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Detection and classification of brain tumors are of formidable importance in neu-
roscience. Deep learning (DL), specifically convolution neural networks (CNN),

has demonstrated breakthroughs in the field of brain image analysis and brain tu-
mors classification. This work proposes a novel CNN based model for brain tu-
mor classification. Our pipeline starts with prepossessing and data augmentation
techniques. Then, a CNN classification step is developed and utilizes ResNet50
Keywords: architecture as its core. Particularly, our design modified the ResNet50 output
with a global average pooling (GAP) layer to avoid over-fitting. The proposed
model is trained and tested using different optimization algorithms. The final
classification is achieved using a sigmoid layer. We tested the proposed structure
T1-w MRI on T1 weighted contrast-enhanced magnetic resonance images (T1-w MRI) that
Transfer learning are collected from three datasets. A total of 3586 images containing two classes
(i.e., bengin, and malignant) were used in our experiments. The proposed model
reach highest accuracy 99.8%, and optimal error 0.005 using Adam when com-
pared with other six well-known CNN architectures.
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1. INTRODUCTION

Brain tumors [1]] affect all ages, races, and ethnicities. Acorrding to National Brain Tumor Society
(NBTS), an estimated 700,000 americans are living with a primary brain tumor approximately 71% of all brain
tumors are benign and 29% of all brain tumors are malignant. In 2022, more than 18,200 people are esti-
mated to lose their life because of a malignant brain tumor. There are more than 120 different types of brain
and central nervous system (CNS) tumors. Almost one third (29.7%) of the brain and central nervous system
tumors are malignant [2]. Survival after diagnosis with a primary brain tumor varies widely by age, geograph-
ical location, type of tumor, tumor location and molecular markers [3]. Clinically, several imaging techniques
can be used to detect and classify brain tumors. For example, magnetic resonance imaging (MRI) [4] is one
of the most common non-invasive techniques. MRI is primarily a non-ionizing radiograph and is considered
the most common technique for diagnosing brain tumors as compared to computed tomography or ultrasound
imaging [5]. Human evaluation of the MR images is the most common and accurate method for detecting and
grading brain tumors from MRI images. However, this is faced by multiple challenges. First it relies heavily
on the radiologists’ extensive analysis of image characteristics, i.e., it is a heavy workload, time-consuming
and error-prone. Secondly, the classification of tumors using MRI images is a difficult task due to overlap-
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ping intensities, inconsistency in size, shape, and orientation. Other difficulties include ambient disturbances
and low image contrast [6]]. As a result, radiologists have demonstrated an interest in modern computer-aided
diagnostic (CAD) systems to reduce time and effort. Therefore, there is a continuous need to create computer-
ized diagnostic tool to help clinicians automatically identify and diagnose brain tumors from medical images.
In recent years, the use of various MRI-based non-invasive methods, or CAD systems, for diagnosing brain
tumors has greatly increased to provide fast and improved diagnoses. Recent advances in machine learning
(ML) [7] and deep learning (DL) combined with advanced computing techniques, enabled efficient MRI-CAD
systems for tumor diagnosis with minimal, or even without, human intervention. DL [8]], [9] techniques have
been widely used in the automatic analysis of radiological images [10]. In the last few years, various research
works have been proposed for detecting and classifying brain tumors using MR images. Those studies employ
different algorithms ranging from traditional ML algorithms to advanced DL models [11]. Next, we’ll show
you the latest work on brain tumor classification and detection focusing on the same dataset of figshare [12]].
Cheng et al. [13] figshare was used for the experiment on the brain tumor dataset. They used the augmenting
tumor region as a region of interest and applied an adaptive spatial-division approach to subdivide these re-
gions into sub regions. Model-based features such as intensity graph, gray-level Co-occurrence matrix, and a
bag of words were extracted, on features extracted using the circular division approach, they claim the highest
accuracy are of 87.54%, 89.72%, and 91.28%. Ismael and Abdel-Qader [14] introduced 2D discrete wavelet
transform (DWT) and Gabor filter techniques, statistical characteristics from MRI slices were extracted. They
used a back-propagation multi-layer perceptron neural network to classify the brain tumors and got the greatest
accuracy of 91.9%. Afshar et al. [[15] proposed a brain tumor classification using capsule network (CapsNet).
The spatial relationship between the tumor and its surrounding tissues was used to classify the tumor in Cap-
sNet. The proposed CapsNet achieves an overall accuracy of 90.89%.

Abiwinanda et al. [[16] introduced different CNN architectures for brain tumor diagnosis. The CNN
with two layers of convolution, activation (RELU) and max pool, followed by one hidden layer of 64 neu-
rons, produced the highest accuracy among the approach. They achieved 98.51% and 84.19% on training and
validation sets, respectively. However, the validation accuracy was not high and a color balancing step was
required. Anaraki et al. [17] employed CNN using a genetic approach to classify brain tumor images. It has six
convolutional and max-pooling layers, along with one fully connected layer. The authors achieved an accuracy
of 94%. In sum, literature work is rich with many automated brain tumor detection systems. However, existing
work is still not producing good results and there is a high demand for reliable CAD tools for brain tumor
identification. ML methods and models need domain knowledge and experience. Those methods involve the
segmentation and extraction of hand-crafted structural or statistical features, which may lead to a decrease in
system accuracy and efficiency. In the proposed model to overcome this limitation, we adopted a DLS based on
deep transfer learning [18]] for automated extraction of rich and robust visual and discriminative characteristics
of brain MRI tissue to classify brain MR images. In this work, we propose a novel CAD system for brain tumor
classifications using an enhanced DLS applied to TIw MRI. Unlike the majority of the literature approaches
that use public dataset (figshare), the proposed DLS is evaluated on the T1w MRI figshare dataset and two
otherlocally-acquired and publicly-available brain tumor datasets. Additionally, to solve the vanishing gradi-
ent problem affecting deep neural networks, we employed residual network (ResNet50) as the backbone of our
deep learning system (DLS), in addition to transferring learning and GAP. The proposed pipeline is extensively
evaluated using several performance metrics, including, (A.), (P,), (R,), and F1-Score. The experimental re-
sults show that the proposed DLS is competitive when compared to the other approaches. The rest of the paper
is sectioned as follows. The proposed methodology is discussed in detail in Section [2] Section 3 delves into
the evaluation and discussion of experimental results. Finally, work conclusions are given in Section[4]

2. METHOD

The proposed DLS for brain tumor diagnosis is shown in Figure[T] The analysis starts with data pre-
processing and augmentation techniques. A pre-processing step is conducted before the images are fed into
network. The next step in our pipeline is CNN classification. The data sets and CNN network hyper-parameter
settings, optimization algorithm, training and performance computations are fully described in the following
sub section.
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Figure 1. Block diagram of the proposed methodology

2.1. Data Sets

For the evaluation of the proposed DLS, we used a locally-acquired T1-w MRI dataset and two
publicly-accessible datasets. In the locally-acquired dataset, a total of 30 patients’ data images were col-
lected using a 1.5 Tesla ingenia MR scanner (Philips medical systems, best, Netherlands) using standard head
coils for brain studies at the radiology department, Mansoura University hospitals, Mansoura, Egypt. All par-
ticipants were given complete information about the study’s objectives and they gave their informed consent.
T1-weighted, T2-weighted, and FLuid-attenuated inversion recovery (FLAIR) sequences were first acquired
using the following parameters: T1-weighted (repetition time (TR)/echo time (TE) =580/15 ms), T2-weighted
(TR/TE = 4432/100 ms), and FLAIR (TR/TE/inversion time (TI) = 10,000/115/2700 ms). The scanning pa-
rameters were an 80 x 80 matrix, a 250 x 170 mm?2 field of view (FOV), and a 5 mm slice thickness. After in-
travenous administration of gadolinium-based contrast agent (adulterate meglumine) at a dose of 0.1 mmoL/kg
at a flow rate of 2mL/sec using an automated injector with a maximum dose of 10 ml using a 20-22 G venous
cannula, post-contrast T1-weighted axial, sagittal, and coronal images were obtained. In addition, the first pub-
lic dataset is collected from nan fang hospital and a general hospital, Medical University of Tianjin, China. This
dataset was released in 2015, upgraded in 2017 [12] and are accessible from figshare website. Axial, coronal,
and sagittal T1-CE images were visible. The second public dataset is accessible from the Kaggle website [19].
All data sets have binary labels or classes for benign (“0”") and malignant (1”). The total number of cases in
each category is 165 and 3421, respectively. Examples of T1w MRI images for each class from three datasets
are shown in Figure[2]

Malignant

Benign

Figure 2. Examples of malignant and benign cases from the three data sets used in our study

2.2. Data preprocessing and augmentation

Before testing, data preparation is essential. In our pipeline, two steps are performed: pre-processing
and augmentation. First, to reduce the overall processing time for training and testing, a pre-processing step on
the original images is performed. The image dimensionality is scaled-down. Pre-processing of an image are
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certain operations of images at the ground level of abstraction. It refers to all of the transformations performed
on the raw data before it is fed into DL model. It is implemented in order to improve the image and to remove
any erroneous data present in the obtained image. Some of these techniques are used in this paper such as
cropping and resizing [20]. Then split data into: (80% ) for training, and (20%) for validation and test set.
Table [I] summarizes the number of samples in training, validation, and test sets. IN this paper, we use data
augmentation techniques to reduce overfitting [21]].

Table 1. Data split showing the number of samples in training, validation, and test for the three dataset
Malignant ~ Benign

Training 2394 115
Testing 343 17
Validation 684 33

2.3. Proposed CNN architecture

For image classification, a deep CNN has become the most used model. DL’s self-learning capabilities
have totally changed the field of medical image diagnosis, including brain tumor detection. Many DL systems
have been proposed in literature in various application for more accurate disease detection based on increasing
(stacking) more layers to extract more image features. However, deeper structures with large number of layers
suffer from the vanishing gradient problem. We developed a residual network, namely ResNet50, to increase
the performance while reducing the computation time. ResNet50 contains five different types of convolution
blocks, each with its own set of layers and filter sizes. CNN networks are built on a foundation of convolutional
or transformation layers. The technique of sliding a filter across the entire image is known as convolution.
This layer’s goal is to generate property mappings in the convolution layer. The ResNet50 model was used
with a (224 x224 x3) input size (color image) and it used filters with variable sizes. A convolution layer and
a max-pooling layer compose the first convolution block (CONVC1). This convolution block represents the
model’s input layer. There are three convolution layers in each of the remaining convolution blocks, each with
a different size kernel.

The number of filters employed in each convolution layer varies between these blocks, as shown in
Figure 3] The three convolution layers in C2 are with different filters. The three convolution layers, C3,
C4, and C5 contain different filters. To avoid the vanishing gradient problem, each convolution block uses a
skip relation. Basic ResNet-50 architecture consists of one ConC1 block, three ConC2 blocks, four ConC3
blocks, six ConC4 blocks, and three ConvC5 blocks. Finally, the output layer of basic ResNet50 has been
substituted for with GAP and sigmoid layers in the proposed model. The sigmoid activation function converts
non-normalized outputs to binary outputs of 0 or 1. As a result, it aids in the final classification of patients
with malignant (“1”) or benign (“0”). Feature extraction is done by convolution blocks. Instead of a fully
connected layer at the input layer of GAP, the proposed approach uses one at the output layer. The GAP layer
converts a (M x M x N) feature map to a (1 x N) feature map, where (M xM) refers to image size and N
refers to the number of filters. The approaches of average pooling and maximal pooling are widely employed.
The filters in the pooling layer are chosen in N x N sizes. It uses vectorized feature maps, which can be
viewed as perception map categories, to conduct a linear transformation. It is more local to the convolution
structure by implementing correspondences between feature maps and categories. The GAP layer also has the
following advantages; over-fitting is avoided at this layer because it does not require parameter optimization.
It performs as a flatten layer, converting a multidimensional extracted features into a one-dimensional input
vector. Furthermore, it takes less time [22]]. DL algorithms employ some form of optimization technique to
reduce the cost function or the error function. In binary cross-entropy mathematically equation of error is given
by:

F(9) = [zlog P(2) + (1 - 2) log(1 — P(2))] (1)

where z is a true label, p(2) is the predicted label. In this paper, we examined multiple optimization algorithms
and compared their performance. The first is the adaptive moment estimation (Adam) is a method for calculat-
ing adaptive learning rates for individual parameters. In addition to accumulating the mean of the exponential
degradation of the squared gradients, x; also stores the mean of the exponential degradation of the previous
gradientsu,; in momentum.
up = Brug—1 + (1 — B1) my @)
xp = Paxy—1 + (1 — fa) m7
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where u; and x; are the first and second moments of gradient, respectively. Secondly, stochastic gradient de-
scent with momentum (SGD) is an optimization methodology that speeds up the descent on a suitable trajectory
and reduces its vibration. This is done by adding + from the previous step update vector to the current update
vector.

xy = yxi—1 + NV F(6) } 3)

9:9—xt

Furthermore, adaptive gradient (AdaGrad) is a randomized optimization method that adapts the learning rate
to parameters. It performs updates to parameters associated with frequently occurring features. In its update
rule, AdaGrad adjusts the general learning rate 7 at each time t step for each parameter 6 based on previous
gradients against 6:

_n
\/Dt+€

here D, represents a diagonal matrix, where each of its diagonal elements represents the sum of squared gradi-
ent estimated with respect to 6 at time step t. In addition to Adam, SGD, and AdaGrad, the RootMeans square
propagation (RMSProp) is an adaptive learning technology, developed to answer the problem of the signifi-
cantly weak learning rate. It is using the average exponential deterioration of the date so that it can converge
quickly once a convex bowl is found. Given as (5):

0t+l = 0,5 — m; (4)

Ui

01 =6, — —
t+1 t E[m%]—f—e

m; (5)

finally, AdaptiveDelta (AdaDelta) is a stochastic optimization technique that enables the learning rate method
for each dimension of SGD. It is an extension of AdaGrad that seeks to reduce the rate of aggressively decreas-
ing monotonously. Instead of aggregating all prior square gradients, AdaDelta constrains the accumulated prior
gradients window to a fixed size w.

RMS[AB);—1
T T oasrar1 Mt

m
RMS[m]; (6)
Orp1 = 0, + AD;

A@t =

Then, we have investigated algorithms that are most commonly used for optimizing AdaGrad, AdaDelta, RM-
SProp, Adam and SGD.

In conclusion, RMSProp is an AdaGrad enhancement that addresses AdaGrad’s rapidly declining
learning rates. It’s the same as AdaDelta, except that in the numinator update rule, AdaDelta employs the RMS
of parameter updates. Also, it is possible that SGD will take much longer than some of the other optimizers.
Finally, Adam is too fast, converges rapidly, and has less variance. We practiced our model with 180 epochs and
used different optimizers with the defined learning rate till (1e-6). The proposed model was also implemented
using Python 3.6, with the Keras 2.2.4 library and Tensorflow 1.13 as the backend. The values of the hyper
parameters are shown in Table[2]

;onvC3 onvCa ConvCs

Conv(1x1, 128)| |Conv(1x1, 256) | |Conv(ix1, 512)
Conv(3x3, 128)| |Conv(3x3, 256) | |Conv(3x3, 512)
Conv(1x1, 512)| |Conv(1x1, 1024)| |Conv(1x1, 2048)
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Figure 3. Block diagram of the proposed CNN architecture
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Table 2. Summary of the proposed structure parameter settings

Layer Out shape No. of parameters
Input (224,224, 3) 0
ResNet50 (Model) (None, 7, 7, 2048) 23587712
Global average pooling (Gl (None, 2048) 0
Dense (None, 1) 2049
Batch size 32,16
Learning rate le-6
No of epochs 180
Total parameters 23,589,761
Trainable parameters 23,536,641
Non-trainable parameters 53,120

3. RESULTS AND DISCUSSION
The proposed framework was trained and tested on the T1w-MRIs subjects described in Section [2.T]
Transfer learning-based DL algorithms are assessed in this paper for the precise classification of tumor types
into benign and malignant. The proposed DLS evaluation is based on four metrics A., P,, R, and F1-Score.
The A, is the ratio between the number of correctly classified cases and the total number of cases is defined as
7).
@ A TP+ TN
© TP+TN+FP+FN

Here TP (TN) is the number of correctly classified malignant (benign) cases, and FN (FP) is the number of
incorrectly classified malignant (benign) cases. Generally, accuracy is a commonly-used metric to measure the
model’s performance and comparison. Nevertheless, using it alone can be misleading as it lacks the sensitivity
to imbalanced data and increases the performance of certain classes [23]. Thus, we also used P,., R,., Fl1-score
metrics. So over the imbalanced MRI image dataset, we should have a good predictor of model generalization.
Since later metrics are affected by class inequality, they are used to show the overall performance of the model
irrespective of the count of the individual class. P, is used to determine how accurate classifiers are. The
presence of a large number of FPs in the classifier is indicated by a low P, value. Also, the lower the R, value,
the more likely the classifier has problems with huge FP values. Finally, the Fl-score is used to accurately
handle the distribution issue. When there are unbalance classes in the dataset, it is useful. The harmonic mean
of P, and R, is frequently used to describe it. The mathematical formulations for P,., R,, and Fl-score are
defined, respectively, as (8) to (10).

(7

TP

P. = ——
" TP+ FP ®)
TP
"= TP PN ®
2 X P, x R,
F- -~ r--c< 10
-score P TR, (10)

Using Adam optimizer, the proposed model achieved A., P,., Rec, and Fl-score of 99.8% ,99.1%,
99.7%, and 99.4%, respectively. In addition to train/validation/test data split, we also employed cross vali-
dation to reduce the bias of data selection. Average training accuracy across the five fold cross validation is
99.48+1.16% illustrated in Table [3] This table reveals that our proposed approach achieves maximum effi-
ciency within five folds. In addition to accuracy metrics, the receiver operating characteristics (ROC) also has
been used to verify and validate the robustness and accuracy of our system. ROCs depict the model’s classifica-
tion output based on true positives and false-positive rates and the area under the curve (AUC) of a ROC is used
as an additional evaluation metric, as demonstrated in Figure |4] To highlight the advantage of the proposed
model, we compared its performance with the base model without GAP. Table [4]shows that the proposed model
reaches highest A., P,, R,., and F1-Score. In addition, Table E] shows the performance of the proposed model
against the number of training epochs. As we can see in this table, when the number of epochs is > 50 there is
marginal enhancement in overall system performance. Thus, we set the number of epochs for our experiments
to 180 epochs.

Furthermore, additional evaluation using different optimization techniques which was described in
Section 2.3 to select the best parameter value is conducted. The experimental result accuracy is shown in

A deep learning based system for accurate diagnosis of brain tumors using T1-w MRI (Mona Ahmed)



1198 ) ISSN: 2502-4752

Table [} The performance measures the proposed model for tumor classification depends on the different
optimizer. With the Adam optimizer, the suggested model achieves the highest accuracy (i.e., 99.8%) and
optimal loss. The proposed approach achieved an optimum error of 0.005 with optimal performance towards
the conclusion of the epoch. Figures[5]and [6|represent the confusion matrices and ROC curves for the different
optimizers such as Adam, RMSprop, SGD, AdaGrad, and AdaDelta. As the figure shows, all 2394 images in
malignant class were correctly classified.

To obtain the best accuracy, our pipeline is trained using different DL pre-trained networks, including
AlexNet, Xception, Inception V3, DenseNet121, ResNet50, and VGG16 to access the system’s best accuracy.
The image identification is done by using sigmoid layers of pre trained networks. We compared the results in
Table|/| The best model is ResNet50 that achieved a high accuracy of 99.8% with the same hyper parameters
we made our network on. The confusion matrices and ROC are shown in Figures 4] and [7} respectively, for
the different pre-trained models such as proposed model, Xception, InceptionV3, VGG16, DenseNet121, and
AlexNet. In addition to DL-based approaches, we compared our approach with different ML approaches using
the figshare dataset.

Table [8|shows such comparison with support vector machine, k-nearest neighbors, convolution neural
network, capsule network, gabor filter-neural network and extreme learning machine. As seen in the compar-
ison in Table [§] This table reveals that the proposed approach outperforms the existing models with 99.8%
accuracy. ResNet50 with Adam optimizer architecture has achieved the state-of-the-art quality in accurate
classification of the MRI images. This in part can be explained by the fact that DL-based methods, especially
ResNet50, can handle the challenges by earning discriminative features at a high level. It has proven the ca-
pability of handling diversity, so the quality of diagnostic images in MRIs is greater than any other shallower
network. Also, the scientific databases used are limited in size, and hard to access. Previous research employed
a traditional approach to ML. However, manual feature extraction was required which was time-consuming.
Many corresponding approaches used architectures of the deep CNN have used shallower networks. Hence,
they had limitations in learning the high-level dataset features and high accuracy. The following are some of the
benefits of our proposed model. Since the proposed model is using a deep neural network, automatic feature
extraction has been achieved. ResNet50’s computational time is reduced thanks to the use of GAP in the output
layer. Due to the use of the Adam optimizer, the proposed model achieves faster convergence.

Table 3. Performance analysis of the proposed approach with five fold
folds 1 2 3 4 5
A 97.5% 100% 100% 100%  100%
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Figure 4. Receiver operating characteristic curves (ROC) of the proposed model against other DL. models such
as Xception, InceptionV3, VGG16, DenseNet121, and AlexNet

Table 4. Comparison between proposed model and the baseline ResNet50 model without GAP
Evaluation Metric

Model Ac Fl1-score P R, AUC
Proposed model 99.8% 99.4% 99.1% 99.7%  99.8
ResNet50 without GAP 97% 98% 100% 96% 98
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Table 5. Over all accuracy (A.) of the proposed model against the ResNet50 without GAP at different epochs

Model
#of epochs  Proposed model  ResNet50 without GAP
50 52.3% 89.3%
100 75.2% 95%
150 90.8% 95.6%
180 99.8% 97%

Table 6. Proposed model evaluation with different type of optimizers Adam, RMSprop, SGD, AdaGrad, and
AdabDelta. Here “AUC” stand for area under the curve

Evaluation metrics

Optimizer Ac Fl1-score Py R, AUC

Adam 99.8% 99.4% 99.1% 99.7% 99.8
RMSprop 99% 99.2 %985 %99%  96.6

SGD 94% 96.9% 95.2% 98.8% 73.1
AdaGrad 51% 69.6% 96.3% 54.5% 61.6
AdaDelta 30% 36.2% 95% 22.4% 61.7
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Figure 5. Confusion metrics for classification for different optimizers: (a) Adam, (b) RMSprop, (¢) SGD, (d)
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Table 7. Proposed model evaluation against other deep learning models

Evaluation metrics

Model Ac F1-score Py R, AUC
Proposed 99.8% 99.4% 99.1%  99.7%  99.8
Xception 97% 97.7% 96.3% 99.1%  96.2
Inception V3 95% 98 % 100% 99% 50
VGG16 95% 98% 100% 95% 52.8
DenseNet121 84% 90% 84% 97% 80.7
AlexNet 74% 83.7% 94.8% 749%  49.8
Confusion matrix 2000 Confusion matrix 2000 Confusion matrix
oo &b 2 1500 ooy ED £ 1500 o) ® o
il (1, VES') © il (1, "YES') D . (1, YES') 0
(a) (b) (c)
Confusion matrix 2000 Confusion matrix ij:z Confusion matrix
(. NoY) 2 13 ©,'NoY) 55 60 1500 0, N0 58 57
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Figure 7. Confusion metrics for (a) proposed model, (b) Xception, (c) InceptionV3, (d) VGG16, (e)
DenseNet121, and (f) AlexNet

Table 8. Previous works for brain tumor classification using the public figshare dataset. Note that: SVM,
KNN, CNN, KELM, and NA stand for support vector machine, k-nearest neighbors, convolution neural
network, extreme learning machine, and not applicable, respectively

Method Model Ac Fl-score P R,

Cheng et al.[13]] SVM, KNN 91.28% NA NA NA

J.Paul et al.[24] CNN 91.43 % NA NA NA

Abiwinanda et al. [16] CNN 84.19% NA NA NA
Pashaei et al. [25] KELM + CNN 93.68% 93.00%  94.60% 91.43%

Afshar et al. [26] GoogleNet + CNN  90.89% NA NA NA
Proposed model ResNet50 99.8% 99.4% 99.1% 99.7%

4. CONCLUSIONS

In this work, we have proposed a transfer learning-based DLS for brain tumor classification from T1-
w MRI images using locally and publicly available datasets. The proposed analysis is extensively evaluated
on different pre-trained models and different optimization methods. The experiments documented that the

ResNet50 with Adam optimizer and GAP is yielded the superior accuracy of 99.8%.
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