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Welcome to the second tutorial of this Active Control Model. Here, we will cover
Geodesic Active Control Model, which is based on level set formulation. It is different
from what we have just covered, the Snake model. So, how is it different? So, in the
Snake model, if we start with the initial snake, initial, an initial curve, for example it is C,
the curve was C, it was parameterized by S, and then we had an explicit evolution
equation of C, like del C by del t is equal to something. But in level set formulation, we

do not have an, we do not have a such explicit equation for C. Instead, we have

something else.
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Figure: Two vlleys, black s on top, whiteis down the
fall. (a) Initial water ronts on top of a valley, (b) splizing
and merging of water fronis

Tracking the front with explicit conteurs is intuiive but can gat troublesome
during implementation.

Implicit contours

The idea of evalving a surface (4) instoad of a front (C) was preposed, and the

firont is defined to be all points whers the surface has no haight EREIRIT
front is then defined inplicily as the z2ra level st ¢=0. The figure below
shows how the contaur s extracted from th evolving surface.
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So, what is this? So, you can refer to this page. So, the idea of... so basically these are
implicit contours, so this is phi. So, what is this phi? So, instead of evolving C we evolve
a surface which is represented by phi. And this, and with the help of phi, we can
calculate, we can estimate the location of C in an implicit way. How? It is, as you can
read here, the idea of evolving a surface instead of front, C, was proposed. And the front

is defined to be all points.

So, the front is defined to be all points where the surface has no height. So, phi, you can
also think of as a height function, that we are going to evolve. So, this is the main
difference between the 2. For more details please refer to the lecture videos, my
explanation is not very good but you can refer to a lecture video. I have added the time

stamps here.
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Edge Tndicalir funchim

G=fspecial('gaussian',15, signa);
Iy 1 Tng_smooth=conv2(Ing,G, 'sane'); % smooth image by Gauss
T+ VG, +1? [Ix,Iy)=gradient (Ing_snooth);

fIx 4Ly A2

g=1./(1#f); % edge indicator function
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function f = Dirac(x, sigma)

o] < e t=(1/2/s1gna)* (1+cos(pi*x/signa));
Kl b = (x<=sigma) & (x>=-sigma)
el > ¢ fef.

Leve] Set evolution

# = div (4,(|V6) V6)
v VN

MIA LSFpif B

Leve] set evolutin

i .
5= pdiv (d,(|Ve]) Vo)

+ A0 () div (y%) +agh.(¢)

ohtephe_0;

[vi, vylsgradient(g);

for ket:ites
phi=oumanBourdCond(pht);
(03X, phL_y]=graient (phi);
SSSQUE(PNL_X.AZ + PhA_Y.A2);
snallhuaber=te-16;
Necphi_x./(sessallNunber ); % add a sall positive nusber to awold divisien by zero

Ly, (sesmallumber );

curvature=av (i, by);

1f strcap{potertialfunction, 'single-well')
distRoglera = 4*del2(shi)-curvature; % cospute distence regularization term in equaticn 13) with the single-well

elseif strom(jotentialFutction, ‘doub]

distReglern=gistReq pa(pha);

pute the distance regularization term in aqaution (13) with the double-well potel
disp(*Error: Wreng chaice of potenial function. Plesse input the string “single-well® or “double-well® in the drls:
e
diracPh=Dirac(ph, epsilon)
arealern=diracthi.'g; % billoon/pressire fo
edgeTern=diracthi. *(vx. ‘Nery. Ny) + diracPhi. g ‘curvature;
phizphi + timestep: grera + getern +
]
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So, although there is little difference in what we are going to evolve, whether it is a
contour or the height function, the main theme of all these models is this. You start with a
functional, and functional contains some energy terms, with that you calculate some
forces also. And then use all this Euler-Lagrange equation and find some partial
differential equation that you solve numerically. And then you find the... and then you do

the segmentation.

So in this method, an edge indicator function is first defined because it is used in the

energy functional. So here, the edge indicator function is

1
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So, you would have, you have already seen this thing earlier. Given an image, we can, we

use this Gaussian blurring to widen the well, widen the potential energy well.

So, that is one thing. And second, and then, this indicator function as you can see, when
gradient is high, gradient is high, its value becomes low. So, it becomes less. So, this is
the purpose of it. So, this G is used in the energy functional here. Then we have some
direct delta function also that we have to smooth because we want our function to be

differentiable at all times. So we use some smooth dirac delta function.



And finally, we have this equation. So we are not going to the details of how we got here
and even what these terms mean, but you can refer to this time stamp of lecture video to
understand what this equation means. So, in the MATLAB code that we will share with
you, the idea is same but the functional that has been used has some additional terms also.

So, you need not to worry about it.

Even though the code is little bit advanced, but you will find that the ideas that we have
seen in the lecture videos are sitting there. This is the main purpose of this tutorial. So
that Snake one was a more detailed tutorial but here, we are just trying to show you that
whatever you have learnt in this lecture video, it is sitting there even in the advanced

codes.

So, for example, in this code, you will see we start with some initial phi, for example this,

a binary step function. Then we have the same indicator function that we were, that you,

1
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that sir taught in the class, . So this is how you implement it in

MATLAB. So I am just attaching some snapshots of that code.

So here you have initial phi then you have edge indicator function, then this is smoothing
function also. So, here, they have used some other function. You can try, you can also try
the one that sir taught in the class, it is up to you. So, but the idea is smoothing function is

used there.

And this level set evolution equation you see, here you have some additional terms also.
And their weights are mu, lambda and alpha. So, if you want to like shut down some of
the terms, you can just set alpha equal to 0 or mu equal to 0 and maybe, so, you
understood. So, then you can like, and this is the evolution, it is the solution numerical

solution for this.

So the idea is, whatever you have been taught is already present in this code also. You
can play with it, you can add your own terms, remove some of them, and understand the
code more. So, for example, I will show some demo here. So, hopefully, you would have

seen this.
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So, you start with some initial, initial function, level set function. In this case, it is binary
step. And after some time, it evolves. So after some 200 iterations, this binary function is
evolved to this shape. And now, we are able to capture these 2 also. These 2 objects are

very nicely segmented by our level set formulation. So, that is first demo.

You can, there is another demo that is available. So initially you have a level set function
of this type and after some time it evolves and it captures the boundary of the object. And

this is the final shape of the level set function. So the main idea is, you can see, we are



evolving our level set function, and therefore, we are able to see the evolution of contour

as well, in an implicit way.

And the main thing is whatever thing, whatever ideas that sir has conveyed during the
lecture video, that are present in this code as well, and some additional ideas also. So, you
can take a look at this code, play with it, and understand it more. So, that is all for this

tutorial. Thanks for your time.



