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A hierarchical FACEA hierarchical FACE
behavi or  behavi or  model for 3Dmodel for 3D
face tracking withoutface tracking without

markers.markers.
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II- 3D reconstruction of the faceII- 3D reconstruction of the face

IIIIII- Dynamic- Dynamic  modelisationmodelisation of the face of the face’’s muscless muscles

IVIV- 3D tracking in image sequences- 3D tracking in image sequences

I- IntroductionI- Introduction
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I- IntroductionI- Introduction
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ObjectivesObjectives::

AccurateAccurate Face  Face trackingtracking

MethodMethod  analysisanalysis//synthesissynthesis  looploop

AccurateAccurate Face  Face modelmodel, able to, able to

createcreate facial expressions facial expressions
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I- 3D reconstruction of the faceI- 3D reconstruction of the face
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GLOBAL SCHEME

Calibration /Calibration /
ReconstructionReconstruction

looploop

CameraCamera
Calibration withCalibration with

characteristiccharacteristic
pointspoints

3D points3D points
ReconstructionReconstruction

3D mesh3D mesh
deformation bydeformation by

RBFRBF

DeformationDeformation
InterpolationInterpolation

by RBFby RBF

DataData

GenericGeneric

FaceFace

RefinementRefinement
of of thethe 3D 3D

meshmesh by  by itsits
silhouettessilhouettes

FinalFinal

DeformationDeformation

SpecificSpecific

FaceFace

 Result Result
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DataData

InputInput
AA priori  priori knowledgeknowledge

GGenericeneric model model

38 characteristic points from38 characteristic points from
MPEG-4 setMPEG-4 set



88 Richard RousselRichard Roussel  André André GagalowiczGagalowicz

INTERACTIVE LABELING OF THE CHARACTERISTICINTERACTIVE LABELING OF THE CHARACTERISTIC

POINTS PROJECTIONS IN IMAGESPOINTS PROJECTIONS IN IMAGES
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A prioriA priori KNOWLEDGE: KNOWLEDGE:

N 3D points andN 3D points and
their 2D projection,their 2D projection,
where N where N ≥≥ 5 5

Intrinsic parameters ofIntrinsic parameters of
the camerathe camerass (focal length, (focal length,
pixel ratio, optical centre)pixel ratio, optical centre)

CAMERA CALIBRATION USING CAMERA CALIBRATION USING POSITPOSIT
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Camera 1Camera 1
Camera 2Camera 2

3D Reconstruction by simple3D Reconstruction by simple
stereostereo  principleprinciple
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3D Reconstruction by simple3D Reconstruction by simple
stereostereo  principleprinciple

Calibration Calibration waswas not  not perfectperfect
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Calibration ofCalibration of
the camerasthe cameras
using featureusing feature

pointspoints

3D3D
rebuilding ofrebuilding of

featuresfeatures
pointspoints

Calibration / ReconstructionCalibration / Reconstruction  looploop
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GivenGiven a set of a set of
deformationdeformation  vectorsvectors

Basic Basic ideaidea::

1. 1. CalculateCalculate  thethe  deformationdeformation  atat  eacheach  featurefeature point point

2. 2. InterpolateInterpolate  thethe  deformationsdeformations on  on thethe  wholewhole face face

Radial Basis Radial Basis FunctionFunction (RBF) (RBF)

Radial Basis Radial Basis FunctionFunction
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RemainingRemaining

Problems:Problems:
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We want:We want:
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REFINMENT OF THE MESH BY ITS SILHOUETTESREFINMENT OF THE MESH BY ITS SILHOUETTES
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REFINMENT OF THE MESH BY ITS SILHOUETTESREFINMENT OF THE MESH BY ITS SILHOUETTES
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REFINMENT OF THE MESH BY ITS SILHOUETTESREFINMENT OF THE MESH BY ITS SILHOUETTES

Image silhouette drawingImage silhouette drawing
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Caption:Caption:

Preceding tangent, in the curvePreceding tangent, in the curve’’s directions direction

Following tangent, in the curveFollowing tangent, in the curve’’s directions direction

Control Point of the curve of Control Point of the curve of BézierBézier
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REFINMENT OF THE MESH BY ITS SILHOUETTESREFINMENT OF THE MESH BY ITS SILHOUETTES

For each camera, computation of bothFor each camera, computation of both

3D silhouette and its 2D projection3D silhouette and its 2D projection

Image Image silhouettesilhouette drawing drawing
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REFINMENT OF THE MESH BY ITS SILHOUETTESREFINMENT OF THE MESH BY ITS SILHOUETTES

Computation of the distances betweenComputation of the distances between
the projected and the image silhouettes.the projected and the image silhouettes.

For each camera, computation of bothFor each camera, computation of both

3D silhouette and its 2D projection3D silhouette and its 2D projection

Image silhouette drawingImage silhouette drawing
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REFINMENT OF THE MESH BY ITS SILHOUETTESREFINMENT OF THE MESH BY ITS SILHOUETTES

Computation of the corresponding 3DComputation of the corresponding 3D
deformationsdeformations

Computation of the distances betweenComputation of the distances between
the projected and the image silhouettes.the projected and the image silhouettes.

For each camera, computation of bothFor each camera, computation of both

3D silhouette and its 2D projection3D silhouette and its 2D projection

Image silhouette drawingImage silhouette drawing
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2D 2D  3D Deformations 3D Deformations

OpticalOptical  centercenter

PP’’
RR’’

PP
RR

ImageImage
planeplane
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ResultsResults
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ResultsResults
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ResultsResults
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SynthesisSynthesis OriginalOriginal

ResultsResults
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II- Dynamic II- Dynamic modelisationmodelisation

of the faceof the face’’s muscless muscles
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Our model is based on studyOur model is based on study

of muscles that effectivelyof muscles that effectively

create expressions on the facecreate expressions on the face

II- DynamicII- Dynamic  modelisationmodelisation of the face of the face’’s muscless muscles
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FO : Frontalis
outer (x2)

FM: Frontalis Major
(x2)

FI: Frontalis Inner
(x2)

LC: Lateral
Corrugator(x2)

ILN: Inner Labii
Nasi(x2)

LL: Levator Labii

LN: Labii Nasi(x2) ZM: Zygomatic
Major(x2)

R: Risorius(x2) AD: Angular
Depressor(x2)

T: Triangularis(x2) M: Mentalis

OO : Orbicularis
Oris(x3)

II- DynamicII- Dynamic  modelisationmodelisation of the face of the face’’s muscless muscles
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Simple Simple ideaidea::

DeformDeform  thethe  curvescurves,,

andand  interpolateinterpolate  thethe  deformationsdeformations  

on on thethe  wholewhole face,  face, usingusing RBFs. RBFs.
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NeutralNeutral
Generic faceGeneric face

with itswith its
deformationdeformation

curvescurves

II- DynamicII- Dynamic  modelisationmodelisation of the face of the face’’s muscless muscles
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1

0

2
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45 6

9 10 11 12

7

8

Static points (force aStatic points (force a
zero deformation)zero deformation)

Points on the nosePoints on the nose

Corners of the eyesCorners of the eyes

Dynamic Points Dynamic Points 
On the ChinOn the Chin

  NostrilsNostrils

III- DynamicIII- Dynamic  modelisation of the facemodelisation of the face’’s muscless muscles
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Lower lip heightLower lip height

Upper lip heightUpper lip height

M outh widthM outh width

M outh corner heightM outh corner height

Lower lip advanceLower lip advance

Upper lip advanceUpper lip advance

ChinChin

Right eyelidRight eyelid

Left eyelidLeft eyelid

I nner r ight eyebrow heightI nner r ight eyebrow height

I nner left eyebrow heightI nner left eyebrow height

Central r ight eyebrow heightCentral r ight eyebrow height

Central left eyebrow heightCentral left eyebrow height

Outer r ight eyebrow heightOuter r ight eyebrow height

Outer left eyebrow heightOuter left eyebrow height

This model is controlled by 15 behaviours:This model is controlled by 15 behaviours:

7 behaviours for the
lower part of the face.
(mouth and cheeks)

2 behaviors for

the eyes.

6 behaviours for the
upper part of the
face. (eyebrows and

forehead)
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AngerAnger

HappinessHappiness SurpriseSurprise

SadnessSadness

FearFear DisgustDisgust

6 6 universaluniversal
expressionsexpressions
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II- DynamicII- Dynamic  modelisationmodelisation of the face of the face’’s muscless muscles
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IIIIII- 3D tracking in image sequence- 3D tracking in image sequence

based on analysis/synthesis loop.based on analysis/synthesis loop.
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IIIIII- 3D tracking in image sequence- 3D tracking in image sequence

based on analysis/synthesis loop.based on analysis/synthesis loop.

Image toImage to
computecompute

TexturedTextured
3D 3D meshmesh ErrorError
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IIIIII- 3D tracking in image sequence- 3D tracking in image sequence

based on analysis/synthesis loop.based on analysis/synthesis loop.

Image toImage to
computecompute

TexturedTextured
3D 3D meshmesh ErrorError
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TrackingTracking global  global schemescheme

Initialisation of Initialisation of thethe 1 1stst

image. (calibration)image. (calibration)

Texture Texture cutcut in  in thethe
image N.image N.

Image to Image to computecompute::

N = N +1.N = N +1.

MinimisationMinimisation

RigidRigid
DeformableDeformable

6 DOFs6 DOFs

RotationRotation

++

TranslationTranslation

7 DOFs:7 DOFs:

LipsLips  andand  ChinChin

2 DOFs:2 DOFs:

EyelidsEyelids

6 DOFs6 DOFs

EyebrowsEyebrows
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RESULTSRESULTS
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RESULTSRESULTS

OriginalOriginal
imageimage

SynthesisSynthesis
imageimage

TexturedTextured
faceface

3D 3D meshmesh
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Futur Futur worksworks

Speed Speed upup  trackingtracking, (, (usingusing GPU GPU……),),

AddAdd  eyeballseyeballs  trackingtracking  ……

AddAdd new  new behaviorsbehaviors,,
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Any question ?


