International Journal of

INTELLIGENT SYSTEMS AND APPLICATIONS IN
ENGINEERING

www.ijisae.org

1JISAE

ISSN:2147-6799 Original Research Paper

A Novel Fuzzy C—Mean Based Segmentation Technique for Spinal Cord
Tumors from MR Images

Dr. Alam N. Shaikh" Dr. Nisha A. Auti2, Dr. B.K Sarkar3

Submitted: 04/02/2024 Revised: 12/03/2024  Accepted: 18/03/2024

Abstract: Image processing plays a crucial role in extracting meaningful information from images to enhance their utility and
effectiveness. Among various techniques, image segmentation stands out as an efficient method for extracting and isolating specific
features within images. This research focuses on optimizing the Fuzzy C Means (FCM) algorithm for accurately identifying the axial
and coronal planes in MRI brain images, considering both the algorithm's accuracy and computational efficiency.

The preprocessing phase involves converting MRI brain images from DICOM format to a standard image format. To enhance image
quality, a Gaussian filter technique is applied to eliminate noise. Subsequently, the FCM algorithm is implemented to segment regions
affected by brain tumours in MR images. The evaluation of algorithmic efficiency and accuracy involves comparing histogram values
of images before and after segmentation with the cluster center values determined by the FCM algorithm.

The results provide insights into the algorithm's performance, with a focus on computational time as a key metric. By identifying the
best fit of the FCM algorithm for both axial and coronal planes, this research contributes to advancing the field of image segmentation
in the context of brain tumor detection. In conclusion, the study underscores the significance of FCM algorithm in accurately delineating
tumor-affected regions in MRI brain images, thereby aiding in the diagnosis and treatment of brain tumors. The identified optimal
parameters showcase the potential of FCM as a valuable tool in the realm of medical image analysis.
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1. Introduction upgrading explicit picture areas, and evaluating changes
in thought districts' situation and development. X-ray, a
progressive device in clinical determination and
examination, has seen constant improvement since its

beginning in 1971 by Prof. Raymond Damadian. X-ray

Image processing has arisen as an extraordinary strategy,
changing pictures into computerized structures over
completely to go through tasks that upgrade their visual
allure or concentrate significant data. There are two main
purposes for this procedure: improving the aesthetics of
images for human viewers and measuring image features
and structures. The advanced change takes into

filters, created utilizing strong magnets, have
demonstrated priceless in anticipating uterine anomalies,
recognizing heart issues, surveying bone joint way of
behaving, and distinguishing irregularities in organs like

consideration enhancement in light of elements, for
example, body part, demonstrative errand, and review
inclinations. Computational image analysis helps
radiologists, particularly in the medical field, identify
crucial regions for disease diagnosis. Clinical imaging, a
critical wellspring of such pictures, has gone through
huge development, with different modalities like CT,
PET, X-ray, Ultrasound, and X-Beam assuming crucial
parts. The focal point of clinical picture examination
research lies in robotizing sore and sickness recognition,
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the liver, mind, and spinal rope.

Partitioning input images into sets of connected pixels
and dividing scenes into meaningful regions is one
important step in this research. Deductively, it tends to
the vision errand of speculative center level handling.
The objective of division is to recognize districts of
interest, for example, finding cancers and working with
radiation portion treatment in the programmed division
of clinical pictures. This interaction depends on
estimations taken from pictures in view of surface,
variety, profundity, movement, or power values. Picture
division, a bit-by-bit investigation of picture locales,
tracks down significant applications in distinguishing
objects in scenes and estimating their shape and size. The
FCM algorithm is used to analyze MRI brain images in
this study, and the accuracy of the results is measured by
comparing them to histogram values.
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2. Literature review

Different examination tries have been embraced to
upgrade the productivity of growth impacted locale
distinguishing proof in X-ray mind pictures, with a
specific accentuation on the viability of the Fluffy C-
Means (FCM) grouping calculation. A novel strategy that
utilized spatially constrained deformable models, fuzzy
classification, and symmetry analysis was investigated in
a study that focused on the segmentation of 3D brain
tumors. The efficacy of this strategy, which makes use of
an approximate asymmetry plane in the brain and fuzzy
classification, was demonstrated across a variety of
tumor types. Ahmed and co. added to the field by
presenting a changed FCM calculation for predisposition
field assessment and versatile division of X-ray
information. Their imaginative calculation evaluated
inhomogeneity power through fluffy rationale,
displaying its true capacity for strong X-ray division. A
comprehensive analysis of conventional FCM
techniques that take into account intensity nonuniformity
(INU) and spatial context was provided, as was a
comprehensive review of the current landscape of
automatic tissue segmentation in 3D magnetic resonance
brain images.

Moreover, Clark et al. proposed an information-based
procedure for programmed cancer division, utilizing
multispectral  histogram examination and locale
examination to distinguish thought growths, explicitly
zeroing in on glioblastoma-multiforme growths in the
human mind. Amini et al. introduced a discrete unique
form model to section the thalamus, a basic neuro-
anatomic construction, from X-ray mind pictures.
Coordinating power space maps (ISM) with FCM
bunching, one more review intended to upgrade variety
X-ray picture division for cancer location, recognizing
the tedious idea of manual division. In the domain of
FCM calculation upgrades, Chuang et al. integrated
spatial data into the grouping system, taking into account
every pixel's spatial capability with neighbourhood
enrolment capability summation. Another original
methodology included a crossover calculation,
consolidating Counterfeit Honey bee State with FCM,
alluded to as FCMAB, for X-ray mind picture division to
separate unusual cell development with exact bunch
communities. The examination local area investigated
log inclination field stack decreases for spline surfaces
and proposed a two-stage calculation thinking about
spatial congruity imperatives.

Also, Mohamed N. Ahmed introduced a changed FCM
calculation tending to predisposition field assessment
and division of X-ray information, zeroing in on
regularizing and impacting voxel naming in the
piecewise setting. Cerebrum cancer identification
utilizing X-ray pictures was drawn closer by Kanade and

Gumaste through a six-stage calculation, displaying high
precision, low blunder rates, and helpful division
highlights. Zhao et al. presented a programmed edge
level set model for X-ray picture division of mind tissue,
underlining numerical portrayals and verifications for the
Chan and Vese model. In assessing novel calculations for
fluffy division, Dzung L. Pham and Jerry L. Sovereign
investigated the incorporation of multiplicative power
inhomogeneities, fostering an iterative calculation to
limit the goal capability of fluffy c-implies. Altogether,
these different examination tries add to propelling the
capacities of FCM-based division methods in the mind-
boggling area of spinal rope cancer recognizable proof in
X-ray cerebrum pictures.

3. Methodology

Dunn is credited as the pioneer in introducing the Fuzzy
C-Means clustering algorithm, later extended by Bezdek.
This clustering technique has become widely employed
for image classification, where pixels with similar
characteristics are grouped together, facilitating the
differentiation of pixels belonging to distinct groups. In
the realm of medical imaging, particularly with MRI
scans, its significance is paramount. MRI scans play a
crucial role in diagnosing various conditions, such as
bleeding, injuries, identification of blood vessels, and
tumor detection within the brain. Given the intricate
network of nerves connected to the central nervous
system in the brain, precise detection and prediction of
tumor-affected regions are essential for radiologists to
provide accurate results to physicians. The Fuzzy C-
Means (FCM) clustering algorithm, a cornerstone in
image segmentation, categorizes pixels in images into
distinct classes based on their features. In the context of
medical image analysis, FCM finds extensive utility, and
this paper specifically focuses on its application in the
identification and delineation of brain tumor-affected
regions. By leveraging the coordination of histogram
values in the image, the FCM algorithm proves
instrumental in precisely detecting these regions. The
MRI scanner, a vital tool in this process, captures detailed
images of the brain in three different planes: axial,
coronal, and sagittal.

Each plane provides unique perspectives, with the axial
plane offering slices of the brain for detailed information,
the coronal plane presenting views from the back with
the spinal cord, and the sagittal plane contributing
additional insights. These different planes contribute to a
comprehensive understanding of the brain's structure and
aid in the accurate identification of tumor-affected
regions through the utilization of the FCM algorithm.
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Fig 1- Various planes of X-ray brain picture.
a) Gaussian filter

In the preprocessing stage, the Gaussian filter is applied
to the X-ray input cerebrum picture, successfully
disposing of undesirable clamors. Gaussian commotion,
a sort of background noise, from irregular variances in
signals. Repetitive sound described by an irregular sign
with level power unearthly densities, frequently alluded
to as added substance clamor. Bilateral filtering is
exemplified by the fundamental and effective image
processing method known as gaussian filtering. This
procedure depends on Gaussian capabilities as both the
closeness and comparability capabilities in its activity,
with these capabilities filling in as contentions for the
Euclidean distance. Equation 5 shows the closeness
function, which measures how close image pixels are
spatially, and Equation 6 shows the similarity function,
which measures how similar pixel values are. This use of
Gaussian separating adds to a smoothed out and
compelling preprocessing stage, effectively moderating
clamor in X-ray cerebrum pictures for resulting
examination.

the closeness function, where [|d(&x)=d(é—x)=II&—xll
represents the Euclidean distance between ¢ and x. This
equation quantifies the spatial proximity, providing a
measure of distance between two points in the image.

the similarity function, expressed as

. )
[ )2

J‘ ] | 217;—;‘

of distance between the intensity values of fand x. This
function assesses the resemblance between pixel
intensity values, contributing to the overall Gaussian
filtering process.

, where of is a suitable measure

In both equations, o represents the standard deviation,
influencing the spread of the Gaussian functions. The
Euclidean distance Ié—xl and the distance measure [|/~xl|
are crucial components in determining the proximity and
similarity of pixel values, respectively. The geometric
spread od is chosen based on the desired amount of low-
pass filtering, ensuring the Gaussian range filter remains
insensitive to overall image intensity changes and
additives subjected to the image. These equations
collectively define the key parameters and calculations
involved in the Gaussian filtering process, contributing
to an effective noise reduction technique in image
preprocessing.

e Application Areas of FCM

Document categorization, customer/market
segmentation, scientific data analysis, city planning, land
use, and earthquake studies are just a few of the many
fields in which clustering methods, particularly Fuzzy C-
Means (FCM), can be used. Bunching calculations
envelop different groupings, like fluffy, hard, remote
detecting, and satellite sign getting, making them
comprehensively pertinent. In research regions like
information mining, man-made consciousness, fluffy
frameworks, design acknowledgment, and Al, grouping
assumes a crucial part. In the field of science, group
examination is widely utilized to organize compound and
actual properties, giving itemized reports in logical
science.

With regards to information mining, FCM has been
broadly applied, as proven by similar examinations with
k Medoids for factual data of interest. Exploratory
outcomes show the adequacy of FCM, particularly for
appropriated pieces of information. Histograms,
graphical portrayals in view of force circulation in a
picture, assume a urgent part in this work. The
recognition of impacted areas depends on breaking down
power levels utilizing FCM. The histogram makes it
easier to identify tumor-affected regions based on image
intensities because it quantifies intensity values taking
into account the number of pixels at each level.

The proposed research approach centers around
diagnosing and recognizing cancer impacted locales in
the mind utilizing the FCM bunching calculation. The
structured approach involves segmentation using
traditional FCM, converting DICOM images into
standard formats, preprocessing with Gaussian filtering
to remove noise, and creating histograms for analysis.
Constant X-ray mind pictures from Master Vivekananda
Symptomatic Center in Chennai are used, stressing the
significance of clamor expulsion to upgrade picture
quality. The review incorporates two planes (hub and
coronal) for examination, intending to distinguish the
best-fit FCM calculation in light of computational time.
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The sample dataset consists of forty MR images, and
noise removal is one of the most important steps in
enhancing the image quality for future FCM
implementation. The exploration highlights the meaning
of opportune recognition and expectation of illnesses,
featuring the basic job of computational time in asset use.
The examination includes evaluating the growth
impacted district through coordination of bunch focus
values and histogram correlations when FCM division.

4.Result

The essential goal of this exploration is to distinguish and
isolate growth impacted areas in X-ray mind pictures,
deciding the ideal reasonableness of the Fluffy C-Means
(FCM) calculation for pivotal and coronal plane
extraction. For both planes, computational time and
efficiency are taken into account in a comparison.
Human vision is a powerful tool for interpreting images,
but radiologists' varying abilities  necessitate
computerized procedures in the medical field. The FCM
calculation ends up being an important procedure for
identifying cancer impacted locales, adding to quicker
and more powerful illness finding.

The examination technique includes the transformation
of X-ray mind pictures from the DICOM organization to
a standard picture record design, for example, .jpg. The
axial and coronal planes, which are essential for
comprehending the central and interior parts of the brain,
are the focus of the study. In this review, the
appropriateness of the FCM calculation is evaluated in
light of computational time, taking into account three
example pictures from both the hub and coronal planes.
Preprocessing improves the clarity of black-and-white
MRI images by removing noise using Gaussian filtering
techniques. The preprocessing results are introduced,
displaying the viability of commotion expulsion.

(2) AXI_DMG_01 (b) AXI_IMG_02 (C) AXI_IMG_03

Fig 2. Enter abnormal axial plane images.

The following stage includes carrying out the FCM
calculation, assessing its goal capability on an IBM
machine with an Intel® Center Team processor and 8 GB
Smash, running Windows 7. Matlab (R2008a) is used for
calculation advancement. The intensity values of pixels
in the imaging plane serve as the basis for image
segmentation; FCM functions as a clustering algorithm,
producing images or values based on pixel cluster
centers. The default division level with n=2 is

introduced, and ensuing levels further separate the mind
cancer impacted locales.

Fig 3: Preprocessing and FCM consequence of
AXI IMG 01

Fig. 3 portrays the outcomes, outlining the adequacy of
the FCM calculation in secluding cancer impacted
districts. This exploration stresses the significance of
computational time and perceivability in deciding the
calculation's appropriateness, exhibiting its true capacity
in facilitating sickness finding through exact division of
X-ray mind pictures.

5. Conclusion

The accurate prediction of brain tumors is a pivotal
challenge in the medical field, and this research
endeavors to facilitate this process by distinguishing
tumor-affected regions in MRI brain images. The
comparative analysis of computational time between the
axial and coronal planes aids in determining the optimal
fit of the Fuzzy C-Means (FCM) algorithm for both
planes. The outlined methodology provides a systematic
approach that can significantly assist physicians in the
straightforward detection of tumor-affected regions.

The preprocessing phase involves the application of the
Gaussian filter method to effectively eliminate noise
from the images, enhancing the quality of the data.
Subsequently, the traditional FCM  algorithm is
employed to segment the tumor-affected region. The
resulting segmentation is then cross-examined with the
cluster center values obtained from the FCM algorithm.
While FCM provides valuable insights into the affected
regions, it should be noted that it alone may not serve as
a definitive diagnostic tool for certain types of brain
images. Instead, it functions as a supportive tool, aiding
doctors and radiologists in precisely identifying affected
regions for tumor detection.

Physicians can leverage the results of the FCM algorithm
to straightforwardly identify tumor-affected regions.
However, the proposed approach demonstrates greater
suitability and robustness for the coronal plane when
compared to the axial plane, particularly considering
computational time. Future work could involve the
quantification of the tumor-affected region by assessing
intensity-based pixel values, providing additional
insights and contributing to the ongoing refinement of
tumor detection methodologies.
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