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Problem statement

Goal
Detect and isolate objects in image ug

Approach
Evolve contour C s.t. stops on boundary of object
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Active contours with edges

Edge-detector-based snake/active contour model':

C* = arginf {J(C)}
C

"Kass, Witkin, and Terzopoulos 1988.



Active contours with edges

Edge-detector-based snake/active contour model':

1 1
c —arginfa [ @) ds+5 [ [lc(s)]3ds
C 0 0

smoothness of contour

where a, 3, A € R>g and C(s) : [0,1] — R?

"Kass, Witkin, and Terzopoulos 1988.



Active contours with edges

Edge-detector-based snake/active contour model':

1 1 1
c* :argcinf a/o HC’(S)HgdS-i-ﬁfo HC”(S)HidS _)\/o HVUO(C(S))HgdS

smoothness of contour object attractor
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"Kass, Witkin, and Terzopoulos 1988.



Active contours with edges

Edge-detector-based snake/active contour model':

' = arginf a/o Hc'(s)ugds+/3/0 }|C”(s)H§ds—A/O [V uo(C(s))|3ds

smoothness of contour object attractor
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Active contours with edges

Edge-detector-based snake/active contour model':

' = arginf a/o Hc'(s)ugds+/3/0 }|C”(s)H§ds—A/O [V uo(C(s))|3ds

internal energy external energy

where a, 8, A € R>g and C(s) : [0,1] — R?

"Kass, Witkin, and Terzopoulos 1988.
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C

where C is a function?
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How to solve:
C* = arginf)(C)
C

where C is a function?

Calculus of variations — Euler-Lagrange equation

%:HWHE #(0:%,) = ¢o(x,¥),  C={(xy)[6(xy) =0}



Active contours with edges

How to solve:
C* = arginf)(C)
C

where C is a function?

Calculus of variations — Euler-Lagrange equation

%:HWHE #(0:%,) = ¢o(x,¥),  C={(xy)[6(xy) =0}

Want stationary solution of the differential equation
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Key assumption
Maxima of [Vug| are edges



Active contours with edges

Key assumption
Maxima of [Vup| are edges

Implementation
Evolve C based on internal forces and edge map g(uo)
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uo(X,y)

Figure 1: Example image
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Figure 1: Example image



Active contours with edges

uo(X,y) Uo(X, y*)

Figure 1: Example image
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uO(X7y*)

Figure 2: Gradient-based segmentation with active contours
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(Go % Uo)(x,¥")

Figure 2: Gradient-based segmentation with active contours



Active contours with edges

(Go * Uo)(x,y*) [V (Go % uo)(x,y)]

Figure 2: Gradient-based segmentation with active contours



Active contours with edges

o 1
(Go * Uo)(X, y*) TH (G #00) Gy )]

Figure 2: Gradient-based segmentation with active contours



Active contours with edges

1
1HV (Go*Uo) (X,y*)]

Caselles et al. 1993.
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g(uo)

Caselles et al. 1993.
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g(uo) Geometric active contour?:
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o = 9(uo) (s +v)

where

Caselles et al. 1993.
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Uo
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Active contours without edges




(Go % Uo)(x,¥")

Figure 3: Gradient-based segmentation with active contours



Motivation

o 1
(Go * Uo)(X, y*) TG #00) Gy )]

Figure 3: Gradient-based segmentation with active contours



o 1
(Go * Uo)(X, y*) T (G #00) Gy )]

A

Figure 3: Gradient-based segmentation with active contours
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Approach

Chan and Vese® propose:

Core concept
Evolve C s.t. two constants—associated with int(C) and
ext(C)—best approximate ug

3Chan and Vese 2001.

n



Active contours without edges

Energy functional F(¢1, ¢y, C):

F(c1,¢2,C) = - Length(C)
v - Area(int(C))

+A1/ |uo(x,y) — &1 dxdy

int(C)

+Az/ |uo(x,y) — ca|* dxdy
ext(C)

where p,v > 0and A, A, > 0
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Active contours without edges

Goal
Find C* such that:

7,65, C* = arginf F(cq, ¢, C)
€1,02,C

“Mumford and Shah 1989.
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Active contours without edges

Goal
Find C* such that:

7,65, C* = arginf F(cq, ¢, C)
€1,02,C

Remark
Mumford-Shah* provide proof of minimizer existence

“Mumford and Shah 1989.
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Active contours without edges

Solve the calculus of variations problem
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Active contours without edges

Solve the calculus of variations problem

Euler-Lagrange equation for ¢:

o _

ot —55(¢) MH—I/—)\1(U0—C1)2+)\2(U0—Cz)z =0

and
dc(9) 09

ol o7~ 2On?

¢(O>X>y) = ¢0(X7y)
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Active contours without edges

Algorithm Active contour without edges
procedure CHAN-VESE(uo, ¢o)

9% + o
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Algorithm Active contour without edges
procedure CHAN-VESE(uo, ¢o)
¢° — o

n <1
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Algorithm Active contour without edges
procedure CHAN-VESE(uo, ¢o)
¢+ ¢o
n <1
while solution not stationary do
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Algorithm Active contour without edges
procedure CHAN-VESE(uo, ¢o)
¢° — o
n <1
while solution not stationary do
1 + average(int(C))
¢, < average(ext(C))
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Active contours without edges

Algorithm Active contour without edges
procedure CHAN-VESE(uo, ¢o)

¢+ ¢o

n <1

while solution not stationary do
1 + average(int(C))
¢, < average(ext(C))
¢"t" « solve Euler-Lagrange equation for ¢
Reinitialize ¢ for signed distance function (optional)
n<«n+1

return sign(¢") on g
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Demonstration




Demo


http://localhost:8888/lab

	Problem statement
	Active contours with edges
	Active contours without edges
	Demonstration

