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Introduction to computational anatomy
@00

Introduction to computational anatomy

Main idea : Modelize and analyze the variability of biological shapes.

Computational anatomy introduced by the biologist D'Arcy Thompson
(1917) in "On Growth and Form”

On Growth and Form - D'Arcy Thompson
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Introduction to computational anatomy
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Different types of data

Meshed surfaces

Curves

Landmarks

Rayane Mouhli Decorrelation of deformation models via varifc October 28th, 2024 4 /27



Introduction to computational anatomy
ooe

Registration/Matching

Given two objects ¢(9, ¢V, we want to find the best diffeomorphism that
transform the source ¢(?) into the target ¢(!).

. W N

Robust Rigid Shape Registration Method Using a Level Set Formulation - M.Al-Huseiny, S.Mahmoodi, M.Nixon
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LDDMM
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Large Deformation Diffeomorphic Metric Mapping!

Let v € L%([0,1],V) be a time-varying vector field with V — C2(R%, RY).
The flow of diffeomorphism ¢ generated by v is the unique solution of
the following system :

& = woul
o§ = 1d

LAn Infinite Dimensional Group Approach for Physics based Models in Pattern Recognition, Trouvé, '95
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Diffeomorphism generated by a vector field
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Diffeomorphism generated by a vector field
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Diffeomorphism generated by a vector field
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Diffeomorphism generated by a vector field
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Diffeomorphism generated by a vector field

t=0.78
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Diffeomorphism generated by a vector field

]
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Diffeomorphism generated by a vector field
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Shape dynamic

The deformed source is defined by the action of a diffeomorphism on the
source

a =i q¥

From the dynamic of the diffeomorphism, we deduce a dynamic of a
deformed shape? is given by

g = U q

2Arguillere's PhD thesis, '14
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Shape deformation

t=0.0
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Shape deformation
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Shape deformation
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Shape deformation
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LDDMM : Inexact matching shapes

Finding the best diffeomorphism is an energy minimization problem :
|
min B(w) = [ Slult di+ Digr-q,q")
v
0

: g6 = vt-q
subject to {
o = ¢
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Coupling of two types of deformations

The dynamic of a shape deformed by two vector fields v € V,w € W is
given by

G = Vi qtwi-q

and the energy minimization problem associated to this dynamic is

1
. I AR T I TR
%wE(an)—/o §|Ut\v+§|wt|wdt+A(Q1)

)
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Correlation problem

Target
- Source
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Correlation problem

Decorrelation of vector fields
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t=0.0 t=0.5
—— Deformed |
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Decorrelation of vector fields
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Correlation problem

t=0.0 t=0.5 t=1.0
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|
[
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AN W W Y
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Decorrelation of vector fields
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Correlation

@ We want to decorrelate LDDMM and a growth translation in order to
have a better interpretation and a more accurate model.

@ More generally : How do we decorrelate the actions of two spaces of
vector fields on a same curve ?
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Intuition of the decorrelation
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Varifold

A varifold is a way to represent curves with invariance to reparametrization.

A varifold is a continuous linear form on W = {w : R% x S9~1 — R},
The varifold j1, associated to the curve q is defined by :

where represents the tangential data
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Discrete varifold

Proposition

A discrete curve can be modeled by a varifold

n . P— qitqit1
(O 2
Hg(w) = § i w(ci, t;) where 5, — Gl
=il ¢ lgit+1—aill

Rayane Mouhli Decorrelation of deformation models via varifc October 28th, 2024



Decorrelation of vector fields
000000800000 0000

Discrete varifold

Proposition

A discrete curve can be modeled by a varifold

n . P— qitqit+1
(G 2
MQ(W) = E :g’i w(ci, ti) where L = 41—
i—1 2 lgir1—a:ll

((Ji,gi.Ti)
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Discrete varifold

Proposition

A discrete curve can be modeled by a varifold

© - ¢ = qitqi+1
MQ(w) = Zﬂi w(ci, ti) where L = Qi-zl—%'
i=1 o laia—aill
. . ./
o, —
((‘,,-.(L‘;. 7‘1')
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Action of a diffeomorphism on a varifold

Proposition

The action of a diffeomorphism on a varifold is defined by

(Dettq) (@) = hg(q) (@ ZW (e, 9)

¢ _ (%+1)+¢(Qz) and t¢ ¢(Qz+1) ¢(Q'L)

where ¢; = = Né(gir1)— (@)l
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Speed of a varifold induced by a vector field

d _  (0(gi+1) — v(4i), gi+1 — @) g
@Lzoﬁ%t(q)(w) - ; ‘; w(ci, ts)

+ 4 (Ouler, B)

v(e)

=
+ & (dvw(es, B)|V o)
where V+u(g;) = v(gs 1}/ v(gi) _ <l‘((/;. 1/)/ v(gi) | /'I’> /‘[’

Let ¢t — ¢ be a flow of diffeomorphism such that ¢y = Id and ¢3t|t:0 =

In the following, we will denote %’t:oﬂqbt(q) as dfuq(v)
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Speed of a varifold induced by a vector field

Let t — ¢ be a flow of diffeomorphism such that ¢y = Id and d;t|t:0 =

variation of length

pg(v)(w) = i (lgivy) - v(;i)’ Git1 = Gi) w(cq, {z))
i=1 !
+ ¢ (&Cw(ci, t_;) U(Ci))

+ <8ch(ci,_> VLv(qi))

ti)

—>

where V-o(g;) = r(q,flz,)iw(r/,) _ <r<(lpl,é>f”((h) , f[,>

—

t;
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Speed of a varifold induced by a vector field

Let t — ¢ be a flow of diffeomorphism such that ¢y = Id and gzét|t:0 =

variation of length

n
U\Git+1) — V\4i), Qit1 — i =
() = Yo W ZV@h G 2 gy
i=1 !
variation w.r.t to the position

+ 4 (wa(ci,t—;) v(ci))
+ 4 <8Vw(c,-,t_;) VLU(%’))

where VLo (g;) = M=) <,.<(,, D—v(a) . ﬁ) P
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Speed of a varifold induced by a vector field

Let ¢ — ¢ be a flow of diffeomorphism such that ¢g = Id and gzét|t:0 =

variation of length

n
U\Gi+1) — V\Gi), 9it1 — Gi g
nge)w) = )N G )y gy
i=1 !
variation w.r.t to the position

+ 4 (8330)(62‘7%—;) U(Cz‘))

variation w.r.t to the tangent

+ 4 (Ovelen B)|vHo(@)

—

where V0 (g;) = v(gs 1)/ (g:) <f‘(f/; lz), v(q;) ﬁ) .
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Correlation

We define the correlation between a vector field v1 € V7 and a space of
vector fields V5 by

Corrg(v1, V2) = [[v3]|v,

where

* : 2
vy = argmin,, ey, [[0pq(v1) — Opq(v2) |
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Correlation

v1(q)
LS S D . N O S N

q+vi(q)

/ q+v2(q)
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Correlation LDDMM /Translation

1 1
1 1
minE(U,T):/ §|vt|%/+§\|ﬁ||]§ddt+/ Corrg, (v, RY)2dt 4+ A(q1)
0 0

v, T

where Corrg, (ve, RY) = ||u* (vg, 1) ||ga

Application to a shape q representing a straight rod :

Discrete formula (2 pts) Continuous formula
Curve q 90 = (0,0),q1 = (L,0) q:s€ [0 1] = L(s,0)

1
w Va OHU’ (s)vy(s)ds)

Closest translation u*

(=
\ £ K

qo a1 a(0) / / l \ N )
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Toy example

Target
—— Source
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Toy example : Without decorrelation

translation = [0.8718 4.0553]

Decorrelation of vector fields
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t=0.0 t=0.56 t=1.0
—e— Deformed
-
L translation
Target
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Toy example : With decorrelation

translation = [0.9841 4.9384]

Decorrelation of vector fields
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t=0.0 t=0.56 t=1.0
—e— Deformed
, -
L translation
| Target
8 | 8
(l‘
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G 1] 6
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4 I a
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i
2 /| 2
b
0 o
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The End

Thank you for your attention !
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