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In  this  article  a novel  algorithm  is  proposed  to segment  a pair  of  images  simultaneously  (co-segmentation)
for  extracting  common  objects.  The  task  of co-segmentation  has  been  performed  using  the  dual  geometric
active  contour  model.  Both  the contours  (of  the  objects)  are  initialized  and  evolved  simultaneously  in
the  given  images.  As  the  contours  proceed  towards  the  boundary  of the  common  object(s)  present  in the
images,  energy  value  gets reduced.  The  contours  are  allowed  to  evolve  until  both  the  inner  and  the  outer
contours  coincide  at  the object  boundary.  The  resultant  images  formed  are  known  as  the  co-segmented
o-segmentation
ctive contour model
han–Vese active contour
ual-geometric active contours

nner contour
uter contour

images.  The  proposed  approach  is  evaluated  on 20 benchmark  datasets  and  compared  with  the  state-of-
the-art  methods.  Results  show  that  the  performance  of the  proposed  method  is better  than  the  compared
methods.

© 2018  Elsevier  B.V.  All  rights  reserved.
radient descent

. Introduction

Detection of similar regions (common object(s)) between
mages is an area of interest in the field of computer vision. The main
dea behind detection of similarity between images is to establish

 relation between the images. One of the ways of establishing
imilarities among the images is by detecting common object(s)
n the images. The common object(s) detection has a wide range
f applications, such as video object (common) detection [1,2],
ideo summarization [3], image retrieval [3–6], creating visual
ummary of images or videos [7,8], recognition of people wear-
ng the same clothes [9], detection of aircraft from high-resolution
atellite images [10], medical applications like pathology detection
n brain images [11], motor neuron morphology estimation in brain
12], biomedical imaging applications to identify small pathologies
13], automatic segmentation of abdominal organs [14].

To extract common objects from given images, a new method
as been developed by Rother et al. [3]. The method termed as
o-segmentation, is the task of simultaneously segmenting the
ommon parts of an image pair. More specifically, to say, each image

ontains the “same” foreground object(s) in front of “changeable”
ackgrounds and in comparison to the single image segmentation
ase, the task is to carry out segmentation of the common object(s)
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simultaneously in all images [8]. Here segmentation of common
object(s) is performed by incorporating the information of one
image with other image(s). To extract common region (object(s)),
it measures similarity between the two images by comparing the
statistics of two images such as color histogram, texture, etc. The
advantage of this method of common object(s) detection is that,
it does not require any registration among objects present in the
given images.

Many methodologies [3,11,13,15] have been developed for
performing co-segmentation. Among them active contour model
(ACM) based methods have several advantages. First, the objec-
tive function for active contour (AC) based co-segmentation is a
convex optimization problem which can be solved in linear time,
unlike the other existing co-segmentation methods. Second, the
method does not depend on the accurate prior information of the
object like MRF  model for co-segmentation [3,11,13]. Third, the
method does not require any accurate and exact human interac-
tion to generate the co-segmented output. However, this AC based
co-segmentation method uses level set formulation [15,16]. The
level set formulation of ACM has an advantage that by changing
the topology of level set function the contour can either split or
merge [17]. This characteristic makes the level set function detect
multiple boundaries in the images. However, it has a disadvantage.
It usually searches minima in a local manner [15,18]. This, in turn,

increases the rate of misinterpretation of regions and decreases
the accuracy of co-segmentation. To overcome the aforementioned
issue of ACM, dual-geometric active contour model (DGACM) based
method, which shows promises [18–20] in case of single image seg-
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entation, can be used. However, in its current form it cannot be
pplied for co-segmentation.

In this work a novel approach for co-segmentation using a
ew variant of DGACM has been proposed. The formulation of the
nergy function has been modified to tackle the problem of com-
on  object(s) extraction. The algorithm is applied over a pair of

mages, with two contours for each of the images. Outer contour
s made to evolve on the boundary of the images circumscribing
enclosing) the object regions and the inner contour is made to
volve inside the object region near the center of the images. The
uter is made to shrink towards the object boundary and the inner
ne is made to expand towards the object, and thus it has the abil-
ty to detect the boundary of common object(s) in the images. As a
onsequence, one of the challenges becomes to initialize the con-
our. In this work, a heuristic method has been proposed to initialize
wo contours on the input images without human intervention. In
ummary the main contribution in this article is as follows:

The task of image co-segmentation has been performed using
dual- geometric active contour model (DGACM).
DGACM based segmentation has been re-formulated by incor-
porating the information sharing function between contours of
different images.
A heuristic approach to initialize both the inner contours is sug-
gested.

Experiments have been conducted on 20 pairs of benchmark
mages. The error-rate of the proposed co-segmentation method
as been taken into consideration to establish the effectiveness
f the proposed model. Results of the proposed technique have
een compared with those of other existing co-segmentation algo-
ithms and single and dual-geometric active contour (DGAC) based
mage segmentation. It is seen that the proposed method is capa-
le of producing better results as compared to those of the existing
lgorithms of co-segmentation.

The rest of the article is organized as follows. Section 2 describes
he related work on image co-segmentation. The proposed work
n co-segmentation using dual active contours has been presented
long with other related methodologies in Section 3. In Section
, detail analysis and comparison of results obtained using the
roposed approach and other algorithms are presented. Finally,
onclusion of the overall work and future direction of research are
resented in Section 5.

. Related work

In the literature, various techniques have been suggested for
mage co-segmentation to detect common object(s). In contrast
o image segmentation [16,19,21–25], which deal with a single
mage and segment the image into a number of homogeneous parts,
o-segmentation techniques deal with two or more images and
egment out the common parts of the images. Many optimiza-
ion (minimization) techniques have been used to have accurate
mage co-segmentation. Addition of foreground similarity terms,

ith the existing segmentation model, leads to the concepts of
o-segmentation. The motive is to optimize (minimize) the co-
egmentation energy function to get the common object(s) in the
mages. For this purpose both the local smoothness in each image
nd the foreground similarity between the images are taken into
ccount [26].

Rother et al. [3] applied MRF  model [27–29] for co-

egmentation. They have introduced two terms from the traditional
RF. One represents deviation (or data) penalty, charged for a

ixel set in the foreground, although there is a-priori information
ndicating they should be in the background. Another represents
ft Computing 66 (2018) 413–427

separation or smoothness penalty, which measures the cost of
assigning different labels to two neighboring pixels [11]. Along
with these two  terms another term, the global energy term, has
also been introduced to encode similarity among the foreground
histograms of both the images. The total energy equation changes
based on the assertion of the global energy term. In Rother et al.’s
[3] model for co-segmentation, histogram similarity is computed
between the foreground of the images based on L1 − norm. How-
ever L1 − norm is not differentiable due to which the optimization
problem becomes complex. In order to overcome this drawback,
Mukherjee et al. [13] introduced L2 − norm, where they have used
the squared Euclidean distance for measuring the global energy.
Both L1 − norm and L2 − norm models of co-segmentation, lead to
NP-hard optimization problem [3,8,13].

To overcome the shortcoming of these models, Hochbaum and
Singh [11] proposed a reward model in global energy term in
place of penalty term. However, this reward method also leads
to a submodular optimization problem in co-segmentation. More-
over, in the reward based method the accuracy of co-segmentation
depends on the precise object prior to building the unary term of
the energy function for which it requires human interaction to
initialize common objects’ locations. Vicente et al. in [8] incor-
porated, modified Boykov–Jolly model [30] in the global energy
term as the foreground similarity measurement, and in the MRF
model only the smoothness penalty has been incorporated. In these
co-segmentation methods, the common objects are assumed to
contain similar colors [31]. Merdassi et al. [32] put forward the
concept of Fuzzy – MRF  model in co-segmentation, where a fuzzy
classification technique has been proposed in order to eliminate
the ambiguity of a pixel membership to a histogram bin, especially
for pixels on bins’ borders.

Apart from these MRF  based methods of co-segmentation there
are several other methods which have been employed for co-
segmentation. A clustering based method has been proposed by
Joulin et al. [33]. They have introduced discriminative cluster-
ing technique to train the supervised classifier by labeling the
foreground and background pixels in all the images jointly in
order to maximize the differences between the common object(s)
and the background in the images [34]. This idea of discrimina-
tive clustering based co-segmentation method was  extended to
present a multi-class co-segmentation method to segment the
common objects of multiple images [35]. Hierarchical image clus-
tering has also been developed for the purpose of co-segmentation
[36]. Here, the authors first used a clustering technique to per-
form segmentation of the given images. Then inter and intra
image connection was developed based upon clustering method
for detection of common object(s). A method of co-segmentation
by composition has been developed in [37]. In this work, co-
segmentation has been initialized by inducing affinities between
the image parts. The main drawback of this method is that, it
fails to detect small parts of common object(s) in images [37]. Dai
et al. [38] has introduced unsupervised learning based framework
for performing co-segmentation, where co-sketch of the image
has been applied to align foreground objects. Another method of
image co-segmentation have been proposed by Jerripothula et al.
[39]. In this paper, the task of co-segmentation have been carried
out using saliency co-fusion. However, the method has limitation
in case of improper saliency maps and images containing simi-
lar background [39]. In the paper [40], the common object from
the images have been detected using a coupling of two meth-
ods, namely: co-segmentation and co-skeletonization. The reason
behind this method of common object detection is to share well

defined information from each of the methods to produce bet-
ter output. Although, the method has to depend on quality of
neighboring images for proper salient features [40]. Moreover the
method shows its limitations for images containing objects at
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ifferent viewpoints or of different sizes [40]. An unsupervised
odel of co-segmentation has been introduced by Li et al. [41] for
ultiple common foreground objects detection, using the object

roposal selection technique. As a consequence the accuracy of
he co-segmentation output depends on the proper generation of
he proposal [41]. An interactive co-segmentation approach has
lso been proposed by Wang et al. [42] using higher-oder energy
ptimization technique and likelihood estimation. Its performance
epends on proper computation of the prior knowledge using like-

ihood estimation method.
In addition to these methods there are other methods/models

hich have been applied for solving the co-segmentation problem.
hese are random walk segmentation methods [43], interactive co-
egmentation model [44], heat diffusion method [45] etc. Recently
eng et al. [15] used the ACM to extract out the common object(s)

rom the given images. They have used the level set (region based)
o formulate energy function of ACM. Here the color rewarding
trategy has been used to measure the foreground similarity, which
akes the energy function easy for optimization. In addition, a

ewarding strategy has been implemented for both the foreground
eward and the background reward, in order to measure the fore-
round similarity and background consistency. In this process, a
utual evolutionary approach has been applied to minimize the

nergy function.

. Proposed work of co-segmentation using dual active
ontours

Although, single active contour model (SACM) based co-
egmentation [15] provide outputs with lower error-rate as
ompared to other existing algorithms, it suffers from the ten-
ency to getting stuck to the local minima [15,18,21,46]. As a result,
ometimes improper object boundary is detected, which in turn
ncreases the error-rate of common object(s) detection. As a result,
here is a chance of misclassification, i.e. some pixels are classi-
ed as the foreground, although there is a prior information that

t should be in the background. These small regions are caused
y the topology changes of the level sets. Minimization of this
opological change of the level set may  reduce the efficacy of the

ethod for co-segmentation to control the variations, e.g. shape
nd pose among the common object(s). A post-processing has been
pplied to remove the small regions without limiting the topologi-
al changes of the level set. But this process is not sufficient to carry
way the entire small regions or correct the misclassification of
egions or pixels, especially for those regions which are connected
ith the foreground regions [15]. This is due to the fact that level

ets used for minimizing the energy function, searches the min-
mum locally. The global optimization search has been applied in
ome work related to co-segmentation such as [11], but its accuracy
epends on the user interaction.

.1. Classical dual-geometric active contours for segmentation

In general SACM energy function stuck at local minima values
orresponding to the strong edges (not necessarily edges of the
esired object(s)) or false boundaries. In this situation the con-
our may  get trapped in strong neighbouring edges resulting in
alse boundary detection [18,47]. As a result, there is a chance that
ome of the background pixels are misinterpreted as foreground
ixels. To avoid this problem and to reduce misclassification of
ixels, in this work a novel approach for co-segmentation have

een proposed. In this work DGACM have been accomplished as

 novel technique for performing the task of co-segmentation. The
ual-parametric active contour method (DPACM) for single image
egmentation was proposed by Gunn and Nixon [18]. Here the two
ft Computing 66 (2018) 413–427 415

contours, inner and outer, are generated simultaneously. The outer
is made to contract towards the object boundary and the inner is
made to expand towards it. It has the advantage that it searches
the minimum of the energy function in a global manner, and thus
reduces misclassification of pixels in the images [18–20]. Based
on the work of Gunn and Nixon [18], DGAC was  implemented on
Chan–Vese (C–V) model [16] for single image segmentation by Zhu
et al. [19] and by Huang et al. [20]. The energy function for DGACM
based segmentation given in [19,20] as follows:

E∗DCV (˚, � ) = ECV (˚) + ECV (� )

+�

∫
�

[H(˚(x, y)) − H(� (x, y))]2dxdy.
(1)

The first term on the right-hand-side of Eq. (1) indicates the
energy function of the outer curve and second term denotes the
energy function of the inner contour given by the Chan–Vese active
contour model (C-VACM) [16]. The last term on the right-hand-side
of Eq. (1) is incorporated to alleviate the difference between the
inner and the outer contours and � denotes the weight parameter
for the interaction term.

˚(x, y) or � (x, y) =

⎧⎨
⎩

> 0 : if (x, y) is inside C,

= 0 : if (x, y) is on C,

< 0 : if (x, y) is outside C;

(2)

where the contour C can be represented as shown in Eq. (3):

C =

⎧⎨
⎩
{(x, y)|˚(x, y) = 0}, for outer contour

or

{(x, y)|� (x, y) = 0}, for inner contour.

(3)

Now based on Chan–Vese active contour model (C-VACM) [16]
it can be stated that, in Eq. (1),

E∗CV (˚) = �Length(C) + �Area(Ci)

+�1

∫
Ci

f [I(x, y), u1]dxdy + �2

∫
Co

f [I(x, y), u2]dxdy.
(4)

The level set formulation of C-VACM energy function [16] given
in Eq. (4) can be expressed as

E∗CV (˚) = �

∫
�

ı(˚(x, y))|∇(˚(x, y))|dxdy + �

∫
�

H(˚(x, y))dxdy

+�1

∫
�

f [I(x, y), u1]H(˚(x, y))dxdy

+�2

∫
�

f [I(x, y), u2](1 − H(˚(x, y)))dxdy;

(5

where

f [I(x, y), u1] = |I(x, y) − u1|2; (6)

and

f [I(x, y), u2] = |I(x, y) − u2|2. (7)

In Eqs. (6) and (7), the terms u1 and u2 denote the mean intensity
of the pixels inside and outside the outer curve respectively [16].
Similarly, the energy function for the inner contour ECV(� ) can be
represented as,

E∗CV (� ) = �

∫
�

ı(� (x, y))|∇(� (x, y))|dxdy + �

∫
�

H(� (x, y))dxdy

+�1

∫
�

f [I(x, y), v1]H(� (x, y))dxdy∫ (8
+�2
�

f [I(x, y), v2](1 − H(� (x, y)))dxdy;

where, the terms v1 and v2 indicate the mean intensity of the
pixels inside and outside the inner curve respectively [16].
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Fig. 1. Block-diagram

Thus, based on Eqs. (5) and (8), Eq. (1) can be rewritten as:

E∗
DCV

(˚, � ) = �

∫
�

ı(˚(x, y))|∇(˚(x, y))|dxdy + �

∫
�

H(˚(x, y))dxdy

+�1

∫
�

f [I(x, y), u1]H(˚(x, y))dxdy + �2

∫
�

f [I(x, y), u2](1 − H(˚(x, y)))dxdy

+�

∫
�

ı(� (x, y))|∇(� (x, y))|dxdy + �

∫
�

H(� (x, y))dxdy

+�1

∫
�

f [I(x, y), v1]H(� (x, y))dxdy + �2

∫
�

f [I(x, y), v2](1 − H(� (x, y)))dxdy

+�

∫
�

[H(˚(x, y)) − H(� (x, y))]2dxdy,

(9)

which is the overall energy function for DGACM based segmen-
ation.

.2. Formulation of dual-geometric active contours for
o-segmentation

The exchange of pixels information between the images is the
ackbone of the image co-segmentation task, since, the main moti-
ation of the image co-segmentation is to extract out the common
bject(s) from the images. As such the classical contour based
ethod of segmentation [16,19,20] fail for the mentioned purpose.

he main cause behind this claim is that the formulation of sharing
nformation between the images does not feature in the theory of
lassical contour based method of segmentation. The terms u1 and
2 are only capable to deal with the pixels present within the image
o be segmented. This also holds true for the case of v1 and v2, the
erms associated with inner contour, in case of DGACM based seg-

entation. Thus, in order to achieve the goal of co-segmentation,
he terms u1 and u2 present in classical DGACM have been replaced
y the notion of r(Ci

1−k
) and r(Co

k
) respectively. As a consequence

he functions f[I(x, y), u1] and f[I(x, y), u2] have been replaced by
he terms f [Ik(x, y), r(Ci

1−k
)] and f [Ik(x, y), r(C0

k
)] respectively, as

tated in [15]. Basically the term f [Ik(x, y), r(Ci
1−k

)] play key factors
or exchanging the information between the images in the task of
o-segmentation. Thus, the re-formulated level set formulation of
-VACM energy function [16] stated in Eq. (5), can be expressed as
iven in Eq. (10) [15]. In the similar manner, this hold true for the
ase of v1 and v2. The re-formulated equation for the inner contour
s given in Eq. (11).

In the proposed DGACM based co-segmentation method, two

ontours are initialized simultaneously in each of the images, outer
ontours near the boundary of both the images, and the inner
ontours inside the images. The initial contours set-up for co-
egmentation using SACM and the proposed method are shown in
e proposed method.

Fig. 2 for comparison. The outer contour is made to shrink towards
the common foreground boundary and the inner is made to expand
towards the same. Basically, the SACM has tendency to stick at local
minima, as stated earlier. Now addition of extra contour with the
existing SACM will provide extra force. That is, the function H(� (x,
y)) of the inner contour, in equation �

∫
�[H(˚(x, y)) − H(� (x, y))]2,

based on the pixels information present inside and outside the
contour, act as a extra pulling force, and pulls the outer contour
towards itself. This also holds true for the case of outer contour,
where the function H(˚(x, y)) of the outer contour pull the inner
contour towards itself. Thus, it avoids getting the contours trapped
to local minima and as a result the chance of misclassification of pix-
els gets reduced. It can be stated that the energy function and the
extra pulling force are based on the pixels information associated
with each of the contours. Thus, through this process it incorpo-
rates the information among two  contours (inner and outer), and as
a result it overcomes the drawbacks of standard co-segmentation
using SACM. Basically the function �

∫
�[H(˚(x, y)) − H(� (x, y))]2

act as a coupling term between two contours (inner and outer).
Block-diagram of the proposed work is shown in Fig. 1.

The energy function (for co-segmentation) of the outer curve
[15] is formulated as:

E∗coseg(˚) = �

∫
�

ı(˚(x, y))|∇(˚(x, y))|dxdy + �

∫
�

H(˚(x, y))dxdy

−�i
k

∫
�

f [Ik(x, y), r
(

Ci
1−k

)
]H(˚(x, y))dxdy

−�o
k

∫
�

f [Ik(x, y), r
(

Co
k

)
](1 − H(˚(x, y)))dxdy;

(10)

and the energy function of the inner contour is formulated as:

E∗coseg(� ) = �

∫
�

ı(� (x, y))|∇(� (x, y))|dxdy + �

∫
�

H(� (x, y))dxdy

−�i
k

∫
�

f [Ik(x, y), r
(

Ci
1−k

)
]H(� (x, y))dxdy

−�o
k

∫
�

f [Ik(x, y), r
(

Co
k

)
](1 − H(� (x, y)))dxdy.

(11)
The total energy function for the proposed DGACM for co-
segmentation model is formulated as in Eq. (1). Here E∗CV(˚) and
E∗CV(� ) have been replaced with equations E∗coseg(˚) and E∗coseg(� )
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Fig. 2. The initial contour set-up using single ACM are shown in

espectively. Thus the overall energy function for the curve takes
he form:

E∗
dcoseg

(˚, � ) = �

∫
�

ı(˚(x, y))|∇(˚(x, y))|dxdy + �

∫
�

H(˚(x, y))d

−�i
˚k

∫
�

f [Ik(x, y), r˚

(
Ci

1−k

)
]H(˚(x, y))dxdy

−�o
˚k

∫
�

f [Ik(x, y), r˚

(
Co

k

)
](1 − H(˚(x, y)))dxdy

+�

∫
�

ı(� (x, y))|∇(� (x, y))|dxdy + �

∫
�

H(� (x, y))dxdy

−�i
�k

∫
�

f [Ik(x, y), r�

(
Ci

1−k

)
]H(� (x, y))dxdy

−�o
�k

∫
�

f [Ik(x, y), r�

(
Co

k

)
](1 − H(� (x, y)))dxdy

+�

∫
�

[H(˚(x, y)) − H(� (x, y))]2dxdy.

(12)

where k denotes the number of images.
For our simulation k = 0, and 1. Term, I(x, y) denotes the image

ixel intensity at co-ordinate point (x, y). The term � > 0 is a weight
arameter given to the length of the curve, which depends on the
umber and size of the object(s) to be detected. The parameter � > 0

s the weight given to the total area inside the curve, which allow to
ush the curve towards the object(s). The term f [Ik(x, y), r˚(Ci

1−k
)]

easures the similarity between pixels inside the outer curve of
oth the images. Measure of similarity between pixels belong-

ng to regions inside and outside of the outer curve of the same
mage is given by f [Ik(x, y), r˚(Co

k
)]. The term f [Ik(x, y), r� (Ci

1−k
)]

s used to measure the similarity between pixels inside the inner
urve of the images. The similarity measure between the pixels
resent inside and outside the inner curve within the same image

s given by f [Ik(x, y), r� (Co
k
)]. The terms f [Ik(x, y), r˚(Ci

1−k
)] and

 [Ik(x, y), r� (Ci
1−k

)] which determine the similarity between the
oreground image pixels and the region inside the curve of other
mage, are based on the color reward strategy. Here basically the
ixels with similar color are rewarded with value “1”, if not “0”. The
erms r˚(Ci

1−k
) and r� (Ci

1−k
) denote the regions inside the outer and

he inner curves of associated images, respectively. The region out-
ide the bounds of the outer and the inner curves are represented
y r˚(Co

k
) and r� (Co

k
), respectively. The term �i

˚k
and �o

˚k
are the

eight parameters used for the outer contour, while �i
�k

and �o
�k

re the weight parameters for the inner contour. The weight values
i
˚k

and �i
�k

are used to maintain the uniformity among the com-
on  foreground pixels (pixels inside the contours) of the images.

he terms �o
˚k

and �o
�k

maintain the uniformity in the background

f the image (measure similarity between pixels inside and out-
ide of the contours within the images). The term � represents
he regions of the image, | ∇ (˚(x, y))| and | ∇ (� (x, y))| represent
he gradient of inner and outer curve at the co-ordinate point (x, y)
d (b), and using the proposed method are shown in (c) and (d).

respectively, and H(˚) represents the Heaviside (unit step) function
[48]:

H(˚) =
{

1, if  ̊ ≥ 0

0, if  ̊ < 0;
(13)

and ı(˚) represents the Dirac measure (impulse function) [48]
defined by

ı(˚) = d(H(˚))
d˚

. (14)

Similarly, it holds true for the case of H(� ) and ı(� ).
Now the goal is to generate the contour so that it can detect

the common object(s) boundary by minimizing the energy function
defined in Eq. (12). Thus, in order to evolve new level set function
for the curves near the feature boundary, partial differential equa-
tion (PDE) is used. To minimize the energy function given by Eq.
(12), gradient descent technique is applied on the corresponding
Euler–Lagrange equation [49] of the defined energy function. The
equivalent Euler–Lagrangian equation of the energy function given
by Eq. (15) is:

∂(E∗
dcoseg

(˚, � ))

∂˚
= −� · ı(˚)div

( ∇(˚)
|∇(˚)|

)
+ � · ı(˚)

−�i
˚k
· ∂f

∂˚
H(˚) − �i

˚k · ı(˚)f [Ik(x, y), r˚

(
Ci

1−k

)
]

−�o
˚k
· ∂f

∂˚
(1 − H(˚)) + �o

˚k · ı(˚)f [Ik(x, y), r˚

(
Co

k

)
]

+2�[H(˚(x, y)) − H(� (x, y))]ı(˚) = 0.

(15)

The partial derivative ∂f
∂˚
= 0, as the functions f[Ik(x,

y), r˚(Ci
1−k

)] and f [Ik(x, y), r˚(Co
k
)] are independent of ˚.  Thus Eq.

(15) can be rewritten as:

∂(E∗
dcoseg

(˚, � ))

∂˚
= −� · ı(˚)div

( ∇(˚)
|∇(˚)|

)
+ � · ı(˚)

−�i
˚k
· ı(˚)f [Ik(x, y), r˚

(
Ci

1−k

)
] + �o

˚k
· ı(˚)f [Ik(x, y), r˚

(
Co

k

)
]

+2�[H(˚(x, y)) − H(� (x, y))]ı(˚) = 0.

(16)

Similar to Eq. (16), by differentiating the energy function
E∗

dcoseg
(˚, � ) with-respect-to � , Eq. (17) is obtained as:

∂(E∗
dcoseg

(˚, � ))

∂�
= −� · ı(� )div

( ∇(� )
|∇(� )|

)
+ � · ı(� )

−�i
�k
· ı(� )f [Ik(x, y), r�

(
Ci

1−k

)
] + �o

�k
· ı(� )f [Ik(x, y), r�

(
Co

k

)
] (17)
+2�[H(� (x, y)) − H(˚(x, y))]ı(� ) = 0.

As a sequel, two associated Euler–Lagrange equation have been
obtained, each for outer (˚) and inner (� ) contours. Now perform-
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ng the gradient descent on the obtained Euler–Lagrange equation
50], following equation is obtained:

∂˚

∂t
= −∂E(˚)

∂˚
. (18)

Eqs. (16) and (17) can be reformulated as shown in Eqs. (19) and
20) respectively;

∂˚

∂t
= ı(˚)

{
� · div

( ∇(˚)
|∇(˚)|

)
− � + �i

˚k · f [Ik(x, y), r˚

(
Ci

1−k

)
]

−�o
˚k
· f [Ik(x, y), r˚

(
Co

k

)
] − 2�[H(˚(x, y)) − H(� (x, y))]

}

= 0.

(19

∂�

∂t
= ı(� )

{
� · div

( ∇(� )
|∇(� )|

)
− � + �i

�k · f [Ik(x, y), r�

(
Ci

1−k

)
]

−�o
�k
· f [Ik(x, y), r�

(
Co

k

)
] − 2�[H(� (x, y)) − H(˚(x, y))]

}

= 0.

(20

More elaborately, Eq. (19) can be written as:

	t+1
k

(x, y) − 	t
k
(x, y)


t
= ı(	)

{
� · div

( ∇(	)
|∇(	)|

)
− �

+�i
	k

.f [Ik(x, y), r	

(
Ci

1−k

)
] − �o

	k
.f [Ik(x, y), r	

(
Co

k

)
]

−2�[H(	(x, y)) − H(�(x, y))]
}
= 0,

(21)

where ˚t
k
(x, y) denotes the outer curve evolved on the image

uring tth iteration. Now assuming 
t  = 1, the PDE of the evolving
uter curve can be computed as shown in Eq. (22):

˚t+1
k

(x, y) = ˚t
k
(x, y) + ı(˚)

{
� · div

( ∇(˚)
|∇(˚)|

)
− �

+�i
˚k
· f [Ik(x, y), r˚

(
Ci

1−k

)
] − �o

˚k
· f [Ik(x, y), r˚

(
Co

k

)
]

−2�[H(˚(x, y)) − H(� (x, y))]
}

.

(22)
Similarly, the PDE of the evolving inner curve can be formulated
s:

� t+1
k

(x, y) = � t
k
(x, y) + ı(� )

{
� · div

( ∇(� )
|∇(� )|

)
− �

+�i
�k
· f [Ik(x, y), r�

(
Ci

1−k

)
] − �o

�k
· f [Ik(x, y), r�

(
Co

k

)
]

−2�[H(� (x, y)) − H(˚(x, y))]
}

.

(23)

Eqs. (22) and (23) are used for minimization of the energy func-
ion and to evolve the new curves, i.e. outer and inner contours for
oth the images. Similar to the work done by Meng et al. in [15],
he dynamic method for calculating r˚(Ci

1−k
) and r� (Ci

1−k
) have also

een applied. The overall steps of the proposed technique are given
n Algorithm 1.
ft Computing 66 (2018) 413–427

Algorithm 1. Proposed method.

1: ˚0
k
= 0 Initialization: , , k = 0, 1, t = 0, and other parameters

2: temp ˚t
k
←− ˚0

k
3: temp � t

k
←− � 0

k
4: for n ≤ maxiteration do
5: Calculate r˚(Ci

1−k
), r˚(Co

k
), r� (Ci

1−k
), and r� (Co

k
) for each image Ik

6: Calculate ˚t+1
k

solving PDE in temp ˚t
k

using Eq. (22)
7: Calculate � t+1

k
solving PDE in temp � t

k
using Eq. (23)

8: if (˚t+1
k
= � t+1

k
& ˚t+1

k
= temp ˚t

k
& � t+1

k
= temp � t

k
)||

(t  = maxiteration) then
9: goto Step 16.
10: break;
11: else
12: temp ˚t

k
←− ˚t+1

k
13: temp � t

k
←− � t+1

k
14: t ←− t + 1
15: goto Step 4.
16: Extract common object(s): The location with ˚t+1

k
= � t+1

k
> 0 are

common object(s) pixels for Ik .
The outer contour has been set up with a grant that

f [Ik(x, y), r˚(Ci
1−k

)] > f [Ik(x, y), r˚(Co
k
)]. Similarly, the inner con-

tour has been set up with a grant that f [Ik(x, y), r� (Ci
1−k

)] <
f [Ik(x, y), r� (Co

k
)]. But, as the method is related to energy min-

imization problem, so as a consequence, with the increase in
number of iterations t, for outer contour f [Ik(x, y), r˚(Ci

1−k
)] <

f [Ik(x, y), r˚(Co
k
)] and for inner contour f [Ik(x, y), r� (Ci

1−k
)] >

f [Ik(x, y), r� (Co
k
)]. This in turn, will result in the minimization of

the energy function, later this will results in the accurate separa-
tion of the common object(s) from the images. Since, the introduced
method is based upon the work of Meng et al. in [15], so for mea-
surement of similarity, reward strategy has been implemented. The
related outcome is that, for given images if few pixels are simi-
lar to the background in the other image, and on the same side
the background with uniform color distribution occupies a large
region of one image, a pixel of background with massive back-
ground reward f [Ik(x, y), r˚(Co

k
)] will also have a large foreground

reward f [Ik(x, y), r˚(Ci
1−k

)] [15]. With the increase in iterations
when foreground reward is lesser than background award, the
pixel will be considered to belong to the background region, i.e.,
f [Ik(x, y), r˚(Ci

1−k
)] < f [Ik(x, y), r˚(Co

k
)] [15]. In the similar way,

the opposite holds true for the case of inner contour. This in
turn will help in the improvement of the co-segmentation output.
However, SACM based co-segmentation only with outer or inner
contour cannot extract out the common object(s) with increased
accuracy label. This is due to the mentioned limitation of SACM.
As such both the contour formulations (Eqs. (10) and (11)) have
been coupled with each other along with �

∫
�[H(˚(x, y)) − H(� (x,

y))]2, in order to benefit each other synergistically and to gener-
ate more improved co-segmentation output. Inherently, the term
�
∫

�[H(˚(x, y)) − H(� (x, y))]2 act as an extra force to overcome the
limitation of SACM, and allow the contours to reach at global min-
ima. The consequence of the term has been discussed in details, in
Section 4.6.

The main advantage of the proposed DGACM based co-
segmentation is that, the method is not limited to the problem of
stucking to local minima like SACM. Side-by-side, the formulation
has also overcome the limitation due to inability of information
sharing like classical DGACM based segmentation. Basically, the
proposed formulation has incorporated the advantages of SACM
based co-segmentation and DGACM based segmentation formu-
lations, and draw out their limitation. That is, in the proposed
formulation, both the formulations (DGACM based segmentation
and SACM based co-segmentation) benefit each other collectively.

Here lies the main novelty of the proposed method. Thus, the
proposed model is capable of overcoming the problem of mis-
classification. Moreover the proposed method does not depend
on the accurate prior information of the object for successful seg-
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algorithm is based on the reward strategy, i.e. the pixels will be
rewarded if it has the same intensity as the foreground pixels of the
other image. In this case, the lamp post and the railway-engine have
Fig. 3. Different initial inner c

entation like MRF  model for co-segmentation [3,13,11]. Beside
he mentioned advantages, the proposed method is also capable
f overcoming the drawback of clustering based co-segmentation.
hat is, the method does not need the assumption that the fore-
round and background intensity should differ highly.

.3. Contour initialization

Technique for initializing the inner contours in different posi-
ions of the input image set has also been experimented in the
roposed work. By nature, the success of contour based image anal-
sis depends on initialization of the contours. In the proposed work
ontours have been initialized under four necessary conditions.
hese are:

Two contours should be initialized in such a way that E∗coseg(˚)  >
E∗coseg(� ).
The terms f [Ik(x, y), r˚(Ci

1−k
)] and f [Ik(x, y), r� (Ci

1−k
)] should

always be greater than 0.
For initial outer contour f [Ik(x, y), r˚(Ci

1−k
)] > f [Ik(x, y), r˚(Co

k
)].

For initial inner contour f [Ik(x, y), r� (Ci
1−k

)] < f [Ik(x, y), r� (Co
k
)].

The outer contours for all the images have been initialized near
he boundary of the images in such a way that the contour can
ircumscribe (enclose) the object region, so that it can have enough
oreground information. The inner curve has been placed at three
ifferent positions heuristically. The work has been carried out by
lacing the initial inner contours (a) inside the common objects in
he images, (b) outside the common objects and (c) randomly near
he centre pixels of the images, respectively. Different initial inner
ontour positions are shown in Fig. 3.

From the contour set-up as shown in Fig. 3, it can be stated that,
oth the initial inner contour set-up inside the common objects
oundary and near the centre pixels of the images, should produce
imilar outputs. On the other hand, initial inner contour set-up out-
ide the common objects may  provide improper results. This is due
o the fact that initial inner contour outside the common objects
oes not have any information about the objects and as such process
ay  get terminated quickly without generating the proper pixel

nformation inside the inner contours. On the other hand initial
nner contour set-up inside the boundary of the common objects
nd randomly near the center pixels of the images, both share infor-
ation about the objects in the images and as a result both the

et-up are supposed to generate better output as compared to the
nner contour set-up outside the common object(s) boundary. In
ase of initial inner contour set-up inside the boundary of the com-
on objects as stated by Gunn and Nixon [18] and Zhu et al. [19],

espectively, for single image segmentation, the problem becomes
ully supervised, i.e. it requires user interaction to set-up the ini-
ial inner contour inside the boundary of the common objects. In
ontrast, the proposed method chooses the initial inner contour

andomly near the center pixels of the images so that the common
bject(s) detection problem can be carried out automatically with-
ut any human interaction. The main advantage of the proposed
ethod for co-segmentation is that, it can handle information from
r set-up for co-segmentation.

both the contours present in the images. Thus it can gather more
data about the common pixels present in the images. This will result
in less misclassification of the regions present in the images and
hence will increases the accuracy. Visual as well as quantitative
analysis based on the contour initialization has been discussed in
Section 4.5.

4. Results and discussion

4.1. Visual analysis

Experiments are conducted on 20 pairs of images, each image
pair containing a common object(s) (the used pairs of images are
given in supplementary file). The data set has been collected from
Caltech-256 Object Categories database1 and Microsoft Research
Cambridge image database.2 For the experiment, two contours are
automatically initialized in each image. The initial outer contours
are set up near the boundary of the images, which are made to
shrink towards the common object(s) boundary and initial inner
contours are set near the centre of the images. For the experi-
ment �i

˚k
= �o

˚k
= �i

�k
= �o

�k
≥ 1 have been kept for all considered

contours based models. The term � is varied according to the
complexity present in the images. Number of iterations for the
experiment are also varied according to the size and complexity
of the images. The maximum image size used in this experiment is
128 × 128 pixels.

A comparison between the results obtained using C-VACM (3rd
row) and DGACM (4th row) of segmentation, and unsupervised
learning model (USL) (5th row), MRF  model (6th row), Co-fusion
model (7th row), co-skeletonization (Co-skele) model (8th row),
SACM of co-segmentation (9th row) and the proposed DGACM of
co-segmentation (last row) along with the original images (OI) (1st
row) and ground-truth (GT) images (2nd row) are visually shown
in Figs. 4 and 5 (more results can be found in supplementary file).
While comparing the outcome of the proposed method with the
existing methods of co-segmentation using SACM, it has been found
that the proposed method of co-segmentation is capable of extract-
ing out common objects more accurately.

From Fig. 4a(i), containing the image of pvoctraind,  it can be
seen that in the ninth row the outcomes of co-segmentation using
SAC, the green region (actually background) has been misclassified
as the foreground region. Whereas, the outcome of the proposed
model (given in the last row of the columns) shows that the method
is able to extract actual foreground regions of images. Therefore,
it increases the overall accuracy of co-segmentation. But for both
the output images (corresponding image of pvoctraind shown in
the ninth and tenth row of Fig. 4a(ii)), the lamp post has been mis-
classified as the foreground object. This is due to the fact that the
1 http://www.vision.caltech.edu/Image Datasets/Caltech256/.
2 http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-

830b-9f6eff91b301/default.aspx.

http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://www.vision.caltech.edu/Image_Datasets/Caltech256/
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
http://research-srv.microsoft.com/en-us/downloads/b94de342-60dc-45d0-830b-9f6eff91b301/default.aspx
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Fig. 4. A pictorial summarization of comparative stud

he same color. Similarly, in case of horses image, shown in Fig. 4b(i)
nd (ii), the single contour co-segmentation results shown in the
inth row has misclassified the green region as the foreground
bject. But co-segmentation using the proposed method is able to
vercome this misclassification and can detect only the horses as
he common object. Now the results of the rimg010a shown in the
ast two columns of Fig. 4, can be seen that both the output shown
n the third and ninth rows of the mentioned column have detected
he region apart from butterfly as the foreground region. This is due
o the fact that the SAC searches the local minima present in the
mage, and by virtue of this, it gets stuck to the border of the black
egion where it detects the local minima.

In Figs. 4c and 5c containing the images of a pvocmotoa and

 rimg064a,  respectively, it can be seen that the original images
hown in the first row of the figures contain some shadow portion.
utput of co-segmentation using the SAC is unable to remove the

hadow region from common object regions and as a result, accu-
tween existing algorithms and the proposed method.

racy of common object(s) detection becomes less as compared to
it using the proposed method. The proposed method overcomes
the drawback of SACM (see Figs. 4(ii) and 5c(ii)). This is because,
while performing co-segmentation, it is incorporating informa-
tion of the color intensity of the corresponding images from the
two contours (inner and outer). The outer contour, while shrinking
towards the common object(s) boundary, gets stuck to the bound-
ary of the shadowed region due to the property of the SAC, because
near the boundary it finds the strong edges compared to other
portions of the images. This is due to the fact that the single con-
tour is incorporating information about the pixels from one-side
(inward information). On the other hand, in case of dual contours,
one contour shrinks towards the object boundary and other contour

expands towards the object boundary. As a result the dual contour
is gathering information from both the contours. This in turn causes
the two  contours attract each other. Force of the inner contour pull
the outer contour toward itself, thus avoiding the outer contour to
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Fig. 5. A pictorial summarization of comparative stud

tuck to local minima. As a result the proposed method succeeds in
liminating the shadowed region while co-segmenting the images.

Similar to the results discussed above, the proposed method
roduces better results for all the image pairs, except llama image.
he co-segmentation using SACM provide better results for llama
mage than the proposed method. This is due to the fact that in the
econd image of llama shown in Fig. 5b(ii) near the neck portion of
lama image has been over segmented.

.2. Quantitative analysis

Accuracy of the proposed algorithm has been compared based
n the error-rate calculated from eight output, i.e., output of seg-

entation using SAC and DGAC, co-segmentation using USL, MRF,

o-fusion, Co-skele, SAC and co-segmentation using the proposed
ethod. The error-rate of the segmented output has been calcu-

ated by taking the ground-truth. It is the ratio of the number of
tween existing algorithms and the proposed method.

misclassified pixels to the total number of pixels present in the
images. The ground-truths/segmentations are available in [15]. The
error-rate of co-segmentation using the DGACM, the SACM, Co-
fusion model, Co-skele model, MRF  model, unsupervised learning
model, segmentation using SACM and DGACM are given in Table 1
(error-rate table for the rest of the dataset are given in supple-
mentary file). From this table it can be seen that for most of the
images, the DGACM produces a lower error-rate as compared to
the SACM. This is due to the global searching nature of DACM. The
proposed method has a higher error-rate to llama image as com-
pared to SACM of co-segmentation, due to the visual indifference
mentioned earlier.

The result has also been tested with a few segmentation eval-

uation metrics like: Probabilistic Rand Index (PRI), Variation of
Information (VI) and Global Consistency Error (GCE). For the pur-
pose, each of the results is compared with its corresponding
ground-truth image. The average value for each pair of images is
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Table 1
Error-rate of segmentation using C-VACM, DGACM, co-segmentation using USL [38], MRF  [11], Co-fusion [39], Co-skele [40], ACM [15], and the proposed method.

Methods compared Image name

Pvoctraind Horse Pvocmotoa Rimg010a Coke Llama Rimg064a Rimg030a

Segmentation using C-VACM 0.1990 0.1753 0.0839 0.1138 0.0828 0.4023 0.3198 0.0118
Segmentation using DGACM 0.1537 0.0963 0.0722 0.0524 0.0840 0.3952 0.2195 0.0086
Co-segmentation using USL [38] 0.1190 0.1338 0.1580 0.1531 0.0786 0.0890 0.1061 0.0518
Co-segmentation using MRF  [11] 0.1019 0.0505 0.1011 0.0926 0.0495 0.0359 0.1093 0.0059
Co-segmentation using co-fusion [39] 0.1295 0.1015 0.0773 0.0446 0.0183 0.0567 0.0789 0.0539
Co-segmentation using co-skele [40] 0.0719 0.2903 0.1757 0.0653 0.0315 0.1077 0.0762 0.0122
Co-segmentation using ACM [15] 0.1034 0.0599 0.0661 0.0321 0.0204 0.0349 0.0656 0.0690
Co-segmentation using proposed method (DGACM) 0.0690 0.0493 0.0602 0.0219 0.0183 0.0360 0.0568 0.0087

Table 2
Evaluation metrics of segmentation using C-VACM, DGACM, co-segmentation using USL [38], MRF  [11], Co-fusion [39], Co-skele [40], ACM [15], and the proposed method.

Methods compared Segmentation
matrics

Image name

Pvoctraind Horse Pvocmotoa Rimg010a Coke Llama Rimg064a Rimg030a

Segmentation using C-VACM PRI 0.6920 0.7168 0.8465 0.7983 0.8483 0.5253 0.6048 0.9767
VI  1.1350 1.1290 0.7854 0.9305 0.6940 1.4558 1.2887 0.1396
GCE 0.2383 0.2464 0.1472 0.1810 0.1346 0.2687 0.2544 0.0195

Segmentation using DGACM PRI 0.7487 0.8352 0.8723 0.9051 0.8511 0.5275 0.6613 0.9859
VI  1.0829 0.8173 0.7008 0.4824 0.7302 1.6348 1.2772 0.1041
GCE 0.2282 0.1584 0.1259 0.0813 0.1382 0.2983 0.2472 0.0134

Co-segmentation using USL PRI 0.7905 0.7690 0.7394 0.7440 0.8552 0.8379 0.8110 0.9021
VI  1.0017 1.1132 1.1379 1.0567 0.7530 0.7399 0.8960 0.4542
GCE 0.2020 0.2266 0.2364 0.1958 0.1367 0.1259 0.1653 0.0701

Co-segmentation using MRF PRI 0.8198 0.9042 0.8211 0.8326 0.9064 0.9314 0.8080 0.9884
VI  0.8946 0.5224 0.9057 0.8225 0.5202 0.3662 0.9088 0.0884
GCE 0.1751 0.0903 0.1761 0.1521 0.0900 0.0589 0.1709 0.0111

Co-segmentation using co-fusion PRI 0.7765 0.8193 0.8623 0.9147 0.9640 0.8936 0.8555 0.9024
VI  0.8897 0.9198 0.6644 0.4618 0.2446 0.5481 0.6682 0.3669
GCE 0.1920 0.1771 0.1280 0.0766 0.0353 0.0909 0.1219 0.0486

Co-segmentation using co-skele PRI 0.8671 0.5948 0.7129 0.8800 0.9393 0.8087 0.8595 0.9760
VI  0.6743 1.3345 1.0776 0.5180 0.3431 0.6654 0.6991 0.1402
GCE 0.1272 0.3011 0.2264 0.0936 0.0572 0.0912 0.1203 0.0196

Co-segmentation using ACM PRI 0.8189 0.8874 0.8779 0.9384 0.9601 0.9342 0.8779 0.8769
VI  0.8250 0.6298 0.6288 0.3516 0.2722 0.3703 0.6531 0.4558
GCE 0.1667 0.1092 0.1149 0.0577 0.0394 0.0623 0.1130 0.0597
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Co-segmentation using proposed
method (DGACM)

PRI 0.8726 0.9064
VI  0.6632 0.4987
GCE 0.1228 0.0871

aken as the final output value for each of the metrics. It is expected
hat if PRI is having a higher value, and VI and GCE have a lower
alue, then the generated output is better. From the results shown
n Table 2, it can be stated that the results obtained from the pro-
osed method are well acceptable with the expectation for most of
he images.

.3. Dual contour based co-segmentation vs. dual contour based
egmentation

From the output given in the third and fourth rows of
igs. 4 and 5 and results given in Table 1, it can be concluded
hat the DGACM based segmentation is capable of detecting the
ccurate boundary in the image as compared to the C-VACM. But
he pixels located inside the boundary detected by DGACM based
egmentation cannot be considered as the pixels of the common
bject(s). Here lies the main difference between image segmen-
ation using DGACM and image co-segmentation using DGACM.
o-segmentation using DGACM is capable of detecting the accurate

ommon object(s) boundary, where the region inside the bound-
ry can be considered as the common object(s) present in the
iven images. From the images shown in the third and fourth rows
f Fig. 5c and Table 1, it can be concluded that DGACM based
0.8868 0.9573 0.9642 0.9314 0.8932 0.9828
0.6285 0.2537 0.2357 0.3884 0.5384 0.1179
0.1108 0.0399 0.0347 0.0647 0.0900 0.0158

segmentation method has detected the boundary of the object
accurately compared to C-VACM. But, the main problem associated
with DGACM based image segmentation is that, they are unable
to hold the semantic information about the object(s) present in
the image. As a result, some portions of the object(s) are detected
as background and vice-versa. On the other hand, the DGACM
based image co-segmentation is able to hold the semantic infor-
mation about the common object(s) present in the images and
thus it is able to extract out the exact object(s) present in the
images.

Moreover, DGACM based image segmentation is associated with
detecting and extracting out the various homogeneous regions
present in a single image. In contrast, the proposed DGACM for-
mulation for co-segmentation focuses only on extraction of the
common object(s) associated with the given images.

In short it can be stated that, DGACM based image segmentation
[19,20] technique had been developed for single image segmen-
tation only, with a motivation to partition an image into distinct
regions having similar attributes. On the other hand DGACM for

co-segmentation has been proposed with a motivation to extract
out the common object(s) from the images, where the number of
images is generally ≥2. In addition, the terms related to pixels infor-
mation sharing is absent in the formulation of DGACM based image
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F n and

s
c
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8

ig. 6. First row in (i)–(iii) shows the initial inner contour set-up for co-segmentatio

egmentation as already stated in Section 3.2, unlike DGACM based
o-segmentation.
.4. Computational time required

From the experiments conducted, it can be claimed that within
50 iterations, the proposed method is capable of extracting the
 the second one shows the corresponding output for different inner contour set-up.

common object(s) with higher accuracy for any size of images used
in the experiment. Alongside, based on Figs. 4 and 5, and Table 1,
it is observed that the proposed method provides better results

with less number of iterations as compared to SACM based co-
segmentation.

The time required to generate the output by the proposed
method is high in most of the cases compared to the SACM. This
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Table 3
Error-rate of co-segmentation using the proposed method for different inner contour positions.

Inner contour position Image name

Banana Coke Pvoctraind Rimg010a Rimg021a Rimg030a

Inside the object 0.0303 0.0182 0.0814 0.0225 0.0533 0.0090
Outside the object 0.2857 0.2460 0.1616 0.2911 0.1514 0.1988
Random 0.0303 0.0183 0.0690 0.0219 0.0533 0.0087
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ig. 7. Figures (a)–(c) shows how the inner contour evolves at each iteration for dif
ifferent inner contour set-up. The work has been carried out using pvoctraind ima

s due to the fact that in case of dual active contours, the algo-
ithm is extracting information from both the contours, inner
nd outer separately while SACM extracts information from the
uter or the single contour only. But if the size of the images is
elatively small and the difference between the number of iter-
tions required in the two methods is large (exceeding 650 or
bove), the proposed method takes less time to generate the out-
ut.

.5. Results for different contour initialization

For the same input images, different positions are chosen to
et-up the initial inner contour, and the corresponding outputs are
hown in Fig. 6 (more results and the error-rate graph for the cor-
esponding results are shown in the supplementary file). As stated
arlier in Section 3.3, the work has been carried out by placing the
nitial inner contour (a) inside the common objects, (b) outside the
ommon objects and (c) randomly chosen at a place near the centre

ixels of the images, respectively.

Pixel error-rates obtained using the proposed method for differ-
nt positions of initial inner contours are summarized in Table 3.
he output suggests that the error-rate is higher for case (b),
 initializations and the last image in each row shows the corresponding output for
 for � value at 0.2.

whereas case (a) and (c) produce similar (with approximate equal
error-rate) and better results. This is possible because, both (a) and
(c) take the information about the common objects in the images.
Contour evolution for different inner contour initialization and the
corresponding outputs are shown in Fig. 7.

Since the object is located near the centre of the images,
initialization of the inner contours as stated in case (c) gets bet-
ter common foreground pixels information and extracts common
objects automatically with higher accuracy. This is a limitation of
the proposed method as the object could as well be located in dif-
ferent regions of the image (not necessarily near the center of the
images). In such cases, the inner contour may  fail to converge to
the boundary of the common object(s).

4.6. Discussion

Co-segmentation results using the proposed method mainly
depend on five parameters, namely �i

˚k
, �o

˚k
, �i

�k
, �o

�k
, and �. From
the mathematical expressions given in Eqs. (22) and (23), it can
be portrayed that the terms [H(˚(x, y)) − H(� (x, y))] and [H(� (x,
y)) − H(˚(x, y))] add zero influence for the pixels outside both the
inner and outer contours or the pixels inside both inner and outer
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Fig. 8. Graph representing total energy value of outer contour for different images.

 show

c
T
a
s
w
c
e

Fig. 9. First row shows the error-rate vs � plot and the second row

ontours (as the terms H(˚(x, y)) and H(� (x, y)) cancel each other).
he term exists if and only if H(˚(x, y)) is not equal to H(� (x, y))
nd either H(˚(x, y)) or H(� (x, y)) has unit value. This is only pos-
ible if the pixels are present between outer and inner contours,

here H(˚(x, y)) is equal to 1 and H(� (x, y)) is 0. Overall, it can be

oncluded that the term [H(˚(x, y)) − H(� (x, y))] adds a negative
ffect to the energy of the outer contour and as a result it moves the
s the time vs � plot for rimg010a images for the proposed model.

contour towards the common object(s) boundary. While the term
[H(� (x, y)) − H(˚(x, y))] adds a positive effect on the inner contour
to expand it towards the common object(s) boundary. Thus, it can
be concluded easily, that adding extra contour with the existing

SACM will provide extra force. The graphs shown in Fig. 8 validates
the effect of extra contour (inner contour). The graph indicates how
the energy value of the outer contour gets minimized by the pro-
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osed DGACM based co-segmentation as compared to SACM, with
ncrease in iterations.

The parameter � determines how rapidly the two contours
inner and outer) converge with each other. If � is negative, it pro-
uces the inverse effect on these terms and as a result, the outer
ontour will expand towards the boundary of the image and the
nner contour will shrink towards the center of the image, which is
ontrary to the objective of the work. Thus, in the experiment, � is
aken positive. On the other hand a higher value of � will force the
uter contour to cross out the inner contour and shrink towards the
enter of the image and the inner contour will move towards the
mage boundary, which is also contrary to the objective of the pro-
osed work. Experimentally, it has been observed from the graphs
iven in Fig. 9 (more graph can be found in supplementary file),
he error-rate of the proposed method increases if the value of � is
ess than 0 or above 1. It has been noticed from the graphs, that the
roposed method is generating better results and take less time
or � ∈ (0, 1]. So in the present work, � value is kept in the half-
losed interval (0, 1]. It has been observed that the two  contours get
erged quickly if � is increased in (0, 1]. Based on the complexity

f the images the parameter � has been tuned.
The parameters �i

˚k
and �i

�k
control the common foreground

onsistency inside the inner and the outer contours respectively.
he method is able to detect more similar region(s) of the common
bject(s) with the increment of the weight of these parameters.
s a result the rate of misclassification gets reduced. On the other
and, decrement of these parameters values eliminates most of
he common parts in the images. That is, the common foreground
art(s) is detected as the background, resulting in improper seg-
entation result. Similarly, the decrement of the weight of �o

˚k
nd �o

�k
, reduces the background consistency, and as a result the

ackground region in the images is detected as foreground region.
t also enhances the misclassification rate while detecting the co-
ccurrence of the object(s) in the images.

. Conclusion

In this article, the task of co-segmentation to extract common
bject(s) from given images has been performed using DGACM.
he method overcomes the problem of contour attraction towards
ocal minima, associated with the single contour method. Thus, it
educes the misclassification of pixels. The method searches global
inima without human interactions, especially for images having

bjects near the centre of the images. Empirical results manifest
hat the proposed model for co-segmentation expel out the com-

on  object(s) from the images with lower error-rates as compared
o other algorithms involved in the field of co-segmentation. Based
n the experimental results, it can also be stated, that the pro-
osed method gives better results for images with shadows. That

s, DGACM based co-segmentation is capable of detecting only the
ommon object(s) by eliminating shadows in the images. It can
e claimed that the proposed method gives better accuracy in
etecting the objects present in the images, compared to the single

mage segmentation results. However, the time required for co-
egmenting the images by the proposed model is more in most of
he cases as compared to the other existing algorithms. It is because
he DGACM is gathering information from both the contours. But,
f the size of the images is small and the difference between the
umber of iterations required by ACM for co-segmentation and
he proposed model is quite large, then the time required to gen-
rate the result by the proposed method is quite less. In future,
he accuracy of co-segmentation result will be tried to increase

y incorporating other image features, mainly for the images con-
aining object(s) with complex background. The limitation of inner
ontour initialization also needs to be resolved in a future work
uch that the method automatically extracts the common objects

[

[
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located away from the centre of the images, independent of any
human interaction.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.asoc.2018.02.034.
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