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Abstract

Early detection of brain tumor has an important role in further developing therapeutic outcomes, and hence
functioning in endurance tolerance. Physically evaluating the various reversion imaging (magnetic resonance
imaging [MRI]) images that are regularly distributed at the center is a problematic cycle. Along these lines,
there is a significant need for PC-assisted strategies with improved accuracy for early detection of cancer. PC-
backed brain cancer detection from MR images including growth location, division, and order processes. In
recent years, many inquiries have turned to zero in traditional or outdated AI procedures for brain
development findings. Presently, there has been an interest in using in-depth learning strategies to detect
cerebral growths with an excellent accuracy and heart rate. This review presents a far-reaching audit of
traditional Al strategies and in-depth study methods for diagnosing brain cancer. This research paper
distinguishes three main benefits i.e. exhibition, estimation and measurements of brain tumour detection.
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Cancers develop as an unmanageable and unusual expansion of cells in the parts of the body. The
development of unusual growth of cells inside the brain is said to be brain tumor, which is the most common
cancer of all types.[1] The study of Glioma tumor is an important area for tumor detection in brain cancer.[2]
Chemotherapy and radiotherapy are some of the methods used to treat gliomas.[3] Various medical
applications like computerized tomography (CT), single-photon emission computed tomography (SPECT),
magnetic resonance spectroscopy (MRS), and positron emission tomography (PET) with magnetic resonance
imaging (MRI) have been used.[4],[5],[6] MRI provides details about the anatomy of human tissue and is
considered a common technique because of its wide accessibility with soft-tissue contrast. MRI uses powerful
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magnetic field of radiofrequency signals to obtain images of human brain cells.[7],[8] The detection methods
are mostly employed to identify tumors from MRI image database, which has been considered as a basic and
understandable method. On MRI scans, the brain tumor partitioning algorithms have been employed to localize
and distinguish different tumor tissues.[9] The survey pivots on the diagnosis of brain tumors using MRI with
traditional methods of machine learning (ML) and deep learning (DL) study. Though there are numerous
literature reviews, special attention is paid to a specific process, such as segmentation, classification, or
diagnostics.[10],[11],[12],[13] The study involves application of the classic ML and DL algorithms. A summary
of the progress of the survey is presented in [Figure 1].{Figure 1}

Materials and Methods

Ground work

Unsharp masking, median filters, and Wiener filters are examples of preprocessing techniques. To safeguard
the borders of an image, median filters are typically utilized in the preprocessing step.[14] As shown in [Figure
2], the general structure of the computer-aided design (CAD) system for diagnosing brain tumors using MRI
images includes data acquisition, preprocessing, segmentation, feature exclusion, and feature selection. Many
preprocessing approaches are used, such as unsharp masking, veneer filters, as well as median filters.[15]
Fuzzy C-means (FCM) pooling, median shift, as well as expectation maximization algorithms are examples of
such algorithms. The various extraction techniques such as violet transform, Gabor features, texture features,
boundary feature extraction, principal component analysis (PCA), and spectroscopy are also used for
segmentation of the tumor analysis as described.[16],[17],[18],[19],[20] Therefore, feature selection methods
have been used in the literature to select the most important features like genetic algorithm (GA), particle
swarm optimization (PSO), sequential inverse selection (SBS), PCA, and sequential forward selection (SFS).
[211,[22],[23],[24]1,[25],[261,[27],[28]1,[29],[30]{Figure 2}

A clinical perspective on ML

ML has ignited a considerable interest in modern computers in the field of medicine. In the area of brain tumor
recognition, a variety of advanced ML approaches are applied. Advanced methods are employed to identify the
use of brain pictures and improve the quality of the information collected, such as image labeling, image
reconstruction, skull removal, and registration.[31] The diagnosis of a semi-automated brain tumor frequently
necessitates the manual intervention of radiologists and clinics to start the technology, analyze the results, and
fix flaws in the procedure outcomes. Fully automated brain tumor diagnosis, on the other hand, relies on
computers systems that employ previous information and human intelligence to complete tumor diagnosis
procedures without the need for human interaction.[32] These findings show that ML diagnostics outperform
manual diagnoses in terms of processing interval and accuracy with the efforts of radiologists. [Figure 3]
displays an example of manual segmentation of a brain tumor by four separate specialists on the same MRI
and in the same patient to demonstrate this point.{Figure 3%}

Brain MRI

The benefits of MRI in allowing clinicians to diagnose physical problems in the brain are well established.
During MR imaging, a series of 2D pictures can be used to show the brain's volume in 3D. Each MRI approach
contributes to the diagnosis in a different way. The different MRI techniques utilized for the diagnosis, that is,
gadolinium contrast enhancement, are presented in [Figure 4].{Figure 4%}

MRI database available

The Section of Biomedical Image Analysis (SBIA) is utilized to create PC based picture examination strategies
for diagnosing brain infections like schizophrenia, Alzheimer's illness, and chemical imbalance of the cerebral
injury. Each strategy should be approved by contrasting a quantitative record and a reality model to gauge the
effectiveness. Regularly, a reality model is made by specialists. New techniques can be assessed by
radiologists and doctors by utilizing engineered pictures.
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DL model

Research on DL uses a multilayer neural network (MNN) with multiple hidden layers and independent
parameters to conduct research. In contrast, in the repeatedly used MNN, each MRI's input is passed via a
convolutional layer, filters, fully connected (FC) layers, pooling layers, and ultimately Soft-max to get the final
judgment process. However, ML and DL methodologies are subsets of Artificial intelligence (AI) techniques. All
existing work on tumor grading systems (TGS) can be categorized into the above two subcategories. The
fundamental difference between the ML and DL methods lies in the selection of features. Manually generated
features (i.e. features designed by human experts) are typically used for ML methods, while these features are
automatically extracted in DL methods during training through convolution operations. Thus, DL has many
advantages over traditional ML methods.[33],[34]

As shown in [Figure 5], DL network structures come in a variety of shapes and names, including convolutional
neural networks (CNNs), deep residual networks, deep feed forward networks, deep belief networks, as well as
deconvolutional networks. In the realm of image processing, the CNN has become the frequently used
architecture. The majority of its structure is made up of input layers, feature extraction levels, convolutional
layers, and pooling layers with classification layers.{Figure 53}

DL techniques, particularly CNNs, have grown in favor of diagnosing brain imaging. As a result, DL is preferred
over traditional ML methodologies. From brain MRI data, CNN learns recurring complicated properties, letting
the focus to shift away from identifying and minimizing elements and onto network architecture design.

Diagnosis of a Brain Tumor

Many experts in the field of medical tomography have made tremendous progress in the identification of brain
tumors in recent years with both fully automatic and semi-automatic tactics. Diagnostic strategies' clinical
acceptance is determined by their ease of computation with degree of monitoring. As shown in [Figure 2],
brain tumor recognition can be divided into three stages, tumor detection, differentiation, and classification,
which have all been clarified in detail in this section. The additional distinctive performance was explained with
the given technology.

Detection of tumor

The technique of recognizing the absence or presence of tumor from MRI database is called tumor detection.
Diagnosis of brain tumor and its abnormality leads to benign and malignant which plays an essential role in
medical field. Different techniques like Artificial Neural Network (ANN), Support Vector Machine (SVM),
K-Nearest Neighbour (KNN), and Back-Propagation Neural Network (BPNN) are adopted to recognize the
abnormal and normal tumors by using MRI image. The most prevalent strategies are presented in [Figure 2],
and the various diagnostic methods are summarized in [Table 1]. It shows the classification model, features
used, dataset, and measurement of performance. An MRI database is usually required to train the classifier
and achieve optimal feature extraction using a detection approach for the best detection method.{Table 1}

Tumour identification with traditional ML process

There are several ML methods to detect brain tumors by utilizing MRIs. During the discovery phase, an
artificial feedback neural network and KNN are used. Three features are extracted using wavelet entropy-based
spider web plots.

Segmentation of tumors

Division is the most common way of isolating an image into Release of Information (ROI). The division showing

the ROI and the allied information to facilitate the visualization. The goal of image segmentation is to make
imaging easier to study the location and its extent in cancer. The objective in division of image is to make the

3di7 10/09/2023, 10:57



Brain Tumor Detection using Deep Learning Approach :<b>Debendr... https://www.neurologyindia.com/printarticle.asp?issn=0028-3886;ye...

image more prominent to study the location and extent of cancers directly. The division separates growth
tissue, e.g. edematous and necrotic tissue, from normal tissue such as dark matter (GM) and white matter
(WM) as shown in [Figure 6].{Figure 63}

Furthermore, tumour segmentation algorithms depend on similarities and differences of the picture intensity.
Traditional ML used in tumor segmentation

A number of ML algorithms as well as methodologies are available for partitioning of brain tumor utilizing the
MRI data. In this method, a registered brain book-map is utilized to find out the malignant areas, and was
performed a strong estimations on image analysis. Shape and position restriction are applied for the newly
discovered tumor.

Tumor segmentation with DL technique

The use of graphics processing unit (GPU)-based standalone workstations reduces segmentation time by a
significant amount. It is the most powerful computer hardware which has a high-performance registered
applications for computing multilayer image processing. The authors used online GPU provided by Google colab
and Jupiter notebook in the python platform.

The GPU significantly reduces the required processing time and increases the prompting options. A stacked
autoencoder network captures the features from classifies and input image patches to map a binary image.
Morphological filters are then utilized to partition the tumor.

Classification of tumors

The way of allocating different input information elements into various groups is classification. Selected
highlight extraction has become crucial in classification, especially in cerebral growth classification, which
requires the collection of many MRI scans from different databases. The primary goal of brain tumor
categorization is to establish whether a tumor is benign or malignant, as well as its grade, utilizing MRI. Brain
tumors can also be classified using supervised techniques like SVM, KNN, and ANN, as well as unsupervised
techniques like Fuzzy C-means clustering (FCM) and Self Organizing Map (SOM). The most often used
strategies are summarized in [Figure 2]. Brain tumors can be classified in a variety of ways using MRI.

Tumor classification using traditional ML

For brain tumor classification using MRI scans, a variety of ML approaches and methodologies are
available.[20] In MRI scans, a software approach is used to distinguish between metastatic and basic brain
cancers.[27] The authors used a nonlinear Linear Solitary fibrous tumor (LSFT) in conjunction with a
probabilistic neural network classifier Message Passing Neural Networks (MPNN) that has been modified. To
improve the contour of the tumor zone, the distance and the greatest probability measurements are used.

Tumor categorization with DL
A DL method for brain tumor classification is a very young field of study, with little contributions to date. A DL-
based brain tumor categorization strategy was suggested by different researchers. A CNN's performance is

compared to that of a back propagation neural network in terms of sensitivity and specificity. According to the
findings, utilizing the CNN enhanced the outcomes by 18%-20%.

Results

In the domain of medical imaging, brain tumors are still a popular issue. This research gives a thorough
summary of the most up-to-date technology for diagnosing brain tumors. Tumor detection involves detecting
the absence or presence of brain tumors by applying MRI scans. Multiple pictures require further examination
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using tumor segmentation and classification approaches. Tumor classification involves using High grade (HG)
or Low grade (LG) or tissue analysis to determine whether a tumor is malignant or a specific type of malignant
tumor. The majority of the methods considered are for semi-automated and automated tumor diagnosis.
Furthermore, a majority of the approaches involves pre-processing, extraction of feature, feature reduction,
segmentation, and classification. Pathology and diffusion tensor imaging (DTI) are used to create an artificial
foundation for MR images of tumor tissues and edema. [Table 1] shows the best results with respect to tumor
detection versus efficacy. The best tumor detection versus efficacy scores were employed by standard ML
techniques to achieve excellent tumor segmentation results. In-depth study technique, as shown in [Table 2]
and [Table 3], had the best classification results for brain tumors, with 100% classification accuracy. In
comparison to the preceding methods, this one suffers from a lack of uniform datasets, particularly for tumor
recognition and classification, and a single application structure.{Table 2}{Table 3}

The DL models have recently been shown to be effective in the interpretation of medical images, particularly in
the identification of brain cancers. DL networks have outperformed traditional ML methods in terms of
accuracy. Furthermore, DL networks outperform classical ML methods with sophisticated algorithms when
dealing with massive amounts of data. Traditional ML methods require sophisticated feature extraction and
reduction techniques, whereas DL methods do not need them.

Discussion

The primary goal of this analysis was to identify the most significant advances in brain tumor diagnosis to date
in terms of tumor detection, differentiation, and categorization. DL algorithm is a type of ML process that has
more sophisticated potentialities than the typical approaches to ML. DL is a novel and crucial research tool that
was identified to increase the performance of classic ML approaches. An in-depth examination of MR images
and their features is possible, thanks to several layers of representation and abstraction. The current study
discovered a scarcity of in-depth tumor detection studies, tumor classification approaches, and in-depth
tumour segmentation training applications. This issue is also depicted in [Figure 1]. This review shows how the
correctness of certain scientists in characterizing the dataset, tumor type, and functional parameters of the
algorithm, as well as measurements of accuracy, specificity, and sensitivity may be extrapolated in the tables
provided. Many databases are listed in [Table 1], which contain multiple sorts of photos (normal and
abnormal), while others contain only images. Now a day, building a competition for the best tools and
technologies for brain tumor detection requires a large database.

Conclusion

When compared to manual procedures, these technologies give enhanced accuracy, volume reduction, and
speed. As a result, these techniques have been thoroughly investigated in comparison to classic ML
applications and DL methodologies. Tumors are separated and classified using standard databases. Traditional
ML approaches are being employed to detect cancers; however, incorporating DL technologies into these
processes is expected to produce favorable results, as seen below.

The current study of DL techniques has been applied to tumor detection and has achieved a maximum Dice
score of 96.8%. Therefore, to increase the DL assessments in tumor detection and classification, there is a
need to compile all three processes (detection, classification, and segmentation) into one fully automated
system for brain tumor diagnosis.[1]DL algorithms should not be evaluated with glasses at this time. To
classify tumors, researchers used both traditional ML and DL methods; however, both studies achieved 100%
accuracy.ML deployments are generally preferred over DL deployments.In order to broaden advanced tumor
detection and classification studies, standard tumor detection and classification databases are required.
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Figure 2: Flowchart of a CAD system for brain tumors. CAD = ter-aided di is, CNN = convolutional neural network
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Figure 4: Various MRI-modalities registered for HG glioma: T1 MRI, T1-Gd MRI, T2 MRI, and Fluid attenuated inversion recovery (FLAIR) MRI
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Figure 6: MRI modalities were segmented using several strategies. MRI = magnetic resonance imaging
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Table 1: MRI brain tumor detection using machine learning techniques

Reference Review extraction

Methods of detection Used data

Limitations

1]
[2.9]

[41

[5.6]

(71

[8.9]

[10]
[11.12,18]
[14,15]
[16.17]
[18.19]

[20.21.22]

[23.24]

[25.26]
[27.28]

[29,30,31]
[32.33.34]

DWT
2D-DWT

2D-DWT

SCICA and ICA

DWT features

Grayscale, symmetry,

and texture feature
Texture feature

DWTS GLDM

Texture feature
DWT
DTDAUB-4

GLRLM

Energy. homogeneity,

correlation
GLCM
GLCM

ICA
DWT

FPANN and KNN
PNN

SVM

AAN LIB
AANLIB

AANLIB

ICA, SC-ICA, and 3VM MNI

SVM

SVM, KNN, and
SVM-KNN
ANN, KNN

GASVM

BPN and REFN
KSVM
SVM

SVM, FCM

Neuro-fuzzy

SMO

LVQ, SOM, MLP, and
RBF classifier

S0M neural network

KNN, Parzen window,
and ANN

AMDI
Brain Web
AANLIB
AANLIB

PSGIMS
Randomly selected
AMDI. in Malaysia

Different medical
centers

Brain Weh

New training sets are required
With each database modification, a new training set is
NEcessary

Other features are ignored in favor of computing the wavelet
energy feature

Over-clustering is caused by a low threshold, which raises the
cost of feature extraction

The classification error is increased by a large feature
vector

Due to changes in the dataset, a new training set is
necessary; feature extraction is hard

There is no mention of the algorithm employed in the feature
extraction stage

Because the system is a complex one, it takes longer to
compute

Due to the minimal database size, performance is poor
Some characteristics are not discussed at all

Feature vectors were decreased without mentioning the
features that were chosen or why they were chosen

The system is applied in a nonstandard database and

i complex due to the skull stripping stage; the testing
dataset is smaller than the training dataset, which improves
accuracy

The database is guite modest

PSGIMS, Coimbatore It is a small dataset

UKM Medical

Randomly selected
AANLIB and LONI

Due to the intricacy of the system, it takes a long time to
compute
A smaller dataset may yield better resulis

The method can only be used on T2 pictures and has a high
level of classification difficulty

MRI=Magnetic resonance imaging, DWT=Discrete wavelet transform
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Table 2: Different MRI approaches for segmenting brain tumors

Reference Review extraction Methods of Used data Limitations
detection
[71 GLCM Neuro-fuzzy Radiology Department For entire photos, dynamic change cannot be enhanced.
logy (Tata Memaorial)
[8] DCT PNN - Only a few pictures were used to train and test the network.
Due to the use of three approaches for feature extraction.
9] Gabor texture features SVM -
[10] Grayscale, LoG and texture ANN PGIMER Perfarmance measured with respect to individual
features class-accuracy.
[11] DWT K3VM MNon standard database A conventional database is not used in this method.
[12] Centralized moment calculations NCG AANLIB There are only a few photos utilized.
18] Binary-feature extraction BP-ANN Medical-City of Martyr There is no explanation for F3.
GhaziAl-hariri
[14] Supervised FS SLPANN  INTERPRET The accuracy of SLPs was improved by training them with
the entire dataset.
[15] CNN GNN BRATS2014 Classification by grade.

MRI=Magnetic resonance imaging
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Table 3: Brain tumour classification techniques using MRI

Reference Review extraction Methods for Used daia Limitations
detection
[71 RO histogram, LSFTPNN Hellenic Air-Force The method of external-cross validation has a
CO-OCCUITENCE matrices, Hospital lo- discriminatory accuracy.
and run-length matrices
[16] Thresholding methods Approximate - Computational-cost, complexities and optimization are
reasoning- method very high.

[19] Boot strap sampling Shelf classifier INTERPRET Various diseases and pathological groupings are
involved in a number of concerns.

[23] GLCM Neuro-fuzzy logy Department of Radiology For entire photos, dynamic change cannot be

(Tata Memaorial) enhanced.

[25] DCT PNN - Only a few pictures were used to train and to test the
net-wark.

[27] Gabor texture-features SVM - Due to the use of three approaches for feature
extraction, the system complexity has increased.
The process of extracting and selecting features is not
discussed.

28] 7 texture features MK-SVM CHU de Caen The use of FOCT to dis-sect the in-put image adds to
the complexities because the data set is nonstandard

[30] GLCM PNN-RBF -

[32] CNN CNN BRATS2014

MRI=Magnetic resonance imaging
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