Form Approved

REPORT DOCUMENTATION PAGE OMB NO. 070440188

bl Repering burden for thiz colicetion of miormation is cabmated 1 avirage § hour per respunse, smeluding the tae for revievang wpltucitons, somching cxmbmy dils s, gathering

ard rantiaug the data neoded, and completing and reviewing the ollection of infirm: Sl ¢ nt regending tus burd of any «wti’pgr a&pecif:f this eoligetion of )
infarmateon, inchding suggestions for reducing tis turden, 1o Washington Headguarters Servives, Directoraie for information Operstious and Reports, 1213 Jefforson Bavis Hoghway, Suite
1704, Artaspton, VA 22202-4307 and 1o the Offioe of M exg 4nd Padger, Paporwork Reduction Project (0704.0188) Wasdngton DO WSES. | .
1 AGERCY USE ONLY ( Leave Blank) 2. REPORT DATE 3 REPORTTYPE AND DATES UOYVERED

Final Report 25 Sep 2003- 26 Moy Roele
4. TITLE AND SUBTITLE 5 FUNDING NUMBERS
“Discrimination. identification and Tracking of Unresolved Targets Using DAAD19-03-10352

Tomographic Integration of Multiplex Sensor Data.”

6. ALFTHOR(S)
David J. Brady

7 PERFORMING ORGANIZATION NAME(R) AND ADDRESS(ES) B PERFORMING ORGANIZATION
Department of Electrical and Computer Engineering REPORT NUMBER

Duke University, PO Box 90291

{urham NC 27708-0291

G SPONSORING ¢ MONTTORING AGENCY NAME(SY AND ADDRESS(ES) 10, SPONSORING / MONITORING

AGENCY REPORT NUMBER
U. S. Army Research Office

P.O. Box 12211 -
Research Triangle Park, NC 27709-221 1 L§ 6 5 6/ (0 . 3 ? H

11 SUPPLEMENTARY NOTES
The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision, unless so designated by other documentation,

128 DISTRIBUTION AVAILABILITY STATEMENT 120 DISTRIBUTION CODE

Approved for public release;  distribution unlimited.

E3ARSTRACT i Maxumurm 200 words)

Phe ohjective of this research is the development of o tow Cost sersor systor with applications in biometric iracking and authentication. We have demonstrated the
abidity to classify and track human motion using tow cost, off- theeshelf pyroelectnic detectors. We have desipned fieldable sensor uoits thig are anvnymous mmd can
perform multiple tisks such as Mometnic classification, mualtiple object tracking, and camera pointing.  We have demonsiraied the ability to track bwo individuals and
demonstrated the ability fo recognize multiple humans with an sccuracy of 86%,  We have imegrated the umits through wireless comsunication to allow the creation of
a ¢luster lickd of detectors.

1 SUBIECT TERMS 15 NUMBER OF PAGES
Passive IR, non-imaging tracking, biometric classification, pyreglectric detectors

te, PRICE LODE

17, SECURITY CLASSIFICATION 18 SECURITY CLASSIFICATION 12 SECURITY CLASSIFICATION 2 LIMITATHON OF ARSTRACT
OR REPORT ON THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED [




Final Progress Report

Discrimination, Identification, and Tracking of Unresolved Targets
Using Tomographic Integration of Multiplex Sensor Data

20 December 2006



Statement of the problem

We propose the development of a low cost senstemmythat has potential applications in
biometric tracking and authentication. Our targaileation is to classify human motion using low
cost, off- the-shelf pyroelectric detectors, thdt be anonymous and can perform multiple tasks
such as biometric classification, camera pointarg] integration with other sensor modalities such
as acoustics to provide an integrated cluster béldeetectors.

Summary of the most important results

Conventional biometrics implementations involve tise of cameraw infrared imagers gather either
brief, high resolution measurements in the casetoial or iris scanners, or short range, low badtw
measurements as with fingerprint or gait recogniaégorithms. Biometrics are principally for local
authentication and often sacrifice bandwidth and mdational efficiency for low false-positive
detection, tracking applications on the other haare, designed for longer range operation and trade
resolution for field of view. Our unique approattat allows us to accomplish the research objecis/

the use of coded apertures which spatially moduleesensors visibility.

We have designed and developed a low-cost pyroeletector based IR motion-tracking system. Our
approach is novel in its emphasis on integratedpzaational sensors, in its attention to sensor samp
topology, system geometries, data efficiency anchmdational complexity and in its integration of
heterogeneous sensor modalities. We have develef@@nce structure based thermal infrared sensors.
A single platform has eight pyroelectric detectaccompanied with Fresnel lens arrays, an amplifier
board, and an integrated micro-controller/transereifsoard for on-board processing and wireless
communication. The sensors have been designed mplsahuman visual signatures according to
algorithmically matched geometries. We have sulittie characteristics of the detector and the letesn
lenses that are used to modulate the visibilitthef detectors. The optimal element number of the le
array for the identification system was investigassad the experimental results suggest that the len
array with more elements can yield a better peréoee in terms of identification and false alarnesat
The other parameters of the system configuratian & the height of sensor location and sensor-to-
object distance were also studied to improve sakdistinctions among sensory data of human ohjects

A theory has been developed to guide in the desligipatial mappings for segmenting a tracking space
The map allows the use of boundary sensor arraystect tracking. Analysis of both 1D and 2D
spaces based on graph theory has been made.

To accomplish classification of motion, to sort pkeointo groups, and to classify the tasks they are
performing, we have used two approaches using thpping patterns generated by the spatially
visibility maps. In the first approach the temgaignal produced by the detector is representedrby
n-dimensional vector whose length is associatetl Wie temporal duration of the detector signal but
whose components are based on features of the tahngignal. In the second approach, frequency
analysis of the temporal signals has been useldssity the motion of people into classes.

We have developed algorithms and sensor distrib@ia sampling design and placed them in a testbed
facility on the Duke campus. The sensors have besigned to work in heterogeneous arrays covering
a large indoor area. We have demonstrated thayataltrack a two individuals in an enclosed room
using two different sensor designs. We have atsoahstrated the ability to identify multiple humans
with a success rate of 86%. In the frequencyyasmabpproach the recognition was accomplishedgusin
Principal component analysis of the spectral cantérthe tracking signals. The detector array with
masked Fresnel lens arrays was also used to gertbgital sequential data that can represent a huma



motion feature. Hidden Markov models (HMMs) werairied to statistically model the motion features
of individuals through an expectation-maximizati®@M) learning process. Human subjects were
recognized by evaluating a set of new feature dgtinst the trained HMMs using the maximum-
likelihood (ML) criterion.

We have also been able to recognized the perforenaindifferent tasks by an individual.
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