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Abstract: In the area of medical imaging technology, advances 

in Artificial intelligence (AI) delivers promising solutions with 
higher accuracy. For healthcare solutions, medical images 
provides a systematic way for diagnosis the diseases earlier and 
make treatments more effective. Machine learning and deep 
learning are rapidly grown fields of AI that may apply to many 
domains including image processing, speech recognition and text 
understanding. As MRI image segmentation is a key task for 
identification of brain anomalies, a fast and reliable technique is 
essential for increasing the survival ratio of affected patients. 
Manual segmentation of the brain MRI image involves more time 
and it may subject to inaccuracies. Hence, AI approaches and 
algorithms have been developed for tumor segmentation. This 
paper contains the detailed study of the available methods of 
machine learning and deep learning for brain tumor 
identification and classification through MRI image 
segmentation. It discusses and summarizes the methodologies and 
its results available for classification of brain tumor. 
 

Keywords: Classification, Convolutional Neural Network, 
Image Processing  

I. INTRODUCTION 

Information and communications technologies (ICTs) can 
play a vital role in improving health care services for 
individuals and communities. In disease diagnosis, Medical 
imaging states to the set of approaches used to create images 
of various parts of the human body with the purpose of timely 
diagnosis and treatment. The influence of the medical image 
in healthcare is constantly growing as it provides a systematic 
way for diagnosis the diseases earlier and make treatments 
more effective.  

Artificial Intelligence (AI) refers to a field of computer 
science that consists a set of techniques that applied to 
develop computerized models that performing tasks that 
usually require human intelligence. Machine learning (ML), a 
part of Artificial Intelligence paradigm, comprises techniques 
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that make machines to learn and to solve problems without 
being explicitly programmed and extensively applied to 
medical imaging. It owns a capability of self-learning and 
improvisation. One of the most promising branch of ML is 
Deep learning (DL) that contains algorithms that makes 
machine “to learn” based on experience to perform the 

assigned task, mostly text, sound and image recognition. With 
the increased complexity in the medical imaging data, AI 
techniques plays a vital role for evolving intelligent computer 
vision algorithms that make computers to process, analyze, 
recognize and classify medical images. Recent applications of 
AI techniques provide impressive results in medical imaging 
applications. This research is aimed to study the available 
methods and techniques to process brain MRI images using 
two popular AI techniques i.e. machine learning approaches 
and deep learning approaches. 

II. BACKGROUND 

In human body, Brain is an organ that controls all the 
activities that a human performs. An unrestrained group of 
tissue that implanted in the regions of the brain causes a Brain 
tumor, which eventually forms the responsive functioning of 
the body to be disabled. The uncontrolled growth of 
cancerous cells in any part of body is called tumor and when it 
happened in the brain, it is called brain tumor. There are two 
types of tumors, benign and malignant. The benign tumor 
normally does not have cancerous cell and having uniformity 
in structure, while malignant tumor contains cancerous cells 
and having a non-uniform structure. A biomarker is a 
measurable indicator and used for the diagnostic purpose.  For 
diagnosis brain tumor and to identify biomarkers that causes 
brain tumor, an image technique plays a crucial role. 
Moreover, there are many ways available in the field of 
Medical imaging.  

The brain is filled with soft tissues and provides better 
visualization [1]. MRI image of a brain provides large amount 
of spatial information on brain structure and it can be applied 
to medical diagnostics of a tumor caused in brain. MRI Brain 
tumors possesses several characteristics including location, 
size, shape, color, brightness and intensities [2][3]. In order to 
detect tumors and other brain abnormalities, image 
segmentation of brain MRI image is a very important and 
necessary process. Manual segmentation of the image 
involves more time and it is subject to inaccuracies, therefore 
machine learning approaches have been applied for tumor 
segmentation. These approaches resulted into greater 
efficiency.  
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As MRI image segmentation is a key task for identification 
of brain anomalies, a fast and reliable technique is essential 
for increasing the survival ratio of affected patients. Also, 
MRI image segmentation provides a set of biomarkers that are 
essential to classify the tumors and abnormalities developed 
in brain. A sample of MRI images of brain are displayed in the 
following figure 1. 

 
Figure 1. A sample of different MRI images 

III. A PREDICTION MODEL FOR BRAIN TUMOR 
CLASSIFICATION USING MACHINE LEARNING 

APPROACH 

Several researchers worked and presented their research of 
applying machine learning in the field of tumor identification. 
Many types of classifiers are also available for classification 
of tumor data [4].  The following figure 2 shows the common 
methodology follows by researchers to identify and classify 
brain tumor from different types of medical images. The 
methodology contains the steps from pre-processing to image 
classification. A tumor image to be input in the model and 
model will be classified it into either benign or malignant. 

A. Pre-processing 

Any machine learning algorithm requires a subsequent 
amount of data to train the prediction model. Therefore, 
relevant MRI images are required to be gathered from various 
sources. The most common causes for image imperfections 
are low contrast, distortion, low resolution, high level of noise 
etc. [5] Certain pre-processing techniques are then applied on 
MRI images that will remove the noise from images, discard 
the unnecessary background part from image, enhance the 
image quality and improve the single-to-noise ratio. 
Pre-processing techniques are categorized into image 
enhancement and image restoration. The visual representation 
of an image can be recovered using image enhancement 
techniques.  
It will help to detect the objects resides in an image during 
image segmentation and classification [6][7]. Moreover, 
several techniques are available for pre-processing of an MRI 
image including mean filter, median filter, adaptive median 
filter, wiener filter etc. there are three approaches widely used 
for image enhancement; contrast image enhancement, color 
space transformation and image scaling [8]. Normally, a raw 
image contains various types of abnormalities, called noises, 
like salt and pepper speckle, poison, Gaussian, and it is 
required to be removed during image restoration phase [9]. 
 

 
Figure 2. A Prediction Model for Brain Tumor 

Classification 

B. Image Segmentation  

After pre-processing, segmentation techniques are applied on 
the MRI images to identify the ROI (Region of Interest). An 
MRI image may contain unnecessary part and it is required to 
separate from the background [10]. It is further used to extract 
the morphological features from an image. The goal of image 
segmentation is to divide an image into segments having 
similar features or attributes. Some of the common image 
segmentation techniques are region-based methods, 
edge-based methods, clustering, thresholding, watershed 
methods, active contour etc. [11][12][13][14]. Each 
technique is having its own advantage and limitations. The 
following table 1 is the summary of widely used segmentation 
techniques. 

Table 1. Widely used Segmentation Techniques 
Segmentation 
Technique 

Advantage Disadvantage 

Edge-based Edges can be detected 
easily, works well when 
there is reasonable 
difference between 
regions in the image 

Less immune to noise, 
not appropriate when too 
many edges are 
presented in an image. 

Region-based Good for an image 
containing 
homogeneous regions  

More time consuming,  
memory intensive 

Thresholding Good with equal 
intensity images, 
Calculation of threshold 
is simple 
 

Not suitable with 
illuminated variable, 
computationally 
expensive 
 

Clustering Eliminates noisy spots, 
homogeneous regions 
are easily obtained 

Does not return the same 
result with each run, No. 
of clusters are needed to 
be specified 

Watershed Less time consuming 
and more stable results, 
continuous boundaries 
are detected 

Problem of Over 
segmentation as there are 
presence of noise and 
other unwanted effects in 
the image 
 

Active Contour Preserves global line 
shapes efficiently 

Accuracy is 
compromised with weak 
image boundaries  
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C. Feature Extraction and Classification 

After an image is segmented, features can be extracted from 
those segmented parts. Feature is an important property of an 
image which is used to locate occurrence of certain object. 
The most common technique to find set of features are GLCM 
(gray level co-occurrence matrix). It has been proved one of 
the popular statistical method which is based on second order 
feature extraction. 
 

Table 2. Summary of the work of applying machine 
learning for brain tumor identification and classification 

 
 
After the extraction of the desired features, the dataset is 
ready to process further for classification. The prediction 
model is required to build that classify the image into either in 
a normal image or abnormal image. An abnormal image can 
also classify into different category that presents the severity 
and type of a tumor. A prediction model is build and test using 
suitable classifier with labelled data set during model building 
stage. For that, the dataset partitioned into validation dataset, 
training dataset and testing dataset. Machine learning models 
are applicable to real world problem as they possess the 
ability of generalization. Once a model is tested and verified, 
it can be used with new data which has been never seen before 
by the model. When new data comes, a model applied to get 
predicated data.  
The above table 2 shows the summary of the work done by 
several researchers in the field of applying machine learning 
for brain tumor identification and classification. It contains 
the methodology used, the types of dataset considered during 
an experiment, the obtained level of accuracy and the set of 
features. 

IV. APPLYING DEEP CONVOLUTIONAL NEURAL 

NETWORK FOR BRAIN TUMOR DETECTION AND 

CLASSIFICATION 

Deep Learning is a method falls in the wider family of 
Machine Learning algorithms that works on the principle of 
learning, where learning can be supervised or unsupervised. 
In deep learning, a computerized model will perform specific 
set of classification or pattern analysis tasks based on 
previously learned data. Deep learning models are basically 
used to classify data related to images, text or sounds. It is 
found that, deep learning models works without human 
intervention and they are equivalent, and sometimes even, 
superior than humans. Deep learning models are always based 
and implemented using deep neural networks. Deep learning 
models needed larger datasets for computations and hence 
greater processing capabilities are required. The popularity of 
deep learning methods and approaches are due to the 
availability of GPU units (machines with increased chip 
processing abilities), cost reduction in computer hardware, 
and advancements in the field of machine learning algorithms. 
Some of the areas where deep learning models may apply are 
bioinformatics, medical imaging, real time object detection, 
industrial automation, natural language processing and many 
more. 
Computer Vision has widespread applications in different 
areas agriculture surveillance, medicine, drones, and 
self-driving cars. The necessary part of many of these 
applications are visual recognition tasks such as image 
classification, localization and detection. Convolutional 
Neural Network (CNN), a type of deep learning framework is 
commonly used for image classification tasks including 
object detection, localization and classification. It learns the 
features automatically, removes manual feature extraction 
and hence eliminates the human intervention. CNN normally 
requires a dataset for training that is labelled and thus it is a 
supervised learning method inspired by animal visual cortex. 
Convolutional layer consists filters for applying on input 
image and then after the generated data is passed to the 
Pooling layer. Feature maps are generated at each convolution 
layer. It is obtained through computing convolutions between 
local patches and weight vectors normally called filters. 
Feature maps are group of local weighted sums. In order to 
improve the efficiency of training, filters are applied 
repeatedly. This process helps to reduce the number of 
parameters during learning process. To handle more complex 
features, this process is introduced and used. At last, fully 
connected layers are working as a regular neural network. A 
final learning phase maps the features to the predicted 
outputs. Usually, maximum deep convolutional neural 
networks are prepared with set convolution layers, dense 
layers, sub-sampling layer and soft-max layer. The general 
methodology of applying the deep learning models and 
architectures to detect, locate and predict the tumor is 
represented in following figure 3[22]. 
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Figure 3. Deep Learning Model for analyzing brain 

tumor [22] 
There is no need to apply segmentation and feature extraction 
techniques separately, as deep learning models eliminates the 
manual extraction of the features. The output can be in several 
forms including biomarkers identification, abnormalities 
detection, change detection between two images etc. The 
phases for experimenting and implementing the deep learning 
models are a) Dataset Preparation of Brain MRI Images; b) 
Identification and Deployment of Convolutional Neural 
Network (CNN) Model; c) Train, Validate and Test Model; d) 
Accuracy and Performance Measurement; e) Prediction on 
unseen Data (Introducing unseen MRI image and prediction). 
Several models based on CNN are proposed and implemented 
by many researchers. The major CNN models includes LeNet, 
AlexNet, ZFNet, GoogleNet, VGGNet and ResNet. The 
following table 1 illustrates the summary of the various CNN 
models discussed previously in the paper. It contains the CNN 
model, its inception, whom developed, top-5 error rate, 
number of parameters used to train the network, the time 
taken to train the network. 
A. Comparative Analysis of CNN Models 

The following table 3 illustrates the summary of the various 
CNN models discussed previously in the paper. It contains the 
CNN model, its inception, whom developed, top-5 error rate, 
no. of the parameters for training of the network, the time 
taken to train the network [23] [24] [25]. 

Table 3. Details of CNN Models 

Year of 
Inception 

CNN Model 
Time taken to Train the 
Model 

Top-5 
error 
rate 

2015 ResNet 
Either Two to three weeks (8 
GPU machines) 

3.6% 

2014 VGGNet 
Either Two to three weeks (4 
Nvidia Titan Black GPUs)  

7.3% 

2014 GoogleNet Week (few high-end GPUs ) 6.7% 

2013 ZFNet Twelve days (GTX 580 GPU) 14.8% 

2012 AlexNet 
Five to six days (Two GTX 
580 GP) 

15.3% 

1998 LeNet -- -- 

B. Transfer Learning 
Deep learning models require a huge dataset, advanced 
computational resources and time to train. Transfer learning 

utilize a knowledge acquired for one task to solve another 
task. It is the utilization of pre-trained models for performing 
similar task using parameter fine-tuning. It is used when the 
dataset available for training is small and there is an 
availability of pre-trained models to solve the problem. This 
approach is widely adoptable to solve the computer vision 
related problems.  The below figure 4 shows how transfer 
learning works.  
It is very common to work with ImageNet data as an input for 
transfer learning. The final layers are to be freeze and weights 
are transfer to the other CNN model with specific dataset. It 
will then generate final classification output. 
 

 
Figure 4. Working of Transfer Learning [28] 

Several researchers applied the different types of CNN 
models for locating and predicting brain tumors as shown in 
following table 3. The table contains the algorithm used, the 
dataset considered for experiment and the accuracy obtained 
during an experiment. 
Table 3. Deep learning models for brain tumor detection 

and classification 
Author, Year Method Dataset Accuracy 

Ercan et al, 2019 Faster R-CNN 3064 MRI brain 
images  

91.66% 

Fabian Isensee et 
al, 2018 

U-Net BRATS-2015 85% 

Manjunath S et 
al, 2019 

ANN, CNN 370 images 73. 
6486% 
and 86. 
4865% 

Parasuraman 
Kumar et al, 
2019 

Ensemble 
classifier 

30,000 Images 91.17% 

V. COMPARISON BETWEEN MACHINE 

LEARNING AND DEEP LEARNING APPROACHES 

Machine learning algorithms provide good result with small 
datasets. Hence, it is also easy to train the model quickly. In 
addition, less computational resources are required to train 
the model i.e. it can be trained on CPU itself. In machine 
learning, features are required to extract manually. Therefore, 
it is required to try different set of features and classifiers 
before evolving a final prediction model. In consideration 
with hyper-parameter tuning, it has limited tuning 
capabilities. Deep learning algorithms required huge dataset 
and hence, it takes more time to train the model. Moreover, it 
requires more computational resources and GPU are mostly 
needed. There is no need to extract the features manually, and 
it learns the features and 
classifiers automatically.  

https://paperswithcode.com/sota/brain-tumor-segmentation-on-brats-2015
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It has unlimited accuracy and transfer learning gives a new 
height in terms of prediction capabilities. The following table 
4 represented the major differences between two approaches. 
 

Table 4. Comparison between Machine Learning and 
Deep Learning Approaches 

Parameter Machine Learning Deep Learning 
Hardware Dependency Train on CPU Train on GPU 
Dataset required and 
Performance against 
data 

Small dataset required 
Works well when 
dataset is small 

Huge dataset required 
Works well though 
data volume increases 

Feature Selection and 
Extraction 

Hand-coded features 
respective to domain 
and dataset type 

Automatic feature 
selection and 
extraction, transfer 
learning is also 
available 

Execution Time Small time to train Long time to train 

VI. CONCLUSION 

In this paper, a partial survey for application of machine 
learning and deep learning techniques for brain tumor 
detection and classification is performed. In a first half, the 
paper summarizes the detail about the image pre-processing, 
segmentation and classification of brain MRI images. It also 
represented the research carried out regarding application of 
different classifiers for brain tumor detection. The rest of the 
paper contains the description of types of deep learning 
models, application of CNN for brain tumor detection and 
classification and the summary of research work carried out 
by various researchers for the said area. It will provide the 
fruitful insights to the researchers working in the same area.  
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