An analysis of shape ensembles through modular diffeomorphisms

An analysis of shape ensembles through
modular diffeomorphisms

Mathematics of Shapes and Applications 2016

Barbara Gris

Advisors: Alain Trouvé (CMLA) and Stanley Durrleman (ICM)
gris@cmla.ens-cachan.fr

July 20, 2016



e
An analysis of shape ensembles through modular diffeomorphisms

I—Outline

Definition and first example
Combination of deformation modules
Modular large deformations

Sub-Riemannian structure on O
Studying shape variability in practice

A simple example
Weak prior



An analysis of shape ensembles through modular diffeomorphisms
L Introduction

Sommaire

Introduction



An analysis of shape ensembles through modular diffeomorphisms

L Introduction

Framework : Large deformations
» Studying a population of shapes through diffeomorphisms

deforming them.

FLih

[Abter Thompson 1917.)



An analysis of shape ensembles through modular diffeomorphisms

L Introduction

Framework : Large deformations
» Studying a population of shapes through diffeomorphisms

deforming them.

LS
i

[Abter Thompson 1917.)

> 9o =1d, %(ﬁt = V;o ¢ With vy € V¢t'



An analysis of shape ensembles through modular diffeomorphisms
L Introduction

Framework : Large deformations

» Studying a population of shapes through diffeomorphisms
deforming them.
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[Abter Thompson 1917.)

> 9o =1d, %(ﬁt = V;o ¢ With vy € V¢t'
— Which trajectories of vector fields ?
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Ulf Grenander

Hands : a Pattern Theoric Study of Biological Shapes, 1991
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Parametric models to model non linear patterns :

> G R I D [U. Grenander , A. Srivastava , S. Saini. A pattern-theoric characerization of biological growth.
IEEE, 2007]

> Pon-affine [C. Seiler , X. Pennec, and M. Reyes. Capturing the multiscale anatomical shape
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» Diffeons [L. Younes. Constrained diffeomorphic shape evolution. Foundations of Computational
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» Complex and chosen constraints
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A deformation module can generate vector fields:
» Of a particular type
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Definition

LetM = (O, H,( ¢, c) be a CK-deformation module of order (.
We say that M satisfies the Uniform Embedding Condition
(UEC) if there exists a Hilbert space of vector fields V
continuously embedded in Cf;*k (RY) and a constant C > 0
such that for all o € O and for all h € H, (,(h) € V and

[Co(M)[y < Ceol(h)

Proposition

IfM!, | =1-..L, are Ck-deformation modules of order ¢ that
satisfy UEC, thenC(M',| =1 --- L) satisfies UEC.
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L Modular large deformations

Definition (Finite energy controled paths on O)

We denote 2 the set of mesurable curves t — (o1, ht) € O x H
such that :

» Energy E(o, h) = f01 Co,(ht)dt < o0
> 01 = &o,(vt) where vi = (o, (ht) € (o, (H)

— ¢§°(1 )is a modular large deformation
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An example
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LSub—Riemannian structure on O

Proposition

Wet setp: (0,h) € O x H— (0,800 (o(h)) € TO. Then
(O x H,c, p) defines a sub-Riemannian structure on © and

Dist(a,b)? =inf{ [y co(h)| he L2([0,1],H),0 = po(h),
Ot=0 = &, 01— = b}

Building an atlas of T1, ,Tn € O:

E<0tempa( ks (Tk Z/ ok hk )+ u(y ( 9 - Otemp; Tk)

Whel’e Otemp == Ot:(): 01‘ = €ok © Cok(hk)
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» Study Tq,--- Ty € F
» Thanks to a user-defined deformation module
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We build :
» M? = (F,{0}, (2, £2, c?) = Silent deformation module
induced by F: (2 =0, &2 =¢7, ¢® = 0.
» M =C(M'",M?) = (0" x F,H' x {0},¢,¢,¢):
> Go(h) = ¢li(0") + (R (0%) = ¢l (o),
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Goal:
» Study Tq,--- Ty € F
» Thanks to a user-defined deformation module
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— Building an atlason 0 = 0" x F

E<0temp, (h ks (T )k Z/ Cox( hk —i—,U( ( 9 =S, Ty)

where Otemp = (Ofemp: S) = 0f_g, OF = Eok © Cox(H¥).
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» Generic deformation modules

» Easily incorporate complex constraints in deformation
model

» Metric taking into account constraints

[B. G., S. Durrleman, A. Trouvé. A sub-Riemannian modular framework for
diffeomorphism based analysis of shape ensembles, 2016]
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Thank you for your attention !
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