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Abstract—Segmentation is a preliminary step to analyze medical images for computer-aided diagnosis and therapy. In this
work a Global Contrast Enhancement (GCE) based technique is proposed to improve medical image segmentation for identify-
ing tumors. At first medical image is pre-processed to reduce noise then multi-level histogram is generated and modified using
GCE. Next, segmentation process is carried out for MRI and CT scan images. Segmentation results obtained by normal histo-

gram, equalized histogram and GCE histogram are compared.
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1 INTRODUCTION

MAGE segmentation is increasingly used in analyz-

ing medical imaging data sets. In modern medical
science, segmentation accuracy is very important for
computer-aided diagnosis and therapy. It is a difficult as
well as challenging task due to the complex nature of
medical images. There exist various methodologies for
medical image segmentation but due to missing features
and accuracy of the results are not up to the mark [1], [2],
[3], [4]. In this paper a GCE-Based segmentation tech-
nique is proposed to improve the accuracy level of medi-
cal image segmentation. In addition to identify tumor
area from MRI and CT scan segmented images, the pro-
posed technique is smart enough in extracting other fea-
tures and edges from the segmented medical images as
well.

Previously, Tarik Arici [9] proposed a Global Contrast
Enhancement Technique of histogram modification.
However, it has not been applied widely due to accuracy.

With a view to improve the present segmentation
methodology of MRI and CT scan images [8] we have
successfully applied the GCE-Based technique and
achieved better segmentation accuracy. Our aim is to
achieve more accurate segmented result which is the key
point for overall diagnosis. To confirm the effectiveness of
the proposed method, an experiment is performed using
50 real MRI images and 50 real CT scan images with and
without tumors. Images are collected from medical image
database of internet.

The rest of the paper is organized as follows. Section 2
provides a description of the proposed technique. Evalua-
tion process and concerns are presented in Section 3. Sec-
tion 4 discusses the experimental results and analyzes the
performance. Finally, conclusions are drawn in section 5.

2 METHODOLOGY

Image segmentation is the process of dividing an image
into regions or objects. It is a basic step in image analysis.
Segmentation accuracy determines the eventual success
or failure of computerized analysis procedure [6], [11].
Magnetic Resonance Imaging (MRI) is an important diag-
nostic imaging technique utilized for early detection of
abnormal changes in tissues and organs [9]. It possesses
good contrast resolution for different tissues and is, thus,
preferred over Computerized Tomography (CT) for brain
study [6]. Therefore, the majority of research in medical
image segmentation concerns MR images [6], [8], [10].
Since MR images are gray level image; the segmentation
technique proposed in this paper is for gray-level images.

2.1 Histogram Equalization

Histogram equalization (HE) is an effective technique for
contrast enhancement. However, HE without any modifi-
cation usually results in excessive contrast enhancement,
which in turn gives the processed image an unnatural
look and creates visual artifacts [9]. As a result all details
of the captured image are not revealed. HE enhances the
contrast of images by transforming the values in an inten-
sity image [5]. Mathematical expression for HE is given in

equation (1).

X' = T(x) = leni. max. intensity

i=0 N

where ni is the number of pixels at intensity i; N is the
total number of pixels in the image. According to equa-
tion (1), the input pixel intensity, x is transformed to new
intensity value, x". The transform function, T(x) is the
product of a cumulative histogram and a scale factor. The
scale factor is needed to fit the new intensity value within
the range of the intensity values, for example, 0 ~ 255.
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2.2 Global Contrast Enhancement Based
Histogram Modification

The level of contrast enhancement can be adjusted by
introducing specifically designed penalty terms [9]; for
obtaining more visually pleasing and informative image.
In GCE-Based histogram modification technique mini-
mum intensity of the image is the gray-level range for
black stretching b and maximum intensity value is the
gray-level range for white stretching w [9]. For each bin n
of the input image histogram, the modified histogram is
represented by equation (2).
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Where h is the modified histogram, hi is the input histo-
gram, A is for achieving various level of contrast en-
hancement. By changing A, the level of enhancement can
be adjusted, u is the minimum between average intensity
frequency and the most frequently occurred intensity
value in the histogram.

Otherwise, the histogram is modified using the follow-
ing equation (3).

h=((1+M)I+0al®) ™ (hi+Au) o

Where IP is a diagonal matrix. IB@Gi) =1 for
i€{[0,b]Y [w,255]}, and the remaining diagonal elements
are zero. a is for the more natural look of the black and
white in the image, which varies for different kind of
images.

2.3 Global Contrast Enhancement (GCE) Based
Segmentation Technique

Block diagram of the GCE-Based image segmentation
process is presented in Figure 1. At first the input image
is converted to grayscale and then resized to (256 x 256).
The whole process is divided into five distinct steps:

Color to
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a) Pre-processing: At the pre-processing step, the
Median filter is used to remove noise from the input
gray scale image [8]. The moving window for the
median filter is (3 x 3).

b) Edge Detection: Sobel edge detector is used. The out-
put image of the edge detection process is used to in-
crease the intensity values of the edge pixels in the
original image [8], [7].

¢) Histogram Construction: Histogram of the resultant
image, from step b, is constructed using equation (1).

d) GCE Based Histogram Modification: The generated
histogram is modified using the GCE-Based histogram
modification technique [9].

e) Segmentation: Output results are generated by multi-
level segmentation (Multimodal Gray Scale Image
Histogram Thresholding) technique.

3 EVALUATION PROCESS AND CONCERNS

The proposed method is implemented and tested in
MATLAB R2009a environment by using a computer of
Pentium 4, 2.8 GHz with 1 GB RAM in Windows XP plat-
form. The efficiency of the proposed method is evaluated
by both visual and numerical inspection.

3.1 Visual inspection

For visual inspection all resultant segmented MRI and
CT scan images are analyzed by expert (radiologist) to
find the most accurate result. The resultant segmented
images using normal histogram Hi, equalized HE and
GCE-Based modified histogram methods are evaluated
using a scale of 1 to 10. Score 10 is given when the seg-
mentation is perfect while the score 1 is given when the
segmentation accuracy is unacceptable [10].
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Figure 1: Block diagram of GCE-Based Segmentation Process
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3.2 Numerical Inspection Using the Hausdorff
Distance

In pattern recognition and computer vision field the
central problem is determining the extent to which a
shape resembles another shape [11]. For this work we
have considered the Hausdorff distance in determining
the extent to which a point of an ‘image’ resembles a
point of a “‘model’ [11].

The Hausdorff distance
For a set A = {al,...,ap} and B = {bl,....,bp} the

Hausdorff distance between A and B is defined by equa-
tion (4) and equation (5).

H (4, B) = max(h(4,B),h(B, A)) )
With the directed Hausdorff distance defined as
Z(A,B):me}qxr?iélna—bn 5)

Equation (4) is for scalar and equatin (5) for vector repre-
sentations.

4 EXPERIMENTAL RESULTS AND DISCUSSIONS

Figure 2 and Figure 3 show the comparative segmenta-
tion results. The former showing for MRI and the latter
for CT scan images. Both Figure 2 and Figure 3 show that
tumor area is detected in segmented MRI and CT scan
medical images more clearly and correctly by using
GCE-Based segmentation technique. In quantitative
analysis the segmented images are compared using
Hausdorff distance [12]. Ground truth images are pre-
pared from original MRI and CT scan images by manual
segmentation in the presence of a radiologist. After that
Hausdorff Distance is calculated for the ground truth
and segmented images [11]. The result analysis is con-
cluded with the use of three types of histograms (Hi, HE
and GCE). TABLE 1 and TABLE 2 summarize the aver-
age results of visual and numerical inspections.

Visual inspection results in TABLE 1 show that, the
highest degree of accuracy of segmentation (for MRI 8.34
and for CT scan Image 8.18) is achieved by GCE-Based
technique. Numerical Inspection results in TABLE 2
show that, by using GCE-Based segmentation technique,
Hauadorff Distance is decreased by 8.68% for MRI and
7.14% for CT scan medical image. This means closely
ground truth images are generated by GCE-Based meth-
od rather than the histogram equalization technique.

The proposed method can be applied not only for
medical imaging, but can also be applied to any image
processing problems in which segmentation is required.
Here are some scopes or good challenges for future
work. The proposed methodology can be further extend-
ed to adapt various filters at the last stage of the process
after the segmentation. For X-ray and Ultrasound medi-
cal images the proposed method can be further evaluat-
ed. Rather than the use of sobel edge detector at the edge
detection step [7], other edge detector operators like

Canny, Prewitt, Roberts, Laplacian etc. can be investigat-
ed.

At the pre-processing step, instead of median filter,

other noise removing techniques can be adopted as well
for specific type of noise (i.e. despeckle noise) in input
images.
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for CT scan images. Both Figure 2 and Figure 3 show that
tumor area is detected in segmented MRI and CT scan
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GCE-Based segmentation technique. In quantitative
analysis the segmented images are compared using
Hausdorff distance [12]. Ground truth images are pre-
pared from original MRI and CT scan images by manual
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images.
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TABLE 1
VISUAL INSPECTION RESULTS FOR MRI AND CT SCAN IMAGES

Image Histogram used in Medical Image Degree of Accuracy of the Segmentation (out of 10)

Segmentation MRI Medical Image CT Scan Medical Image
Normal Histogram (Hi) 5.5 3.96
Equalized Histogram (HE) 5.6 3.89
GCE-Based Modified Histogram 8.34 8.18
TABLE 2

NUMERICAL INSPECTION RESULTS USING HAUSDORFF DISTANCE FOR MRIAND CT SCAN IMAGES

Image Histogram used in Medical Image Hausdorff Distance Decreased By (%)

Segmentation MRI Medical Image CT Scan Medical Image
Equalized Histogram (HE) 0 0
GCE-Based Modified Histogram 8.68 7.14

(b) © (d)
Figure 2: Comparison results of MRI medical image segmentation (a) tumor in original brain MRI; resultant segmented image
using (b) normal histogram method (c) histogram equalization method and (d) GCE-Based histogram modification method

Figure 3: Comparison results of CT scan medical image segmentation (a) tumor in original kidney CT scan (Renal tumor); re-
sultant segment image using (b) normal histogram method (c) histogram equalization method and (d) GCE-Based histogram
modification method
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Figure 4 : Effects of different level of enhancement value a on segmentation results of Kidney Tumor CT scan image using

GCE-Based Segmentation Method (a) a=3 (b) a=4 (c) a=5 (d) a=6 (e) a=7
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Figure 5: Effects of different level of enhancement value a on segmentation results of Brain Tumor MRI using GCE-Based

Segmentation Method (a) a=3 (b) a=4 (c) a=5 (d) a=6 (e) a=7

Figure 4 and Figure 5 show the performance un-
der different values of a (=3, 4, 5, 6, 7) for MRI and
CT scan images respectively. It is difficult to set the
level of enhancement a automatically. In this pa-
per we have taken the opinion of expert (radiolo-
gist) to set the value of a. According to expert’s
visual evaluation the value of a is set to 5 for MRI
segmentation and for CT scan image segmentation
its set to 6. Adaptive setting of ais very important
which we will investigate in our next work. The
system works for still images only, not able to
segment real time images.

5. CONCLUSION

In this paper an effective GCE based segmentation
method is proposed. The method generates seg-
mented medical image based on GCE based histo-
gram modification. Experimental results show
that the method is quite successful in identifying
tumors and other features from resultant segment-
ed image. We Hope this technique will help in in-
creasing the accuracy of computer guided surgery,
therapy and other medical data set analysis as
well. We have not tested our method for X-ray and
ultrasound medical image. In the future, we would
like to investigate on X-ray and ultrasound images.
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