REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, searching existing data
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a
collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (MM-DD-YY) 2. REPORT TYPE
08/27/08 Quarterly Report

3. DATES COVERED (From - To)
5/27/08 to 8/27/08

4. TITLE AND SUBTITLE

Multi-Sensor Information Integration and Automatic Understanding

ba.

CONTRACT NUMBER
N00014-05-C-0294

5b.

GRANT NUMBER

5c.

PROGRAM ELEMENT NUMBER

6. AUTHOR(S)

Matthew Welborn

5d.

PROJECT NUMBER

Se.

TASK NUMBER

5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 1. PERFORMING ORGANIZATION
REPORT NUMBER
Signal Innovations Group
1009 Slater Road SIG.ONR.OPT3.Q3
Durham, NC 27713
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING/MONITORING AGENCY
Office of Naval Research ACRONYM(S)
ONR 251: Wade Wargo (703) 696-2574
875 N. Randolph Street Suite 1425 11. SPONSORING/MONITORING AGENCY

Arlington, VA 22203-1995

REPORT NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT A

13. SUPPLEMENTARY NOTES

14. ABSTRACT

During the recent performance period we have made significant progress in developing a compressi\
model to allow object detection and tracking directly in the compressed domain before image reconstructi

e Se

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON (Monitor)

a. REPORT | b. ABSTRACT | c. THIS PAGE OF ABSTRACT: OF PAGES Dr Matthew Welborn

Unclassified Unclassified | Unclassified

19b. TELEPHONE NUMBER (Include Area Code)
(919) 794-3322

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18



Quarterly Status Report NO0014-05-C-0294 August 2008
1 Summary

The purpose of this program is to address the dpwent of algorithms for adaptive
processing of multi-sensor data, employing feedkackptimize the linkage between
observed data and sensor control. The envisioneli-modal adaptive system is
applicable for intelligence, surveillance, and mtaissance (ISR) in general
environments, addressing base and port securityerbging our previously developed
technology, SIG is developing second-generationhous to adaptively learn the
statistics of dynamic object behavior in video, Mhfocusing on defining system
requirements for sensor deployment by using fiedtdvs. highly controlled indoor
data). SIG is also working closely with its subeantor, Lockheed Martin, to integrate
additional technologies, such as object classiicabnd recognition, to provide a more
robust and discriminative system.

SIG is aggressively pursing follow-on funding aedHnology transition opportunities for
persistent surveillance applications. In particulander related IRAD efforts, we are
working to address current shortfalls and develew methods for activity recognition of
vehicles and dismounts in persistent airborne EO/i€®o imagery. An efficient
framework is under development for joint classifica and target tracking (JCT). The
joint posterior density over target poses (e.gitjgos velocity, heading) and target type
is recursively estimated via a Bayesian formulatioit is assumed that appearance
measurements provide information indicative of éaigjass and kinematic measurements
for indirect measure of target pose. An importaseenpling approach is used to
efficiently incorporate both types of measuremeantsefining estimation of the joint
distribution. The methods are presented in thdestrof providing real-time analytic
metadata to reduce data transmission requiremengsgport of persistent video-based
surveillance. Included in this metadata are thatjposterior distributions for target
tracks and class which are utilized by an actianmg cueing management framework
to optimally task the appropriate sensor modabtyued regions of interest. Moreover,
this active learning approach al$acilitates analyst cueing to help resolve track
ambiguities in complex scenes. We intend to leverage SIG’s active learning with
analyst cueing under future efforts with ONR anlkdeotDoD agencies. Obtaining long-
term accurate target tracks is a key requirementa@ivity modeling. We propose
adapting methods for activity manifold modelinggclsuhat the posterior distributions of
vehicle tracks themselves may be ultimately tramséml into space-time probability
manifolds. Such representations will enable furtheplication of the active learning
framework for semi-automated activity recognitionthwlimited analyst cueing for
anomaly and threat notification.

2 Recent Technical Developments
During the recent performance period we have magefisant progress in developing a

compressive sensing model to allow object detectow tracking directly in the
compressed domain before image reconstruction.
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2.1 Compressive sampling

The SIG C2CS effort at object tracking as seen in the previous sections has been shown to
provide an effective approach for data compression if only moving foreground objects are of
interest in a video scene. This would be appropriate for applications where the goal is to
detect & track objects as well as to detect anomalous object behaviors. In such application,
we could clearly compress high rate data streams based on selective representation of
objects and background to send only data relevant to tracking objects.

The concept of compressive sensing (CS) also allofesmation to be extracted from
sensor data (including video image sequences) wgmificantly fewer samples relative
to conventional uniform sampling techniques. Addated in our Year Il planning letter,
this related technology has been the subject oéftort to examine the approach of
combining CS approaches to track objects in timétipiexed video imagery.

2.2 Applications

In DoD surveillance applications, the Field-of-Rej@OR) has become too large for a
single imaging sensor to capture the activitiestifoely exploitation. Using a scanning
imaging system will require large areas of the RORo un-sensed while the scanner is
imaging another area. Multiple sensors or platbormill result in a possibly
unmanageable data glut and require extra procegsunch as sensor registration or
mosaicing). For image-based Automatic Target Reitiog (ATR) applications one has
the distinct possibility that there is significamismatch between what is being sensed,
and what is optimal for the ATR to make a decisiéior example, the imaging sensor is
perhaps wasting photon collection resources to émaglevant and confusing clutter
information when more photon collection on the ¢argf interest could increase the ATR
performance. One would ideally want to use the im@gensor to help determine the
current position of the target at time samples rd@teed by the object’s velocity; while
imaging other, static, portions of the scene atwael sampling rate.

2.3 Sampling Approach

Figure 1 shows the basic approach to compressiagiimg that we are investigating for
object detection and tracking. Here, the traditi@aanpling approach is shown as an
array of 128x128 pixels where each pixel is integgtaover a period of 128 high
resolution time steps. The assumption is thaeth@ght be some object motion that
might be detectable by the high resolution sertaarthat using traditional single-pixel
integration will fail to resolve the moving objects the proposed compressive sampling
approach, however, each output value is not aesinggegrated pixel, but instead a liner
combination of 128 values at each time intervakeated to form 128 “super-pixels” at
each time step. These values collected at eadftedime steps can them be processed to
reconstruct details (e.g. moving objects) that dadt be resolved using the traditional
single pixel integration approach.
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Compressive Sampling

Traditional Sampling 8 |

=

Figure 1: Left — The traditional methodology for sanpling a video frame. We integrate the photons algy the
red rectangular elements to arrive at a pixel integity value. Right — A compressive sampling archécture.

The collections of all same colored “pixels” are itegrated together as a large “super-Pixel”. Therare N super-
Pixels collected at N different time intervals. Tl spatial distribution of the same colored pixelsra randomized.

2.4 Initial Results
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Figure 1: Top Left: The information scene by a tradtional camera. Top Right: the vector of data cokcted
during the compressive sampling (linear function ofach image). Bottom left: The ground truth video This is
unobservable to the system as we are assuming thetion is too fast from traditional sampling. Bottam right:
The successive estimates of the difference imagamllected and estimated.

Figure 2 shows an initial result of the compressinaging approach whereby the
difference between successive images is found éaiwege reconstruction. Note that
each 128x128 pixel image is compressively samplemly 128 samples at each frame.

3 Future Directions

During the next reporting period, we will continwerk on using the concepts of
compressive sensing to address object detectiotracidng. We will continue the work
on transition of the C2CS technology for airboreesgstent surveillance applications, as
well as for integration with systems that use astaiy-the-loop technology for analyst
cueing. We will also prepare the final report foe SIG C2CS effort to close out the
contract period.



