronics, chemistry, and biology in the nanometer
size domain. The Institute exploits the broad multidis-
ciplinary character of the Naval Research Laboratory
to bring together scientists with disparate training and
backgrounds to pursue common goals at the intersec-
tion of their respective fields in systems at this length
scale. The Institute provides the Navy and DoD with
scientific leadership in this complex, emerging area and
identifies opportunities for advances in future defense

2014 NRL REVIEW | the naval research laboratory

technology. NRL’s nanoscience research programs and
accomplishments directly impact nearly all Naval S&T
focus areas.

The Institute’s current research program empha-
sizes multidisciplinary, cross-division efforts in a wide
range of science and technology applications:

o Ultra-low-power electronics

« Quantum information processing
o Chemical signaling

» Energy conversion/storage

« Photonics/plasmonics

« Multifunctional materials

» Biomimetics

« Bio/inorganic hybrid materials

The Institute for Nanoscience building, opened in
October 2003, provides NRL scientists access to state-
of-the-art laboratory space and fabrication facilities.
The building has 5000 ft* of Class 100 clean room space
for device fabrication, 4000 ft* of “quiet” lab space with
temperature controlled to +0.5 °C, acoustic isolation
at the NC35 standard (35 dB at 1 kHz), floor vibration
isolation to <150 um/s rms at 10 to 100 Hz and <0.3
mOe magnetic noise at 60 Hz, and 1000 ft* of “ultra-
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quiet” laboratory space with temperature controlled

to £0.1 °C and acoustic isolation at the NC25 standard
(25 dB at 1 kHz). Equipment includes a complete

suite of fabrication tools including deposition and

etch systems, optical mask aligners, two electron beam
writers, a focused ion beam writer, an optical pattern
generator for mask making, a plasma-enhanced atomic
layer deposition system, a laser machining tool, and

a wide variety of characterization tools including an
aberration-corrected transmission electron microscope.

Transmission electron microscopy.

Metrology.

The Institute for Nanoscience research building.
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has gained worldwide renown as the “birthplace of U.S. radar,” and for
more than half a century has maintained its reputation as a leading center
for radar-related research and development. A number of facilities managed

by NRL’s Radar Division continue to contribute to this reputation.

A major Division facility is the Compact Antenna
Range used for antenna design, development, and
characterization and also to measure the radar cross
section of objects. The range is capable of simulating
far-field conditions from 1 to 110 GHz, with a quiet
zone approximately 7 ft in diameter and 8 ft in length.
Instrumentation currently covers from 1 to 95 GHz.
The range was recently upgraded to add a 20 ft x 12 ft
near-field scanner supporting near-field array antenna
measurements up to 110 GHz. Another strong Divi-
sion capability is the Computational Electromagnetics
(CEM) Facility, which supports complex, high-fidelity
electromagnetic modeling of naval platforms, targets,
and antennas. The facility produces detailed predictions
of the radar cross section of various targets, primar-
ily ships. The CEM Facility includes multiple-CPU
supercomputers that are also used during the design
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of phased array antennas. The tremendous synergism
between the CEM group and the Compact Antenna
Range facility provides the ability to design in the
CEM environment, test in the compact range, and
have immediate feedback between the theoretical and
experimental aspects to shorten the development cycle
for antennas of novel design and using new materials.

In support of airborne radar applications, the Divi-
sion operates a supercomputer-based Radar Imaging
Facility and an inverse synthetic aperture radar (ISAR)
capable of being deployed in the air, on the ground, or
shipboard for collecting radar imaging data. The NRL
P-3B aircraft equipped with the AN/APS-145 radar and
Cooperative Engagement Capability is also available to
support experiments.

In support of ship-based radar applications,
the Division operates the Radar Test Facility at the
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Chesapeake Bay Detachment (CBD) near Chesa-
peake Beach, Maryland. The site has long-range air
search and surface search radars and features the
W-band Advanced Radar for Low Observable Control
(WARLOCQ), a fully operational high-power coher-
ent millimeter-wave radar operating at 94 GHz. The
WARLOC transmitter is capable of producing a variety
of waveforms suitable for precision imaging of targets
at long range. Waveforms with a bandwidth of up
to 600 MHz can be transmitted at full power. A 6 ft
Cassegrain antenna is mounted on a precision pedes-
tal and achieves 62 dB of gain. An S-band waveform
development test bed will soon be operational with a
43 dB gain Cassegrain monopulse antenna supporting
bandwidths up to 400 MHz. _

The Advanced Multifunction Radio Frequency Compact Range Facility.
Concept (AMREC) test bed is an installation at CBD
operated by the Radar Division, with significant
contributions by other NRL divisions. The goal of the
AMREC program was to demonstrate the integration
of multiple shipboard RF functions, including radar,
electronic warfare (EW), and communications, by
utilizing a common set of broadband array antennas,
signal and data processing, and signal generation and
display hardware. The test bed consists of separate
active transmit and receive arrays that operate over the
6 to 18 GHz band. Functionality of the test bed includes
a multimode navigation/surface surveillance Doppler
radar, multiple communication links (line-of-sight and
satellite), and passive and active EW capabilities. The
arrays are mounted on a 15° tilt-back overlooking the
Chesapeake Bay, emulating a shipboard installation.
Currently, the test bed site is being enlarged and modi-
fied to accommodate additional equipment in support Radar antennas in front of and on the roof of the Radar Test Facility.
of the Integrated Topside (InTop) program. The InTop
program, sponsored by the Office of Naval Research,
has a similar set of goals as AMRFC, but is broader in
scope, covering RF functions across the spectrum from
HEF through Ka band.

The Division also has access to the Navy’s AN/
TPS-71 Relocatable Over-The-Horizon Radar
(ROTHR). The Division provides direct technical
support for the AN/TPS-71 program and has direct
access to data. The Division is currently developing a
relocatable high frequency surface wave radar that will
be used to explore phased array antenna geometries
and associated beamforming concepts.
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RL’s Information Technology

Division (ITD) conducts basic

research, exploratory develop-
ment, and advanced technology demon-
strations in the collection, transmission,
processing, dissemination, and presenta-

tion of information. ITD’s research program spans
the areas of artificial intelligence (AI), autonomous
systems, high assurance systems, tactical and strategic
computer networks, large data systems, modeling and
simulation, virtual and augmented reality, visual ana-
lytics, human/computer interaction, communication
systems, transmission technology, and high perfor-
mance computing.

NRIs RF Communications Laboratory conducts
research in satellite communications systems and
modulation techniques, develops advanced systems
for line-of-sight communications links, and conducts
designs for the next generation of airborne relays. A
Voice Communication Laboratory supports the devel-
opment of tactical voice technology; a Mobile Network
Modeling Laboratory supports modeling, emulation,
development, and scenario-based performance evalu-
ation of both tactical network and Mobile Ad Hoc
Networking (MANET) capabilities; and a Dynamic

34 2014 NRL REVIEW | the naval research laboratory

Spectrum Allocation/Cognitive Radio Technology Test
Lab provides the capability to analyze, test, and develop
dynamic, cognitive, networked tactical wireless commu-
nications capabilities that efficiently share and exploit
the spectrum. A Freespace Laser Communications
Laboratory supports the design and development of
prototype technical solutions for Naval laser communi-
cations requirements.

The Center for Computational Science (CCS) hosts
the High Performance Computing (HPC) and Com-
munications efforts at NRL. CCS participates in the
DoD HPC Affiliated Research Center (ARC) program
providing supercomputer research access to NRL and
DoD customers. For high-performance networking, the
Center runs the Advanced Technology Demonstration
Network (ATDnet) in the Washington, D.C., metro area
that provides dark fiber access to research partners.
Other research supports high-speed connections (tens
to hundreds of Gbps). Current efforts range from
mapping traditional large shared memory (SHMEM)
problems onto scalar computing systems to emerging
cloud architectures to extremely large storage (petabytes
and beyond).

CCS network operations provides a full range of
IT infrastructure to support Lab-wide needs including
equipment that supports a cable TV plant, SIPRNet,
backbone fiber based network, services and external



connectivity to the Defense Research and Engineering
Network (DREN). DREN is a high-bandwidth wide
area network that provides the communications path
within the HPC community, to DoD networks and to
the Internet. A current research effort includes Open-
flow between multiple DREN sites, including NRL.

The Autonomous Systems and Robotics Labora-
tory provides the ability to develop and evaluate intel-
ligent software, hardware, sensors, and interfaces for
human interaction with autonomous systems. The lab
includes a number of ground and air platforms, as well
as equipment for evaluating interfaces, including eye
trackers. A variety of passive and active sensors support
research in perception for autonomous systems. The
Audio Laboratory combines a state-of-the-art 3D
sound environment and multitask test bed for basic and
applied human performance studies and Navy informa-
tion display research. The core of the new Visual Ana-
lytics Laboratory is a display wall composed of LCD
tiles, which enable teams of analysts to explore massive,
diverse streams of data, supporting research into the

Scientist using the Dynamic Spectrum
Allocation/Cognitive Radio Technology
Test Lab facility to prepare a WNaN radio
network for RF spectrum sharing field
testing.
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science of analytical reasoning facilitated by visual
interfaces. The Service Oriented Architecture Labora-
tory is used to investigate, prototype, and evaluate flex-
ible, loosely coupled Web services that can be rapidly
combined to meet dynamically changing warfighter
needs. The Behavioral Detection Laboratory features a
50-node Cloud cluster to support the development of
algorithms, processes, and sensor suites associated with
behavioral indicators of deception.

The Configurable Synthetic Merged Environments

(CSME, or Sesame) Laboratory enables the assessment
of Naval systems, individuals, and teams using virtual
prototyping techniques to simulate future warfighting
scenarios within surface, undersea, land (including
man-portable wearable gear), and air domains. Indi-
viduals and teams are able to interact with each other
and synthetic entities in a realistic manner to improve
training effectiveness. The CSME Laboratory is a
complement to the Department of Navy’s warfighter
performance portfolio.

Technicians and scientists in the Mobile Network Modeling
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Laboratory (top) prepare and run a scenario-based, tactical
network emulation using the NRL-developed EMANE system

(bottom).
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he Optical Sciences Division has
a broad program of basic and
applied research in optics and

electro-optics. Areas of concentration include fiber
optics and fiber-optic sensing, materials and sensors
for the visible and infrared (IR) spectral regions, inte-
grated optical devices, signal processing, optical infor-
mation processing, panchromatic and hyperspectral
imaging for surveillance and reconnaissance, and laser
development.

The division occupies some of the most modern
optical facilities in the country. The newest facility
in Optical Sciences is the Advanced Optical Materi-
als Fabrication Laboratory, a state-of-the-art cluster
system for vacuum deposition of thin films. The facil-
ity consists of a series of interconnected high vacuum
chambers, allowing complex, heterogeneous, multi-
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layer films to be deposited without breaking vacuum
during processing. The system includes a glove box,
sample distribution robot, sputtering chambers for
chalcogenide materials and oxides, evaporators for
metals and dielectrics, and a mask changing module

to enable layers to be patterned in situ while eliminat-
ing interface effects that result from exposure to air.
Three other recently added facilities include the Optical
Fiber Preform Fabrication Facility for making doped
and undoped, multimode, single-mode, multicore,
and photonic crystal glass preforms at temperatures as
high as 2300 °C; the Surface Characterization Facility
for ultraviolet and X-ray photoemission spectroscopy,
atomic force and scanning tunneling microscopy
(STM), and STM-induced light emission measure-
ments; and the molecular beam epitaxial growth
system dedicated to infrared lasers and detectors based
on GaSb/InAs/AlISb quantum well and superlattice
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structures. In addition, an extensive set of laboratories for sintering. The Focal Plane Array Evaluation Facility
exists to develop and test new laser and nonlinear allows measurement of the optical and electrical char-
frequency conversion concepts and to evaluate non- acteristics of infrared focal plane arrays being devel-
destructive test and evaluation techniques. Fiber-optic oped for advanced Navy sensors. The IR Missile-Seeker
sensor testing stations include acoustic test cells and Evaluation Facility performs open-loop measurements
a three-axis magnetic sensor test cell. There is also an of the susceptibilities of IR tracking sensors to optical
Ultralow-loss Infrared Fiber-Optic Waveguide Facil- countermeasures. An ultra-high-vacuum multicham-
ity using high-temperature IR glass technology. The ber deposition apparatus is used for fabrication of
facilities for ceramic optical materials include powder electro-optical devices and can be interlocked with the
preparation, vacuum presses, and a 50-ton hot press Surface Characterization Facility.

The Optical Fiber Preform Fabrication Facility includes
computer control of the glass composition and standard
fiber-optic dopants as well as rare earths, aluminum, and
other components for specialty fibers.

The Optical Sciences Surface Char-
acterization Facility includes instru-
mentation for ultraviolet and X-ray
photo-emission spectroscopy (UPS and
XPS), atomic force and scanning tun-
neling microscopy (AFM and STM), and
STM-induced light emission (STM-LE)
measurements.

Molecular beam epitaxy (MBE) system dedicated to
quantum confined GaSb/InAs/AISb structures for midwave
infrared laser development.

MX-20SW hyperspectral sensors.
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Tactical Electronic Warfare

Learjet with simulators during RIMPAC exercises.

he Tactical Electronic Warfare (TEW)

Division’s program for electronic

warfare (EW) research and devel-
opment covers the entire electromagnetic

SPeCctrum. The program includes technology research
and advanced developments and their applicability
to producing EW products for the Fleet. The range of
ongoing activities includes components, techniques, and
subsystems development as well as system conceptual-
ization, design, and EW effectiveness evaluation. The
focus on the research activities extends across the entire
breadth of the battlespace. These activities emphasize
providing the methods and means to detect and counter
enemy hostile actions via threat neutralization — from
the beginning, when enemy forces are being mobilized
for an attack, through to the final stages of the engage-
ment. In conducting this program, the TEW Division
employs an extensive array of special research and devel-
opment laboratories, anechoic chambers, and modern

. . . Countermeasures
computer systems used for modeling and simulation. anechoic chamber
Dedicated field sites and airborne platforms allow for for EW testing.
the conduct of field experiments and operational trials.
This combination of scientists, engineers, and special-
ized facilities also supports the innovative use of all Fleet
defensive and offensive EW assets currently available to
operational forces.

Radio Frequency
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The Central Target Simulation Facility is a high-perfor-
mance, hardware-in-the-loop simulator for real-time closed-
loop testing and evaluation of electronic warfare systems
and techniques to counter the antiship missile threats.

TEWD develops and implements advanced visualization
tools to support EW systems development and analysis.

Deployed EW sub-
system to improve
emitter detection and
classification based
on conceptualization
and development
performed in TEWD.

EATES — Electronic Attack Technique Evaluation System,
a stand-alone portable EA testing system.

e - XFC prototype in flight under fuel cell power.

XFC (Experimental Fuel Cell) UAV — tube
launch sequence.
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he Laboratories for Computa-

tional Physics and Fluid Dynamics

(LCP&FD) is staffed by physicists,
engineers, and computer scientists who
develop software and use high-perfor-
mance computers to solve priority prob-
lems for the Navy, the DoD, and the nation
when existing capabilities and available
commercial software prove inadequate

to the application. For example, the LCP&FD
developed the CT-Analyst crisis management software
(figure above) so that first responders can have instant
predictions of an airborne contaminant spread in an
urban environment.

The LCP&FD maintains a very powerful collection
of computer systems applied to a broad collection of
work. There are currently 3180 clustered x86_64 cores
and their associated support systems. In addition, there
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are over 40 Apple workstations in the group, most of
which are capable of large calculations both indepen-
dently and in parallel ad hoc clusters.

There are four 64-bit x86 multicore distributed
memory clusters, each well coupled with Infiniband
high-speed switched interconnect. Two of the clusters
contain many-core coprocessors. The newest of these
systems consist of 64 NVIDIA Kepler class GPUs and
8 Intel Xeon Phi coprocessors. The second system is
comprised of 88 NVIDIA Fermi class GPUs. All of the
many-core processors are tightly coupled to their asso-
ciated x86_64 multicore processor nodes. A ScaleMP
based shared memory machine is available for large
memory processing.

All systems share 250 terabytes of storage for
use during a simulation and at least one gigabyte of
memory per processor core. All unclassified systems
share a common disk space for home directories as well
as 3 terabytes of AFS space that can be used from any
AFS-capable system throughout the allowed Internet.




Chevrons
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The computed flow field inside a rotating detonation engine
with mixture plenum (bottom), injector plate and injectors
(center), and combustion chamber (top). This new class of en-
gines has been investigated computationally and been shown
to have the potential to reduce fuel consumption by 25%
while providing the same performance as current gas-turbine
engines.

Accelerating unconfined turbulent flame in a methane—air
mixture shortly before a spontaneous transition to a detona-
tion. Shown is the volume rendering of the reaction rate in a
fully resolved numerical simulation of the flame interaction
with the driven, homogeneous, isotropic, and high-speed
turbulence.

The computed exhaust flow field of a super-
sonic military aircraft jet shows the flow modi-
fications (shock disruptions and enhanced

jet mixing) created by mechanical chevrons
(when compared to the baseline flow field
without chevrons). The overall noise intensity
is reduced in half with the use of these flow
modifiers.

Pressure contours resulting from blast interaction with a
helmeted head. The shock wave approaches from the front
(left) and envelopes the geometry; the boundary between
ambient (dark blue) and post-shock (green) air is seen at the
top and bottom right. Interacting shock reflections from the
face, helmet, and torso generate high pressures (red) on the
neck below the chin.
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The Chemistry Division’s new NanolR combines an atomic
force microscope for topographic imaging with infrared
chemical analysis and mapping with submicron spatial

resolution.

The Chemistry Division
continues this tradition. The Chemistry Division
conducts basic research, applied research, and develop-
ment studies in the broad fields of diagnostics, dynam-
ics, synthesis, materials, surface/interfaces, environ-
ment, corrosion, combustion, and fuels. Specialized
programs currently within these fields include the
synthesis and characterization of organic and inorganic
materials, coatings, composites, nondestructive evalu-
ation, surface/interface modification and characteriza-
tion, nanometer structure science/technology, chemical
vapor processing, tribology, solution and electrochem-
istry, mechanisms and kinetics of chemical processes,
analytical chemistry, theoretical chemistry, decoy
materials, radar-absorbing materials/radar-absorbing
structures (RAM/RAS) technology, chemical/biologi-
cal warfare defense, atmosphere analysis and control,
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environmental remediation and protection, corrosion
science and engineering, marine coatings, personnel
protection, and safety and survivability. The Division
has several research facilities.

Chemical analysis facilities include a wide range of
modern photonic, phononic, magnetic, electronic, and
ionic-based spectroscopic/microscopic techniques for
bulk and surface analysis.

The Magnetic Resonance Facility includes
advanced high-resolution solid-state nuclear magnetic
resonance (NMR) spectroscopy techniques to observe
nuclei across much of the periodic table and provides
detailed structural and dynamical information.

The Nanometer Characterization/Manipulation
Facility includes fabrication and characterization
capability based on scanning tunneling microscopy/
spectroscopy, atomic force microscopy, and related
techniques.

The Materials Synthesis/Property Measurement
Facility has special emphasis on polymers, surface-film
processing, and directed self-assembly.



The Chemical Vapor and Plasma Deposition Facil-
ity is designed to study and fabricate materials such as
diamond using in situ diagnostics, laser machining,
and plasma deposition reactors.

The Navy Fuel Research Facility performs basic
and applied research to understand the underlying
chemistry that impacts the use, handling, and storage
of current and future Navy mobility fuels.

Fire research facilities include a 11,400 ft* fire
research chamber (Fire I) and the 457 ft ex-USS
Shadwell (LSD 15) advanced fire research ship. Com-
mensurate support has been devoted to survivability of
the new classes of ships, DDX, LPD 17, LCS, CVNX,
and LHA(R).

The Marine Corrosion and Coatings Facility
located on Fleming Key at Key West, Florida, offers
a “blue” ocean environment and unpolluted, flowing
seawater for studies of environmental effects on mate-
rials. Equipment is available for experiments involving
accelerated corrosion and weathering, general corro-
sion, long-term immersion and alternate immersion,
fouling, electrochemical phenomena, coatings applica-

Thermal gravimetric analysis: The new simultaneous

thermal analyzer NETZSCH STA 449 F3 Jupiter allows the
measurement of mass changes and thermal effects (TG,
TG-DTA, and TG-DSC measurements) between —150 °C and
2400 °C.

NRL RESEARCH DIVISIONS

tion and characterization, cathodic protection design,
ballast water treatment, marine biology, and corrosion
monitoring.

The Chemistry Division has focused on force pro-
tection/homeland defense (FP/HD) since September
11, 2001, especially on the development of improved
detection techniques for chemical, biological, and
explosive threats. As part of a multidivisional program
to develop new technology systems, the Chemistry
Division is a major contributor to the NRL Institute
for Nanoscience. Nanoscience complements FP/HD
in that nanoscience is expected to provide dramatic
improvements to chemical/biological detection, pro-
tection, and neutralization. Chemistry will approach
the nanoscale from the bottom up — building smaller
atoms and molecules into nanostructures with new
properties and developing the directed assembly of
nanostructures into hierarchical systems. The NRL
Nanoscience building is linked directly into the Chem-
istry building to provide controlled access and auxiliary
space for work not requiring a “low noise” environ-
ment.

In¥la Rarman miroscops

The Micro-Raman system is a multiwavelength, fully
automated spectrometer providing chemical microprobe
analysis and mapping of organic, inorganic, and biological
specimens.

The Leica UC7/FC ultramicrotome with cryo
attachment can efficiently section materials
for further study, and is capable of ultra-thin
sections in the 50 nm range.
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Materials Science and Technology

Image of a single hybridoma
cell surrounded|by square
nanoplasmonicarrays:

St passages cells
eparation for live cell

The Division houses many
specialized and unique facilities for carrying out basic
and applied materials synthesis and characterization
research.

The Magnetoelectronics Fabrication Facility con-
sists of a Class 1000 clean room equipped with tools
for lithographic construction of magnetoelectronic and
spintronic devices. It provides pattern definition, met-
allization, dielectric layer deposition, and both reactive
and Ar* ion etching of wafers and small pieces.

The Electrical, Magnetic, and Optical Measurement
Facility contains several complementary instruments
that allow for the magnetic, electrical, optical, and heat
capacity characterization of materials and devices.

The SQUID (superconducting quantum interference
device) uses magnetometry and vibrating sample
magnetometry to determine important properties of
superconducting, paramagnetic, diamagnetic, and
ferromagnetic materials. The transport properties of
materials, namely the temperature- and magnetic-field-
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dependent resistivity combined with heat-capacity
measurements, allow for a fundamental physical under-
standing of electronic properties.

The Materials Processing Facility includes appa-
ratuses for powder production by fluid atomization,
thermal evaporation, and arc erosion, and a physical
vapor deposition system designed to produce and coat
submicron powders in situ. Facilities to process powder
into bulk specimens by hot and cold isostatic pressing
permit a variety of consolidation possibilities. The iso-
thermal heat treatment facility and quenching dilatom-
eter permit alloy synthesis and single crystal growth.
Bulk alloys can be prepared by induction melting, while
rapidly solidified metals of thin cross section can be
made by splat quenching and melt spinning. Ceramic
and ceramic-matrix composites processing facilities
include a wide variety of conventional, controlled
atmospheric furnaces, hot presses, a ball milling appa-
ratus, particle size determination capability, and sol-gel
and organometallic coating processing capabilities.

The Mechanical Characterization Facility consists
of various testing systems, many with automated com-
puter control and data acquisition, for determining
the mechanical response of materials under controlled
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Electron backscatter diffraction inverse pole figure map Head dynamic response to front blast pressure wave;
shows the grain orientations of the ferrite and austenite translucent image of pressure levels in the head.

phases in a duplex stainless steel 2205 alloy.

loading/deformation and environmental conditions. microscope, and a JEOL JSM-7001F Variable Pressure
Basic capabilities include quasistatic tensile and frac- scanning electron microscope with secondary and
ture testing, dynamic storage and loss moduli as a backscattered electron imaging capabilities, as well as
function of frequency and temperature, cyclic fatigue energy dispersive spectrometry (EDS) and electron
crack growth and corrosion fatigue testing, and stress- backscatter diffraction (EBSD). In addition, this field-
corrosion cracking testing. emission microscope operates in low-vacuum mode,

The Thin-Film Materials Synthesis and Processing which allows for high-resolution imaging of noncon-
Facility provides users a wide variety of techniques ductive materials without coatings or any additional
for growth and processing of thin films (thickness preparation. Other standard microstructure character-
1 um or less). Sputter deposition offers a versatile ization instruments are also available.

method of depositing metallic and dielectric films and

is a primary tool of this facility. Thermal
evaporation of metals is implemented

in both high-vacuum and ultra-high-
vacuum systems. Pulsed laser deposition
(PLD) with variable stage temperature
and controlled atmosphere allows growth
of oxides. Electrolytic deposition offers
efficient growth of gold and silver films.
Laser direct-write ablation and deposition
processes provide unique methods for
imposing CAD-defined features via abla-
tion of a substrate film and ablative mass
transfer to a substrate.

The Micro/Nanostructure Character-
ization Facility is capable of performing
transmission electron microscopy (TEM),
scanning transmission electron micros-
copy (STEM), atomic resolution trans-
mission electron microscopy (ARTEM),
electron energy loss spectroscopy (EELS),
Z-contrast imaging, and spectral imaging
through the use of a JEOL 2010F transmis-
sion electron microscope, an FEI Tecnai
G? 30 analytical transmission electron
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High-fidelity modeling of the human head under blast loading.
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lonospheric plasma*
spacecraft diagnos
the Space Chamber Facilit

The Space Physics Simulation Chamber generates
near-Earth plasma environments for studying space
plasma phenomena and spacecraft diagnostic develop-
ment and testing. Nike and Electra are major KrF laser
facilities for ICF research, studying ICF target physics
and developing repetitively pulsed KrF technologies,
respectively. The Ultrashort-Pulse, High-Intensity
Laser facility has both a 10 Hz (15 TW) and kilohertz
(0.45 TW) Ti:Sapphire laser to investigate laser-driven
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acceleration and nonlinear laser-plasma interactions.
Directed energy research is performed in the High
Energy Laser Lab, which has four multikilowatt fiber
lasers to study laser propagation, incoherent beam
combining, and power beaming. The Materials Testing
Facility houses a 6-meter-long railgun used to study
the materials issues of electromagnetic launch for the
Navy and DoD’s multimission railgun program. A new
small caliber railgun will fire repetitively and expand
our knowledge of materials, pulsed power, and energy
storage. The Division has two large, high-voltage,
pulsed-power devices, Gamble I and Mercury, which
are used to produce intense electron and ion beams,
flash X-ray sources, and high-density plasmas for appli-
cation to nuclear weapons effects testing, radiography,
and active detection of nuclear materials. The Division
uses both microwaves and plasmas for materials pro-
cessing applications. The microwave materials process-
ing laboratory includes a 20 kW, CW, 83 GHz gyrotron.
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The Large Area Plasma Processing System (LAPPS)
generates ultra-low-temperature plasmas for studying
the modification of energy sensitive materials such as
polymers, graphene, and biologicals. Two atmospheric
discharge systems are used to study plasma processing
and synthesis, plasma biology, and plasma aerodynam-
ics.

- - The Large Area Plasma Processing System (LAPPS) is used
The Materials Testing Facility railgun studies the physics to develop, characterize, and study plasma-based processing
and material science of electromagnetic launch. of energy sensitive materials.

Laser ver = 20 TwW

Proton Energy = 6 MeV

TURBOWAVE simulation proton acceleration from a hydro-
gen gas target driven by an ultrashort pulse laser.

Tapered front-end of Mercury accelerator (6 MV, 360 kA,
50 ns) for dual-axis down-hole radiography.

Electra repetitive electron beam facility, used to investigate
inertial fusion energy, materials modification, waste remediation,
and biofuel production.
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Electronics Science and Technology
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he Electronics Science and Tech-

nology Division conducts a muilti-

disciplinary basic and applied
research program in solid-state electron-
ics; electronic materials including growth,
theory, and characterization of semicon-
ductors and heterostructures; surface
and interface science; microwave and
millimeter-wave components and tech-
niques; microelectronic device research
and fabrication; nanoelectronics science
and technologies; vacuum electronics;
power electronics; photovoltaics and opto-

electronics; and modeling and simulation.
The Division operates 13 major facilities: Ultrafast

Laser Facility (ULF), Solar Cell Characterization Lab-
oratory (SCCL), Compound Semiconductor Process-
ing Facility (CSPF), Laboratory for Advanced Materi-
als Synthesis (LAMS), Center for Advanced Materials
Epitaxial Growth and Characterization (Epicenter),
Ultra-Violet Photolithography Laboratory for Sub-
millimeter-Wave Devices (UV-PL), Millimeter-Wave
Vacuum Electronics Fabrication Facility (MW VEFF),
Advanced Silicon Carbide Epitaxial Research Labora-
tory (ASCERL), Optoelectronic Scanning Electron

3
I=ieje

2014 NRL REVIEW | the naval research laboratory

Characterization Facility (OSECF), Infrared Materials
and Detectors Characterization Laboratory (IR Char-
acterization Lab), Atomic Layer Deposition System
(ALD), Atomic Layer Epitaxy System, and High Pres-
sure Multi-Anvil System (HPMAS).

The CSPF processes compound semiconductor
structures on a service basis, especially if advanced
fabrication equipment such as electron beam lithogra-
phy for reactive ion etching is required. But most fab-
rication can be hands-on by NRL scientists to assure
personal process control and history. The LAMS uses
metallorganic chemical vapor deposition to synthesize
a wide range of thin films, particularly wide bandgap
semiconductors such as gallium nitride (GaN) and
related alloys. The Epicenter (a joint activity of the
Electronics Science and Technology, Materials Science
and Technology, Optical Sciences, and Chemistry
Divisions) is dedicated to the growth of multilayer
nanostructures by molecular beam epitaxy (MBE).
Current research involves the growth and etching of
conventional III-V semiconductors, ferromagnetic
semiconductor materials, 6.1 A ITI-V semiconduc-
tors, and II-VI semiconductors. The structures grown
in this facility are analyzed via in situ scanning
tunneling microscopy and angle-resolved electron
microscopy. The ASCERL is the focal point of NRL
efforts to develop thin-film heterostructure materials
needed for high-voltage, high-power silicon carbide



Graphene’s high strength (equal to
diamond) and low mass are well
suited for NEMS sensors and ap-
plications. ESTD researchers are
developing techniques to broadly
engineer mechanical properties of
graphene films such as strength,
tension, resilience, and quality
factors. These materials are being
further developed for mass sen-
sors, switches, and filters for RF
communications. To date, ESTD
researchers have demonstrated
state-of-the-art frequency tun-
ability (>500%) and quality factors
(Q~30,000) for graphene-based
nanomechanical resonators.

Scanning electron microscope cross section of a
metallized UV5/ZEP resist profile patterned using
electron beam lithography. By using a thermal
reflow process, T-gates can be fabricated with
gate lengths below 30 nm, enabling transistor
operation at frequencies greater than 400 GHz.

(SiC) power electronic components in future naval
systems. ASCERL uses an EPIGRESS reactor capable
of growing thick, low-defect, ultra-high-purity SiC
epitaxial layers. The SCCL studies new and emerging
solar cell technologies for tactical applications includ-
ing terrestrial and space environments. The ULF is
optimized for the characterization of photophysical
and photochemical processes on a timescale of tens

of femtoseconds. It includes a synchronously pumped
dye laser system for simulating the effects of charge
deposited in semiconductors characteristic of space
radiation. The UV-PL and MW VEFF are key laborato-
ries for developing precision, all-metal structures for
electron optics, electron beam-wave interaction (e.g.,
amplifiers and oscillators), and passive electromag-
netic devices. The UV-PL uses lithographic techniques
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ESTD has devel-
oped very efficient
medium voltage
power modules by
replacing the tradi-
tional Si freewheel-
ing diode with SiC
Schottky diodes.
The SiC Junction
Barrier Schottky
(JBS) diodes were
rated for 4500 V
and replaced the
very lossy Si PiN
diodes. The combination of SIC diodes and the silicon Insu-
lating Gate Bipolar Transistors (IGBT) demonstrated a factor
of 7 reduction in turn-on losses and overall better than a fac-
tor of 2 in total power dissipation (switching and conduction
losses). The SiC JBS diodes have proven extremely reliable
and are expected to be commercialized in the near future.

While graphene’s
intrinsic properties are
unsurpassed, spe-

cific applications require
modifying its nature.
ESTD researchers have
discovered and studied
new fluorinated graphene
derivatives with ideal
conjugate properties to
graphene; it is highly
insulating, transparent,
and chemically active.
Such fluorographene
materials are finding their
way into nanoelectronic
and sensing applications. ESTD researchers have utilized
this idea of fluorine functionalization in the formation of novel
graphene nanoribbons, biosensors, and RF transistors.

and chemical electroforming to create high height-to-
width aspect ratio structures (up to 10:1) with feature
sizes as small as 5 pm. These dimensions are compat-
ible with devices that can produce coherent electro-
magnetic radiation at submillimeter wavelengths. The
MWVEFF contains a computer numerically con-
trolled (CNC) milling machine and a CNC precision
lathe capable of fabricating intricate millimeter-wave
vacuum electronic components and a wire electric
discharge machining (EDM) tool for fabrication of
millimeter-wave and submillimeter-wave components
that cannot be fabricated by conventional rotary cut-
ting tools. EDM offers a noncontact process for both
hard and soft metals as well as SiC and doped silicon.
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The primary goal is to
translate cutting-edge, bio-based discoveries into useful
materials, sensors, and prototypes that can be scaled
up, are robust, and lead to enhanced capabilities in
the field. The challenges include identifying biological
approaches with the greatest potential to solve Navy
problems and provide new capabilities while focusing
on bio-inspired solutions to problems that have not
otherwise been solved by conventional means.

Studies involve biomaterial development for
chemical/biological warfare defense, structural and
functional applications, and environmental quality/
cleanup. Program areas include optical biosensors,
nanoscale manipulations, genomics and proteomics,
bio/molecular and cellular arrays, surface modification,
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energy harvesting, systems biology, viral particles as
scaffolds, and bioorganic materials from self-assembly.

The staff of the Center is an interdisciplinary team
with expertise in biochemistry, surface chemistry,
biophysics, molecular and cell biology, organic synthe-
sis, materials science, and engineering. The Center also
collaborates throughout NRL and with other govern-
ment laboratories, universities, and industry.

The Center’s modern facilities include laborato-
ries for research in chemistry, biochemistry, systems
biology, and physics. Specialized areas include con-
trolled-access laboratories for cell culture and molecu-
lar biology, an electron microscope facility, a scanning
probe microscope laboratory, instrument rooms with
access to a variety of spectrophotometers, a multichan-
nel surface plasmon resonance (SPR) sensor, and an
optical microscope facility including polarization,
fluorescence, and confocal microscopes. Additional
laboratories accommodate nuclear magnetic resonance
(NMR) spectroscopy, liquid chromatography-mass
spectrometry (LCMS), and fabrication of microfluidic
and micro-optical systems in polymers. The Center
maintains a state-of-the-art X-ray diffraction system
including a MicroSTAR-H X-ray generator. In com-
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bination with new detectors and components, the ultracentrifuge to facilitate separation and character-
system is ideal for data collection on proteins or very ization of proteins and protein complexes. The mass
small single crystals of organic compounds and is spectrometry (MS) facility was also enlarged to enable
also capable of collecting data on films and powders. small molecule and proteomic analyses of biological,
Core facilities have been established for fluorescence environmental, and clinical samples by offering state-
activated cell sorting (FACS), micro-array analysis, of-the-art instrumentation and proteomics expertise in
next generation sequencing, circular dichroism (CD) preparing, analyzing and bioinformatic interpretation
spectroscopy, and 3D printing and rapid prototyp- of experimental data and manual interpretation of MS/
ing. The Center has recently installed an analytical MS spectra.

AB SCIEX QTRAP 5500 hybrid triple-quadrupole mass

spectrometer coupled with a Dionex UltiMate 3000 liquid Prototyping facility 3D printer for rapid production of scale
chromatography system. models or custom parts.

AT & — e

Applied Biosystems QSTAR Elite mass spectrometer coupled
with a Tempo Nano Multi-Dimensional Liquid Chromatography
(MDLC) System.
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NRL’s “Reliant” unmanned unders
vehicle with towed acoustic array

deployed during a long range acti

acoustics experiment.

he Acoustics Division’s research

program spans the domains of

quantum and classical physics. It
addresses spatial scales from nanometers
to hundreds of kilometers and temporal
scales from less than microseconds to the
seasonal and long-term variability of the

Oceans. The Division’s research topics include the
following:

(1) The study of the impact of riverine, ocean, and
atmospheric fluid dynamics on the phase coherent
properties of acoustic signals with the objective of
predicting the performance variability of acoustic
systems including autonomous unmanned underwater
systems and their underwater acoustic communications
networks;

(2) The continued development, expansion, and
adaptation of full physics underwater acoustic propa-
gation and scattering theories. The use of numerical
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simulations to estimate the uncertainty in acoustic
field propagation simulations that is caused by limited
spatial and temporal sampling of the initialization and
updating sound speed fields;

(3) The measurement and theoretical description of
the spatial/temporal variability of the deterministic/
statistical properties of acoustic signals scattered from
marine organisms, the near-surface ocean volume,
the air-sea interface and the sea bottom/ subbottom
with the objective of reducing the impact of non-target
acoustic signal clutter on naval mine countermeasures
and antisubmarine warfare system performance;

(4) The prediction and measurement of the angle and
frequency dependence of acoustic signals scattered and
radiated by complex three-dimensional structures with
application to advanced manned and unmanned mine
countermeasures and antisubmarine warfare detection
concepts;

(5) The design from first principles of microelectro-
mechanical and nanotechnology-based structures (e.g.,
metamaterials and sensors) that have unique sound
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transmission, reflection, and transduction properties.

The experimental and computational components of
the Division’s research program require the utilization
of high-performance computers, the NRL Institute for
Nanoscience experimental facilities, the University
National Oceanographic Laboratory System’s ships and
measurement systems, and the design and use of state-
of-the-art laboratory, underwater, and atmospheric
research instrumentation.

At-Sea Research: The Division uses autonomous
unmanned vehicles, fixed autonomous moorings, and
measurement systems attached to ships. Undersea
acoustic propagation and ambient noise measure-
ments are made with a fully autonomous moored
acoustic data acquisition suite composed of two 80 m,
32-channel vertical hydrophone arrays, two 600 m,
96-channel horizontal hydrophone arrays, and two
50% duty cycle programmable acoustic sources oper-
ating at center frequencies of 300 and 500 Hz. Data
are acquired by two 32-channel and one 96-channel
recording systems that continuously acquire 24-bit data
for a minimum of 30 days.

Ship-attached instruments are used to investigate
the four-dimensional properties of acoustic signals
scattered from the ocean’s surface, bottom, and volume.
They include two flex-tensional XF-4 and one ITC 2077
sound sources; a towable, vertically directional source
array operating in the 1.5 to 9.5 kHz frequency band
and a 64-channel broadband (500 to 3500 Hz) time
reversal source-receiver array.

A 53 cm diameter Bluefin autonomous underwater
vehicle (AUV) is used to test autonomous unmanned
mine countermeasures, antisubmarine warfare con-
cepts, and autonomous vehicle control algorithms
designed to function in environments with unantici-
pated events. Underwater acoustic communications
network research defines future network capacity by
deploying programmable modems, two Iver-2 58 in.
expandable AUVs, and two 8-channel moored/towed
remotely controlled acoustic communications data
acquisition modems in a variety of topologies.

Laboratory Facilities: The Acoustics Division has
several nationally unique laboratory facilities. The
Laboratory for Structural Acoustics supports experi-
mental research where acoustic radiation, scattering,
and surface vibration measurements of fluid-loaded
and non-fluid-loaded structures are performed. A
3.7-million-liter, in-ground pool facility (17 m dia.

x 15 m deep) has vibration and temperature control,

anechoic interior walls, and automated three-dimen-
sional scattering cross section measurement capabili-
ties. Instrumentation includes compact range scatter-

ing, nearfield holography, and scanning laser Doppler
vibrometry capabilities. Ultra-high-precision measure-
ments are conducted in this pristine laboratory environ-
ment using submarine hull backing impedance simula-
tors, torpedoes, scale-model submarine structures, and
deactivated mine targets. A large acoustically treated
in-air measurement facility (50 x 40 ft and 38 ft high) is
used for structural acoustic and vibration measurements
on satellite payload fairings, active and passive mate-
rial systems for sound control, and new transducer and
sensor systems. It is instrumented with robotic scanners
capable of generating nearfield acoustic holography
(NAH) radiation, reflection, and transmission data-
bases. Marine sediments are replicated in tanks to study
the impact of sediment burial on the structural response
of mines or improvised explosive devices. In addition, a
salt water tank (6 m x 6 m x 3.5 m) facility is designed
to study a variety of physical phenomena under both
saline and non-saline conditions. These include air-sea
interface and subsurface bubble acoustic signal absorp-
tion and scatter studies; the characterization of sound
generated by laser pulses; and the effectiveness of
acoustic metamaterials. A sonomagnetic measurement
facility is equipped with a vibration-insulating optical
table constructed from nonmagnetic materials and a
single three-axis magnetometer capable of measuring
fields up to £100 uT with a 1 nT noise floor at 1 kHz. An
ultrasonic measurements laboratory is used for small-
scale acoustics experiments designed to measure the
effectiveness of acoustic metamaterials. Two 1.2 m cubic
water tanks are equipped with overhead X-Y-Z posi-
tioning systems and LabVIEW-based data acquisition
systems. A fabrication workshop equipped with a Haas
Mini- Mill and an Objet Connex 500 3D rapid prototyp-
ing machine support the laboratory research facilities.

Proteus LDUUV being launched. The Acoustics Division
is developing technology for, and recently completed
measurements with the Columbia Group vehicle.
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The NRL HREP (HICO/RAIDS
Experiment Payload) being '«
deployed for operations on the
Japanese Experiment Module of
the International Space Station.,

he Remote Sensing Division is

the Navy’s center of excellence

for remote sensing research and
development, conducting a broad program
of basic and applied research across the
full electromagnetic spectrum using active
and passive technigues from ground-, air-,

and space-based platforms. Current applica-
tions include Earth, ocean, atmospheric, astronomy,
astrometry, and astrophysical science, and surveillance/
reconnaissance activities including maritime domain
awareness, antisubmarine warfare, and mine warfare.
Special emphasis is given to developing space-based
platforms and exploiting existing space systems.

Research in ocean and earth science includes mari-
time hyperspectral imaging, radar measurements of
the ocean surface for the remote sensing of waves and
currents, model- and laboratory-based hydrodynamics,
and land-based trafficability studies.
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Current airborne sensors used for characteriza-
tion of the littoral environment include visible/near-IR
(VNIR) and shortwave IR hyperspectral imagers,

a VNIR multichannel polarimetric imager, a non-
imaging VNIR polarimetric spectrometer, longwave

and midwave IR thermal cameras, and an X-band,
2-channel interferometric synthetic aperture radar.

As an outgrowth of our airborne sensing program, the
Division developed the Hyperspectral Imager for the
Coastal Ocean (HICO), the world’s first spaceborne
VNIR hyperspectral sensor specifically designed for
coastal maritime environmental observations. HICO
was launched to the International Space Station in
September 2009 and is currently providing scientific
imagery of varied coastal types worldwide. After a 3-year
Navy mission, HICO is currently supported by NASA.
Ground-based instruments for maritime sensing include
the NRL Focused Phased Array Imaging Radar (NRL
FOPAIR), an X-band, high-frame-rate polarimetric
radar system. New research areas include the exploita-
tion of polarized hyperspectral imaging, and active
(lidar-based) sensing of the water column.



For radiometric and spectral calibration of the
visible and IR imaging sensors, the Division operates
a Calibration Facility that includes a NIST-traceable
integrating sphere and a set of gas emission standards
for wavelength calibration.

The Division’s Free Surface Hydrodynamics Labo-
ratory (FSHL) supports ocean remote sensing research.
The lab consists of a 10 m wave tank equipped with a
computer-controlled wave generator and a compre-
hensive set of diagnostic tools. Recent work focuses on
the physics of breaking waves, their infrared signature,
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Snapshots of breakers generated in the Free Surface Hy-
drodynamics Laboratory. At lower right, a wave traveling to-
ward the viewer is seen breaking across the width (approx.
3 m) of the tank. In the upper images, waves traveling from
left to right are breaking and forming surface turbulence.

and their role in producing aerosols. Experiments con-
ducted in the FSHL are also used to test and validate
numerical results and analytical theories dealing with
the physics of the ocean’s free surface.

Current atmospheric science research areas include
the measurement of ocean surface winds and middle
atmospheric research. NRL (in a collaboration between
the Naval Center for Space Technology and the Remote
Sensing Division) developed the first spaceborne
polarimetric microwave radiometer, WindSat, launched
in January 2003 and still operational. Its primary
mission was to demonstrate the capability to remotely
sense the ocean surface wind vector with a passive
system. WindSat provides major risk reduction for
development of the microwave imager for the next-
generation DoD operational environmental satellite
program. WindSat data are processed at the Navy Fleet
Numerical Meteorology and Oceanography Center
(FNMOC), and operationally assimilated into the
Navy’s global weather model, as well as that of several
civilian weather agencies worldwide. In addition,
the Remote Sensing Division is exploiting WindSat’s
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unique data set for other environmental parameters
such as sea surface temperature, soil moisture, and sea
ice concentration.

The Division also carries out a vigorous research
program in the remote sensing of middle atmosphere
constituents by ground-based millimeter-wave spec-
troscopy. The centerpiece of that program is the Water
Vapor Millimeter-wave Spectrometer (WVMS). It
is part of the international ground-based Network
for Detection of Atmospheric Composition Change
(NDACC), with sensors based in Lauder, New Zealand,
Mauna Loa, Hawaii, and Table Mountain, California.
Recently, measurements of chlorine monoxide and
ozone have been added as part of a collaboration with
the University of Massachusetts and the New Zealand
National Institute for Water and Atmospheric Research.

The Division has research programs in astronomy
and astrophysics ranging in wavelength from the
optical to longwave radio (HF), with an emphasis on
interferometric imaging. Facilities include the Navy
Precision Optical Interferometer (NPOI), located
near Flagstaft, Arizona, a joint project between the
U.S. Naval Observatory and the NRL Remote Sensing
Division. NPOI is used for optical astrometry, to
investigate unfilled aperture imaging technologies, and
to conduct astrophysical research. When completed,
it will be the highest-resolution ground-based optical
telescope in the world. The Division is also at the fore-
front of research in low-frequency (<100 MHz) radio
astronomy and associated instrumentation and inter-
ferometric imaging techniques. The Division developed
and installed VHF receivers on the National Radio
Astronomy Observatory’s Very Large Array (VLA), has
designed the next-generation HF receiver system for
the EVLA (Expanded VLA), and developed imaging
techniques necessary to correct for ionospheric
phase disturbances, important at HF frequencies.

The Division is also collaborating with the University
of New Mexico and New Mexico Tech on the Long
Wavelength Array, a prototype, next-generation, HF
imaging array ultimately with 200 to 300 km baselines.

The Division operates the NRL SEALAB (Sensor
Exploitation Lab), which is the primary conduit of
Division research to the operational community.
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he Oceanography Division is the
major center for in-house Navy

research and development in
oceanography. It is known nationally and inter-
nationally for its unique combination of theoreti-
cal, numerical, experimental, and remotely sensed
approaches to oceanographic problems. The Division’s
modeling focus is on a truly integrated global-to-
coastal modeling strategy, from deep water up to the
coast including straits, harbors, bays, inlets, and rivers.
This requires emphasis on both ocean circulation and
wave/surf prediction, with additional focus on coupling
the ocean models to atmospheric, biological, optical,
and sediment models. This includes processing and
analysis of satellite and in-water observations, develop-
ment of numerical model systems, and assimilation
for predicting the ocean environment. This modeling
is conducted on the Navy’s and DoD’s most powerful
vector and parallel processing machines. The Division’s
in-house Ocean Dynamics and Prediction Computa-
tional Network Facility provides computer services to
scientists for program development, graphics, data pro-
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cessing, storage, and backup. It also provides network
connectivity to other Navy sites, to the DoD High
Performance Computing centers, and to the Internet.
The computational system enables leading-edge ocean-
ographic numerical prediction research applicable to
Navy operations affected by environmental variations
at scales of meters to hundreds of kilometers and

time scales of seconds to weeks. To study the results

of this intense modeling effort, the Division operates

a number of highly sophisticated graphic systems to
visualize ocean and coastal dynamic processes. Prob-
lems addressed cover a wide scope of physics including
parameterization of oceanic processes, construction
and analysis of ocean models and forecast systems,
basic and applied research of ocean dynamics, surface
waves, thermohaline circulation, nearshore circulation,
estuarine and riverine modeling, arctic ice model-

ing, internal waves, and ocean/atmosphere coupling.
Additional emphasis is on optimization of underwater,
airborne, and satellite observing systems, representa-
tion of ocean processes affecting temperature, salinity,
and mixed-layer depth, uncertainty analysis in coupled
systems, ensemble and probabilistic ocean forecasting,

100W sow



targeting ocean observations, representing probabil-
ity in ocean/acoustic systems, and satellite-observed
surface heat fluxes. The end goal is to build cutting-
edge technology systems that transition to operational
forecast centers.

The Division’s Ocean Sciences Branch conducts
basic and applied research in ocean physics, air-sea
interaction, ocean optics, and marine microbially
influenced corrosion. Emphasis of this research is
on understanding the oceans’ physical processes and
their interactions with the atmosphere and biological/
chemical systems at scales ranging from basin-scale to
microscale. Numerical and analytical models are devel-
oped and tested in laboratory and field experiments.
The results of this research support the Navy’s opera-
tional capability for predictions of oceanic atmospheric
exchanges, acoustic propagation/detection, light
transmission/emission, and influences of microbes on
marine corrosion. The seagoing experimental programs
of the Division range worldwide. Unique measurement
systems include a wave measurement system to acquire
in situ spatial properties of water waves; a salinity
mapper that acquires images of spatial and temporal
sea surface salinity variabilities in littoral regions; an
integrated absorption cavity and optical profiler system,
and towed optical hyperspectral array for studying
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ocean optical characteristics; self-contained, bottom-
mounted, upward-looking acoustic Doppler current
profilers (ADCPs) for measuring ocean variability; and
a Shallow water Environmental Profiler in Trawl-safe,
Real-time configuration (SEPTR). A newly acquired
Rayleigh Bernard Convective Tank and a Hybrid
Underwater Camera support the Division’s ocean optics
programs providing object detection and identification
in extremely turbid underwater environments. Instru-
ments for sensing the littoral environment include a
Vertical Microstructure Profiler (VMP), a Scanfish, and
four Slocum Gliders.

The Division’s remote sensing research focuses on
radiative transfer theory, optical ocean instrumenta-
tion, lasers and underwater imaging and vision, satel-
lite and aircraft remote sensing, remote sensing of
bio-optical signatures, and coupled physical bio-optical
modeling. The research includes applying aircraft and
satellite ocean color and thermal infrared signatures for
understanding the biogeochemical cycles in the surface
ocean. Additional emphasis is on algorithm and model
development using satellite and aircraft data (SeaWifs,
MODIS, MERIS, AVHRR, VIIRS, OCM, GOCI, HICO,
and CASI) to address the spatial and temporal variabil-
ity of coastal optical properties.
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Ice lead opening off the coast of Barrow, Alaska, as observed from

aircraft in March 2013.
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. Target reorientation after 10 hours

3. Burial after 24 hours

1. Initial configuration
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he Marine Geosciences Division

is the major Navy in-house center

for research and development in
marine geology, geophysics, geodesy,
geoacoustics, geotechnology, and geo-
spatial information and systems, with its

research focused in three thrust areas:
Characterization and Prediction in Seafloor and
Terrestrial Regions. Research subthrusts: (1) The
Division tested the foliage penetration of a prototype
ultra-wideband, low-frequency synthetic aperture
radar (SAR) in the jungles of Papua New Guinea, suc-
cessfully finding WWII aircraft wreckage and aircrew
remains. (2) In collaboration with Remote Sensing and
Oceanography division scientists, research continued to
understand the changing Arctic environment, utilizing
a prototype airborne SAR, light detection and ranging
(lidar), and snow radar instrument suite to calibrate
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CryoSat?2 satellite-derived snow and ice measurements
and the Navy’s ice—ocean coupled numerical model. (3)
As part of the Carbon Flux Project, recently acquired
data from the Bering Sea have been analyzed with
seismic waveform inversion techniques to quantify gas
and gas hydrate in the deep-water Aleutian Basin. Each
of the large super chimneys in the area is estimated to
hold 0.01 to 0.014 gigatons of carbon (GtC) in the form
of methane. There are as many as 1000 super chimneys,
holding as much as 14 GtC; by comparison, the atmo-
sphere holds 3.8 GtC as methane.

Dynamic Littoral and Riverine Processes. Research
subthrusts: (1) The Division continued its modeling of
sediment transport phenomena that spans many orders
of magnitude, from the discrete particle scale (in which
individual sand grains are simulated) to the continuum
scale (in which the flow of rivers is resolved). Modeling
the relevant physics of the problem at 