WA

t-'-ﬁf.' Laboratoie
= -,:-?'"'. Franco-Mexicain

\‘;_,\'\_;na-cl = :,: = ;IE-"' :}47 d Informatique
: HEMI INRIA
Py £y
1 =1 TEC NO LOG ICO Laboratorio
Franco-Mexicano
T ae Informatica

ety DE MONTERREY. Nz T e

Visual Tracking of Multiple Objects with
Mobile Camera in Dynamic Environments

(or What | am doing Iin INRIA)

Hugo Ortega Hernandez

Centerfor Intelligent Systems Tecnoldgicode Monterrey

May 4th, 2004



May 4th, 2004

' Overview

n NavDyn project: AutonomousvehicleNavigation

In DynamicEnvironments.

n LAFMI (FrenchMexicanLaboratoryin
Informatics)

I@ 7/

n Two partners:
s Mexico: Centerfor IntelligentSystemst
Tecnologicode Monterrgy.
Josél.. Gordillo, Ph.D.
v France: Gravir Lab atINRIA Rhone-Alpes,
eMotionproject. Thierry Fraichard Ph.D.

laboratoire
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(BTW, where Is Monterre y?)

Monterrey, Nuevo Leo

May 4th, 2004 HOH —p. 3/27




Outline
1. NavDyn project.

2. Currentstatus.

3. Work to do.
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Description

Theobjective of the projectis the navigationof
autonomousehiclesin a partially know dynamic
environment,thatis, with x edandmoving
obstaclesandunknawvn future behaior.

Thereare2 parts involved in thedesign:

n Reactivamotionplanningandnavigation
developedby Gravir-INRIA team.

n Visual tracking of multiple objects developedby
CSl-Tecteam.
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Experimental setup

%\ Mobile Camera

\
\
\
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Parts integration

Visual
Perception
(External)

oty . Reactive
) @ Motion
Planning
| obj
sSensors | pth
Autonomous |
Vehicle
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Expected applications

[
2 Mining

Parking m u
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Related work

Severalthesisaboutvisualtrackingandautonomous

vehicles:
n Visualtrackingof persons.

n Visualsenoingto correcttrajectoriesnf AV's.

n Visualtrackingof multiple objectswith mobile
camera.

n Methodologiedor selectAV's components.
n Techniquedor AV'sdirectioncontrol.
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The problem

We considerthatexistsanobject(mainelement
which s trackedvisually by the mobile cameraand
keepsan thevisual eld of thecameraln addition,
thereareotherobjectsin the ervironment(secondary
elementys whicharein movementandwith unknovn
behaior.

Theobjective:Brie y, obtain useful data about
objects(asposition and velocity), and sendthat
iInformation to the motion planner.
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Architecture of system

>

Main object tracker

pause/continue

New elements detects

D&

oN

Camera control

Secondary objects

tracking manager
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Functional tasks

1. Tracking the main object:
n Pan-tilt camergwe useonly panmotion).

» Meanshift algorithm(Comaniciuet.al)
» Rolustvisualtrackingindoorandoutdoor

2. Detectionand tracking of new objectsin the
environment:
n A priori ervironmentknowledge.

» Backgroundextractionoperator

n

3.0

n

Detectionof new elements.
otain information about objects:

Position,velocity.

n Camereacalibration.
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Tracking the main object

Camera contro|
. : Transform into
| (X,¥);
t Main object tracker Y
(mean shjift algorithm) — g CoTETa Parems
J ‘ T(X.y) =(a, b)
S S i (a, b)
D
Camera kinematic
model (2 DOF)
R@, a)
R, b )
Camera < Command generatof
COMMAND=
0x81,0x01,
0x04,0x00,
0x02,0xFF.
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Mean shift algorithm (Comaniciu, et.al.)

1. Obtainthe statisticaldescriptiong, of theobject
of Interest

2. Getnext frame.

3. Obtainthe statisticaldescription, of the
candidateobject

4. Calculatethe mostprobablepositionof the object
of interestusingthe meanshift vector ¥.

5. Move the positionof candidateobjectaccordingo
¢ andupdatep,.

6. If ¢, Isenoughsimilar to p,, updatethe position
of theobjectof interestandgo to step?2.
Otherwisegoto 3.
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Mean shift algorithm (Comaniciu, et.al.)

n Theobjectof interest:

X0
G =C  k(kx(k?)Hb(x) i u]
=1
» Thecandidateobject:
o o |
A Aﬁyi xio? -
Puly) = Cn ko= —o  HbX{)i u]
=1
Epanechni&v kernel i—Kron?clerfunction:
' ¢ 1, fn=20
ke(x) = 2 1} kxk? H(n) =

0: otherwise
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Mean shift algorithm (Comaniciu, et.al.)

n Themeanshift vector:
IJo (o) ﬂ
P o ] .02
noxiwg ©YeiXio
¥1= po o9
P Nh . o Yoi Xi 02
i=1 Wid h

n Similarity betweerdistributions(Bhattacharyya
coefcient):

X p
Ye0(Y0); 6 = Bu(Yo) G

u=1
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Detect and track new objects

New elements detect

b

Background
extractor

or
pause/continue

operator

A:{Ol,

Attribute filter

P
«

, On}

B= {Oi, ..., Om}

__________________

Secondary objects
tracking manager
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Background extractor operator

_>| K |le—
It Es
M N
a,|8584 b,|b,| b
i aJadag 4—-’ bbb i
2718439 b, bglbd I

Ires ..
’_|(i;j)_ 1 ifd(l;J)>U

— avg -
] res 0 otherwise
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Obtain information about objects

n Geometrigperspectie modelto convert pixel
coordinatego realworld coordinates.

n Sensiblao lensdistortion.
n Ah-docsolution,soneeddo improve.
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Results

Watch!
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To-Do list

1. Initial developments.
n Analysisof requirements$o controlthe nev
mobilecamera.

» Designandprogramminghe controlsystem.

n Integratethe cameracontrolmodulewith the
system.

n Testwith thetrackingof oneobject.

2. Tracking multiple objects.
n Integrationof the multiple trackingmodule.

» Designof experimentdor multiple tracking.
n Deliverythe rst prototype.
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To-Do list

3. Calibration and spatial information.
» Analysisof cameracalibrationrequirements.

n Selectandimplementthe calibrationmethod.

n Designexperimentdo obtainspatial
iInformation.

4. Final releaseand report.
» Final deluggingof the prototype.

» Releasahe nal prototype.
» Finalreport.
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Schedule

Initial developments

Tracking multiple objects

SCHEDULE
April May June July
Week 5 6 7 10 ' 11 12 | 13 14 | 15 | 16

Calibration and spatial
information.

Final release and report.
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Thankyou!
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