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Abstract – Medical image segmentation has gained the higher 

popularity in medical science in order to derive the more reliable 

and accurate decision on the basis of the medical images. The 

various authors have considered medical image segmentation as 

their research domain and has developed different image 

segmentation techniques. This study introduces the novel 

approach for image segmentation by using adaptive histogram 

equalization, kuwahara filters and fuzzy c-mean clustering 

technique. The objective of this work is to segment the images by 

enhancing the image contrast. The results of the proposed work 

are evaluated in the terms of accuracy and the accuracy of the 

proposed work is obtained nearby 99.5. 

Index Terms – Image Segmentation, Contrast Enhancement, 

Adaptive Histogram Equalization, Fuzzy C-Mean. 

1. INTRODUCTION 

Enhancement of image is basically processing image to 

enhance its details and information contained in the image. The 

deterioration of the image quality is the result of either low 

quality provided by the device or due to the surrounding 

conditions [1]. The Image enhancement is the most important 

phase and the output result majorly depends upon image 

enhancement. The Image enhancement consists of intensity 

and contrast manipulation, noise reduction, edge sharpening 

and filtering etc. Image details can be improved by enhancing 

the contrast of the image [2]. Dynamic range in the image 

determines the contrast of the image which is the difference 

between the low intensity of the image and high intensity of the 

image. Image enhancement in this work is done by applying 

the image segmentation and image contrast enhancement.  

The procedure of segmentation is to segmenting or dividing the 

digital image into a number of sections that are known as pixels 

[3]. After segmentation the resultant image achieved is more 

instructive, unambiguous and meaningful which simply 

represents the data there in the pixel [4]. The image 

segmentation process is used to detect the lines, boundaries and 

curves that are occurred in the image. The image segmentation 

provides the output of segmented section or the set of the 

shapes that are also taken from the image [5].Due to various 

properties (like color, texture or intensity) the pixels of the 

image are linked to each other. The image segmentation plays 

a vital role in the medical imaging. So in the medical imaging 

various consumers of the image segmentation is illustrated as 

below [6]: 

(a)  It is used in measuring the tissue and their volumes 

(b) Diagnosis 

(c) Studying of abnormal structure 

(d) Tumors detection process 

(e) Surgery done by using computer systems. 

(f) Treatment plans 

The other applications of image segmentation are listed as: 

(a). Fingerprints recognition 

(b). Detect objects in satellite images like mountains, tracks, 

trees, etc. 

(c)  Automatic traffic controlling systems 

(d)   Face recognition 

(e)   Machine vision 

2. PROBLEM FORMULATION 

The process of image segmentation is defined as the technique 

via which a given photograph is segmented  into  several  parts  

in  order  to  further  analyse  every  of  these  components  

present  in  the  photo.  In segmentation, without a doubt image 

is represented in to greater understandable form. Segmentation 

essentially used to hit upon the gadgets,  obstacles  and  other  

applicable  facts  in  the  digital  snap  shots.  There  are  

exceptional  tactics  to  enforce  segmentation  like  threshold,  

clustering  and  remodel  strategies  etc  [10].  The reason for 
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the popularity of image segmentation is because of its 

importance in the area of image processing.  

The traditional method was applied to segment images and it 

was found to improve processing speed (which the traditional 

FCM algorithm failed to do). This also has the advantage of 

detecting bimodal histograms, such as stones and black beans. 

The drawback of the traditional work was that it did not apply 

any kind of image pre-processing mechanism to the input 

image. Therefore the mage with less sharp edges could become 

more difficult to segment. Thus there is a need to develop an 

advanced mechanism that work to enhance the quality of the 

image before segmenting it. 

3. PROPOSED WORK 

Image  segmentation  is  important  element  in  many  sign  

processing  method  and  its  applications.  The segmentation 

technique is to discover the higher positions of the shape 

factors consistent with the arrival records. The prime task of 

the researchers working in the field is to develop a method for 

efficient and better image segmentation. There are certain 

factors that affect the process  of  image  segmentation  like  the  

intensity  of  image  to  be  segmented,  colour  type, less 

sharpness in edges, issues related to the brightness  and  the  

noise  present  in  the image.  

In this study we have considered related to less sharp edges. 

Thus to enhance the sharpness of the image, the proposed work 

implements the Kuwahara Filters and along with this the 

contrast enhancement technique is also planned to applied so 

that the brightness of the image can be preserved and the image 

become more superfluous for segmentation.  

1) Techniques Used 

a) Kuwahara Filter 

The kuwahara filter is applied to reduce the adaptive noise from 

the image. The Kuwahara filter is a non linear filter that divides 

the image into four sub blocks and evaluates the mean of these 

blocks. The block division is shown as follows: 

 

Figure 1 Block Division of Kuwahara Filter [17] 

b) Adaptive Histogram Equalization 

This technique is used to enhance the contrast of the image. In 

this technique, several histograms were computed in order to 

process the image. The conservation strategy used is Root 

mean separation which leads up to 100 % conservation. This 

section shows various images which results of this technique. 

This technique has various issues like slow speed due to large 

number of calculations [14]. Consumer electronics like Liquid 

Crystal Display and Plasma Display panel utilize this 

technique. Figure below represents the equalized and un-

equalized image 

The step wise procedure of proposed work is defined as 

follows: 

1. Input Image: the first step is to select an image from 

available dataset of images for the purpose of 

segmentation. In proposed work user has the power to 

select the image for this. The medical images, images of 

beans, black beans etc are available in the proposed dataset 

of the images.  

2. Pre-processing: After electing the input image, the pre-

processing is applied to the input image in order to enhance 

the quality of the image so that the more enhanced and 

efficient results can be obtained. 

3. Filtration: the pre-processing of the image is followed by 

the filtration of the image. The kuwahara filter is applied 

for the filtration. The filtration is done to remove the noisy 

content from the image.  

4. Equalization: the adaptive histogram equalization 

technique is applied to the filtered image. Then, the more 

enhanced image is received. 

5.  FCM: after equalization, the fuzzy c-mean technique for 

image segmentation is applied. After applying the FCM, 

the final segmented image is received. The accuracy 

metrics is evaluated for the purpose of performance 

analysis.  

 
Figure 2 framework of proposed work 
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4. RESULTS 

This section represents the input images that are used for 

simulating the proposed work. This section delineates the 

results that are obtained after implementing the proposed image 

segmentation and contrast enhancement technique in 

MATLAB. The figure 3 represents the sample images that are 

used for simulation. The sample images comprised of two types 

of images one is medical images i.e. images is tooth and stone 

and other is image of bean, black bean and groundnut.  

 

 

 

Figure 3 Sample Images for Simulation 

The image in figure 4 shows the original image that is used for 

simulation. Before starting the procedure of image 

segmentation the first step is to select an image as an input for 

the purpose of simulation. Thus in proposed work, the system 

asks the user to select the image.  

 

Figure 4 Original Image 

The graph in figure 5 shows the histogram of original image 

that is shown in above figure. A histogram is a graphical 

formation of the distribution of numerical data. It is an 

approximation of the probability distribution of a constant 

variable.  

 

Figure 5 Histogram of Original Image 

To build a histogram, the first step is to split the intact series of 

values into series of intervals and then count no. the values fall 

into interval. The intervals must be adjacent, and are often of 

equal size. Image histograms show frequency of pixels 

intensity values. In image histograms, it has two axes one is x-

axis and other is y-axis. The histogram shown in this work has 

two axis graphs on which the x axis stands for number of pixels 

in the histogram of the image and the y axis stands for the 

number of count. 

The original image is further processed by using the kuwahara 

filters. The kuwahara filter is applied for the filtration of 

original image and shown in figure 6. The graph in figure 7 

shows the histogram of filtered image. 

 

Figure 6 Filtered Images by Kuwahara Filter 
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Figure 8 Histogram of Kuwahara Filtered Image 

The image in figure 8 shows the enhanced image that is 

observed after applying the adaptive histogram equalization to 

the filtered image.  

 

Figure 8 Enhanced Image 

 

Figure 9 Histogram of Enhanced Image 

Adaptive histogram equalization is a contrast enhancement 

technique which evaluates the multiple histograms 

corresponding to the different section of the image. Then these 

histograms are used to re-distribute the lightness in the image. 

Therefore, the adaptive histogram equalization is referred as 

most suitable technique to enhance the contrast and definition 

of the edges in the image. Similarly, the figure 9 defines the 

histogram for enhanced image. 

After enhancing the contrast of the image, the fuzzy c-mean is 

applied to the enhanced image for the purpose of image 

segmentation. The image in figure 10 shows the segmented 

image after applying FCM.  

 

Figure 10 FCM segmented image 

The graph in image 11 shows the accuracy comparison of 

different segmentation methods with respect to the image of 

stone. The x axis in the graph shows the various segmentation 

method i.e., HIST FCM IT and proposed work. The y axis in 

the graph calibrates the data for accuracy and it ranges from 0 

to 100. On the basis of the graph, it is observed that the 

accuracy of 2D entropy technique is quite lower in comparison 

to other considered techniques. The highest accuracy is 

obtained for proposed work.  

 

Figure 11 Accuracy Analysis of Stone image 
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The graph in figure 12 shows the comparison of accuracy for 

black bean image by using traditional and proposed technique. 

 

Figure 12 Accuracy Analysis of Black Bean image 

 

Figure 13 Accuracy Analysis of Bean image 

Similarly, the graph in figure 13 shows the accuracy for bean 

image over traditional and proposed work. The graph shows 

that the proposed work has the highest accuracy.  

The table 1 shows that the proposed work has the highest 

accuracy i.e. 99.5; the 2D entropy has the lowest accuracy i.e. 

27. 

Table 1 Accuracy Analysis 

Technique Accuracy 

Proposed Work 99.5 

HIST-Otsu 98.5 

The graph in figure 14 shows the comparison of proposed 

work and traditional work. The comparison is done in the 

terms of color strength. The color strength in proposed work is 

evaluated as follows: 

𝑐𝑜𝑙𝑜𝑟 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =
1

𝑁
∑ 𝑥𝑖

𝑖=𝑛

𝑖=1

… … .1 

Where, N refers to the size of rows and columns, 𝑥𝑖 denotes the 

image.  

On the basis of the comparison drawn in figure below, it is 

evaluated that the color strength of HIST-FCM-IT is 109 and 

for proposed work it is 130. Thus the color strength of proposed 

work is effective and strong than the traditional work. 

 

Figure 14 Color Strength Analysis 

The graph in figure 15 depicts the comparison of proposed and 

traditional work in the terms of entropy. The value of the 

entropy should be high in order to get the qualitative results. 

The following formulation is used for measuring the entropy 

in proposed work. 

𝐸 = − ∑ 𝑝𝑖𝑙𝑜𝑔2

𝑛

𝑖=0
𝑝𝑖 … … .2 

The graph explains that the entropy of the proposed work is 

7.28 and for traditional work is 6.63. Therefore the proposed 

work is proved to be better than the traditional work with 

highest value of the entropy.  

The graph in figure 16 draws the comparison of proposed work 

and traditional work with respect to the edge strength. In order 

to measure the edge strength, the canny edge detection 

mechanism is applied. Canny edge detection detects the wider 

range of edges in the image by using multi stage algorithms. 

The canny edge detects employs the following equation to 

measure the gradient approximations: 

|𝐺| = √𝐺𝑥2 + 𝐺𝑦2 ≈ |𝐺𝑥| + |𝐺𝑦| … . .3  

Then the edge directions are evaluated using equation 5.3 as 

follows: 
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𝜃 = 𝑡𝑎𝑛−1 (
𝐺𝑦

𝐺𝑥
) … . .4 

The graph explains that the edge strength of proposed work is 

0.729 whereas for traditional work it is 0.52. 

 

Figure 15 Entropy Analysis 

 

Figure 16 Edge Strength Analyses 

5. CONCLUSION 

This study develops a novel approach for image segmentation 

by using the concept of image contrast enhancement. In this 

work, firstly the image preprocessing is applied to the original 

image, then the adaptive histogram equalization technique is 

applied for equalizing the signals of the image. Along with this 

the Kuwahara filter is applied for filtering the image. After this 

the fuzzy C-mean technique is used for segmentation. The 

obtained accuracy off the proposed work is higher than the 

traditional segmentation techniques such as FCM, HIST-Otsu, 

Morphology edge Detection, 2D entropy Hist FCM IT and K-

Mean.  

After observing the results it is observed that the HIST-Otsu 

has the second highest accuracy rate after proposed work. Thus 

in future more enhancement in the present work can be done 

by hybridizing the proposed mechanism with HIST-Otsu 

technique. 
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