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Abstract— The detection and diagnosis of kidney cancer from CT images by using digital image processing 

depends on textural analysis to obtain an accurate kidney diagnosis. This method will make the surgeon able 

to detect the cancer and then easing treatment also it helps physicians and radiologists to identify the affected 

parts of the kidney in order to protect the normal parts as much as possible from exposure to radiation. In 

this study using Image segmentation is one of the most important categories of image processing. The 

purpose of image segmentation is to divide an original image into homogeneous regions. It can be applied as 

a pre-processing stage for other image processing methods. The watersheds transformation is studied in this 

report as a particular method of a region-based approach to the segment an image. Watershed Transform 

can be applied to gray scale images, textural images and binary images. The watershed transform has been 

widely used in many fields of image processing, including medical image segmentation. In this paper the 

kidney images is obtained by creating a mask to obtained the kidney from the rest CT Images which 

contained the other organs, as the kidney image is produced the watershed segmentation is applied to classify 

the region, then the gray level matrix which is the second order statistical matrix is applied to calculated the 

statistical features. 

Keywords—Computed Tomography (CT), Watershed Segmentation, gray level matrix, statistical features, 

image classification 

 

I. INTRODUCTION 

   Medical imaging techniques produce images including a lot of information about the anatomical 
construction being inspected, valuable for making correct diagnoses, selecting the most adequate treatment, 

scanning development of the treatment and so on. The analysis of medical images has always been complete 

visually by physicians, but in the last two decades, a strong stimulus has been given to develop automated 

systems able helping physicians in this task, fundamentally because they have the desire of quantizing a number 

of anatomical and functional parameters, helpful for diagnosis and treatment, which can be estimated only 

qualitatively by human beings [1].                                       
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     The medical research has been perfectly receptive of image processing in enforcement like CT scan. The 

result of this technique, an image of the patient’s body, gives the physician the ability to examine and diagnose 

without the need of surgery [2]. Early detection and right treatment based on   exact diagnosis are important 

steps to improve disease result. The research, aim to diagnosis kidney cancer from CT images using Digital 

image processing. The image segmentation algorithms are generally based on  

The two basic characteristics of the luminance: discontinuity and similarity. Edge detection algorithms are 
based on the discontinuity. Similarly, the threshold processing, region growing, regional separation and 

polymerization are based on similarity. Watershed algorithm which is a mathematics morphological method for 

image segmentation based on region processing, has many advantages. The result of watershed algorithm is 

global segmentation, border closer and high accuracy [3]. 

 

II. MASK CREATION 

In order to separate the kidney from the CT Image it's important to create a mask which is a binary image (0 

or 1's). This mask is used to subtract the unwanted features in the images. Figure (1) shows a sample of the 

mask. The kidney appear white which is the value of (1) and the background which is the reaming information 

appear (0). This mask which has the size of the kidney and its value and shape differ from one image to another 

is applied on the original image to discard the irrelevant information multiplying the mask image with study 

image it produced the masked image. Figure (1) shows the mask creation. 
 

 

 

 
 

Fig. (1). Shows the Mask Creation. 

 

 

III. THE WATERSHED SEGMENTATION 

         Segmentation is a process of extracting subject or structures of interest from background and each other. 

The segmentation of CT involves separating the important information which are used to study the region of 

interest from the background. Separating touching objects in an image is one of the more difficult image 

processing operations.  The watershed transform is often applied to do this problem.  The watershed transform 

finds "catchment basins" and "watershed ridge lines" in an image by treating it as a surface where light pixels 

are high and dark pixels are low. Segmentation using the watershed transforms works well if it can identify, or 

"mark," foreground objects and background locations.                              
Marker-controlled watershed segmentation follows this basic procedure:      

    1. Compute a segmentation function. This is an image whose dark regions are the objects trying to segment it.                                             

2. Compute foreground markers. These are connected blobs of pixels within each of the objects.   

3. Compute background markers. These are pixels that are not part of any object. 
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4. Modify the segmentation function so that it only has minima at the foreground and background marker 

locations.                                         

 5. Compute the watershed transform of the modified segmentation function.                                                                                               

        The Algorithms for watershed segmentation:                                        

  Step1: Read the Colour Image and Convert it to Grayscale.                          

  Step2: Use the Gradient Magnitude as the Segmentation Function (Use the Sobel edge masks the gradient is 
high at the borders of the objects and   low mostly inside the objects). 

     Step3: Mark the Foreground Objects.                                                  

              A variety of procedures could be applied here to find the foreground markers, which must be 

connected blobs of pixels inside each of the foreground objects. Which are use morphological                      

techniques.                                                                                                

     a. Opening 

     b. Opening-by-reconstruction 

     c. Opening with a closing can remove the dark spots and stem marks   opening closing are more effective 

than standard opening and closing at removing small blemishes without affecting the overall shapes of the 

objects. 

     d. Closing-by-reconstruction 

     e. Compute Background Markers the dark pixels belong to background. So, the thresholding operation is 
needed. Threshold opening- closing by reconstruction. 

 

      Step 4: Calculate the regional maxima to obtain good foreground   

            Markers. It is important to mention that some of the mostly 

            Shadowed objects are not marked, which means that these objects 

            Will not be segmented properly.                                                                                       

      Step 5: Compute the Watershed Transform of the Segmentation function. 

 

IV. DETERMINATION OF TEXTURES FEATURES FOR ABNORMAL AND NORMAL CASES 

USING IMAGE SEGMENTATION 

Using the watershed segmentation process to separate the cancer from the healthy tissue it’s a proper method 
for separation, this can be shown in figure (2, 4, 6, 8, 10, and 12). After this the second order statistical feature is 

calculated, the features which gives indication about the energy, homogeneity, contrast, mean, correlation, 

stander deviation and the area. Which is a geometrical feature. Table (1, 2, 3, 4, 5, and 6) shows these features.  

The co-occurrence texture features are computed from spatial gray dependence matrices. The  matrix (P) 

contains the relative frequencies with which two pixels (one with gray level value i and the other with gray level 

j) separated by distance d at a certain angle θ occur in the image. It is important to note that when computing co-

occurrence features from images with relative high number of possible pixel intensity values (e.g.256) it is not 

wise to use all possible discrete signal levels. If all original intensity levels were employed, the derived texture 

information could be easily blurred by a noise in the image. Hence it is preferable to transform the original 

intensity values into a smaller number of possible levels via a quantization method [4]. 

 

…..(1) 

…….(2) 

………(3) 
where μx, μy, σx, σy are the rows, columns sum means and 

standard deviations respectively. 

 

………………….(4) 
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                     Original image No.1            Mask right kidney                     Right kidney      After colouring   

 

   

    

                 (G1) Watershed segmentation   Unhealthy tissues          Cancer                  Boundary the cancer   

 

                    

 

            

 

 

 
 

              Mask left kidney            Left kidney                 after colouring          (G2) Watershed segmentation    

  

 

   

 

   

                      Unhealthy tissues                Cancer                  Boundary of the cancer 

Fig. (2) Shows the original image with normal and abnormal part using watershed segmentation. 

    

 
  Table (1) texture features and comparison between right and left of kidney. 

Homogeneity  Energy  Correlation Contrast       Mean  Standard    

  Dev. 

 Image  

 No.1 

      0.9817   0.8071       0.9643   0.0592    138.4592   56.6829    G1 

      0.9892   0.822       0.9825   0.0291    136.3745   60.7477    G2 
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Fig. (3) Shows the graph of the statistical features in table (1). 

 
Original image No.2        Mask right kidney       Right kidney      After colouring             watershed segmentation                      

                                                                                                                                                          (H1)   

     
 

 

 

 

 
 

 Mask left kidney                Left kidney                 After colouring    (H2) Watershed segmentation     Cancer                           

  

     

 

   Boundary of the cancer 
Fig. (4) Shows the original image with normal and abnormal part using watershed segmentation. 

 

Table (2) texture features and comparison between right and left of kidney 

Homogeneity  Energy  Correlation Contrast       Mean  Standard      

Dev. 

 Image   

No.2 

      0.9732 0.6752        0.9793     0.0605 129.9363      64.9337    H1 

      0.9898   0.872      0.9895   0.0241    121.4631     47.38    H2 
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Fig. (5) Shows the graph of the statistical features in table (2). 

 

  Original image No.3           Mask right kidney              Right kidney           After coloring                       

    

 

   
                      Unhealthy tissues                     Cancer                  Boundary of the cancer 
 

 

                         Mask left kidney           Left kidney            After colouring       Watershed segmentation (I2) 
 

    
 

  

                                             Stone            Boundary of the stone 
Fig.(6) shows the original image with normal and abnormal part   using watershed segmentation. 
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Table (3) texture features and comparison between right and left of kidney. 

 

Homogeneity  Energy  Correlation Contrast       Mean  Standard    

  Dev. 

 Image  

 No.3 

      0.9842   0.7192      0.9875    0.0367       116.6   52.7386    I1 

      0.9884   0.8753      0.9514    0.0138      118.31    55.469    I2 
 

 

 
 

Fig. (7) Shows the graph of the statistical features in table (3). 

 

                                Original image No.4                 Mask right kidney      Right kidney             After coloring                             

 

 

    

    

                          (J1) Watershed segmentation           Unhealthy tissues                             Cancer                        Boundary of the cancer 

 

 

                           Mask left kidney           Left kidney                  After coloring      Watershed segmentation(J2) 
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                           Unhealthy tissues               Cancer                       Boundary of the cancer 
 

Fig. (8) Shows the original image with normal and abnormal part using watershed segmentation. 

 

Table (4) texture features and comparison between right and left of kidney 

Homogeneity  Energy  Correlation  Contrast     Mean   Standard     

    Dev. 

 Image  

 No.4 

      0.9900   0.9096      0.9543    0.0357    136.41     56.4816    J1 

      0.9955   0.9610      0.9624    0.0140    131.87     59.7219    J2 
 

 

 

                  
 

 

Fig. (9) Shows the graph of the statistical features in table (4). 

           

 

 
               Original image No.             Mask right kidney              Right kidney                  After coloring   Watershed     Segmentation (K1) 
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                      Mask left kidney                       Left kidney                              After coloring                  Watershed segmentation (K2) 

 

    

 

   

                Unhealthy tissues             Cancer                          Boundary of the cancer 
 

Fig. (10) Shows the original image with normal and abnormal part using watershed segmentation. 

 

Table (5) texture features and comparison between right and left of kidney. 

Homogeneity  Energy  Correlation Contrast     Mean  Standard    

  Dev. 

 Image  

 No.5 

      0.9972    0.9598       0.9646   0.0117    129.59   59.7262    K1 

      0.9982   0.9615       0.9778   0.0096    122.30   57.6428    K2 
 

  
Fig. (11) Shows the graph of the statistical features in table (5). 

 

 

              Original image No.6        Mask right kidney                  Right kidney           After coloring    
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         Watershed segmentation (L1)    Unhealthy tissues              Cancer                    Boundary of the cancer 

Mask left kidney                         Left kidney                  after coloring     Watershed segmentation (L2) 

    

 

   

            Unhealthy tissues                    Cancer                    Boundary the cancer 
 

Fig. (12) Shows the original image with normal and abnormal part using watershed segmentation. 

 

 

 

Table (6) texture features and comparison between right and left of kidney. 

Homogeneity  Energy  Correlation  Contrast     Mean  Standard    

  Dev. 

 Image  

 No.6 

      0.9829   0.8773       0.9406    0.0542    118.29   54.3719    L1 

      0.9899   0.9261       0.9450       0.0295    127.01   53.5149    L2 

 

 

 

 
 

Fig. (13) Shows the graph of the statistical features in table (6). 
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V. GEOMETRICAL FEATURE 

      Geometrical features like area, diameter, perimeter, and irregularity index have been estimated from the 

separated kidney nodules. The number of pixels having the values (1) in the image array gives the area of the 

segmented cancer image. The value (0) gives the background of the image which is black. For this analysis, the 

irregularities in the cancer are computed by:    

      

When, p is the perimeter of the tumor and A is the area of the cancer in pixels. The irregularity index is equal to 

1 only for circle and it is < 1 for any other shape [5]. 

        A =  

        Area of the segmented cancer is computed by counting, the number of pixels which have the value 1 in 

the image array. For computing area, binary image is used [5].  

 
Table (7-a) shows the value of the Area, Perimeter and Irregularity Index of cancer right kidney. 

 
                       Irregularity Index (I)                          Perimeter (P) in pixel                            Area (A) in pixels              Image No. 

0.0011437113 23631 50850 1 

\ \ \ 2 

0.0850717267 32121 6987 3 

0.0024777811 15537 47622 4 

\ \ \ 5 
0.0015511406 20928 54090 6 

 
 

 

 

 

 

 

 
Table (7-b) shows the value of the Area, Perimeter and Irregularity Index of cancer left kidney. 

Irregularity Index (I)       Perimeter (P) in pixel  Area  (A) in pixels  Image No. 

0.0016598576 19851 52077 1 

0.000728919 28941 48609 2 

0.0052337758 32121 8472 3 

0.0069098415 6093 20424 4 

0.0013792127 14580 23343 5 

0.0006135317 14832 10746 6 
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Fig. (14) shows the graph of the Irregularity for cancer right kidney in    table (7-a). 

 

 

 

 
 

Fig. (15) shows the graph of the Irregularity for cancer left kidney in table (7-b). 

 

 

VI. CONCLUSIONS 

This paper describes a method to diagnosis and detection the kidney cancer unhealthy part of healthy part and 

early stages of formation with integrated image segmentation and classification. It is important to mentions that 

the detection of kidney cancer is not easy because the CT images contain more organics than the kidney this 
created the need for binary mask to select only the kidney image, the watershed segmentation is a good 

segmentation process to separate the cancer from the kidney, We work comparison between right and left of 

kidney and calculate The statistical properties to texture features like (energy, contrast, homogeneity and 

correlation) derive from the average gray level co-occurrence matrix and mean, standard deviation which helps 

in the diagnosis of the type of tumor that was malignant or benign.  Geometrical parameters which are perimeter, 

diameter and area have been calculated in order to obtain irregularity of cancer it helps physicians and 

radiologists to identify the affected parts of the kidney in order to protect the normal parts as much as possible 

from exposure to radiation. This system can be applied to detect cancer before growth much they are visible to 

the human eye.               
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