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Abstract: With technological advancements, deep machine learning can assist doctors in identifying the brain mass or tumor using magnetic resonance imaging (MRI). This work extracts the deep features from 18-pre-trained convolutional neural networks (CNNs) to train the classical classifiers to categorize the brain MRI images. As a result, DenseNet-201, EfficientNet-b0, and DarkNet-53 deep features trained support vector machine (SVM) model shows the best accuracy. Furthermore, the ReliefF method is applied to extract the best features. Then, the fitness function is defined to select the number of nearest neighbors of ReliefF algorithm and feature vector size. Finally, the particle swarm optimization algorithm minimizes the fitness function to determine the optimal feature vector for model training. The proposed approach is validated by using the available online dataset. The proposed approach enhances the classification accuracy to 97.1% using the optimal concatenated deep features of DenseNet-201and DarkNet-53. Therefore, owing to the high accuracy of the proposed approach, it can be helpful to use real-time applications in the future.
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1  Introduction

The human brain contains over billions of nerve cells; having trillions of interconnections (synapses) is one of the body’s most complex organs [1]. Moreover, the brain works as the central control/command center of the body to regulate the body’s organs. Therefore, any abnormality/mass existence due to brain cells’ abnormal proliferation has a severe impact on the brain and is known as a brain tumor. According to a report published by World Health Organization (WHO) [2], over ten million deaths are reported due to cancer in 2020, the second leading cause of death globally. Therefore, early classification and detection of a brain tumor enhance survival chances.

Brain tumors can be categorized in various ways. For instance, the most commonly known categorization type is to classify it as benign or malignant, which depends upon the location, progression stage, nature, and rate of growth [3,4]. The tumor developed inside the skull but outside the brain tissue is classified as a benign brain tumor. The benign brain tumor rarely affects its neighbor healthy cells and has distinct boundaries and a slow progression rate. On the other hand, the malignant brain tumor harms its neighbor healthy cells (spinal code and brain). Therefore, it has vast boundaries and a high progression rate compared to a benign brain tumor. The classification of brain tumors can also be done based upon their origin (primary and secondary) [5]. The brain tumor that originates in the brain is a primary brain tumor. If it emerges from the other body parts of the brain, it is known as a secondary brain tumor. Brain tumors can also be classified into four stages (stage 0, 1, 2, and 3) based upon severity, boundary, and rate of growth, according to WHO [6–8]. Therefore, early detection and classification of brain tumors into meningioma, pituitary, and glioma brain tumors is vital for patient treatment.

In current medical science advancements, brain tumor detection and classification still depend on histopathological analysis of biopsy specimens [9], the final diagnosis made after using the complete interpretation of medical imaging modalities (MIM) such as positron emission tomography (PET), computed tomography (CT), and magnetic resonance imaging (MRI). However, unlike other tumors (tumors in other parts of the body), brain tumor biopsy is mostly avoided before definitive brain surgery. Therefore, non-invasive approaches like MIM are preferred for brain tumor diagnosis.

In the last few years, artificial intelligence and deep learning networks greatly impacted the image processing field [10–14]. Many researchers used various traditional classifiers to deep learning networks to classify brain tumors using brain MRI images [15]. In traditional classification methods, the model’s classification accuracy depends on brain MRI images’ extracted features. For example, Kumari et al. [16], computed the gray-level co-occurrence matrix of brain MRI images to classify it using a support vector machine (SVM) model. As a result, they classify brain MRI images into two classes (normal and abnormal). The reported classification accuracy is reasonable, but the model consumes high time for training. To address this issue, Singh et al. [17], applied the dimension reduction method to reduce the training time of the model. Their proposed model only classifies the brain MRI images into two classes. However, the model’s accuracy in differentiating the various tumor types is low due to the same brain MRI images’ appearance (texture, size, intensity, etc.). The deep learning networks automatically computed the optimal features of brain MRI images and showed high accuracy [18]. The convolutional neural network (CNN) was designed to classify the brain MRI whole and mask images into two classes [19]. The proposed CNN classifies the whole-brain and brain masks images with the accuracy of 92.9% and 89.5%, respectively. Abiwinanda et al. [20], proposed a simple architecture of the CNN to classify MRI images into glioma, meningioma, and pituitary tumor classes. However, the model has an accuracy of only 84.19%. Recently, Badza et al. [9], proposed a 22-layer CNN to classify the brain tumor MRI images into three classes. The online available brain tumor dataset is utilized to validate their proposed model [21]. The data augmentation method is also applied to enhance the model’s accuracy. Their proposed model shows an accuracy of 96.56% using the 10-fold approach for the augmented dataset. The results of augmentation approaches are not considered very reliable for real-time application. In another recent study [22], the 25-layers CNN model was designed to classify the brain MRI images into five classes. The accuracy of their proposed network is 92.66% for five classes. The various researchers used pre-trained networks such as GoogleNet and ResNet-50 to classify the brain MRI images into subclasses [23,24]. The reported accuracy of these networks is very high (98% and 97.2%), but it consumes much time for the model’s training. To tackle this issue, in a study, researchers calculated the deep features using pre-trained networks and used them to train the traditional classifiers such as SVM, tree, Nave Bayes (NB), etc [25]. They found that the DenseNet-169, ShuffleNet V2, and MnasNet ensembled deep features trained SVM has the accuracy of 93.72% for four class classification of brain MRI images (no tumor, glioma tumor, meningioma tumor, and pituitary tumor). However, the authors also highlighted that the size of training feature vector is very large, resulted in high training time for the model. To address this issue, further research is needed to reduce the dimension of the training feature vector size.

In this paper, the deep features from various pre-trained CNNs (EfficientNet-b0, DarkNet-19, GoogLeNet365, AlexNet, ResNet-101, GoogLeNet, Inception-ResNet-v2, ResNet-18, MobileNet-v2, SqueezeNet, NASNet-Mobile, Inception-v3, DenseNet-201, NASNet-Large, ShuffleNet, ResNet-50, DarkNet-53, and Xception) are computed to train the classical classifiers. The ReliefF dimension reduction algorithm reduces the feature vector size and extracts the useful deep features. The particle swarm optimization (PSO) is applied to optimize the defined cost function to find the nearest neighbors parameter of ReliefF and training feature vector size. The available online dataset is used to check the performance of the proposed approach.

The paper’s organization is as follows: Section 2 explains the methods used to form the proposed framework. Then, the data description and results are presented in Section 3. In Section 4, the results are compared and discussed with the literature. Finally, the paper is concluded in the last section.

2  Methods and Materials

This section discusses all the methodologies used to form the proposed framework in detail. The proposed framework consists of several parts: MRI brain images pre-processing, extraction of pre-trained CNNs deep features, ReliefF algorithm, PSO, and machine learning classifiers.

2.1 MRI Brain Images Pre-Processing

All the brain MRI images contain undesired information (area and spaces), leading to poor classification. Therefore, it is compulsory to crop the images to remove those areas and noise to extract useful information for brain tumor classification. In this work, the cropping method is utilized to compute the extreme points, and the noise is removed using dilation and erosions operations; further detail about brain MRI images pre-processing can be found in [25,26]. All the brain MRI images are re-sized according to the requirement of the pre-trained networks.

2.2 Extraction of Brain MRI Image Features Using Pre-Trained CNN

The image features are the main variables used to classify the images into various classes. Therefore, extracting critical features (which have varying characteristics of the brain MRI images) is very important to enhance classification performance. The extraction of brain MRI images can be done manually or using CNN layers. The manual extraction of brain MRI images took much time. Its accuracy mainly depends upon high variation in brain MRI images. However, in CNNs, various convolutional, pooling, and fully connected layers are used to design the model. When the size of the dataset is not so large, then various pre-trained CNNs such as EfficientNet-b0, DarkNet-19, GoogLeNet365, AlexNet, ResNet-101, GoogLeNet, Inception-ResNet-v2, ResNet-18, MobileNet-v2, SqueezeNet, NASNet-Mobile, Inception-v3, DenseNet-201, NASNet-Large, ShuffleNet, ResNet-50, DarkNet-53, and Xception can extract deep features using the transfer learning concept [27,28]. The pre-trained network transfer learning concept is illustrated in Fig. 1.
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Figure 1: Extraction of deep features using pre-trained CNN

2.3 ReliefF Based Dimension Reduction Approach

The attribute/feature quality is the most critical part of all learning-based classification methods. Also, the number of attributes/features used to depict the objects is important in machine learning applications. It is tough to perform accurately for machine learning approaches using large number of attributes/features, because some of the irrelevant attributes/features only provide very little information for classification and lead to poor accuracy. Therefore, extracting the tiny subset of valuable features (most relevant) to describe the target classes is essential to enhance the model’s classification accuracy.

To deal with it, the authors proposed an approach to select the most relevant features of the object for binary class-based classification problems using instance-based learning [29]. In the consequent study [30], the author proposed an extension of the Relief algorithm for multiclass problems, known as ReliefF. The performance of the algorithm is satisfactory under a perturbed environment. The working of the ReleifF algorithm is shown in Fig. 2.
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Figure 2: Flowchart of ReliefF method [31,32]

In the ReliefF method, the algorithm initializes the weight vector (W[A]), iteration count (i), iteration feature count (j), and nearest neighbor (k). Then, the algorithm randomly selects the sample R from the feature vector in each iteration. After that, it selects the k nearest sample for the same feature vector sample. After that, it computed the weight vector using the formula shown in Fig. 2. Further detail about the working of the ReliefF algorithm can be found in [31–33]. The nearest neighbor (k) parameter number selection significantly impacts the weight adjustment. After finding all the weights, the number of features for model training also substantially impacts training accuracy. In this work, the PSO is utilized to find the optimal value of k and the size of the feature vector.

2.4 Particle Swarm Optimization

It is a population-based optimization algorithm inspired by the social behavior of fish schooling or birds flocking [34,35]. The PSO estimates the optimal solution by maximizing or minimizing the problem. In this algorithm, the knowledge is shared through group communication while searching for the food in the area. Although each individual is unaware of the exact food site, they all reached the exact point based on information sharing. The complete flow chart of the PSO is shown in Fig. 3. Further detail can of PSO be found in [36,37].
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Figure 3: Flowchart of PSO algorithm to compute the optimal value of k and feature vector size

For ReliefF based method, in the PSO, the population (value of k and size of feature vector) are randomly initialized in n-dimension according to the limits of the feature vector. After that, the fitness function is computed for the individual particle to check its fitness value for the function using Eq. (1).


min (F) = Total no. of actual images −Total no. of true classfied imagesTotal no. of actual images
(1)

Based upon the fitness value of each particle, compute the best position of each particle (Pbest), which is the individual best position of each particle, and updated iteratively. Then find out the global best (Gbest) position of each particle by comparing all the (Pbest) values, which is also updated iteratively. The following equation can be used to compute the velocity of each particle based upon (Pbest) and (Gbest).


vijt=ωvijt−1+c1r1jt−1[Pbest−xijt−1]+c2r2jt−1[Gbest−xijt−1]
(2)

where 
vij and xij
are the velocity and position of each particle. 
c1,c2,and ω
are the cognitive parameter, social parameter, and initial weight, respectively. 
r1and r2
are the random variables. After computing the velocity of each particle, the individual position can be updated using the following equation.


xijt=xijt−1+vijt
(3)

The described process will continue till all the particles converge to a single point or the algorithm reaches the maximum iteration criteria. The all PSO parameters values are following:


Population size=50Maximum iteration=30ω=(xmax−xmin)maxiterationxmax=max size of feature vectorxmin=1r1&r2=random number between (0 and 1)c1=2c2=1
(4)

2.5 Proposed Framework

In this section, the working of the proposed framework is discussed in detail. The architecture of the proposed model to classify the brain MRI images is illustrated in Fig. 4.
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Figure 4: A proposed framework to classify Brain MRI images

First, the input images of brain MRI images are pre-processed to remove the noise and unwanted information, as discussed in Section 2.1. Then, after pre-processing, the brain MRI images feed to the pre-trained network to compute the deep features, as discussed in Section 2.2. Next, the PSO-based ReliefF algorithm is applied to compute the optimal k and features vector size to enhance the classification performance, as discussed in Sections 2.3 and 2.4. Finally, the optimal feature vector feed to the classifiers such as tree [38], NB [39], SVM [40], k-nearest neighbors (KNN) [41], ensemble, and neural network (NN) to classify the brain MRI images.

3  Experimental Dataset and Results

This work utilizes an online dataset of brain MRI images to validate the proposed framework [42]. The details of brain MRI datasets are provided in Tab. 1.
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The MATLAB 2021® is used to perform all the computations. In addition, the personal computer has the following specifications: Intel(R) Core (TM) i7-10700 CPU @ 2.90 GHz processor with 32 GB RAM, 1 TB SSD, and a 64-bit Windows 10 Pro operating system (OS). The dataset is divided into 0.8 and 0.2 ratios to train and test all the models. All the deep features of EfficientNet-b0, DarkNet-19, GoogLeNet365, AlexNet, ResNet-101, GoogLeNet, Inception-ResNet-v2, ResNet-18, MobileNet-v2, SqueezeNet, NASNet-Mobile, Inception-v3, DenseNet-201, NASNet-Large, ShuffleNet, ResNet-50, DarkNet-53, and Xception pre-trained models are extracted before SoftMax layer for dataset. The number of extracted features of each pre-trained is shown in Fig. 5. All the computed deep features of the pre-trained model are used to train tree, NB, SVM, KNN, ensemble, and NN. The classification accuracy is the only metric used to check and compare the performances of each model. The results are illustrated in Fig. 6.
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Figure 5: Total number of the features of various pre-trained CNNs for brain MRI images

[image: images]

Figure 6: Performance of each machine learning algorithm for the deep features of each pre-trained CNN

After carefully analyzing the performances, it is found that DenseNet-201, EfficientNet-b0, and DarkNet-53 trained SVM have the highest accuracy of 95.5%, 93.3%, and 93.1%, as shown in Fig. 6. In addition, the AlexNet trained SVM and NN model also shows good performance and have accuracies of 92.8% and 92.9%, respectively. However, the AlexNet trained models took almost 125.88 and 63.21 s to train both models due to large feature vector size (9216), as shown in Fig. 5. Moreover, the true positive rate (TPR), false-negative rate (FNR), positive predictive value (PPV), and false discovery rate (FDR) are used for the detailed analysis of the three best deep features trained SVM (DenseNet-201, EfficientNet-b0, and DarkNet-53). The grid search algorithm is used to select the hyper-parameters of SVM. The detailed results of these mentioned classifiers are presented in Tab. 2.
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After analyzing the results, it is found that the training time of all the mentioned models is high due to a large set of training features. Therefore, the PSO-based ReliefF algorithm is applied to find the optimal features for each network to reduce the training time and enhance the classification accuracy. The convergence curves of each deep CNN feature are presented in Fig. 7. The performance of DenseNet-201, EfficientNet-b0, and DarkNet-53 deep features trained SVM is presented in Tab. 3.
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Figure 7: Convergence Curves
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The PSO-based ReliefF dimension reduction algorithm enhances the performance of each algorithm by finding the optimal features, as shown in Tab. 3. For example, the PSO-based ReliefF DenseNet-201 deep feature trained SVM converges at fitness value of 0.038 and has 17 and 192 k nearest neighbors and feature vector size values, respectively. Similarly, EfficientNet-b0 and DarkNet-53 have the fitness value of 0.059 and 0.049 (see Fig. 7), whereas their corresponding k nearest neighbors values are 27 and 8, respectively. And the size of 226 and 44 deep optimal features is used for training the models, respectively. After that, the DenseNet-201 and DarkNet-53 hybrid optimal feature model is trained to analyze the classification performance of the brain MRI images. The results of the hybrid model are presented in Tab. 4. The classification accuracy of brain MRI images increases with an optimal hybrid features model. The TPR of the glioma tumor class is 95.9%, whereas the pituitary tumor class has the highest TPR of 98.8%. It is also found that the glioma tumor class has the best PPV among all the classes (99.1%), as shown in Tab. 4. The comparison of the proposed approach is presented in Tab. 5.
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4  Discussion

The use of machine learning in medical diagnostic using medical imaging has increased tremendously in recent years. As a result, many researchers have presented several training strategies for brain MRI image classification [9,22,25,43–45].

The use of deep learning networks to classify brain MRI images has very high accuracy [9,22]. Irmak [22], proposed three distinct CNN models, the first one for brain tumor detection, the second one for differentiation in various types of tumor, and the last one for tumor stage. They claimed classification accuracy of 92.66% for categorizing the tumor into subclasses. In another study [43], authors utilized the concept of transfer learning to classify the brain MRI images using pre-trained networks. Their reported accuracy for the various pre-trained model is shown in Tab. 5. Although the accuracy of the models is very high, it took more than 42 min to train each network. Kang et al. [25], computed the deep features from DenseNet-169, Shufflenet, and MnasNet CNNs, and ensembled them to train the SVM model. They reported a classification accuracy of 93.72% for brain MRI images. They also discussed the issue of large feature vector size for training. In this work, 18 pre-trained models of deep features are used to classify the brain MRI images to address this issue (see Fig. 6). After extensive training and testing of the models, the three best deep features (DenseNet-201, EfficientNet-b0, and DarkNet-53) are selected based on their classification accuracy (see Tab. 2).

Then, the PSO-based ReliefF algorithm is applied to find the optimal feature vector. The PSO-based ReliefF algorithm reduces the feature vector size by selecting the most appropriate features, increasing the classification performance (see Tab. 3). The PSO-based ReliefF algorithm is separately applied on each model, since the ReliefF feature score is based on identifying feature value differences across neighboring instance pairs. Each model calculated its features in distinct domains. If pre-trained models are concatenated before using the PSO-based ReliefF method, it only examines the feature of a single model. After finding the performance of each model, the best two models’ features merged to enhance the classification accuracy (97.1%), as shown in Tab. 5. As a result, the suggested technique has the potential to play a critical role in assisting doctors and radiologists in the early detection of brain cancers.

5  Conclusion

In this work, the deep features of 18 pre-trained CNNs are calculated to check their classification performance for brain MRI images. After extensive training and testing, DenseNet-201, EfficientNet-b0, and DarkNet-53 deep feature trained SVM have the best classification accuracy for brain MRI images. Then, the ReliefF algorithm is applied to extract the most relevant features. Finally, the cost function is defined to select the best parameter (nearest neighbors) and feature vector size for the optimal training feature vector. As a result, the PSO-based ReliefF algorithm increases the accuracy of DenseNet-201 from 95.5% to 96.2% by extracting the most relevant features. Similarly, the increase of 0.7% and 2% is noted in the classification accuracy of EfficientNet-b0 and DarkNet-53, respectively. Finally, DenseNet-201 and DarkNet-53 deep concatenated features trained SVM has the highest accuracy of 97.1% for brain MRI images. The proposed approach has the potential to help doctors and radiologists to detect brain tumors early. In the future, to enhance reliability and accuracy, researchers may utilize the big MRI brain images dataset or the data augmentation approach to train the proposed model.
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Table 1: Specifications of available online brain MRI datasets [42]

Category

No. of images in dataset [42]

Brain MRI images

No-tumor

Glioma tumor

Meningioma tumor

Tumor

395

826

822

827
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Table 3: Performance of DenseNet-201, EfficientNet-b0, and DarkNet-53 deep features trained SVM models
using PSO-based ReliefF algorithm

Network Class Total Classified as TPR FNR PPV  FDR  Accuracy
Images G MY N® PO (%) (%) (%) (%) (%)
DenseNet- G* 826 7714 43 2 7 93.7 6.3 99.1 0.9 96.2
201 MY 822 5 79411 12 3966 3.4 922 7.8
N® 395 0 12 382 1 96.7 3.3 96.5 3.5
p? 827 2 12 1 812 98.2 1.8 97.6 2.4
EfficientNet- G* 826 768 56 1 1 93.0 7.0 96.7 3.3 94.1
b0 MY 822 25 755 14 28 91.9 8.2 388.9 11.1
N® 395 1 22 369 3 934 6.6 95.4 4.7
p® 827 0O 16 3 808 97.7 2.3 96.2 3.8
DarkNet-53 G* 826 790 35 0 1 95.6 4.4 97.9 2.1 95.1
MY 822 13 760 21 28 92.5 7.5 92.4 7.7
N® 395 4 21 362 8 01.7 3.4 94.0 6.0
p® 827 0O 7 2 818 989 1.1 95.7 4.3

Note: G* = Glioma. MY = Meningioma. N® = No-tumor. and P® = Pituitarv.
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Table 4: Performance of DenseNet-201 and DarkNet-53 hybrid deep features trained SVM models using

PSO-based ReliefF algorithm

Network Class Total Classified as TPR FNR PPV FDR Accuracy
N T O VO I VO B CO R ¢
DenseNet-201 G* 826 79230 1 3 959 41 991 09  97.1
+DarkNet-53 MY 822 6 7966 14 968 32 948 52
N® 395 1 8 3815 965 35 972 28
P® 827 0 6 4 817 988 12 974 26

Note: G* = Glioma. MY = Meningioma. N® = No-tumor. and P® = Pituitarv.
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Table 2: Performance of DenseNet-201, EfficientNet-b0, and DarkNet-53 deep features trained SVM models

Network Class Total Classified as TPR FNR PPV  FDR  Accuracy
e e () B (O BN CO N CON )
DenseNet- G* 826 778 47 0 1 942 58 98.5 1.5 95.5
201 MY 822 11 780 15 16 949 5.1 90.7 9.3
N® 395 0 14 378 3 95.7 43 95.7 43
P? 827 1 19 2 805 973 2.7 97.6 24
G* 826 763 61 0 2 924 7.6 959 42 93.3
MY 822 30 749 18 25 91.1 8.9 87.5 12.5
N® 395 3 27 3623 91.7 84 943 57
P? 827 0 19 4 804 972 28 96.4 3.6
DarkNet-53 G* 826 748 77 0 1 906 94 974 2.6 93.1
MY 822 15 761 17 29 926 74 86.1 13.9
N® 395 2 23 366 4 927 73 948 52
P? 827 3 23 3 798 96,5 35 959 4.1

Note: G* = Glioma, MY = Meningioma, N® = No-tumor, and P® = Pituitary.
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Table 5: Comparison of the proposed approach with literature

Model

Accuracy (%)

13-layer CNN [20]

25-layer CNN [22]

Pre-trained CNN models with machine-learning classifiers [25]
AlexNet, GoogleNet, and VGGNet CNNs [43]

Proposed approach

84.19

92.66

93.72

95.86, 95.61, and 95.42
97.1
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