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Abstract

This paper aims to early study of detection and diagnosis of kidney tumors and
kidney stones using Computed Tomography Scanning CT scan images by digital
image processing. Computerized Axial Tomography (CAT) is a special medical
imaging technique that provides images with 3D, including much information about
the body's construction consisting of bones and organs. A C.T scan uses X-rays to
create cross-sectional images of the body and gives the doctor a full explanation of
the diagnosis of the situation through the examination. It has been used in five cases
of kidney images, including healthy, stones, tumors (cancer), cystic and renal
fibrosis. The masking procedure is used to separate the required C.T. images from
undesirable ones. The segmentation processes which was used in this study is a
thresholding algorithm, applied on C.T. images, used to detect unhealthy tissues
(tumor and stone). The results showed that the system is able to distinguish between
different tumors of the kidney of cases mentioned above. It's important for the
instructor to determine the area of the tumor and stone to avoid damaging the
healthy tissue during the treatment. The histogram which was used to study the
differences between the healthy and unhealthy depending on the intensity of the
image

Keywords: Computed Tomography (C.T.), histogram, statistical features, threshold,
a binary mask.
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1. Introduction

The techniques of medical imaging produce images that contain much information about
the anatomical structure, which may be used to make accurate diagnoses, choose the best
treatment, and track the treatment's progress [1]. Appropriate treatment and early detection
depend on a precise diagnosis which is critical stage in improving disease outcomes. The aim
of the study is to use digital image processing to diagnose kidney stones and tumors from C.T.
images. The procedure started by describing the use of computed tomography (C.T. scan)
techniques, kidney anatomy, kidney disease, and classification of kidney tumor [2]. The next
by separating the kidney from the selected C.T. images as they contain another organic part
than the kidney. A binary mask has been created to crop the kidney image from the other
images. As the kidney is selected and separated, the processing is applied to the kidney
images. The simplest and earliest way of segmentation is the threshold method. This method
has been applied to these images. When the tumor has been separated from the kidney, a
texture feature is calculated from the law's mask texture feature properties. Using histogram
processing. The histogram of a digital image is considered as the number of image pixels at a
specific intensity level [3]. The shape of a gray-level histogram gives an indication about the
general appearance of an image. For black areas, the elements of the histogram are
concentrated on the low side of the intensity scale; while for light and white areas, these
elements of the histogram are concentrated on the high side and sharper in the scale [3].

1.1 Methodology
1.2 Image Segmentation:

Image segmentation can be defined as one of the most effective image processing
techniques. It can be benefited by dividing the main image into various sections, And
might be utilized asa pre-processing phase before moving on to another method of
image processing. Image segmentation techniques which are used for image processing can
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be done in a variety of approaches [4]. Segmentation algorithms depend on important
properties of intensity values cutout and similarity. The first stage is to divide an image,
depending on sudden changes in intensity such as edges, into regions that are the same
according to referred-in advance criteria. Histogram threshold falls under this category [4].

1.3 Thresholding Method:

Thresholding is considered as an approach used for segmenting gray levels images in
which a gray-scale image is converted to a binary one by selecting a gray level T in the main
image and after that converting each one of the pixels white or black based on if its gray value
IS less than or greater than T [5]. Furthermore, it is an active method of image segmentation
that focuses on separating objects from their background [5]:

_J1iff(x,y) >T
/(%) {0 iff(x,y) < T M

Where T represents the threshold value. X and y are the coordinates of the threshold value
point.
f (x, y) represents the intensity value of the pixel at (x, y) [6].

Background pixels were black, whereas foreground pixels were white (or vice versa). In
simple applications, segmentation is restricted by a single parameter known as the intensity
threshold. This threshold is applied to each one of the image pixels. In the case when the
pixel's intensity value exceeds the threshold, the pixel is assigned to white in the output. It
gets grouped to black if it is less than the threshold [6].

CT kidney Image

Mask (ROI)

Separating the kidney from the CT Image

Segmentation

Thresholding

Figure 1: a diagram represented the image segmentation and classification.
The tests CT Kidney images taken from "Digestive system diseases hospital” from

Baghdad\ Irag[7]. CT Images of kidney cancer and stones [7], which are used in the search
are shown in the following Figures:
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Image No.1, born age No.2, born in
in (1993) (1995

Image No.4

Figure 2: shows the C.T. kidney image Figure 3: shows the C.T. kidney images
healthy case [8]. stones case [8]

Image No.5 ImageNo.6 Image No.7 mage No.8, born in

(1940)
Figure 4: shows the C.T. kidney images Figure 5: shows the C.T. kidney images
cancer case [8]. cyst case [8].

pET SN
- Image No.9 Image No.10

Figure 6: shows the C.T. kidney images failure (Fibrosis) case [8].

2. Results and Discussion

2.1 Segmentation: The technique of segmenting an image into distinct parts to extract
structures or objects of interest from the background is known as segmentation. Segmenting a
kidney C.T. scan separates the vital information from the background. Thresholding is
specified as the first known segmentation method.

2.2 Thresholding: It is the simplest and easiest method of segmentation shows the image
kidney for all cases, including healthy, stones, tumors (cancer), cystic, and renal fibrosis. The
result of thresholding is shown in Figures (6), (7), (8), and (9). These Figures separated the
stones and the tumors from the background depending on the selected threshold (T)
representing the thresholding value.
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Image 3(C1) Image 3(C2) Image 4(D1) Image 4(D2)
right side left side right side left side
(T) <200 (T)>130 (T) <150 (T) <150

Figure 7: the stones thresholding images with value (T).\

. | i .
re I pt

Image 5(11) Image 5(|2) Image 6(J2)
right side left side left side
(T) > 130 (T) > 130 (T) > 130

Figure 8: the cancer thresholding images with value (T).

Image 7(01) Image 7(02) Image 8(P1) Image 8(P2)

right side left side right side left side
(T) <230 (T) > 170 (T) > 115 (T) > 115

Figure 9: the cyst thresholding images with value (T).

Image 9(S1) Image 9(S2) Image 10(T1) Image 10(T2)
right side left side right side left side
(T)>120 (T)>120 (T)>100 (T)>110

Figure 10: the fibrosis thresholding images with value (T).
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2.3 Law's Masks Texture Feature Extraction: Five masks were used to analyze the texture
features. Each mask is convolved with the test images to extract some statistical features:
entropy, mean, mean-square, and energy. Law's select the following properties its plays an
important role in describing texture: uniformity, density, coarseness, roughness, regularity,
linearity, directionality, direction, frequency, and phase [9]. Texture energy measures by law’s
mask method determine texture properties through rate calculation Gray Level, Edges, Spots,
Ripples and Waves in texture [10]. The measures are derived from three simple vectors. L3=
(1,2,3) which represents averaging; E3 = (-1,0,1) calculating first difference (edges); and S3 =
(-1,2,-1) corresponding to the second difference (spots). After convolution of these vectors
with themselves and each other, five vectors result [10]:

Level Lc = [1,4,6,4,1] S € 9
Edge Es = [-1,-2,0,2,1] N )
Spots S = [—1,0,2,0,—1] S )
Ripples R; = [1,—4,6,—4, 1] S )
Waves Wy = [—-1,2,0,—2,—1] R ¢

Mutual Multiplying of these vectors, considering the first term as a column vector and the
second term as row vector, results in 5 X 5 Matrix known as Law’s Masks [11].
\

By convoluting the Law’s Mask with Texture image and calculating energy statistics, a
feature vector is derived that can be used for texture description.

‘1 4 6 4 11 (12 0-2 -1
4 16 24 16 4 | 2 4 0-2 —1 |
LexLs=| 6 24 36 24 6 E<*xEs=| 0 0 0 0 0 |
4 16 24 16 4 [2—4 0 4 zJ
1 4 6 4 11 1 -2 0 2 1
-1 0-2 0—1 1 r1-4 6 -4 13
0000 0 |—4 16 —24 16 —41
SexSe=| -2 0 4 0 2 Re*Re=| 6 —24 36 —24
00 00 0 4 16 —24 16 -4J
L 10 20 1 1-4 6 —24 1
[ 1-2 0 2 1 ]
|—2 4 0 —4—2|
WexWe=|0 0 0 0 0
l2—4 0 4 2J
1-2 0 2 1
r1 0 2 4 02
| 0 8 0 52 —06|
Average = 2 0 152 0 2.8
0 48 0 8 08 J

02-08 28 08 1

The average value of these matrices gives one matrix which convolved with the kidney CT
[11].
Tables (1), (2), (3), (4), (5) represents the statistical features; the mean represented the
average value of the pixel's intensities. If the mean value is high for a certain kidney than the
others, it means this one is brighter than the other. The energy shows the distribution at the
gray level; when the energy has a maximum value of (1), this means that the image is with a
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constant value of gray level, when mean value is small, that mean the pixel values have more
distribution of gray level[12]. when the energy is high compared with the other kidney images
means the numbers of gray level in the image is few, and the image has a few defects in its
texture. The Entropy increases when the image's pixel values are distributed among more gray
levels [13]. The Mean Square represented the square of the mean, which may be considered as
the law's texture energy[13]. Pixels adjacent to the effected part are based on three statistical
descriptors which are (absolute mean, mean, and standard deviation). These descriptors are
computed as follows [14] :

>w neighbouring pixels

Mean= (6)
W . . .
Absolute mean= >w abs(nelghslfurmg pixels) (7)
i i i _ 2
Standard deviation= \/ZW("”ghbo"”’xmxe’S mean) (8)

Where W denotes the size of the window. Three images represent each of the statistical
descriptors due to the operation. All of the collected images are normalized after the
windowing procedure for showing an image. Following that, three statistics were evaluated
for each one of the normalized images: mean square or energy (M.S.), absolute Mean
(ABSM), and entropy, as follows [15]:

ABSM= — S0, TN |f (x.7)] ©)
MS= — S, S5 f2(x.y) (10)
Entropy= — 23, T, £(x.y)(— log, f (x.)) (11)

Where f (X, y) represents the pixel value, and M and N are the image dimensions [15].

Table 1: displays the value of statistical features of law's mask for healthy cases:

0.2168 1.2403 6.4850 1.7226
0.2167 1.2329 1.1921 5.8208
0.1189 9.0046 2.9564 3.5800
0.1542 7.4284 2.0981 1.8030

Table 2: shows the value of statistical features of law's mask for stones cases:

0.1311 7.4284 2.0981 1.8030
0.1118 1.2957 9.0599 3.3621
0.2161 7.6294 9.5367 3.7253
0.2167 1.8354 2.8610 3.3528

Table 3: shows the value of statistical features of law's mask for cancer cases:
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Table 4: shows the value of statistical features of law's mask for cysts cases:

Table 5: shows the value of statistical features of law's mask for the fibrosis cases:

0.1738 7.2252 2.0027 1.6429
0.1362 7.4284 2.0981 1.8030
0.3449 8.2403 6.4850 1.1236
0.3161 8.3643 6.7740 1.2226

2.4 Histogram Processing: The histogram of a digital image is a number of image pixels at a
certain intensity level. In an image processing context the histogram of an image normally
refers to intensity levels. These effects are likely to decrease as the number of pixcels and
intensity quantization are increased [16]. Histograms form the basis for many spatial domain
processing techniques. Its treatment can be used for image enhancement. The shape of a gray-
level histogram indicates the general appearance of an image[17]. For dark images, the
histogram elements are concentrated on the low (dark) side of the intensity scale, while for
light images, these elements of the histogram are concentrated on the high side of the scale
[17]. A low-contrast image has a narrow histogram typically in the middle of the intensity
scale. In the high-contrast image, the histogram has a wide range of intensity scales, and the
distribution of pixels extends along the scale, with very few vertical lines [18], As shown in
figure 11 [18].

Original image Right kidney Histogram right Left kidney Histogram lift

(stone)

kidney (stones) Kidney

Original image Right kidney Histogram right Left kidney Histogram lift
(cancer) Kidney (stone) kidney
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Orginal imag Right kidney Histogram right Left kidney Histogram lift
(cyst) kidney kidney

- L)

™ 1M A R

Original image  Right  kidney Histogram right Left kidney Histogram lift
(fibrosis) kidney (fibrosis) kidney

0 ] 0 %
Original image  Right  kidney Histogram right Left kidney Histogram lift
(healthy) kidney (healthy) kidney

Figure 11: the histogram of the original image, healthy and unhealthy kidney.

3. CONCLUSIONS

The accurate diagnosis of a renal stone and tumors depends on the experience of the
radiologist and the quality of the examination tool. Doctors go to multiple techniques in the
medical field to detect and locate the kidney tumor; in this research, an automatic technique
has been offered for determining the tumor. This approach will allow doctors to
identify tumors and stones, facilitating treatment. It will also assist physicians and radiologists
in identifying the damaged parts of the kidney for protecting the normal kidney parts as much
as possible from radiation exposure. The proposed system might help physicians better
diagnose tumors and distinguish exactly tumor size and region for further treatment.
Detecting the kidney from the C.T. images is a defect work since the image contains more
organic parts than the kidney; creating a binary mask helps give a good presentation of the
kidney from the other C.T. Image part. Statistical features are the mean, entropy, energy, and
mean-square. The mean represents the average value of the pixel's intensities. If the mean
value is high for kidney mean this one is brighter and this means the kidney is healthy. The
energy tell us about the distribution at the gray level, when it is small mean's that the pixel
values has more distribution of gray level, when the energy is high compare with the other
kidney images means the numbers of gray level in the image is few and the image has a few
defect in it texture hence unhealthy texture. The entropy increase when the pixel values in the
image are distributed among more gray levels hence unhealthy texture and vice versa entropy
few that’s mean healthy texture or tissue. The Mean Square represented the square of the
mean which may be considered as law's texture energy.
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