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Graph Based Image Segmentation Method for
Identification of Cancer in Prostate MRI Image

N.Gopinath **

Abstract - Prostate cancer is one of the leading causes of cancer
related death for men in the United States. In recent years,
multispectral Magnetic Resonance Imaging (MRI) has
emerged as an alternative to Ultrasound (US) image modality
for clear identification of cancer in Breast, Prostate and Liver
etc,. In order to analyze a disease, Physicians consider MR
imaging modality is the most efficient one for identification of
tumors present in various organs. Therefore, analysis on MR
imaging is required for efficient disease diagnosis. The
proposed Graph based segmentation technique is a part of
image analysis. In this system, segmentation of MR image is
carried out with three sequences of steps; Preprocessing using
Anisotropic Filtering, Graph Construction using Minimum
spanning tree based algorithm, and Segmentation using Pair
wise Region Comparison Predicate and Region Mergence
methods [1, 2]. This method is developed to improve the
automatic detection of tumors in the given image than the
manual segmentation. The output of the Graph based method
can be compared with the Fuzzy C Means (FCM) algorithm to
analyze the variations in the segmented image.

Index Terms - Magnetic Resonance Imaging, Prostate Cancer,
Anisotropic Diffusion, Pair Wise Region Comparison
Predicate.

I. INTRODUCTION

The Prostate cancer is the second leading cause of cancer-related
death in the United States among men and is the most commonly
diagnosed cancer in American males [3].  Analyzing a medical
image manually is a more complex task. To overcome this, image
analysis techniques are rapidly growing now days. In research, the
segmentation of MRI Prostate image are done widely using Active
contour model [4], Compression based method, Histogram
method, Watershed, Model based method and Fuzzy C means
(FCM) [5], etc. In general, the size of the organ differs for every
human being, organ with different size may not be resulted with
tumor and organ with same size may be resulted with tumor. For
these types of reasons, Graph based image segmentation may be
effectively applied [6].

Generally the MR images are affected from a low Signal-to-Noise
Ratio (SNR), which is considered to be one of the important
problems in medical images [7]. For efficient noise reduction,
apply normalization on the median-filtered images of Prostate
MRI, and then perform anisotropic diffusion method. This
filtering scheme increases the smoothness and contrast between
tumor and healthy tissues of MRI images. In Graph based

segmentation method, the image is modeled as a weighted,
undirected graph. Usually a pixel or a group of pixels are
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associated with nodes and edges. Weights define the
(dis)similarity between the neighborhood pixels. This technique
generally represents the problem in terms of a graph G= (V, E)
where each node vi belong to V corresponds to a pixel in the
image, and the edges in E connect certain pairs of neighboring
pixels.

In a constructed graph, each vertex is treated as a sub graph, i.e.
there is a boundary between each pair of neighboring pixels in the
image. For segmentation, a pair wise region comparison predicate
is used to measure the evidence for a boundary between two
regions. The region that are found to be similar by comparing
those regions based on the defined predicate are to be merged by
eliminating the boundary between those regions if that regions are
having the pixels with similar intensities. With this region
mergence it is easy to identify the tumor regions in the given MRI
image by simply merging the regions with same intensities.

The organization of the paper is as follows. Section 11 describes the
proposed methodology, in detail with preprocessing of prostate
MRI image using Anisotropic filtering, Minimum Spanning Tree
algorithm for Graph construction and Pair wise region comparison
and mergence method for Segmentation. Section Il shows the
results of the proposed experiments using a multispectral prostate
MRI dataset. Finally, section IV illustrates the conclusion and the
future work of this proposed method.

I1. METHODOLOGY

The System Design of the proposed method is shown in Figure 1.
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A. Data set

Multispectral MRI dataset consists of images that represent the
morphological and functional response of prostate gland. Features
are directly the pixel intensities of multispectral MR images.
Prostate MR Image consists of two regions of interest; Transition
Zone (TZ) and Peripheral Zone (PZ), and only PZ region is
considered because majority of the prostate cancer occurs in PZ [8,
9].

B. Pre-processing

The preprocessing of MRI prostate image has 3 steps. They are;
Median Filtering of Input image, Normalization of Median
Filtered image and Anisotropic Filtering of Normalized image.

1. Median Filtering of an Input image
This method is used to remove salt and pepper type of noises. Salt
and Pepper noise Equation is given in equation (1). Each pixel in
an image has the probability of p/2 (0<p<1) being contaminated by
either a white dot (salt) or a black dot (pepper).
255, probability (p/2)

0, probability (p/2)

X (i, j), probability (1-p)

Y@i.))=
)

X: noise free image, Y: noisy image

This type of noise consists of random pixels being set to black or
white (the extremes of the data range). Median filtering is similar
to using an averaging filter, in that each output pixel is set to an
“average” of the pixel values in the neighborhood of the
corresponding input pixel. In median filtering, the value of an
output pixel is determined by the median of the neighborhood
pixels, rather than the mean. The median is much less sensitive
than the mean to extreme values (called outliers). Median filtering
is therefore better able to remove these outliers without reducing
the sharpness of the image. [11]

2. Normalization of Median Filtered Image

Normalization is a pixel-wise operation that does not change the
clarity of the ridge and valley structures. Normalization reduces
the variations in gray level values along ridges and valleys, which
facilitates the subsequent processing steps. Let I(x, y) denote the
grayscale value at pixel (x, y), M and V, the estimated mean and
variance of grayscale values in this 64 X 64 window, respectively,
and N(x, y), the normalized grayscale value at pixel (x, y). For all
the Pixels in the window, the normalized image is defined in
Equation (2).

, if(xy)>M

K/|0+\/Vo *(T(X, Y)_ M ?

v
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In Equation (2), MO and VO are the desired mean and variance
Values respectively [12].

3. Anisotropic Filtering of Normalized MRI Input Image
Anisotropic filter allows us to smooth within regions of an image
without blurring the edges. For Normalized MRI Prostate image
the intensity values and its Standard deviation values are
substituted in the diffusion equation.
The diffusion Equation (3) for image u is given by

ou/ot = div[c (du). d u] ?3)
Where div represents the divergence operator, d u is a local image
gradient and c (d u) is the diffusion coefficient, which is a local

function of the image gradient. The above mentioned diffusion
equation encourages smoothing within a region in preference to
smoothing across boundaries. This equation will not cause any
inter-regional blurring as often caused by Gaussian smoothing
[13].

C. Minimum Spanning Tree Algorithm

A Minimum Spanning Tree (MST) is a minimum -
weight; cycle-free subset of a graph's edges such that all nodes are
connected [14]. Kruskal’s is a type of algorithm which is used in
MST for the construction of graph. The following are the steps for
the construction of graph using Minimum Spanning Tree
algorithm;

1. Create grids on the Pre-processed MRI input image.
2. Calculate the total number of grids in rows and columns.

3. Calculate the number of pixels present in each grid, from this
calculate the total number of pixels present in the image.

4. Assume each pixel in an image as a Vertex V to construct a
graph. The distance between the two pixels is called as
Edges E of that two pixels.

5. Start traversing all the edges from the initial edge of an

image.
6. Consider only the pixels whose values are above the

threshold value. Let the threshold value be 0.5.
7. Calculate the Edge weight Wj; from the pixels which are
above the threshold values.
Formula for calculating the Edge weight is given as;

wij =[ 1 (vi) = 1(vj) | (4)

9. Sort the calculated edge weights in ascending order and store
the sorted edge weight values in an array.
With the help of the Pixel locations and its Edge weights the
MST graph is constructed using the Kruskal’s algorithm.

10.

D. Pair wise Region Comparison and Mergence Method

Pair wise region comparison predicate defines the boundary
between the regions. This is very sensitive to noises, due to this,
modified predicate is used. Three definitions are given in [14] for
this modified predicate. With the three definitions, arrival of the
modified pair wise region comparison predicate determines
whether or not a boundary between two components should be
preserved.

Region mergence is a method used for merging the regions based
on the defined predicate D [14] by eliminating the boundary
between those regions only if those regions are having the pixel
with similar intensities. With this region mergence method the
tumor regions present in different locations can be easily identified
in the given MRI image and they are merged based on their similar
intensity values.

I1l.  EXPERIMENTAL RESULTS AND DISCUSSION
The results obtained from each module are discussed in detail in
the following subsections.

A. Pre-processing by Anisotropic Filtering

The work flow diagram for Pre-processing of the proposed method

is given in Figure 2.
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Figure 2. Work flow diagram for Pre-processing of Noisy MRI
image
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The MRI Prostate image is given in Figure 3. Brge: ‘\ -
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Figure 3. MRI Prostate image
MRI Prostate image with Salt and Pepper noise is given The results of Anisotropic Filtered MRI Prostate image is shown
in Figure 4 in Figure 7.
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Figure 7 Anisotropic Filtered MRI Prostate

B.Graph Construction using Minimum Spanning Tree

- . . . Algorithm

Figure 4. MRI Prostate image with noise g
The work flow diagram for the Construction of Graph using

. . . L . Minimum Spanning Tree algorithm is given in Figure 8.
The results of the Median Filtered MRI Prostate image is given in P g g g g

Figure 5
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Figure 8. Work flow Diagram for Graph Construction

The Pre-processed MRI Prostate image with Grids for
construction of MST graph is given in Figure 9.
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Figure 5. Median Filtered MRI Prostate image

The results of Normalized MRI Prostate image is given in Figure
6. This is the second step in pre-processing.

Figure 9. Denoised MRI Prostate image with Grids

The edge weight and its corresponding locations are shown in
Figure 10.
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Figure 10. Edge weight and its corresponding location values
of MRI Prostate image

In the mentioned Figure 10 the Edge weight values in
non-decreasing order of MRI Prostate Image are stored in column
5 and its corresponding location values are stored from column 1
to column 4.

C. Region Comparison and Region Merging
The number of regions formed for the given MRI input image is
shown in Figure 11.
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Figure 11. Region formation for given MRI Prostate image

The region mergence for the given MRI image is shown in Figure
12
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Figure 12 Region Mergence for the given MRI Prostate image.

From the above mentioned Figure 12 it is observed that the regions
are merged only if the given MRI image is having cancer and if the
image is not having any cancer then there won’t be any regions
mergence. The total number of regions merged is equal to the
number of cancer regions present in the given MRI images. The
MRI Prostate Image in X,Y and Z axis as input for MST
construction and the identified cancer regions in that
corresponding images are shown in Figures 13 and 14
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Figure 13. MRI Prostate Image in X, Y and Z axis as input for
MST construction
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Figure 14. MRI Prostate Image in X, Y and Z axis with
identified cancer regions

D. Fuzzy C Means Method

For Fuzzy C Means method the pre-processed MRI Prostate image
using Anisotropic Filtering method is given as an input. The
output of this method is the identification of cancer regions present
in the given MRI image using Fuzzy C Means algorithm based on
the minimization of the objective function. The screen shot for
identification of cancer regions through FCM implementation is
shown in the Figure 15.
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Figure 15. FCM Segmented MRI Prostate Image in X, Y and Z
axis

Figure 15 shows the final FCM segmented MRI Prostate image in

X, Y and Z axis. The number of clusters formed is clearly shown.
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E. Performance Analysis
The performance analysis of the proposed Graph based
segmentation and FCM method are shown in Table 1
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Table 1. Analysis on cancer regions by Graph Based and FCM
Segmentation Methods

GRAPH BASED METHOD FCM METHOD
X ¥ I X ¥ i
Total | Region| Total| Region| Total | Resion Noof Noof Noof
Clusters | Clusters | Clustars
Region| mergeq Regio merged Region merged
Bl 2] B 3| n| 4 1 3 3

Table 1 shows the performance evaluation for the given Input
image in both Graph based segmentation and FCM method. From
this Table 1, it is clearly shown that smaller lesions are more
effectively identified in Graph based segmentation method when
compared to FCM method.

V1. CONCLUSION AND FUTURE WORK

The proposed Graph based Image segmentation method is carried
out in three sequences of steps. They are: Pre-processing of Noisy
input image using Anisotropic Filtering, Graph construction using
Kruskal’s Algorithm and Region comparison followed by Region
Mergence using Predicate method. The segmented image resulted
from Graph based method is compared with Fuzzy C -Means
clustering technique. The analysis shows that the proposed method
out performs than the FCM method.

The proposed system can be extended for some other modality of
images for different organs. This proposed system finds its
application in the Medical field and other research areas.
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