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What 1s Snake?

Active contour model;
parametric model

Result from Kass,Witkin,and
Terzopoulos,1987

Energy minimizing formulation

Depends on its shape and
location within image




e Example: cell nucleus
e Initialization: external
e Fitting: iterative
Using the current geometry
("Contour influence™)

and the image contents
(“Image influence”)

“Influence”:
scalar = energy
vector = force

Until the energy is minimum,
or the forces are null

Image: Ian Diblik 2004



Ecole nationale des ponts et'cha

Traditional Snake model

0 Snake Model (1987) [Kass-Witkin-Terzopoulos]

* Planar parameterized curve C:R-->RxR
* A cost function defined along that curve

DE L‘INFORMATION ET SYSTEMES

1 1 1
E(C)p)] = a j Eit(C(p))dp + B j Eing(C0))dp + 7 f Eeon(C(p))dp

 The internal term stands for regularity/smoothness along the curve
and has two components (resisting to stretching and bending)

* The image term guides the active contour fowards the desired image
properties (strong gradients)

e The external term can be used to account for user-defined
constraints, or prior knowledge on the structure to be recovered

* The lowest potential of such a cost function refers to an equilibrium
of these terms
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Active Contour Components

a The internal term...

2 2

9%C
+ wsﬁffneaa(c(p))

Eint(C(0)) = wiension(C(p) %@) S

 The first order derivative makes the snake behave as a membrane
 The second order derivative makes the snake act like a thin plate

0 The image term...
Eimy(c(p)) = wiineEEmE(c(p)) + wedgeEedyE(C@)) + wfermEferm(c(P))

* Can guide the snake to
+ Iso-photes Eyine(C(p)) = I(C(p)) edges Peage(C(p)) = [VI(C(p))|’

e and terminations

0 Numerous Provisions...: balloon models, region-snakes, etc...



Traditional snake model

Internal force :

e Elastic force (alpha force)—pull inward

7
—

(@) Initigl contour (b) after executing 20 times
e Bending force (beta force) —smooth rather than shrinkage

P
]

(a) Initial contour (b) after executing 20 times



Traditional snake model 3
External force o

Image gradient force
The main difference among snake models
- T . £ _
F N traditional snake model: F” =-VE_,
How to choose Eext . take on smaller value at the boundaries

(a) Initial contour (b) after executing 20 times

EQy) = VI Y E@(xy) =-|VIG(x, y)* 1(x, V)]
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Optimizing Active Contours
0 Taking the Euler-Lagrange equations:

20 NC ,
v (u!te”f‘i“”é}.—pﬂ[pJ - u'!Sfiff”E“a.—pi(pJ> o ‘-IVEWIQEC(p) =0

0 That are used to update the position of an initial curve towards
the desired image properties

* Initial the curve, using a certain number of control points as well as a
set of basic functions,

 Update the positions of the control points by solving the above
equation

* Re-parameterize the evolving contour, and continue the process until
convergence of the process...



e Geometric AC:

Stored as vertices

Each vertex iIs moved
iteratively

e Parametric AC:

Stored as coefficients

Sampled before each
iteration

Each sample is moved

New coefficients are
computed (interpolation)
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Problem of traditional snake

e Capture range
e Poor convergence
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(a) (b) (c)

Fig. 1. {a) Convergence of a snake using (b) traditional potential forces, and (¢) shown close-up within the boundary concavity.



balloons

External force

VP
VP

1993

e L.D.Cohen and I.Cohen

(O<k,<k<1)

(v(s))

(s)—k

N

=K

e Push the curve outward F

Poor convergence

e Problem

er s VIVIITI IV 0Ty
_.\\\”h.*_.__......d__.__qmah..__&..“__
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(b}

iaj

(a) Convergence of a snake using (b) distance potential forces, and () shown close-up within the boundar

v oconcavity.



External force---GVF

e C Xu and J.L.Prince,1998

e GVF(gradient vector flow):
Fat) = V(%)

e Edge map:
f(xy)=-Ex (xY)

e Energy minimize:

E = [[ (U2 +uZ +v2 +v2) +[VE| v -V [ dxdy



Result :
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Fig. 3. (a) Convergence of a snake using (b) GVF external forces, and (¢) shown elose-up within the boundary concavity.



More about snake...

e Can’t change topology

e Other model:
Snakes with Topology Control

------- Stephan Bischoff, Leif Kobbelt

e Higher dimension:
GVF—C.Xu,98
L.Cohen,95
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e Level set P& %€ X
R RE o(X1) FoR

X=(X,X,,...X )€ R"

Wlevel set JrfE T(t) 47 FiHER, J

RN N

o(X,1) <0 for xeQ
p(Xx,1) >0 for xgQ
p(X,1)=0 for xeoQ=T(t)

—A e R TR,
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The Level Set Method

0 Let us consider in the most general case the following form of

curve propagation: Clp.t) = PN

0 Addressing the problem in a higher dimension...

DE L‘INFORMATION ET SYSTEMES

0 The level set method represents the curve in the form of an
implicit surface:
oz, y,t) : R? % [0,T) - R
0 That is derived from the
initial contour according

to the following condition: ~ A >o

D <o
C(p,0) ={(x,y) : ¢(x,y,0) = 0}

{zle(z, t) = 0}
defines I'(%).
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The Level Set Method

a Construction of the implicit function

C(p* 0) = {('I:y) : t,a(s':?-y,[)) = 0}
Clp,t) ={(x,y) : pla,y,1) = 0}, C(t) = ~(0)

DE L‘INFORMATION ET SYSTEMES

0 And taking the derivative with respect to time (using the chain
rule)

AR
—— S e
FN Wt

p(C(t),t) =0 =

0 And we are DONE...
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What is Level Set

- Z= ‘I’(K,Y,t)

:

G

‘DEJ » Adding an extra dimension to the problem

5

: Level Set Function - The level set function:
F- z=0 (x.y.t=0) A

| o

o

Contour at time t:
0 = @(x,y,t)

The level set PDE:
O, + F[Vd| =0
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Evolving the level set
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Hamilton-Jacobi ENO A& :

e ENO: Essentially Nonoscillatory (4Nuish, R0
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Hamilton-Jacobi ENO A&
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Hamilton-Jacobi ENO A&
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Hamilton-Jacobi WENO ¥

e WENO: Weighted ENO
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Hamilton-Jacobi WENO ¥
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TVD Runge-Kutta A&
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e TVD: total variation diminishing
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TVD Runge-Kutta A&
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TVD Runge-Kutta &
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Ecole nationale des ponts et chi
From theory to Practice (Narrow Band)

[Chop:93, Adalsteinsson-Sethian:95]

o Central idea: we are interested on the motion of the zero-level
set and not for the motion of each iso-phote of the surface

DE L‘INFORMATION ET SYSTEMES

« Extract the latest position bbb s 0 bbb ot s o
. . . . . 5 i\+i \Eﬁ“ :\‘f i+\\\\ :\ \‘\\;* \ $— utward Band
* Define a band within a certain distance |sséoasmeatocsstocye. e
: fopseoooooosso odo
* Update the level set function 4010000606046 :akz%}g-
. : 28000060006 Moo o =0
e Check new position with respect gebroccocesmepncee =
20ROV D oE 600006
the limits of the band OO DGR a | | et ana
QOO PORTOOTOOTDD O 5= -
S eoToseo0so0see | L0t

« Update the position of the band T Akhdhdbddad
regularly, and re-initialize the implicit function

o Significant decrease on the computational complexity, in
particular when implemented efficiently and can account for any
type of motion flows
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ATLANTIS

Results are courtesy: R. Deriche
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Ecole nationale des ponts et L

Handling the Distance Function

0 The distance function has to be frequently re-initialized...

« Extraction of the curve position & re-initialization:

* Using the marching cubes one can recover the current position of the curve,
set it to zero and then re-initialize the implicit function: the Borgefors
approach, the Fast Marching method, explicit estimation of the distance for
all image pixels...

DE L‘INFORMATION ET SYSTEMES

* Preserving the curve position and refinement of the existing function

(Susman-smereka-osher:94)

d oy o
E@'m — sgh (Qm) (1 |v(-"‘>m U
e Modification on the level set flow such that the distance transform

property is preserved (gomes-faugeras:00)

» Extend the speed of the zero level set to all iso-photes, rather complicated
approach with limited added value?
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Ecole nationale des ponts et Ln_'z?fg
From theory to Practice (Fast Marching)
[Tsitsiklis:93,Sethian:95]

0 Central idea: “move” the curve one pixel in a progressive manner
according to the speed function while preserving the nature of
the implicit function

0 Consider the stationary equation r |vr|=1-

DE L‘INFORMATION ET SYSTEMES

0 Such an equation can be recovered for all [%&¢ = FA|flows where
the speed function has one sign (either positive or negative),
propagation takes place at one direction

a If T(x,y) is the time when the implicit function reaches (x,y):

T(Cp,t) 2t = VI-C =1
VT
T (Fa) =1
> v (Feg)
= F |[VT|=1
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DE L‘INFORMATION ET SYSTEMES

Ecole nationale des ponts et chi

Fast Marching (continued)

0 Consider the stationary equation F |[vT|=1- inits discrete form:

1

R

2 2 2 2
— max (D"’ T,-:J) + min (D"‘“" -T,u) + max (D'%’ T,(]) + min (D'“" T,U)
{i.4}

{i,j} {f'!j} {"irj} {'hJ}

0 And using the assumption 000
that the surface propaga-
tes in one direction, the so-
lution can be obtained by
outwards propagation from

the smallest T value...
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C FarAway

* active pixels, the curve has already reached them
* alive pixels, the curve could reach them at the next stage
* far away pixels, the curve cannot reach them at this stage



Ecole nationale des ponts et'cha

Fast Marching (continued)
0 INITIAL STEP
* Initialize [T = 0] for the all pixels of the front (active), their first

order neighbors alive and the rest far away
* For the first order neighbors,

DE L‘INFORMATION ET SYSTEMES

estimate the arrival time according to: [T{z‘,j} = ﬁ]
» While for the rest the crossing time is set to infinity [Ty ;1 = o]

0 PROPAGATION STEP
* Select the pixel with the lowest arrival time from the alive ones

* Change his label from alive to active and for his first order neighbors:

* If they are alive, update their T value according to

2 2 2 2
— - = . —_ - +
= max (D", T,0)" +min (D}, 7,0) +max (D%T,0) +min (D{,T.0)

™2
Fiin

« If they are far away, estimate the arrival time according to: [T{i’j} = ﬁ]
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Ecole nationale des ponts et L

Fast Marching Pros/Cons, Some Results

0 Fast approach for a level set
implementation

a Very efficient technique for re-setting
the embedding function to be distance
transform

DE L‘INFORMATION ET SYSTEMES

0 Single directional flows, great importance
on initial placement of the contours Thomss Deschampe(200%

0 Absence of curvature related terms or
terms that depend on the geometric ®
properties of the curve...

0 Results are courtesy: J. Sethian, R. Malladi,
T. Deschamps, L. Cohen
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Level set 523 AR R
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Level set 523 AR R
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Level set 523 AR R
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Level set 523 AR R

o fil(Total Variationf& 7).

F(u):qu |dx+/lj| f —up dx
FEuler-Lagrange /7 #2 0 AR 7 T FE N
u=f +iV(&)
24 |Vul
) 1 SR AR T LLAL A Level setiEALTE R, BN

1 Vu
u=—(Uu-f)+—V.(——
= ) 22 (|Vu|)



NG

o LeveISetj?
ﬁ%fﬂ:ﬂi ’

727 IEAE&—

HE )(Tﬁmf HIE 2 M A

1My H X 1K —3

Vo B AN B LR

<ﬁﬁ%X%Mﬁm&mﬂx§

Sty BN ] ) A

b

P



e Level set fjMatlab T E.45

ImatlabsCIH | = FhE{E 5

o HIfHIC++iE S L Level Set T HF505?



http://www.cs.ubc.ca/~mitchell/ToolboxLS/
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