
 
 

Objectives: 
ÅDesign, Develop, and Demonstrate a Hard 
Sensor Fusion System that incorporates 2D 
and 3D data sets for accurate Tracking ID of 
Objects of Interest.   

     Scientific/Technical Approach 
 
ÅUtilize state of the art mathematical concepts to 

distinguish dominating features of interest in 3D 
point cloud data set. 
ÅUnderstand theoretical underpinnings of 

advanced tracking architecture applied to 
computer vision for the detection and tracking of 
dismounts. 
ÅCombine/Integrate 2D/3D Feature Sets for a fused 

smart pixel  data set. 
 

 

Accomplishments 
ÅDesigned, Developed  and Implemented three physical 

experiments and data collects . 
ÅDesigned, Developed and Implemented Passive Color 

base Segmentation and Passive Tracking Algorithm for 
2D/3D Data Sets. 
ÅDesigned , Developed and Implemented Active Range 

based Segmentation and Active Tracking Algorithm for 
3D Data Sets. 

 Challenges 
Å Dimensionality Reduction 
ÅOcclusion Resolution 
ÅScene Labeling 
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Outline 
 

Å Introduction 
Å Hard Data Processing Architecture 
Å Fire Safety Center Experiment 
Å Passive Tracking 
ïMultiple Hypothesis Particle Filter Color Tracker 
ï2D Tracking Analysis and videos 

Å Active Tracking 
ïMultiple Hypothesis Lidar Range Segmentation Tracker 
ï3D Tracking Analysis and videos 

Å Future Plans 
ïOcclusion Resolution 
ïScene Labeling 
ï (Range/Depth)/(Color/Thermal/Hyperspectral) Fusion 

 

http://en.wikipedia.org/wiki/File:ARL_logo.png


2D/3D Video 

3D Flash Lidar 

Track Data Base 

Multiple Hypothesis Particle Filter Color Tracker 

Multiple Hypothesis Lidar Range Segmentation Tracker 

F
u

si
o

n
 E

n
g

in
e 

3D 

2D/3D 

GENLOCK 

http://en.wikipedia.org/wiki/File:ARL_logo.png


ÅScene #1: Arrest (parking 
ƭƻǘκέ{ǳƴƴƛ aŀǊƪŜǘέύ 

ÅScene #2: Checking 
Prisoner In (Building #2) 

ÅScene #3: Planning Phase 
(Building #3) 
ï3.1- Ordinance Purchase 

ï3.2- Ordinance Pick-Up 
(Building #3) 

ÅScene #4: Prison Break 
(Building #2) 

Fire Safety Center Experiment 
Coordinated With  

Vignette from SYNCOIN Sunni Thread 
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Passive 3D Imaging 

Image Processing and Computer Vision 
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Technical Approach 
Sensor Description 

    HD Stereo Video Camera Research Rig 

Å Full HD 1080x1920 imaging 

Å 60i frame rate 

Å Frame synchronized with external tri-
level generator lock. 

Å Time coding capability. 

Å Active lens stabilization. 

Å Image Axis zoom calibration 

Å CF recording and/or HD-SDI outputs. 

Å Real-time 3D stream encoding with 
external stream processor. 

Å Stereo Audio. 

Å Infra-red night vision capability 

Å Precision adjustable stereo mount. 

Å Heavy fluid pan head and tripod 
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Technical Approach 
Sensor Description 

 Stereo Processing Capabilities 

Å Intrinsic and Extrinsic camera rig 
calibration. 

Å Calibrated Stereo rectification 
ï For precision tasks 

ï Computationally  efficient stream 
processing. 

Å Uncalibrated stereo rectification. 
ï Research level techniques. 

ï Field calibration. 

ï From data captured from unknown 
imaging hardware. 

Å Stereo Disparity Processing 
ï Basic high speed techniques. 

ï Research level techniques. 

http://en.wikipedia.org/wiki/File:ARL_logo.png


8 

Technical Approach 
Passive Tracking 

High level Particle Filter Block Diagram 

Initialize 

 Select the region to track from 
first frame 

Go to next frame 

Transition particles 

Resample particles 

Calculate particle weights 

Check if tracker is lost 

Not lost 

Frames left? 

Write to track file 

Lost Yes 

Lost for over 4 seconds 
or 

Spread out too much? 

End tracking 

Yes 

No 

No 
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Technical Approach 
 Passive Tracking  

Low level Particle Filter Block Diagram 
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Technical Approach  
Data input and output 

Å The tracker consists of: 
ï an array of particles 

ï the particle that is the best match 

ï the dominant color of the best match 

ï original (x, y) location 

ï original height and width 

ï original color histogram 

ï the spread of the particles in the x and y direction 

 

Å An individual particle consists of: 
ï current (x, y) location 

ï previous (x, y) location 

ï current x and y scale 

ï previous x and y scale 

ï current color histogram 

ï weight 

ï the Hellinger distance between current and original histogram 
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Technical Approach  
Data input and output 

Å The track file currently includes: 
ï the frame number 

ï ŀƴ L5 ƻŦ ǘƘŜ ǇŀǊǘƛŎƭŜ ǿƘƻΩǎ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ōŜƛƴƎ ǊŜŎƻǊŘŜŘ 

ï a dummy latitude and longitude 

ï current (x, y) location 

ï previous (x, y) location 

ï current width and height 

ï weight 

ï spread in the x and y direction 

ï the Hellinger distance between current and original histogram 

ï the dominant color (RGB) 

 

Å An output video is also created 
ï particles are drawn as rectangles enclosing the region that defines them 

ï the best particle is green, the rest are blue 
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Scene #2: Checking Prisoner In (Building #2) 
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Scene #3: Planning Phase (Building #3) 
3.1- Ordinance Purchase 
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Scene #3: Planning Phase (Building #3) 
3.2- Ordinance Pickup 
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