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EO System Block Diagram
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Cuer & Tracker Output

Cuer
*Detects & tracks multiple targets

*Cues high-priority tracks

Single Target Tracker

*Track single target of interest

*Centroid tracking
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Cuer Structure

Cuer
Images Detections Tracks%
Imager :
[ er | ) MTID | | MTT

» Image sequence from imaging sensor
» Multi-Target Detection (MTD) detects objects in image
* Multi-Target Tracker (MTT) forms temporal track files from detections and

highlights high priority tracks as cues.
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The MTD algorithm

functions, namely:

Detections
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is made up of a mixture of image, signal and data processing

*Object Enhancement

*Thresholding

*Detection Clustering

*Threshold Control

GUC, 05 Mar 03



MTD Flow Graph

Read_WF0Y_Seq

inage

Frame_tunber

(b ject_Erhancenent

Threshalding

Detection_Clustering

Synibology
frame_number
image
target_centres

Create_Hask
|inage_nask | ——

threshold_in

MTD

frame_nunber

image|median_suh_im median_sub_im| thresh_image |f—— |thresh_image| target_centres Threshold_Control delay
Frame_Nunber |threshold_old n_potential_targets |—— |n_potential_targets|next_threshold| | in |out
magh Frame_rumber —|_‘ — | thresheld_old Delay

» The main functions of the MTD algorithm are enclosed by the blue line

* The other functions shown support the MTD algorithm, allowing it to be
operated as a stand alone function.
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MTD Preliminary Performance Figures

Function Execution Time (ms)
Object Enhancement 331
Thresholding 29
Threshold Control <1
Detection Clustering 58

* Preliminary performance figures are for 640x480 images.
« Algorithm runs at approximately 2Hz for this image size.
* Real time performance would require operation at 25Hz or 30Hz.

» Real time performance is a design goal hence algorithm performance
optimisation will be explored.
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MTT

Track Files|[N-1] Track Files[N]

Track File
Database .
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Track Track File
» Association — P> Update >

*100% data processing
 custom primitives

* associate detections and tracks to generate
cues

* low processing load
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Cuer Demonstration

Cuer
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Imager
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MTD Detections MTT Cues
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Combination of image processing and data processing

Major Functions

*Track Gate Extraction *Calculate Statistics
*Pre-Process *Calculate Target Position
*Symbology
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Tracker Implementation

Original Implementation

Largely GEDAE primitive based

*Use of branch/merge logic (dynamic
queues)

«222 boxes, 22 custom primitives
Workstation Benchmark

*17 ms execution time
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Alternative Implementation

*Primarily custom primitive based

Static scheduling only

«202 boxes, 37 custom primitives
Workstation Benchmark

*1.7 ms execution time
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Example Alternative Design:

Centroid Processing
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Centroid Processing: GEDAE Implementation
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Custom Primitive Centroid Implementation
* 35 Lines of C code
*15us vs. 200 us execution time
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Target System/Design Benchmarking
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HOST BOARD I PROCESSOR BOARD 1 I PROCESSOR BOARD 2 I FPGA CARD I CAMERA I/F I
Merlin Merlin Motorola
Multicomputer Multicomputer MVMES5101 CPU
SBC card
I RS170 or
G4 PPC G4 PPC G4 PPC G4 PPC Frame Grabber CCIR Vvideo
64MB 64MB 64MB I 64MB Snapper DIG16
PMC
667 MB/sec 667 MB/sec
Force CPU- TYPE TBD
54T/512-500-1-4 G4 PPC G4 PPC G4 PPC I G4 PPC PCI
64MB 64MB 64MB I 64MB Interface
Vmetro
SKY channel SKY channel | , DPIO-FO
Interface Interface SKYrider |
A
FPDP

(160 MB/sec)

VMEG4
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SKYchannel Backplane (320 MB/sec)

*Tracker design ported to target system with ease

* 6.7ms execution time vs 3.6ms (workstation)
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Tracker Demonstration
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Conclusions
» Typical EO Processing applications such as target cueing and tracking
can be readily designed

* Choice of primitive type can have a significant impact on algorithm
performance.

* The ability to trade custom and library primitives as required is a tool
strength

* Designs can easily be ported to a typical target system

» Application-specific libraries and an an input type-independent core library
when available will improve designer productivity.

* GEDAE'’s block diagram design approach helps to preserve algorithm
structure.
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Future Work

» Target System Designs

—Cuer
—Tracker

« Additional Target System Designs
—other processing structures

* Integrated EO System Model

GUC, 05 Mar 03
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Summary

* Preliminary workstation designs have been produced for 2 example EO
processing applications: Target Cuer and Tracker

* GEDAE can be used to implement both the image and data processing
aspects of these applications

* Choice of primitive type can have a significant effect on application
performance

* Porting workstation designs to a target system can be achieved with ease

 Future Work will explore GEDAE ‘s target system design tools
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