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Abstract: Image segmentation is often used to subdivide an image into constituent regions or objects and separate the 
image into regions which are called object and background. Here the main focus of this paper is to study different 
Image Segmentation technique on certain images. These techniques are implemented using MATLAB version R2009b 
software and the results obtained are studied and thereby discussed, highlighting the techniques performance. 
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I. INTRODUCTION 

 
Segmentation is a process of sub-dividing an image into its constituent regions or objects. The level to which 

subdivision is carried out depends on the problems being solved i.e. segmentation should stop when the object of interest 
in an application has been isolated. Segmentation accuracy determines the eventual success or failure of computerized 
analysis procedures. Segmentation algorithm for monochrome images are based on one of the two basic properties of 
image intensity values such as discontinuity and similarity. The various methodologies are discussed in the said 
categories.  

Segmentation process begins with methods suitable for detecting intensity discontinuities such as points, lines, 
and edges. Edge detection has been the staple of segmentation algorithm for many years. The discussion of edge 
detection is followed by introduction to thresholding techniques. Thresholding is also a fundamental approach to 
segmentation. The discussion on thresholding is followed by a region-oriented segmentation approaches. Lastly we 
conclude segmentation with the discussion of a morphological approach to segmentation called watershed segmentation. 
This approach is particularly attractive because it produces closed, well-defined regions, behave in global fashion, and 
provide a framework in which a priori knowledge about the images in a particular application can be utilized to improve 
segmentation results. 

Edge detection filters out useless data, noise and frequencies while preserving the important structural properties 
in an image. Since edge detection is in the forefront of image processing for object detection, it is crucial to have a good 
understanding of edge detection methods.  Comparative analysis of various Image Edge Detection methods is presented 
through statistical evaluation using quality metrics. An edge detection method can be employed to characterize edges to 
represent the image for further analysis and implementation. For thresholding methods are categorized according to the 
exploited information, such as histogram shape, measurement space clustering, entropy, object attributes, spatial 
correlation, and local gray-level surface. The comparison is based on the combined performance measures. We identify 
the thresholding algorithms that perform uniformly better over nondestructive testing and application of the documented 
image. Performance analysis for region growing and watershed approaches has also been implemented for more accurate 
segmentation than the existing method. The segmentation operation only subdivides an image; it does not attempt to 
recognize the segmented image parts. Some of the example of image segmentation is given below: 
 

 

Fig 1: Microscopic image of cells 
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Fig 2: Ariel image segmentation 

II. IMAGE SEGMENTATION METHODS 
         The different algorithms have been used for segmenting images. Here we have used different type of edge detector 
algorithm; Region-based segmentation (Region-growing and Region split-and-merge) and Watershed algorithm are used. 
 

A. Edge detector  
i) Sobel Edge Detector: The computation of the partial derivation in gradient may be approximated in digital images by 
using the Sobel operators which are shown in the masks below: 
 

 
 
 
 
 
 
 

Fig 3:  sobel mask and derivative 
 

These two masks together with any of the above equations are used to obtain the gradient magnitude of the image from 
the original. 
  
ii) Prewitt Edge Detector:   The Prewitt operator uses the same equations as the Sobel operator, except that the constant c 
= 1. Therefore, note that unlike the Sobel operator, this operator does not place any emphasis on pixels that are closer to 
the centre of the masks. The Prewitt operator measures two components. The vertical edge component is calculated with 
kernel Gx and the horizontal edge component is calculated with kernel Gy. |Gx| + |Gy| give an indication of the intensity 
of the gradient in the current pixel. 

 
Fig 4: Prewitt mask 

 
 iii) Laplacian Edge Detector: The Laplacian of an image f(x,y) is a second order derivative and the mask is as show 
below: 
  

 
 
 
 

 
Fig 5: Laplacian  second order derivative and mask 

 
 iv) Canny Edge Detector:   The steps for canny edge detection technique are follows: 

1. Convolve image f(r, c) with a Gaussian function to get smooth image f^(r, c). 
           f^(r, c)=f(r,c)*G(r,c,6) 
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2. Apply first difference gradient operator to compute edge strength then edge magnitude and direction are obtain as 
before. 
3. Apply non-maximal or critical suppression to the gradient magnitude. 
4. Apply threshold to the non-maximal suppression image 

 
 v) Roberts Edge Detector: The Roberts Cross operator performs a simple, quick to compute, 2-D spatial gradient 
measurement on an image. It thus highlights regions of high spatial frequency which often correspond to edges. 

 
 

Fig 6 : Roberts mask 
 
B. Region based segmentation 
 
i)  Region growing: 
    To perform region growing we need to address following steps: 
1. Selection of initial seeds 
Selection of initial seeds plays a prominent role in the process of image segmentation. Seeds should have some similar 
feature with respect to their neighbors. There should be a seed for every expected region in image. No seeds should be 
connected to each other. 
2. Growing formula based on stopping criterion Growing formula decides the homogeneity between seed and neighbors 
of it based on similarity index. Stopping criteria should be efficient to discriminate neighbor elements in non 
homogeneous domain. 
 
ii)  Region split-and-merge: 

 
 

Algorithm 1: Local Area Splitting Algorithm 

 
Algorithm 2: Region Merger Algorithm 

 
C. Watershed segmentation 
 
 The Watershed Segmentation works as follows: 
    The first step is to apply preprocessing techniques that includes reducing the noise and adjust the image intensity by 
preserving image information in it. The noisy images lead to over segmentation and not an accurate segmented image. So, 
here we first remove the noise from the image and pixel values are adjusted so that they will help to obtain the well 
segmented image. 
    The second step is pre segmentation processes that includes various morphological operations such as finding out 
regional maxima and mark the foreground objects that help in segmentation process. Then after marking the foreground 
objects reconstruct the image.  
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    In the third step we did the main task of our process that is segmentation. After reconstructing the image we 
superimpose it with the original image, clean the edges of the segmented image and compute background markers.  
    The last step is to apply watershed transformation to the distance transform of the image and then see the result that is 
segmented image. 
 

III. QUALITY METRICS USED FOR IMAGE SEGMENTATION 
 

       Various type of quality parameters/metrics has been used for the sole purpose of evaluating performance analysis of 
different type of method used for segmenting an image. Performance analysis helps to seek out the most efficient 
technique/method used for segmenting an image by thoroughly analyzing the used parameters values. A parameter values 
can be either high or low in accordance to the type of parameter used. 

Here are some of the list of quality parameters used for image segmentation performance analysis: 
A. TP (True Positive) :  It gives the number of correctly detected edge pixels. Higher TP value gives a good quality 

segmented image while lower value gives a low quality segmented image. In matlab, it can be calculated using a 
command called (nnz). 

B. FP(False Positive) : It gives the amount of edge pixel that were not classified as edge pixels. Hence, a lower FP 
value gives a good quality segmented image while high value gives a low quality image. In matlab, ( ~nnz) are used 
to calculate FP. 

C. Pco : It gives the percentage of pixels that were correctly detected. It can be calculated using the following formulae: 
       Pco =  TP / max(N1,NB)  
Where, N1 = no. of edge point of the ideal image,  NB = no. of edge point detected. 

D. Pnd : It gives the percentage of pixels that were not detected. It can be calculated using the following formulae: 
                Pnd  = FN / max(N1,NB) 

E. PSNR (Peak Signal-to-Noise Ratio) : It can be calculated using the following equation: 

   
Where, MSE = the mean square error, MAX = the maximum possible pixel value of the image.  
 The PSNR must have a higher value to have a higher quality segmented image. 

F. MSE(Mean Square Error) : Mean Square Error (MSE) is calculated pixel-by-pixel by adding up the squared 
difference of all the pixels and dividing by the total pixel count. MSE of the segmented image can be calculated by 
using the equation given below: 
 

        
     Where , M and N are the number of rows and columns in the input image respectively.While, GI and SI are the  

original and segmented image. 
MSE must have a lower value to have a higher quality segmented image. 

G. SSIM (Structural Similarity Index) :  It is a method for measuring the similarity between two images. The SSIM index 
is a full reference metric; in other words, the measuring of image quality based on an initial uncompressed or 
distortion-free image as reference. 
   SSIM is calculated using the following equation:  
 

     
where,   = the average of ;  = the average of ;  = the variance of ;   = the variance of ;   = 
the covariance of  and ;  ,  are the  two variables to stabilize the division with weak 
denominator;   = the dynamic range of the pixel-values;  and  by default. 

Higher the value of SSIM , higher the similarity between the two image. 
 

H. SC (Structural Content) :  The value of SC influences the quality of a segmented image to a great extent. 
SC is measured using the following equation: 
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Where,  in(i, j) = the input image ;seg(i, j) = the target segmented image;  m & n = image matrix rows and columns. 

 

IV. EXPERIMENTAL RESULT AND ANALYSIS 
 

A. Image segmentation using various edge detectors:  

 
 

  
 

 
 

  
(a)       (b)         (c)            (d)                 (e)   (f) 

 

Fig 7: Comparison of edge detection technique by using different type  image. (a) original image (b) sobel (c) prewitt (d) Roberts (e) log (f) canny. 

 
TABLE I : QUANTITATIVE MEASURES OBTAINED BY EDGE DETECTORS FOR CYCLE SCENE IMAGE 

 
 

TABLE II: QUANTITATIVE MEASURES OBTAINED BY EDGE DETECTORS FOR BUILDING IMAGE 
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TABLE III : QUANTITATIVE MEASURES OBTAINED BY EDGE DETECTORS FOR FLOWER IMAGE 

 
TABLE IV: QUANTITATIVE MEASURES OBTAINED BY EDGE DETECTORS FOR BUTTERFLY IMAGE 

        

B. Region growing segmentation: 

   
Fig 8: Region growing segmentation of Pears, Parrot and scarlet-rumped trogon  images 

 

C. Region split-merge Segmentation: 

     

    

     
Fig 9: Region split-mearge of Pears, Parrot and scarlet-rumped trogon  images 
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C. Watershed Transformation: 

 

        
Fig 10 : Step by step output of  Watershed segmentation using pears image 

 

          
Fig 11: Step by step output of  Watershed segmentation using Parrot image  

 

        
Fig 12 : Step by step output of scarlet-rumped trogon image 



                     International Research Journal of Computer Science (IRJCS)                       ISSN: 2393-9842 
                         Issue 6, Volume 2 (June 2015)                                                                                  www.irjcs.com 
 
 

_________________________________________________________________________________________________ 
 © 2014-15, IRJCS- All Rights Reserved                                                                                                                        Page -52  
 

TABLE V: QUALITATIVE MEASURES OBTAINED BY SEGMENTATION OF PEARS IMAGE 

 
 

TABLE VI: QUALITATIVE MEASURES OBTAINED BY SEGMENTATION OF PARROT  IMAGE 

 
 

TABLE VII: QUALITATIVE MEASURES OBTAINED BY SEGMENTATION OF SCARLET – RAMPED TROGON IMAGE 

 
 

V. CONCLUSION AND FUTURE WORK 
 

In this paper, we have analysed the image from a human perspective view point and also using qualitative analysis. 
As we have used edge detection, region growing, region split-and-merge and watershed based segmentation for 
segmenting the image till now. We have been analyzing image in many different ways. We conclude that Canny has the 
best performance analysis for segmenting image using edge detection, using region-grow make segmentation process fast 
compare to region split-and-merge, and lastly by using watershed segmentation it gives us an almost accurate segmented 
image which are typically simple, faster to compute. 
      

As the next step of this work, we are planning to modify each and every segmentation methods that we have used so 
far and come up with a enhanced version which are better, more efficient and most accurate at segmentation of an image. 
 

REFERENCES  
 

[1] Rafael c. Gonzalez, Richard E. Woods, Steven L. Eddins, Digital image processing using MATLAB,  2nd edition, 
Gatesmark Publishing, 2009. 

[2] Salem Saleh  Al-amri , Dr. N.V. Kalyankar and Dr. Khamitkar S.D., “Image Segmentation by Using Edge 
Detection,  International Journal on Computer Science and Engineering,Vol.2, March 2010. 

[3] Raman Maini, Dr. Himanshu Aggarwal “Study and Comparison of Various Image Edge Detection Techniques, 
International Journal of Image Processing (IJIP), Vol. 3, 2009. 

[4] Amiya Halder, Nilabha Chatterjee, Arindam Kar, Swastik Pal and Soumajit Pramanik “Edge Detection: A 
Statistical approach” IEEE , 2011. 

[5] Fari Muhammad Abubakar “Study of Image Segmentation using Thresholding  Technique on a Noisy Image,” 
International Journal of Science and Research (IJSR) ,Vol.2, Jan 2013. 

[6] Salem Saleh Al-amri, N.V. Kalyankar and Khamitkar S.D., Image Segmentation by Using Thershold Techniques, 
Journal of computing, Vol.2, May 2010. 



                     International Research Journal of Computer Science (IRJCS)                       ISSN: 2393-9842 
                         Issue 6, Volume 2 (June 2015)                                                                                  www.irjcs.com 
 
 

_________________________________________________________________________________________________ 
 © 2014-15, IRJCS- All Rights Reserved                                                                                                                        Page -53  
 

[7] Om Prakash Verma, Madasu Hanmandlu, Seba Susan, Muralidhar Kulkarni and Puneet Kumar Jain, A Simple 
Single Seeded Region Growing Algorithm for Color Image Segmentation using Adaptive Thresholding,” 
International Conference on Communication Systems and Network Technologies,  2011. 

[8] Aminah Abdul Malek, Wan Eny Zarina Wan Abdul Rahman, Arsmah Ibrahim, Rozi Mahmud, Siti Salmah 
Yasiran, Abdul Kadir Jumaat, Region and Boundary Segmentation of Microcalcifications using Seed-Based 
Region Growing and Mathematical Morphology, International Conference on Mathematics Education 
Research(ICMER), 2010. 

[9] Ryu Hyunki and Lee HaengSuk Kyungpook “A Noble Image Segmentation Using Local Area Splitting and 
Merging Method based on Intensity Change, International Journal of Software Engineering and Its Applications , 
Vol.7, 2013. 

[10] Anju Bala “An Improved Watershed Image Segmentation Technique using MATLAB, International Journal of 
Scientific & Engineering Research, Vol.3, June 2012. 

[11] Nikita Sharma, Mahendra Mishra, Manish Shrivastava “Colour Image Segmentation Techniques And Issues: An 
Approach,”International Journal of Scientific and Technology, Vol.1, May,2012. 

[12] A.B.M. Faruquzzaman, Nafize Rabbani Paiker, M. Ameer Ali “A Survey Report on Image Segmentation based on 
Split and Merge Algorithm, IETECH Journal on Advanced Computation, Vol.2, 2008.  

[13] Luis Garcia Ugarriza, Eli Saber, Sreenath Rao Vantaram, Vincent Amuso, Mark Shaw, Ranjit Bhaskar  Automatic 
Image Segmentation by Dynamic Region Growth and Multiresolution Merging, IEEE Transaction on Image 
Processing, Vol. 18, October 2009. 

[14] Malik Sikandar Hayat Khiyal, Aihab Khan, and Amna Bibi “Modified Watershed Algorithm for Segmentation of 
2D Images, IISIT Vol.6, 2009. 

[15] K. Parvati, B. S. Prakasa Rao “Image Segmentation Using Gray-Scale Morphology and Marker-Controlled 
Watershed Transformation,  Hindawi Publishing Corporation Discrete Dynamics in Nature and Society, 2008. 

[16] Dibyendu Goshal, Pinaki Pratim Acharjya “MRI Image Segmentation Using Watershed Transform, International 
Journal of Emerging Technology and Advanced Engineering, Vol. 2, April 2012. 

 


