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Kidney Segmentation in CT - Scan Image

P. Natarajan, Bhuvanesh Pratap Singh, Shashank Dwivedi, Shraiya Nancy

Abstract- In this paper an effective approach for extracting kidney in abdominal CT scan (Computed Tomography) images has been proposed. It has
been divided into two stages. In the first stage a template evaluation method has been developed for extracting the desired region in an image on the
basis of properties of an organ, which helps in processing to a confined region and is an automated process. The second stage uses the concept of
intensity values of a pixel and separates the desired region from the original image on the basis of a computed threshold range. In addition to this it uses

a set of morphological operations for fine coarse kidney segmentation and various filters for removing noise from an image.

Index Terms— CT (Computed Tomography), Filters, Image Subtraction, Morphological Operations, Segmentation, Template, Thresholding

1 INTRODUCTION

MAGE processing is one of the most burning issues in med-

ical technology and has assisted physician in various aspect,
such as diagnosis of tumor in brain, lung cancer, kidney ex-
traction etc. Image processing in simple terms, it is just the
processing of an image under certain specified set of rules.
Various techniques such as 1)Deformable model 2) Clustering
Approach 3) Region growing [1] 4) Knowledge based model
[2] and etc., have been developed for extracting kidney from
the abdominal CT image and uses very intense algorithms for
computing the extracted region. However these approaches
laid the foundation of this research as it assisted in under-
standing the different intensity values of a pixel and separates
the desired region from the template on the basis of a comput-
ed threshold range. However the image still doesn't have the
clear view, so various set of morphological operations have
been applied for carrying out the specific operations, so as to
obtain the fine coarse kidney segmentation.

2 RELATED WORKS

Many approaches have been developed over the recent years,
out of which the most recognized algorithms are

2.1 Deformable Model

It is a physical model that is formed by deforming edges by
forming a closed centric structure under certain specified set
of rules. The closed surface can be any mathematical polygon
that surrounds the boundary and views the desired region in
that polygon [2] [7] and is influenced by the external as well as
internal conditions of an image. In the first step the edges has
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been deformed by relaxing the boundaries then the mathemat-
ical polygon (Square, circle, ellipse) has been formed by keep-
ing the constant intensity variation so as to maintain the
smoothness of the curve. The main advantage of this model is
that they form closed parametric surface in an image, which
make them more helpful in understanding the characteristics
of an extracted region. The disadvantage of this model is that
it needs initial parameters that have to be computed manually
and sometimes the closed surface surpasses the boundaries in
an image such in the case of abnormal kidney size.

2.2 Clustering Method

This method doesn’t use the already trained data, so are
termed as unsupervised model [2]. They often train them-
selves by iteratively processing the images this model is same
as the artificial intelligence model in which agents train them-
selves by adapting into the new environment. They form clus-
ters of data by grouping pixels of one intensity into one group
and other to the other group and does this iteratively the most
common algorithm used is fuzzy algorithms.

2.3 Region Growing

In this method first a seed point [1] [2] in an image is obtained
manually then the region growing algorithm is applied so as
to obtain the region of interest which has the same pixel ar-
rangement. It is based on some predefined criteria which can
be based on intensity homogeneity or pixel connectivity, if it
uses the intensity homogeneity then the criteria is based on
some computed threshold, which looks for the area that has
the near most intensity and if uses the pixel connectivity then
it performs the tracing algorithm that traces the pixels then it
can be 4 way connectivity, 8 way connectivity or it can be 16
way connectivity that merely depends on the defined parame-
ters. The main disadvantage with them is their first stage in
which seed point is obtained manually, so it’s not a fully au-
tomated system.

2.4 Knowledge Based Method
In this model the system uses knowledge or in other words
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the trained data for computing the extracting region. For the
identification of organs [2] [3] it uses the concept of gray val-
ues as every organ have different gray value portion. So it
keeps the record of every organs data and matches them with
their gray value portion so as to find that particular organ.
However sometimes it produces a wrong result because or-
gans are surrounded by other organs as well so sometimes the
unwanted part is also checked which is known as noise in an
image. So it becomes vulnerable sometimes, so for improving
it not only gray value [5] portion but how it is distributed and
also checked as every organ has different spatial alignment in
a body.

3 METHODOLOGY

It has been divided into two stages; the first stage is called
template evaluation method, which is an automated process
while the second stage uses the concept of intensity homoge-
neity on the basis of computed threshold.

3.1 Template Evaluation

This method aims at extracting the desired form of the image
rather than processing the whole image, this reduces the
number of iterations done on the image. This is based on ex-
tracting the region of the image on the basis of certain proper-
ties. It creates an object in which the properties of the region
are passed as parameters to create a template which holds the
desired region. It is a full automated process.

3.2 Histogram Equalization

This technique is used to adjust the intensity of the image [2]
and to enhance the contrast of the image to get the clear and
enhanced image [12]. It will distribute the gray level of the
image such that the gray levels are equally occupied by the
image [11]. Therefore it will have uniform histogram in the
image which is obtained by finding the gray scale of the im-
age. It can increase the contrast of the image when the image
has close contrast values [10]. This will convert the lower con-
trast to higher contrast and spread the frequent intensity value
all over the image.

3.3 Filtering

Filter is used as a sharpening method. Sharpening methods is
basically used to highlight the details of the image [9]. The
purpose of filtering is to improve the visual quality of the im-
age by removing or reducing the noise in the image with the
use of filters [8].

Filtering is used to remove or reduce high spatial frequency
noise from the image. Filters are normally used to smooth the
image or to detect or enhance the edges of the image. Image is
sharpened only when the noise is removed from the image or
the contrast is enhanced in the image. This is used as a prepro-
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cessing to improve the image quality and result of later pro-
cessing.

3.4 Threshold Evaluation

This method is based on the grouping of pixels based upon
their intensities. It groups pixels of particular intensity into
one group and the other into a different group based upon the
computed threshold value.

After the process of threshold evaluation, the resultant image
undergoes various morphological processes. The binary image
is mostly imperfect in most ways. The morphological process-
es are the procedures that refine the image in the desired
manner. These morphological operations are applied in a def-
inite order, so that the desired results are achieved. Morpho-
logical operations are logical transformations which depend
on the comparison of pixels in the neighbourhood with in a
pattern. Morphological operations [12] are performed on bina-
ry images, which have the pixel values either 0 or 1. For sim-
plicity, we will show a value of zero as black and a value of 1
as white. Various morphological operations exist but here are
using a few that will help in achieving the segmented image of
the kidney.

3.5 Various Morphological Operation

3.5.1 Clean

It performs the removal of isolated pixels individual 1s that
are surrounded by Os, just as the center pixel. That is if any
white pixel is surrounded by many black neighboring pixels

this operation will turn that white pixel in black as to clean the
image [12] [13].

3.5.2 Open
It performs morphological open [12] [13] [14] which is erosion

followed by dilation [12] [14]. This open is similar to erosion
which will remove the bright pixels from the edge of the im-
age. This operation is basically used to preserve the fore-
ground regions which are in similar shape to the structuring
element and by removing all other foreground pixels region.

3.5.3 Majority

If five or more pixels in the neighbourhood of a 3 by 3 matrix
are 1, the remaining pixels are set to 1 if not they are set to 0.
Therefore it will make the region as white if in 3 by 3 matrix 5
or more than 5 neighbouring pixels are white or else it will
make it as black if 5 or more than 5 neighbouring pixels are
black in colour in 3 by 3 matrix [13] [14].

3.5.4 Spur
It removes spur pixels [14]. It makes the pixel value to 0, if it
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consists of only one eight-connected pixel in its neighborhood.  coarse segmentation of the extracted kidney region..
These pixels are connected diagonally to one another and they
are connected only in one direction.

3.5.5Thin

. . . . 4.1 Flowchart
This is used to preserve the lines of the image at the same time

thickness is eroded with n = Inf. Thin removes the object pixel
so that the pixel value is set to 0, when the object without holes Abdominal CT image
shrink to a stroke that are minimally connected and the object

which has holes shrinks to connect the ring halfway between
the near outer boundary and each hole. Thin operation also

preserves the Euler number [12]. Estimation of targeted organ

3.6 Image Subtraction property
This is done by the pixel subtraction operator [12] [13] [14].

Two images are taken as input and upon subtracting them a \l/

third image is produced whose pixel values are a subtraction
of those of the first image minus to that of the corresponding
pixel of the second image.

Generating template which has
the targeted organ

3.6.1 Procedure

The images in image subtraction are subtracted in a single

. Conversion into Gray Scale
pass. The output pixel values are y

A (i) = Bi(ij) - Ba(ij)

Or the absolute difference of the two input images is comput-

ed by: High Pass Filter
A (i,j) =1 Bu(i,j) — B2(ij) |

The kidney present in the image is extracted first. This hap-

pens on the principle of the most closely packed pixels present Intensity Equalization
in the image. This leads to the extraction of the most closely

packed pixels in the image. Hence the kidney is the one which
is removed. The image which is obtained after removal of kid-

ney is subtracted from the original image by applying mor-
phological operations. Then the image is obtained which is Thresholding Operation
free from all other noise and contains kidney [14].

4 ARCHITECTURE Morphological Operations

The main steps involved in framing the architecture of the

system are as follows:

First, the abdominal CT image is taken as input and the prop- Kidney Extracted Image
erties of a targeted organ are estimated, following which a

template is generated, which is a mesh. The next stage com-
prises of converting the image into a grayscale, uses various
filtering technique which is being used for filtering the image
from any sort of noises, then the concept of intensity equaliza- Fig 1 System Architecture
tion is applied for a uniform distribution of intensity through-
out the image. Finally, thresholding operations separate the
desired kidney region on the basis of a computed threshold.

Furthermore, morphological operations are applied for fine
IJSER © 2012
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5 RESULTS AND DISCUSSIONS

The main concern of this paper is the extraction of kidney
from the CT images using various techniques in image pro-
cessing. In the current scenario CT images provide a good
overall view of the abdomen, but it fails to provide an accurate
view of the kidney, so in an attempt to find out the exact posi-
tion of the kidney the image needs to be preprocessed and
various image processing technique like image segmentation,
template formation, morphological operations, subtraction etc.
are applied. This helps us to obtain better insight of kidney in
CT images.

Fig. 5.2. Histogram Equalized Image

Fig. 5.3. Filtered Image

Fig. 5.4. Threshold Segmented

224

Fig. 5.5. Morphological (Clean) Applied Image

Fig. 5.6. Morphological (Close) Applied Image

Fig. 5.7. Morphological (Thin) Applied Image

Fig. 5.8. Morphological (Spur) Applied Image

(e~

Fig. 5.9. Final Kidney Obtained Image

6 CONCLUSION

In the course of this research it is concluded that morphologi-
cal processing techniques in image processing are significantly
helpful in image extraction and image filtering. Morphological
processes provide us with vast number of dependent and in-
dependent operations which can be used to change the struc-
turing elements of the image as per requirements. Likewise
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processes dilate; spur, close etc. have played an enormous role
in the extraction of kidney from the CT images. The images
were first preprocessed by using the techniques of gray scal-
ing, histogram equalization and filtering. Features of image
processing have also helped us in generating a template which
leads to less number of iterations that are performed on the
image. Then threshold segmentation is done on the template
to extract the desired region. And finally image subtraction is
used to obtain an image which contains the extracted kidney
from the CT image.
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