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Abstract Key words 
     Kidney tumors are of different types having different 

characteristics and also remain challenging in the field of 

biomedicine. It becomes very important to detect the tumor and 

classify it at the early stage so that appropriate treatment can be 

planned. Accurate estimation of kidney tumor volume is essential for 

clinical diagnoses and therapeutic decisions related to renal diseases. 

The main objective of this research is to use the Computer-Aided 

Diagnosis (CAD) algorithms to help the early detection of kidney 

tumors that addresses the challenges of accurate kidney tumor 

volume estimation caused by extensive variations in kidney shape, 

size and orientation across subjects.  

     In this paper, have tried to implement an automated segmentation 

method of gray level CT images. The segmentation process is 

performed by using the Fuzzy C-Means (FCM) clustering method to 

detect and segment kidney CT images for the kidney region. The 

propose method is started with pre-processing of the kidney           

CT image to separate the kidney from the abdomen CT and to 

enhance its contrast and removing the undesired noise in order to 

make the image suitable for further processing. The resulted 

segmented CT images, then used to extract the tumor region from 

kidney image defining the tumor volume (size) is not an easy task, 

because the 2D tumor shape in the CT slices are not regular. To 

overcome the problem of calculating the area of the convex shape of 

the hull of the tumor in each slice, we have used the Frustum model 

for the fragmented data. 

Image segmentation, 

CT image, Fuzzy C-

Means (FCM), kidney 

tumor volume. 
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 الخلاصة

إى  ,هخرلفح تالاضافَ إلى إى هعالجرِا هخرلفح رّ خصائص أى أّسام الكلى ذركْى هي عذج أًْاع هخرلفح ّ      

وأصثح , كشف الْسم ّإصالرَ ٌعرثش هي الوشاكل الطثٍح الرً ذثقى هي الرحذٌاخ الرً ذْاجَ حقل الطة الثاٌلْجً

ذمذٌش دلٍك ين . الأّلٍح كً ٌرن الرخطٍط للعلاج الوٌاسة ين انًهى انكشف عن الأوساو وذصنٍفها فً انًشاحم

ذعرًذ طشق ذمذٌش . حجى وسو انكهى ضشوسي نهرشخٍصاخ انسشٌشٌح وانمشاساخ انعلاجٍح انًرعهمح تأيشاض انكهى

انهذف انشئٍسً ين هزا انثحث هى . حجى  انىسو انكهىي انًىجىدج عهى خطىج ذجضئح وسٍطح ذخضع نمٍىد يخرهفح

 . خْاسصهٍاخ الرشخٍص توساعذج الحاسْب للوساُوح فً الكشف الوثكش عي أّسام الكلىاسرخذاو 

حٍث ذى ذنفٍز عًهٍح . ذن فً ُزا الثحث ذٌفٍز طشٌقح الرجضئح اَلٍح للصْس الوقطعً للكلى راخ الرذسج الشهادي

انًعانجح الأونٍح  انطشٌمح انًمرشحح  ذثذأ ين يشحهح(. Fuzzy C-Means (FCM))ذجضئح تاسرخذاو طشٌمح انـ

نهصىسج انًمطعٍح وانرً  ذثذا تًشحهح عضل انكهى عن تالً أجضاء انثطن فً انصىسج انًمطعٍح ذى تعذ رنك يرى 

ٌرى ذطثٍك . يشحهح ذعضٌض انرثاٌن وإصانح انضىضاء غٍش انًشغىتح فً انصىسج ين أجم جعم انصىسج يناسثح

سرخشاج هٌطقح الْسم هي صْسج الكلى تعذُا ٌرن حساب هساحح ئح على الصْس الٌاذجح، ثن ذسرخذم لاعًهٍح انرجض

فً ششائح  2الْسم لكل ششٌحح ثن تعذ رلك ٌرن ذحذٌذ حجن الْسم ُّزٍ الوشحلح لٍسد هِوح سِلح، لأى شكل الْسم 

 .(Frustum model)ًوْرج  سرخذهٌانهرغهة عهى هزه انًشكهح  فً حساب انًساحح, ا. انصىس نٍسد ينرظًح

 

Introduction 

     Kidneys cancer is one of the most 

common cancers worldwide, with 

increasing morbidity and high 

mortality [1]. Computed Tomography 

(CT) has been widely used for clinical 

diagnosis of hepatic disease because of 

its high resolution. Accurate kidneys 

segmentation from abdominal CT 

scans is critical for computer-assisted 

diagnosis CAD and therapy, including 

patient specific kidneys anatomy 

evaluation, functional assessment, 

treatment planning, and image-guided 

surgery [2].  

     Traditionally, radiologists or 

physicians have to manually delineate 

the kidneys region slice by slice, which 

is tedious and time-consuming due to 

the large amount of data. Therefore, 

accurate and efficient methods for 

kidneys segmentation are demanded. 

Image segmentation is the process of 

partitioning a digital image into 

multiple segments or set of pixels. The 

objective of image segmentation is to 

group pixels into a prominent image 

region. Medical Image segmentation is 

one of most important issues in 

medical technology, which assists 

physicians in various aspects, such as 

analysis and diagnosis of different 

diseases, the study of anatomical 

structure, making treatment planning. 

It refers to the process of deriving 

meaningful regions from medical 

images that are homogeneous with 

respect to local image features such as 

edges, texture, and color, etc. With the 

increase of CT images in the diagnosis 

and treatment of diseases, 

segmentation of human organs from 

CT images is a prerequisite step in the 

precise treatment planning. Kidney 

segmentation from CT images remains 

an open challenge due to the high 

variability in the shape and size of 

kidney, presence of pathologies like 

tumor or cirrhosis, and low contrast 

with adjacent tissues or organs. 

Recently, a large variety of 

semiautomatic and automatic methods 

have been developed to improve the 

kidney segmentation procedure [3]. 

     Among these useful applications 

are; re-constructing 3D images from 

set of 2D segments, improving image 

contrast and removing noise and 

blurriness, performing quantitative 

analysis useful for pathogens, as well 

as a superior ability for early diagnosis. 

The most frequently steps used in the 

medical image processing methods are 

image registration, which aims at 

aligning image data from different 

modalities, subjects, or points of time, 

as well as image segmentation which 

localize and delineate the relevant 

objects in 2D projections and 

transform them into 3D visualization 
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[4]. Computerized axial tomography 

(CT) provides a 2D map of the line 

attenuation coefficient mirroring 

morphological details of the organs 

under study. It has high spatial 

resolution and wide dynamic range of 

imaging modalities, so, even small 

density abnormalities can be detected. 

A CT image can be obtained within 

one breath hold which makes CT the 

modality of choice for imaging the                    

thoracic cage [5].  

     However, image segmentation is an 

important tool in medical image 

processing, and has a very useful 

impact in many applications. The 

applications include detection of the 

coronary border in angiograms, 

multiple sclerosis lesion quantification, 

surgery simulations, surgical planning, 

measurement of tumor volume and its 

response to therapy, etc. The 

segmentation methods are, frequently, 

divided into different classes, 

depending on classification scheme: 

Manually (semiautomatic and 

automatic), Pixel-based and region-

based methods, Manual delineation 

(e.g. thresholding, region growing), 

Classical (edge-based and region-based 

techniques) e.g. statistical, fuzzy, and 

neural network techniques. The most 

commonly used segmentation 

techniques thus are classified into two 

broad categories  Region segmentation 

techniques that look for the regions 

satisfying a given homogeneity 

criterion, and edge-based segmentation 

techniques that look for boundary 

regions between different 

characteristics areas [6]. 

     In our proposed work, have be 

using image segmentation technique 

based on the fuzzy C-Means algorithm 

(FCM) for kidney segmentation to 

segment the kidney region. The Fuzzy 

C-Means (FCM) clustering algorithm 

generalizes the hard c-mans algorithm 

to allow a point to partially belong to 

multiple clusters. Therefore, it 

produces a soft partition for a given 

dataset. In fact, it produces a 

constrained soft partition. Watershed 

transform is a powerful tool for image 

segmentation; it is a region based 

approach of segmentation [7]. The 

image slices can then be stacked on top 

of one another, creating a 3D image 

volume. Using physical spacing 

information inherent in the image 

slices, it is possible to reconstruct the 

tumor from the segmented data as well 

as estimate the tumor volume [6]. 

 

The samples of kidney images 

     The medical data used for algorithm 

evaluation consists of 2D abdominal 

CT scan data from different healthy 

and unhealthy patients of mixed gender 

(Men, Women) and age (25 to 55 years 

old). Different samples of abdomen CT 

scan images are collected from the 

local hospitals (Baghdad Teaching 

Hospital and, General Abi-Graieb 

Hospital) / Ministry of health (some 

samples of normal and abnormal for 

CT images). The data was acquired 

using SIEMENS CT scanners 

sensation 16 with a resolution in x/y/z 

from 0.6/0.6/5 to 0.75/0.75/5 (in mm) 

and provided in DICOM format. The 

parameters of CT scan images for 

scanning were 120.0 KV and 297.0 

mA. The pixel spacing was 0.683594 

mm, the slice thickness was 5.0 mm 

and the spacing between slices was 0.3 

mm. The number of slices ranged from 

65 to 140. CT images of the kidney are 

processed for the detection of tumor 

using MATLAB. In this project, only 

one patients' abnormal samples CT 

scan slice images each slice of these 

datasets had a spatial resolution of      

256×256 pixels was selected from 

different samples mentioned .The 

samples images have bitmap BMP 

format with color depth 24 bit/pixel; 

and the size of each image is            

256×256 pixels, each of thickness 

ranged 5 mm. The segmentation 
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experiments and performance 

evaluation were carried of kidney CT 

images were run on the 64-bit on the 

computer with Pentium Intel (R)–Core 

(TM) i5, CPU (2.5 GHz) and 3 GB 

memory. 

Image analysis system 

     In our proposed work for automated 

method to segment kidney and detect 

tumor, the estimation of kidney tumor 

volume for CT images was introduced, 

as the block diagram is shown in Fig. 1 

illustrated the steps of imaging analysis 

system     adopted     of     the     basic 

processes which is include; after image 

acquisition, the pre-processing is first 

stage the next stage is image 

segmentation, in third stage tumor 

region extraction, finally accurate 

estimation of kidney tumor volume is 

the last stage descript in bellow. 

 

 

Fig.1: The block diagram of the basic processes. 

 

1. Pre-processing stage 

     In this part of the work, firstly 

separate the kidney region from the 

abdomen CT Images. Therefore, the 

first stage in any recognition system is 

pre-processing. It is the name for 

operations on images at the lowest 

level of abstraction whose aim is an 

improvement of the image data that 

remove undesired distortions or 

enhances some image features 

important for further processing. So, 

the goal of pre-processing is to remove 

the noise and to provide contrast 

enhancement to improve the image 

quality. The functions performed by 

pre-processing process are. Mask 

Region of Interest (ROI) creation, 

Gray scale conversion, Noise removal 

and contrast enhancement. 

     First, the abdominal CT image is 

pre-processed using the median filter. 

Then contour points were selected 

manually from the abdominal           

CT images for isolate kidney portions.  

 

The original abdominal CT images are 

considered for masking to find the 

variation in pixel intensities between 

the region of interest and the 

background of the image. Kidney 

regions are extracted after executing 

the masking module. Fig. 2 shows a 

sample of the mask. So in order 

separates the kidney from the abdomen 

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. The 

mask which has taken the size of the 

kidney, its value and shape differ from 

one image to another. It is applied on 

the original abdomen CT image to 

discard the irrelevant information 

multiplying the mask image with study 

image it produced the masked image 

which is the kidney image. The kidney 

appears white which the value of (1) is 

and the background which is the 

reaming information appears (0). 
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Fig. 2: The mask creation performed to crop the left kidney region. 

 

     Since the CT images consist of 

primary colors (RGB) content 

therefore the next step in preprocessing 

stage which is the grayscale 

conversion. A gray color is one in 

which the red, green and blue 

components all have equal intensity in 

RGB space and so it is only necessary 

to specify a single intensity value for 

each pixel, as opposed to the three 

intensity values needed to be specified 

for each pixel in a full color image. 

When CT images are viewed, they 

look like black and white but they 

contain some primary colors (RGB) 

[8]. So, further processing of CT 

kidney image, it must be converted to 

perfect grayscale image, as shown in 

Fig. 3.   

 

 
Fig. 3: Conversion from RGB to grayscale image. 

 

     The common noises present in a 

renal, ureter, and bladder CT scan are 

salt & pepper noise, speckles, Gaussian 

and impulse noises [9]. In CT image, 

salt and pepper noise and Gaussian are 

more predominant. We apply non-

linear median filter to remove the salt 

and pepper noise, whereas Gaussian 

noise is eliminated by a Gaussian high 

pass filter. The median filter is used to 

reduce the salt and pepper noise 

present due to motion artifacts (i.e. 

Movement of patient during scan) in 

the CT images. It is done for 

smoothening of CT image. Here we are 

using CT median filters to eliminate 

salt and pepper noise. A high pass 

filter preserves the high frequency 

information within an image while 

reducing the low frequency 

information, thus emphasizing the 

transitions in the image intensities, as 

shown in Fig. 4.     

 
 

 
Fig. 4: Pre-processing technique after applied median and Gaussian HP filter. 
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2. Fuzzy C-Means (FCM) image 

segmentation   

     In this section, the proposed kidney 

segmentation methods with a 

hierarchical strategy will be presented 

in detail. The Fuzzy C-Means (FC) 

method was implemented to detect and 

extract tumors and abnormalities in CT 

scan kidney images. 

     The fuzzy logic is used to process 

data by giving the partial membership 

value to each pixel in the image. The 

membership value of the fuzzy set 

ranges between 0 and 1. Clustering 

method is a kind of unsupervised 

learning. So the segmentation methods 

based on it do not need training sample 

data, they form clusters of data by 

grouping pixels. Fuzzy clustering is a 

multi-valued logic system that uses 

intermediate values i.e., member of 

one fuzzy set can also be member of 

another fuzzy set while in the same 

image. There are no discontinuous or 

sudden transitions between full 

membership and non-membership 

functions. The membership function 

defines the fuzziness of an image and 

the information contained in the image. 

The primary features involved in 

characterization using a membership 

function are: core, support, and 

boundary. The core is completely a 

member of the fuzzy set. The support 

is non membership value of the set and 

boundary is the partial membership 

value, having its value between 0 and 

1. This algorithm works by assigning 

membership to each data point 

corresponding to each cluster center on 

the basis of distance between the 

cluster center and the data point. More 

the data is near to the cluster center, 

more is its membership towards the 

particular cluster center. Hence, 

addition of membership of each and 

every data point must be equal to       

one [7]. 

 

     The idea of fuzzy connectedness 

goes back to the work of Rosenfeld. 

Thus improvement in segmentation 

and tumor detection can be done with 

Fuzzy C-Means clustering method. 

Fuzzy C-Means (FCM) clustering is an 

unsupervised technique that has been 

successfully applied to feature 

analysis, clustering, and classifier 

designs in fields such as astronomy, 

geology, medical imaging, target 

recognition, and image segmentation.  

An image can be represented in 

various feature spaces, and the FCM 

algorithm classifies the image by 

grouping similar data points in the 

feature space into clusters. This 

clustering is achieved by iteratively 

minimizing a cost function that is 

dependent on the distance of the pixels 

to the cluster centers in the feature 

domain. The pixels on an image are 

highly correlated, i.e. the pixels in the 

immediate neighborhood possess 

nearly the same feature data. 

Therefore, the spatial relationship of 

neighboring pixels is an important 

characteristic that can be of great aid in 

imaging segmentation. General 

boundary detection techniques have 

taken advantage of this spatial 

information for image segmentation. 

However, the conventional FCM 

algorithm does not fully utilize this 

spatial information. So improvement in 

conventional method can be done by 

incorporating noise reduction method 

also. The algorithm is an iterative 

optimization that minimizes the cost 

function defined as follows [10]: 

 

Mathematical representation 

     Algorithmic steps for Fuzzy            

c-means clustering: 

Let X = {x1, x2, x3 ..., xn} be the set of 

data points and V = {v1, v2, v3 ..., vc} 

be the set of centers. 
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 1) Randomly select 'c ' cluster centers. 

 2) calculate the fuzzy membership 'µij' 

using: 

    (1) 

3) compute the fuzzy centers ' vj' using:     

 (2) 

4) Repeat step 2) and 3) until the 

minimum 'J ' value is achieved or 

||U (k+1) - U (k) || < β.       

where,  

k is the iteration step. 

β is the termination criterion between 

[0, 1].  

U = (µij) n*c is the fuzzy membership 

matrix.  

J is the objective function. 

     Implementation of the FCM 

segmentation can be done using the 

following algorithm: 

Step 1: Read the kidney CT image 

after kidney region extracted.  

Step 2: Input the number of clusters, 

fuzziness factor and number of 

iteration (default 100).  

Step 3: Randomly select the initial 

centroid of clusters.  

Step 4: Calculate the Euclidean 

distance between each pixel and 

centroid by:  d =‖xi- θj‖; then find the 

membership function according to 

eq.(2).  

Step 5: Find an object function 

according to Eq.(1).  

Step 6: Compare between calculated 

object function according to above 

equation for two iterations. Stop if 

there is no change in membership 

function or cluster centers at two 

successive iterations. Otherwise go to 

Step 4: to update the membership 

values and cluster centroid.  

Step 7: FCM method groups elements 

of the clusters to suitable cluster so that 

the distance between the element and 

its corresponding cluster center is 

minimum.  

Step 8: Display the output image by 

find the index matrix for the maximum 

probability of each pixel have the same 

position in all clusters. 

 

3. Tumor region extraction  

     After the segmentation is performed 

on kidney region, extracted that can be 

used as diagnostic indicators. The 

kidney and tumor regions are 

separately segmented from the CT 

images. The operation of tumor 

extraction from the result classes of 

Fuzzy C-Means methods can be 

summarized by the following steps: 

Step 1: Apply Fuzzy C-means 

clustering method on kidney CT 

images in which the tumor appears.  

Step 2: Binaries Fuzzy C-Means class 

image that contain tumor with 

threshold 0.7 or 0.9 (depend on the 

image).  

Step 3: Open image to remove small 

objects that have fewer than P pixels (P 

depend on the tumor and object size), 

producing another binary image. The 

default connectivity is 8 for two 

dimensions.  

Step 4: Repeat steps 2-3 for all 

samples, 

Step 5: Extract only the object that has 

the area of tumor (depend on the 

sample) and eliminate other objects. 

 

Area calculation 

     The area of the extracted tumor 

region can be computed by counting 

the number of pixels enclosed by the 

tumor region and multiplying them by 

the size of the pixels. The pixel's size 

(i.e. area) can be determined from [11]: 

     (3) 

 

where: DFOV is the Display Field of 

View (refer to how much of the scan 

field of view is reconstructed into an 

image), and matrix size represents the 

2D grids of pixels used to compose the 
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scanned images on display monitor 

The matrix determines the number of 

rows and columns. 

     The area of the extracted tumor 

region is computed by counting the 

number of pixels which have the        

value (1) in the image array. The area 

(A) in the object is just the count of the 

one's in the image array. For 

computing area, binary image is        

used [11]: 

 

A = n [1]                                           (4)  

 

where n [ ] represents the count of 

number of the patterns within the 

parenthesis  

 

Volume calculations 

     The extracted tumor volume can be 

calculated using frustum model 

illustrated in Fig. 5 using [12]: 

))
2

((3/( 21
21

AA
AAhV




(5)  

 

where h (Height) = slice thickness + 

slice separation, The Volume V of the 

tumor is given by the summation of 

volumes of two consecutive slices. 

Where A1 and A2 denote the areas of 

the two consecutive slices having 

tumor. Calculate each slice using 

frustum model [12]. 

  

[[[ 

 
A 

 
b 

Fig. 5: Show (a) the frustum model, (b) the CT Slices [12]. 

 

The results and discussion 

1. Image segmentation and tumor 

extraction   

     The results of kidney segmentation, 

in patient’s CT slice images are 

presented and discussed in this section. 

In our proposed work in this research 

was implemented and performed only 

one malignant case. The number of 

slices in selected case ranged 56 slices.  

The abnormalities in the selected case 

appear from slice number 4 to slice 

number 47. 

     In the segmentation stage, FCM 

segmentation algorithm is used to 

detect and segment kidney CT images. 

Fig. 6 shows result after applied FCM 

clustering algorithm for one sample 

with 5 classes, the tumor appears in 

class 5. The kidney tumor regions are 

separately segmented from the image 

as shown in Fig. 7.  
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Fig. 6: FCM clustering for case1 benign (noncancerous) with 5 classes, the tumor appears 

in class 5. 

 

 
a 

 
b 

 
c 

Fig. 7: a) Class of FCM include tumor, b) Binary image of extracted tumor, c) Extracted 

tumor. 

 

2. Areas and volume calculation 

     A set of sequence image from 

case1: slice number 4 to slice 43, with 

tumor region extraction based on FCM 

clustering segmentation method was 

used to calculate the area of tumor for 

each slice. Area of the extracted tumor 

is computed by counting the number of 

pixels which have the value (1) in the 

binary image. The area in pixel is 

converted to actual size area in mm
2
 by 

using Eq.(3). Where matrix size of CT 

scan= 256×256 and the field of view 

(FOV) of CT scan = 392 mm. FOV 

and matrix size get from DICOM 

information of patients. Then volume 

of tumor calculate using frustum model 

between   two  consecutive  slices  with 

 

 

area Ai, Eq. (4). In bellow the value of 

area and volume using fuzzy c-mean 

segmentation method this case was 

illustrated in Fig.8.  

     Table 1 illustrates the 3D tumor 

reconstruction processes for the 

patient's cases. In this table   the 

reconstruction process slices number 4 

to 47, adopted for the reconstruction 

processes. The tumor extracted areas 

(represented by pixel's umber and in 

mm
2
) using Eq.(4). The matrix size of 

CT images was 512×512 elements, and 

the DFOVs were, respectively, 361mm 

and 338 mm selected case. Finally, the 

reconstructed volume of the tumor 

from the extracted consecutive slice 

areas, using frustum model Eq.(6). 
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Fig.8: Contour slice and volume rending, 1
st
 column slice number, 2

nd
 column                  

pre-processed image, 3
rd

 column tumor region extracted from pre-processed image, 4
th

 

column contour slice and volume rendering of tumor region. 
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Table 1: The area and volume tumor using Fuzzy C- mean segmentation. 

Volume (mm
3
) Area (mm

2
) Area (pixel) 

 

Slice No. Sample information 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
19.478 

 

 

 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.004164 116.375 1 

 

 

 

 

 

 

 

 
For  fuzzy  c- mean 

segmentation 
Sample(1): 
image size: 

512× 512 pixel 
FOV=392 

 
Slice thickness 5.0 mm 

and the spacing between 

slices 0.3 mm 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.003596 100.5 2 
0.005085 142.125 3 
0.004928 137.75 4 
0.005532 154.625 5 
0.004857 135.75 6 
0.040773 1139.625 7 
0.007451 208.25 8 

0.066855 1868.625 9 
0.065889 1841.625 10 

0.067155 1877 11 
0.083469 2333 12 
0.07639 2135.125 13 
0.0763 2132.625 14 

0.073335 2049.75 15 
0.094739 2648 16 
0.079471 2221.25 17 
0.101497 2836.875 18 
0.097915 2736.75 19 
0.096855 2707.125 20 

0.097932 2737.25 21 
0.09914 2771 22 

0.116568 3258.125 23 
0.12515 3498 24 

0.121125 3385.5 25 
0.04834 1351.125 26 

0.099059 2768.75 27 
0.110473 3087.75 28 

0.107051 2992.125 29 
0.112843 3154 30 
0.12003 3354.875 31 
0.0985 2753.125 32 

0.093125 2602.875 33 
0.071707 2004.25 34 
0.070267 1964 35 
0.060634 1694.75 36 
0.048792 1363.75 37 
0.049163 1374.125 38 
0.057785 1615.125 39 
0.049396 1380.625 40 
0.019709 550.875 41 
0.01796 502 42 

0.023452 655.5 43 

 

Conclusions 

     In this paper, an automatic 

segmentation method using fuzzy       

C-Means for kidney tumor detection is 

presented. Firstly the original abdomen  

CT image have been pre-processed by 
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segment out the kidney portion from 

the abdominal CT image, then 

enhancing their contrast to make them 

ready for segmentation by 

implementing The median filter to 

reduce the salt and pepper noise 

present due to motion artifacts (i.e. 

Movement of patient during scan) in 

the CT images to remove the salt and 

pepper noise present due to motion 

artifacts (i.e. Movement of patient 

during scan) in the CT images, 

whereas Gaussian noise is eliminated 

by a Gaussian high pass filter.  This 

study shows that automated 

segmentation method will reduce 

errors occurring while doing manual 

segmentation. Experimental results 

were obtained by using MATLAB. 

The extracted tumor areas from kidney 

CT slices are measured by a method 

based on the Display Field of View 

(DFOV). The tumor areas of the image 

slices have been calculated and used to 

determine the tumor volume by 

stacking the extracted tumors on top of 

one another. 
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