PROCEEDINGS OF SPIE

Ground/Air Multisensor
Interoperability, Integration, and
Networking for Persistent ISR V

Michael A. Kolodny
Editor

5-6 May 2014
Baltimore, Maryland, United States

Sponsored and Published by
SPIE

Volume 9079

Proceedings of SPIE 0277-786X, V. 9079

SPIE is an international society advancing an interdisciplinary approach to the science and application of light.

Ground/Air Multisensor Interoperability, Integration, and Networking for Persistent ISR V,
edited by Michael A. Kolodny, Proc. of SPIE Vol. 9079, 907901 - © 2014 SPIE
CCC code: 0277-786X/14/$18 - doi: 10.1117/12.2073085

Proc. of SPIE Vol. 9079 907901-1



The papers included in this volume were part of the technical conference cited on the cover and
fitle page. Papers were selected and subject to review by the editors and conference program
committee. Some conference presentations may not be available for publication. The papers
published in these proceedings reflect the work and thoughts of the authors and are published
herein as submitted. The publisher is not responsible for the validity of the information or for any
outcomes resulting from reliance thereon.

Please use the following format to cite material from this book:

Author(s), "Title of Paper," in Ground/Air Multisensor Interoperability, Integration, and Networking
for Persistent ISR V, edited by Michael A. Kolodny, Proceedings of SPIE Vol. 9079 (SPIE, Bellingham,
WA, 2014) Article CID Number.

ISSN: 0277-786X
ISBN: 9781628410167

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2014, Society of Photo-Opfical Insfrumentation Engineers.

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or multiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is
0277-786X/14/$18.00.

Printed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &
Digital Liorary

SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published
first online and then in print and on CD-ROM. Papers are published as they are submitted and
meet publication criteria. A unique, consistent, permanent citation identifier (CID) number is
assigned to each article at the time of the first publication. Utilization of CIDs allows articles to be
fully citable as soon as they are published online, and connects the same identifier to all online,
print, and electronic versions of the publication. SPIE uses a six-digit CID article numbering system
in which:
= The first four digits correspond to the SPIE volume number.
» The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, 0B ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID Number appears on each page of the manuscript. The complete citation is used on the
first page, and an abbreviated version on subsequent pages. Numbers in the index correspond to
the last two digits of the six-digit CID Number.

Proc. of SPIE Vol. 9079 907901-2



Contents

vii Conference Committee
iX Introduction

DATA-TO-DECISION (D2D)

9079 02 The Warfighter Associate: decision-support software agent for the management of
intelligence, surveillance, and reconnaissance (ISR) assets [9079-1]
N. Buchler, L. R. Marusich, U.S. Army Research Lab. (United States); S. Sokoloff, Velocity
Products, Inc. (United States)

9079 03 Decisions-to-Data using Level 5 information fusion [9079-2]
E. Blasch, Air Force Research Lab. (United States)

9079 04 Application of the dynamically allocated virtual clustering management system to
emulated tactical network experimentation [9079-3]
K. Marcus, U.S. Army Research Lab. (United States)

9079 05 Agile sensor tasking for ColST using natural language knowledge representation and
reasoning [9079-4]
D. Braines, IBM United Kingdom Ltd. (United Kingdom); G. de Mel, IBM Thomas J. Watson
Research Ctr. (United States); C. Gwilliams, C. Parizas, D. Pizzocaro, Cardiff Univ. (United
Kingdom); F. Bergamaschi, IBM United Kingdom Ltd. (United Kingdom); A. Preece, Cardiff
Univ. (United Kingdom)

9079 06 Evaluation and prioritization of scientific data based on its level of support or refutation of
an experimental thesis [9079-5]
J. Straub, The Univ. of North Dakota (United States)

9079 07 Secure complex event processing in a heterogeneous and dynamic network [9079-6]
T. Buddhika, I. Ray, Colorado State Univ. (United States); M. Linderman, Air Force Research
Lab. (United States); A. Jayasumana, Colorado State Univ. (United States)

9079 08 Practical use of a framework for network science experimentation [9079-7]
A. Toth, U.S. Army Research Lab. (United States); F. Bergamaschi, IBM United Kingdom Ltd.
(United Kingdom)
PERSISTENT SURVEILLANCE

9079 0A Architecture for persistent surveillance using mast and UAS-based autonomous sensing

with bio-inspired technologies [7079-9]
J. Burman, Intelligent Recognition Systems (United States)

Proc. of SPIE Vol. 9079 907901-3



9079 0B Real-time movement detection and analysis for video surveillance applications [?079-10]
N. Hueber, C. Hennequin, P. Raymond, J.-P. Moedlin, Institut Franco-Allemand de
Recherches de Saint-Louis (France)

9079 0C Robust human detection, tracking, and recognition in crowded urban areas [9079-11]
H.-W. Chen, M. McGurr, Booz Allen Hamilton Inc. (United States)

9079 0D Advanced MicroObserver UGS integration with and cueing of the BattleHawk squad level
loitering munition and UAV [9079-12]

B. Steadman, J. Finklea, J. Kershaw, C. Loughman, P. Shaffner, D. Frost, S. Deller, TEXTRON
Defense Systems (United States)
ANOMALY DETERMINATION

9079 OF An algorithm for monitoring the traffic on a less fravelled road using multi-modal sensor
suite [9079-14]

T. Damarla, G. Chatters, B. Liss, H. Vu, U.S. Army Research Lab. (United States);
J. M. Sabatier, Univ. of Mississippi (United States)

9079 0G Actively learning to distinguish suspicious from innocuous anomalies in a batch of vehicle
tracks [9079-15]

Z. Qiu, D. J. Miller, The Pennsylvania State Univ. (United States); B. Stieber, T. Fair, Toyon
Research Corp. (United States)
ANOMALY DETERMINATION
9079 OL Open standards for unattended sensors (OSUS) power managed controller [9079-21]
M. Rohrer, R. Porter, R. Fish, R. Knobler, McQ, Inc. (United States)
TARGET CLASSIFICATION AND IDENTIFICATION
9079 OM Distributed fusion and automated sensor tasking in ISR systems [9079-22]
J. Preden, R. Pahtma, S. Astapov, J. Ehala, A. Riid, L. Motus, Tallinn Univ. of Technology
(Estonial)

9079 ON Exploiting vibration-based spectral signatures for automatic target recognition [9079-23]
L. Crider, Arizona State Univ. (United States); S. Kangas, Etegent Technologies, Ltd. (United
States)

9079 00O An end-to-end vechicle classification pipeline using vibrometry data [9079-24]
A. Smith, Wright State Univ. (United States); O. Mendoza-Schrock, Air Force Research Lab.
(United States); S. Kangas, Etegent Technologies, Ltd. (United States); M. Dierking, Air Force
Research Lab. (United States); A. Shaw, Wright State Univ. (United States)

9079 OP Long-range dismount activity classification: LODAC [9079-25]

D. Garagic, J. Peskoe, F. Liu, M. Cuevas, BAE Systems (United States); A. M. Freeman, Air
Force Research Lab. (United States); B. J. Rhodes, BAE Systems (United States)

Proc. of SPIE Vol. 9079 907901-4



9079 0Q

9079 OR

9079 0S

9079 OT

Laser vibrometry exploitation for vehicle identification [9079-29]
A. Nolan, A. Lingg. S. Goley, K. Sigmund, S. Kangas, Etegent Technologies, Ltd. (United
States)

Gender classification under extended operating conditions [9079-26]
H. N. Rude, M. Rizki, Wright State Univ. (United States)

Gender classification from video under challenging operating conditions [9079-27]
O. Mendoza-Schrock, Air Force Research Lab. (United States); G. Dong, Wright State Univ.
(United States)

Deep learning for image classification [7079-28]
R. McCoppin, M. Rizki, Wright State Univ. (United States)

Author Index

Proc. of SPIE Vol. 9079 907901-5



vi

Conference Committee

Symposium Chair

David A. Whelan, Boeing Defense, Space, and Security (United States)

Symposium Co-chair
Nils R. Sandell Jr., Strategic Technology Office, DARPA (United States)

Conference Chair
Michael A. Kolodny, U.S. Army Research Laboratory (United States)

Conference Co-chairs

Tien Pham, U.S. Army Research Laboratory (United States)
Kevin L. Priddy, Air Force Research Laboratory (United States)

Conference Program Committee

Flavio Bergamaschi, IBM United Kingdom Ltd. (United Kingdom)

Robert Heathcock, U.S. Defense Inteligence Agency (United States)

Olga Mendoza-Schrock, Air Force Research Laboratory
(United States)

Gavin Pearson, Defence Science and Technology Laboratory
(United Kingdom)

King K. Siu, U.S. Army Armament Research, Development and
Engineering Center (United States)

Raja Suresh, General Dynamics Advanced Information Systems
(United States)

Robert Williams, Air Force Research Laboratory (United States)

Session Chairs

1 Data-to-Decision (D2D)
Michael A. Kolodny, U.S. Army Research Laboratory (United States)
Tien Pham, U.S. Army Research Laboratory (United States)

2  Persistent Surveillance
Gavin Pearson, Defence Science and Technology Laboratory
(United Kingdom)
Flavio Bergamaschi, IBM United Kingdom Ltd. (United Kingdom)

Proc. of SPIE Vol. 9079 907901-6



Anomaly Determination

King K. Siu, U.S. Army Armament Research, Development and
Engineering Center (United States)

Olga Mendoza-Schrock, Air Force Research Laboratory
(United States)

Interoperability

Tien Pham, U.S. Army Research Laboratory (United States)

King K. Siu, U.S. Army Armament Research, Development and
Engineering Center (United States)

Target Classification and Identification

Olga Mendoza-Schrock, Air Force Research Laboratory
(United States)

Kevin L. Priddy, Air Force Research Laboratory (United States)

Proc. of SPIE Vol. 9079 907901-7

vii



viii

Infroduction

In its fifth year as part of the SPIE Defense and Security Sensing Symposium, held
5-9 May 2014, in Baltimore, Maryland, the goal of this conference was to bring
together the technical, operational (users), and policy community and provide a
forum for the discussion of problems, issues, and technology involving
interoperability for persistent intelligence, surveillance, and reconnaissance (ISR).
This Conference is about promoting and advancing technology and
interoperability for persistent ISR, resulting in enhanced situational understanding
for the warfighter decision makers!

The conference hosted 21 technical papers in oral presentations and was
highlighted by two keynote speakers who are the U.S. leads for Unified Vision, which
is a multinational, biannual NATO exercise that focuses on coalition ISR
interoperability. The Conference featured five different session topics, including
Data-to-Decision, Persistent Surveillance, Anomaly Determination, Interoperability
and Target Classification/Identification.

| hope you find the proceedings both provocative and informative. | am looking
forward to an even more exciting SPIE Defense and Security Sensing Symposium in
2015 and hope that everyone will join us.

Michael A. Kolodny
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