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Abstract— Image Segmentation plays a vital role in extracting image information from dull and noisy images. Further,
image segmentation is the key step in processing images of different types. In last two decades, image segmentation has
got a high boost and attention from the researches across the globe. In this paper, most dominating approaches have
been discussed in detail. Image segmentation generally involves the cutting of a particular region of interest (ROI). Till
date, many algorithms are available and each has its own advantage and purpose. This paper discusses the important
techniques and their impacts on the segmented image.
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I. INTRODUCTION

An image (derived from Latin word imago) is an artifact that depicts or records visual perception. Images are considered as one

of the most important medium of conveying information. An image is defined as a two dimensional function f(x,y), where x and

y are spatial coordinates and amplitude of this function f at a given coordinate gives the intensity or gray level of the image [1].

Image processing involves improving the quality of images so as to retrieve lots of information from it. The major application

areas include:

A. Medical Diagnosis: It includes disease identifications like malignant cells, tumours etc. from MR images.

B. Astronomical Image Evaluation: Satellite images of space indicated the existence of life on moon.

C. Sensitive and Noisy Image Processing: The images taken hundreds of years back are processed to collect important and rich
data.

II. IMAGE SEGMENTATION

Digital image processing is the use of computer algorithms to perform image processing on digital images. Image Segmentation
is very important part of image processing. The aim of image segmentation is the partition of the image into a set of regions,
which are visually distinct and uniform with respect to some property, such as grey level, texture or colour. This partitioning is
domain independent [2]. It is to get more information in the region of interest in an image and clearly differentiate the object
and the background in an image [1].

II1. IMAGE SEGMENTATION TECHNIQUES

A lot of research has been carried out in the field of image segmentation process in past few years. There are number of
algorithms proposed for the same. All of these algorithms are doing well with different categories of images. But still there is no
single algorithm working with all types of images. The algorithm developed for a group of images may not always apply to
images of another class [3]. Thus, in spite of several decades of research, there is no universally supported method for image
segmentation for all categories of images and therefore it remains a challenge in image processing and computer vision [4]. In
general, segmentation methods are based on two basic properties of the pixels: discontinuity and similarity. Methods that are
based on some discontinuity property of the pixels are called boundary-based methods, whereas methods based on some
similarity property are called region-based methods [2]. The various algorithms for the above mentioned approaches are shown
in the figure 1.

A. Segmentation Based on Edge Detection

Edge detection is very important step in digital image processing. An edge represent object boundaries and therefore it helps us
in detection and segmentation of objects in an image [5] [6]. The algorithms proposed will identify the points in a digital image
where there is an abrupt change in image brightness or there is a difference in intensities. The edges are identified first, and then
they are linked together to form required boundaries. These are extracted and linked together to form closed object boundaries
and the result is binary image [7].

There are two algorithms to perform edge detection:
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Fig. 1 Classification of Image Segmentation Techniques

1) Gray Histogram Technique: The result of edge detection technique depends mainly on selection of threshold level T
[8].The technique depends upon separation of foreground from background. The challenge here is selection of threshold
value because gray histogram is uneven for the impact of noise. Thus we approximately substitute the curves of object and
background with two conic Gaussian curves [9], whose intersection point is chosen as the value of threshold T.

2) Gradient Based Method: Gradient is the first derivative for image f(x, y), when there is abrupt change in intensity near edge.
There is a little image noise, therefore gradient based method works well [9]. This method involves convolving gradient
operators with the image. Commonly used operators in gradient based edge detection method are sobel’s operator, canny
operator, Laplace operator, Laplacian of Gaussian (LOG) operator. These operators work well for images with sharp edges
and low amounts of noise. The detected boundaries using these operators may not necessarily form a set of closed
connected curves, so some edge linking (step edge, line edge, ramp edge, roof edge) may be required [10].

a) Sobel’s Operator: This can be thought as 3x3 approximations to first derivatives of Gaussian Kernels. The noise
suppression characteristics of Sobel’s operator are better. The operator in matrix form are given by [1][10]

-1 -2 -1
-1 10 1
N EALaE
-1 10 1

Fig. 2 Sobel’s Operator [10]

b) Laplacian Operator: 1t is based on second derivative method of detecting edges in an image. Being approximation to the
second derivative, it enhances noise in the image. The 3x3 Laplacian operator is gives by[10]

11
1] 8 |-
- | 1]

Fig. 3 Laplacian Operator [10]
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¢) Laplacian of Gaussian (LOG) Operator: The noise effects in Laplacian operator can be minimized by smoothing the image.
The LOG operator smooths the image by convoluting it with Gaussian operator. But the noise, still is present [10].

d) Canny Operator: This operator defines edges as zero-crossings of second derivatives in the direction of the greatest first
derivative. This is most promising one, but takes more time as compared to sobel’s operator.

Original Image Sobel’s Edge LOG Edge Canny Operator
Fig. 4 Results of different operators [1]

Always a balance is required between accuracy and noise immunity. Practically if the accuracy is too high, noise may create
fake edges making the outline of images unreasonable. And if the degree of noise immunity is high [9], the edges may not be
detected accurately. Thus, we can say that these algorithms are suitable for simple and noise-free images [11].

B. Segmentation Based on Thresholding

Image segmentation by thresholding is a simple but powerful approach. Thresholding technique is based on image space regions

i.e. on characteristics of image [9]. It provides segments having pixels with similar intensities and useful for extracting

boundaries in images that contain solid objects on contrasting backgrounds. The algorithm converts a multilevel image into a

gray channel image by choosing a proper threshold T. Then we divide the pixels of image into several different regions so as to

separate the light and more useful objects from background. Any pixel (%, y) is considered as a part of object if its intensity

exceed or is in the range of the threshold value i.e. f(x, y) >T, otherwise the pixel belong to background [12][13].

We have two classes of Thresholding methods.

1) Global Thresholding: When T is kept fixed, the approach is called global Thresholding. The value of T depends on the
properties of the pixels [3]. This approach is used when the difference between background and foreground objects is very
distinct and single value of T is sufficient to differentiate between both the objects. The commonly used methods for the
same are optimal thresholding, Otsu method, entropy based thresholding etc.[14].

2) Local Thresholding: When T is not kept fixed, the approach is called local Thresholding. Multiple thresholds are used to
manage uneven illuminations [15] in this approach. The image is divided into segments and different threshold levels are
defined for each segment. Threshold selection is typically done interactively however; it is possible to derive automatic
threshold selection algorithms [7]. Undoubtedly threshold based methods are computationally inexpensive, fast and simpler
to implement and can work in real time applications [16]. The main drawback of this approach is that it is not applicable to
multichannel images and moreover the spatial characteristics of an image are not taken into the account. Therefore sensitive
to noise is high [17].

C. Region based Segmentation

A region in any image (R) is basically a subset of the image with respect to some criterion. More precisely, the pixels with
similar properties are grouped together in a region [7]. The similarity check may be for color, texture, gray level or shape [18].
As compared to segmentation methods mentioned above, regions are quite simple and immunity to noise is more [9][19]. The
edge based methods partition an image where there is rapid changes in intensity near edges whereas region based methods,
partition an image into regions that are same according to a set of predefined criteria [20][21]. Region based segmentation
algorithms mainly includes the following methods [4]:

1) Region Growing Method: This is the most prominent region based methods in 2d and 3d.The method is based on
comparison of the candidate pixel to its neighbors to check the homogeneity criteria allocated to the class to which its
neighbor belongs [24]. The approach is further classified as seeded region growing method (SRG) and unseeded region
growing method (UsRG). The main difference is that, the former is semi-automatic in nature and latter is fully automatic in
nature [22]. The seeded region growing method was initially proposed by Rolf Adam [23]. Here the segmentation grows
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from initially placed points called seeds by aggregating neighboring pixels or regions according to some similarity
criterion. The region growing is a widely used segmentation method due to its computational simplicity and stability to
noise [24].

2) Region Merging and Splitting: This method is based on the concept of quad trees to distinguish the homogeneity of the
image [25]. The whole image is treated as single region and then divides it into four quadrants based on certain predefined
criteria. Further divide the quadrant into other four quadrants for the same criteria. The process continues till further
division is possible.No doubt, manually interaction will not be required in this technique but it requires the input to be
organized into a pyramidal grid structure which could be difficult [26].

Fig. 5 Quad tree [27]

D. Segmentation Based on Contour Models

In computer vision, contour models describe the boundaries of shapes in an image. Particularly the models are designed to solve
problems where the approximate shape of the boundary is known. The well known models used for image segmentation are:

1)

2)

Snakes: The basic idea in active contour models or snakes is to evolve a curve, subject to constraints from a given
image in order to detect objects in that image [28]. These are computer generated curves [29][30] used to find object
boundaries under the influence of internal and external forces while moving within the image. As compared to classical
feature attraction techniques, snakes have multiple advantages. They autonomously and adaptively search for the
minimum state and can be used to track dynamic objects. But the snake algorithm is sensitive to noise. The
computational complexity of the algorithm is high. Although improvements have been made, but still shortcomings are
there [30].

Level Set Model: Level set methods are a conceptual framework for numerical analysis of surfaces and shapes. We can
perform numerical computations involving curves and surfaces on a fixed Cartesian grid without having to
parameterize these objects [31]. Also, the level set method makes it very easy to follow shapes that change topology,
for example when a shape splits in two, develops holes, or the reverse of these operations. All these make the level set
method a great tool for modelling time-varying objects [31]. The level set method was developed by Osher and Sethian
[29]. The disadvantage is that, the edge-stopping function is never exactly zero at the edges, and so the curve may
eventually pass through object boundaries [8].

E. Segmentation Based on Clustering

Clustering a process of organizing the groups based on its attributes. It is basically bunching the data [1]. The pixels having
same attributes are grouped together to form clusters. Same attributes here refers similarity in colour, size, texture etc. There is
no training provided rather train themselves using available data. The effectiveness of this approach depends similarity criteria
used and definitely on the implementation. A good clustering method [32] will produce high quality clusters with high intra-
class similarity.

Fig. 6 Clustering [33]
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The clustering algorithms used are hard clustering, k-means clustering, fuzzy clustering etc. In hard clustering, pixel will belong
to a single cluster [3]. K-means algorithm clusters the point that is nearest to the centroid. In fuzzy algorithm, the test pixel is
allowed to be member of two or more clusters with different membership coefficient [1].

F. Segmentation Based on Artificial Neural Network

A neural network is an artificial representation of human brain that trains through learning process [34][35]. In past few years,
artificial neural networks have been widely used to solve the problem of medical image segmentation. Neural network
constitutes a large number of parallel nodes to perform some basic computing. It also reduces the requirements of expert
intervention during the image segmentation process [7]. An image is firstly mapped into a neural network where every neuron
represents a pixel [36]. The neural network is trained with training sample set in order to determine the connection and weights
between nodes. Once the neural network is trained, new images can be segmented. This approach includes two steps. Firstly, the
important features are extracted from the image and secondly the image is segmented based on the features extracted. This
algorithm is highly suited for real time applications because of fast and parallel computing. Also the noise immunity is high [3].

IV. CONCLUSION

In this review paper, we have discussed all the major image segmentation techniques and algorithms. The detection of pattern
and recognition using edges and points is all possible by these methods. Since number of parameters like colour, intensity, noise
etc. affect these algorithms, there is a challenging task to select an appropriate algorithm for a image. This remains a problem in
the field of image processing and computer vision. Still research is going on and more algorithms are being proposed. We are
hoping for an algorithm best suited for all types of images.
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