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reNnSATE Applied Research Laboratory
@ ARL - DoD Designated UARC

As a DoD designated University-Affiliated
PENNSTATE Research Center (UARC) ARL Penn

$ARL | -
Delivering advanced science, * "'maintains a Spe(?ial |_Ong'term
- technology, and systems to. strategic relationship with Navy and
DoD.”

 We have the freedom to partner with
multiple organizations in responding to
BAA'’s or other government calls.

 We can act as a trusted agent of the
government.
ARL also maintains special relationships with
the Intelligence Community

ARL maintains 12,000 square feet of SCIF
space.

BN - C|assified computing networks

S Classified phone networks
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PENNSTATE

¢ ARL How ARL Fits into the University?

President

GRAHAM SPANIER

1]

Vice President for Research,
Dean of the Graduate School

HENRY C. FOLEY

I | 1 1
Associate Vice President for Health Associate Vice President for Research; Associate Vice President for Research; Assistant Vice President for Research
Sciences Research; Vice Dean Director, Strategic Initiatives; Director, Office of ~and Technology Transfer;
for Research, College of Medicine Office of Military and Security Programs Sponsored Programs Director, Intellectual Property Office
JAY MOSKOWITZ PETER E. SCHIFFER DAVID W. RICHARDSON RONALD J. HUSS

]
Interdisciplinary Consortia and Institutes

Institute for the Arts and Humanities Defense-Related Research Units
MARICA S. TACCONI, Director EDWARD G. LISZKA, Director
Social Science Research Institute ] I
SUSAN M. MCHALE, Director CYFC
Applied Research Laboratory Electro-Optics Center
Huck Institute of the Life Sciences EDWARD G. LISZKA, Director KARL A. HARRIS, Director

PETER J. HUDSON, Director

Materials Research Institute
CARLO G. PANTANO, Director

Institute of Energy & the Environment
BRIAN DEMPSEY, Director (Interim)

Institute for CyberScience
PADMA RAGHAVAN, Director
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How is ARL Organized?

Diractor

Edward Liszka

Chief Scientist
Dana=d Kishy

Deputy Director
Palricia Gruber

Buzimazs Operationz
Pamala Rightsr

Recoarch Operations
Richard Mslarbog

Washington OC Office
Victor Feshman Programs Develapmemt
Human Resoerces Diwersity Programs
Macholas Kokus Patricia Hayes
1
Advamced Technol ogy Fluids and Materials and Communicatisns, Unders=a Weapons Research amd
Structural Mechanics Manwfacturing Imformation & Mavigatiom Academic Programs

James Galambas iCharles Brickell Thomas Dannallan Allan Saonste by Lea Sehnaider Richard Sterm
Automomous Centrel Fluid Dynamics Materials Processi Communications Torpedo Systems Acaustics
and Intelligent Systems Ope “ Systems
James Kisanwether Arnie Fantaine Timok hy Eden Gerard Michawd Christopher Ragan David Bradiey

and Unmanned Hoise Control and Manufacturing Systems ics & Weapon Systems Imformation Sciences

hicle ics Geospatial Systems Engimeering and Technalagy
Charles Zantner Dean Capons bdark Traband Jamas Ross Mark Griffin Shashi Phoha
Energy Science amd utatiomal Laser Processing Information & lmaging Technalogy Development  Exploratary and
Power anics and Transition Foundational Research
Timet by Miller Robert Kunz Richard Martukanitz James Rass, acting Russel| Burkhardt Richard Sterm
Sonar Research and Reszarch Facilities Compeosite Materials Vismalizatiom SEA Lab Systemn Analysis and
Development ; Simulation
Themaz Martgomany Williarm Sdra ka Kewin Koudels Timistry Shaw Linds Sheckder
and imn Research
P | [t

2 B e e o S Eddin Crow Herbart EaIiHrnan
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Applied Research Laboratory

PENNSTATE

“ ARL Locations and Offsite Activities

Keyport Naval

Facilit Penn State
Ko OrtyWA Electro-Optics S&T Center ARL Penn State
yport Kittanning, PA State College, PA
]
) RESEARC _LAg_OR‘ATORY B_HI_LDIW‘:H
Distributed Engineering Center
Penn State Fayette Campus\ ° .
(]
/0
Washington Office
Washington, DC
ARL Tampa
(]
Tampa, FL\.
ARL KEY
Key West, FL— —®
ARL Hawaii Navigation Research & Development Center
Oahu, HI Warminster, PA

ARLE-B\WEST), SCIENCE PARK ROAD ARL CAT_O'PARK_

NAVIGATION RESEARCH & DEVELOPMENT CENTER



VISUALIZATION SEA LAB
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% ARL Visualization Programs and Our Unique Relationship with
Law Enforcement

SOUTHCOM
-Battlelab at Key West
- §2*

DTRA
- DEL

| JFCOM
— ]IS

Customet

- SEA vvén‘
- SEA Tap

Customer
- N. VA Area
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¢ ARL Tactics and Planning (TAP) Table

Small group collaboration tool

- Multi-touch/gesture activated surface
- Geospatial visualization/data correlation
- Real-time distributed collaboration

Real-time correlated data feeds for situational awareness
- Force laydown and status
- Target tracks and Intel

- Weather

- Logistics

Command and Control (C2)

- Intuitive user interface to
task sensor platform to fill
collection gap

Providing intelligence, operations, and support personnel a means to collaboratively

interact with an integrated Common Operational Picture (COP)




INFORMATION AND IMAGING
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ewswe. — Information and Imaging Division: An ARL
ARL
Basic Research Division

&

Inform at|on — T mag| ” = |v|s| — -
— Algorithms for understanding systems from kinematics, - ﬁ, o -y
text, images, video and audio (modeling) 55 Mw,d?tr
— Algorithms for predicting systems from kinematics, dE S(Q: E)

: go
text, images, video and audio (prediction) PR ol

— Algorithms for controlling systems with kinematics, 3
Mzz 1 - T3 (Re@res, — B, AE
text, images, video and audio (control) { o ﬁﬁéhh - (.o.:vl]w:;fiit )5(d; Eagas))

B < B < fup chrom atized neutrons
Large Scale Statistics for
Neutron Science

Flash LIDAR

Or|g|na| Imdge Target Contour Boundlng Box

» Ca—,.
\ .~‘-”\V"""“‘"”’t

e,

|-h|-h|-| Deep Social Network
Il Ab *h’ Ab q 'f 1 Analysis

I - E poi . ;fv”" T o
Eﬂ ﬂﬁl SAMPLE PROJECTS Automgted Text

Periscope Image Analysis UNCLASSIFIED//FOUO Analysis



INFORMATION PROGRAMS
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PENNSTATE

ARL

ARL Theme Developer

ann
File Edit Actions
Open Files | Open URL | Save as HTML | | Analyze Active Document | Analyze All Stack Documnets Build Topic Model | Cluster All Documents 'Y H H H
- - - POS/Synonyms etc. * Multi-document summarization
3 English Document & Control Summary
-7 spanish Xt x lintonES3.xt x ] La esposa de Clinton, la secretaria de Estado Hillary . . . .
am C| viaje W
[ ClintonEso. txt English:EconArticle Lixt % } English:CyberwarArticle.txt % | }‘i?lgi\:";;(lll.n[::;‘d m:;dlf?ff;r:?’fomt\hnlg‘;ﬂ;m Negatlon deteCtlon i EXternaI data SOU rce hyper'l I n kl ng
D ClintonES2 .txt HAPPAQUA N York BT, (AP i 1 ex | | Salié del hospital a eso de las 11:30 de la noche sin
[} ClintonEs3 oer A Nueva § EE.UU. (AP) - pm 7| |formular declaracioncs. ° . . . . .
) cliones4.uxc| | Bl s recupseaa ¢l vienes <1 < casa e o suburbios 1€ INUNGRY | || Tres camionetas con s ventanas oscuecidas snraron a Key meme detectionand < Topical projection into a graph
Ciesvenwsioc | | NOrK wego de NADET Si66 SOMEHAS & . procediniento 1+ destrabar | ||| Chappagua, una poblacian del condado de Westchester, highlighti X
arteria coronaria. a unos 56 kilimetros (35 millas) al norte de Nueva Ig Ig Ing ° Informatlon Spectrogram
York
Tres camionetas ventanas oscurecidas entraron B BS0 B8 11 745 am. a Dousl: itsé H i
el ; 1 glas B sor de Clinton, emiti6 un ° - . .
casa de I« Clinton <1 Chappaqua, 111 poblacion del condado de Westchester, a 1110+ 56 cousnicado informando qee Clinton fue dado de alta Auto-summarization . Top|ca| extraction
Kilémetros (35 millas) al norte (8 NUeva Work! del “0-‘1"“11 ""-‘-‘D&M:;ﬂ""ldfi Nueva York en Manhattan | | |
“en excelente estado de salud”. HE H
Horas antes otro allegado, ¢l ex presidente del Comité Multi-lingual support H
Douglas Band, asesor de Clinton, emitié 11 comunicado informando (JUIE Nacional [;cmr',“mifﬂ,_\ .\k;l:llﬂc. Ie habia dicho a g pp d Automated dOCU ment CI USterI ng
‘:um ue dado u Hml > la cadena de television CBS que Clinton habia sido
u dedlt presbierino B8 dado de alta del hospital tras ser sometido a una
Nueva York - mahaan - excelente de salud”, angioplastia.
Clinton "¢sti ansioso retomar «us labores fundacién, y seguir a =
favor de |2 labores de ayuda y reconstruccion de Haiti™, dice </ comunj ] :
yuda y noun Topic Model
2 » mensaje
Horas allegado, €1 exll'm del Comité Naci infnrmja{ién importance Plot Topic Graph | Pick Mode H Move Mode | | Zoom In H Zoom Out | | Export to FIDL|
Terry MeAuliffe, le habia dicho a I cadena de television CBS (U@ | | ' =
tras se e
habia sido dado de alta del hospital (.- <1 jueva o
a angioplastia. nota
aviso
B anuncio
"Salié del hospltal ¥ se encuentra o ¢l automovil camino d |
McAuliffe ol viernes manana o e v Columbia |
"¥ conozen al presidente Clinton, estard © ol teléfono ... pidien| notificaci€n
ayuda Haiti y dénde | obtener camionetas distribuir 10= al novedad ayuda
i 0.0
generadores conozeo a Bl].l estard dispuesto a 35 minutos®
| 0.0 S08.0
ae e wen PR MR SRS . —— - - =)
o= || AllaN SCnwartZ
Mossage o[ ayuda
Disirkutin . . o [J arteria
Vegnl . o ] Haiti
" . [ ] ¢ [ Douglas Band T
Gan ¥ &[] Chelsea
8¢ . o[ ONU
ook | . . o [CTCNN
Hop | * ® o @ « « = 8 o a9 OO 9 e L] o (29 fue presidente de
Han . - = o ° 0 ° 08 0 [N N ] ©- [ Washington
Fou (I B M ] ® ® [ ] L E E EN N ] o ] Columbia
Peri iAu Princa) [ ] Food ciltieal
Howpila L L Hillary Clinton
ot . . [] |
Wanr [ ] a 8 9 . LI L R L ] =
[ Ml W Weter is et eritical L) [] [ ] |
[ T e
Farmiy .
[Assessment
rfmaten i El ex mandatario de EEUU fue nombrado el pasado afio enviado especial del secretario general de la ONU, Ban Ki moon, para ayudara = | =]
e - 8 a reconstruccion del empobrecido pais antillano, y después del devastador terremoto del 12 de enero, le designd como coordinador de la | _
Loskng W _Surrivor Saarch? ayuda internacional en favor de Haiti. Durante sus dos mandatos, Bill Clinton demostré su interés en ayudar desde su posi |
Piaass [ W ] . - - . - . . del Gobierno estadounidense a ese pais y después, al dejar la Casa Blanca en 2001 ha ejercido una intensa actividad humani
T undacidn que lleva su nombre en favor de ese pais. mediante la recaudacicn de fondos v la canalizacion de inversiones para ayudar a su
eestructuracion.
Fout
- El doctor Alan Schwartz, cardidlogo de Clinton y quien le practicé ese procedimiento quirdrgico, ha senalado que el prondstico de su
Pies {Purt Aul . : ' " e b b iSe: 516
paciente era "excelente” y que. de seguir asi, podria volver a su actividad normal desde el proximo lunes.
Enrihaake Horas antes otro allegado, el ex presidente del Comité Nacional Demécrata Terry McAuliffe, le habia dicho a la cadena de television CBS
Han L jue Clinton habia sido dado de alta del hospital tras ser sometido a una angioplasti —|
W:-' f;m - " _— Cuando el ex idente de EEUU llegd a la Casa Blanca en 1992 se conocid su pasidn por la comida rdpida. sobre todo por las =

In tool analysis of Haiti
Earthquake Data
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$ARL Deep Social Network Analysis

o Tk bl vty Tiimw

Deep Social Network Analysis ] T '
o ) Analysis of meme spread with rise
— Apply automated text mining techniques time analysis. ]
on the message internals
— Mathematical characterization of some 2T F;;-'F':_ 1
social science theories as they apply to e R S
group interactions o A et
. S e e
— To achieve a scientifically grounded o |' — B
approach to using message internals to S T e Ra— i —
augment the analysis of social network WS e e
structures.
Box and Whiskers Plot, Verb-Use Identity Correlation
-0 N
;s ‘ Identify comparison through
Non-linear Message Clustering linguistic indicators (including

sentiment analysis).
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G A What’s Next: High Performance Text
¢ Extraction and Analysis

 Next Steps
— Increase computational power to
process more messages faster.

— Enhance model fidelity and incorporate
human psychological factors more
deeply into our mathematical models.

— Take advantage of the power hybrid
models can offer on high performance
computing infrastructures.

o Our work in high performance data
analysis for neutron scattering
experiments (with Oak Ridge National
Lab) has enabled us to become familiar
with issues in HPC. Porting our text
analysis systems to HPC hardware is
now a priority:

— Sponsor is providing a small cluster
computing system (~1.25 TFLOPS)

— ARL is building a cloud computing

infrastructure to explore computation in
this medium. UNCLASSIFIED//FOUO
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¢ ARL

ARL began a program of
supporting graduate students
to do novel work in the area of
cyber-security.

Currently three students are
being funded.

Work is broad ranging
including computer science,
mathematics and psychology.
— Chosen to have a long-range
impact on DOD cyber-security
policy
— Interesting and academically
challenging problems were

especially important in the
selection process.

Kurt Braddock (Dr. Horgan, Psychology):
Typology of cyber-actors. Using modern
criminological methods, Kurt is
attempting to profile the behavior of
cyber-criminals, terrorist and vigilantes to
determine effective deterrence policy.

Dan Keating (Dr. Liu, CSE): Insider threat
in the cloud. Dan is using the current
cloud computing infrastructure available
within Dr. Liu’s LION Lab to study the
impact of insider threat in cloud
computing applications.

Jacob Turner (Dr. Morton, Math):
Holographic Algorithms to investigate
Shor’s Algorithm. Using work by Valiant,
Turner is investigating whether Shor’s
algorithm can be simulated in polynomial
time on a classical computer.
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$ARL 3D Flash LIDAR Imaglng and Object Detection

e  We are working with Flash LIDAR systems to develop real-time point cloud images of operating areas of
interest.

*  Unlike scanning LIDAR, a complete 3D image is returned in one shot. Color and dimensional information
can be extracted.

e  Change-point detection can be used for detecting objects of interest within the camera’s field of view.

Flash Lida Point Cloud Change Detection
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PENNSTATE ____ Image Segmentation and High Dynamic

¢ ARL

. Our group has expertise in image segmentation methods.

. As a UARC we have worked on periscope programs to
provide automated object detection and contouring.

. Our surveillance-specific HDR techniques allow images
taken with varying exposure to be combined in such a way
that the resulting image has an extremely high degree of ‘ ARL HDR
detail, regardless of overexposed and underexposed Processing
regions in the image.

. We’ve developed novel super-resolution techniques useful
for reading vehicle markings or identifying human targets.

Ori gmal Image Tar get Contour oundmg Box
- - - g Super i
l l " technigues take low
resolution video data and 1
create high resolution
P P 2 images useful for reading E P 2
vehicle markings or
T O 2 b | Identifying human targets T o z 3
by appearance.
LEaEDn & % LPED 4
FPILOFD OB PECFD 5§
xryrocor B gsprczp?r 6
- e
e ::‘::: 7 ARL Super Resolution rcrorzd 7
o L Processin| SEEN LRI 8
g —
&R F ATy g LETOBFOTN 9
o ﬁ FREPFLYOEDN ﬂ
rigsaEred I F B setsdris n
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¢ ARL

Our group developed an automated
map text extraction systems:

Developed new line representation
system using directional morphological
operations that operate as directional
edge detectors

Lines with arbitrary curvature &
orientation extracted correctly even
when intersecting and passing through
characters

Developed custom character recognition
engine and system to deal with rotated
and skewed text.

g.gi=

5 6 7
+ 0
3 2 1

Directions d

Map Text Extraction and Recognition

Non-directional Operators (4 & 8 neighbors) neighborhoods
(@).(b))
Dnaf = f‘ u (Ur!=il.£.4‘{.f.ld])
Evaf = 0 (Nasozasf1d])

Dusf = f U (Ujeg Fld])
Eyof = [N (Njzo F1d])

Fan Directional Operators (neighborhood (c))

Dogf =fU (Udr!Hf"D

E.of = 0 (UL, fli)

- o

Neighborhoods of the directional operations for d=0

\ r/' ; ’ \
(O 20
d=0 d=1 d= d=3
I \ — ~—\
Sample ) \ ;> /

Image h !
d=4 d=5 d=6 d=7

Sample image & its corresponding directional edges

Single Directional Operators (neighborhood (d))

Deqf = fUfld+4]

E.af =0 fld]

Directional Operators orthogonal

lu d (neighborhoods (e).(f)

Do.af = Dogoaf U D_giaf
Doaf = Dogoaf UDgsaf

E- af = Ecacaf NEcqiaf
Es.af = Esqaf N Esqsaf

Macro Operators

Open f = D(EF)
Close f = E(Df)
End,f =fnE..f

Masked Operations
D,f=gnDf
Eof = E(fUg)
Open, f =D ,(Ef)
Close,f = E(D,f)
D.f=fnDf

[terative Application

D*f = D(Df)

E'f = E(E(ES))
Openzygf = Dlg g B2 f
CloseZ g f = EXaD2lug f

Set of basic Multi Angled Parallelism operators

GEWATERBERGEN,LEONT

B0
A WTONI [ANOERSON

!

BLVDRZADKAZBOTT];

,M

PA LISADL
CLIFFSIDE
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PENN%TEARL What’s Next: Combined Audio / Video / Text

Analysis

. We're now beginning to work on programs that
involve the fusion of text, video and audio
analysis.

| . The goal of this program is to show that each
analytic process can cross-inform the other,
helping to reduce error and noise.

. We envision a product that extracts audio from
movie files and transforms it to text. This text
can then be analyzed.

. Information from the text analysis informs an
image recognition problem and identifies key
parts of the video.

. Information from image recognition can then
back inform text analysis and help reduce
audio to text translatio

| - -‘kk h .._ ;.;—
i"-ﬁ-m_*__.. A St A\ - ":— ___H
Hierarchy / Role Detection - o

Actor Sbeéch Anélysis

“Emotion Detection

Image / Text Cross
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$ARL Conclusions

> ARL Penn State has a 65-year proud legacy of delivering
advanced technology and R&D products to the national
defense

» The UARC designation captures our trusted agent status
and the strategic relationship that exists between Penn
State and the DoD

> Our “track record” is based upon a first principles
“systems engineering” research approach

> ARL fulfills a key role in developing a cadre of engineers
and scientists needed for the future defense and IC
workforce

> We are working on programs that are critical to current
forces and their future capabilities
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