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Segmentation

e Active Contours, ‘Snakes’, Level Sets

3/14/05 6.881



Geodesic Active Contours

Snake methodology defines an energy function E(C) over a curve C as

E@C) =5 [1c'@Pda— A [ IV1C@)lda
Caselles, ¢t 2f. reduced the mummmuzation problem to the expression.

min [ g(IVI(C@))) I€"(@)] da

where £ 15 a function of the image gradient of the form TreIE

The followimg curve evolution equation can be dertved usmg Euler-Lagrange.

3;?) = gsN — (Vg - NN

where A 15 the curvature and i1s the nornmal.

By definmng an embedding function iz of the curve O, the update equation for
the lngher dimensional surface 15 given by (Osher, Sethian '88):

du

3 — 95 IVu| + Vu - Vg
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Shape Prior for Segmentation

e Train on a set of shapes
— Mean shape
— PCA-based model of variation

e Bias the segmentation towards likely shapes
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Training Data

e The training set, T, consists of a set of
surfaces: T = {u,, U,, ..., U, }
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Principal Modes of Variation
(using PCA)
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Shape Distribution
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Modified Evolution Equation

w(t + 1) = u(t)+X1 (g (c+ &) [Vu(t)] + Vu(t) - Vg)
+A2 (U (t) — u(t))
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Shape+Pose Estimation

e Given the current contour

((IMAP?pMAP> — argma'XP((}jﬁp ‘ u! VI)

&,

e Probability model
P(u,VI | a,p)P(a, p)

Pl Vi)
P(u|a,p)P(VI | a,p,u)P(a)P(p)

P(a,p | w,VI)

P(u,VI)
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Shape+Pose Estimation (cont'd)

P(u | a,p)P(VI | a, p,u)P(a)P(p)
e Inside term
P (u ‘ (I,.p) — €XP (_Vom‘s.ide)

e Gradient Term

P(VI | u,u) = exp (—| h(d) — |VI| )

e Shape prior: Gaussian (PCA model)
e Pose prior: uniform over the image
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Modified Evolution Equation

w(t + 1) = u(t)+X1 (g (c+ &) [Vu(t)] + Vu(t) - Vg)
+A2 (U (t) — u(t))
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Corpus Callosum Segmentation
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Corpus Callosum Segmentation
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Spine Modes

e 3D Models of seven thoracic vertebrae (T3-T9)
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Spine Mean Shape
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Spine 1st Mode of Variation
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Segmentation of the Vertebrae
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Comparison to human expert
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Summary

e Introduced shape prior into curve evolution
— Previous work — Fourier decomposition and ASH
— This one is the first for the level set formulation

e PCA on training examples
e 2D and 3D

e Several follow-up methods that perform
optimization differently.
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