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Abstract—Image segmentation is the process of partitioning an image into multiple segments which converts the 
complex image into a simple image. This process cuts out the region of interest (ROI) from the image. It helps to 
simplify the overall presentation of an image into a more meaningful data which is easier for computational analysis. 
Segmentation reduces the gap between low-level image processing and high-level image processing. Different image 
segmentation techniques have been reviewed and presented in this paper. 

 
Index Terms—Image segmentation, image processing, region of interest, segmentation algorithms. 

 
I. INTRODUCTION 
 
The Regular challenges in image computation deal 
with image segmentation. This is a process of 
segregating the image into different segments which 
can be used for various applications such as: image 
compression, navigation of robots, detection of 
cancerous cells etc. In segmentation, different values 
are assigned to different pixels of an image such that 
pixels which have similar characteristics are grouped 
together. Many current image segmentation methods 
have been analyzed which include edge detection 
method, threshold method, region based segmentation 
method, segmentation based on partial differential 
equations, on artificial neural network and on 
clustering. These different methods can be used 
depending upon the applications. The paper is 
arranged in four parts. Part I presents the 
introduction, Part II describes the different categories 
of image segmentation, followed by Part III where 
the current image segmentation techniques are 
discussed and Part IV covers the conclusion. 
 
II. CATEGORIES OF IMAGE 
SEGMENTATION  
 
Image segmentation can be categorized on the basis 
of discontinuities and similarities present in the pixel 
of the image. 

 
A. Based on discontinuities 
The images are subdivided based on sudden changes 
in the intensity or grey levels of an image. This 
identifies isolated lines, edges and points. It includes 
edge detection segmentation method [1].  
 
B. Based on similarities 
Images are partitioned based on similarities in 
intensity or grey levels. This extracts the region of 
images that are similar according to predefined 
criterion. Region growing, region splitting and 
merging, thresholding are all part of similarity based 

segmentation [1].  
 
III.IMAGE SEGMENTATION TECHNIQUES 
 
A. Edge detection methods 
Edge detection identifies points in a digital image at 
which the image has discontinuities and organizes 
into edges. [2]. 
i. Gradient Based Method 
Gradient is defined as the directional change in the 
intensity or color in an image. It is the first derivative 
f(x, y) when there is an abrupt change in intensity 
near edges. Higher the value of gradient magnitude, 
more rapid is the transition between two different 
regions. These edge pixels have to be linked to form 
closed boundaries of the regions. Common first 
orderedge detectors are Roberts operator, Sobel 
operator, Prewitt operator and Canny operator. 
Laplacian of Gaussian (LoG) is a second order edge 
detector. These common edge detection methods 
have been compared using MATLAB version 6.1 for 
different threshold values and the results obtained are 
studied and hereby discussed their performance.  
 
a. Roberts Detection 
The Roberts operator performs a quick to compute, 2-
D spatial gradient measurement on an image. It thus 
highlights regions of high spatial frequency which 
often correspond to edges. Pixel values at each point 
in the output represent the estimated absolute 
magnitude of the spatial gradient of the input image 
at that point [3].The plus factor is its simplicity but 
the drawback is that it is highly sensitive to noise. 
 

 
  (a)                                                      (b) 
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  (c)                                          (d) 
Fig.1.Roberts edge detection (a) Original image (b) threshold 
value=0.02  (c) threshold value=0.131 (d) threshold value=0.3 
 
b. Sobel Detection 
Sobel operator performs a 2-D spatial measurement 
on an image and shows regions of high spatial 
frequency that correspond to edges. Sobel operator 
gives the gradient vector or normal to the vector for 
each pixel of an image.As compared to Roberts, sobel 
has a smoothing effect on noise but it can detect 
many false edges with coarse edge width. 
 

 
(a)                                               (b) 
 

 
 (c)                                              (d) 

Fig.2.Sobel edge detection (a) Original image (b) threshold 
value=0.01(c) threshold value=0.099   (d) threshold value=0.3 

 
c. Prewitt Detection 
The Prewitt edge detector is an appropriate way to 
estimate the magnitude and orientation of an 
edge.Although differential gradient edge detection 
requires time consuming calculations to estimate the 
orientation from the magnitudes in the x and y 
directions, the compass edge detection obtains the 
orientation directly from the kernel with maximum 
response [3]. 
 

 
 (a)                                              (b) 

 
             (c)                                         (d) 

Fig.3.Prewitt edge detection (a) Original image (b) threshold 
value=0.01(c) threshold value=0.098 (d) threshold value=0.25 

 
d. Laplacian of Gaussian(LoG) 
Laplacian of Gaussian is second order derivative and 
is sensitive to noise. It is also unable to detect edge 
direction. As a result, role of Laplacian in 
segmentation consists of using zero crossing property 
[4]. Gaussian operator reduces the noise and laplacian 
operator detects sharp edges. 
 

 
        (a)                                                (b) 

 
               (c)                                          (d) 
Fig.4.Laplacian of Gaussian edge detection. (a)Original image 

(b) thresholdvalue=0.002 (b) threshold value=0.0073 (c) 
threshold value=0.04 

 
e.Canny edge operator  
Canny is a popular edge detection algorithm. The 
problem with Canny edge detection approach is that a 
low threshold produces false edges, but a high 
threshold misses important edges. First the image is 
smoothened with a Gaussian mask, which cuts down 
significantly on the noise within the image. Then the 
image is run through the Sobel algorithm and lastly, 
the pixel values are chosen based on the angle of 
magnitude of that pixel and its neighboring pixels. 
Advantages are: less sensitive to noise,adaptive and 
good localization. 
 

 
                   (a)                                         (b) 
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          (c)                                           (d) 

Fig.5.Canny edge detection. (a)Original image (b) threshold 
value=0.02 (c) threshold value=0.185 (d)threshold value=0.8 

 
Table 1: Comparison of edge detection operators 

 
 
The table shows the comparison between different 
operators with respect to threshold. In all the 
operators, the edges get clearer and sharper as the 
threshold increases. In case of Roberts operator the 
ideal threshold is 0.131 that gives sharp edges as 
compared to Sobel operator which is 0.099.For both 
operators the information about the image edges is 
lost when threshold goes beyond 0.3.Canny operator 
is the best since it maintains valid edge information 
up to a threshold value of 0.8 and it is less sensitive to 
noise as compared to other operators. 
 ii.    Gray histogram technique 
Histogram based image segmentation is one of the 
simplest and frequently used segmentation technique. 
A simple image has a background and the object. 
Background occupies most of the image and its gray 
level is a large peak in the histogram. Object has a 
gray level, which is a smaller peak in the histogram. 
Choosing the correct threshold requires trial and error 
method. Thus we substitute the curves of the object 
and the background with two conic Gaussian curves, 
whose intersection is chosen as the value of threshold. 
Drawback of histogram technique is to identify 
significant peaks and valleys in the image. Advantage 
of histogram technique is that it can quickly be 
adapted to apply to multiple frames, while maintaining 
single pass efficiency. 
Edge based methods have problems with images that 
are edge- 
less, very noisy, boundaries that are very smooth and 
texture boundaries. 
 
B. Threshold method 
Thresholding can be used to create binary images from 
a grayscale image. It chooses a proper threshold to 
divide image pixels into several regions and separate 
object from background. 

Any pixel(x, y) is considered as a part of object if its 
intensity is greater than or equal to threshold value 
otherwise pixel belongs to the background. 
 

 
Fig.6. Original image 

 

 
Fig.7.Threshold effect 

 
i .Global thresholding 
Global thresholding, partitions the image using a 
single global threshold and value of threshold 
depends solely on the property of the pixel and grey 
level value of the image. Segmentation is 
accomplished by scanning the image pixel by pixel 
and labelling each pixel as object or background 
depending on whether the grey level of that pixel is 
greater or less than the threshold value [5]. Ostu[6] 
method which maximizes between class variance and 
entropy based thresholding is a common global 
thresholding method. It is used in industrial 
inspection applications. 
 
ii. Local thresholding 
Local thresholding method divides an image into 
several sub regions and then chooses several 
thresholds for each sub region respectively. Simple 
statistical thresholding,2D entropy based thresholding 
and histogram transformation thresholding are the 
commonly used methods. 
Disadvantage of thresholding method is that only two 
classes are generated and it cannot be applied to 
multichannel images. Also thresholding is sensitive to 
noise because it does not take into account spatial 
characteristics of an image. Thresholding can be used 
in computed tomography images. 
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C. Region based segmentation methods 
Region based segmentation algorithm segments an 
image into regions that are similar according to a set 
of predefined criteria. 
 
i. Region Growing 
     Region growing approach [7]: 
Step1) Start with a set of seed points and compare it 

with neighboring pixels. 
 Step2) Region is grown by appendingneighboring 

pixels that are similar, thus increasing the 
size of the region.   

Step3) Continue the process when no more pixels 
satisfy the                        criteria for 
inclusion in that region. 

Similarity criteria depends on the problem under 
consideration  
as well as type of image data available. 
Advantages of region growing: can correctly separate 
the regions that have similar properties we define, it 
is a simple method as we only need a small number 
of seed points to represent the property we want. 
Problem is the formulation of stopping rule. Criteria 
such as intensity values, texture, color, size and shape 
of the region being grown should be considered. 
 
ii. Region splitting and merging 
    Region splitting and merging is usually 
implemented with theory based on quad tree data. It 
includes the following steps: 
    Step1)Start by splitting dissimilarregion into four               

quadrants. 
    Step2) Merge adjacent regions which are similar. 
    Step3)Stop when no further splitting or merging is 
possible. 
Applications of region based method are: Image 
compression, object recognition, computer graphics 
and medical imaging. 
 
D. Segmentation based on partial differential 
equations (PDE) 
Image is segmented by solving the PDE equation 
using a numerical scheme. 
 
i. Snakes or Active contours 
Snakes is a frame work in computer vision for 
delineating an object outline from noisy images. 
Steps: 

Step1) Place snake near the contour of region of 
interest. 

 Step2) As a result ofvarious internal and external 
forces within the image, the snake is 
attracted towards the target. Shape and 
location of the snake within the image is 
controlled by these forces. 

     Step3) Energy function which consist of internal 
and external forces is constructed to 
measure the appropriateness of the contour 
of region of interest. Energy function is 
minimized. The internal forces are used for 

smoothness while external forces guide the 
contours towards the contour of region of 
interest. 

 
Advantages of snakes: they autonomously and 
adaptively search for minimum state, can be used to 
track dynamic objects [8]. 
Disadvantages of snakes: sensitive to noise and 
computational complexity is high. Applications of 
snakes: object tracking, shape recognition, edge 
detection and stereo matching. 
 
ii. Level set method 
Level set method was initially proposed to track 
moving interfaces by Osher and Sethian [9] in1988 
and has spread across various imaging domains in the 
late 90s.It can be used to efficiently address the 
problem of curves, surfaces etc. propagation in an 
implicit manner. Curves or surfaces are represented 
as the zero level set of a higher dimensional hyper 
surface. Advantages of level set method: it is implicit, 
is parameter free, provides a direct way to estimate 
the geometric properties of the evolving structure, 
allows for change of topology, and is intrinsic. 
Drawback is that the edge stopping function is never 
exactly zero at the edges and so the curve may pass 
through object boundaries [10]. 
 
E. Segmentation based on artificial neural network 
Neural network segmentation involves two important 
steps. 
  Step1) Feature extraction in order to determine the 

input data of neural network. 
 Step2) Image is segmented based on extracted 

features in step1. 
Advantages of segmentation based on artificial neural 
network are: Robust,highly parallel and fast 
computing ability, suitable for real time applications. 
Disadvantages are: initialization may influence the 
result of image segmentation, some kind of 
segmentation information should be known prior to 
segmentation. 
F. Segmentation based on clustering 

Clustering is the task of grouping a set of objects in 
such a way that objects in the same group are more 
similar to each other than to those in other groups. 
Similarity criteria include attribute of an image such 
as size,color,texture etc. 
 
i. Hard Clustering 
Assumes that a pixel can only belong to a single 
cluster and also there exists sharp boundaries between 
clusters.One of the most popular and well used hard 
clustering algorithm is k-means clustering 
algorithm.K means algorithmis an iterative technique 
that is used to partition an image into kclusters. 
Steps: 
     Step1)Pick k cluster centers,either randomly or 

based on    some criteria. 
    Step2)Assign each pixel in the image to the cluster 
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that minimizes the distance between the 
pixel and the cluster center. 

 Step3)Re-compute the cluster centers by averaging 
all of the pixels in the cluster. 

Step4)Repeat step 2 and step3 until convergence is 
attained. 
Disadvantage of K-means:it may not return the 
optimal solution,the quality of the solution depends 
on the initial set of clusters and the value of k [11]. 
 
ii.Fuzzy clustering 
When there is no crisp boundaries between objects 
we need to classify the pixel in an image correctly. 
Fuzzy clustering helps in addressing this difficulty. 
Objective function based fuzzy clustering algorithms 
includes Fuzzy C-Means (FCM) algorithm, 
Gustafson-Kessel algorithm (GK), Gaussian Mixture 
Decomposition (GMD) algorithm, Fuzzy C-Varieties 
(FCV) algorithm, Adaptive Fuzzy-C varieties (AFC) 
algorithm, Fuzzy C-Shell (FCS) algorithm, Fuzzy C-
Spherical Shells(FCSS) algorithm, Fuzzy C-Rings 
algorithm, Fuzzy C-Quadric Shells (FCQS) 
algorithm, Fuzzy C- Rectangular Shells (FCRS) 
algorithm. Among the above mentioned methods 
Fuzzy C-means (FCM) clustering is the most wide 
spread clustering approachfor image segmentation 
because of its robust characteristics fordata 
classification [12]. FCM assigns pixels to eachclass 
by means of fuzzy membership function. 
Applications of fuzzy clustering: tissue classification 
and tumor detection. 
 
CONCLUSION 
 
This paper is concerned with the study of various 
image segmentation techniques. The techniques 
include edge detection method, threshold method, 
region based segmentation method, segmentation 
based on partial differential equations, on artificial 
neural network and on clustering. In edge detection 
method different operators have been compared with 
respect to threshold. It was observed that the 
performance of canny operator was better as it is less 
sensitive to noise as compared to other 

operators.Different segmentation techniques can be 
used for a specific application based on the output 
requirements of particular application. 
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