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ABSTRACT

The requirement for quick and accurate evaluation of massive amounts of data has increased
interest in MRI-based medical image processing of brain tumor studies.Early discovery of
brain tumors is critical to a patient's treatment. Life expectancy is improved when brain
tumors are discovered early. For expert brain tumor diagnosis, a time-consuming and difficult
to perform manual segmentation is typically used.Medical images may be utilised for
diagnosis, surgery planning, training, & research since they carry a wealth of information.The
subject of tumor brain segmentation is currently being studied with the use of automatic
segmentation. Traditional MRI brain tumor image segmentation approaches have been
reviewed in a number of studies.Methods for segmenting brain tumors using MRI are
reviewed in this research. Medical image analysis has just begun to make use of Deep
Learning (DL) techniques, and this work examines DL as it pertains to the interpretation of
MRI brain medical images.MRI-based image data may also be processed efficiently and
objectively using deep learning approaches.For accurate brain diagnosis, multimodal brain
tissue segmentation from medical imaging is crucial.Multimodal imaging technologies (“such
as PET/CT and PET/MRI”) that include data from numerous imaging techniques are more
effective in the segmentation of brain tumors. An overview of brain tumorsusing deep
learning techniques is also discussed prior to discussion on. An evaluation of the existing
status and potential advances to standardise MRI-based brain tumor segmentation
technologies into everyday clinical routine is addressed at the end of this paper. In
conclusion, the enormous amounts of Magnetic resonance visual information can also be
processed efficiently and systematically evaluated using deep learning algorithms.

Keywords: Brain tumor, deep learning, medical images, image segmentation. MRI
images
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. INTRODUCTION diagnosing and following the course of
cancer, magnetic resonance imaging is
frequently used. Tumor analysis is made
easier with the use of MRI, which enables
a visual depiction, as well as a comparison,
of a tumor's spread to other methods like

progressions, therapeutic response and CT & PET (PET). On the other hand
treatment planning [1].When it comes to ’
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multi-modal MRI methods are frequently
employed to examine brain tumor tissue
because they can distinguish between
different tissue types utilizing a specific
sequence based on tissue features
[2].World Health Organizations (WHO)
standards for defining brain tumors are
currently based on histological criteria,
which restricts their practical use [3].As a
result of this constraint, medical imaging is
increasingly being used to diagnose and
treat patients, including more automated
treatments. Neurosurgeons & medical
scientists are finding it more difficult to
keep up with the ever-increasing volume
of brain MR imaging data, which has
opened up new possibilities while also
creating new challenges [4].

Methods for segmenting brain
tumors can be categorised according to
several  criteria  [5]Generative  and
discriminative approaches are the two
broad groups into which these techniques
may be sorted. In most cases, generative
approaches rely on pre-existing knowledge
about the emergence of healthy tissues as
well as cancerous ones. Many of the
models that have been developed consider
segmentation to be an a posteriori estimate
issue of a distribution. When it comes to
discriminative techniques, the annotated
training photographs are used to learn a
distribution from a huge number of low
image attributes without any prior
information [6].Computational techniques
such as classification are mostly used in
medical image-based tumor diagnostics to
categorise images into benign & malignant
categories. Image classification tasks are
also being used to classify tumors in
medical imaging [7].The location and size
of brain tumors can be determined using
imaging techniques such as MRI. MRI is
superior to other imaging modalities, such
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as CT, in terms of its ability to distinguish
between distinct brain tissues [8].

Segmentation of the braintumor in
MRI images is a fundamental process that
has several uses in neurology, including
quantitative  analysis, planning and
operations, and functional imaging
[9].Poor spatial resolutions and low
contrast, as well as inhomogeneity & other
acquisition artefacts such as noise and
partial volume impact make medical image
segmentation a difficult task. In addition,
anatomical models that capture all possible
deformation in each retrieved structure
make it even more difficult [10, 11].When
clinical images are segmented and then
assessed for quantitative lesions, useful
information about brain disorders may be
gleaned. This information is crucial for
treatment planning, illness monitoring, and
tracking the development of individual
patients' outcomes. Furthermore, particular
deficiencies based on impaired brain
structure are linked to specific injury
regions[12].

The radiology department is most
concerned with early identification and
diagnosis of low-grade brain tumors since
they are more likely to evolve into high-
grade brain tumors if left untreated
[13].Color, contrast, brightness, and grey
level are just a few of the attributes that
may be used to segment a picture
[14].Medical images such as MR images
and other present imaging modalities used
to segment tumor tissues separate edema
and necrosis (dead cells) from normal
brain tissue, such as WM and CSF[15,
16].There are several ways to detect tumor
tissue from imaging modalities, such as
segmentation and advanced medical image
modalities, which are used to evaluate
patients with brain tumors and offer them
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with specialised patient care [17].An effort
is made to divide a brain tumor into many
sections by the wuse of brain tumor
segmentation. Necrosis, edema, non-
enhancing tumor, and enhancing tumor are
the four main types of brain tumors. The
presence of damage to the blood-brain
barrier is reflected in an enlarging tumor.
The degree of tissue degradation is
reflected in the degree of necrosis. It is
therefore critical to appropriately identify
and categorise the brain tumors in four
MRI scans. However, the sheer volume of
data generated by MRI makes it
impossible to do manual segmentation
with precision in a reasonable amount of
time [18].

A brain tumor is formed when
abnormal groupings of cells are formed in
or around the brain. A patient's health is
negatively impacted by the aberrant cells
that interrupt the brain's natural
functioning [19].Researchers, radiologists,

Brain tumor
segmentation >
techniques

methods

methods

and clinical professionals are primarily
focused on brain image analysis,
diagnosis, and therapy using accepted
medical imaging techniques [20].Brain
tumors are a leading cause of death in
developed countries, making it imperative
to thoroughly examine any available
imaging of the brain. The National Brain
Tumor Foundation (NBTF) estimates that
29,000 people in the United States are
diagnosed as brain cancer each year, &
that 13,000 of these individuals die each
year [21].Brain tumors may be studied
using MRI using a variety of sophisticated
imaging methods, including Diffusion
Tensors Imaging (“DTI), MR
Spectroscopy (“MRS”), and Perfusion MR
[22, 23].Brain tumors may be divided into
two basic categories: malignant tumors,
which are cancerous, and benign tumors.
The World Health Organizations (WHO)
further classifies malignant tumors into
classes I through 1V [24].
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Figure 1. Brain tumor segmentation techniques
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Image textures [25], local histograms [26], and structural tensor eigenvalues [27] are

all aspects of MRIs that are used in brain tumor segmentation investigations.Pattern
classification is a common application of machine learning algorithms likes as Support
Vector Machines ("SVMs") [28,29] and Random Forests (“RFs”) [30].Since they perform
better in image analysis domains including object recognition [31], image classifications [32],
and semantic segmentations [33], deep learning-based techniques and methodologies were
gaining interest in brain tumor segmentations research.

Il. COMPARISON WITH PREVIOUS SURVEYS

Tablel shows a number of studies on brain tumor segmentation.

S.NO | Surveys Reference | Years | Advantage Disadvantage

1. An examination | Bauer and | 2013 | Brain tumors and | CT scans are less
of  MRI-based | Wiest [34] their imaging are | expensive than MRI
medical imaging briefly discussed in | scans.
analysis this  survey  to | Discomfort of the
of research  of provide a | procedure among the
brain tumors comprehensive patient

perspective.

2. Brain tumor | Liu and | 2007 | Deep learning-based | The downstream
segmentation Tong [35] brain tumor | network's segmentation
using deep segmentation effect is  strongly
learning: a algorithms will be | dependent on  the
survey thoroughly examined | upstream network's

in this survey. performance.

3. A survey of the | James and | 2014 | Medical image | The primary drawback
state of art for | Dasarathy fusion has a long | of MRI scans is their
medical image | [36] range of scientific | relative sensitivity to
fusion obstacles, which this | movements, which

survey aims  to | makes them a

address head-on. challenging  approach
for evaluating organs
that entail movement,
like oral cancers.

4. A survey on the | Saman and | 2019 | The most prominent | There are two
segmentation & | Jamjala [37] brain MRI features | significant limitations
feature and MR brain image | to using the hybrid
extraction of segmentations  are | segmentation approach:
brain tumors reviewed and | lower processing time
using MR presented with an | and a bigger number of
images emphasis on its | parameters that must be

properties, benefits, | modified for a specific
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and drawbacks. application.

5. MRI-based Mohan and | 2018 | Tumor-infected The acquisition time of
medical image | Subashini human brains have | MRI scans IS
analysis: grade | [38] been segmented and | substantially longer
classification of classified. This | than that of CT scans,
brain tumors study's primary | and patient comfort

focus is on MR | may be compromised as
imaging with a focus | a result.

of gliomas

(astrocytomas).

6. A review of | Liu and Li| 2014 | In this survey, MRI- | The region expanding
MRI-based [39] based brain tumor | method's primary flaw
techniques  for segmentation is the partial volume
brain tumor algorithms are | impact, which affects
segmentation examined in detail | segmentation accuracy

for the first time. in MR brain images.

7. State of a | Gordillo 2013 | This survey focuses | Tumors can be
art survey on and on the segmentation | separated into
MRI brain Montseny of MRI brain | numerous regions, the
tumor [40] tumors. There is a | number of regions
segmentations focus  on both | needs to be

semiautomatic  and | predetermined, and the

fully automated | borders of the regions'

procedures. intensities or textural
features are not always
distinct.

8. A study of MR | Chahal and | 2020 | Several If proper ear
imaging Pandey [41] segmentation  and | protections is not worn,
methods for classification the loud pounding
detecting brain procedures for a | noises produced by the
tumors wide variety of brain | magnetic fields as they

illnesses are found in | fluctuate over time
this survey, which is | could damage hearing.
intended to help

researchers discover

a basic characteristic

of different types of

brain tumors.

9. A study on U- | Liu and | 2020 | U-shaped network | Over segmentation and
shaped networks | Cheng [42] applied to medical | high noise sensitivity
in the picture segmentation | are the fundamental
segmentation of tasks are reviewed | problems with
medical images comprehensively in | traditional picture

this survey, which

segmentation systems.
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focuses on  the
topologies, expanded
mechanisms and
application domains
in these studies.

10. Survey on brain | Yang and | 2013 | This survey provides | It's important to choose
tumor Zhao [43] an in-depth look into | a threshold because the
segmentation m MRI-based strategies | wrong decisions could
ethods and technologies for | lead to over- or under-

treating brain | segmentation.
tumors.

11. A survey of | Sarvamanga | 2021 | An in-depth look at | Large  amounts  of
convolutional la and the use of CNNSs in | practise data are
neural networks | Kulkarni medical images | required, yet  the
in medical [44] interpretation is | object's location and
image understan presented in this | orientation are not
ding article. encoded.

12. A survey of brai | Hiralal and | 2016 | Segmentation If an MRI scan uses
n MRI image Menon [45] strategies for MRI | radiofrequency energy,
segmentation m images are examined | it may cause the body
ethods and the in this survey. to overheat.
issues involved

13. A study of | Litlens and | 2017 | There is a wide |In order to
medical picture | Kooi [46] range of applications | performs better than
using deep of deep learning in | other  strategies, it
learning picture requires a big volume

categorization  and | of data. The complexity
object detection. of the data models
makes training
exceedingly expensive.

14. A survey of | Liuand Pan | 2018 | The results of the | An MRI image
deep learning's | [47] survey provide a | collection is typically
applications thorough  overview | limited in size due to
with MRI of MRI image | the complexity and cost
images processing & | of the  acquisition

analysis based on | technique.
deep learning.

15. A Amin Sharif | 2021 | It is the goal of this | There must be a lot of
comprehensive | [48] survey to provide | data to train on, and it
survey of brain researchers with a | must be
tumor detection complete literature | inclusive/unbiased and
& classification review of brain | of good quality.
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utilizing tumor detection
machine using magnetic
learning resonance imaging.

Brain tumor segmentation techniques based on deep learning have produced
satisfactory results. Early brain tumor segmentation algorithms are written under strict
conditions and based on unrealistic assumptions. Although semi-automatic approaches for
segmenting brain tumors take less time than manual techniques and produce effective results,
they are nevertheless subject to intra and inter-rater/user variability. Instead of using image
processing to extract features, brain tumor segmentation primarily relies on network
architecture design.

I11. BRAIN TUMOR SEGMENTATION
A) Image segmentation

Two-dimensional functions like f(y,x) can be used to define a intensity or grey level
for a digital image in terms of spatial coordinate and a value of f at every points (y,x).A pixel,
a picture element, is represented by each dot in an image. There are | rows and J columns in
the matrix, A, which can be thought of as the function f.

aj, Q12 ]
: (1)
a['j

ar

B=f(x) =

Segmenting a digital images into numerous distinct parts, each with its own unique
characteristics, is a common practise in computer vision. The most common use of this
technique is to identify the boundaries of objects in photographs. An image A can be labelled
according to the colour, texture, or intensity of each of its pixels (y,x) [49].

Table 2. VVarious image segmentation techniques

Various techniques Advantages Disadvantages
Active contour method e models with dynamic e The contour should
contours be driven by strong
o efficiently preserves image gradients.
global line forms e alack of precision

due to a lack of image
boundaries and noise

Watershed method e Dbased on segmentation in excess
morphological
mathematics

e aids in increasing the
capture range

Threshold method Check for pixels on the the detected edges are
edges. consisted
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B) Segmentation techniques in MRI brain tumor analyses

Slicing the pixels in medical images to identify and separate lesioned areas from
surrounding healthy tissue is a technique known as segmentation. For brain tumors, it is a
difficult task because of a tumor's unique MR imaging properties [50]. A focus on human
brain tumor-containing MR brain images led us to this study. Tissue features have been used
to build MRI segmentation algorithms over the years [51].Methods that use intensity, manual
segmentation, atlas, surface, and hybrid segmentation are among the most popular. Figure 2
depicts the many ways of segmentation. Image segmentation is increasingly relying on hybrid
algorithms (which combine many methods) & soft computing techniques.

When it comes to picture segmentation, hybrid techniques (the combination of two or
more techniques), such as fuzzy logic and neural networks (as well as genetic algorithms),
have found widespread use. When it comes to solving problems in a cost-effective, scalable,
and robust manner, soft computing relies on its tolerance for imperfection and ambiguity in
order to get the job done. It is also commonly used in picture segmentation, which mirrors the
human brain in terms of speed and accuracy.

SEGMENTATION TECHNIQUES IN MRI BRAIN IMAGE ANALYSIS

l l l l Voo

i VS s | S| g S
SEGMENTATION SEGMENTATION SEGMENTATION SEGMENTATION SEGMENTATION METHODS
» Atlas based method
ITK-SNAP » Atlas-based Fuzzy / _ \
Connectedness » EM and Active Contours
» SWA and SVM
A 4 » HMRF and EM Framework
/ \ > FCM and LVQ
» Threshold-Based Segmentation » Level set and ANN
= Local Thresholding > SOM and FCM

= Global Thresholding

= Adaptive Thresholding / \\ /

» Region-Based Segmentation

« Region Growi » LevelSet
. Se?:?." gol\alng_ » Active Contours
pitting & erging * Region-based contours J,

= Watershed

= Edge-based contours
» Clustering-Based (Unsupervised)
= K-means Clustering
* Fuzzy C-Means Clustering

= Markov Random Field
» Expectation Maximization \ /

> Multi-phase active contours ]

» Cascade CNN Framework

» Classification-Based (Supervised)
= K-nearest neighbour
= Artificial neural Networks

\ = Bayesian Classifier /

Figure 2. Various segmentation techniques in MRI brain image analyses
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a)Manual segmentation

Since the only way to identify
tumors on all continuous slices where the
tumor is suspected to be present is through
the laborious and expensive process of
manual segmentation. Various witnesses
may arrive to varied conclusions
concerning the presence or absence of
tumor due to human errors & variety. Even
a single observer may come to a different
conclusion on a different day. An
automated tumor segmentation method
must be employed without a shadow of a
doubt[52].

b)Pixel-based or
segmentation techniques

intensity-based

Individual pixels and voxels can be
classified using algorithms based on
intensity or image segments. There are
three forms of brain tissue that can be
distinguished by MRI: white matter, grey
matter, & cerebrospinal fluid. This
includes dealing with issues like
inhomogeneity  (noise  and  partial
volumes), partial volumes, and intensity
overlap between non-brain tissues in MRI
scans. Discussions on algorithms based on
predetermined thresholds or regions are
coming up next [53].

i) Threshold based methods

Simple and effective, threshold-
based segmentation is achieved by
comparing the intensity of each object to
one or more thresholds. Currently, there
are two types of threshold-based methods:
global and local.The intensity histogram
can be used to estimate a threshold value
for each region, which can then be used to
establish  local thresholding. When
estimating the threshold values for local
thresholding, it is common to use local

elSSN 1303-5150

@

statistical features such as the Tlw MRI
mean intensity value, prior knowledge, and
partial volume calculations of each region.
Gaussian distribution was used to calculate
normal MRI thresholds as well.

i1) Region based methods

It is possible to generate different
regions in an image by combining adjacent
pixels that share the same homogeneity
properties. Region-growing & watershed
segmentation is extensively used in the
segmentation for brain tumors,
respectively.

Region expansion is an excellent
alternative for developing connected areas.
As previously stated, the region-growing
method of segmenting MR images of brain
cancer has been found to be more effective
& lower computationally intensive than
earlier ~ methods, particularly ~ for
homogeneous tissues & regions. When
employing the region growth technique to
segment MR brain images, accuracy
suffers due to the partial volume effect. A
voxel may represent more than one tissue
at the boundary among two tissue types,
reducing the distinction between different
tissue classes. As a refinement stage,
several segmentation algorithms
incorporate the region-growing process.
For the automatic segmentations of brain
tumors with MRI, a fuzzy information
fusing framework was suggested. As the
first stage in developing this framework,
we registered multispectral images and
used a prior information, fuzzy features
fusion, and a fuzzy region growth
adjustment.

iii)  Classification and
methods

clustering
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Automated analysis and diagnosis
of medical pictures can be achieved using
machine learning. This could reduce the
stress on radiologists by allowing them to
make more informed decisions based on
solid evidence rather than simply guessing
at relationships. Classifying machine
learning algorithms may be done in several
ways. Unsupervised, semi-supervised, and
supervised learning algorithms are all
classifications of this technique, which is
based on the usage of training sample
labels.

In supervised learning, both the
input and also the output observations or
labels were included in each sample. To be
able to use the results from training data on
test data, supervised learning reduces
functional correlations. Sustained learning
techniques like the classification algorithm
are examples of this approach.

Unsupervised learning relies on
only a single set of observations for each
sample. A common application of
unsupervised learning is the discovery of
hidden latent variables or correlations
between data. The clustering algorithm is
an example of unsupervised learning.

c)Atlas-based segmentation methods

When tumors or lesions occupy a
considerable portion of brain space, it may
be difficult to accurately partition brain
structures and substructures. The atlas-
based segmentation has a comparative
benefit over the previous segmentation
approaches because it is able to segment
the image without explicitly relating
regions and pixel intensities [54].When it
comes to medical image analysis, the
deformable model has been successfully
used to studies in [56] [57], where it was
shown to be an effective way for
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segmenting brain areas based on their
morphometric differences.

[58] Recent years have witnessed
an upsurge in the usage of atlas-based MRI
segmentationsof a newborn  brain.
Complex anatomical structure & low MRI
quality make it more challenging for
researchers to segment brain tissue in
newborn infants than in adults. Utilizing a
probabilistic atlas for a newborn brain,
which takes into account the spatial
variation in the structure of the tissue,
these various types of tissue are then
segmented. When it comes to neonatal
brain development between 29 and 44
weeks, a dynamic, probabilistic atlas
[59] was necessary.Fuzzy connectedness
& parametric bias field corrections were
developed by [60] to provide a foundation
for  fully automated brain MRI
segmentation.

d)Methods of segmentation based on
deformable models

Medical images are segmented
using deformable structures, such as
surfaces and curves. Because of their long
life, they've been widely used in medical
imaging analysis. Segmenting regions of
interests or their backgrounds that lack a
significant textural contrast can be
accomplished by using surface-based
techniques. There is a lot of literature out
there about surface-based segmentations in
volumetric MR brain images, so in a
following three subsections, we'll go over
some of it.

e) Hybrid segmentation methods

More than 10 years ago, there were
more challenges with application-oriented
brain MRI segmentation; as a result, new
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techniques  were  constantly  being
developed and presented [61].A mix of
several strategies may be necessary to
achieve a segmentation aim as a result of
this. As a result, improved segmentation
accuracy has been achieved using hybrid
or combination segmentation algorithms in
numerous brain  MRI  segmentation
applications [62].Expectation
maximisation, binary mathematics
morphological, and active contours models
were used to separate diverse brain tissue
in adults using 2D MRI [63]. Employing
morphological data from the surrounding
environment to segment brain blood
vessels based on model-based region
growth [64].

i) FCM algorithms

Using FCM method of clustering, a
single set of data can be separated into
many groups. This is a common method
used in pattern recognition. To put it
mathematically, this technique works by
assigning membership to data sets
associated with every cluster centre based
on distance. A cluster's membership is
more likely the closer a piece of data is to
the cluster centre.

An unsupervised FCM clustering
technique was used to separate the brain
tumor into tissue groups including active
cells, necrotic core and edema. From raw
MR scans, it is possible to construct
segmentation  pictures  that  reveal
therapeutically relevant neuroanatomic and
neuropathologic tissue contrast
information. Researchers have since added
extra information to feature vectors being
clustered utilizing FCM.

i) SVM algorithms
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Supervised classification
difficulties were addressed using SVM as a
parametrically kernel-based technique. The
high classification capacity of SVM has
made it a popular choice for brain tumor
segmentation.It has been proposed to use
one-class SVM to segment brain tumors.
With the help of SVM parameter training
with an implicit learning kernel, this
strategy was able to learn a nonlinear
distribution of visual information without
prior knowledge & achieve superior
segmentation results of the extraction of
brain tumors than the fuzzy cluster
analysis. Feature vectors based on intensity
were constructed by some researchers
using a large variety of MRI modalities
and then categorised using support vector
machines (SVMs).

In addition to segmenting healthy
tissues, this approach was able to
distinguish between healthy and tumorous
regions. SVM-based methods have been
presented that are extremely comparable,
although they only segment one tumor
region and use fewer modalities. The
feature  selections with  kernel  class
separability improved this strategy and
yielded better results. Using a feature
selection and fusion technique, a multi-
kernel SVM was suggested to differentiate
a brain tumor using multi-sequence MRI
images. A multikernel SVM is used to
categorise the tumor region, which is then
improved using both distance and
maximum likelihood measurements.

IV. EXPLORING DEEP FEATURES
FOR BRAIN TUMOR

Brain tumors can be detected using
MRI images by exploring and representing
their deep features. Oncologists use MRI
images to extract deep characteristics for
use in diagnosis, treatment, and prognosis.
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Image attributes are directly linked to
biological factors and provide radiologists
with  familiar qualitative information
[65]. When the network is pre-trained as a
feature extractor, deep learning achieves
cutting-edge performance for prediction
and classification. Cancer patients' overall
survival time can be better predicted using
deep feature extraction methods and

L

Brain Tumor

Deep Learning
Frames Works for J

Brain Tumor

approaches [66]. A deep learning
activation strategy is used to train
classification and segmentation deep
learning networks. A variety of strategies
are used in the activation features method,
including  feature selection, feature
pooling, & data augmentation algorithms

[67].

&

Figure 3. Literature of brain tumor using deep learning

Brain tumor image matching was
missing from the most famous learning to
link deep neural networks to deep learning
(DL) structure designs, using electrons
microscopy neuron imagery for the pixel-
wise classification of covering and no-
covering pixels [68].Since [69] & others,
attention to applying DL architecture to
brain tumor MRI images has skyrocketed
in the present time.Many specific issues
arise while dealing with brain tumor MRI
picture interpretation and segmentation. It
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is important that uncomplaining data in
health checks can be extremely variable,
with the same pathology being treated by
patients in completely different ways
depending on their symptoms. Further
complicating image segmentation is the
fact that there is a limited amount of
information available, as well as defective
or non-conformant information live
forms.Many specific issues arise while
dealing with brain tumor MRI picture
interpretation and segmentation. [70],
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where the same pathology can attend in
exceptionally polar opposite methods
across sufferers. Health check picture
segmentation is further complicated by the

00 ~
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20 H

relatively little information set available
and defective or non-conformant data
living forms.
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Figure 4.Growing of scientist’s attention in brain tumor segmentation using deep
learning

About a combination of challenges
including ambiguous location,
morphological uncertainty, poor contrast
images, annotation bias, and data.
uncertainty, accurate segmentation for
brain tumors remains a serious challenge
for academics. In order to automatically
extract features representation and achieve
accurate and steady performance while
segmenting brain tumors, a variety of
sophisticated deep learning algorithms
have been used (see Figure 4).

Since the Multimodal Brain
Tumors Segmentations
Challenges (BraTS) was launched, the
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number of deep learning-based solutions
has steadily grown. The year's top-1
tumors dice score of each test set is shown
in the red line. Since 2012, researchers
have focused on deep learning-based
segmentation algorithms because of their
great feature learning capacity &
systematic performance.

V. CONTRIBUTIONS
PAPER

OF THE
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The brain tumor segmentation
technique contributes to various stages of
the development of an MRI system for the
diagnosis and treatment of brain illnesses.
Pre-processing, extraction, image
segmentation, and classification are the
first steps in the process. The goal of the
current work is to offer an abstract idea,
specifically by analysing the previous
paper on segmenting tumors in MRI
images. There are several ways to separate
the tumor from the brain MRI pictures.
Even if the survey paper details many
segmentation techniques along with their
benefits and drawbacks, there is still space
for comparative analysis and the addition
of cutting-edge techniques. The following
are the study's salient features:

e |t gives a thorough analysis
of current techniques for
separating brain tumors
from brain MRI images.

e Itaids medical
professionals in making an
appropriate diagnosis and
determining the subsequent
treatment plan.

e Additionally, it offers
readers fresh lines of
inquiry into the
segmentation of brain
tumors.

VI. CONCLUSION

In this paper, we discussed about
the medical image analysis for multimodal
brain tumor segmentation.This work
examines Deep Learning (DL) as it relates
to the interpretation for MRI brain medical
images, which is a relatively new use for
DL in medical image analysis. In
comparison with previous surveys, this
paper reviewsa number of studies on brain
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tumor segmentation.There are a number of
medical images analysis concerns that
present substantial technical challenges,
such as wvarying image intensities,
noisy/ill-defined boundaries, & irregularly
shaped with high variability. The low-
grade brain tumor may necessitate surgery,
if all of a tumor can be removed. If a
visible tumor is found following surgery,
radiation and chemotherapy may be used.
We plan to investigate the effects of
various image normalisation strategies on
segmentation results in our next research.

REFERENCES

1.Menze, B.; Reyes, M.; van Leemput, K.
The multimodal brain  tumorimage
segmentation benchmark (BRATS). IEEE
Transactions on Medical Imaging Vol. 34,
No. 10, 1993-2024, 2015.

2. Algazzaz, S., Sun, X., Yang, X. and
Nokes, L., 2019. Automated brain tumor
segmentation on multi-modal MR image
using  SegNet. Computational  Visual
Media, 5(2), pp.209-2109.

3.N.J. Tustison, K.L. Shrinidhi, M.
Wintermark, C.R. Durst, B.M. Kandel,
J.C. Gee, M.C. Grossman, B.B. Avants,
Optimal symmetric multimodal templates
and concatenated random forests for
supervised brain tumor segmentation
(simplified) with ANTSR,
Neuroinformatics 13 (2015) 209-225.

4.S.L. Jui, S. Zhang, W. Xiong, F. Yu, M.
Fu, D. Wang, A.E. Hassanien, K. Xiao,
Brain MRI tumor segmentation with 3D
intracranial structure deformation features,
IEEE Intell. Syst. 31 (2016) 66—76.

5.Gordillo, N., Montseny, E., Sobrevilla,
P.: State of the art survey on MRI brain

www.neuroquantology.com

1681



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12 | PAGE 1668-1686| DOI: 10.14704/NQ.2022.20.12.NQ77147
AKM B. Hossain / A REVIEW OF MEDICAL IMAGE ANALYSIS FOR MULTIMODAL BRAIN TUMOR SEGMENTATION

tumor segmentation. Magn. Reson.
Imaging 31, 1426-1438 (2013)

6.Chen, W., Liu, B., Peng, S., Sun, J. and
Qiao, X., 2018, September. S3D-UNet:
separable 3D U-Net for brain tumor
segmentation. In International MICCAI
Brainlesion ~ Workshop (pp.  358-368).
Springer, Cham.

7.Louis, D. N., Perry, A., Burger, P,
Ellison, D. W., Reifenberger, G., von
Deimling, A., ... Wesseling, P. (2014).
International Society of Neuropathology-
Haarlem Consensus  Guidelines  for
Nervous System Tumor Classification and
Grading. Brain pathology, 24(5), 429-435.

8.P. Georgiadis, D. Cavouras, |. Kalatzis,
A. Daskalakis, G. C. Kagadis, K. Sifaki,
M. Malamas, G. Nikiforidis, E. Solomou,
Improving brain tumor characterization on
MRI by probabilistic neural networks and
non-linear transformation of textural
features, Computer Methods and Programs
in Biomedicine 89 (1) (2008) 24-32

9.A. Ben Rabeh, F. Benzarti, H. Amiri,
Segmentation of brain MRI using active
contour model, Int. J. Imaging System
Technology 27 (1) (2017) 3-11

10. K. Kamnitsas, C. Ledig, V. F.
Newcombe, J. P. Simpson, A. D. Kane, D.
K. Menon, D. Rueckert, B. Glocker,
Efficient multi-Scale 3D CNN with fully
connected CRF for accurate brain lesion
segmentation, Medical Image Analysis 36
(2017) 61 - 78.

11. K. B. Vaishnavee, K. Amshakala, An
automated MRI brain image segmentation
and tumor detection using SOM-clustering
and proximal support vector machine
classifier, in: IEEE Int.Conf. Engineering
and Technology (ICETECH), 2015.

elSSN 1303-5150

@

12.Amin, J., Sharif, M., Yasmin, M. and
Fernandes, S.L., 2018. Big data analysis
for brain tumor detection: Deep
convolutional neural networks. Future
Generation Computer Systems, 87, pp.290-
297.

13.Bahadure, N.B., Ray, A.K. and Thethi,
H.P., 2018. Comparative approach of
MRI-based brain tumor segmentation and
classification using genetic
algorithm. Journal of digital
imaging, 31(4), pp.477-489.

14.Demirhan A, Toru M, Guler I:
Segmentation of tumor and edema along
with healthy tissues of brain using
wavelets and neural networks. IEEE J
Biomed Health Inf 19:1451-1458, 2015.

15.Madhukumar S, Santhiyakumari N:
Evaluation of k-means and fuzzy c-means
segmentation on mr images of brain. Egypt
J RadiolNucl Med 46:475-479, 2015.

16. Gordillo N, Eduard M, Pillar S: State
of the art survey on mri brain tumor
segmentation. MagnReson Imaging
31:1426-1438, 2013.

17.Liu J, Li M, Wang J, Wu F, Liu T, Pan
Y: A survey of mribased brain tumor
segmentation methods. Tsinghua Sci
Technol 19:578-595, 2014.

18.Chen, H., Qin, Z., Ding, Y., Tian, L.
and Qin, Z., 2020. Brain tumor
segmentation with deep convolutional

symmetric neural
network. Neurocomputing, 392,  pp.305-
313.

19.Singh, L.; Chetty, G.; Sharma, D. A
novel machine learning approach for
detecting the brain abnormalities from
MRI  structural images. In 1APR
International Conference on Pattern

www.neuroquantology.com

1682



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12 | PAGE 1668-1686| DOI: 10.14704/NQ.2022.20.12.NQ77147
AKM B. Hossain / A REVIEW OF MEDICAL IMAGE ANALYSIS FOR MULTIMODAL BRAIN TUMOR SEGMENTATION

Recognition in Bioinformatics; Springer:
Berlin, Germany, 2012; pp. 94-105.

20.Charfi, S.; Lahmyed, R.; Rangarajan, L.
A novel approach for brain tumor
detection using neural network. Int. J. Res.
Eng. Technol. 2014, 2, 93-104.

21.Logeswari, T.; Karnan, M. An
improved implementation of brain tumor
detection using segmentation based on
hierarchical self organizing map. Int. J.
Comput. Theory Eng. 2010, 2, 591

22.Yang, G.; Raschke, F.; Barrick, T.R;
Howe, F.A. Manifold Learning in MR
spectroscopy using nonlinear
dimensionality reduction and unsupervised
clustering. Magn. Reson. Med. 2015, 74,
868-878.

23.Yang, G.; Nawaz, T.; Barrick, T.R;
Howe, F.A.; Slabaugh, G. Discrete wavelet
transform-based  whole-spectral  and
subspectral analysis for improved brain
tumor clustering using single voxel MR
spectroscopy. IEEE Trans. Biomed. Eng.
2015, 62, 2860-2866.

24.Kleihues, P.; Burger, P.C.; Scheithauer,
B.W. The new WHO classification of
brain tumors. Brain Pathol. 1993, 3, 255—
268.

25.Reza, S.; Iftekharuddin, K.M. Improved
brain tumor tissue segmentation using
texture features. In Proceedings of the
MICCAI BraTS (Brain Tumor
Segmentation Challenge), Boston, MA,
USA, 14 September 2014; pp. 27-30.

26.Goetz, M.; Weber, C.; Bloecher, J,;
Stieltjes, B.; Meinzer, H.-P.; Maier-Hein,
K. Extremely randomized trees based brain
tumor segmentation. In Proceedings of the
BRATS Challenge-MICCALI, Boston, MA,
USA, 14 September 2014; pp. 6-11.

elSSN 1303-5150

@

27.Kleesiek, J.; Biller, A.; Urban, G.;
Kothe, U.; Bendszus, M.; Hamprecht, F.
llastik for multi-modal brain  tumor
segmentation. In Proceedings of the
MICCAI BraTS (Brain Tumor
Segmentation Challenge), Boston, MA,
USA, 14 September 2014; pp. 12-17.

28.Li, H.; Song, M.; Fan, Y. Segmentation
of brain tumors in multi-parametric MR
images via robust statistic information
propagation. In Asian Conference on
Computer  Vision;  Springer:  Berlin,
Germany, 2010; pp. 606-617.

29. Li, H.; Fan, Y. Label propagation with
robust initialization for brain tumor
segmentation. In Proceedings of the 2012
9th IEEE International Symposium on
Biomedical Imaging (ISBI), Barcelona,
Spain, 2-5 May 2012; pp. 1715-1718.

30.Meier, R.; Bauer, S.; Slotboom, J;
Wiest, R.; Reyes, M. Appearance-and
context-sensitive features for brain tumor
segmentation. In Proceedings of the
MICCAI BRATS Chall., Boston, MA,
USA, 14 September 2014; pp. 20-26.

31.Girshick, R.; Donahue, J.; Darrell, T.;
Malik, J. Rich feature hierarchies for
accurate object detection and semantic
segmentation. In Proceedings of the IEEE
Conference on Computer Vision and
Pattern Recognition, Columbus, OH, USA,
24-27 June 2014; pp. 580-587.

32.Krizhevsky, A.; Sutskever, I.; Hinton,
G.E. Imagenet classification with deep
convolutional ~ neural  networks. In
Advances in  Neural Information
Processing Systems; NIPS: Pasadena, CA,
USA, 2012; pp. 1097-1105

33.Liu, Z.; Li, X.; Luo, P.; Loy, C.-C,;
Tang, X. Semantic image segmentation via
deep parsing network. In Proceedings of

www.neuroquantology.com

1683



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12 | PAGE 1668-1686| DOI: 10.14704/NQ.2022.20.12.NQ77147
AKM B. Hossain / A REVIEW OF MEDICAL IMAGE ANALYSIS FOR MULTIMODAL BRAIN TUMOR SEGMENTATION

the IEEE International Conference on
Computer Vision, Santiago, Chile, 7-13
December 2015; pp. 1377-1385.

34.Bauer, S., Wiest, R., Nolte, L.P. and
Reyes, M., 2013. A survey of MRI-based
medical image analysis for brain tumor
studies. Physics in Medicine &
Biology, 58(13), p.R97.

35.Liu, Z., Tong, L., Jiang, Z., Chen, L.,
Zhou, F., Zhang, Q., Zhang, X., Jin, Y. and
Zhou, H., 2020. Deep learning based brain
tumor segmentation: a survey. arXiv
preprint arXiv:2007.09479.

36.James, A.P. and Dasarathy, B.V., 2014.
Medical image fusion: A survey of the
state of the art. Information fusion, 19,
pp.4-19.

37.Saman, S. and Jamjala Narayanan, S.,
2019. Survey on brain tumor segmentation
and  feature  extraction of MR
images. International Journal of
Multimedia Information Retrieval, 8(2),
pp.79-99.

38.Mohan, G. and Subashini, M.M., 2018.
MRI based medical image analysis:
Survey on  brain  tumor  grade
classification. Biomedical Signal
Processing and Control, 39, pp.139-161.

39.Liu, J., Li, M., Wang, J., Wu, F., Liu,
T. and Pan, Y., 2014. A survey of MRI-
based  brain  tumor  segmentation
methods. Tsinghua science and
technology, 19(6), pp.578-595.

40.Gordillo, N., Montseny, E. and
Sobrevilla, P., 2013. State of the art survey
on MRI brain tumor
segmentation. Magnetic resonance
imaging, 31(8), pp.1426-1438.

elSSN 1303-5150

@

41. Chahal, P.K., Pandey, S. and Goel, S.,
2020. A survey on brain tumor detection
techniques for MR images. Multimedia
Tools and Applications, 79(29), pp.21771-
218142,

42. Liu, L., Cheng, J., Quan, Q., Wu, F.X.,
Wang, Y.P. and Wang, J., 2020. A survey
on U-shaped networks in medical image
segmentations. Neurocomputing, 409,
pp.244-258. 4.

43. Yang, H., Zhao, L., Tang, S. and
Wang, Y., 2013, October. Survey on brain
tumor segmentation methods. In 2013
IEEE International Conference on Medical
Imaging Physics and Engineering (pp.
140-145). IEEE.

44 Sarvamangala, D.R. and Kulkarni,
R.V., 2021. Convolutional neural networks
in  medical image understanding: a
survey. Evolutionary intelligence, pp.1-22.

45. Hiralal, R. and Menon, H.P., 2016,
September. A survey of brain MRI image
segmentation methods and the issues
involved. In The international symposium
on intelligent systems technologies and
applications (pp.  245-259).  Springer,
Cham.

46. Litjens, G., Kooi, T., Bejnordi, B.E.,
Setio, A.A.A., Ciompi, F., Ghafoorian, M.,
Van Der Laak, J.A., Van Ginneken, B. and
Sanchez, C.l., 2017. A survey on deep

learning in medical image
analysis. Medical image analysis, 42,
pp.60-88.

47. Liu, J., Pan, Y., Li, M., Chen, Z., Tang,
L, Lu C. and Wang, J., 2018.
Applications of deep learning to MRI
images: A survey. Big Data Mining and
Analytics, 1(1), pp.1-18.

www.neuroquantology.com

1684



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12 | PAGE 1668-1686| DOI: 10.14704/NQ.2022.20.12.NQ77147
AKM B. Hossain / A REVIEW OF MEDICAL IMAGE ANALYSIS FOR MULTIMODAL BRAIN TUMOR SEGMENTATION

48. Amin, J., Sharif, M., Haldorai, A.,
Yasmin, M. and Nayak, R.S., 2021. Brain
tumor detection and classification using
machine learning: a comprehensive
survey. Complex & Intelligent Systems,
pp.1-23.

49. Magadza, T. and Viriri, S., 2021. Deep
learning for brain tumor segmentation: a
survey of state-of-the-art. Journal of
Imaging, 7(2), p.19.

50. Bauer S, Wiest R, Nolte L-P, Reyes M
(2013) A survey of MRIbased medical
image analysis for brain tumor studies.
Phys Med Biol 58(13):R97

51. Rogowska J (2000) Overview and
fundamentals  of medical image
segmentation. In:  Bankman | (ed)
Handbook of medical imaging, processing
and analysis. Elsevier, pp 69-85

52. Kabir Y, Dojat M, Scherrer B, Forbes
F, Garbay C (2007) Multimodal MRI
segmentation of ischemic stroke lesions.
In: 29th annual international conference of
the IEEE engineering in medicine and
biology society. IEEE, pp 1595-1598

53.Saman, S. and Jamjala Narayanan, S.,
2019. Survey on brain tumor segmentation
and  feature  extraction of MR
images. International Journal of
Multimedia Information Retrieval, 8(2),
pp.79-99.

54. Cuadra MB, Duay V, Thiran J-P
(2015) Atlas-based segmentation. In:
Paragios N, Duncan J, Ayache N (eds)
Handbook of biomedical imaging.
Springer, Boston, pp 221-244.

55. Z6llei L, Shenton M, Wells W, Pohl K
(2007) The impact of atlas formation
methods on atlas-guided brain
segmentation. In: Proceedings of medical

elSSN 1303-5150

@

image computing and computer-assisted
intervention: MICCAI international
conference on medical image computing
and computer-assisted intervention.
Citeseer, pp 39— 46.

56. Mclnerney T, Terzopoulos D (1996)
Deformable models in medical image
analysis. In: Proceedings of the workshop
on mathematical methods in biomedical
image analysis. IEEE, pp 171-180

57. Xu C, Pham DL, Prince JL (2000)
Image segmentation using deformable
models. Handb Med Imaging 2:129-174.

58. Shi F, Shen D, Yap P-T, Fan Y, Cheng
J-Z, An H, Wald LL, Gerig G, Gilmore
JH, Lin W (2011) Cents: cortical enhanced
neonatal tissue segmentation. Hum Brain
Mapp 32(3):382-396.

59. Kuklisova-Murgasova M, Aljabar P,
Srinivasan L, Counsell SJ, Doria V, Serag
A, Gousias IS, Boardman JP, Rutherford
MA, Edwards AD et al (2011) A dynamic
4D probabilistic atlas of the developing
brain. Neurolmage 54(4):2750-2763.

60. Zhou Y, Bai J (2007) Atlas-based
fuzzy connectedness segmentation and
intensity nonuniformity correction applied
to brain MRI. IEEE Trans Biomed Eng
54(1):122-129.

61. Ortiz A, Gorriz J, Ramirez J, Salas-
Gonzalez D (2014) Improving MR brain
image segmentation using self-organising
maps and entropy-gradient clustering. Inf
Sci 262:117-136.

62. Li BN, Chui CK, Chang S, Ong SH
(2011) Integrating spatial fuzzy clustering
with level set methods for automated

63. Kapur T, Grimson WEL, Wells WM,
Kikinis R (1996) Segmentation of brain

www.neuroquantology.com

1685



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12 | PAGE 1668-1686| DOI: 10.14704/NQ.2022.20.12.NQ77147
AKM B. Hossain / A REVIEW OF MEDICAL IMAGE ANALYSIS FOR MULTIMODAL BRAIN TUMOR SEGMENTATION

tissue from magnetic resonance images.
Med Image Anal 1(2):109-127.

64. Masutani Y, Schiemann T, Héhne K-H
(1998) Vascular shape segmentation and
structure extraction using a shape-based
regiongrowing model. In: International
conference on medical image computing
and  computer-assisted intervention.
Springer, pp 1242-1249.

65. Zhou, M.; Scott, J.; Chaudhury, B.;
Hall, L.; Goldgof, D.; Yeom, KW,
Gillies, R. Radiomics in brain tumor:
Image assessment, quantitative feature
descriptors, and machine-learning
approaches. Am. J. Neuroradiol. 2018, 39,
208-216.

66.Liu, R.; Hall, L.O.; Goldgof, D.B;
Zhou, M.; Gatenby, R.A.; Ahmed, K.B.
Exploring deep features from brain tumor
magnetic resonance images via transfer
learning. In Proceedings of the 2016
International Joint Conference on Neural
Networks (IJCNN), Vancouver, BC,
Canada, 24-29 July 2016; pp. 235-242.

elSSN 1303-5150

@

67. Xu, Y.; Jia, Z.; Ai, Y.; Zhang, F.; Lai,
M.; Eric, I.; Chang, C. Deep convolutional
activation features for large scale brain
tumor histopathology image classification
and segmentation. In Proceedings of the
2015 IEEE International Conference on
Acoustics, Speech and Signal Processing
(ICASSP), Brisbane, Australia, 19-24
April 2015; pp. 947-951.

68. Sharma, K., Kaur, A., Gujral, S.: Brain
tumor detection based on machine learning
algorithms. Int. J. Comput. Appl. 103(1)
(2014).

69. Usman, K., Rajpoot, K.: Brain tumor
classification from multi-modality MRI
using wavelets and machine learning.
Pattern Anal. Appl. 1-11 (2017)

70. Deng, J., Dong, W., Socher, R., Li, L.-
J., Li, K., Fei-Fei, L.: ImageNet: a large-
scale hierarchical image database. In:
CVPR (2009).

www.neuroquantology.com

1686



