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ABSTRACT 

 Image processing has been one of the most important achievements and commonly used engineering techniques in all 

areas of science, including medical science, and MRI as one of the most widely used non-invasive diagnostic techniques has been 

influenced more than other methods from this approach, so that today exact diagnosis of many medical problems such as tumors 

and lesions in the brain tissue, without using MRI method is an impossible and difficult matter.In other words, the separation of 

the main components of the brain's white matter, gray matter and cerebrospinal fluid and differentiation of them from abnormal 

tissue (tumor) requires high accuracy, which is not easily accessible with conventional methods for imaging. Basic techniques for 

edge detection (Sobel, Pryvet, Roberts, Vekny) can be used to determine the boundaries and edges, but due to noise and steep light 

variations of medical images, accurate segmentation and achieving to smooth and clear edge is difficult and to improve images, 

different blur filters techniques or increase in the contrast are used. In this study, to minimize the error in the process of image 

segmentation and to improve edge detection in MRI (brain tumor) images, the combination of fuzzy c-means algorithm with 

watershed algorithm was used. The research method that was used for the segmentation of medical images was including several 

parts: image processing and preparation of the input image in black and white, fuzzy categories (processing input image, 

calculating the dispersion of black and white image, derivation from image in order to capture the image edge detection, applying 

fcm algorithm on the data) and watershed algorithm (finding boundaries between region and based on discontinuities in intensity 

levels).The results indicated that using this combination method, with 33/97 accuracy helped us to improve images, edge detection 

and noise reduction in brain tumor MRI images. 
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 Image processing is one the most important 

achievements and commonly used engineering techniques 

in all areas of science, including medical science that 

nowadays severely has eclipsed diagnosis and treatment 

of many diseases Since MRI compared to other diagnostic 

modalities (radiography, C T scan, etc.) is safe and non-

invasive and on the other hand reflects the true 

dimensions of organ, its use in imaging of brain is widely 

considered. The most important considered characteristic 

in precise processing of MRI images is determination and 

separation of borders and the edge of normal and 

abnormal tissues from each other, till now for detecting 

edges, different algorithms has been proposed and 

invented which are able to identify the anatomical 

structure of the human body, especially the brain more 

precisely (Pham,2005). 

 Basic techniques of edge detection are Sobel, 

Prewitt, Roberts, and Canny, also Myrrh – Hilbert 

algorithm in the Laplace transform domain is used as 

edge router, but due to the existence of Gaussian filter in 

Myrrh – Hilbert algorithm, this edge detector has low 

sensitivity to the noise impact and edge detection by 

Sobel, Prewitt, Roberts, and Canny due to steep 

brightness variations of medical images, make it 

impossible to reach to the straight and clear edge, So, 

recently, to address the above problems in medical 

illustration we use help from theory of fuzzy and 

segmentation.( Liang,2000). Usually, image segmentation 

is performed in two stages: extraction of right features 

from image classification of these features using 

appropriate method. Many researches have been donning 

on classification method. Among the methods used to 

classify the MRI image segmentation we can point to 

detection threshold methods such as region growing, 

clustering techniques, artificial neural networks and 

deformable methods (Cheung, 1996).In most of these 

methods image brightness is used as a feature and due to 

noise and in-homogeneities that is derived from radio 

frequency coil, follows from specific algorithm that 

benefits from locational pixels for better image 

segmentation (sizing Mehmet, 2004).Given the good 

performance of this algorithm which is caused by taking 

the spatial information of pixels, it seems that use of 
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special date in terms of texture features in MRI images 

have good results for medical image segmentation, 

however, no application will be error –free. In this study, 

in order to minimize errors in the process of image 

segmentation a combination of C-means fuzzy algorithm 

and watershed algorithm was used till maybe from this 

way the sensitivity of algorithm reduces to noise and 

integration and general categorization of images not to 

face up with too much timeshare, till finally resolution of 

the edge in brain images be improved (Kuo, 1997). 

LITERATURE REVIEW 

 Extensive and effective use of fuzzy logic in 

image processing in different sciences, especially in 

medical images have a high value, however, one study 

showed that this method does not gain a significant pixel 

information and maybe in classification of the image due 

to noise does not provide us with clear and precise unit. 

Another study showed that, this method for the detection 

and differentiation of metastases, meningioma, gliomas 

and brain astrocytoma has a good accuracy (El-Khamv, 

2000).Avijit asgupta (2012) recommended that, in 

marking and diagnosis of brain tumors the fuzzy method 

to be used but he stressed that for a better investigation a 

modified fuzzy method (MFCM) to be used, because this 

method is less sensitive to the noise and in the time of 

magnetic imaging filters the noises(Mahani,2004).It is 

identified that, watershed algorithm alone is capable of 

making all parts of the medical images but it causes to too 

much segmentation and is also sensitive to false edges, in 

a study by combing this method with a fuzzy one, in 

improving diagnosis of medical images a favorable results 

was achieved(Chaira,2004). 

METHODS 

 The method that has been used for the 

segmentation of medical images in the research, has been 

composed of several parts, which include the following: 

the first section is related to the image processing 

operations and preparation of the input image into black 

and white that the output of this part will be input of 

second part (fuzzy classification) and in the second 

section, fuzzy classification stage, a fuzzy function of C-

means will be used which is one the most important 

classification methods( Gose,2005). In the final sage, the 

image segmentation was performed with watershed 

function and the final image, which was the result of 

classification and segmentation, was achieved. 

Stage 1, input image preparation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 In this research, black and white MRI images 

were used, if we use colorful image as our input image, 

we should first change the colorful image into black and 

white, colorful images have three layers: blue, red and 

green but black while white images have only one layer 

with different degrees of grey color (Xu Xiaoyin, 2009). 

Stage 2, applying fuzzy classification algorithm on 

images 

 Clustering aims to find clusters of similar objects 

in the samples input, fuzzy clustering has several stages: 1 

- Pre-processing the input image 2 – Determine range of 

distribution of black and white image 3 - Derivation from 

the image to detect the edge 4 - Apply the fcm algorithm 

on data. 

1. Pre-processing the input image: All operations 

related to image processing of single color by using 

binary images or intensity is performed. For the pre-

processing of images it is required to convert the 

classes of data. Because we were working on image 

processing with high-coordinate of the image into a 

black and white image, we converted the number 

format to a double that since all calculations will be 

done in numerical format, scale the values between 0 

and 1. 

2. Determine range of dispersion of black and white 

image: Entropy or the same amount of dispersion of 

black and white image is a two-step process, in the 

Input image 

Conversion of input image (colorful or black and 

white) to a black and white image  

Applying fuzzy classification on the image 

Saving the image  

Applying watershed segmentation on image 

 

Final image  
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first stage a histogram is estimated and then the 

entropy is calculated. In fact, entropy indicates the 

extent to which information is classified. Thereby, 

the result of entropy calculations or amount of 

distribution of black and white image is the same as 

size of the original image and so it is used for better 

classification. Entropy input can be a number in one 

the unit 8, unit 16, or double classes, for this research 

we have used the double class. 

3. Derivation from the image to detect the edge: One of 

the conventional methods for detecting edges of 

black and white images is calculation of gradient, that 

it is actually detection of meaningful discontinuities 

of intensity values through the calculation of first and 

second derivation. At this stage of our work, we 

derivated from the image and stored the chi-square of 

elements in a new variable, that is used in the next 

stage for weighting. 

4. Apply the fcm algorithm on data: the next stage was 

applying of fcm algorithm and setting of classes on 

data. One of the key issues in clustering is to select 

the number of clusters. In this study, as default, we 

considered the number of clusters three. The fcm 

result on the data is stored in a separate matrix that 

contains three classes of matrix: centers matrix, the 

matrix of membership degree to every member of 

every class and the rate of every member in 

repetition. The base of our work for classification is 

centers of classes and the matrix of membership 

degree to every member of every class. To start up to 

create the classified image, the second row of the 

member matrix that includes third part is considered 

as the degree of primary membership and in this way 

with a negative and minimal view, we will do the 

practice of phase reverse. Finally, by the matrix of 

membership and with respect to rows and columns of 

primary matrix of image, the matrix of classified 

image with two loops will be formed. 

 

Figure 1: The output image from phase clustering 

Stage 3, implementing watershed algorithm for images 

segmentation 

Segmentation algorithms for monochrome images 

generally act based on one of two properties of intensity. 

These two main features are: discontinuity and similarity. 

For extract these characteristics, space linear filtering 

taken from Sobel method was used, and by processing of 

neighboring on determined classes, the boundaries of 

clusters were obtained that this process was performed in 

five stages: 

1. Applying vertical gradient mask to the image 

2. Filtering out again by transposing the result for 

applying a horizontal gradient 

3. Exponentiation of pixel values of each filtered image 

4. Sums two results 

5. Finally, calculation of the square root for determining 

the boundary of clusters 

 

Figure 1: Image of combining horizontal and vertical 

Sobel filtered images 

 Finally, with regard to the boundary of clusters 

as input for watershed algorithm, this algorithm was 

applied to the images for the final segmentation. 

RESULTS 

 The study was conducted with the objective of 

improving the segmentation of medical images. To 

achieve to the best program, the testing of program was 

performed on several images from MRI images of the 

brain. The results showed that changes in the parameters, 

can change the result of output. In other word, changes in 

the kind of filters and the way that we apply them can 

effect on calculation of percentage of detecting classified. 

In this study, to improve the images, we used Sobel filter, 
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applied replicate filter method and with selection of this 

option, the image size expanded by repeating its members 

in the length of its borders, causing the highest accuracy 

in the output.  In the below table, a few examples of the 

segmentation results at each stage of fuzzy and watershed 

segmentation has shown separately and percentage of 

correct diagnosis of classifications is also calculated and 

noted. 

 After testing the program on 148 different 

images of brain MRI images, and calculating the average 

of results, the accuracy of correct diagnosis was 33/97%, 

that by comparing with similar articles is a fair result. For 

example, in similar articles for detecting cancer with 

quantification method a watershed algorithm vector for 

image segmentation was used that after testing the 

program on 35 images the diagnosis rate was 68/5%. 

In another article that for improving the segmentation of 

MRI images, image texture features was used and 

extraction of these features was performed byC-means 

fuzzy clustering method, percentage of correct 

segmentation reached to 7.94 %. 

 

Figure 2: The final image obtained by combining the 

fuzzy and watershed algorithm on input image 

Table 1: Some examples to compare the results of the image segmentation with fuzzy and watershed algorithm 

combining method 

Percentage of pixels 

that are Classified 

false 

Percentage of pixels 

that are Classified 

correctly 

The image obtained by 

combining fuzzy and 

watershed algorithm 

The output image 

obtained by applying a 

fuzzy algorithm 

Original image 

1.7148 9802852 

   

2.9466 97.0534 

   

2.2281 97.7719 

   

4.1987 95.8013 

   

5.6491 94.3509 

   

.08384 99.1616 
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CONCLUSION 

 In this project, for segmentation of MRI brain 

images, two fuzzy and watershed algorithm were used. 

All of the images were taken from the database. 

Watershed algorithm alone is capable of making all parts 

of the medical images but it causes to too much 

segmentation and is also sensitive to false edges, in this 

study by applying fuzzy algorithm before applying 

watershed markers, the problem of too much 

segmentation was solved and by the proper definition of 

fuzzy classes and amount of neighboring in watershed, 

accuracy rate of 33/97 for the correct segmentation of the 

images was obtained. 

 According to the obtained percentage it is 

observed that combining the fuzzy and watershed 

algorithm is a proper method for segmentation of medical 

images and it has also a high diagnosis accuracy. 
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