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Abstract—Image segmentation is the very first step in almost all the image processing applications where the properties of
objects in images are need to be analyzed. By objects, we mean information of the image like color, texture, shape, edges,
boundaries and structure. Various different algorithms have been employed to extract this information from the images. This
paper provides a systematic review of image segmentation approaches. Our survey focuses on five key aspects: concept used by
the authors, the performance evaluation parameter used by them, the database used, claims by those authors and our findings.
Also, the whole analysis is presented by categorizing the different segmentation approaches in five parts; graph based methods,
thresholding-based methods, clustering methods, edge based approached and contours/wavelet based methods. The whole idea
of the work is to provide a systematic and comparative analysis of the various approaches. Also, relevant databases and the list
of performance parameters is also provided.
Keywords—Clustering Techniques; Edge-based Segmentation; Graph Theory; Image Processing; Image Segmentation;
Preprocessing; Thresholding; Wavelet Transform.
————————————————————  ————————————————————

I. INTRODUCTION

I

MAGE segmentation is a process of partitioning a digital
image into set of pixels or regions. The objective of
segmentation is to change the depiction of an image into
something that is more meaningful and easier to extract
information. In other words, in segmentation, a value is
assigned to every pixel in an image such that pixel with the
same values share certain characteristics, such as color,
intensity or texture in a particular region. It is considered as a
critical component of an image analysis and/or pattern
recognition system and is still recognized as one of the most
challenging tasks in the field of image processing. This is due
to the fact that image segmentation is inherently ill-posed.
Various algorithms have been proposed for segmenting an
image but there is no particular standard on which an image
should be segmented. There is scope for contribution in this
area [1].
Since the very beginning, image segmentation is closely
related with human perception. The segmented images are
used in wide range of computational vision problems such as
recognition, image indexing, object detection, medical image
processing, object tracking, image reconstruction and so on.
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To achieve such broad utility, we believe that a good
segmentation approach should capture perceptually
important components or regions. Now two problems arise as
to provide characterizations of what is perceptually important
and to be able to specify what a given segmentation approach
does. Also the given segmentation approach should be
properly specified so as to facilitate the comparison between
different approaches. In order to be of practical use, the
segmentation approach should run at speeds similar to edge
detection or other low-level visual processing techniques. A
segmentation approach that runs at several frames per second
can be used in video processing applications.
Image segmentation problems are instinctively related
with human perception. It means that the segmented images
should form regions that are perceptually important.
However, human perception is an ill-defined term and so is
image segmentation. One may segment an image on the basis
of colors, while other may segment an image on the basis of
texture or edges. Thus image segmentation is termed as
classical computer vision problem.
Therefore, the general objective of any researcher in image
segmentation domain is to develop an approach that can
adaptively adjust the segmentation criterion. This sort of
approach can measure the evidence for a boundary be-tween
two regions depending on the non-local characteristic of the
image. This means that, the approach must be adaptive with
respect to the image features. We believe that a good
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segmentation approach must have the ability to preserve
features in low variability image regions while ignoring
features in high variability regions. This is due to the fact that
an input image does not necessarily have regions with nearly
constant or slowly varying intensities. Thus, a purely local
decision criterion cannot be used to obtain perceptually
meaningful regions. Also widely varying intensities should
not be considered as evidence for multiple regions. This is due
to the reason that an image may have a highly variable region
which may not be perceptually important. Thus, in order to
segment such an image, adaptive or non-local criterion should
be used. To find such an approach, there is need of studying
the existing approaches and algorithms that had already been
used for image segmentation. This paper presents the
summary of existing approaches for image segmentation.
Around sixty research papers are studied and analyzed. The
existing work is categorized into five parts based on the
concept involved in the approaches. Finally, our findings are
summarized. One can refer this paper to get the preliminary
knowledge of the existing approaches.
This paper mainly focuses on the overview of the existing
approaches. Though, many review papers are reported in
literature for the image segmentation. But, this paper is
different from the existing one. Mainly, the difference is that it
provides the list of databases and the performance evaluation
parameters. Apart from this, this paper pro-vides the possible
solution for image segmentation. The organization of this
paper is as follows. In Section 2, systematic presentation of the
literature review is done; which involves the gist of the related
approaches along with the summary of the related work
which is categorized in the five parts. Section 3 summarizes
the findings from the studied literature. Section 4 provides the
details of the relevant databases which generally used in the
image segmentation; also, it provides the list of the
performance evaluation parameters. Later the paper ends with
the conclusion drawn based on the studied literature followed
by the relevant references.

II. SURVEY OF EXISTING APPROACHES
This section presents the critical analysis of existing
literature which is relevant to image segmentation and the
mechanisms associated with it. Though, the literature consists
of a lot many research contributions, but, here, we have
analyzed around sixty research and review papers. The
existing approaches are categorized based on the basic
concepts involved in the mechanisms. The emphasis is on the
concepts used by the concerned authors, the data-base used
for experimentations and the performance evaluation
parameters (PEP). Their claims are also highlight-ed. Finally,
the findings are summarized related to the studied and
analyzed research papers. Section concludes with the
motivation behind identified problem.

A. Graph Based Segmentation Approaches
In the year 2013, [1] carried out a survey of graph
theoretical approaches for image segmentation in which the
categorization of the graph theoretic methods and the
quantitative evaluation is accomplished by using various
indices. However, they fail to mention the details regarding
each approach separately and addressed the existing methods
in a general manner. [2], in the year 2004, used a graph-based
representation of the image and defined a predicate for
measuring the evidence for a boundary between two regions.
They developed a segmentation algorithm based on this
predicate and show that their algorithm produces
segmentations that satisfy global properties. The specialty of
the approach is that it is able to preserve detail in lowvariability image regions and ignore detail in high-variability
regions. They carried out their experimentations on Berkeley
Image Database. However, no performance evaluation
parameter is used by them. [3], in 2006, contributed to the
graph based segmentation approach described in [2]. They redefined the internal difference which is used to represent the
property of the components. They also pointed out the curb of
the existing approach regarding the threshold function and
modifications are made in the same. They used the Vision
Texture Database (VTD) of Massachusetts Institute of
Technology and Berkeley Segmentation Dataset (BSD) for
carrying out their experimentations. They claim that their
approach reduces time and space complexity while
maintaining visual quality. However, performance evaluation
parameter is not presented so as to support their claim.
In the year 2011, authors introduced an iterated region
merging-based graph cuts algorithm [4]. They used the
performance evaluation parameters of true-positive fraction
(TPF), false-positive fraction (FPF), true-negative fraction
(TNF) and false-negative fraction (FNF) for comparison. They
carried out experimentations on 50 benchmark test images
selected from online resources. This approach reduces the
interference of unknown background regions segmenting the
objects from complex background. However, the approach
requires a lot of user interaction and computational
complexity seems to be more as time estimation is not
presented. Researchers, in 2010, worked on interactively
multiphase image segmentation based on variation
formulation and graph cuts [5] and show that their algorithm
can segment complex natural color images. However, the
visual quality of segmentation is not maintained. In the year
2000 proved that graph techniques can be used to represent
image objects in natural way, without losing the significant
information [6]. They carried out the experimentation on Libor
Spacek’s database at the Department of Computer Science,
University of Essex.
They used recognition ratio as the performance evaluation
parameter for their approach. However, computational time is
not evaluated. Jong-Sung Kim and Ki-Sang Hong, in the year
2009, show that color– texture segmentation of an image is
done by regarding it as a minimum cut problem in a weighted
graph. They developed a texture descriptor based on the
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texton theory which is used to efficiently represent the texture
attributes of the given image [7]. They used F-measure,
precision, recall as performance evaluation parameter and
carry out experimentations on MIT VisTex datasets and
Berkeley datasets. However, the mentioned approach does not
evenly treat color and texture at the initial segmentation of
color textured images.
In 2013 [8], proposed that combining both color and
texture information for graph cut and including structure
tensors, incorporating active contours into the segmentation
process, and using a ‘‘softbrush’’ tool to impose soft
constraints overcomes the difficulties of previous
segmentation algorithms. The performance evaluation
parameter used by them is error rate (%). They carried out
their experimentations on Brodatz, Berkeley and MSRC data
sets. However, equally fusing color and texture, or only using
color or texture may not generate good segmentation results.
In 2003, introduced a set of a valued graph called cocoons
which are organized into a hierarchy which is a sub-hierarchy
of the one produced by the standard clustering algorithm of
complete linkage [9]. They found that segmentations are
obtained by iterating a straightforward cut principle in
cocoons hierarchies. However, the max and min functions
used in the contrast criterion are very noise sensitive. Also a
cluster fails to be contrasted as soon as a single dissimilarity
value along its boundary is poor.
In year 2010, authors proposed that the Conditional
Random Field (CRF) model and the Bayesian Network (BN)
model when combined through the theories of Factor Graph
form a unified probabilistic graphical model [10]. They used
the parameters like segmentation consistency and overall
accuracy for performance evaluation. They claim that as
compared to CRF model and BN model alone the proposed
approach produces better results. However, complexity is
more and time required for the algorithm to execute seems to
be more as compared to CRF model or BN model alone. In
2011, [11] presented a framework for object representation
based on fuzzy segmented graphs. They claim that the
unavoidable loss of information when representing
continuous structures by finite sets is reduced enabling feature
estimates with sub-pixel precision. They evaluated their
results using the performance evaluation parameters Area
error% and Maximal area error%. However, the algorithm
primarily focuses on fuzzy segmentation and also the
computational complexity seems to be higher as time
evaluation is not presented.
In 2000, [12] treated the image segmentation as a graph
partitioning problem and the global criterion of normalized
cuts is used. They show that the generalized eigen value
problem can be used to optimize the normalized cut criterion.
However, the average association fails to find the right
partition. Instead, it tries to pick out isolated small clusters. In
2006, using a small number of pixels with user-defined labels,
the algorithm can analytically and quickly determine the
probability that a random walker starting at each unlabeled
pixel will first reach one of the prelabeled pixels [13]. High-

3

quality image segmentation may be obtained by assigning
each pixel to the label for which the greatest probability is
calculated. However, the algorithm seems to require more
user interaction for de-fining the labels.
In [14], in the year 2005, show that the elements of the
spectral matrix for the Laplacian are used to construct
symmetric polynomials that are permutation invariants. The
coefficients of these polynomials are used as graph features
which can be encoded in a vectorial manner. They found that
through their approach the distances between spectral feature
vectors can be used to discriminate between graphs on the
basis of their structure. They carry out the experimentation on
synthetic and real world images and used the performance
evaluation parameter Confusion Probabilities of Different
Eigenvector Sets and Edit Distance. However, it is found that
there are a number of ways in which the mentioned work in
[14] can be developed. Since the representation based on the
symmetric polynomials is complete, they may form the means
by which a generative model of variations in graph structure
can be developed. In 2011, authors used graph run-length
matrices for histopathological image segmentation [15]. They
claim that the proposed work lead to high segmentation
accuracy, providing a reasonable number of segmented
regions. They used performance evaluation parameters like
accuracy, sensitivity, specificity, threshold and computational
time and carried out experimentations on database of
Pathology Department archives of Hacettepe School of
Medicine. However, in the algorithm, region growing is
achieved on the primitives, not on the pixels. The primitives
do not cover all of the pixels.
In the year 2010, authors proposed Layered Optimal
Graph Image Segmentation of Multiple Objects and Surfaces
(LOGISMOS) Cartilage Segmentation in the Knee Joint [16].
They used Dice Similarity Coefficients (DSC) as performance
evaluation parameter and carry out their experimentations on
3-D MR image datasets from the Osteoarthrtis Initiative
Database. They claim that the developed framework can be
applied to a broad range of complex and multisurface
segmentation problems. However, osteophytes which can
cause difficulties in the preliminary segmentation steps are not
dealt with. In the year 2003, a cost function known as cut ratio
was introduced which is used for segmenting images using
graph-based approaches [17]. They show the cost function
allows the image perimeter to be segmented. It allowed
iterated region-based segmentation as well as pixel-based
segmentation. However, it fails to include some image edge in
the input in subsequent iterations. The artifacts introduced by
the subimage boundaries and over segmentation is eliminated
in subsequent iterations which to suboptimal partitions. Also,
no performance evaluation is used by them so as to support
their claim. An approach to map the minimum vertex cover
and two closely related problems (maximum independent set
and maximum clique) onto the Hopfield neural networks is
introduced by [18], in 1998. They claim that their approach can
be used to find solutions for vertex cover problems in parallel
and the neural networks always converge to minimal vertex
covers of the given graphs. However, all the graphs are
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randomly generated; thus, any specific algorithm based on
special sub-class graph characteristics may fail.
In 2007, the Normalized Probabilistic Rand (NPR) index is
used to perform a quantitative comparison between image
segmentation algorithms using a hand-labeled set of groundtruth segmentations [19]. They carry out the experimentation
on Berkeley Segmentation Data Set and used NPR-index to
evaluate their results. The NPR measure allows comparisons
between segmentations created by different algorithms. It is
also used to compare segmentations on different images.
However, comparison with normalized cut approach is not
presented. In the year 2007, a color image segmentation based
on Mean Shift and Normalized Cuts was proposed [20]. They
used the Weight Matrix as performance evaluation parameter.
The proposed approach required low computational
complexity and is therefore feasible for real-time image
segmentation processing. However, the spatial structure and
the detailed edge information of an image are not preserved.
In the year 2013, introduced a Markov Random Field
(MRF) model which is used to get the image segmentation by
minimizing a min–max Bayesian criterion [21]. They used the
parameters like region precision (RP) and boundary precision
(BP) to compare with other existing algorithms. They carry out
experimentations and found that the approach reduces the
problem of graph clustering to the simpler problem of point
clustering. However, as the size of image increases, the time
required to covert the problem of graph clustering to point
clustering seems to increase.
In the year 2010, claimed that by treating image as an
undirected weighted non-planar finite graph (G), image
segmentation is handled as graph partitioning problem [22].
The proposed approach locates region boundaries or clusters
and runs in polynomial time. They carry out their
experimentations on Berkeley Image database and used the
performance evaluation parameter of F-measure. They
observed that those images having uniform background or
average intensity range obtained best results. However, the
proposed approach could not segment the images having high
overlapping of objects or very dark images.
In the year 2008, authors used a Weighted Euclidean
distance to calculate the edge weight and a slight modification
is done in the existing graph based image segmentation
algorithm [23]. They carried out their experimentations on
Vision Texture database and Berkeley Segmentation Dataset.
They claim that the experimental results show the
improvement in the segmentation quality as compared to the
approaches that already exist. However, efficiency is less and
the performance evaluation parameter is not present so as to
support the concerned author’s claim as how the segmented
image obtained from the mentioned algorithm is improved.
In 2013 Multilayer graphcuts based unsupervised color–
texture image segmentation was proposed using multivariate
mixed student’s t- distribution and regional credibility
merging [24]. They carried out their experimentations on MIT
VisTex, Berkeley segmentation database and saliency object
database and used the performance evaluation parameter PRI

and NPR. Their proposed approach provides effective
over/error-segmentation reduction, high segmentation
accuracy, and outperforming visual entirety/consistency.
However, the scale of MSST is not adaptively determined.
Also the computation complexity is more as both the color
and texture segmentation is done.
In the year 2013, a SAR Image Change Detection Based on
Graph-Cut and Generalized Gaussian Model was pro-posed
[25]. They claim that PPB difference image can suppress the
effect of speckle and increase the discrimination of the
changed and the unchanged regions. In addition, the graphcut initialization can extract the spatial structure of the
difference image, which provides the important spatial prior
information for the initialization of the change mask, and lead
the EM algorithm to converge fast indirectly. They used the
performance evaluation parameters like False alarm (FA),
missed error (ME), overall error (OE), and the Kappa
coefficient. They carried out their experimentations on Bern
data set, Ottawa data set and Yellow River data set. However,
the sparsity of the change map is not exploited and other
properties of the multitemporal image are not focused, such as
low rank and compressibility. Also GCD does not work on
changed map.
In 2011, a super-pixel based graph cuts algorithm for
human body segmentation from images is used [26]. They
claim that the approach can segment the object more
accurately than the geodesic star convexity graph cuts,
Grabcut and also standard graph cuts with a few userprovided seeds and is robust to the parameters changes. The
parameters used by the concerned authors are Smoothness
and Balance for comparison. However, the computational
complexity seems to be more as time evaluation is not
presented. In the year 2007, a graph-cut-based stereo matching
using image segmentation with symmetrical treatment of
occlusions was introduced [27]. They carried out their
experimentations on Tsukuba test set, Middlebury test set and
Cones test set. Even in the regions of low texture and low
disparity boundaries, the approach produces good-quality
results. However, the algorithm de-scribes the image disparity
using a planar model. This may result in an oversimplification
of the real disparity. Also, no performance evaluation
parameter is used so as to support their claim.
In 2010, researchers introduced image segmentation by
MAP-ML estimations [28]. They used the performance
evaluation parameters like smoothness factor, variation of
information and probabilistic rand index and carried out their
experimentations on Berkeley database. They claim that
algorithm can automatically segment an image into regions
with relevant textures or colors without the need to know the
number of regions in advance. The concerned authors claim
that real edges are obtained. However, the obtained edges are
not compared with ground truth data of edge detection for
justification of their claim. In 2013, used Joint graph cut and
relative fuzzy connectedness image segmentation Algorithm
[29]. They used the performance evaluation parameters like
Dice coefficient, Time and Frequency. They worked on 2D
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medical images, 2D natural color images, and 3D medical
images. They claim that, in the proposed approach, running
time is close to linear. Also when compared to Relative Fuzzy
Connectedness, Graph Cut and iterative version of RFC, the
mentioned approach is found to perform better. However, the
algorithm complexity seems to be more and also time required
for computation is not exactly mentioned.
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approach can also resolve the problem of small regions error
[30]. The database used by them to carry out their
experimentation is Chinese National Natural Science
Foundation (CNNSF) and Natural Science Foundation of
Zhejiang Province (NSFZP). However, when the objects to be
segmented contain similar colors with the back-ground, grab
cut failed to correctly segment them. The systematic
representation of above graph theory related work is given in
Table I.

In the year 2012, researchers introduced interactive image
segmentation algorithm based on graph theory in which they
claim that their approach solve the common oversegmentation and less-segmentation in graph cut. The

TABLE I
SUMMARY OF GRAPH BASED SEGMENTATION APPROACHES
Sr.
No

Ref. no.
Author(s) &
year

Concept used

Performance
Evaluation
Parameter

Database
used

Claims by Concerned
Author(s)

Our findings

Pedro F.
Felzenwalb and
01
D. Huttenlocher,
2004 [2]

A predicate is defined to
find boundaries between
regions in an image.

None

Berkeley
Image
Database

The approach is
computationally efficient
and also preserves
segmentation quality.

No performance evaluation
parameter is present for
comparison with other
conventional approaches.

Reda Alhajj
02 and Ming Zhang
2006 [3]

The internal difference
and threshold function
of [2] is redefined.

None

BSD
and VTD

Reduces time and space
complexity while
maintaining visual quality.

PEP is not present as to
support how the authors
claim.

Bo Peng, Lei
Zhang, David
03
Zhang, Jian
Yang, 2011 [4]

Graph cuts algorithm
based on iterated region
merging

TPF, FPF, TNF
and FNF

50 benchmark
test images
selected from
online
resources

The approach can reduce the
interference of unknown
background regions
segmenting the objects from
complex background.

Requires a lot of user
interaction computational
complexity seems to be
more as time estimation is
not presented.

Interactively multiphase
image segmentation
based on variational
formulation & graphcuts

None

Not mentioned

Can segment complex real
world color natural images.

Visual quality is not
maintained.

R. Alquezar
05
et al. 2000 [6]

Graph-based
representations and
approaches for image
processing and analysis

Recognition
ratio

Libor Spacek’s
database,
University of
Essex.

Graph approaches permit to
represent objects in very
natural way, without critical
losses.

Computational time is not
evaluated.

Jong-Sung
Kim, Ki06
SangHong,
2009 [7]

Color texture
segmentation is done in
images regarding it as a
minimum cut problem

F-measure,
precision, recall

MIT VisTex
datasets
Berkeley
datasets

This approach can efficiently
segment images based on
texture as well as color

The approach cannot be
evenly treat texture and
color.

Hailing
Zhou, Jianmin
07
Zheng, Lei Wei,
2013 [8]

Combining color and
texture information for
graph cut, including
structure tensors,
incorporating active
contours into the
segmentation process &
impose soft constraints.

The approach overcomes the
problems of previous
algorithms in handling
images containing textures

Equally fusing color and
texture, or only using color
or texture may not generate
good segmentation.
or low contrast boundaries
and producing a smooth and
accurate segmentation
boundary.

Laurent
Guigues, Herve
Le Men, Jean08
Pierre
Cocquerez,
2003 [9]

A set of a valued graph
(cocoons) are organized
into a hierarchy which is
a sub-hierarchy of the
one produced by the
standard clustering
algorithm of complete
linkage

None

None

Segmentations is obtained by
iterating a straight forward
cut principle in cocoons
hierarchies.

The max and min functions used
in the contrast
criterion are very noise
sensitive. A cluster fails to
be contrasted as soon as a
single dissimilarity value
along its boundary is
relatively poor.

Lei Zhang
09 and Qiang Ji,
2010 [10]

CRF and BN models are
combined through the
theories of Factor Graph
to form a probabilistic
graphical model.

Segmentation
consistency,
overall accuracy

Not mentioned

As compared to CRF model
and BN model alone the
proposed approach produces
better results.

Complexity is more and tim
required for the algorithm to
execute seems to be more as
compared to CRF model or
BN model alone.

04

W. Tao, F.
Chang, L. Liu,
H. Jin, T.
Wang, 2010 [5]

Error rate (%)

Brodat,
Berkeley and
MSRC data
sets.
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F.
Malmberg, J.
10 Lindblad, N.
Sladoje, I.
Nyström, 2011 [11]

The work presented a
framework for object
representation based on
fuzzy segmented
graphs.

Jitendra
Malik and
11
Jianbo Shi
2000 [12]

The image segmentation
is treated as a graph
partitioning problem and
normalized cut is used
for segmenting the graph

12

Leo Grady,

The algorithm determine

2006 [13]

the probability that an
unlabeled pixel reach the

None

The loss of information
when representing
continuous structures by
finite sets is reduced
enabling feature estimates
with sub-pixel precision.

The algorithm primarily
focuses on fuzzy
segmentation and also the
computational complexity
seems to be higher as time
evaluation is not presented.

None

None

The eigenvalue based
problem can be used to
optimize the normalized cut
criterion

The average association
fails to find the right
partition. Instead, it tries to
pick out isolated small
clusters.

None

Not mentioned

A high quality image

Requires more user

segmentation results may be

interaction for defining the

obtained.

labels.

Since the representation
based on the symmetric
polynomials is complete,
they may form the means
by which a generative
model of variations in
graph structure can be
developed.

Area error %,
Maximal area
error %,

labeled pixel.

Richard C.
Wilson, Edwin
13
R. Hancock, and
Bin Luo,2005 [14]

The elements of the
spectral matrix for the
Laplacian are used to
construct symmetric
polynomials which are
used as graph features
which can be encoded in
a vectorial manner.

Confusion
Probabilities of
Different
Eigenvector
Sets and Edit
Distances

Synthetic and
real world
images

The distances between the
feature vectors can be used
to differentiate between
graphs on the basis of their
structure.

Cigdem
Gunduz-Demir,
14
Tosun and Akif
Burak 2011 [15]

Histopathological
Image Segmentation
using Graph Run Length
Matrices

Accuracy,
sensitivity,
specificity,
threshold,
Execution time.

Pathology
Department
archives of
Hacettepe
School of
Medicine.

It provides a appropriate
number of segmented
components and it also leads
to high segmentation
accuracy.

Region growing is
achieved on the primitives
by the algorithm and not on
the pixels. The primitives
do not cover all of the
pixels.

Xiangmin
15 Zhang et al.
2010 [16]

Layered Optimal Graph
Image Segmentation of
Multiple Objects and
Surfaces Cartilage
Segmentation in the
Knee Joint

Dice Similarity
Coefficients
(DSC)

3-D image
datasets taken
from the
Osteoarthritis
Initiative
database

The developed framework
can be applied to a wide
range of multiobject and
multisurface segmentation
problems.

Osteophytesis not
particularly dealt with in
this approach. It is found
that it can cause difficulties
in the preliminary
segmentation steps.

Song Wang
and Jeffrey
16
Mark Siskind,
2003 [17]

A cost function, cut ratio
is used, for segmenting
images using graphbased approaches

None

The cost function allows the
image perimeter to be
segmented and shows that
the segments produced are
connected.

It fails to include some
image edge in the input in
subsequent iterations.

Sy-Yen
17 Kuo, Shih-Yi
Yuan, 1998 [18]

An approach to map the
minimum vertex cover
and two closely related
problems onto the
Hopfield neural
networks is introduced

None

Not mentioned

It can be used to find
solutions for vertex cover
problems in parallel, and the
neural networks always
converge to minimal vertex
covers of the given graphs.

All the graphs are
randomly generated. As a
result, any algorithm
specifically based on
subclass graph
characteristics may fail

R.Unnikrish
nan,
18
C.Pantofaru, &
M.Hebert, 2007 [19]

The Normalized
Probabilistic Rand
index is used to perform
comparison between
image segmentation
algorithms

Normalized
Probabilistic
Rand (NPR)

BSD

Comparisons between
different segmentation
results can be done by using
NPR index.

Comparison with good
segmentation techniques
like Normalized cuts are
not presented.

Not mentioned

Low computational
complexity and is therefore
feasible for real-time image
segmentation processes.

The spatial organization
and the complete edge
information of an image are
not preserved

Not mentioned

The approach reduces the
problem of graph clustering
to the simpler problem of
point clustering.

As the size of image
increases, the time required
to covert the problem of
graph clustering to point
clustering seems to
increase.

None

Color Image
W. Tao, H.
Segmentation Based on
19 Jin, and
Mean Shift and
Y. Zhang, 2007 [20]
Normalized Cuts.

Weight Matrix

A Markov Random
Fields model or a
flooding algorithm is
used to get the image
segmentation by
minimizing a min–max
Bayesian criterion.

The region
precision (RP)
and boundary
precision (BP)

Paraskevi
20 Fragopoulou et
al, 2013 [21]
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T.N.
Janakiraman,
21 P.V.S.S.R.
Chandra Mouli,
2010 [22]

By treating image as an
undirected weighted
non-planar finite graph,
image segmentation is
performed.

Deepthi
Narayan,
Srikanta Murthy
22
K., and G.
Hemantha
Kumar, 2008 [23]

Weighted Euclidean
distance is used to
calculate the edge
weight and modifying
the existing graph based
algorithm.

Yong
Yang,Shoudong
Han, Tianjiang
23
Wan, Wenbing
Tao,Xue-Cheng
Tai, 2013 [24]

Multilayer graphcuts
based unsupervised
image segmentation
using multivariate mixed
student’s t-distribution
and regional credibility
merging

7

F-measure

Berkeley
Image
database

The authors observed that
the images having uniform
background or average
intensity range obtained best
results.

The proposed approach cou
not segment the images
having high overlapping of
objects or very dark images.

Human
perception

Vision Texture
database,
Berkeley
Segmentation
Dataset.

The author claims that the
segmentation quality of their
work is improved as
compared to the approaches
that already exist.

Efficiency is less and the
performance evaluation
parameter is not present so a
to support the author’s claim
as how their segmentations
results are improved.

PRI and NPR

MIT VisTex,
Berkeley
segmentation
database,
saliency object
database

The proposed approach
provides effective
over/error-segmentation
reduction, high segmentation
accuracy, and outperforming visual entirety or
consistency.
The PPB difference image
can suppress the effect of
speckle and increase the
discrimination of the
changed and the unchanged
regions. In addition, the
graph-cut initialization can
extract the spatial structure.
The approach can segment
the object more accurately
with a few user provided
seeds and is robust to the
parameters changes.
The approach produces
good-quality results, even in
the regions of low texture
and close to inequality
boundaries.

The scale of MSST is not
adaptively determined. Also
the computation complexity
is more as both the color an
texture segmentation is don
The sparsity of the change
map is not exploited and
other properties of the multi
temporal image are not
focused, such as low rank
and compressibility. Also
GCD does not work on
changed map.
Complexity of algorithm
seems to be more and thus i
may require more
computational time as time
evaluation is not presented
The algorithm describes the
image disparity using a
planar model. This result in
an over-simplification of the
real disparity.
The concerned authors claim
that real edges are obtained.
However, the obtained edge
are not compared with
ground truth data of edge
detection for justification.

Xiaohua
Zhang, Jiawei
24 Chen, and
Hongyun Meng,
2013 [25]

SAR Image Change
Detection Based on
Generalized Gaussian
Model and Graph-Cuts

False alarm
(FA),
missed error
(ME), overall
error (OE), and
the Kappa
coefficient

Shifeng Li
25 and Huchuan
Lu, 2011 [26]

A superpixel based
graphcuts algorithm for
human body
segmentation from
images is used.

Smoothness,
Balance

Not mentioned

Michael
26 Bleyer, Margrit
Gelautz, 2007 [27]

Image is the segmented
based on Graph-cut
based stereo matching.

None

Tsukuba test
set,
Middlebury
test set, Cones
test set.

J. Liu, L.
Cao, Y. Wang,
27
S. Chen and
X. Tang, 2010 [28]

Image Segmentation by
MAP-ML Estimations.

Smoothness
factor, variation
of information
and PR index

Berkeley
database.

It can automatically segment
an image into regions with
relevant textures or colors
without knowing the number
of regions in advance.

P. A.V.
Miranda, A. X.
28 Falcão, K. C.
Ciesielski, J. K.
Udupa, 2013 [29]

Relative fuzzy
connectedness and Joint
graph cut segmentation
Algorithm is used.

Dice coefficient,
Time,
Frequency.

2D and 3D
medical
images, 2D
natural color
images.

The running in time is close
to linear. It is also found to
perform better as compared
to others.

The algorithm complexity
seems more and also time
required for computation is
not exactly mentioned.

Q. Zheng,
29 W. Li, W. Hu,
G. Wu, 2012 [30]

Image Segmentation
Algorithm based which
is interactive and based
on Graph theory

None

NSFZP and
CNNSF

Solve the common oversegmentation and lesssegmentation in graph cut.
Also, the problem of small
regions error is resolved.

When the objects to be
segmented contain similar
colors with the background,
Grab Cut might fail to
correctly segment them.

Bern data set,
Ottawa data
set, Yellow
River data set.

B. Thresholding Based Segmentation Approaches
In the year 2001, used optimum Image Thresholding via
Class Uncertainty and Region Homogeneity [31]. They claim
that the region homogeneity information can be utilized in
combination with class uncertainty to dramatically improve
the estimation of optimum thresholds. They evaluated their
results using Maximum segmented image information (MSII),
Minimization of homogeneity and uncertainty-based energy
(MHUE). However, the algorithm seems to be having
computational complexity as time estimation is not presented.
In the year 2005, a color image segmentation based on
adaptive local thresholds was proposed [32]. They claim that
the algorithm is reliable and robust to different kind of
images. However, no performance evaluation parameter is
given as to support the concerned author’s claim that the

proposed algorithm is reliable and robust. In the year 2013, a
multi-threshold image segmentation using maximum fuzzy
entropy based on a new 2D histogram-was proposed [33].
They used the performance evaluation parameter called as
entropy function. The experimental results show that their
proposed approach can get better image segmentation effect
and extract more target information. However, in images
which contain a large amount of edge details, the differences
between the results of mentioned approach and other
approaches are not very obvious. The systematic
representation of above segmentation approaches related to
thresholding is given in Table II.
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TABLE II
SUMMARY OF THRESHOLDING BASED SEGMENTATION APPROACHES
Sr.
No

01

Ref. no.
Author(s) &
year
Punam K.
Saha and
Jayaram K.
Udupa, 2001 [31]

Concept used

Optimum Image
Thresholding via Class
Uncertainty and Region
Homogeneity

Performance
Evaluation
Parameter

MSII and MHUE

Ofer
Miller, Amir
02
Averbuch, Ety
Navon, 2005 [32]

Color image
segmentation based on
adaptive local
thresholds.

None

Jinhui Lan,
03 Yiliang Zeng,
2013 [33]

Image segmentation
using multi-threshold
and maximum fuzzy
entropy based on a new
2D histogram.

Entropy
functions.

Database
used

Claims by Concerned
Author(s)

Our findings

Not mentioned

The estimation of optimum
thresholds is improved.

More computational
complexity as time
estimation is not presented.

Not mentioned

The algorithm is reliable
and robust to different kind
of images.

No PEP is given as to
support the author’s claim.
Also comparison with the
other conventional
approaches is not done.

Not mentioned

It can get better image
segmentation results.
Feasible for extraction of
more target information

When images have large
edge details, the approach
performs ordinarily

C. Segmentation Approaches Based on Clustering
In the year 2005, a segmentation of color images using
multiscale [34] was introduced in which they show that the
multiscale processing and region-synthesis helps in object
recognition and imitation of human visual perception. They
carried out their experimentations and used the performance
evaluation parameters like resolution parame-ters, cluster
centre, segmentation cost and PSNR for comparison.
However, a shortcoming of the spatial-based ap-proaches is
that the representation of multi-scale information using the
RAG structure and the linking between different scales is a
computationally demanding process.
In the year 2007, the notion of a dominant set of vertices in
an edge-weighted graph which is used for pairwise data
clustering [35] was introduced. They used the parameters of
noise and precision for comparison with other approaches.
Their proposed algorithm allowed the use of straightforward
and
easily
implementable
continuous
optimization
approaches from evolutionary game theory. However, the
mentioned approach fails in high resolution image
segmentation and spatiotemporal video segmentation.
In 2009, [36] used the adaptive moving k-means, fuzzy
moving k-means and adaptive fuzzy moving k-means
algorithms for image segmentation application. They used
processing time as evaluation parameter. The authors claim
that the proposed algorithms are suitable to be implemented
in consumer electronics products such as digital cam-era or
digital microscope, as post processing tool for digital images.
However, pixels from disconnected areas of the image are
grouped together whenever there is an overlap in their feature
space values. So, several noisy areas and incomplete region
borders are produced in the results which degrade the
performance.
In [37], in 2005 performed neural networks based color
clustering and learning for image segmentation. The proposed segmentation system provides a solution for both

unsupervised and supervised segmentation of color images
based on neural networks. However, the computational
complexity seems to be more as time evaluation is not
presented. In the year 2010, [38] used a stochastic ensemble
consens and a combination of blockwise processing for
clustering purpose. They used precision and recall for
evaluation of their results. The experimentations are carried
out on Berkeley segmentation database. The developed
approach can preserve details with higher accuracy than
comparable spectral clustering image segmentation
approaches and without significant computational demands.
However, it requires more user interaction and also
computational complexity seems to be more as no evaluation
of time is presented.
In 2002, the integration of rough-set-theoretic knowledge
extraction was described, the Expectation Maximization (EM)
algorithm, and minimal spanning tree (MST) clustering in
their work [39]. They use Gaussian density functions and
weights, means, and variances as performance evaluation
parameter. The authors claim to efficiently avoid the
initialization and local minima troubles of the EM algorithm.
They utilized rough-set theory and also incorporated the
merits of graph-theoretic clustering. However, the number of
clusters cannot be automatically determined. In [40], in 2000,
used an image segmentation approach based on fuzzy
clustering and pyramidal segmentation. The authors used
Validity index, Fukuyama-Sugeno index for evaluation. They
claim that their approach can be applied to at any resolution
and any dimensional representation level of an image series.
The evaluation parameters show good performance in
detecting LV lumen in MR images. However, the approach
can be developed by reducing the time as the clustering
process is repeated. The summarized representation of above
related work is given in Table III.
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TABLE III
SUMMARY OF CLUSTERING BASED SEGMENTATION APPROACHES
Sr.
No

Ref. no.
Author(s) &
year

G.Economo
u, S.Fotopoulos,
S.Makrogiannis,
01
and N. G.
Bourbakis, 2005
[34]
Massimiliano
Pavan and
02 Marcello
Pelillo, 2007 [35]

Concept used

Segmentation of Color
Images Using Graph
Theoretic Region
Synthesis. Multiscale
Clustering
A prevailing set of
vertices in an edgeweighted graph is used
and this notion is used
for pairwise data
clustering.

Performance
Evaluation
Parameter
Resolution
parameters,
cluster centre,
segmentation
cost, PSNR.

Database
used

Claims by Concerned
Author(s)

Our findings

Not
mentioned

The region-synthesis and
multiscale processing helps
in emulation of human visual
perception, image retrieval
and object recognition.

The spatial-based approaches
are a computationally
demanding process.

Not
mentioned

Approach allows the use of
straightforward and easily
implementable continuous
optimization techniques
from evolutionary game
theory.

The mentioned approach fails
in high resolution image
segmentation and spatiotemporal video segmentation.

Processing time

Not
mentioned

Suitable to be implemented
in consumer electronics
products such as digital
camera or digital
microscope, as post
processing tool for digital
images.

Pixels from disconnected areas
of the image are grouped
together whenever there is an
overlap in their feature space
values which can possibly
degrade the performance.

None

Not
mentioned

It provides a solution for
both unsupervised and
supervised segmentation
based on neural networks.

Computational complexity
seems to be more as time
evaluation is not presented.

Berkeley
segmentation
database

It can preserve details with
higher accuracy and without
significant computational
demands.

It requires more user interaction
and also computational
complexity seems to be more as
no evaluation of time is done

Not
mentioned

To avoid the initialization &
local minima troubles of the
EM algorithm, rough-set
theory is utilized. The merits
of graph-theoretic clustering
are also used.

The number of clusters is not
automatically determined.

Not
mentioned

It can be applied to at any
resolution and any
dimensional representation
level of an image series.
Good performance in
detecting LV lumen in MR
images.

The approach can be developed
by reducing the time as the
clustering process is repeated.

Noise,
precision.

Nor Ashidi
Mat Isa,Samy
03 A. Salamah,
UmiKalthumNg
ah, 2009 [36]

The adaptive moving
k-means, fuzzy moving
k-means and adaptive
fuzzy moving k-means
algorithms are used for
image segmentation
application.

Guo Dong
04 and Ming Xie,
2005 [37]

Neural Networks based
Color Clustering and
Learning for Image
Segmentation

Frederick
Tung ,
05 Alexander
Wong ,David
A.Clausi, 2010 [38]

A stochastic ensemble
consens and a
combination of
blockwise processing
are used

Precision and
recall

Sankar K.
06 Pal and Pabitra
Mitra [39]

An integration of
rough-set-theoretic
knowledge extraction
EM
algorithm and MST
clustering is described.

Gaussian
density
functions and
weights, means,
and variances.

B. P. F.
Lelieveldt, M.
R. Rezaee, R. J.
07 van der Geest,
P. M. J. van der
Zwet, and J. H.
C. Reiber, 2000 [40]

An Image
Segmentation
Technique Based on
Fuzzy Clustering and
Pyramidal
Segmentation is used

Validity index,
FukuyamaSugeno index

D. Edge Based Segmentation Approaches
In the year 2000, [41] carried out their work in the
following steps. An estimated position of the object of interest
is determined in the first step. Then the precise edge based
segmentation is performed. To provide robust object
localization automatically the shape-variant Hough transform
approach is developed. It also finds objects of subjective
shape, scaling or rotation and the approach is found to handle
object variability. They employed RMS errors, Mean, signed
mean and max parameters for evaluation. They claim that the
dependency of proper initialization and requirement for
manual redesign of segmentation criteria is mentioned
whenever the segmentation problem is encountered.
However, before automatic segmentation, a training set is
required to be created which requires much amount of efforts
and time. A classifier is trained in 2004, using human labeled
images as ground truth [42]. The output of this classifier

provided the posterior probability of a boundary at each
image location and orientation. By using a large data set of
human-labeled boundaries in natural images, the formulation
of cue combination for local boundary detection as a
supervised learning problem is done. They carried out
experimentations on BSD and evaluated results by using
Precision-recall curve. The main shortcoming of the algorithm
as presented is in the area of junctions, where assignments can
be made between boundary pixels that occur on boundaries at
different orientations.
In 2011, researchers claim that in an Eulerian circuit, each
edge is traversed only once. Further segregation in open and
closed sub-graphs is done by choosing critical vertices at a
minimum directed distance [43]. The authors used the
performance evaluation parameter like Critical Vertex
Identification, Closed sub-graphs, Open sub-graphs and
generating time estimate and carried out the experimentations
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on Greek Character Database and MNIST Database. The
authors claim a traced boundary has been considered as an
undirected graph with pixels representing the vertices and
proved that ‘‘for a boundary traced using 8-connectivity,
maximum degree of a vertex cannot exceed four’’. However,
the algorithm itself cannot trace the boundary in images. So
the input of traced boundary is to be given; so more the user
interaction is required.
In [44], in 2001, performed image segmentation by
automatically integrating color along with edge extraction and
region growing. They determined the results on the basis of
human perception. The results of color and edge extraction
along with SRG are integrated to offer more accurate
segmentation of images and are utilized for face detection.
However, no performance evaluation parameter is indicated

so as to support authors’ claim. In [45], in the year 2002,
introduced image segmentation approach through automatic
and iterative edge–region co-operation. The experimentations
are carried out and the parameters used are the mean, the
variance values and identification rate. The mentioned
approach introduced a mechanism which distinguishes itself
as compared with other approaches by the predisposition of
feedback and through the consideration of a measure of
coherence of midway segmentation results. However, the
textural aspects should be taken into account as well as the
properties of the extracted primitives at different iterations.
The systematic representation of above edge based
segmentation approaches is given in Table IV.

TABLE IV
SUMMARY OF EDGE BASED SEGMENTATION APPROACHES
Sr.
No

Ref. no.
Author(s) &
year

Marek Brejl and
Milan Sonka, 2000
01
[41]

Performance
Evaluation
Parameter

Concept used

The authors carried out their work in
the following steps. An estimated
position of the object of interest is
determined in the first step.
Then the precise edge based
segmentation is performed.
RMS errors,
To provide robust object localization
Mean, sgn. Not mentioned
automatically the shape-variant Hough Mean and max
transform approach is developed. It
also finds
objects of subjective shape, scaling or
rotation and the method is found to
handle object variability.

A classifier is trained using human
David R. Martin,
labeled images as ground truth. The
Charless C. Fowlkes,
output of this classifier provided the
02 and Jitendra Malik,
posterior probability of a boundary at
2004 [42]
each image location and orientation.

Nitin
Narappanawar, B.
Madhusudan Rao,
03
Maduri Joshi, 2011
[43]

Berkeley
PrecisionSegmentation
Recall curve
Dataset

Critical Vertex
Each edge is traversed only once and
Identification, Greek
further segregation in open and closed
Closed sub- Character
sub-graphs is done by choosing critical
graphs,
Database,
vertices at a minimum directed
Open sub- MNIST
distance.
graphs,
Database
generating time
estimate.

Jianping Fan, David.
Image Segmentation by automatically
K. Y. Yau, Ahmed. K.
Integrating
Elmagarmid,and
04
Color as well as edge extraction and
Walid G. Aref, 2001
region growing
[44]

Chafik Djalal
Kermad, Kacem
05
Chehdi, 2002 [45]

Database
used

Image segmentation system is
introduced through automatic and
iterative edge–region co-operation

Human
perception

Claims by Concerned
Author(s)

Our findings

The dependency of proper
initialization, and requirement for Before automatic segmentation,
manual redesign of segmentation a training set is required to be
criteria is mentioned whenever created which requires much
the segmentation problem is
amount of efforts and time.
encountered.

By using a large data set
of human-labeled boundaries in
natural images, the formulation
of cue combination for local
boundary detection as a
supervised learning problem is
done.

The main shortcoming of the
algorithm as presented is in the
area of junctions, where
assignments can be made
between boundary pixels that
occur on boundaries at
different orientations.

It is proved that ‘‘For a boundary
traced using 8-connectivity
maximum degree of a vertex
cannot exceed four’’.

The algorithm itself cannot
trace the boundary in images.
So the input of traced boundary
is to be given; so more user
interaction is required.

The results of color and edge
No performance evaluation
extraction along with SRG are
Not Mentioned
parameter is indicated so as to
integrated to offer more accurate
support author’s claim.
segmentation of images and is
utilized for face detection

The surface, the
mean and the
variance
Not mentioned
values,
Identification
rate

The proposed method
introduced a mechanism which
distinguishes itself as compared
with other methods by the
predisposition of feedback and
through the consideration of a
measure of coherence of midway
segmentation results

The textural aspects should be
taken into account as well as
the properties of the extracted
primitives at different
iterations.

Manuscript ID: 147 — Copyright © 2018 International Computer Science and Engineering Society (ICSES) — ISSN: 2467-292X
Website: www.i-cses.com — E-mail: info@i-cses.com

Image Segmentation: A Guide to Image Mining, An ICSES Book published by ITIPPR, Vol. 4, No. 4, December 2018

E. Segmentation Approaches Incorporating Contours or
Wavelets
In the year 2010, [46] proposed a coherent computational
framework consisting of a constrained random walks and a
local editing algorithm, which consent to more accurate
contour refinement. The experimentations are done using,
MSRC ground truth data set and results are evaluated using
Error rates. The concerned authors claim that their work is
successful and can quickly and precisely segment a wide
variety of natural images without much effort. However, the
approach fails in case of small and thin objects whose color
overlap with the background color. To solve this more user
interaction is needed.
In 2006, Graph Partitioning Active Contours (GPAC) for
Image Segmentation was used and showed that GPAC
approach is based on defining dissimilarity metric at the pixel
level and finding the partitioning of the image that maximizes
the dissimilarities across the boundary [47]. The authors claim
that the GPAC solution is computation-ally efficient when
natural images are concerned. However, evaluation of
normalized maximum cut is not done by the authors. In the
year 2011, [48] proposed automatic glottal segmentation using
local-based active Contours. The experimentations are done
on HSV database, taken from University Medical Center
Hamburg-Eppendorf (UKE), Germany. The authors claim that

11

comparisons with glottal detection pointed out the necessity
of complete frame-works for automatic detection. However,
the approach is applicable to medical image segmentation and
computational complexity seems to be more.
A classifier is trained by [49], in 2004, using human labeled
images as ground truth. The output of this classifier provided
the posterior probability of a boundary at each image location
and orientation. By using a large data set of human-labeled
boundaries in natural images, the formulation of cue
combination for local boundary detection as a supervised
learning problem is done. They carried out experimentations
on BSD and evaluated results by using Precision-recall curve.
The main shortcoming of the algorithm as presented is in the
area of junctions, where assignments can be made between
boundary pixels that occur on boundaries at different
orientations. A framework for statistical signal processing
based on wavelet-domain hidden Markov models that
concisely models the statistical dependencies and nonGaussian statistics encountered in real-world signals is
introduced in year 1998 [50]. They used Mean square error as
the performance evaluation parameter for their approach.
However, the approach is restricted to Gaussian mixture
model. The organized presentation of the above related work
is given in the Table V.

TABLE V
SUMMARY OF SEGMENTATION APPROACHES INCORPORATING CONTOURS OR WAVELETS
Ref. no.
Author(s) &
year

Sr.
No

Wenxian Yang,
Jianfei Cai, Jianmin
01 Zheng, and Jieb Luo,
2010 [46]

Concept used

Performance
Evaluation
Parameter

A coherent computational
framework is proposed
consisting of a constrained
Error rates,
random walks and a local
editing algorithm, which
consent to more accurate
contour refinement.

Database
used

Claims by Concerned
Author(s)

The authors claim that their
work is highly successful and
MSRC ground truth
can quickly and precisely
data set
segment a wide variety of
natural images without much
effort.

Our findings

The approach fails in case of small
and thin objects whose color
overlap with the background color.
To solve this more user interaction
is needed.

Graph Partitioning Active
B.S. Manjunath, Baris
Contours (GPAC) for Image
02 Sumengen 2006 [47]
None
Segmentation

Not mentioned

The authors claim that they had
defined a dissimilarity measure
at the at the pixel level and the
Evaluation obtained results are not
partitioning of the image are
carried out.
found that maximizes the
dissimilarities across the
boundary.

Yannis Stylianou,
Nathalie Henrich,
Christophe
03 d’Alessandro,
Sevasti-Zoi
Karakozoglou, 2011
[48]

HSV database,
University Medical
CenterHamburgEppendorf (UKE) in
Hamburg, Germany

Comparisons with glottal
detection pointed out the
necessity of complete
frameworks for automatic
detection.

Automatic glottal
segmentation using localbased active
Contours.

None

III. FINDINGS FROM STUDIED LITERATURE
The findings from critically analyzed around sixty reviews
and research papers are summarized below:
•

Fixed threshold and local measures cannot be
employed for good segmentation as it has many
drawbacks.

Applicable to medical image
segmentation and computational
cost seems to be more.

•

Simply breaking the MST edges or edges with high
weights would result in improper segmentation.

•

The Eigen-vector based segmentation approaches are
two slow for practical applications and the segments
obtained by these approaches are computationally
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important but perceptually important regions are not
obtained.
•

traversed only once and further segregation in open
and closed sub-graphs is done by choosing critical
vertices at a minimum directed distance, the
algorithm itself cannot trace the boundary in images.
The input of traced boundary is, thus, to be given; so
more user interaction is required.

The normalized cut criterion provides a significant
advance over the previous works. However, the
normalized cut criterion also yields an NP-hard
computational
problem.
In
practice
these
approximations are still fairly hard to compute,
limiting the approach to relatively small images or
requiring computation times of several minutes.

•

Graph cuts algorithm based on iterated region
merging requires lot of user interaction.

•

In the image segmentation based on mean shift and
normalized cuts, the spatial structure and the
detailed edge information of an image are not
preserved.

•

If the image is treated as an undirected weighted
non-planar finite graph and image segmentation is
handled as graph partitioning problem, then the
approach could not segment the images having high
over-lapping of objects or very dark images.

•

If weighted Euclidean distance is used to calculate
the edge weight, then the efficiency becomes less.

•

When the segmentation is done based on the
principle that in a Eulerian circuit, each edge is

•

When the objects to be segmented contain similar
colors with the background, Grab Cut might fail to
correctly segment them.

•

The iterated region merging-based graph cuts
algorithm requires a lot of user interaction. However,
the approach can capture regions that are important
as per human perception.

IV. RELEVANT DATABASES AND PERFORMANCE
EVALUATION PARAMETERS
This section provides the details of the image datasetes
which generally used in the research of image segmentation
[51-58] and is shown in Table VI. It also gives the summary of
the performance evaluation parameters which are generally
used for the evaluation of the developed approaches for the
image segmentation and is given in Table VII.

TABLE VI
RELEVANT DATASETS AND THEIR URLS
Dataset Name

URL

Berkeley Image Dataset

www.eecs.berkeley.edu/Research/Projects/CS/vision/bsds/

Vision Texture Dataset

vismod.media.mit.edu/vismod/imagery/VisionTexture/vistex.html

Libor Spacek Dataset

cmp.felk.cvut.cz/~spacelib/faces/

Brodatz Dataset

www.ux.uis.no/~tranden/brodatz.html

MSRC Dataset

research.microsoft.com/en-us/um/cambridge/projects/msrc12/

Osteoarthritis Initiative Dataset https://oai.epi-ucsf.org/datarelease/
MSRA Salient Object Dataset

research.microsoft.com/en-us/um/people/jiansun/salientobject/salient_object.htm

Middlebury Stereo Dataset

vision.middlebury.edu/stereo/data/

Greek Character Dataset

www.icsd.aegean.gr/lecturers/kavallieratou/GCDB%20page/GCDB.htm

The MNIST Dataset

yann.lecun.com/exdb/mnist/

Georgia Tech Dataset

www.anefian.com/research/face_reco.htm

USC-SIPI image Dataset

sipi.usc.edu/database/

TABLE VII
LIST OF THE PERFORMANCE EVALUATION PARAMETERS
Computational time

Sensitivity

F-measure,

The mean and the variance values

Precision

Segmentation consistency Recall

Overall accuracy

Critical Vertex Identification

Processing time

Maximal area error %,

Accuracy

Region Precision (RP) Precision-Recall curve

Performance Ratio [51]

Validity index Recognition ratio

Normalized Probabilistic Rand (NPR) False Alarm (FA)

Boundary Precision (BP)

RMS error

Missed Error (ME)

Dice Similarity Coefficients (DSC)

Overall Error (OE)

Smoothness Factor

Balance

Entropy function

Fukuyama-Sugeno index

Segmentation Cost

Identification rate
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Error rates

variation of information

PSNR

Specificity
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V. DISCUSSION
Existing literature is summarized based on the content of the
relevant research papers, Finally, the findings are identified
for the same research papers. Gist of the studied research
papers is presented in five categories, namely, graph based
work; thresholding based work; clustering based work; edge
based work; then contours, and wavelets based work. In
particular, this paper provided the direction to solve the
image segmentation problem through the graph theory based
suggested approach. In future, we will implement the
suggested approach by following the steps given in section 5.
Suggested approach exploits the graph theory. Amongst the
various segmentation approaches, the graph theoretic
approaches in image segmentation make the formulation of
the problem more flexible and the computation more
resourceful. The problem can be modeled in terms of
partitioning a graph into several sub-graphs; such that each
of them represents a meaningful region in the image. The
segmentation problem is then can be solved in a spatially
discrete space by the graph theory. Presented work is very
useful to the beginners in the domain of image processing,
particularly who want to work in the image segmentation.

REFERENCES
[1] B. Peng, L. Zhang, and D. Zhang, “A survey of graph theoretical
approaches to image segmentation,” Pattern Recognition, vol. 46, no. 3,
pp. 1020–1038, Mar. 2013.
[2] P. F. Felzenszwalb and D. P. Huttenlocher, “Efficient Graph-Based
Image Segmentation,” International Journal of Computer Vision, vol. 59,
no. 2, pp. 167–181, Sep. 2004.
[3] M. Zhang and R. Alhajj, “Improving the Graph-Based Image
Segmentation Method,” 2006 18th IEEE International Conference on
Tools with Artificial Intelligence (ICTAI’06), Nov. 2006.
[4] B. Peng, L. Zhang, D. Zhang, and J. Yang, “Image segmentation by
iterated region merging with localized graph cuts,” Pattern
Recognition, vol. 44, no. 10–11, pp. 2527–2538, Oct. 2011.
[5] W. Tao, F. Chang, L. Liu, H. Jin, and T. Wang, “Interactively
multiphase image segmentation based on variational formulation
and graph cuts,” Pattern Recognition, vol. 43, no. 10, pp. 3208–3218,
Oct. 2010.
[6] A. Sanfeliu, R. Alquézar, J. Andrade, J. Climent, F. Serratosa, and
J. Vergés, “Graph-based representations and techniques for image
processing and image analysis,” Pattern Recognition, vol. 35, no. 3, pp.
639–650, Mar. 2002.
[7] J.-S. Kim and K.-S. Hong, “Color–texture segmentation using
unsupervised graph cuts,” Pattern Recognition, vol. 42, no. 5, pp. 735–
750, May 2009.
[8] H. Zhou, J. Zheng, and L. Wei, “Texture aware image
segmentation using graph cuts and active contours,” Pattern
Recognition, vol. 46, no. 6, pp. 1719–1733, Jun. 2013.
[9] L. Guigues, H. Le Men, and J.-P. Cocquerez, “The hierarchy of the
cocoons of a graph and its application to image segmentation,”
Pattern Recognition Letters, vol. 24, no. 8, pp. 1059–1066, May 2003.
[10] Lei Zhang and Qiang Ji, “Image Segmentation with a Unified
Graphical Model,” IEEE Transactions on Pattern Analysis and Machine
Intelligence, vol. 32, no. 8, pp. 1406–1425, Aug. 2010.

13

[11] F. Malmberg, J. Lindblad, N. Sladoje, and I. Nyström, “A graphbased framework for sub-pixel image segmentation,” Theoretical
Computer Science, vol. 412, no. 15, pp. 1338–1349, Mar. 2011.
[12] Jianbo Shi and J. Malik, “Normalized cuts and image
segmentation,” IEEE Transactions on Pattern Analysis and Machine
Intelligence, vol. 22, no. 8, pp. 888–905, 2000.
[13] L. Grady, “Random Walks for Image Segmentation,” IEEE
Transactions on Pattern Analysis and Machine Intelligence, vol. 28, no.
11, pp. 1768–1783, Nov. 2006.
[14] R. C. Wilson, E. R. Hancock, and Bin Luo, “Pattern vectors from
algebraic graph theory,” IEEE Transactions on Pattern Analysis and
Machine Intelligence, vol. 27, no. 7, pp. 1112–1124, Jul. 2005.
[15] A. B. Tosun and C. Gunduz-Demir, “Graph Run-Length Matrices
for Histopathological Image Segmentation,” IEEE Transactions on
Medical Imaging, vol. 30, no. 3, pp. 721–732, Mar. 2011.
[16] Yin Yin, Xiangmin Zhang, R. Williams, Xiaodong Wu, D. D.
Anderson, and M. Sonka, “LOGISMOS—Layered Optimal Graph
Image Segmentation of Multiple Objects and Surfaces: Cartilage
Segmentation in the Knee Joint,” IEEE Transactions on Medical
Imaging, vol. 29, no. 12, pp. 2023–2037, Dec. 2010.
[17] Song Wang and J. M. Siskind, “Image segmentation with ratio
cut,” IEEE Transactions on Pattern Analysis and Machine Intelligence,
vol. 25, no. 6, pp. 675–690–4, Jun. 2003.
[18] Shih-Yi Yuan and Sy-Yen Kuo, “A new technique for
optimization problems in graph theory,” IEEE Transactions on
Computers, vol. 47, no. 2, pp. 190–196, 1998.
[19] R. Unnikrishnan, C. Pantofaru, and M. Hebert, “Toward
Objective Evaluation of Image Segmentation Algorithms,” IEEE
Transactions on Pattern Analysis and Machine Intelligence, vol. 29, no. 6,
pp. 929–944, Jun. 2007.
[20] W. Tao, H. Jin, and Y. Zhang, “Color Image Segmentation Based
on Mean Shift and Normalized Cuts,” IEEE Transactions on Systems,
Man and Cybernetics, Part B (Cybernetics), vol. 37, no. 5, pp. 1382–1389,
Oct. 2007.
[21] C. Panagiotakis, H. Papadakis, E. Grinias, N. Komodakis, P.
Fragopoulou, and G. Tziritas, “Interactive image segmentation based
on synthetic graph coordinates,” Pattern Recognition, vol. 46, no. 11,
pp. 2940–2952, Nov. 2013.
[22] T. N. Janakiraman and P. V. S. S. R. C. Mouli, “Image
Segmentation using Euler Graphs,” International Journal of Computers
Communications & Control, vol. 5, no. 3, p. 314, Sep. 2010.
[23] Deepthi Narayan, Srikanta Murthy K., and G. Hemantha Kumar,
“Image Segmentation Based on Graph Theoretical Approach to
Improve the Quality of Image Segmentation”, World Academy of
Science, Engineering and Technology Vol. 18, 2008.
[24] Yong Yang, Shoudong Han, Tianjiang Wang, Wenbing Tao and
Xue-ChengTai, “Multilayer graphcuts based unsupervised color–
texture image segmentation using multivariate mixed student’s tdistribution and regional credibility merging”, Pattern Recognition,
Vol. 46, Page No. 1101-1124, 2013.
[25] Xiaohua Zhang, Jiawei Chen, and Hongyun Meng, “A Novel
SAR Image Change Detection Based on Graph-Cut and Generalized
Gaussian Model,” IEEE Geoscience and Remote Sensing Letters, vol. 10,
no. 1, pp. 14–18, Jan. 2013.
[26] S. Li and H. Lu, “Arbitrary Body Segmentation With a Novel
Graph Cuts-Based Algorithm,” IEEE Signal Processing Letters, vol. 18,
no. 12, pp. 753–756, Dec. 2011.
[27] M. Bleyer and M. Gelautz, “Graph-cut-based stereo matching
using image segmentation with symmetrical treatment of

Manuscript ID: 147 — Copyright © 2018 International Computer Science and Engineering Society (ICSES) — ISSN: 2467-292X
Website: www.i-cses.com — E-mail: info@i-cses.com

14

Image Segmentation: A Guide to Image Mining, An ICSES Book published by ITIPPR, Vol. 4, No. 4, December 2018

occlusions,” Signal Processing: Image Communication, vol. 22, no. 2, pp.
127–143, Feb. 2007.
[28] S. Chen, L. Cao, Y. Wang, J. Liu, and X. Tang, “Image
Segmentation by MAP-ML Estimations,” IEEE Transactions on Image
Processing, vol. 19, no. 9, pp. 2254–2264, Sep. 2010.
[29] K. C. Ciesielski, P. A. V. Miranda, A. X. Falcão, and J. K. Udupa,
“Joint graph cut and relative fuzzy connectedness image
segmentation algorithm,” Medical Image Analysis, vol. 17, no. 8, pp.
1046–1057, Dec. 2013.
[30] Q. Zheng, W. Li, W. Hu, and G. Wu, “An Interactive Image
Segmentation Algorithm Based on Graph Cut,” Procedia Engineering,
vol. 29, pp. 1420–1424, 2012.
[31] P. K. Saha and J. K. Udupa, “Optimum image thresholding via
class uncertainty and region homogeneity,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, vol. 23, no. 7, pp. 689–706,
Jul. 2001.
[32] E. Navon, O. Miller, and A. Averbuch, “Color image
segmentation based on adaptive local thresholds,” Image and Vision
Computing, vol. 23, no. 1, pp. 69–85, Jan. 2005.
[33] J. Lan and Y. Zeng, “Multi-threshold image segmentation using
maximum fuzzy entropy based on a new 2D histogram,” Optik International Journal for Light and Electron Optics, vol. 124, no. 18, pp.
3756–3760, Sep. 2013.
[34] S. Makrogiannis, G. Economou, S. Fotopoulos, and N. G.
Bourbakis, “Segmentation of Color Images Using Multiscale
Clustering and Graph Theoretic Region Synthesis,” IEEE Transactions
on Systems, Man, and Cybernetics - Part A: Systems and Humans, vol. 35,
no. 2, pp. 224–238, Mar. 2005.
[35] M. Pavan and M. Pelillo, “Dominant Sets and Pairwise
Clustering,” IEEE Transactions on Pattern Analysis and Machine
Intelligence, vol. 29, no. 1, pp. 167–172, Jan. 2007.
[36] N. Mat Isa, S. Salamah, and U. Ngah, “Adaptive fuzzy moving
K-means clustering algorithm for image segmentation,” IEEE
Transactions on Consumer Electronics, vol. 55, no. 4, pp. 2145–2153,
Nov. 2009.
[37] G. Dong and M. Xie, “Color Clustering and Learning for Image
Segmentation Based on Neural Networks,” IEEE Transactions on
Neural Networks, vol. 16, no. 4, pp. 925–936, Jul. 2005.
[38] F. Tung, A. Wong, and D. A. Clausi, “Enabling scalable spectral
clustering for image segmentation,” Pattern Recognition, vol. 43, no.
12, pp. 4069–4076, Dec. 2010.
[39] S. K. Pal and P. Mitra, “Multispectral image segmentation using
the rough-set-initialized EM algorithm,” IEEE Transactions on
Geoscience and Remote Sensing, vol. 40, no. 11, pp. 2495–2501, Nov.
2002.
[40] L. G. Nyúl, A. X. Falcão, and J. K. Udupa, “Fuzzy-connected 3D
image segmentation at interactive speeds,” Graphical Models, vol. 64,
no. 5, pp. 259–281, Sep. 2002.
[41] M. Sonka and M. Brejl, “Object localization and border detection
criteria design in edge-based image segmentation: automated
learning from examples,” IEEE Transactions on Medical Imaging, vol.
19, no. 10, pp. 973–985, 2000

[44] Jianping Fan, D. K. Y. Yau, A. K. Elmagarmid, and W. G. Aref,
“Automatic image segmentation by integrating color-edge extraction
and seeded region growing,” IEEE Transactions on Image Processing,
vol. 10, no. 10, pp. 1454–1466, 2001.
[45] C. D. Kermad and K. Chehdi, “Automatic image segmentation
system through iterative edge–region co-operation,” Image and Vision
Computing, vol. 20, no. 8, pp. 541–555, Jun. 2002.
[46] W. Yang, J. Cai, J. Zheng, and J. Luo, “User-Friendly Interactive
Image Segmentation Through Unified Combinatorial User Inputs,”
IEEE Transactions on Image Processing, vol. 19, no. 9, pp. 2470–2479,
Sep. 2010.
[47] B. Sumengen and B. S. Manjunath, “Graph partitioning active
contours (GPAC) for image segmentation,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, vol. 28, no. 4, pp. 509–521,
Apr. 2006.
[48] S.-Z. Karakozoglou, N. Henrich, C. d’ Alessandro, and Y.
Stylianou, “Automatic glottal segmentation using local-based active
contours
and
application
to
glottovibrography,”
Speech
Communication, vol. 54, no. 5, pp. 641–654, Jun. 2012.
[49] M. S. Crouse, R. D. Nowak, and R. G. Baraniuk, “Wavelet-based
statistical signal processing using hidden Markov models,” IEEE
Transactions on Signal Processing, vol. 46, no. 4, pp. 886–902, Apr. 1998
[50] H. Choi and R. G. Baraniuk, “Multiscale image segmentation
using wavelet-domain hidden Markov models,” IEEE Transactions on
Image Processing, vol. 10, no. 9, pp. 1309–1321, 2001.
[51] J. Weickert, “Coherence-enhancing diffusion of colour images,”
Image and Vision Computing, vol. 17, no. 3–4, pp. 201–212, Mar. 1999.
[52] P. A. Khaire and N. V. Thakur, “Image Edge Detection based on
Soft Computing Approach,” International Journal of Computer
Applications, vol. 51, no. 8, pp. 12–14, Aug. 2012.
[53] V. R. Parihar, and N. V. Thakur, “Graph Theory Based Approach
for Image Segmentation Using Wavelet Transform”, International
Journal of Image Processing (IJIP), vol. 8, no. 5, pp. 255-277, Sept 2014
[54] V. R. Parihar, R. S. Nage, and A. S. Dahane, “Image Analysis and
Image Mining Techniques: A Review”, Journal of Image Processing and
Artificial Intelligence (MAT Journals), vol. 3, no. 2, pp. 1-18, June 2017
[55] V. R. Parihar, and A. P. Dhote, “Overview and an Approach to
Real Time Face Detection and Recognition”, International Advanced
Research Journal in Science, Engineering and Technology (IARJSET), vol.
4, no. 9, pp. 39-46, Sept 2017
[56] V. R. Parihar, and A. P. Dhote, “Real Time Face Detection and
Recognition: Overview and Suggested Approach”, Journal of Image
Processing and Artificial Intelligence (MAT Journals), vol. 3, no. 3, pp. 16, Sept 2017
[57] V. R. Parihar, and A. P. Dhote, “A Novel Approach to Real Time
Face Detection and Recognition,” International Journal of Computer
Sciences and Engineering, vol. 5, no. 9, pp. 62–67, Sep. 2017.
[58] A. P. Dhote, V. R. Parihar, R. P. Sonar, and R. S. Nage, “A novel
system of real time hand tracking and gesture recognition,” 2017
International Conference on Inventive Computing and Informatics (ICICI),
Nov. 2017

[42] D. R. Martin, C. C. Fowlkes, and J. Malik, “Learning to detect
natural image boundaries using local brightness, color, and texture
cues,” IEEE Transactions on Pattern Analysis and Machine Intelligence,
vol. 26, no. 5, pp. 530–549, May 2004.
[43] N. Narappanawar, B. Madhusudan Rao, and M. Joshi, “Graph
theory based segmentation of traced boundary into open and closed
sub-sections,” Computer Vision and Image Understanding, vol. 115, no.
11, pp. 1552–1558, Nov. 2011.

Manuscript ID: 147 — Copyright © 2018 International Computer Science and Engineering Society (ICSES) — ISSN: 2467-292X
Website: www.i-cses.com — E-mail: info@i-cses.com

Image Segmentation: A Guide to Image Mining, An ICSES Book published by ITIPPR, Vol. 4, No. 4, December 2018

Prof. Vikramsingh R. Parihar is an
Assistant
Professor
in
Electrical
Department,
PRMCEAM,
BadneraAmravati having 6 years of experience. He
has received the B.E degree in
Instrumentation from Sant Gadge Baba
Amravati University, India, in 2011 and the
M.E degree in Electrical and Electronics
Engineering, Sant Gadge Baba Amravati
University, India, in 2014. He is editorial
board member of 25 recognized journals
and life member of ISTE, HKSME, ICSES, IJCSE and theIRED. His
domain of research includes Electrical Engineering, Instrumentation,
Electrical Power Systems, Electrical and Electronics Engineering,
Digital Image Processing, Neuro Fuzzy Systems and has contributed
to research in a commendable way by publishing 40 research papers
in National/International Journals and 4 papers in IEEE Conferences.
Hamid Reza Boveiri received his A.Sc.
degree from Shahid Chamran University of
Ahvaz, Ahvaz, Iran, in 2002, B.Sc. degree
from Birjand University, Birjand, Iran, in
2005, M.Sc. degree from IAU, Science and
Research Branch, Ahvaz, Iran, in 2009, all in
Software Engineering. He is currently a PhD
candidate
in
Shiraz
University
of
Technology, Shiraz, Iran, in Information
Technology (IT), Communication Networks.
Meanwhile, he is a faculty member of Computer Science and
Engineering Department at Sama College, IAU, Shoushtar Branch,
Shoushtar, Iran. He had been serving as the Dean of IAU, Gotvand
Branch, Iran, from 2014 up to 2016. He was also a member of Young
Researchers & Elites Club of IAU, Shoushtar Branch, where he was the
Head Advisor of “Research Workgroup” during 2010-2012. He has
been serving in editorial board for a number of prestigious journals of
Elsevier, Springer, Taylor & Francis, and Wiley publications, and
evolved in holding plenty of events as a member of executive or
technical committee. He has already published a large number of
research articles, surveys and technical reports in the reputed national
and international conferences and journals. His research interests
include Scheduling & Optimization, Machine Learning & Metaheuristics, Signal Processing and Pattern Recognition. He is the
founder of ICSES, and a member of ISI (Information Society of Iran)
and IEEE.

Manuscript ID: 147 — Copyright © 2018 International Computer Science and Engineering Society (ICSES) — ISSN: 2467-292X
Website: www.i-cses.com — E-mail: info@i-cses.com

15

