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Objectives
Develop robust processingand fusion techniques
for inference of group activities basedon imaging
andacousticsignatures
Conducthumanin-the-loop experimentsfor testing
andevaluationof new fusiontechniques
Supportintegration/transitionof hard sensorfusion
effort for MURIproject

DoD Benefits
Automatic techniques for muhkinodality hard
sensor data fusion and tagging.
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Multi-Modality
Sensor Information Fusion

Acoustic Info Annotation

Softand Ha n
and Graph Matching

Scientific/Technical Approach

Infer Suspicious group activities via object
involvementprobabilitiesmodeling

Bayesian framework for fusion of acoustic and
Imagerysensordata

Applya KernelbasedFrequencysimilarityMatching
techniqueto recognizeurbanenvironmentsounds
Apply SpeedUp RobustFeaturef SURHRechniquefor
SalientEventsDetection

Conducthumarnin-the-loop experimentsto generate
multi-modality sensordata for testingand evaluating
fusionalgorithmsandtechniques
Generatetaggedannotation of hard sensordata.

Accomplishments
Demonstrated a methodology for semantic
annotation of group activities based on robust
imagery and acoustic sensor data processing.
Demonstrated effectiveness of acoustic and imagery
data fusion techniques for robust characterization o
complex group activities.

Challenges
Application of decision rules for robust fusion of
acoustic and imagery data.
Achievement of low falsalarm rate despite of noise
acoustic and imagery data.
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Project Statistics and Summary

STUDENTS INVOLVEMENT
Three Ph.D. Students:
A VinayakElangovan (Imagery Data Fusion)
A AmjadAlkalani(Acoustic Data Fusion)

A MohammadHabibt (Network-based Visual Analytics)
One Graduate Student:
A JerrySweafford (Sensors Deployment)

Three Undergraduate Students:
A OmarSaleem(Simulation Modeling)
A CourtneySchuetzAlgorithms Testing)
A ShadStudd(Algorithms Testing)

PUBLICATIONS
20092010: 7 Papers, 20P011: 9 Papers, and 202012: 9 Papers

TECHONOLOGY TRANSITION
Attended SPIE Defense and Security Conference, Orlando FL, April 2012.

Attended 39 Annual Human and Light Vehicle Detection Workshop, University of Mississippi , M
2012. 4

* Not supported under MURI funding
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A Group dynamics are typically
involved with:

Multiple entities
Some kind ofransportation(s)

Exhibit certain physical behaviors

Unexpected arrival
Loading/Unloading of objects
Exchange obbjects/vehicles
Negotiation/dealing
Interactions with environment
Deviousdeparture

A Understanding of Group Dynamics
IS crucial for:

Battlefield Applications
Homeland Security Applications

> v v > > D
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<Data ref = “source”>year/month/date,Thh:min:sec,Viessage-id, GPS Coord,Cam Pan-angle,Cam Tilt-
angle,Operation 1D, Attribute-1,Attribute-2,Attribute-3,Attribute-4, Attribute-5,Attribute-6,Confidence</Data>

<dataref=\"Cam-2">2010/1/26,T11:11:24,5.38S ME 43826 78793.120,30,0,Van,Black,Normal,Arriving,None,Vehld-1,76</data>
<dataref=\""Cam-2"">2010/1/26,T11:11:36,11 3.120,30,0.Van,Black.Normal,None, Arrived,Vehld-1,88</data>
<dataref=\""Cam-2"">2010/1/26,T11:19:05,517.385 MB 4 793.,120,30,0.Van,Black,Normal,Departing,None,Vehld-1,%4</data>
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Sound Distinction in SYNCOIN Related
Operations

® A physics based study of realistic sounds
related to SYNCOIN Operations due to
nonlinear thin-wall vibrations of empty and full
containers

@® Differentiate sound of common environment
objects from Conventional Human-Vehicle
Interaction Sounds

Frepaency Ha)
S

@® Estimate possibleinterior contents of
containers based on their vibration sound
analysis
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Trash Can 0.75 [ 77536 [38833[116499| 200 [0.071 - 443 Steel

Alkilani, A., Shirkhodaie, A., “Vibro-Acoustic Analysis of Trash Lid 0.55] 34312 | 17286 51858 | 200 |0.112-6.79| Steel
Contented Containers,” in review for publication in SPIE 2012 :“:““—"’P““g‘_ g;‘;‘ 12(]?-')6;88 ;j;;‘: 1“'{;:35“: :% g('}('f: s 22? Polycarb.
. . ecyching Bin 205 | 35 - A2 c 062 - 2.21 | Polycarb,
Defense and Security Conference, April 2012, Orlando, FL. ymbal 0.50 | 61952 |31104] 93312 | 500 |0.061 — 9.94| Bronze
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M Atotal of 252 signals
was collected from six
different types of
objects with three levels
of weights and two
levels of contents.

B All objects sounds were
collected by dropping
objects from a height of
one foot above the
ground

B Eachexperiment was
repeated seven times.
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FTZ Cameradl Vehiclel <CamlDataref="CAML"> 2010-01-31 X
31670244 1,270,36,Van',"White”, 96 Camil Datas

FTZ Camerasl Vehicle2 <CamlDataref="CAML"> 2010-01 31 | i
02,44 11, 270,36, "Sedan’,"Red’, S22 /CamlDaas

PTZ Cameradl Vehicle3 <CamlDataref="CAM1"> 2010-01 31
1,270.36, S Green’,
AcousticSensor #2 Vehiclel < acousti2 Data ref-’ ACS"> 2010-01-31

1,268,37 2,5, 44,1 96/ acnust|c2Da:a‘--

AcousticSensar 23 Vehicle2 acousndDataref “ACSTx 2010-01-31
: 1,268,37,2.3, 44.1,96</ acoustldData:-

AcousticSensar #3 Vehicle3 < acousticiDataref="ACS"> 2010-01-31T141211.42, °
) 1,268,372, 3, 44.1,96~/ acoustic3Data>

FTZ Camera#l Vehicle2 < CamlDataref="CAML"> 2010-01-31
16702,44.3 1,270,36,,99</ CamlDatax

FTZ Cameradl Vehicle L < CamlDataref— CAML"> 2010-01-31
1,270,362 97</ CamlDaa>

AcousticSensor #1 Vehicle2 < acnusthJ.Dataref-’A(S - 2010-01 31 -2
] 1,268,37.2,2, 44.1,99</ acousticl Data>

AcousticSensor #2 Erwiranment “ acnust|c2Data ref="AC5"> 2010-01 31 )
1,268,373, 44.1,99</ acousti2 Data >

AcousticSensor #1 Erwiranment < acausnd.Data ref-’A(S’ »2010-0131 e
316605.44 4,268,373, 44.1,99< acousticl Data-
AcousticSensor#3 Erwironment < A0 cHDaEta ref="AC5"> 20:10-01 31

1,268,373, 44.1,99</ acoustic3

AcousticSensor #2 Vehicle2 < acoustic2Dataref="AC5"> 2010-01-31
268.37,2,3, 44.1,93</ acoustic2 Data>

AcousticSensar #2 Vehicle3 < acousti2Dataref="ACS"> 2010-01-31
268.37,2,2,44,1,99</ acousti2Data>

AcousticSensar #2 Vehicle3 < gcoustic2Dataref="AC5"> 2010-01-31 ,5.33.316645.44.388631
268,37,3, 44.1,,93</ acoustic2Data>

FTZ Camerasl Vehicle3 CamlDataref— CAML™= 2010- Gl 3171 il
L 1,270.36, ,'Green’, J98</CamlData~
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