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1 AcTIVE CONTOURSWITHOUT EDGES

Chan and Vese [1] proposed an approximation for the MS setati@m model by
following the level-set based curve evolution formulatj@an3]. Level sets provide an
implicit contour representation where an evolving curvesigresented with the zero-
level line of a level set function (Figure 1). The basic ainCbfan and Vese (CV) model
is to partition a given image into two regions that are likilycorrespond object and
background regions by embedding the object boundary bydrelevel curve of a 3D
level set function.
Let ¢ be a level set function. Then, the Chan-Vese functional is

Ecv(enead) = Ai [(f=cPH@)dx+ 22 [(f — (1 - H(g))dx

Q Q

(1) + y/\VH(<p)|dx
QO

whereAq, A, > 0 andu > 0 are fixed parameters. The length paramgtean be
interpreted as a scale parameter since it determines #t&vedimportance of the length
term. The possibility of detecting smaller objects/regiorcreases with decreasipg
The model represents the segmented image with the variaples and H(¢),
whereH (¢) denotes the Heaviside function of the level set funciiatefined by
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Figure 1: A curve can be represented as the zero-level lindaviel set function (image
taken from [1]).

The Heaviside function of the level set functidii(¢), specifies object and back-
ground regions in the observed imagjewhile the last term in (1), [VH(¢)|, ex-
presses the length of the object boundary. On top of thasdhlars; andc, denote the
average gray values of object and background regions itetiday¢ > 0 and¢ < 0,
respectively. Thus, the CV model can be seen as a two-phasewise constant ap-
proximation of the MS model, which can theoretically be afdd by letting the weight
« of the smoothness term tend to infinity, and forcing a twdenegegmentation.

To segment a given image, the functional (1) needs to be n#riwith respect to
c1, ¢, andg. Keepingg fixed, the average gray valuesandc, can be easily estimated
by

_ Jof(x)H(¢(x))dx
3) cq = ,
Jo H(g(x))dx
Jo f(x)(1 = H(¢(x)))dx
Jo(I = H(¢(x)))dx

(4) o))

Keepingc; andc; fixed and using the calculus of variations for the functiqiidy
the gradient descent equation for the evolutiog @ derived as
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In Figure 2, we illustrate segmentation of a sample noisygenahich contains
several objects of different shapes and sizes. We initialiae level set functiog with
$o = —/(x —100)2 + (y — 100)2 + 90. As the zero-level line of the evolving level
set functiong is attracted to object boundaries, a more accurate pieeavaisstant
approximations of the original imagg is recovered. Although some of the objects
in the image have holes, they can be automatically detegteldebCV model without
considering additional curves since the level set fornnutedllows change of topology.




Figure 2: Example segmentation results (evolving congoswperimposed on the orig-
inal imagef and the corresponding piecewise constant approximatibfis dhe pa-
rameters and the initial level set function are choselas- A, = 1, u = 0.5 - 2552,

e =1,andpy = —+/(x — 100)2 + (y — 100)2 + 90.
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Numerical | mplementation

In the numerical approximation of the CV model, generallyggularized Heaviside
function is used. For the remainder of this thesis, the ¥alg regularization is con-
sidered:

(6) He(z) = % <1 + %arctan (z)) ,
dH,
Q) %(2) = Pflz(Z) - %82—18—22 )

The evolution equation ap (5) can be discretized by using standard finite differ-

ences as
k+1 _ ok N
w = O(¢f;) |upt- ( 839i) )
t \/(Aﬁ¢§j)2 + <¢5‘(,j+1 - ¢Ej71)2/4
AY gk )
+ VA{ . i,j
( \/(‘Pf‘(-s-l,j - ‘Pf-(_llj)z/él + (Aﬂq;ff,j)z
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where {, j) denotes the pixel positiomt is the time step, and forward and backward
differences are defined as

ALpij=¢ij—Pi-1j DLdij = Piv1j— Pijs
Voo v
AZ¢ij=ij— dij-1, DLPij = Pijr1— Pije

The minimization procedure is summarized in Algorithm 1eliig¢ fixed, first
the average gray values of object and background regicasdc, are estimated. Next,
the level set functio is evolved according to (8). A numerical stopping critergn c
be defined in the sense that the rate of changeafthe overall energy (1) is less than
a threshold.

Algorithm 1 Minimization of the Chan-Vese Model

1: Initialize the level set function witp° = ¢y

2: for k = 0to kmax do

3. Estimater; (¢*) andcy(¢*) using (3) and (4), respectively
4. Solve (8) forg* !

5. Check whether a numerical stopping criteriagois reached
6: ifitis reachedhen
7

8

9

stop iterations
end if
. end for
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