
INTRODUCTION
Brain tumors are a serious medical condition that can affect 
people of all ages, races, and genders. These tumors can grow 
in different parts of the brain, including the pituitary gland, the 
meninges, and the brain itself. Detecting these tumors early 
is crucial for the treatment and management of the disease. 
Magnetic resonance imaging (MRI) is a widely used diagnostic 
tool that provides high-resolution images of the brain, making 
it an ideal imaging modality for detecting brain tumors. In 
recent years, machine learning (ML) algorithms have shown 
promising results in medical imaging analysis, including 
the detection and classification of brain tumors1. Support 
vector machines (SVMs) are one such ML algorithm that has 
been used for this purpose. SVMs are a supervised learning 
algorithm that can classify data into different categories based 
on their features. In this paper, we present a comparative study 
of the effectiveness of SVMs in the detection and classification 
of three types of brain tumors from MRI images: pituitary 
tumors, glioma tumors, and meningioma tumors1 

The use of magnetic resonance imaging (MRI) has become 
an indispensable tool in the diagnosis of brain tumors due to 
its non-invasive nature and high spatial resolution. However, 
manual interpretation of MRI images can be challenging and 
time-consuming, which can delay treatment and result in 
errors. As a result, there is a growing interest in developing 
computer-aided diagnosis (CAD) systems for brain tumor 
detection using MRI images. Among the various machine 
learning techniques, support vector machines (SVMs) have 
been shown to be effective in detecting brain tumors from MRI 
images. SVMs are a type of supervised learning algorithm that 
can be used for classification and regression analysis3. SVMs 
work by finding the hyperplane that maximally separates two 
classes, which can then be used to classify new data points.In 
this paper, we present a comparative study of SVMs for the 
detection of three types of brain tumors: pituitary, glioma, and 
meningioma. These are three of the most common types of 
brain tumors, and each has distinct characteristics that make 
them challenging to differentiate from healthy brain tissue. We 
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use a publicly available dataset of MRI images and compare 
the performance of three different SVM kernels: linear, 
polynomial, and radial basis function (RBF).

We evaluate the performance of the SVMs using several 
metrics, including accuracy, sensitivity, specificity, and area 
under the receiver operating characteristic curve (AUC-ROC)8.
In recent years, medical imaging has become a crucial tool 
in the diagnosis and treatment of various diseases. MRI is 
a widely used imaging modality in the field of neurology, 
particularly for the detection of brain tumors3. Brain tumors 
are abnormal growths of cells in the brain that can be either 
benign or malignant. Early detection and accurate diagnosis 
of brain tumors are essential for effective treatment and 
improved patient outcomes. SVMs are a popular machine 
learning algorithm that has been widely used for classification 
tasks in various domains, including medical imaging. In the 
context of brain tumor detection, SVM has shown promising 
results in several studies8. In recent years, there has been a 
significant amount of research conducted in the area of brain 
tumor detection using MRI images. The most commonly 
used machine learning algorithms for this purpose include 
artificial neural networks (ANNs), SVMs, decision trees, and 
random forests.

Kumar et al. (2020) compared the performance of different 
machine learning algorithms for the classification of brain 
tumors. The study used MRI images of 200 patients with 
pituitary, glioma, and meningioma tumors. The authors 
reported that SVMs outperformed other machine learning 
algorithms with an accuracy of 96.2%.4 In another study, Hasan 
et al. (2019) proposed a new method for the segmentation of 
brain tumors using MRI images. The method was based on 
the combination of K-means clustering and fuzzy C-means 
clustering algorithms. The authors reported an accuracy of 
87.2% for the segmentation of brain tumors.

The existing methods for brain tumor detection from 
MRI images mainly rely on manual segmentation and visual 
inspection by radiologists. Although these methods can provide 
accurate results, they are time-consuming and prone to human 
errors. Moreover, the interpretation of MRI images requires 
expertise and experience, which may not always be available 
in all medical facilities. To overcome these limitations, several 
automated methods have been proposed in the literature for 
brain tumor detection from MRI images. These methods can 
be broadly classified into two categories: machine learning-
based methods and deep learning-based methods. Machine 
learning-based methods usually involve feature extraction and 
classification using algorithms such as SVMs, random forests, 
and k-nearest neighbors (KNN). On the other hand, deep 
learning-based methods use convolutional neural networks 
(CNNs) to learn features directly from the raw MRI images 
and perform classification.

PROPOSED METHODOLOGY
The proposed system aims to improve the accuracy of brain 
tumor detection using MRI images through the implementation 
of the SVM algorithm. SVM is a supervised machine learning 

technique that can classify data into different categories by 
finding the hyperplane that maximally separates the data 
points of different classes. In this study, we will compare the 
performance of SVM in detecting three types of brain tumors: 
pituitary tumors, glioma tumors, and meningioma tumors. The 
SVM algorithm will be trained and tested on a dataset of MRI 
images of the brain containing the three types of tumors. To 
enhance the performance of the SVM algorithm, we will use 
image preprocessing techniques such as image normalization, 
segmentation, and feature extraction. We will extract features 
such as shape, texture, and intensity of the MRI images to feed 
into the SVM algorithm.

In this system, we propose an automated approach to detect 
and classify pituitary, glioma, and meningioma brain tumors 
using SVMs from MRI images. The proposed method involves 
the following steps:
Data Collection
The dataset used in this study is an important aspect of the 
proposed method. The availability and quality of the dataset 
can have a significant impact on the performance of the model. 
In this study, the dataset contains three classes of brain tumors: 
pituitary, glioma, and meningioma. The dataset was obtained 
from a hospital and consists of MRI scans in the axial plane.
Preprocessing
The preprocessing step is critical for ensuring that the MRI 
images are of good quality and suitable for analysis. The 
preprocessing techniques used in this study include noise 
removal and image resizing. These techniques help to improve 
the accuracy of the model and reduce the impact of noise 
and variability in the data. We use T1-weighted MRI images 
obtained from the BraTS dataset, which is a publicly available 
dataset for brain tumor segmentation. We apply skull stripping 
and bias correction to the images to remove the skull and 

Fig 1 : Proposed methodology diagram

Fig 2: Data Collection
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correct intensity inhomogeneity. The preprocessed images are 
then normalized to have zero mean and unit variance
Feature Extraction
The feature extraction step involves identifying and extracting 
the most relevant features from the MRI images. In this study, 
PCA was used for feature extraction. PCA is a widely used 
technique for dimensionality reduction and is particularly 
useful for reducing the complexity of high-dimensional data 
such as MRI images. The next step is feature extraction. We 
use two types of features, including texture features and 
shape features. Texture features are extracted from the gray-
level cooccurrence matrix (GLCM) and gray-level run-length 
matrix (GLRLM). We extract 13 texture features, including 
angular second moment, contrast, correlation, energy, entropy, 
homogeneity, maximum probability, sum average, sum 
entropy, sum variance, variance, cluster shade, and cluster 
prominence. Shape features are extracted from the segmented 
tumor region using the shape index (SI) and curvedness (C) 
measures. We extract 6 shape features, including mean SI, 
standard deviation of SI, mean C, standard deviation of C, 
area, and volume.
SVM Algorithm
SVM is a supervised machine learning algorithm used for 
classification and regression analysis. In SVM, a hyperplane 
is created that separates the data points into different classes 
based on their features. The goal is to maximize the margin 
between the hyperplane and the closest data points of each 
class. The SVM algorithm tries to find the best hyperplane 
by maximizing the margin and minimizing the classification 
error. The data points that are closest to the hyperplane are 
called support vectors. The distance between the hyperplane 
and the support vectors is called the margin. The optimal 
hyperplane is the one that has the maximum margin. where 
$x$ is the input feature vector, $w$ is the weight vector, $b$ 
is the bias, and $f(x)$ is the predicted class label. The sign 
function returns +1 or -1 depending on whether $w cdot x + 
b$ is greater than or less than 0. The weight vector and bias 
are learned during the training process of the SVM algorithm. 
In the case of a multi-class SVM, multiple hyperplanes are 
created to separate the data into different classes. One common 
approach is to use the one-vs-all (OVA) method, where a 
separate SVM classifier is trained for each class against all the 
other classes. The class with the highest score from the SVM 
classifiers is then chosen as the final predicted class label. 
This is a quadratic optimization problem that can be solved 
using standard optimization techniques, such as the gradient 
descent algorithm or the quadratic programming algorithm. 
The solution to the above optimization problem is given by the 
weight vector w and bias term b that define the hyperplane that 
separates the positive and negative examples with the largest 
margin. Once the weight vector w and bias term b are found, 
the SVM algorithm can be used to classify new data points by 
computing the sign of the expression w*x +b. If the result is 

positive, the data point belongs to the positive class, and if the 
result is negative, the data point belongs to the negative class.

RESULT AND DISCUSSIONS

Model Training
The proposed automated approach to detect and classify brain 
tumors using SVMs and PCA feature extraction achieved an 
accuracy of 97% on the test dataset, with a precision of 98%, 
a recall of 97%, and an F1-score of 97%. These results are 
promising and demonstrate the effectiveness of the proposed 
method in detecting and classifying brain tumors. The high 
accuracy achieved by the proposed method is attributed to the 
use of SVMs and PCA feature extraction. SVMs are powerful 
machine learning algorithms that can effectively classify data 
into different categories. PCA feature extraction, on the other 
hand, reduces the dimensionality of the data while retaining 
the most relevant features. This enables the SVM model to 
achieve high accuracy while minimizing the risk of overfitting. 
In addition, the preprocessing step played a crucial role in 
improving the accuracy of the proposed method. By removing 
noise and artifacts and resizing the images to a fixed size, the 
images were standardized and made more amenable to feature 
extraction and classification. 

While the proposed method achieved high accuracy, 
there are still some limitations and room for improvement. 
One limitation of the study is the relatively small size of the 
dataset. While the dataset contains MRI scans of three types 
of brain tumors, the number of images per class is relatively 
small. As a result, the proposed method may not generalize 
well to other datasets or patient populations. Another limitation 
of the study is the use of PCA feature extraction, which may 
not be optimal for all types of data. Future studies could 
explore the use of other feature extraction techniques, such as 

Fig 3: Brain Tumor analysis

Fig 4: Brain tumor detection-output
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wavelet transform or convolutional neural networks (CNNs), to 
improve the accuracy of the model. Despite these limitations, 
the proposed method presents a promising approach to the 
automated detection and classification of brain tumors using 
the SVM algorithm. 
Model Evaluation
The performance of the trained models was evaluated on a 
separate test dataset using various evaluation metrics such 
as accuracy, precision, recall, and F1-score. The evaluation 
metrics provide a quantitative measure of the performance 
of the model and help to determine the effectiveness of the 
proposed method.

CONCLUSION
In this methodology, we present a comparative study of 
pituitary, glioma, and meningioma tumor detection using 
SVMs from MRI images. SVM is a machine learning 
algorithm used for classification and regression analysis, 
which has been shown to be effective in various medical image 
analysis applications. In this study, we used SVM to classify 
different types of brain tumors based on their MRI images. 
The study was conducted on a dataset of 150 MRI images, 
including 50 pituitary, 50 glioma, and 50 meningioma tumors. 
The performance of the SVM algorithm was evaluated using 
various metrics such as sensitivity, specificity, accuracy, 
and F1-score. Our experimental results show that SVM 
is a promising technique for brain tumor detection and 
classification, achieving an overall accuracy of 90.5% for 
pituitary tumors, 91.2% for glioma tumors, and 89.5% for 
meningioma tumors. Furthermore, we also compared the 
performance of SVM with other machine learning algorithms, 
such as Random Forest and K-Nearest Neighbors. The results 
show that SVM outperforms the other algorithms in terms of 
accuracy, sensitivity, and specificity.
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