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Geometrial Analysis of Faial SurfaesMotivationMotivation: Study Shapes of SurfaesWe want to ompute and utilize statistis of faial surfaes.How should we represent a faial surfae?Given two faial surfaes, we want to ompute a geodesi path on thespae of faial surfaes.We want to evaluate the dissimilarity between two faial surfaes.
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Faial surfae mathing using planar faial urves
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Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesC. Samir, A. Srivastava, and M. Daoudi IEEE PAMI Nov2006, ICASSP 2006Goal: Analysis of faial surfaes (no anonial parametrization).
Approah:Approximate a surfae using a olletion of losed urves,and then ompare surfaes by omparing their orresponding urves.
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Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesFaial Curves
Let S be a faial surfae denoting a sanned fae.Let F : S 7→ R be a ontinuous funtion, depth funtion here, andlet Cλ denote the level urve of F , alled a faial urve, for the value
λ ∈ F (S), i.e. Cλ = {p ∈ S|F (p) = λ} ⊂ S. We an reonstrut Sthrough these level urves aording to S = ∪λCλ.MIA 2006 () Geometrial Analysis of Faial Surfaes 6 / 27



Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesExamples of Extrated Faial Curves

Range images: Top same person under di�erent expressions. Bottomdi�erent persons under same expression.MIA 2006 () Geometrial Analysis of Faial Surfaes 7 / 27



Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesDiretion funtionCoordinate funtion α(s) ∈ R
2 of Cλ relates to the diretion funtion

θ(s) aording to α̇(s) = ej θ(s), j =
√
−1, when s is the ar-lengthparameter.
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Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesShape SpaeE. Klassen, A. Srivastava, and X. Mio IEEE PAMI 2004For a losed urve, θ must satisfy the losure ondition:
∫ 2π
0 exp(j θ(s))ds = 0.To make shapes invariant to planar rotation, restrit to angle funtionssuh that, 1

2π

∫ 2π
0 θ(s)ds = π.

C = {θ| 1
2π

∫ 2π
0 θ(s)ds = π,

∫ 2π
0 ejθ(s)ds = 0}.To remove the re-parametrization group S

1 relating to di�erentplaements of origin, point with s = 0, on the same urve), de�ne thequotient spae D ≡ C/S
1 as the shape spae.

D is a Riemannian manifold.MIA 2006 () Geometrial Analysis of Faial Surfaes 9 / 27



Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesShape SpaeAre faial urves invariant to transformations ?Our goal is to analyze shape of S invariant to its rigid rotations andtranslations, and uniform salings.Our tehnique for omparing shapes of losed urves will beautomatially invariant to planar transformations in SO(2) × R
2 andthe z-translations in R.The variability due to hanges in z diretion (or gaze diretion) in S

2is not removed automatially.Two solution are then proposed:Aquisition Control
Alignment algorithm(s): ...MIA 2006 () Geometrial Analysis of Faial Surfaes 10 / 27



Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesShape SpaeGeodesi Path between faial urvesDi�erent steps to ompare two faial urves:Riemannian metri 〈g1, g2〉 =
∫ 2π
0 g1(s)g2(s)ds.Minimum energy to bend one urve into the other.Geodesi path between two faial urves.Distane dc (the length of the geodesi) between two faial urves.
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Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesShape SpaeDistane between faial surfaesLet's {C1
λ|λ ∈ Λ} and {C2

λ|λ ∈ Λ} be the olletions of faial urvesassoiated with the two surfaes,Let dc denotes the distane between two faial urves, assoiated totheir geodesi path. Two possible distanes between them are de�ned:assuming |Λ| to be �nite,
de(S

1, S2) =

(

∑

λ∈Λ

dc(C
1
λ, C2

λ)2

)1/2

.

dg(S
1, S2) =

(

∏

λ∈Λ

dc(C
1
λ, C2

λ)

)1/|Λ|

.Where de denotes the Eulidean mean and dg the Geometri one.MIA 2006 () Geometrial Analysis of Faial Surfaes 12 / 27



Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesSummary of Our AlgorithmAlgorithmStep 1: Mesh re�nement, generation of range images, and masking of therange images.Step 2: Level urves extrations from range images.Step 3: Computation of an angle funtion for eah extrated urve, �ttinga spline through its graph and re-sampling for ar-length parametrization.Step 4: Computation of geodesi lengths between respetive faial urves,and alulation of a distane between faial surfaes.
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Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesExperimental ResultsPreproessingFSU Database (private): 300 sans, six faial expressions/person.Assigning r (r = 1, 2, . . . , 5) faes per person as a gallery set, and theremaining 6 − r faes/person as a probe set.Notre Dame Database (publi). We have divided the remaining 740sans of 162 subjets into 470 gallery and 270.Nearest neighbor reognition.
�MIA 2006 () Geometrial Analysis of Faial Surfaes 14 / 27



Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesExperimental ResultsPertinent information
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Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesExperimental ResultsCoarse representation??
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Geometrial Analysis of Faial SurfaesFaial surfae mathing using planar faial urvesThe limitation and extensionThe limitation and extensionThe depth funtion depends on the gaze diretion, by serious rotationaround X-Axis , the extrated faial urves will largely di�er for sameperson. To resolve this problem and make the method invariant torigid transformation, we used the geodesi length funtion either thandepth funtion.
Extrated faial urves using depth funtion in the left and the geodesilength funtion in the right.MIA 2006 () Geometrial Analysis of Faial Surfaes 17 / 27
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Geometrial Analysis of Faial SurfaesGeometrial analysis of faial surfaesExtrated (3D) Faial urvesThe depth funtion is replaed by the geodesi length funtion:
f(x) = dg(x, q) where q is the referene point (nose tip here), and
dg(., .) is the shortest distane on a faial surfae.A surfae re�nement (good resolution, �lling holes...).The resulted faial urves (level set) are 3D and are elements of
(C × R+) (unit losed urve,length).
⇛ Need of a 3D urves analysis.

Di�erent representations of S.MIA 2006 () Geometrial Analysis of Faial Surfaes 19 / 27



Geometrial Analysis of Faial SurfaesGeometrial analysis of faial surfaesGeodesi path between 3D urvesA summary of 3D urves Analysis: Klassen et al SIAM inreviewSame representation (angle funtion) as previous study.
C is a di�erential manifold of 3D losed urves.
α : [0, 1] → C is a di�erential path in C.Given two urves C0 and C1, and a path α suh that α(0) = C0 and
α(1) = C1, they used a path-straightening method on α to �nd thegeodesi between them in C, noted φ here.The length of φ is a distane, and will be noted dc.MIA 2006 () Geometrial Analysis of Faial Surfaes 20 / 27



Geometrial Analysis of Faial SurfaesGeometrial analysis of faial surfaesGeodesi path between 3D urvesComparing Shapes of 3D Faial Curves
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The geodesi path between two faial urves and the evolution of theenergy.MIA 2006 () Geometrial Analysis of Faial Surfaes 21 / 27



Geometrial Analysis of Faial SurfaesGeometrial analysis of faial surfaesFaial surfae representationRepresentations of faial surfaesLet α be a mapping, suh α: [0, 1] → (C × R+,- C is the spae of losed urves in R
3.- α an be onsidered as an indexed path in C.A faial surfae is represented as a path in the spae of losed urves.

S represented by N �nite number of faial urves(N = 7, 24, 70).MIA 2006 () Geometrial Analysis of Faial Surfaes 22 / 27



Geometrial Analysis of Faial SurfaesGeometrial analysis of faial surfaesFaial surfae representationGeodesis Between Faial SurfaesLet S0 and S1 be any two given faial surfaes, and α0 and α1 be theorresponding elements in H, respetively. Our goal is to onstrut ageodesi path Ψ(t) in H, parameterized by time t, suh Ψ(0) = α0 and
Ψ(1) = α1. A distane between α0 and α1 is the length of theorresponding geodesi.
Geodesi Paths between the same person with two di�erent faialexpressions .MIA 2006 () Geometrial Analysis of Faial Surfaes 23 / 27



Geometrial Analysis of Faial SurfaesGeometrial analysis of faial surfaesSome experimental resultsSame person

Geodesi Paths between the same person viewed from di�erent viewpoints.MIA 2006 () Geometrial Analysis of Faial Surfaes 24 / 27



Geometrial Analysis of Faial SurfaesGeometrial analysis of faial surfaesSome experimental resultsDi�erent persons

Geodesi Paths between two di�erent persons viewed from di�erentviewpoints.MIA 2006 () Geometrial Analysis of Faial Surfaes 25 / 27



Geometrial Analysis of Faial SurfaesSummarySummaryPresented a Faial surfae mathing method using planar faial urvesanalysis. - A new representation of faial surfae based on urves.- A faial surfaes mathing method.- Some Experimental results.Presented a brief summary of 3D urves analysisPresented an approah for omputing geodesis paths between faialsurfaes.Showed examples of paths between two faial surfaes.MIA 2006 () Geometrial Analysis of Faial Surfaes 26 / 27



Geometrial Analysis of Faial SurfaesDisussionQuestions:
Thank you for your attention !
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