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Introduction

Vector data in RN:

e Hilbert space: ||x — y|?

@ Gaussian variables: y; = X + ¢, with g; ~ A/(0, X)
Anatomical data lie on a manifold:

@ which manifold? which metric?

@ how to compute first and second moment (mean and
variance)?
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Comparison of 2 anatomies

@ “shape space” embedding [Kendall 1984]:
d(01702) (OI’ Os = O —|—€)

e invariance of the metric? shape ‘alignment’?
e deformation = nuisance factor
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Comparison of 2 anatomies

@ “shape space” embedding [Kendall 1984]:
d(01702) (OI’ Os = O —|—€)

e invariance of the metric? shape ‘alignment’?
e deformation = nuisance factor

@ measure of deformation [Grenander 1993]:

~

¢ = argmin d(O2,$.01)  (or Oz = .01 +¢)

e metric on objects derived from metric on deformations
e which deformations?
o residual as nuisance factor: overfitting?
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Comparison of 2 anatomies

@ Combined model:
Os =0.01+¢

e decomposition into geometry + residual
e all information taken into account
@ which trade-off?

[For images, see Glasbey & Mardia JRSS’01, Allassonniere et al. JRSS'07]
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Group-wise statistics
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Introduction

Group-wise statistics
b4 B

0, O; = ¢;.0 +¢;
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0, O; = ¢;.0 +¢;

o - deterministic template (O): anatomical invariants

random deformations (¢): geometrical variability

03 - random residuals (£): “texture” variability
@

Stanley Durrlem Statistical Anatomical Models



Introduction

Group-wise statistics

P1 B

0, O; = ¢;.0 +¢;

o - deterministic template (O): anatomical invariants

- random deformations (¢): geometrical variability

03 - random residuals (£): “texture” variability
@

Formal MAP derivation:

_ N1 _
EO:61:-+.0n) = 3 5 5 [[65:0 = Os[* + d(1d, )2

@ Fréchet mean O with the metric derived from diffeos
@ Variance given by the distribution of

e deformation parameters {¢s}

o residuals e5 = [|¢5.0 — 0>
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Group-wise statistics

Qz | E(@7¢17"'7¢N):
C 0 S { otz 1650 — Ol +d(1d, 65}
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Introduction

Group-wise statistics

QK | E(@7¢17"'7¢N2: )
- MP S {217 |65.0 — Os||* + d(1d, ¢>s)2}

@ Need to define:
e parameterization of diffeos (¢s) + metric d
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Introduction

Group-wise statistics

QK | E(@7¢17"'7¢N2: )
- MP S {217 |65.0 — Os||* + d(1d, ¢>s)2}

@ Need to define:

e parameterization of diffeos (¢s) + metric d
e deformation of anatomical objects ¢s.O
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Introduction

Group-wise statistics

QK | E(@7¢17"'7¢N2: )
- MP S {217 |65.0 — Os||* + d(1d, ¢>s)2}

@ Need to define:
e parameterization of diffeos (¢s) + metric d
e deformation of anatomical objects ¢s.O
e norm between objects |01 — O
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Introduction

Group-wise statistics

QK ‘ E(@7¢17"'7¢N):

05 N 1 A 2 2
o0 SN { 5t (1650 — Os® + dl1d, 65)2}

Os = ¢5.0 + &5

@ Need to define:
e parameterization of diffeos (¢s) + metric d
e deformation of anatomical objects ¢s.O
e norm between objects |01 — O
... for any kind of data (image, surface mesh, curve, etc..)!
@ Then:
o differentiate E w.r.t. deformation parameters and template
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Introduction

Group-wise statistics

Q g | E(@7¢17"'7¢N2: »
Y S {5t [|65:0 — Os|® + d(1d, 66)2 }
Os = ¢5.0 + &5

@ Need to define:
e parameterization of diffeos (¢s) + metric d
e deformation of anatomical objects ¢s.O
e norm between objects |01 — O
... for any kind of data (image, surface mesh, curve, etc..)!
@ Then:

o differentiate E w.r.t. deformation parameters and template
e derive statistics on deformation parameters and residuals
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Deformation model

Outline

0 Sparse adaptive parameterization of diffeomorphisms
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Deformation model

Adaptive finite-dimensional subsets of diffeomorphisms

System of N self-interacting particles:

@ control points {cx} with
momenta {a } 1w \ o
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Deformation model

Adaptive finite-dimensional subsets of diffeomorphisms

System of N self-interacting particles:
@ control points {ck} with
momenta {a } » \ o
@ Hamiltonian (kinetic energy): \ :
[
SN /
Nep  Nep ) ‘\ } \

H(e, o) =Y Y akK(ck, Co)ap

p=1q=1
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Deformation model

Adaptive finite-dimensional subsets of diffeomorphisms
System of N self-interacting particles:

@ control points {cx} with
momenta {a } 1w \ o

@ Hamiltonian (kinetic energy): \
[
SN /
Ncp Ncp X \\ ) \

= z ZO‘;(K(Ckv CP)aP

p=1 g=1
@ Equations of motion: ¢x = OH/dak, ax = —OH/Ock

{ dck(t Zq X K(ck(t), cq(t))ag(t)

dag(t) — Zq 1 VK(ck, Cq)Oéq(t)TO‘k(t)
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Deformation model

Adaptive finite-dimensional subsets of diffeomorphisms

System of N self-interacting particles:
@ control points {ck} with
momenta {a } » \ o
@ Hamiltonian (kinetic energy): \ :
[
Nep  Nep ) \‘\ } ! \

H(c, a) ZZOsz Ck,Cp)

p=1 g=1
@ Equations of motion: ¢x = OH/dak, ax = —OH/Ock

{ dck(t Zq 1 K(ck(t), cq(t))ag(t)

da
5;0 — — YN VK(ck, Cg)ag(t) Tax(t)

@ Defines a dense diffeomorphic deformation:
vi(x) = 22 K(x, ck(t))ok(t)
M = w(odx)  dolx) =
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Deformation model

Definition

The group of diffeomorphisms for a RKHS V:
Gy = {¢1 ; % = Vio i, 09 = id, and v; € V} is provided with
the metric: d(ld, ¢1) = f01 HV1‘H2 alt [Trouve'ss, Dupuis et al 98]

Theorem

The geodesics connecting two N-uples of distinct points ¢q and
¢y are such that:

@ vi(x) =>4 K(x, ck(t))ax(t) (discrete support of velocity)

o | th v constant along the geodesic (energy conservation)
Since |vil[% = H(e, a) = Y-p%_; ap(t)TK(Gp(t), Cq(t))arq(1),
control points and momenta are optimally transported along the

geodesics according the Hamiltonian equations:
Ck(t) = 8H/80zk and dk(f) = —GH/ack
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Deformation model

@ for a fixed set of N control points:
e diffeomorphisms parameterized by initial momenta {ax(0)}
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Deformation model

@ for a fixed set of N control points:

e diffeomorphisms parameterized by initial momenta {ax(0)}
e geodesics: Log-map ¢1 — {ak(0)}
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Deformation model

@ for a fixed set of N control points:
e diffeomorphisms parameterized by initial momenta {ax(0)}
e geodesics: Log-map ¢1 — {ak(0)}
e metric on the tangent-space at Id V: || |3, = ad K(co, €o)exo
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Deformation model

@ for a fixed set of N control points:
e diffeomorphisms parameterized by initial momenta {ax(0)}
e geodesics: Log-map ¢1 — {ak(0)}
e metric on the tangent-space at Id V: || |3, = ad K(co, €o)exo
@ optimization of the position of control points:
e optimize the choice of a deformation model of size 3N
e selection in a infinite-dimensional dictionary of deformation
models
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Deformation model

@ for a fixed set of N control points:
e diffeomorphisms parameterized by initial momenta {ax(0)}
e geodesics: Log-map ¢1 — {ak(0)}
e metric on the tangent-space at Id V: || |3, = ad K(co, €o)exo
@ optimization of the position of control points:
e optimize the choice of a deformation model of size 3N
e selection in a infinite-dimensional dictionary of deformation
models
@ optimization of the number of control points:
e selection of the model complexity
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Deformation model

@ for a fixed set of N control points:
e diffeomorphisms parameterized by initial momenta {ax(0)}
e geodesics: Log-map ¢1 — {ak(0)}
e metric on the tangent-space at Id V: || |3, = ad K(co, €o)exo
@ optimization of the position of control points:

e optimize the choice of a deformation model of size 3N
e selection in a infinite-dimensional dictionary of deformation
models

@ optimization of the number of control points:
e selection of the model complexity

Control-point parameterization of deformations not a new idea
(diffeo B-spline [Rueckert et al.], GRID [Grenander et al.]), however here:
@ adaptive parameterization (number and position of CPs)
@ buit-in metric on deformations
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Introduction Deformation model Atlas with landmarks Atlas with currents Atlas with images

Importance of optimizing Control-Points positions:

Fixed Positions Updated Positions

Optimizing positions of CP enables more compact encoding of
the deformation
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Deformation model

Group-wise statistics

Q E(@,(/)1,...,(/)N) =
o moi? e {# |¢5-0 — O + d(1d, ¢)S)2}
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Deformation model

Group-wise statistics

E(D,¢1,...,6n) =
S {5tz [196:0 - O * +d(1d, 652}

0j = ;.0 +¢j

@ The initial state of the system of subject s: S§ = {cox, o 4}
@ Control Points shared among subjects
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Deformation model

Group-wise statistics

E(D,¢1,...,6n) =
S {5tz [196:0 - O * +d(1d, 652}

0j = ;.0 +¢j

@ The initial state of the system of subject s: S§ = {cox, o 4}
@ Control Points shared among subjects

@ Hamiltonian equations: S5(t) = F(S5(t)) with S5(0) = S;
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Deformation model

Group-wise statistics

E(O,S},...,S)) =
S { otz 1650 — Ol +d(1d, 65}

0j = ;.0 +¢j

@ The initial state of the system of subject s: S§ = {cox, o 4}
@ Control Points shared among subjects

@ Hamiltonian equations: S5(t) = F(S5(t)) with S5(0) = S;
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Deformation model

Group-wise statistics

E(O,S},...,S)) =
S { otz 1650 — Ol +d(1d, 65}

0j = ;.0 +¢j

@ The initial state of the system of subject s: S§ = {cox, o 4}
@ Control Points shared among subjects

@ Hamiltonian equations: S5(t) = F(S5(t)) with S5(0) = S;

@ Geodesic distance: d(Id, ¢s)2 = a$” K(co, €o)as = L(Sp)
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Deformation model

Group-wise statistics

E(@,Sé./...,SN)
L1 {5 1650 - 04| + L(SH)}

O; = ¢;.0 +¢;

@ The initial state of the system of subject s: S§ = {cox, o 4}
@ Control Points shared among subjects

@ Hamiltonian equations: S5(t) = F(S5(t)) with S5(0) = S

@ Geodesic distance: d(Id, ¢s)2 = a$” K(co, €o)as = L(Sp)
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Atlas with landmarks

Outline

e Atlas construction with landmark points
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Atlas with landmarks

Group-wise statistics

E(O,S},...,8N) =
S {5kllés0 — Ol + L(S5) }

05
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Atlas with landmarks

Group-wise statistics

E(O,S},...,8N) =
S {5kllés0 — Ol + L(S5) }

@ Landmark case: Os = Ys = {ysx}
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Atlas with landmarks

Group-wise statistics

EO,S},...,8N) =
S {Sllés0 - Yl + L(S9)}

@ Landmark case: Os = Ys = {ysx}
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Atlas with landmarks

Group-wise statistics

E(O,S},...,8N) =
S {Sllés-0 - Yol + L(S5)}

O; = ¢;.0 +¢;

@ Landmark case: Os = Ys = {ys«}
e Template of the form: O = Xo = {xox}
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Atlas with landmarks

Group-wise statistics

E(X,S),...,SN) =
S {ellés Xo — Ysl? + L(S9)}

O; = ¢;.0 +¢;

@ Landmark case: Os = Ys = {ys«}
e Template of the form: O = Xo = {xox}
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Atlas with landmarks

Group-wise statistics

E(X,S), ..., SN) =
S {Sellos Xo — Ysl? + L(S9))

2
0; = ;.0 +¢;

@ Landmark case: Os = Ys = {ysx}

e Template of the form: O = Xo = {xox}
® ¢.Xp = {#(x0k)} solution of:

Nep
Xk(t) = vi(xk(t)) = k§3:1 K(xk(t), ck())ax(t) = G(S(t), xk(t))
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Atlas with landmarks

Group-wise statistics

0
in; E(X,S},....SY) =
[ OO

Sy { ellos Xo — YolP + L(SD) |

O; = ¢;.0 +¢;

@ Landmark case: Os = Ys = {ysx}

e Template of the form: O = Xo = {xo x}
o ¢.Xp = {¢(x0k)} solution of:

Nep
Xk(t) = vi(xk(t)) = ;2 K(xk (1), ck(t))ax(t) = G(S(t), xk(t))

¢%—xmmm{'
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Atlas with landmarks

Group-wise statistics

0
in; E(X,S},...,SY) =
[ OO

S {2 IX(1) — Ysl2 + L(S9) }

O; = ¢;.0 +¢;

@ Landmark case: Os = Ys = {ysx}

e Template of the form: O = Xo = {xo x}
o ¢.Xp = {¢(x0k)} solution of:

Nep
Xk(t) = vi(xk(t)) = ;2 K(xk (1), ck(t))ax(t) = G(S(t), xk(t))

¢%—xmmm{'
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Atlas with landmarks

Group-wise statistics

ot E(X0.S}.....S}) =
WY, SN {1 X(1) = Va2 + L(S§)}

@ Landmark case: Os = Ys = {ysx}

e Template of the form: O = Xo = {xo x}
o ¢.Xp = {¢(x0k)} solution of:

Nep
Xk(t) = vi(xk(t)) = k; K(xk (1), ck(t))ax(t) = G(S(t), xk(t))

6. Xo = X(1) with { §g6))::g3(g3(f)7x(t))
e Sum of squared differences: || Xs(1) — Ys|[an,
Vxay IX(1) = Y2 =2(X(1) - Y)

Stanley Durrleman

Statistical Anatomical Models



Atlas with landmarks

Group-wise statistics

g ECGSh....SM)=

oo T T (g 1% - Yol + Lsp)}

Gz Ss(t) = F(Ss(t)) Xs(t) = G(Ss(1), Xs(1))
o S't'{ S4(0) = S¢ { X5(0) = X,
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Atlas with landmarks

Group-wise statistics

Y E(Xo,S{,-..,8)) =
oo 5 ek {g X6 - Vel + LSE)
03 02@ . .
wd%a st { Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(1), Xs(1))
1 Ss(0) =S8 Xs(0) = Xp
@ Chain rule:

VssE = 5 Vs Xs(1)T (Xs(1) — Ys) + VssL
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Atlas with landmarks

Group-wise statistics

Y E(Xo,S{,-..,8)) =
oo 5 ek {g X6 - Vel + LSE)
03 02@ . .
wd%a st { Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(1), Xs(1))
1 Ss(0) =S8 Xs(0) = Xp
@ Chain rule:

VssE = 5 Vs Xs(1)T (Xs(1) — Ys) + VssL
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Atlas with landmarks

Group-wise statistics

Y E(Xo,S{,-..,8)) =
oo 5 ek {g X6 - Vel + LSE)
03 02@ . .
wd%a st { Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(1), Xs(1))
1 Ss(0) =S8 Xs(0) = Xp
@ Chain rule:

VssE = 5 Vs Xs(1)T (Xs(1) — Ys) + VssL

These gradients can be solved using linearized ODEs!!!
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Group-wise statistics

E(XO,SE),...,S{JV) =
S {522 1X(1) = Yel* + L(S§) |

Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { = { Xs(0) = Xo
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Group-wise statistics

E(XO,SE),...,S{JV) =
S {522 1X(1) = Yel* + L(S§) |

Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { = { Xs(0) = Xo

template

§i=1

v target

Stanley Durrleman Statistical Anatomical Models



Group-wise statistics
E(XO,SE), .. ,SéV) =
Tl {2 IX0) - Vel + L(s3) }

¢>/%is; S.t.{ Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(1), Xs(1))
Ss(0) = S§ Xs(0) = Xo
template
Gy
[ 5

LoV
+t=1
v target
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Group-wise statistics

E(XO,SE),...,S{JV) =
TRl {2 IX60) - Vel + L(SD)}

. Ss(t) = F(Ss(1)) Xs(t) = G(Ss(t), Xs(1))
610 + ¢ s.t.{ _ { X5(0) = X,

v target

Stanley Durrleman Statistical Anatomical Models



Group-wise statistics

E(XO,SE),...,S{JV) =
S {522 1X(1) = Yel* + L(S§) |

Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { = { Xs(0) = Xo

template

| P
f )

v target
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Group-wise statistics
E(XO,SE), .. ,SéV) =
Tl {2 IX0) - Vel + L(s3) }

W37 s,t,{ Ss(t) = F(Ss(1)) { f(sgg))z_(f((ss(t),xs(t))
_ “0) = X

template

+t=0 (Xk) ’

xk(1)

Stanley Durrleman Statistical Anatomical Models



Group-wise statistics

E(XO,SE),...,S{JV) =
S {522 1X(1) = Yel* + L(S§) |

Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { = { Xs(0) = Xo

~ L x(m-v)

0 O ) 9(1) - ?
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Atlas with landmarks

Group-wise statistics
E(XO,SE), .. ,SéV) =
Sa { g I1Xs(1) - Yol + L(S9) |

S.t.{ Ss(t) :_F(Ss(t)) { Xs(t) = G(Ss(t)axs(t))

Ss(0) = S§ Xs(0) = Xo
template 1
| 0(t) = ds(nGTO(1), 6(1) = —(X(1)-Y)
+ =1
v target
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Atlas with landmarks

Group-wise statistics

) E(Xo,S),...,SY) =
AT B G IX6() - Vel + L(S9)}

. Ss(t) = F(Ss(1)) Xs(t) = G(Ss(t), Xs(1))

o “{SWFﬁé {0 %

| (1) = 95 GT0(1), 0(1) = 5(X(1) ~ ¥)
a £(t) = 0 GTO(0) + IFTE(D), §(1) =0

"Héjaﬁ)

v targetw
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Group-wise statistics

E(XO,SE),...,S{JV) =
TRl {2 IX60) - Vel + L(SD)}

05 ;zg - .
. Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t), Xs(1))
e “{SWFﬁs {&@:%
‘template .
Tk (1) = 95 GT0(1), 0(1) = 5(X(1) ~ ¥)
E(t) = Oy GTO(1) + dFTE(L), £(1)=0
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Group-wise statistics

E(XO,SE),...,S{JV) =
TRl {2 IX60) - Vel + L(SD)}

05 ;zg - .
. Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t), Xs(1))
e “{SWFﬁs {&@:%
‘template .
Tk (1) = 95 GT0(1), 0(1) = 5(X(1) ~ ¥)
E(t) = 0xyGTO(1) + dFTE(L), €(1)=0

Vs, E =£(0) Vx,E =6(0)

@ Simultaneous optimization of template
shape and registrations!

@ at no additional cost!

Stanley Durrleman Statistical Anatomical Models



Atlas with landmarks

demo

tomical Models



Atlas with landmarks

2 missing pieces:
@ selection of control points
@ currents
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Group-wise statistics

o E(X07Sg)7756\l):
T E R IX() - Vel + LSS}

9, $(1) = F(Ss(1) [ X(t) = G(Sa(0). Xe(1)
T “{SWﬁﬁs {&mz%
i(0) = 95y GTo(D), 6(1) = H(X(1) V)

E(t) = By GTO(t) + dFTE(L), €(1)=0

Vs, E=¢(0)  VxE=6(0)

Stanley Durrleman Statistical Anatomical Models



Group-wise statistics
E(Xo,S{,...,8Y) =

Ne
S {2 IX6(1) = Yell® + L(S§) + 7 0%, o3 e

(S

S.t.{ Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(t), Xs(1))
Ss(0) = 3 Xs(0) = Xo

VsE=¢60)  VxE=16(0)

L' norm as a surrogate to model selection
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Group-wise statistics
E(Xo,S{,...,8Y) =
N 1 s Nep
S { g 1X6(1) = Yol + L(S5) + 7 52, [

as
0,k

(S

S.t.{ Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(t), Xs(1))
Ss(0) = 3 Xs(0) = Xo

VerE = €6(0) VaE =€°(0)  VxE = 6(0)

L' norm as a surrogate to model selection
@ Optimized using FISTA (gecsTevouiie0s]

agd a0y \
o (o0 s (PRI )
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Group-wise statistics
E(Xo,S{,...,8Y) =

Ne
S {2 IX6(1) = Yell® + L(S§) + 7 0%, o3 e

(S

S.t.{ Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(t), Xs(1))
Ss(0) = 3 Xs(0) = Xo

Ve, E =£°(0) Voo E =£%(0) Vx

0

E = 6(0)

L' norm as a surrogate to model selection
@ Optimized using FISTA (gecsTevouiie0s]

ag/d _ 7'50‘(0)
| = r¢(0)]| ) -

af® « (g — 7¢(0)) ST, <’

@ zero-out momenta small in magnitude
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Atlas with currents

Outline

© Atlas construction with currents
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Atlas with currents

Group-wise statistics

E(X,S},...,SN) =
e S { G 1X6(1) = Yol + L(S§) + 7 p=, [}
0, OQO . .
- { Ss() = F(Ss(1)) { Xs(1) = G(Ss(1), Xs(1))
o 71 Ss(0) =S§ Xs(0) = Xo

@ Landmark case:
e discrepancy measure: || Xs(1) — Ys®
o driving force: V(1) [|Xs(1) — Ys|* = 2(Xs(1) — Ys)
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Atlas with currents

Group-wise statistics

E(X,S},...,SN) =
o @ S { G 1X6(1) = Yol + L(S§) + 7 p=, [}
35 et { Se(1) = F(Sa(1)) { Xs(t) = G(Ss(1), X(1))
L Ss(0) = S(s) Xs(0) = Xo

@ Landmark case:
e discrepancy measure: || Xs(1) — Ys®
o driving force: V(1) [|Xs(1) — Ys|* = 2(Xs(1) — Ys)
@ Needs point correspondence: hard to find (fiber bundles)
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Atlas with currents

Group-wise statistics

i E(X.S),...,8N) =

. @ S Lot 1X6(1) = Yol + L(S§) + 7 S o[}

= : ot { Ss(f) = F(Ss(1)) { Xs(t) = G(Ss(1), Xs(1))
| 8s(0) =S8 Xs(0) = Xo

@ Landmark case:

e discrepancy measure: || Xs(1) — Ys®

o driving force: V(1) [|Xs(1) — Ys|* = 2(Xs(1) — Ys)
@ Needs point correspondence: hard to find (fiber bundles)
@ Currents: an alternative for both curves and surfaces!

Stanley Durrleman Statistical Anatomical Models



Atlas with currents

Shapes as currents: an object that integrates vector fields

S(w)=[gw(x)'n(x)do(x)
@ Currents integrate vector fields: W (test space) — R
@ Vector space: addition = union, sign = orientation
@ Distance without point correspondence:

- d(0,0)= sup |O(w)-0O'(w)|
[l <1

- no point, no line correspondence

- robust to line interruption

Vaillant and Glaunes IPMI'05, Glaunes PhD’06
Stanley Durrleman Statistical Anatomical Models 22




Numerical tools for currents

“Regularized” L2-metric: W = L2« K
K Gaussian
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Numerical tools for currents

“Regularized” L2-metric: W = L2« K
K Gaussian

(x) 3 o) 7
g) TS ITIP= 7 Jy 0K Cey)r(y)abaly
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Numerical tools for currents

“Regularized” L2-metric: W = L2« K
K Gaussian

(x) 0
X T=S"¢47n T|?= T(x)tK(x,y)7(y)dxd|
/:__—jj S o ITIP=fr J7 700Ky r(y)dedy
‘({ N - 5 N N ;
et TR e ITIR=5 3 TR ()

i=1 i=1j=1
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Numerical tools for currents

“Regularized” L2-metric: W = L2« K
K Gaussian

7(x) 5 o) -
/Z—_//J TS5 ITIP= 7 Jy (0K Gy

1

< N N N
2
e TS ITIP=3 3 K
J‘::_‘_‘_klf i=1 i=1j=1

T~ 650 || TIP=7!(Ksr)
ien
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Numerical tools for currents

“Regularized” L2-metric: W = L2« K
K Gaussian

TN i SR,
/‘:_;/-_/J T:i;éxn I TIP=[7 [7 T(x)1K(x,y)7(y)dxdy

4 N n 2 W, 4 t
plrendy TR D ITIR=X 3 rK (i)

Jru_‘_‘_kw i=1j=1
T~y o5 ||T|P=r!(KsT)
- ien
‘ double sum ‘ grid
complexity O(N?) O(N + Nyrig log(Ngria))
approx. error | O(max |7) O(A%/)%)
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Numerical tools for currents

“Regularized” L2-metric: W = [? x K
K Gaussian

Y N » NN
e TR TIP=5 X 7 K6
P ind i=1 i=1j=1

. T~ 63 | TIP=7T(Ksr)
ieN

F = T¢

@ discrepancy measure:
T3 = Tall? = I T4 12 + (| T2l — 2(T4, To)
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Numerical tools for currents

“Regularized” L2-metric: W = [? x K
K Gaussian

< N , NN
apteee T TIP=E 3 AT KO
f::‘_(_‘_ i=1 i=1j=1

. T~ 63 | TIP=7T(Ksr)
ieN

F = T¢

@ discrepancy measure:

T3 = Tall? = I T4 12 + (| T2l — 2(T4, To)
@ driving force needs

Vi T2 = 2 (L VKt )77 ) 7
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Numerical tools f urrents

“Regularized” L2-metric: W = [? x K
K Gaussian

v N , NN
Ceel Mt T 0y ITIS=X X 7 K(xix)T
,f*"“" i= i=1j=1

&

* T~ 60 ||T|P=7T(KxT)
ien

F = T¢

@ discrepancy measure:

1T = Tal? = [ Thll? + | T2l|® — 2(T4, Ta)
@ driving force needs

VI TIP =2 (S, VKO x0)7T ) 7
@ all computed with FFTs!

Stanley Durrleman Statistical Anatomical Models



Approximation of currents at different resolutions

W = L2 x K, K Gaussian, Kernel bandwidth = resolution
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Atlas with currents

Approximation of currents at different resolutions
W = L2 x K, K Gaussian, Kernel bandwidth = resolution

Aw

Aw = 3mm, compression ratio: 85%, approx. error < 5% variance
@ Adjust the shape decomposition to the resolution
@ via the search of adapted basis
@ lterative algorithm: matching pursuit
@ proven to converge to the original currents

o

Stanley Durrleman Statistical Anatomical Models




Approximation of currents at different resolutions

W = L2 x K, K Gaussian, Kernel bandwidth = resolution

20 mm

Original curves | Approx. curves
(Aw —0) with Ay = 3mm Aw = bmm Aw = 8mm

Stanley Durrleman Statistical Anatomical Models



Group-wise statistics
Xo, b B0 =
Oy NC
QJ(Z S { ol Xe(1) = Vel + L(S5) + v T4, [l

o Ss(t) = F(Ss(t) [ Xs(t) = G(Ss(t). Xe(1))
e “{Sdﬁﬁs {&m

k

(1) = 950 G701, (1) = 5(X(1) ~ V)
§(t) = OunyGTO(1) + dFTE(t), £(1) =0
VsE=£(0) Vi =6(0)
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Group-wise statistics
Xo, b B0 =
Oy NC
QJ(Z S (o Xel1) — Yal? + L(5) + 502 ]

o Ss(t) = F(Ss(t) [ Xs(t) = G(Ss(t). Xe(1))
e “{Sdﬁﬁs {&m

k

(1) = 050 G701, (1) = 5(X(1) - V)
§(t) = OunyGTO(1) + dFTE(t), £(1) =0
VsE=£(0) Vi =6(0)
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Group-wise statistics

xo, 1.8 =
OJqu PO 202HXS() Ysll 5 +L(SS)+’YZNCP

o Ss(t) = F(Ss(t) [ Xs(t) = G(Ss(t). Xe(1))
e “{Sdﬁﬁs {&m

—

k

(1) = 950 G701, (1) = —5 V) 1X6(1) — Vel
(1) — 01y GO0 + AFTE(D), €(1) =0
VoE=£0)  VxE=6(0)
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Group-wise statistics

Y E(Xo,S{,...,8)) =

&) Ne
A0 D {RIX) - Vel + LS8 + v TR [a

—

o Ss(t) = F(Ss(t) [ Xs(t) = G(Ss(t). Xe(1))
e “{Sdﬁﬁs {&m

: 1
6(t) = D59 GTO(),  6(1) = —5 Vo) [ Xs(1) — Yl

£(0) = 2,0 G0 + OFTE(t), €(1) =0
VE=&0)  VxE = 0(0)

@ Metric on currents to drive the atlas construction
@ Only the positions of the vertices of the mesh are optimized
@ The topology of the mesh is preserved during optimization!

Stanley Durrleman Statistical Anatomical Models



Atlas with currents

Down’s syndrome study

8 controls + 8 Down’s syndrome patients
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Atlas with currents

Down’s syndrome study

8 controls + 8 Down’s syndrome patients

@@

Deformation momenta to 2 Down’s syndrome patients




Atlas with currents

Down’s syndrome study

8 controls + 8 Down’s syndrome patients

Durrleman Media 09  Our method
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Atlas with currents

Down’s syndrome study

XX

8 controls + 8 Down’s syndrome patients
Comparison with Hypertemplate [Ma et al., 2010]

@ constrained to be in the orbit of a given shape
@ bias by the choice of the initial subject

@ alternated minimization
¢

(f) Result3

J
e

O3

(¢) Hypertemplate 3
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Atlas with currents

Statistics on deformations

@ Output of the atlas:
e control points: ¢ = {ck} ' '
e momenta for each subject: o', ..., aV (o' = {a}})

@ Finite-dimensional RKHS with metric K = (K(c;, ¢;)), ;
(af, aY) = a®*Ka!
@ Fit a Gaussian distribution on the momenta set.
@ Enables:
e Principal Component Analysis (eigenmodes of ((a/, o/))

e Maximum-Likelihood Classification
@ Cross-validation

)

)

Stanley Durrleman Statistical Anatomical Models



Atlas with currents

Down’s syndrome study

1 template for all, momenta pooled in 2 groups

< D

)
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Atlas with currents

Down’s syndrome study

-
@,

8 controls + 8 Down’s syndrome patients

controls patients
First deformation mode
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Down’s syndrome study

y

P g ~
— r - <

8 controls + 8 Down’s syndrome patients

Classification based on initial momenta (leave-2-out):
@ False Positive Ratio: 3.1%
@ True Positive Ratio: 87.5%

Stanley Durrleman Statistical Anatomical Models



Statistical analysis of fiber tracts

6 subjects - 5 tracts per subjects
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Statistical analysis of fiber tracts

(a) One subject (b) template (c) template
among 6 (occipital view) (lateral view)
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Statistical analysis of fiber tracts

First Mode of Deformation
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Statistical analysis of fiber tracts

First “texture” Mode

texture_mode at —o temp_)late texture_mode at +o
B—m. B B+ m.
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as with currents

Simulation of synthetic bundles

| bl . b of { "

Original fiber bundles
4ot
\/

Six instances of simulated bundles




Atlas with images

Outline

@ Atlas construction with images
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Group-wise statistics

E(X,S},...,8V) = ‘

S {5k 1X6(1) = V|2 + L(S§) +7 4%,
Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

S
@,k

(S
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Group-wise statistics

E(X,S},...,8V) = ‘

S {5 I1X6(1) = Yol + L(S§) +7 4,
S.t.{ Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(t), Xs(1))
Ss(0) = 3 Xs(0) = Xo

(S

S
@,k

@ Landmark case: Os = Ys = {ys«}
e Template of the form: O = X = {Xo.«}
@ ¢.Xp = {#(x0k)} solution of:

Nep
Xi (1) = vi(xic (1)) = ; K(xk(1), ck(t))ax(t) = G(S(1), xk(t))

X(t) = G(S(t), X(t))
X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys|2w,
V) IX(1) = Y[ =2(X(1) = )

6. Xo = X(1) with {
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Group-wise statistics

E(X,S},...,8V) = ‘

S {5 I1X6(1) = Yol + L(S§) +7 4,
S.t.{ Ss(t) = F(Ss(1)) { Xs(t) = G(Ss(t), Xs(1))
Ss(0) = 3 Xs(0) = Xo

(S

S
@,k

@ Landmark case: Os = Ys = {ys«}
e Template of the form: O = Xy = {Xo.«}
@ ¢.Xp = {#(x0k)} solution of:

Nep
Xi (1) = vi(xic (1)) = ; K(xk(1), ck(t))ax(t) = G(S(1), xk(t))

X(t) = G(S(t), X(t))
X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys|2w,
V) IX(1) = Y[ =2(X(1) = )

6. Xo = X(1) with {
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Group-wise statistics

E(Xo,S{,...,8Y) = ‘

S {5k 1X6(1) = |2 + L(S§) + 7 0%,
Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

S
Qo k

@ Image case: Os = /s arrays, domain discretization {yx}
e Template of the form: O = Xo = {Xo.x}
@ ¢.Xp = {#(x0k)} solution of:

Nep
Xi () = vi(xic (1)) = ; K(xk(1), ck(t))ax(t) = G(S(1), xk(t))

X(t) = G(S(t), X(t))
X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys/2w,
V) IX(1) = Y[ =2(X(1) = )

6. Xo = X(1) with {
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Group-wise statistics

E(Xo,S{,...,8)) = ‘

S {5k 1X6(1) = Kol + L(S§) + 7 0%,
Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

S
Qo k

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = Xy = {xo «}
@ ¢.Xp = {#(x0k)} solution of:

Nep
Xi () = vi(xic (1)) = ; K(xk(1), ck(t))ax(t) = G(S(1), xk(t))

X(t) = G(S(t), X(t))
X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys/2w,
V) IX(1) = Y[ =2(X(1) = )

6. Xo = X(1) with {
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Group-wise statistics

E(lp,S),-..,SY) = ‘

S {5k 1X6(1) = sl + L(S§) + 7 0%,
Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

S
Qo k

@ Image case: Os = /s arrays, domain discretization {yx}
e Template of the form: O = |y, an image
@ ¢.Xp = {#(x0k)} solution of:

Nep
Xi () = vi(xic (1)) = ; K(xk(1), ck(t))ax(t) = G(S(1), xk(t))

X(t) = G(S(t), X(t))
X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys/2w,
V) IX(1) = Y[ =2(X(1) = )

6. Xo = X(1) with {
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Group-wise statistics

E(l,S),-..,SY) = ‘

S {5k 1X6(1) = sl + L(S§) + 7 0%,
Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

S
Qo k

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = fp, an image
@ ¢.Xp = {#(x0x)} solution of:

Nep
Xi () = vi(xic (1)) = ; K(xk(1), ck(t))ax(t) = G(S(1), xk(t))

X(t) = G(S(t), X(t))
X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys/2w,
V) IX(1) = Y[ =2(X(1) = )

6. Xo = X(1) with {
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Group-wise statistics

E(l,S),-..,SY) =
Ne
Sl {2 IX(1) = sl + L(S§) + 7 0%,

S
Qo k

Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = fy, an image

@ ¢.Ig = lp o ¢~ with =" (y) solution of:
Nep

Xk (1) = vi(xk(1)) = I; K(xk (1), c(t))ax(t) = G(S(t), xk(t))

X(t) = G(S(t), X(1))

X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys/2w,
Vxay IX(1) = Y|P = 2(X(1) - V)

6. Xo = X(1) with {
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Group-wise statistics

E(l,S),-..,SY) = ‘

S {5k 1X6(1) = sl + L(S§) + 7 0%,
Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

S
Qo k

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = fp, an image
o ¢.Ig = Ip o " with =" (y) solution of:
Nep

X(t) = vi(xk (1)) = k; K(xk (1), ck(t))ax(t) = G(S(t), xk(t))

X(t) = G(S(t), X(1))

X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys/2w,
Vxay IX(1) = Y|P = 2(X(1) - V)

6. Xo = X(1) with {
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Group-wise statistics

E(l,S),-..,SY) =
Ne
Sl {2 IX(1) = sl + L(S§) + 7 0%,

S
Qo k

Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = fp, an image
o ¢.Ig = Ip o " with =" (y) solution of:
Nep

Vi(t) = —vi(yx(t)) = — k; K(yk(t), ck(t))ax(t)

X(t) = G(S(t), X(1))

X(0) = Xo

o Sum of squared differences: || Xs(1) — Ys/2w,
Vxay IX(1) = Y|P = 2(X(1) - V)

6. Xo = X(1) with {
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Group-wise statistics

E(l,S),-..,SY) =
Ne
Sl {2 IX(1) = sl + L(S§) + 7 0%,

S
Qo k

Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = fp, an image
o ¢.Ig = Ip o " with =" (y) solution of:
Nep

Ye(t) = —ve(yk (1)) = —k; K(yk(t), ck(t))ax(t)
6. X0 = X(1) with { -

e Sum of squared differences: || Xs(1) — YSHH%{N,
Vx| X(1) — Y| = 2(X(1) — V)
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Group-wise statistics

E(l,S),-..,SY) =
Ne
Sl {2 IX(1) = sl + L(S§) + 7 0%,

S
Qo k

Ss(t) = F(Ss(t)) Xs(t) = G(Ss(t)axs(t))
st { { Xs(0) = Xo

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = fp, an image
o ¢.Ig = Ip o " with =" (y) solution of:
Nep

Ye(t) = —ve(yk (1)) = —k; K(yk(t), ck(t))ax(t)

Y(t) = —G(S(1), Y(1))

oIy = /O(Y(O)) with { Y(1) =Id

e Sum of squared differences: || Xs(1) — YSHH%{N,
Vx| X(1) — Y| = 2(X(1) — V)
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Group-wise statistics

E(l,S),-..,SY) =
Ne
Sl {2 IX(1) = sl + L(S§) + 7 0%,

S
Qo k

Sa(t) = F(Ss(f)) | Ye(t) = —G(Ss(t), Ya(1))
“{ {n@—w

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = fp, an image
o ¢.Ig = Ip o " with =" (y) solution of:
Nep

Ye(t) = —ve(yk (1)) = —k; K(yk(t), ck(t))ax(t)

6.l = bo( Y(0)) with { m); TdG(S(t)’ Y(1))

o Sum of squared differences: || Xs(1) — Ys/2w,
Vxay IX(1) = Y|P = 2(X(1) - V)
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Group-wise statistics

E(l,S),-..,SY) =
Ne
Sl {2 IX6(1) = sl + L(S§) + 7 4%,

S
Qo k

Sa(t) = F(Ss(t)) | Ye(t) = —G(Ss(t), Ys(1))
S't'{ { Y+(0) = Id

@ Image case: Os = /s arrays, domain discretization {yx}
o Template of the form: O = fp, an image
o ¢.Ig = Ip o " with =" (y) solution of:
Nep

Ye(t) = —ve(yk (1)) = —k; K(yk(t), ck(t))ax(t)

6.l = bo( Y(0)) with { m); TdG(S(t)’ Y(1))

o Sum of squared differences: || Xs(1) — Ys/2w,
Vxay IX(1) = Y|P = 2(X(1) - V)
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Group-wise statistics
D {2(,2 H/o( 5(0)) — sl + L(SE) + 7 X p,

Ss(t) = F(Ss(t)) [ Vs(t) = —G(Ss(1). Ys(t))
SL{SA@zSS {nw%ﬂd

@ Image case: Os = /s arrays, domain discretization {yx}
e Template of the form: O = lp, an image

e ¢.ly = lpo ¢~ with ¢~ (yx) solution of:
Nep

Ye(t) = —ve(yk (1)) = —k; K(yk(t), ck(t))ax(t)

6.1 = Io( Y(0)) with { S;Eﬁ))::I‘dG(S(’)’ Y(0)
e Sum of squared differences: || Xs(1) — Ys\\iN,
xn IX(1) = Y12 = 2(X(1) - ¥)
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Group-wise statistics
D {2(,2 H/o( 5(0)) — 5|2 + L(SE) + 7 Sh,

st { S0 =S [ () =60, Yelt)
Ss(0) = S§ Ys(0) = Id

@ Image case: Os = /s arrays, domain discretization {yx}
e Template of the form: O = lp, an image

e ¢.ly = lpo ¢~ with ¢~ (yx) solution of:
Nep

Ye(t) = —ve(yk (1)) = —k; K(yk(t), ck(t))ax(t)

6.l = Io(Y(0)) with { m)):: G(s(). Y(0)
e Sum of squared differences: || Xs(1) — YSHHZM,
xay IX(1) = Y|P =2(X(1) - V)
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Group-wise statistics
D {2(,2 H/o( 5(0)) — 5|2 + L(SE) + 7 Sh,

st { S0 =S [ () =60, Yelt)
Ss(0) = S§ Ys(0) = Id

@ Image case: Os = /s arrays, domain discretization {yx}
e Template of the form: O = lp, an image

e ¢.ly = lpo ¢~ with ¢~ (yx) solution of:
Nep

Ye(t) = —ve(yk (1)) = —k; K(yk(t), ck(t))ax(t)

oo = b(Y(O) witn { V)= S0 Y(D)
e Sum of squared differences: ||Io( Ys(0)) — stg,
V0 I1(Ys(0)) = Is||* = 2(lo( Ys(0)) — Is) V()0
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Group-wise statistics

?Q E(’O? @ooec 0) =
— el Ncp
TS ok I(Ya(0) — b2+ L(8§) + 7

o= Ss(t) = F(Ss(t)) [ Ys(t) = —G(Ss(t), Ys(t))
& i S.t.{ { YS(O):
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Group-wise statistics

?Q E(’O? @ooec 0) =
— el Ncp
TS ok I(Ya(0) — b2+ L(8§) + 7

o= Ss(t) = F(Ss(t)) [ Ys(t) = —G(Ss(t), Ys(t))
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& i s.t. { { YS(O) _

@ w/o L prior:

i(t) = 059 GTn(D). 1(0) = 5 (Io(¥s(0)) ~ )V
() =~y GTa(t) — FTe(t), (1) =0

vSoE = 5(0) + vSoL
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Introduction Deformation model / anc h currents Atlas with images

Atlas construction: optimization

Single gradient descent:
@ template image

@ position of CP
@ number of CP
@ momenta

Image size=1282, oy = 25, 0? = 0.005, v = 540
8 estimated control points!
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Atlas with images

Atlas from the US postal database (20 training images)

~ = 400; 27 active CPs ~ = 800; 13 active CPs
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m the US postal database (20 training images)

IS
S
@

) ©
S 5]
@

N
@

0.8

o

0.6

=)

0.4

Nb of Geometric Control Points
3
Residual Data Term (x 104)

o

0.2

2

: i 0
100 200 SO% 40Q 500 600 700 800 900 1000
parsity parameter y

Stanley Durrlem Statistical Anatomical Models



Atlas with images

m the US postal database (20 training images)

IS
S
IS

) ©
S 5]
o

N
@

0.8

0.6

o

0.4

Nb of Geometric Control Points
3 3
Residual Data Term (x 104)

0.2

o

o : M . 0
[¢] 100 200 SO% 40Q 500 600 700 800 900 1000
parsity parameter y

Statistical tomical Models



Atlas with images

m the US postal database (20 training images)

40 16

35 14
£
- 12 &
g €
3 1z
£25 £
3 08 2
Q20 s
3 06 §
Es E
8 04 3
G 10 3
o
a 02
=z

5 0

o — 0.2

0 100 200 309 400 500 600 700 800 00 1000
parsity parameter Yy

Statistical tomical Models



Atlas with images

m the US postal database (20 training images)

IS
S
o

©
5]

)
S

N
@

o

05

Nb of Geometric Control Points
3 3
Residual Data Term (x 104)

o

o . L . 0
[¢] 100 200 SO% 40Q 500 600 700 800 900 1000
parsity parameter y

Statistical tomical Models



Atlas with images

m the US postal database (20 training images)

IS
S
IS

) ©
S 5]
o

N
@

0.8

0.6

o

0.4

Nb of Geometric Control Points
3 3
Residual Data Term (x 104)

0.2

o

o N . . 0
[¢] 100 200 SO% 40Q 500 600 700 800 900 1000
parsity parameter y

Statistical tomical Models



Atlas with images

m the US postal database (20 training images)

40 0.7

N N @ 15
=] o S 5}

&
Residual Data Term (x 104)

Nb of Geometric Control Points

o

5 . . . . — 0
0 100 200 SO% 40Q 500 600 700 800 900 1000
parsity parameter y

Stanley Durrlem Statistical Anatomical Models



Atlas with images

m the US postal database (20 training images)

IS
S
o

©
5]

)
S

N
@

o

05

Nb of Geometric Control Points
3 3
Residual Data Term (x 104)

o

o . . . . . 0
[¢] 100 200 SO% 40Q 500 600 700 800 900 1000
parsity parameter y

Statistical tomical Models



Atlas with images

m the US postal database (20 training images)

IS
S

0.9

0.8

©
5]

0.7

)
S

0.6

N
@

0.5

0.4

o

0.3

=)

0.2

Nb of Geometric Control Points
3
Residual Data Term (x 104)

o

0.1

o . . . . 0
[¢] 100 200 SO% 40Q 500 600 700 800 900 1000
parsity parameter y

Stanley Durrlem Statistical Anatomical Models



123
o
=)
©
£
=
H
(2]
K
<

QO——reyV\)I>
QQ=——1 (M=
QO——~ AV
D@lllZBSEQ
——— NI T >
QQ=—NAMNIT P>
QQ=~— AT 32
QQ=—QMM=H
Q) —= L0 2 Y
QQ——AMNITFr
—— R ) T
QQ—— 3NN
QQ——NIN)=>
QQ——£ O MIT >
QS——~PMI>
QQ—=—A V)T
QQ——MNrg N >
O()—==—0f~ VMo
QO=——C VN
Q8 —~~ AN TS
Q) =——ZINIF
—— L ORIV P
—— QYNNI >
—=NPNCI>

)
(]
(@)
]
E
()]
=
=
©
—
+—
o
&
(]
(2]
©
Q
]
-
©
©
©
+—
(2]
o
o
n
)
o
<
+—
£
(@]
—
y—
(]
O
+—
<<

QQ——NAMN+D

atomical Models

Statistical An:

c
<
£
2
=
=l
[a]
>
)
=
8
@




123
o
=)
©
£
=
H
(2]
K
<

OV) DO (0so o~

IOV~ pog=C-
VIO~~~ 00 -~

- ISAc-Nomeo

Atlas from the US postal database (20 training imag

54 WA 199 O~ (Raos~-
M ) S\ 0000 e
V9~ 000 =~Q
WN)\9-S N0~
VI 9ane-jpoo-o
1AV 8- 0 -
WOVIOD=—\ (0=~
U9 -0~ 000 o~
)9 T~~0ve~a-
) Q-9T-D0jeon s~
VI~ (s0 e
V)-o\§e=0 000t
VIK)\§-= T~ o s~
U I AUS Iy B2
O O-ar~C 0o =0
KA Q-2 000 NS
(7)o e~a-
N S-3— 0000 ¢~
Sﬁé&??@??ﬂ

W g Qo0 Q-
NG\ Opjo =0~
)90~ Po0o=~0~

atomical Models

Statistical An:

c
<
£
2
=
=l
[a]
>
)
[=4
8
@




Atlas with images

Conclusion

@ A generic method for atlas construction:

@ images, points, surface meshes, fiber bundles, etc..
e control over the model complexity (template + variability)
e single gradient descent for:
@ template estimation
@ best parameterization of shape variability
@ template-to-shape correspondence
@ Useful for:
e Characterization of atypical anatomical configuration
e Classification, clustering
e Regression against clinical or genetic variables
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Atlas with images

Conclusion
Warm thanks to:
@ S. Allassonniére (X) @ S. Joshi (SCI Institute)
@ N. Ayache (INRIA) @ X. Pennec (INRIA)
@ O. Colliot (ICM) @ M. Prastawa (SCI Institute)
@ G. Gerig (SCI Institute) @ A. Trouvé (ENS Cachan)

e 0

TRl Bl =

Stanley Durrleman Statistical Anatomical Models



	Sparse adaptive parameterization of diffeomorphisms
	Atlas construction with landmark points
	Atlas construction with currents
	Atlas construction with images

