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Presentation Overview

» Motivation
» Modelling of a distributed data fusion system
» Configuration Method

» Middleware Overview
» System services
> |-Sense API

» Case Study: Traffic Surveillance
» Video- and Audio-analysis
» Support Vector Machines for Data Fusion

> Results
» Conclusion and Outlook
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Motivation

» Sensor Data Fusion
» Extended spatial and temporal coverage
» Increased robustness and confidence

» Application independent Data Fusion Architecture

» Intelligent Sensor Nodes
» Embedded Systems with Sensing- and Data Processing Units

» Geographically distributed Sensor Nodes

» Middleware for Distributed Data Fusion Applications
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Preliminary Projects - SmartCam

» Traffic surveillance system based on video only

> Tracking moving objects in SmartCam clusters yarT)
» Detect collisions/accidents/traffic jam
» Spot wrong-way driver
» Find lost cargo

» MPEG-4 streaming
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I-SENSE Hardware Model (1/2)

» General Purpose Processors:
» Embedded Pentium Mobile Boards
» Upto 1.6 GHz, 512 MB RAM
» CF Card for OS and Application
» Ethernet, USB, Serial, PCI

» Digital Signal Processor Cards:
> TMS320DM642
> 600 MHz, 128 MB
» Ports for PAL/NTSC video signals

© Substantial processing power
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I-SENSE Hardware Model (2/2)

> Sensors

» Explore Hardware automatically

» Color Cameras
» Infra-Red Cameras

Mode Status

Mode Address: I 129.27.146.32

0 kasks present at node

» Professional Audiocard and Microphones | vemsry - zssssiza7os

» Light Barriers

> List of Sensor Nodes

» Sensor Nodes report their free resources
» Build and parameterize HW model during
» Detect faulty or missing nodes

Exk, Memary A = 300153456/30015456
Exk, Memory B = 0)0

Dwvn. iCode Size = 327658/32763

Cvyn, BSS Size = 7168)7165

free EDMA channels = 64

free EDMA tables = 47

CPU bype = TMS3200MEe4 2

ZPU frequency = 600 MHz

it | Cuery Mode I
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I-SENSE Fusion Model

» Task Graph G = (N, E)
» N=(n,n, n.)

Ny
> E=(e;, €13 --- €) e A b XX
: : : . code Max.-
» G Is weighted, directed, acyclic e, exec. time
memory
E data resources | ([ Mu
» Hardware requirements of task n, COmImHnE:
7? resources €14
el,
» Communication bandwidth n | [Ma] [M] [Ne] [Me] [Me] | ™
between task n, and n,: e, , (MK £ £ MK O
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D Iptl f Fusion Task
» Fusion Tasks are defined by:
» Dynamic loadable piece of code (written in C/C++)
» Tasks Meta information (XML format)
<component >
<platforms:-
“platform name="D5PC64" -
<property name="DLLFile" value="ColorCamera.hin"f>
<property name="Codesize" wvalue="5800"jF>
<property name="S5tacksize" wvalue="2048"f>
<property name="IntMem" value="2848"/>
<property name="HrDMAChannels" value="1"jf>
<property name="HrDMATables" value="1"j>
<property name="ExtMeml" value="0"[>
<property name="ExtMem2" value="0"jf>
<property name="EnviromentSize" value="256"jf>
<property name="Cycles" value="6600"J >
<property name="MeszageDecimation" walue = "1"jf>
< fplatform=
<fplatforms>
“ports:-
<port name="0"2-
<property name="InputMessageSize" value="256"/F>-
<property name="0OutputMessageSize" value="307200"/f>
<property name="InputBufferCount" value="3"f>
<property name="0OutputBufferCount" vralue="3"jx>»
<property name="MessageRate" value="10"jf>
<property name="Display" vralue="1"jf>
<fport>
< fports:=
< foomponent >
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I-SENSE Configuration method

» Initial models provided by the
developer

» Optimizer finds valid configuration

» Configuration is loaded on the
distributed, embedded system

» Fusion application is running and
producing results

» Results are presented on screen

» Operator can modify the Fusion-
and Hardware - Model

» Specific events or system faults
require on of the models to be
altered

» Human Computer Interface

+

\ 4

(Re) Configurator

v

Fusion
Model

apcpu| N4

A

v

optimizer

v

configuration synthesis

v

distributed fusion application
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» Message Router DSP BIOS DSP BIOS
provides system and user-data
' [ Teski | [ Teski |
(nE)éf[:Vf\llgpkge between via PCl and IP
» Task Loader
Load/Remove/Query tasks on node Dyn. :_oader | Clock sync. ‘ Dyn. :_oader | Clock sync. ‘
> DynamiC Loader ‘ Task Loader |—|Resource Mon.‘ ‘ Task Loader HResource Mon.‘
Add/Remove user tasks at runtime and Message Router Message Router

provide API for user tasks
> Resource |V|0nit0r PCI #

manages all hardware resources (on/off Pl = P based network
. [&]
chip memory, DMA channels, ...) Message Router =
» DSP Monitor Resource Mon. Task Loader o
determines DSP usage over time Gk Sy Dynam;C aaer| £
> Diagnosis Unit . , =
. Diagnos. Unit
check node- and connection- status
periodically to detect system failures Windows XPem Operating System
» Clock Synchronization
maintains a system-wide timebase
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Clock Synchronization

Drift of timebases

600
500 A
—e— ATEME Board
— 400 —=— Multiencoder Board 1
e —a— Multiencoder Board 2
§ 300 Embedded PC
o —x— Multiencoder Board 3
]
—+—avg.
100 -
0
70
Elapsed Time [min]
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The I-SENSE API

woid fusion mainiwvoid ¥Focommwports(])

> CommcChannel {
> Bidirectional communication with ot CComt-hannel portl(eomuports(o])

CCommChanthel portl (commoports[1]):
MESSAGEHEADER *ingmwmsg, *outmsg:
» Timebase

» Query systemwide synchronized tin

FA/ToDo: Initialize, restore state frow EnVironment

while ('!'g Zcheduler.CheckMigrate()]

» Memory Manager ¢
. if (portl.GetNextMessage [ (wvoid**) &m, INFINITE)==0)
» Hardware independent memory allg ’
and administration f/ToDo: process input message
> Scheduler if (ports.PreparelMessage | (wvoid*¥) soutmsog, S00) »>=0)

{
» Start/Stop new threads

FédTolo: Write the result in the output message

port.3endMessage (outmsg)
» DMA Mangger \
» Administrate DMA resources portl.DeleteMessage (m) :
> Ease DMA usage '
h
> TaSk EnVironment FiTobo: 3tore task-state and do sowe cleanup

» Tasks own memory block
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I-SENSE Case Study

» Audio Visual Traffic Surveillance
» Many distributed sensors
» High data rates
» High computation requirements --15-———-——-=-- N it 1)

» Sophisticated algorithms

» Video processing N1 N2 N3 J

» acquisition, filtering, fusion,
recording of video streams

» Motion detection —

» Visual Feature Extraction
=L

Observer/Admin

» Audio processing
» Aquisition, filtering, transformation and recording of audio streams
» Acoustic object recognition
» Acoustic feature extraction

» Object tracking and classification (with SVM)
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Defining a distrib. fusion application

_~ I-SENSE: An Embedded Multi-Sensor Fusion Framework - [Passive.isp]

#% File Edit Components Configuration ISense Yiew ‘Window Help ;Lﬁl_lzj
D =R S =[x 8]
S [ Properti: x
General
Component ComponentL...
Viewer RawViewer Supparted
o o] Mame ComponentL. ..
Module ID 1006
Initial Data File
. Hast Allan
tomonsntlskel | coler Czz1,221...
: Fusion Node
DILLFile ComponetLa. ..
Codesize 155000
- Stacksize 65536
Morphologic IntMem o
: NrDMAChannels 1]
NrDMATables ]
ExtMemi o
1 ExtMemz o
MotionDetector EnviromentSize 256
o Cycles 8600
Messagelecima... || 2
Ports
Partd
Partl
ik 2
Splitter AudioPlayer
1} o
1} 1]
Camera AndioCap
| ——
: _’|;I Win3z - DEPCET |
K
[ [ 7
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Running the application

I =[S
£ Flle Edit Com H =181 =]
D=l B:el8] =[x B]

P [Fropertes x
General
Compaonent RawImagehi...

‘ Viewer ‘ ‘ Rawfiewer ‘ Supparted
RAYY Image Yiewer LI L Rawipwer
Module ID 1005
Record | Save Bitmap | Quit I Record | Save Eitmap ik Tnitial Daka Fils s

Host Allan E
Color [ z21,221...
Fusion MNods
DILLFile testdynrawi...
Codesize 155000
Stacksize 65536
IntMerm o
MNrDMAChannels a
MIDMAT ables 1]
ExtMemi o
ExtMemz o
EnviromentSize 256
Cycles 600
MessageDecima. .. J;
Paorts
Paortd

l

1 2
Splitter AudioPlayer
a a
a a
Camera AudioCap

Ready

s

4]

| &

Win3z -DSPC64 DSPC67

[
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Experimental Results (1/2)

» Performance of Middleware: Task loading

Task Name | CPU type | Code Size | Environment Time

Image Viewer | Pentium 154 kB 256 Byte 139.7 ms

Motion Detector | Pentium 162 kB 512 kByte 273.6 ms

Camera Driver DSP 5 kB 256 Byte 23.3 ms

Motion Detector DSP 7 kB 512 kByte 143.6 ms
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Experimental Results (2/2)

» Performance of Middleware: Task migration

Task Name | Source %(i)zdee Environment Destination Time
Image Viewer | Pentium 154 kB 256 Byte remote Pentium | 508 ms
Camera Driver DSP 5 kB 256 Byte local DSP 436 ms
Camera Driver DSP 5 kB 256 Byte remote DSP 476 ms
Motion Detector | Pentium 7 kB 512 kB local DSP 520 ms
Motion Detector | Pentium 7 kB 512 kB remote DSP 552 ms
Motion Detector DSP 162 kB 512 kB local Pentium 613 ms
Motion Detector | DSP 7 kB 512 kB local DSP 395 ms
Motion Detector DSP 162 kB 512 kB remote Pentium | 623 ms
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Conclusion and Outlook

& Fusion application can be defined quickly
© Task allocation can be changed while system is running
@ System able to adapt its functionality when needed

¢ Application must be halted during reconfiguration
¢ Status of fusion tasks gets lost

< Transform the application gradually into a new one
(by sending task loading, unloading, migration, ... requests in a suitable order)

< Implement sophisticated error handling mechanisms
< Extend set of fusion algorithm for case study
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Thank you for your attention!

http://www.itl.tugraz.at/isense
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Task Allocation with Genetic Algorithm

5 % 9 | © Q
» Chromosome o NN PR o
possible task allocation K> Ko KD AF AP «E o\
(m" possible combinations) CPUNL C, ¢ |C G G | C | w c,
» Fitness
N B W B
i i 3 A7
Rating of a task allocation @@ @4@@ P
: . CBRIOdkpver11 | 11 || 1Selectipn | 1
» Genetic Operations Mutation or reproduction
: 4
> Mutation Mufate
CPUINr.—2 2 2 2 2
» Crossover PUNr. | T 1 T2t 1
Generate random Calculate <r5l§ggqgrcond|t|on\ > Done
_ ] population Fitness reached
» Genetic Algorithm CPUNr T 1 | 1 2 | 2
® Goal: Optimize Fitness CPUNr | 2 | 2 | 1 | 1 | 1
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Scheduling of Fusion Tasks

» Hard Realtime is not possible with the I-SENSE architecture
» Ethernet components off the shelf not suitable for RT
» PCI Bus not designed for RT operations
» Used operating system (Windows XP Embedded)

> Preemtive timeslice scheduler
& No schedule needs to be calculated ahead

= Every task may begin when all required data are available
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