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Abstract:

Image segmentation is the process of dividing a digital image into image seg-
ments so that individual regions of interest can be analyzed and processed
instead of the entire image. Image segmentation has a significant role in detect-
ing regions of interest and extracting attributes and regions from those images.
In this paper, five original grayscale abnormal MRI brain images have been
processed by using image segmentation techniques for detecting and extracting
regions of interest, in this case, tumors. This research described three methods
of detection and extraction of tumors from abnormal MRI brain images in
MATLAB: a method based on combined local threshold segmentation tech-
niques with morphological operations for tumor detection; a method based
on region splitting and merging segmentation techniques; and a method based
on combined thresholding, Meyer's flooding watershed algorithm, as an image
segmentation technique with morphological operations for tumor detection.
Abnormal MRI brain images were preprocessed in order to obtain suitable
results. Image data used in this research were obtained from Radiopedia, an
educational radiology resource. The best method for detecting and extracting
tumors has been determined by comparing the results of accuracy, sensitivity,
F-measure, precision, MCC, dice, jaccard, and specificity. Based on the results
of these measurements, it has been concluded and confirmed that the first
and third methods are both equally good for detecting and extracting tumors.
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INTRODUCTION

In the medical field, magnetic resonance imaging (MRI) as one of
the diagnostic methods is very often used to, for example, detect and
analyze abnormal changes in brain soft tissue defined as tumors. Image
segmentation and detection are very important methods used to distin-
guish the abnormal from the normal brain tissue and to localize, in this
case, the brain tumor. Segmentation algorithms are focused on an area
instead of an individual pixel. [1] Segmentation algorithms are based on
similarity, which is one of the basic properties of intensity values. [2] This
paper gives a comparative study of three proposed methods using image
segmentation techniques for the detection and extraction of tumors from
abnormal MRI brain images in MATLAB.
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Input abnormal original MRI brain images are
preprocessed and improved in terms of noise reduction,
smoothing, sharpening, and contrast enhancement to
get some useful information about the size, shape, and
location of abnormal tissue in the brain and to improve
the accuracy of applied segmentation techniques. In all
three methods, 2-D median filtering is used as an in-built
function for reducing noise and smoothing, and local
Laplacian filtering is used as an in-built function for
image sharpening. The first method is based on combin-
ing local threshold segmentation techniques with mor-
phological operations for tumor detection. The second
method is based on region splitting and merging seg-
mentation techniques, and the third method is proposed
by Rajesh C. Patil and DR. A. S. Bhalchandra, which is
based on combined thresholding and Meyer’s watershed
algorithm as segmentation techniques with morphological
operations for tumor detection. [3] Images and data
used in this paper were obtained from Radiopaedia, an
educational radiology resource.

2. IMAGE PREPROCESSING

In preprocessing, the input MRI images are pro-
cessed in different ways, such as filtering to remove or
reduce noise, image sharpening, and registration to
make all images comparable with each other. In this pa-
per, in the methods, we applied image resizing to all five
original input MRI images and edited the images in the
same manner to obtain more accurate results. Various
filters can be used for noise reduction, and in this paper
we used the 2-D median filtering in-built function in
MATLAB. Generally, the median filter is a non-linear
operation that works so that the median filter passes
through the image entry by entry and replaces the value
of the center pixel with the median of the intensity val-
ues in the neighborhood of that pixel. [4] The median
filter is effective when it is necessary to simultaneously
remove noise and preserve edges. 2-D median filtering
performs median filtering of the image in two dimen-
sions. Each output pixel contains the medium-value
3-by-3 neighborhood around the corresponding pixel
in the input image. [5] [3] In this paper, we also used
an in-built function for fast local Laplacian filtering in
order to increase the contrast of an image. In a fast local
Laplacian filtering function, the parameter sigma char-
acterizes the amplitude of edges in an image, and the
parameter alpha controls the smoothing of details. The
sigma and alpha parameters were determined experi-
mentally based on human vision, and they are 0.3 and
0.4, respectively.
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3. COMBINED LOCAL THRESHOLDING
SEGMENTATION TECHNIQUE WITH
MORPHOLOGICAL OPERATIONS

In the local thresholding technique, the threshold
value T depends on the gray levels of f{x,y) and some
local image properties of neighboring pixels. The thresh-
old operation with a locally varying threshold function
T(x,y) is given by Equation 1.

Lif fx, y)>T(x y)

8% y) = (1)
0if flx, y)<T(x,y)

T(x,y) = f,(x, y)+T, (2)

Equation 1 - The threshold operation with a
locally varying threshold function.

The image is the morphological opening of f;, and the
constant is the result of the function graythresh applied
to. Morphological operations extract image features
such as the shape of the region of interest or some other
morphological features of an image and basically trans-
form the image. [1] [6] Erosion and dilation are applied
in this paper to detect the tumor.

All five original abnormal MRI brain images as in-
put images are preprocessed by applying 2-D median
filtering for noise reduction and smoothing and fast lo-
cal Laplacian filtering for image sharpening. After that,
images were resized, and different threshold values of
parameters T, were applied to different input images in
order to get accurate results for the detection of tumors
and for converting grayscale images into binary images.
For images I, I and I, it is applied T =30, for image I,
it is applied T,;=20 and for image I_ it is applied T,=0.2.
To segment out the tumor location from the image, it
is required to create a binary tumor-masked window.
By putting a tumor mask on dilated MRI brain images,
the final image is obtained with a detected tumor. In the
end, accuracy, sensitivity, specificity, the Sorensen-Dice,
and the Jaccard metrics are calculated to estimate the
success of the segmentation task. Accuracy (%) meas-
ures how well a binary segmentation method correctly
identifies a condition in Equation 2, where TP, TN, FP,
and FN denote true positive, true negative, false positive,
and false negative, respectively.

TP+TN
FEN+FP+TP+TN
Equation 2 - Accuracy (%).

accuracy =
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Sensitivity (%) is evaluated as the proportion of
real positives that are correctly identified in Equation
3. Specificity (%) is computed as the proportion of real
negatives that are correctly identified in Equation 4.

TP

TN+FN
Equation 3 - Sensitivity (%).

sensitivity =

N
TN+FP
Equation 4 - Specificity (%).

specificity =

The Sorensen-Dice score is another way to measure
segmentation accuracy and is computed as follows in
Equation 5 and the Jaccard score has a relation with the
Dice similarity as follows in Equation 6.

2TP
2TP+FP+FN
Equation 5 - The Sorensen-Dice score.

dice =

dice
2-dice
Equation 6 - The Jaccard score has a relation
with the Dice.

jaccard =

The higher mentioned scores, the better the segmen-
tation results. [7]

4. REGION SPLITTING AND MERGING
SEGMENTATION TECHNIQUE

Region splitting and merging are segmentation tech-
niques that are based on finding the regions of interest
directly in such a way that region splitting subdivides
the whole image as a single region into its subsidiary
regions again and again until a condition of homogene-
ity is satisfied. The region-merging technique works in
the opposite way to the region-splitting technique. [5]

All input MRI brain images are preprocessed in the
way described in the first proposed method. We were
able to segment the region of interest using the follow-
ing Equation 7.

TRUE if 6>a AND 0<m<b

FLASE otherwise

Equation 7 - Segment the region of interest.

Where m and o are the mean and the standard devia-
tion of the pixels in a quad region, and a and b are con-
stants. [8] In this paper, it is applied that constant a is
less than 200 and constant b is greater than 5. The size
of the quad regions is different for input MRI images.
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The image size I, for the quad regions is 16. The image
size for the quad regions is 16, and the image size of I,
and I, for the quad regions is 2. The image size of I, and
I, for the quad regions is 4. The result of the split and
merge procedure is used as a mask and multiplied with
the input image to detect tumors in the input MRI brain
image. In the end, accuracy, sensitivity, specificity, the
Sorensen-Dice, and the Jaccard metrics are calculated
in the same way as they were described in the first pro-
posed method.

5. COMBINED THRESHOLDING AND MEYER'S
FLOODING WATERSHED SEGMENTATION
TECHNIQUES WITH MORPHOLOGICAL
OPERATIONS

According to Rajesh C. Patil and A. S. Bhalchandra,
the method based on combining image segmentation
techniques such as threshold and Meyer’s flooding
watershed algorithm with morphological operations for
tumor detection is very efficient. The Meyer’s flooding
watershed algorithm works on a grayscale image. During
the successive flooding of the gray value relief, water-
sheds with adjacent catchment basins are constructed.
This flooding process is performed on the gradient image,
i.e., the basins should emerge along the edges. This will
lead to over-segmentation of the image, so the image
must be preprocessed. [3] [9]

All input MRI brain images are preprocessed in the
way described in the first proposed method. Threshold
segmentation is based on a threshold value to turn a
grayscale image into a binary image, and the value that
is applied is 0.6. Meyer’s flooding watershed algorithm
[3] procedure is applied to a thresholded image. Finally,
morphological operations are applied for tumor detection.
In the end, accuracy, sensitivity, specificity, the Sorensen-
Dice, and the Jaccard metrics are calculated in the same
way as they were described in the first proposed method.

6. RESULTS AND DISCUSSION

This paper elaborates on different methodologies
based on different image segmentation techniques and
morphological operations for tumor detection and
extraction, providing an insight as to which method
should be utilized for a more reliable estimate of the seg-
mentation results of the original image using accuracy,
sensitivity, specificity, the Sorensen-Dice, and Jaccard
evaluation factors.
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The abnormal original MRI brain images of 512x512
pixels [10] have been used for tumor detection and
extraction by various proposed methods. The first pro-
posed method gives us the visualized results shown in
Figure 1. According to human vision, the first proposed
method gives a very efficient result.

There are 5 MRI brain tumour images over which
the algorithm from the first proposed method is applied.
The measurements of the abnormal MRI brain greyscale
images on which the first proposed method ia applied
are described in Table 1. All of the MRI images are pro-
cessed through the MATLAB code.

Figure 1 - a) Original abnormal MRI image, b) denoised image, ¢) Laplacian filtered sharpened image, d) segmented tumor,

e) eroded image, f) tumor outline, g) detected tumor.

Table 1 - Resulted Accuracy, Sensitivity, Specificity, the Sorensen-Dice and the Jaccard measurements.

The Sorensen-Dice

MRI images Accuracy (%) Sensitivity (%) Specificity (%) %) Jaccard (%)
11[1 1] 91,99 74,27 99,97 85,20 74,22
12[12] 94,91 96,99 94,50 86,17 75,70
13[10] 95,92 93,97 96,82 93,55 87,88
14[13] 95,29 87,90 99,73 93,38 87,58
I[14] 90,53 69,41 99,86 81,79 69,19

The second proposed method gives us the visualized
results shown in Figure 2. According to human vision,
the second proposed method gives a less efficient result.
As a final result, we obtained a segmented tumor, but
there is missing information about pixels and parts of
regions of normal brain tissue. The measurements of the
abnormal MRI brain grayscale images on which the first
proposed method was applied are described in Table 2.
All of the MRI images are processed through the MAT-
LAB code.
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The third proposed method gives us the visualized
results shown in Figure 5. According to human vision,
the third proposed method gives a very efficient result.
The measurements of the abnormal MRI brain grayscale
images on which the third proposed method was applied
are described in Table 3. All of the MRI images are pro-
cessed through the MATLAB code.

Based on Tables 1, 2, and 3, we can conclude that
the better results for accuracy, sensitivity, specificity,
the Sorensen-Dice, and the Jaccard measurements are
obtained by applying algorithms for the first and third
proposed methods on abnormal original MRI brain im-
ages than by applying algorithms for the second method.
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Figure 2 - a) Original abnormal MRI image, b) denoised image, c) Laplacian filtered sharpened image, d) segmented tumor
by split and merge procedure, ) segmented tumor used as a mask for detection, f) detected tumor.

Table 2 - Resulted Accuracy, Sensitivity, Specificity, the Sorensen-Dice and the Jaccard measurements.

The Sorensen-Dice

MRI images Accuracy (%) Sensitivity (%) Specificity (%) %) Jaccard (%)
Il[ll] 88,10 95,83 84,62 83,35 71,45
12[12] 79,46 71,44 81,02 52,22 36,26
13[10] 70,69 88,82 62,35 65,62 48,83
14[13] 81,92 98,19 71,90 80,31 67,10
15[14] 81,51 65,95 88,38 68,60 52,21

Figure 3 - a) Original abnormal MRI image, b) denoised image, ¢) Laplacian filtered sharpened image, d) thresholded of the
whole image, e) watershed segmented image, f) only tumor segmented, g) detected tumor.

Sinteza 2023 Applied Information
submit your manuscript | sinteza.singidunum.ac.rs Technology Session


http://sinteza.singidunum.ac.rs

Table 3 - Resulted Accuracy, Sensitivity, Specificity, the Sorensen-Dice and the Jaccard measurements.

The Sorensen-Dice

MRI images Accuracy (%) Sensitivity (%) Specificity (%) %) Jaccard (%)
Il[ll] 92,16 74,84 99,97 85,58 74,79
12[12] 94,40 96,52 93,99 84,95 73,84
13[10] 95,06 92,52 96,22 92,18 85,49
14[13] 95,13 87,64 99,78 93,13 87,14
15[14] 90,88 70,73 99,78 82,61 70,38

7. CONCLUSION

Effective results for tumor detection and extraction
are obtained by using algorithms following the first and
third proposed methods. According to human vision, the
quality, precision, and accuracy of the detected and ex-
tracted tumor appling algorithms from the first and third
proposed methods are found to be better than the results
given by the algorithm from the second proposed method.
During the segmentation process, the internal structure
of the image is preserved by applying the first and third
proposed methods, and the location and area of the region
of interest are accurately detected and extracted. The ap-
plication of the second proposed method results in a de-
tected and extracted region of interest whose edges are not
preserved, as well as a lack of information about individual
elements of the image and even parts of the surface in the
internal structure of the image. Based on results obtained
for accuracy, sensitivity, specificity, the Sorensen-Dice,
and the Jaccard measurements, we can conclude that bet-
ter results for tumor detection and extraction provide us
with the first and third proposed methods.
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