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In this paper, we present an edge-based image segmentation technique using modified

geodesic active contour model to detect the desired objects from an image. The stopping

Graphical abstract

function of the proposed model has been modified from the usual geodesic active contour

model. The modified geodesic active contour model is discretized using finite difference
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method based on the central difference formula. Then, some numerical methods such as
RBGS and Jacobi methods are used for solving the linear system of equation. The accuracy
and effectiveness of the proposed algorithm have been illustrated by applied to different
images and some numerical methods.
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INTRODUCTION

Recently, geodesic active contour has been widely used as a tool
for image segmentation process and until now, has been growing
significantly [1]. Segmentation can be classified as follows: region
based, edge based, threshold, feature based clustering and model
based. The basic idea of geodesic active contour is to evolve color
detection as a stopping operator to get desired objects. Geodesic
active contour is based on gradient to detect boundary [1]. The
geodesic active contour can segment all objects in the image.
However it cannot detect desired objects of color. To overcome this
problem, we proposed a new stopping function in which this stopping
criterion is based on gradient, edge and color information of the
image.

A geodesic active contour is part of the active contour that uses
the gradient to find the edge of a feature and detect the contours.
Many improvements of geodesic active contour have been made by
researchers for solving the weakness of the model discretization. The
main weakness of this model is not linear in terms of equations and
some dependent parameters [2]. This may cause inefficient
implementation on convergence and accuracy of the algorithm.

To overcome the non-linearity of geodesic active contour, [2]
adapted a numerical technique based on additive operator splitting
scheme. Goldenberg et al. [2] has proved the improvement model
obtained the numerical consistency and computational efficiency of
the geodesic active contour. Then an additive operator splitting
scheme is employed to further improve the efficiency of the flow-field
smoothing. Additive operator splitting scheme can be implemented
by recursive filtering. The reparability nodes allow a straightforward
implementation on any dimension region. Weickert et al. [6] proved

that the additive operator splitting scheme was ten times more
efficient than the explicit scheme under typical accuracy. The
advantage of this image analysis can identify the unexplored region
while providing imaging, resolving unanswered by the integrated
modeling, transmission images better than reflection images.

This paper is organized as follows. In section 2 we describe our
modified geodesic active contour based on gradient, edge and color
information of the color images. Section 3 discusses the numerical
implementation. Our experimental results and discussion are given in
Section 4. Section 5 concludes the paper.

MODIFIED GEODESIC ACTIVE CONTOUR

Geodesic active contour were introduced by Casellas et al [3] as a
segmentation framework, derived from energy-based snake active
contours and performing contour extraction via the computation of
geodesic. We use the GAC model to detect the edges of desired
object. The classical geodesic active contour model in partial
differential equation (PDE) formulation is
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where ¢ denotes the level value of set, V is parametric active

contour of snake, V is the gradient operator, g as a stopping

function, € is the image domain and ‘V¢‘ is to controls the interior

and exterior of contour. There few steps involve in geodesic active
contour process. At the first step, any curve that closed to the targeting
object will be initialized. The second step is iterative process. During
the iterative process, the active contour deforming and moving
towards the desired object boundary by various forces that control the
shape and location of the contour within the image. In the end, it
completely shrink-wraps around the object. The stopping function
approaches 0 whenever a contour line closes to the edges with high
gradient magnitude. With low gradient magnitude, it reaches 1 in flat
image areas [7]. In order to raise geodesic active contour model
performance on multiple objects and complex background, we
proposed new stopping function of geodesic active contour. The idea
of modifying the stopping function was inspired by Ling. P [1] and
Goldenberg [2].

1
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By integrating both stopping function defined in eq (3) and (4), we
get new stopping function formulation.

1
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where K > 0 is the contrast factor, A is the largest eigenvalue

of the metric tensor in the {x, Y, R, G, B} space [1], (Ga* ¢) is

the convolution of the image ¢ with the Gaussian

G, =0% exp(—

Then, the formulation becomes

x2 +y2‘/40') [1] and Ois a parameter.

g proposed
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Our proposed stopping function improves the classical stopping
function by adding the color information of an image. Thus, the curve
will stop near to desired color object(s). We used finite difference
scheme to discretized eq (6) and linearized using additive operator
splitting scheme [4,5]. To derive a numerical algorithm of this model,
we consider the discretization of space and time. For time

discretization, T is denoted as time step size and £, = kT, where

kEN., o- Then, the evolution in x and y direction is represent
respectively in eq (7) and eq (8)

1+27

v,

g proposed

\Z)

k

A

ij-1 gpropased ij

AVﬂZ

+27

g proposed

)

k

Ve

i,j+l gproposed ij

qvﬂl

-27 p
Vel

g proposed

-2

ij-1

qvﬂg

A

g proposed

+

iJ

7

g proposed

ij+l

Vo

g proposed

+

i,j

k k
= ¢i,j + T|V¢|[,j Vgproposed

1+27

v,

g proposed

)

k

Vel

iy \Epropsed ),

Ve,

+27

4 proposed

k
Ve
i+l,j

qvﬂg

k

Vel

g proposed ij

-2T p
Vel

g proposed

-2

i-1,j

v,

Vel

g proposed

+

i,j

v Y

g proposed it

Vel

g proposed

+

Lj iJ

k k
= ¢i,j + T|V¢|[,j Vgpropased

OPEN 8 ACCESS Freely available online

k+1
xi,j

k+1
k xi,j—l

k+1
k xi,j+1

O

k+1
i,j

k+l1

k yi—l,j

k+1
k yi+1,j

409


http://www.foxitsoftware.com/shopping
http://www.foxitsoftware.com/shopping

Mustaffa et al. / Malaysian Journal of Fundamental and Applied Sciences
Special Issue on Some Advances in Industrial and Applied Mathematics (2017) 408-411

The solution of the linear system of equation above can be done
using some numerical approach that has been described in the next
section. The computational platform is based on Intel® CoreTM Duo
Processor Architecture with MATLAB version R2011a and will be
used to select and process the image. Then from the information of the
image, the pixels of image will be decomposed by additive operator
splitting in horizontal and vertical directions.

NUMERICAL IMPLEMENTATION

A linear system of equations is a collection of one or more linear
equations involving some variables [8]. It can be expressed in matrix
form as,

Ag=f ©)
where
[a, a, ... a,] (¢, ] [ fi]

2 /2
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(10)

where 4 is the coefficient matrix, ¢ corresponds to vector of

unknowns and fis the right hand side vector. Red Black Gauss Seidel
(RBGS) and Jacobi (JB) method start the iteration to solve the linear
system for both directions until the convergent criterion is satisfied.
The numerical result then will be analysed in term of time execution,
number of iterations, maximum error, and root mean square error
(RMSE).

Red Black Gauss-Siedel (RBGS) Method
Red-Black Gauss-Seidel (RBGS) method is an iterative method

that contain two-subdomain which are QR and QB . Thus, there is
communication between these two-subdomains. Red point depends on
the black point, and vice-versa. The loop starts by computing the odd
points, from the bottom left and then going up to the next row and so
on. When the all odd points are finished, do the black ones. The red
black grid is illustrated in Fig.1.

Fig. 1 The grid for red and black points.

The algorithm of this method is shown as follows:

Algorithm 1: RBGS method

for ti= 1: TIMESTEP
. R
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k+1 k
o= | - ¢
if err < tol

break

end
end

Jacobi Method
Jacobi method is a classical iterative method and was attributed to

Carl Jacobi. It computes the value of ¢ for each component with

respect to X and V. Matrix A decomposes into

A =D — L — U which lead to the vector form of Jacobi iteration.

o' =D (L+U)" +D'f , k=0],..

Equation (8) can be shown in discrete equation as

(11
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The calculation of this method is shown by the algorithm below:
Algorithm 2: Jacobi method
for ti= 1: TIMESTEP
for i=1:n
n
(k+1) 1 k .
6" = =Y a9, i=12,..n
a; J=1
end
err = ¢k+l _ ¢k‘
if err < tol
break
end
end

EXPERIMENTAL RESULT AND DISCUSSION

Modified geodesic active contour has been tested in two
difference color images to show the improvements over the classical
geodesic active contour model [4,5]. The result will be presented
based on visualization and numerical analysis.
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Fig. 2 Result for detection of the classical GAC (b), modified GAC (c)
and (d) for K=0.35 on image 1.

L X

Fig. 3 Result for detection of the classical GAC (f), modified GAC (
and (h) for K=0.5 on image 1.

sV

Fig. 4 Result for detection of the classical GAC (j), modified GAC (k)
and (I) for K=0.65 on image 1.

Fig. 5 Result for detection of the classical GAC (b), modlfled GAC (c)
and (d) for K—O 35 on image 2.

G £ A+
Fig. 6 Result for detection of the cIassncaI GAC (f), modified GAC (g)
and (h) for K=0.5 on image 2.

Fig. 7 Result for detectlon of the classwal GAC (j), mOdIerd GAC (k)
and (I) for K=0.65 on image 2.

The proposed modified geodesic active contour model has been
applied to real color images. In Fig. 2 until Figure 4, we demonstrate
the edge detection on simple image and Fig. 5 until Fig. 7, we use an
image with complex background. The algorithm is implemented by
MATLAB version R2011a. In each experiment, the modified geodesic

active contour model is initialized by the function ¢0 (x) defined in

eq (2) with K =0.35,0.5 and 0.65. We can find in Fig. 2 until

Fig. 7 with 200x200 pixel, classical geodesic active contour only can
detect based on the gradient of images and cannot detect the desired
color of image. However, our modified model able to detect desired
color for example in Fig. 5c¢, we detect red color paper and Fig.5d
detect the blue color paper. This shows that our proposed model is
more robust when the object boundaries are complex. From Table 1,
our proposed model shows the best performance which is more
accurate and performs faster than classical GAC model. The proposed
model provides the less number of iteration and time of execution to
converge. The accuracy method is based on the RMSE. If the RMSE
is lowesst, then it will represents the most accurate method. Absolute
error also can describe the accuracy of each method. From Table 1, it
is shown that the proposed model is the most accurate detection
method due to the smallest value of RMSE. In addition, from the
obtained results, RBGS method is the alternative method with the
lowest time of execution, number of iteration and RMSE.

CONCLUSION

In this paper, a modified geodesic active contour model is
proposed in order to detect and segment the desired color of an image.
The proposed model has been modified on its stopping function to the
final PDE formulation. The new stopping function, help to obtain and
detect the desired color object and raise the performance on images
with complex background. Thus, the new modified geodesic active
contour model has been discretized using finite difference method.
RBGS method and Jacobi method is used to solve the linear system.
Numerical results have shown that RBGS method as superior method
than JB method. Finally, based on the RMSE, our modified geodesic
active contour model is more robust to detect color object with respect
to weak edges and complex background.

Table 1 Numerical analysis for different methods.

Proposed Classical
Model Model GAC Model
RBGS 59 126
 No. of JACOBI 114 245
iterations
% 48.25 48.57
i RBGS 0.7023 1.5275
Time
Execution  JACOBI 1.0056 2.2558
) % 30.16 32.29
RBGS 8.4984e-011 9.8287e-11
Maé"m“m JACOBI 9.98566-11 9.84486-11
rror
% 14.89 0.16
RBGS 1.7503e-012 2.7105e-11
RMSE JACOBI 1.7809e-12 3.0225e-11
% 1.72 10.39
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