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Abstract: A hybrid snake algorithm is presented in this paper. Thegqutare is based on combining a dynamic
balloon force, a GVF force and a traditional gradient forddie balloon force is modified in order to increase
the capture range and convergence speed of active contaudynamic way. Our interest is to give the balloon

force a bigger preponderance at the early of procedure

amckes weight at the later stage. The superposition of

effects get through the GVF force and the gradient forceledrby a user parameter. Our GVF force is computed
for a decreased number of iterations during the calculgitocess and so the diffusion field is located near edges
only. In this manner, we can use this snake for segmentafiobjects with strong edges inside or outside. The
synthetic experiments and real-time face tracking aptdingoresented in this paper prove the feasibility of this

hybrid snake.
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1 Introduction

Active contours were first introduced by Kass et al.
in 1988, with a model called snake [1], and since
then many researchers have proposed various modi-
fications of it, in order to apply it to edge detection,
shape modelling and object tracking problems, under
different constraints. The main problem with the orig-
inal snake was its low capture range. This initialisa-
tion problem was solved by Cohen [2] by means of a
balloon snake model. However, this model proposed
a solution highly dependent on initial contour due to
many local minimum. This local minimum can trap
the evolution of snake toward the object boundary. A
second problem was the difficulty of the snake in the
fine adjust to the real boundary. Xu and Prince [3, 4]
have proposed an gradient vector flow snake. They
computed a diffusion of the vectors of gradient of an
edge map of image instead of directly using image
gradients. This GVF snake is able to track at concav-
ity boundary. However it implies to have to compute
the gradient vector field which can suppose an high
computational load.

In this work we focus on the above mentioned
problems. Using the snake, which is a linear and
thus computationally inexpensive model, and first or-
der statistics, we proposed an hybrid snake, which is
an adaptive combination of the balloon model snake,
GVF model snake and traditional snake. This hybrid

model snake has a reduced diffusion vectorial field
and so, a low computational load. So, gradient vec-
tor field is not extended over whole image although is
extended over the feature of interest of image where it
will be preponderant to the balloon model. The basic
idea is to use a dynamic balloon model for a speed-
up evolution and coarse adjust and the GVF model
for a stop evolution and fine adjust. Other interest in
our work is that our snake cannot be trapped in min-
ima local. For it, our snake is able to pass through
boundaries inside of objects and then stop on the tar-
get boundary. The superposition of effects from bal-
loon model, GVF model and traditional snake is ruled
by a user parameter which controls the trade-off be-
tween them. Special attention has been given to the
accuracy of the proposed approach, resulting in effi-
cient solutions to a variety of applications: synthetic
images, cases involving different classes of objects
and object movements in natural sequences, where the
amount of noise is not known, backgrounds that are
highly textured, and moving objects that get succes-
sively occluded.

This paper is organised as follows. First the math-
ematical foundation of active contour models is pre-
sented in the next section. In section 3 the different
aspects of our hybrid snake are detailed. We present
in section 4 some preliminary results of synthetic im-
ages and real images (face tracking). Finally, in the
last section we propose several ways of research for
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future work.

2 Active Contour Models

Geometrically, a snake is a spline with a parametric
representationv(s) = (z(s),y(s)) embedded in the
image plangz,y € R), wherex ey are the coordi-
nate function and € [0, 1] is the parametric domain.

Energetically, the active contour is subordinated
to two energy functions that dictate the behaviour of
the deformable model: an internal and an external en-
ergy. The technique refines an estimated initial con-
tour by an energy minimisation procedure. The equa-
tion (1) can be viewed as a representation of the en-
ergy of the contour and the final shape corresponds to
the minimum of this energy.

1
" ke = / (Bt (v(5)) + Buat(v(s))) ds (1)
0

The first term of the functional is the internal de-
formation energy. This internal energy (2) consists
of the first and second derivatives ©fs) in relation
to s and characterises the deformation of a stretchy,
flexible contour. Two parametric functions; (s) and
wa(s), dictate the simulated physical characteristics of
tension and rigidity of the contour, respectively.

1
/O Einy (v(s)) ds —
2
e ov(s) 0?v(s) 2
_/0 wi(s) Ep + wa(s) s ds
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towards the feature. Several methods have been pro-
posed to address this problem [5] [6]. Cohen [2] pro-
posed an inflating contour based on a balloon force.
With this force, the initial contour do not need to be
near the final contour towards where it should to con-
verge. The basic idea is to increase the capture range
of the external force fields and to guide the contour
toward the desired boundary. The second problem is
that active contours have difficulties in the fine adjust
to the real boundaries. There is not a successfully so-
lution for this problem, although pressure forces [2],
control points [7], adaptive-domain [8] and the utili-
sation of solenoids fields [9] have been proposed by
several researchers. This is due because a lot of this
proposed methods solve the problem but they vyield
new difficulties. For example, pressure forces must
be initialised to push out or push in, a condition that
mandates careful initialisation. Xu and Prince [3, 10]
proposed an gradient vector flow force computed as
a diffusion of the gradient vectors of a gray-level or
binary edge map derived from the image. This GVF
force is able to move snakes into boundary concavi-
ties. However, this technique have a high computa-
tional cost, due to its iterative nature, which can turn
it into a unacceptable solution for many applications.

In this work we propose a hybrid force term,
which is an adaptive combination of forces, pressure
force, GVF force and gradient force, that confronts
both problems: initialisation and high computational
load. A GVF force is used in order to reduce the sen-
sitivity to initialisation, the new hybrid contour has no
preference to expand or contract, other than to acquire
its natural shape. The pressure force can be high be-

The second term, the external energy also termed the cause the contour will be not driven over the feature

image energy, couples the snake to the image. Tradi-
tionally,

1 1
/ Eepi(v(s)) ds = / P(v(s)) + Econ(v(s)) ds
0 0 3)

whereP(v(s)) denotes a scalar potential function de-
fined on the image plane. This scalar function can
be designed so that local minima coincide with inten-
sity extrema, edges or other image feature of interest.
The second term of the equation (F,.,(v(s)), is

of interest due to gradient force is preponderant in that
zone, and the snake is not trapped in the minima lo-
cal yet. On the other hand, the active contour will be
driven over local minima where the GVF force is not
preponderant. To reduce the computational load, we
suggest to compute the GVF field with a low number
of iterations. So, GVF field is not extended over whole
image although is extended over the feature of interest
of image where is preponderant to the pressure force.
The basic idea is to use the pressure force for a fast and
coarse adjust and the GVF force and gradient force for

the energy consequence of external constraints. Thesea fine adjust. The superposition of effects is ruled by
asserted constraints can benefit certain zones or local a user parameter which controls the trade-off between

characteristics of the image. Therefore, during min-
imisation procedure the contour can be favoured to
reach these zones. There are two key difficulties with
the original technique. First, the procedure requires
the initial contour to lie near the feature of interest
and relies on an inherent force to move the contour

different forces. Now, we will introduce the mathe-
matical foundation of snakes and develop the hybrid
snake showing how it overcomes the main problems.
Finally we apply the technigue to synthetic image data
and show its results for tracking of contours of head
images.
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(a) Inflation ofsnake

(b) Contraction ofnake

Figure 1. (a) Inflation (b) and contraction of the active
contour is dependent of the directionéf

3 Hybrid Active Contour

In this section we detail the different aspects of our
improved hybrid snake using a balloon snake, GVF
snake and traditional snake.

3.1 Balloon Energy
Cohen [2] formulates the balloon model in the next

form: op
—
VP

where7i(s), is a normal unitary vector to the curve
at pointv(s), k; is the force amplitude ankl a scale
factor, andP, is the image potential. The change of
sign ofk; or the orientation of the curve have an effect
of deflation instead of inflation in the curve. In this
way, n; is a normal unitary vector to the tangent vector
to the curvet;, and which direction is dependent of
behaviour we are expecting in the active contour. If
the vectorn; is pointing into the active contour, then
the snake will be contracted. If it is pointing towards
the exterior then the active contour will be inflated.
This effect is illustrated in Fig. 1.

A desirable characteristic of this force is the
adaptability, so the force is not acting when other ex-
ternal forces will be going to appear. This work pro-
poses an adaptive balloon force which varies inversely
proportional to evolution time of the snake. The adap-
tive balloon force is strong in the early stage of evo-
lution and weak near the end of the evolution when
GVF force and gradient force will be going to appear.

F = ky7i(s) (4)

3.2 Gradient Vector Flow Energy

GVF force is a static external force and, in conse-
guence, it does not change with time or depends on
position of the snake itself. The main mathematical
premise for this force comes from the Helmotz the-
orem, which states that the most general static vec-
tor field can be decomposed into two components:
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an irrotational component and a solenoidal compo-
nent [10]. Then an external potential force generated
from the variational formulation of a traditional snake
must enter the force balance equation as a static ir-
rotational field, since it is the gradient of a potential
function. Therefore, a more general static field can be
obtained by allowing the possibility that it comprises
both irrotational component and solenoidal compo-
nent. Prince and Xu [9] studied about this idea and
designed a force obtained from sum of an independent
solenoidal field and a traditional irrotational field.

To design a GVF snake the potential force is sub-

stituted for a new static external force fiefd?) =
v(z,y) = (u(z,y),v(z,y)), named GVF, Gradient
Vector Flow. Active contour based on GVF fields can
be solved numerically by discretisation and iteration,
in identical fashion to the traditional snake. Using
the calculus of variations, it can be shown that the
GVFfield can be found by solving the following Euler
equations:

pVPu—(u— fo)(f7 + f;) =0

pVi — (v —fo)(fg + f2) =0 (6)
where V? is the Laplacian operator. The authors
pointed that any digital image gradient can be used

to calculatef, y f,. It can be shown that a iterative
solution is obtained to GVF:

()

u:jl = (1 = bi, jJA)u; + 7r(uilq j+
+ qu'Fl + ’U/?_Lj + qu—l — 4’[1,2]) + CzldAt
'UZ;_l = (1 — bZ,jAt)’UZ] + 7"(1)?_’_17]"’_
e Ty i — Avgg) + C?,jA’é )
7
where: AL
r=- (8)
AzxAy

The . coefficient can be substituted for a variable
weight function on the space, obtaining as result the
following equation:

vi = pViv — (v = Vf)|Vf] 9)

In the last formulation,, y |V f|?> can be substi-
tuted for a more general weighted function. Xu and
Prince [9] proposed the following weighted functions:

vl
g(Vf))=e K
h(IVF) =1—=g(IVf])

The GVF field calculated by using in (10) is related to

edge gradient. Thé&  coefficient determines a com-

mitment between the smoothness and consistence of
the gradient.

(10)
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3.3 HybridEnergy o me

Although GVF force is a very interesting approach, o
it cannot solve the main problem in real time appli- .
cations, the necessity of high speed calculus. So, we =«
decided to decrease the iteration number in order to  *
obtain a GVF field of reduced diffusion. This solu- s — —
tion implies that capture range is reduced because it is e
not diffused in whole image. Therefore, we need of o .
a pressure force in order to palliate the lack of GVF . - 2\
field and capture range. -
We propose a hybrid energy term, which is an
adaptive combination of both terms, balloon energy,
GVF energy and traditional energy term. This bal- B B e
loon force is applied in an adaptive way. Our inter- ...
est is to give the balloon force a bigger weight at the .
early of procedure than GVF and traditional force and - r 1
a smaller weight at the later stage. The user parame- '
teri, 1 = ¢", allows this behaviour it has a range of
values between 0 and 1 ands the iteration number,
soi is an exponentially decreasing function. In this
way, the speed of convergence is increased and, at the

early stage, the active contour can be strongly pushed figyre 2: Traditional snake: From left to right and
toward the edges even if it starts far away with 1ess ,m apove to down, original synthetic image, edge

chance of being over-pushed at the later stage. The - - -
GVF force and traditional force are combined as fol- g}zpll,eedge map gradient, snake in progress and final

lows. The goal is to allow to snake pass through of
minima local at the early stages of approach and stop
it at the latter stages (on the target boundary); this e
means that at the early stages the gradient (traditional)
force must be preponderant because the balloon force

is strong in this stage and the snake is not trapped in  ~
weak gradients. Atthe latter stage, the gradient is step
by step substituted for the GVF force (with a bigger
weight than the gradient force due to the diffusion).
Now, the balloon force is weak and is difficult for it
to pass through of the edges. Anyway, if it happens, -
the gradient diffusion attract to the snake towards the = . r—-
real border in next iterations. The user parameter ’ |
in similar manner to the user paramege(j = "), \
allows tuning this behaviour. So, our hybrid energy is . —
computed as follows: R R R e A

st for =25

Ehyb = ngrad + (1 - j)Egvf + Z.Eball (11)

Normalised balloon, GVF and gradient forces are
necessary in order to apply this hybrid term. In this L
way, all forces can be matched and compared in a ""
guantitative level.

Figure 3: Adaptive Balloon snake: from left to right

4 Results and Discussions and from above to down, original synthetic image,
edge map, edge map gradient, snake in progress, fi-

An experiment was designed in order to investigate nal snake

the performance of our segmentation method and
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compare it with original balloon, GVF and traditional
snake. During the experiment the snake modified the
implicated forces but the value of physical parame-
ters and the initial position was unaltered. Fig. 2to 5
shows this experiment. Fig. 2 shows a traditional
snake and its behaviour. This snake is not able to pass
through the first local minima. Fig. 3 shows a adap-
tive balloon snake (combining adaptive balloon force
and gradient force), the snake is able to pass through
the first minima local but it is not able to fit the sec-
ond minima local although the balloon force is very
weak in this end stage. Fig. 4 shows a GVF force with
an adaptive balloon force, in this case although the
GVF is a reduced diffusion field (only 5 iterations) the
snake is not able to pass through the first local min-
I ima. At last, Fig. 5 shows our hybrid snake, at the
‘ early stage the hybrid force field is composed by the
gradient field and adaptive balloon force thus it is able
J to pass through the first edge but at latter stage the bal-
loon force and gradient fields is very reduced and the
GVF field is preponderant and the snake is trapped by
_ _ the external GVF field. For all examples, the snake’s
Figure 4: GVF snake: From left to right and jnjtialisation is not centered simetrically inside the
from above to down, original synthetic image, edge synthetic image, in the same way the different edges
map, reduced diffusion GVF (5 iterations), snake in are not symmetric. In all cases,= 0.05, where al-
progress and final snake pha is the elasticity parametegt,= 0.3, where beta is
the rigidity parameter angl = 1, where gamma is the
viscosity parameter. Based on the figures and above
parameter values, two main points can be drawn as
to the performance comparison. One point is that in
terms of subjective criteria the traditional and GVF
snake’s capture range is far from enough to locate the
target boundary (external edge). The second point is
that, according to quantitative analysis, our approach
resulted more preferable results than the original GVF
snake in any case due to its low computational load.
At last, in validating the performance of the pro-
posed method, we used our algorithm for tracking a
head in movement. In Fig. 6 we show the tracking
of a head in movement with occlusions of short du-
ration. Our snake is able to pass through a first wall
of edges due to a strong adaptive balloon force and a
I - weak traditional gradient but at latter stage is trapped
—\ 1 for a hard GVF.

normalized GVF field Detormation n progress, iter =25

IR
R

e

I

= S
o A

eeeeeeeeee

Normaiized hybid fiel, fer =5

Deformation in progess, fer = 20

- = 4| 5 Conclusions

In this paper we have presented a modified snake
model assisted by a hybrid force. The internal en-

FLgure > (;—|ybr|d ST“"_‘ke; Frorrr: I(_eft _to right a;d from ergy of the proposed snake model is given in terms of
above to down, original synthetic image, edge map, two well known geometric characteristics, i.e the first

hybrid force field (5 iterations), hybrid force field (20 gerjvative (tension) and the second derivative (rigid-
iterations) snake in progress and final snake ity) functions, whereas the proposed external energy
is given in terms of a hybrid energy which combine
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[1]

2]

[3]

Figure 6: Sample images of database (occlusion)

[4]

image gradient vector field force with an adaptive bal-

loon force and GVF force. The last object’s position
provides the snake initialisation for the next iteration.  [5]
In this way, we constrain the final contour problem

in a small frame region, and we follow a force-based
approach to approximate the snake’s energy minimi-
sation procedure. The indicative experimental results

we present illustrate the proposed method’s success
(see Fig. 6). The core component of the system is [6]
based on a modified snake algorithm that involves

low computational cost. Experimental results demon-
strated the robust of the system.

There are still rooms to improve the proposed
approach. In particular, our future research will be  [7]
focused on addressing the following issues. Firstly,
we are currently investigating the relation between
weights and parameters, in order to establish a reliable
relation between them. Also, the implementation of
an "intelligent” adaptive balloon force, i.e. a balloon [8]
force which is able to know if it must use an inflation
o deflection force. The balloon force is designed like
an adaptive force, it acquires a proportional value de- [9]
pending of the stage into the procedure. A bigger im-
portance is given at the early stage and this importance
decreases at the latter stage. This process is ruled by
user parametersandj. The GVF is not developed
fully because it does not add utile information to seg- [10]
ment or to track an object. For example, in a sequence
(see Fig. 6), the time lapsed between frames is very

short for a head in movement, and the target will be
located in a very close position. So, the active con-
tour can be extracted of a frame and this is used like
seed contour for the next frame. This seed frame is al-
ways located in a narrow zone with reduced diffusion
gradient vector field.
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