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Abstract: Breast cancer is one of the most common cancers in women, with an estimated 287,850 new
cases identified in 2022. There were 43,250 female deaths attributed to this malignancy. The high death
rate associated with this type of cancer can be reduced with early detection. Nonetheless, a skilled
professional is always necessary to manually diagnose this malignancy from mammography images.
Many researchers have proposed several approaches based on artificial intelligence. However, they
still face several obstacles, such as overlapping cancerous and noncancerous regions, extracting
irrelevant features, and inadequate training models. In this paper, we developed a novel computa-
tionally automated biological mechanism for categorizing breast cancer. Using a new optimization
approach based on the Advanced Al-Biruni Earth Radius (ABER) optimization algorithm, a boosting
to the classification of breast cancer cases is realized. The stages of the proposed framework include
data augmentation, feature extraction using AlexNet based on transfer learning, and optimized
classification using a convolutional neural network (CNN). Using transfer learning and optimized
CNN for classification improved the accuracy when the results are compared to recent approaches.
Two publicly available datasets are utilized to evaluate the proposed framework, and the average
classification accuracy is 97.95%. To ensure the statistical significance and difference between the
proposed methodology, additional tests are conducted, such as analysis of variance (ANOVA) and
Wilcoxon, in addition to evaluating various statistical analysis metrics. The results of these tests
emphasized the effectiveness and statistical difference of the proposed methodology compared to
current methods.

Keywords: biological mechanism; cancer detection; Al-Biruni Earth radius optimization algorithm;
machine learning
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1. Introduction

Cancer is a global health problem. Among female cancers, breast cancer is by far the
most common [1]. However, 42 percent of NHS trusts say they cannot assign individuals
because they do not have enough staff, with many citing a lack of breast cancer specialists.
It is the fundamental reason breast cancer has a dismal survival rate worldwide [2]. Breast
cancer specialists are in limited supply, which will delay diagnosis, increase resistance to
effective screening and treatment, and create inequalities in access to care [3]. The goal of
developing methods for detecting breast cancer was to identify anomalies and classify the
disease more accurately. This practice aids in detecting breast cancer [4]. Death rates can be
reduced with early detection using screening mammography; however, this is challenging
due to the small size of potential nodules concerning the entire breast [5]. Breast cancer has
a higher chance of being cured (about 90%) than other cancer types. Cancer patients often
go undiagnosed until they experience severe symptoms [6]. The patients” ages affect the
mortality and incidence rates of breast cancer. Breast cancer was typically diagnosed in
patients aged 62 between 2010 and 2014 [7].

With an estimated 90,000 new cases annually and a reported 40,000 deaths due to the
disease, Pakistan has Asia’s highest breast cancer mortality rate [8,9]. Survival rates for
certain cancers vary depending on their detection stages [10]. Those who are predicted to
live beyond a certain point after receiving a diagnosis and continue to function normally
are included in the survival rate. Mammography is the most reliable technology for
identifying breast cancer due to its capabilities and inexpensive cost to satisfy medical
requirements. The study of mammograms is the major approach doctors use to make a
diagnosis. However, it can be affected by bias and fatigue. Mammography, unfortunately,
has a relatively low detection rate. Depending on the kind of the lesion, the breast density,
and the patient’s age, it can yield a false-negative result rate of anywhere from 5% to
30% [11]. Mammography uses low-dose radiography because it allows us to see the
breast’s internal structure.

To diagnose breast cancer, machine learning algorithms are trained to look for specific
patterns and associations in data that are linked to the biological mechanisms through
which cancer develops. The aberrant multiplication and proliferation of breast cells are
central to the basic mechanisms behind breast cancer, which can have multiple underlying
causes, including heredity, lifestyle, and the external environment. These processes can
lead to the development of breast abnormalities such as lumps, masses, or cysts, which can
be discovered using mammography, ultrasound, or magnetic resonance imaging. These
imaging data can be fed into a machine-learning algorithm and trained to look for abnor-
malities or patterns that are indicative of breast cancer. For breast cancer, machine learning
algorithms can be trained to recognize telltale signs such as masses and microcalcifica-
tions [12,13]. Imaging data, patient history, and molecular biomarkers are just some data
sources that can be analyzed with machine learning algorithms to enhance breast cancer
detection. Machine-learning algorithms can improve the accuracy and timeliness of breast
cancer diagnostics by merging data from numerous sources to detect tiny changes in breast
tissue that may indicate the presence of cancer. Breast cancer risk factors include genet-
ics, lifestyle choices, and other factors; these can all be modeled using machine learning
algorithms to create prediction models of an individual’s likelihood of developing breast
cancer. These models can be used to inform screening and preventative strategies, which
in turn can help lower breast cancer rates. To a large extent, the biological mechanisms of
cancer development are intertwined with breast cancer detection using machine learning,
as these algorithms are trained to recognize patterns and abnormalities in breast tissue that
are linked to the development of cancer [14-16].

CNN recently demonstrated promising performance in detecting and categorizing
tumors in medical images. Deep learning models’ performance is typically proportional to
the size of the datasets used for training. In contrast to the deep learning-based strategies,
the traditional methods performed poorly on complex nature datasets. Deep learning
employs the concept of CNN to perform breast cancer classification [17-19]. Convolutional,
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pooling, activation, and fully linked layers are some types of layers (hidden layers) seen in
a CNN model. Softmax is the classifier used in the final layer of a convolutional neural net-
work model. The use of deep learning enables automated artificial intelligence approaches
in medical imaging. Researchers have introduced several deep learning-based architectures
to detect and categorize infectious diseases. While several deep learning methods have
been established to aid in the classification and diagnosis of breast cancer, researchers
have encountered obstacles such as imbalanced datasets, noisy imaging data, and the
downsampling of critical features [20]. The team zeroed in on the problem of teaching deep
models through transfer learning. One use of transfer learning is to apply a model that
has already been trained to a new problem or scenario [21,22]. While hyperparameters
such as learning rate, mini-batch size, and others have been used successfully in training,
setting their values by hand is tedious and error-prone when dealing with breast cancer.
The authors of described an improved hyperparameter-based deep-learning system for
breast cancer classification [23]. Extraction of deep features from the fully connected layer
followed training; nevertheless, it was shown through analysis that numerous features
were redundant, which negatively impacted breast cancer classification [23]. An improved
method of classifying breast cancer using deep learning was recently presented by the
authors of [24]. The authors of [25] proposed dialectical feature selection to improve breast
cancer classification; however, these methods run into the issue of stopping after the ideal
values have been retrieved.

Due to its many benefits over alternative modalities, the mammogram has become
the preferred modality for screening for breast cancer [26]. First, mammography has been
the subject of much research and is useful in identifying breast cancer at an early stage.
When used with a clinical breast exam, it can detect small cancers or microcalcifications
that the naked eye could miss. Successful treatment results can be improved by prompt
action made possible by this early identification. Second, mammograms produce highly
detailed pictures of breast tissue, letting radiologists see any irregularities very plainly.
This screening method is safe and well-accepted because of the low-dose X-rays used
in mammography. As a bonus, mammography can even spot breast cancer in people
with thick breast tissue. Breasts often have dense tissue, which might obscure cancers
on conventional imaging techniques such as ultrasonography. Mammography is useful
for screening women with a wide variety of breast densities because it can successfully
penetrate thick tissue. The widespread accessibility and well-established infrastructure
of mammography are additional benefits. Most medical facilities, clinics, and screening
centers can access mammography equipment. Because of this, many women will be
able to get screened regularly, which will help with identification and treatment early
on. Compared to other screening methods, mammography also has a low cost. It strikes
a good compromise between price and accuracy in establishing a diagnosis, making it
a viable option for widespread breast cancer screening programs. Mammography has
been widely adopted as the standard screening method for breast cancer because of its
efficacy in detecting cancer at an early stage, its high-resolution imaging capabilities, its
ability to identify tumors even in thick breast tissue, its widespread availability, and cost-
effectiveness. These benefits work together to make breast cancer treatment more effective
and decrease patient mortality [27].

1.1. Main Contributions of This Work

In this paper, we proposed a new framework that uses deep learning to aggregate
the best possible features from both the original and upgraded mammography images.
The following is a list of the main contributions achieved throughout this work:

*  Employing transfer learning for feature extraction using the pretrained AlexNet
deep network.

¢  Developing a new optimization algorithm based on improving the behavior of the
Al-Biruni Earth Radius (BER) optimization algorithm. The new algorithm is referred
to as Advanced BER (ABER).
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*  Optimizing the structure and training parameters of the classification CNN for boost-
ing its performance.

e Two datasets are employed to prove the effectiveness and generalization of the pro-
posed approach.

e  Studying the statistical difference of the proposed methodology using ANOVA and
Wilcoxon signed ranks tests.

e Applying statistical analysis to show the stability of the proposed methodology in
classifying breast cancer cases.

The main motivation for using the BER optimization algorithm is its efficiency in
exploring the search space for the best solution. On the other hand, the motivation for using
AlexNet is that its performance is better than the other deep networks, such as GoogleNet
and VGG. Therefore AlexNet is adopted for feature extraction. In addition, CNN is used
for the classification of breast cancer. The BER optimization algorithm is used to optimize
its parameters to achieve the best performance of the CNN.

1.2. The Structure of This Work

The structure of this work proceeds as follows. The literature review is presented in
Section 2. The details of the proposed methodology are presented and discussed in Section 3.
The achieved results of the conducted experiments and comparisons are then discussed in
Section 4. Finally, the conclusions are future perspectives are presented in Section 5.

2. Literature Review

Around 1.7 million women were diagnosed with cancer in 2012. Breast cancer is the
most frequent type of cancer worldwide. Risk factors for breast cancer include age, family
history, and previous health problems [4]. Women account for the lion’s share of cancer
deaths; annually, an estimated 2.1 million people are diagnosed with breast cancer. Recent
research estimates that 627 thousand women lost their lives to cancer in 2018, accounting
for fifteen percent of all cancer deaths in women [5]. It is usual practice to use a deep
learning-based model for breast cancer diagnosis and classification when using computer
visualization. Clinicians face difficulties in making a cancer diagnosis from mammography
scans due to the complexity of early breast cancer and the fading of images. That is why it
is so important to enhance a doctor’s detection efficiency with the help of deep learning
algorithms used in the CAD system [28-31].

To categorize breast cancer, the authors of [4] proposed a convolutional neural net-
work (CNN) based framework for analyzing mammography images. In the beginning,
preprocessing was carried out so the mammography images could be seen. Then, the deep
learning model that was used to extract the features was trained using the preprocessed
images. Softmax, a CNN classifier, was then used to categorize the last layer’s retrieved fea-
tures. The preferred model enhanced the introduced framework’s classification accuracy of
mammography images. Accuracy values of 0.8585 and 0.8271 for the proposed framework
demonstrate its superiority to those of the state-of-the-art alternatives. The authors of [32]
revealed early results for utilizing transfer learning to identify breast abnormalities likely to
progress to cancer. After testing numerous deep learning models, they settled on ResNet50
and MobileNet as the best options. Both models achieved the highest accuracy levels
(78.4% and 74.3%, respectively). They used several preprocessing methods to enhance the
accuracy of the categorization further. Last but not least, in [33], researchers introduced a
novel hybrid processing approach that combines principle component analysis (PCA) and
logistic regression (LR).

Using a multi-view screening image-processing architecture, the authors of [34] were
able to improve diagnostic results. First-order local entropy, a texture-based technique,
segmented the tumor patches. Malignancy indicators such as radius and area were derived
using the feature extraction findings. Results from applying this strategy indicated that the
CC and MLO views were 88% and 80% accurate at detecting breast cancer, respectively.
The framework described by the authors in [35] centered on transferable knowledge.
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Several augmentation methods are employed to increase the total number of mammograms
without overfitting and produce accurate findings. Using the enormous mammography
images dataset, the authors of [36] proposed a method. A segmentation module is then used
to identify breast cancer abnormalities in an image that is properly improved. The Breast
Imaging and Reporting and Data System dataset comprised five groups and achieved 92%
precision.

Tumor identification with thresholding and CNN methods were the primary focus of
the previous research, along with information fusion, hyperparameter value selection by
hand, data enhancement, and manual hyperparameter tuning. However, they failed to take
key measures that could have increased precision. These processes consist of improving the
contrast and then optimizing the retrieved features. The SGD and ADAM optimizers are
frequently used to fine-tune the weights of a deep model. A feature optimization method
is implemented following the feature extraction stage to combat computational complexity,
overfitting, and poor accuracy. Table 1 presents a summary of the related works. This
table presented the related works in terms of the presented methodology, the advances,
disadvantages, and overall performance. As shown in this table, the low accuracy of most
methods represents the research gap addressed through the methodology proposed in
this work.

Table 1. Summary of related works.

Ref. Methodology Advantage Disadvantage Performance
[37] Modified VGG Reduce the false positive and false negative rates The dataset is not detailed 94.3%
(MVGG) and the efficiency of mammography analysis is im- and of small size
proved
[38] Faster R-CNN High performance in terms of higher sensitivity ~Could not detect whether N/A
and lower false positive rate and high efficiently the mass lesions are benign
or malignant
[39] DPretrained Incep- High performance in detecting the mass lesions Long time to detect whether  96%
tionV3 Classifier the mass lesions are benign
or malignant
[40] BC-DROID The ability to classify the images at very low error ~Complex model 95%
rates
[41] GAN based data aug- Increases samples and assists with class balancing  Low accuracy 75%
mentation
[42] YOLO Accuracy is high Needs a large of dataset 95.5%
[43] CNNI-BCC Accurate in detecting and classifying breast cancer =~ Time complexity is high 90.71%
lesion
[44] BDR-CNN-GCN Effective for data augmentation and accurate detec- Time complexity is high 96.10%

tion of malignant breast masses

3. Proposed Methodology

The proposed framework for mammogram-based breast cancer classification is pre-
sented in this section. The steps of the proposed methodology are shown in Figure 1. This
figure starts with adopting the breast cancer dataset, followed by data augmentation to
enhance these datasets. The next step is feature extraction, in which pre-trained models
are employed to realize this step. The pre-trained models include AlexNet, GoogleNet,
and VGG. The features extracted from the pre-trained model are then fed to the proposed
optimization algorithm to optimize a custom convolutional neural network (CNN) parame-
ter. The proposed optimization algorithm is based on an improved Al-Biruni Earth Radius
(BER) optimization algorithm which is denoted by advanced BER (ABER). After optimizing
the parameters of the CNN, it is used to classify the test images of the given datasets.
The classification results are finally analyzed using several evaluation criteria and statistical
methods. The next sections present more details about these steps.
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Figure 1. The stages of the proposed methodology.

3.1. Dataset

The Digital Database for Screening Mammography (DDSM) dataset employed in this
research can be accessed at [45]. Dataset-1 denotes this dataset throughout this text. It
provides a large database of mammograms, both normal and abnormal. A suggested
optimal convolutional neural network (CNN) for classification uses this dataset for training
and testing. CNN is a robust deep-learning model developed especially for analyzing
and interpreting visual input, making it excellent for mammography classification applica-
tions. Accurate categorization of mammograms may be accomplished using this dataset
in conjunction with the suggested optimized CNN. The breast pictures are sent into a
deep learning network, which then learns complex patterns and characteristics to identify
anomalies such as masses, calcifications, and architectural deformities. By applying the
suggested optimization strategies to the CNN design, we may boost its performance in
terms of overfitting reduction, generalization, and classification precision. Researchers
can use this dataset to test how well the improved CNN works. They can use a smaller
sample of the data for model training and then verify its accuracy using a larger test set.
Together, the proposed optimized CNN and the DDSM mammography dataset provide
a robust system for the classification of mammograms. The enhanced CNN, which uses
deep learning techniques with the dataset, can improve the accuracy and efficiency with
which mammograms are classified, hence facilitating the early identification and diagnosis
of breast problems. The number of images in this dataset is 1696 images including benign
and malignant cases.

An additional dataset is considered to emphasize the effectiveness of the proposed
methodology. This dataset is publicly available on Kaggle [46] and is denoted by Dataset-2
throughout this text. The dataset available at the provided link is a collection of mam-
mograms and breast cancer images. It is a valuable resource for training and evaluating
a proposed optimized convolutional neural network (CNN) for classification purposes.
By leveraging this dataset, the proposed optimized CNN can be trained to classify breast
cancer images and mammograms accurately. Utilizing this dataset in conjunction with
the optimized CNN can improve the efficiency and accuracy of a breast cancer diagnosis
significantly. The deep learning model can learn intricate patterns and features from the
images, enabling it to distinguish between malignant and benign cases. The proposed
optimization techniques applied to the CNN architecture can enhance its performance by
reducing overfitting, improving generalization, and increasing the overall accuracy of the
classification. With this dataset, researchers can thoroughly evaluate the performance of
the optimized CNN. The dataset’s diverse range of images and associated metadata allow
for a comprehensive evaluation of the proposed optimized CNN across various patient
demographics and imaging techniques. The dataset provided, and the proposed optimized
CNN presents a promising approach for classifying mammograms and breast cancer im-
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ages. By harnessing the power of deep learning and leveraging this dataset, the optimized
CNN can contribute to accurate and efficient breast cancer diagnosis, and thus improves
patient outcomes and better healthcare practices. The number of images in this dataset is
1356 images including benign and malignant cases.

3.2. Data Augmentation

Typical machine learning methods, such as those for recognizing shapes, points, colors,
and others, benefit from the limited number of image datasets available for training [47,48].
More datasets are constantly needed for developing deep learning models. Overfitting
problems are mitigated, and the deep learning model’s robustness is improved through
data augmentation, which also increases the size of the dataset. We undertook data
augmentation since the publicly accessible datasets for breast cancer are insufficient by
rotating each image four times at (0 degrees), (90 degrees), (180 degrees), and (270 degrees),
and then flipping the resulting four images from left to right, a total of eight additional
shots were generated for each recognized patch. Algorithm 1 presents the steps of the
data augmentation process employed in this work to increase the number of images in
the dataset. Table 2 presents the number of images in the dataset before and after data
augmentation. Samples of the augmentation results are shown in Figure 2.

Algorithm 1: The steps of data augmentation

1: whilei =1 to target augmentation percentage do
2:  Step 1: Input image

3:  Step 2: Flip right to left

4:  Save image from step 2

5. Step 3: Flip-up to down

6:  Save image from step 3

7. Step 4: Image rotation to 90

8:  Save image from step 4

9: end while

Table 2. The datasets information along with the number of images before and after data augmentation.

Before After

Dataset Classes Augmentation Augmentation
Dataset-1 2 (Benign and Malignant) 1696 6784
Dataset-2 2 (Benign and Malignant) 1356 5424

Left to Right

c
H
o

a

8
a

=

&3

Oriinal Image

Rotate 90°

Figure 2. The operations used in the data augmentation process.

3.3. Feature Extraction

During the 2012 ImageNet Large Scale Visual Recognition Challenge (ILSVRC-2012),
a new CNN architecture called AlexNet was proposed in [49]. AlexNet is an effective
and simple CNN architecture composed of several cascading stages, including fully con-



Biomimetics 2023, 8, 270

8 of 24

nected layers, rectified linear unit (ReLU) layers, pooling layers, and convolution layers.
Specifically, AlexNet consists of five convolutional layers, three of which are followed by a
pooling layer and three fully connected layers. AlexNet uses several pragmatic strategies
contributing to its impressive performance, including the dropout regularization technique
and ReLU non-linearity layer. The optimization of AlexNet architecture using the stochas-
tic gradient descent (SGD) algorithm is based on back-propagation to optimize the cost
function when the convolutional kernels are extracted. The convolutional layers generally
apply sliding convolutional kernels to the input feature maps to produce convolved feature
maps. The pooling layers aggregate information within a given neighborhood window by
performing either a max pooling or an average pooling operation on the convolved feature
maps. The ReLU function acts as a half-wave rectifier function, reducing training time
and preventing overfitting. Dropout can be seen as a regularization method that randomly
sets several hidden neurons or input neurons to zero during training. On the other hand,
the dropout regularization technique is commonly used in the fully connected layers of
AlexNet architecture to reduce overfitting. Figure 3 shows the steps of the proposed feature
extraction method.

Resize to “\ Cropping to

243 x 243 pixels 227 x 227 pixels

Input

to AlexNet _ Input to data augmentation

Data augmentation

Pretrained AlexNet

- ~.

]

ya

/
/  Input data convl conv2 conv3 conv4 convs

o | s oo Texture
L ’@ ..... —— features
' 13x13x384  13x13x384  13x13x256

27x27x256
55x55x96

\

. 227x227x3 .

i
’
/

Figure 3. The process of extracting features from the breast cancer images dataset.

The transfer technique and the pre-training procedure [50,51] allow the parameters of
a Neural network to be imported from natural imaging datasets. This was partly possible
because remote sensing imagery and natural imaging datasets are similar and comparable
in terms of their respective categories. Well-trained network parameters are critical for
launching the subsequent classification framework, and it makes sense that these param-
eters may be obtained by training an AlexNet architecture on massive and complicated
ImageNet datasets. Therefore, the AlexNet architecture’s capability to categorize HSR
sceneries from remote sensing data is improved using the pre-training method. For the first
time, the AlexNet architecture’s easy and comprehensive representation ability can be uti-
lized in HSR remote sensing imaging scene categorization due to the pre-training approach.

f(x) =max(x,0) 1

3.4. Features Classification

Recently, the most effective neural networks for image processing and classification are
convolutional neural networks (CNNSs). Feedforward neural network (FEN) models, such
as CNNs, allow the signal to propagate in a single direction inside the network without
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returning to the input node. Since CNN preserves the spatial correlations after filtering the
input images, it is one of the best machine-learning (ML) techniques used in medical image
analysis. The medical analytic community places a premium on these connections. This
section presents a high-level overview of the components that make up CNNs. As may be
seen in Figure 4, CNN is made up of several different layers. These are the levels:

3.4.1. Convolutional Layer

Convolution is a procedure that consists of two steps in image analysis. The first
step is to enter the pixel values of the features extracted from AlexNet. The second
activity is represented by a numeric array called a kernel (or filter). The dot product
of the two operations gives the result. The kernel is then moved to the position in the
image indicated by the stride length. By iterating the computation until the entire image is
covered, a feature map (or activation map) is produced. This map indicates the locations at
which the kernel is sufficiently motivated to “see” a feature, such as a straight line, a dot,
or a curved edge. For instance, when fed an image of a face, a CNN'’s kernels would first
identify the image’s underlying low-level features, such as its borders and lines. Low-
level features, such as the shape of a person’s ear, eye, or nose, are gathered to produce
incrementally better features in the successive layers of a CNN, with the resulting feature
maps serving as inputs to the next layer. Convolution relies on sparse connections, weights
(parameter) sharing and invariant (equivariant) representation efficient computational
machine learning. In contrast to other neural networks, in which all of the neurons in a
given layer’s outputs are connected to the inputs of the next layer’s neurons, CNN uses
sparse connections, meaning that only a subset of the outputs from each layer is passed
along to the next. By gradually learning the important features and drastically reducing
the estimated number of weights, the algorithm’s performance improves as the kernel’s
covered area per stride (local reception field) diminishes [52]. A CNN can save on memory
space by having each kernel’s predefined weights cross over to other parts of the entire
image. Unlike in partially connected networks, when weights are used repeatedly between
layers, they are only used once in completely linked networks. The quality of the invariant
representation improves due to weight sharing, which means that identical translations
of the input lead to identical translations of the feature map. The adopted structure of the
CNN is shown in Figure 4.

-

-
-
-
”
-

5 5 2 I O

by -
-

Image features Convolutional ReLU Pooling  Fully Connected Output
Layer Layer Layer Layer Classes

Figure 4. The typical structure of the convolutional neural network used in image classification.

3.4.2. ReLU Layer

This trigger layer makes the input zero if it is less than one. The Rectified Linear Unit
(ReLU) layer speeds up training, reduces computational complexity, and aids in avoiding
the vanishing gradient problem. The mathematical expression for this is: f(x) = max(0, x).
x stands for the data coming into the neuron. Parametric ReLU, randomized ReLU, leaky
ReLU, tanh, and the sigmoid functions are all examples of additional triggered functions.

3.4.3. Pooling Layer

The pooling layer’s primary purpose is to reduce the image’s dimensions (in horizontal
and vertical planes, but not in-depth) and the parameters used to create it. It comes after
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the convolutional layer but before the ReLU layer. Average and maximum pooling are the
two most used methods. The difference between max pooling and average pooling is that
the former takes the maximum value of the input within a kernel and discards the others,
while the latter takes the average.

3.4.4. Fully Connected Layer

As the last component of the CNN architecture, the fully connected layer ensures that
every neuron below it is linked to every neuron in the layer above it. One or more may
be used, just as with pooling, ReLU, and convolutional layers, depending on the desired
level of feature abstraction. Classification probabilities are computed based on the layer’s
output before it (whether pooling, ReLU, or convolutional). To put it another way, the fully
connected layer analyzes the most strongly activated features that can assign the image to a
certain category. If the features were significantly distinguishable from the preceding layer,
the CNN might be beneficial for predicting the presence of cancer cells. The CNN may be
trained to discover meaningful structures in previously trained images using the standard
neural network training methods of stochastic gradient descent and backpropagation.

3.4.5. Network Hyperparameters

The network structure hyperparameters are listed in Table 3. These parameters de-
termine the structure of the adopted CNN used in feature classification. In addition,
the network trained hyperparameters are listed in Table 4. These parameters are trained
and optimized using the proposed optimization algorithm. The optimization process results
are the best set of parameters that determine the structure of the CNN in addition to the
best values of the training hyperparameters used to achieve the best classification accuracy.

Table 3. Network structure hyperparameters.

Hyperparameter Abbreviation Range
Number of Filters 1 Filters_1 [16, 32, 64, 96]
Kernel Size 1 Ksize_1 [3,4,5]
Number of Filters 2 Filters_2 [48, 64, 96, 128]
Kernel Size 2 Ksize_2 [3,4,5]
Number of Filters 3 Filter_3 [64, 96, 128]
Kernel Size 3 Ksize_3 [3,4,5]

Fully connected full_hidden1l [60, 100, 125]
Activation activation [relu, Irelu, elu]

Table 4. Network training hyperparameters.

Hyperparameter Potential Values
Learning rate [0.001, 0.003, 0.01, 0.03]
learning rates [0.001, 0.003, 0.01, 0.03]
Batch Size [0.001, 0.003, 0.01, 0.03]
Dropout [0.2,0.3,0.4, 0.5, 0.6]

3.5. The Advanced Al-Biruni Earth Radius Optimization Algorithm

To achieve a better balance between exploitation and exploration, this algorithm parti-
tions the population into subgroups and dynamically adjusts the size of each subgroup.
Step one involves creating two groups, one for explorers and one for exploiters. The pro-
portion of the population engaged in exploration is 70%, while that engaged in exploitation
is 30%. The exploitation task’s population share is set at 30% of the total population and
then gradually increased to 70% over the optimization iterations to increase the fitness
values of individuals in each group. However, the initial number of individuals assigned
to the exploration group is set at 70%, and via a series of iterations, this number is reduced
to 30%. The overall fitness of humans can be vastly enhanced by this method. Further-
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more, the elitism technique is used by holding on to the process’s leading answer if no
better solution is found; this ensures that the optimization process for the population will
converge. Suppose a solution’s fitness does not increase much after three iterations in the
BER optimization procedure. In that case, the solution may have reached a local optimum,
in which case another exploring individual can be formed using the mutation operation.
For each iteration, the ABER selects the optimal option to implement, guaranteeing a
high standard of results. The elitism approach improves the effectiveness of algorithms,
but it can lead to early convergence in multimodal functions. The ABER’s mutation
process and ensuing search around members of the exploration group provide exceptional
exploration capabilities. Due to its robust exploratory capacities, the ABER can delay the
onset of convergence. In Algorithm 2, the ABER pseudo-code is displayed. To begin, we
feed the ABER some information by specifying the number of iterations, the size of the
population, and the mutation rate. The ABER then divides the participants into two groups:
the exploration group and the exploitation group. During iterations of the search for the
optimal solution, the ABER algorithm dynamically adjusts the size of each group. Each
team uses a different method to carry out its duties. With each iteration, the ABER shulffles
the order of the solutions to increase diversity and exploration. A solution may belong
to the exploration group in one iteration, but it may be part of the exploitation group in
the next. Using the ABER’s elitist approach, the leader is less likely to be removed as the
process iterates. The steps of the proposed ABER algorithm are presented in Algorithm 2.

Algorithm 2 : The proposed ABER optimization algorithm

1: Initialize BER population P;(i = 1,2, ...,d), max iterations Max;;.,, population size d,
fitness function F,, initial iteration ¢ = 1, intermediates variables z, r1, 7, ¥3.

2: Calculate fitness function F,, for each P;

3: Find best solution as P*

4: while t < Maxj;,, do

5. for each solution in the exploration group do

6: Updater =h 15(22(32)

7: Calculate D =r1(P(t) -1)

8: Update P(t+1) = P(t)+ D(2rp; - 1)

9: end for
10:  for each solution in the exploitation group do
11: Calculate D = r3(L(t) - P(t))
12: Update P(£+1) = (r1 * Py(£) +z 1y % (Po(t) = P3(t)) + (1 —z) 13+ (P*(t) = P (t))

2%12
13: Calculate k=1 + Niar,
14: Investigate area around best solution as
P'(t+1) =ri(P*(t) +k)

15: Compare P(f+1) and P'(f+1) to select the best solution P*(f+1)
16: if no change occured to the best fitness for last two iterations then
17: Mutate solution as P(t+1) =k + W
18: end if

19:  end for

20:  Update fitness F, for each position P
21: end while

22: Return P*(t)

4. Experimental Results

In this part, we provide and discuss the results of the proposed architecture for breast
cancer classification. Two datasets have been adopted in the conducted experiments,
and the achieved results are compared to the other techniques [53-57]. In addition, a cross-
validation value of five folds and a training/testing split of 70:30 are applied to improve the
achieved accuracy. On the other hand, the proposed optimization approach is compared
to different recent approaches, including genetic algorithm (GA) [58], whale optimization
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algorithm (WOA) [59], particle swarm optimization (PSO) [60], grey wolf optimization
(GWO) [61] and the standard Al-Biruni Earth radius (BER) [62]. The parameters of the CNN
are optimized using the suggested state-of-the-art BER method. There are many iterations
performed to arrive at the final findings, including (i) testing the adopted datasets based on
the extracted deep features using other models and (ii) testing the adopted datasets using
the extracted deep features and the optimized CNN. All tests are performed on a 16 GB
RAM, 8 GB graphics card, MATLAB 2022a-powered desktop computer.

4.1. Evaluation Criteria

Table 5 compares the performance metrics used to evaluate the results of the proposed
approach. Among these are Negative Predictive Value (NPV), F-score, Precision, Sensitivity,
Accuracy, and Specificity. The classification efficiency of the proposed improved CNN is
measured using these criteria. The table’s abbreviations for “false negative”, “false positive”,
“true negative”, and “true positive” are “FN”, “FP”, “TN”, and “TP”, respectively.

Table 5. The adopted evaluation metrics.

Metric Value

Specificity % 2
Sensitivity % 3)
Accuracy % @
Precision % ©®)
NPV % ©)
E-score W @

4.2. Configuration Parameters

Due to the random initialization of the individuals in the first population, we ran
30 iterations of the optimization algorithms in all the conducted tests. There were 500 itera-
tions in each run. The population is one of the inputs to the algorithm. In this study, that
number is 30 individuals. Table 6 details the proposed algorithm’s default settings for its
initial parameters.

Table 6. The configuration parameters used for the proposed ABER algorithm.

Parameter Value
Number of runs 30
Iterations count 500
Population size 30

K (decreases from 2 to 0) 1
Exploration percentage 70%
Mutation probability 0.5
Random variables [0,1]

4.3. Feature Extraction Results

The evaluation of the extracted features using transfer learning is presented in Table 7.
Starting with accuracy, this table is a commonly used metric that measures the overall
correctness of the model’s predictions. In this case, all three models achieved accuracy
values greater than 0.81, indicating that they can make correct predictions for most cases.
However, it is important to note that accuracy can sometimes be misleading if the dataset
is imbalanced, i.e., if one class is much more prevalent. Moving on to sensitivity and
specificity, these measures are particularly relevant for binary classification problems
such as breast cancer classification. Specificity measures the proportion of true negatives
that are correctly identified, while Sensitivity measures the proportion of true positives
the model correctly identifies. In this case, the sensitivity values for the models ranged
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from 0.427 to 0.440, indicating that they can identify true positive cases with comparable
performance. The specificity values ranged from 0.925 to 0.949, indicating that the models
can correctly identify true negative cases with varying degrees of success. It is important to
note that sensitivity and specificity can be affected by the choice of the decision threshold,
and different thresholds may result in different performance levels. The Precision and
NPV are also relevant evaluation metrics for binary classification problems, as they provide
information on the prevalence of false positives and false negatives, respectively. The NPV
measures the proportion of positive cases incorrectly classified as negative, whereas the
Precision measures the proportion of negative cases incorrectly classified as positive. In this
case, the Precision ranged from 0.658 to 0.669, indicating that the models have relatively
low rates of false positive predictions. The NPV ranged from 0.846 to 0.889, indicating that
the models have somewhat higher rates of false negatives. Finally, the F-score is a measure
that combines both precision and recall into a single value. It provides a valuable summary
of the model’s overall performance in correctly identifying positive and negative cases.
In this case, the F-score values ranged from 0.521 to 0.529, indicating that the models have
similar precision and recall, but their ability to balance the two can vary. These evaluation
metrics provide a comprehensive view of the performance of the evaluated models for
breast cancer classification. By considering multiple metrics, it is possible to gain a more
nuanced understanding of the strengths and weaknesses of each model, and to make more
informed decisions about which model to use for a particular task. As presented in Table 7,
it can be shown that the performance of the AlexNet pre-trained model is superior to
the other models for both Dataset-1 and Dataset-2 and, thus, this model is adopted for
feature extraction.

Table 7. Evaluating the results of deep networks used in feature extraction.

Dataset-1 Accuracy Sensitivity Specificity Precision NPV F-Score
VGG-Net 0.818 0.439 0.925 0.658 0.846 0.526
GoogLeNet 0.835 0.440 0.934 0.663 0.861 0.529
AlexNet 0.867 0.427 0.949 0.669 0.889 0.521
Dataset-2 Accuracy Sensitivity Specificity Precision NPV F-Score
VGG-Net 0.843 0.930 0.750 0.800 0.909 0.860
GoogLeNet 0.849 0.933 0.756 0.808 0.912 0.866
AlexNet 0.860 0.938 0.778 0.818 0.921 0.874

4.4. Classification Results

Breast cancer classification results using the proposed ABER-CNN compared to the
baseline CNN and the optimized CNN using different optimization algorithms are pre-
sented in Table 8. The reported results are accuracy scores for five other convolutional
neural network (CNN) models: WOA-CNN, GA-CNN, PSO-CNN, GWO-CNN, BER-CNN,
and ABER-CNN, that were trained and tested for breast cancer classification. These models
were trained using different optimization algorithms, and the reported accuracy scores
ranged from 0.914 to 0.962. Among the five evaluated models, the ABER-CNN model
achieved the highest accuracy score of 0.962, which suggests that it performed the best in
classifying breast cancer.



Biomimetics 2023, 8, 270

14 of 24

Malignant

Benign

Malignant

(@)

Table 8. Evaluation of the results achieved by the proposed ABER-CNN compared to the baseline
CNN and optimized CNN using different optimization algorithms.

Dataset-1 Accuracy Sensitivity Specificity Precision NPV F-Score
CNN 0.892 0.965 0.375 0.917 0.600 0.940
WOA-CNN 0.914 0.970 0.643 0.929 0.818 0.949
GA-CNN 0.920 0.970 0.750 0.929 0.882 0.949
PSO-CNN 0.924 0.970 0.800 0.929 0.909 0.949
GWO-CNN 0.931 0.972 0.833 0.933 0.926 0.952
BER-CNN 0.943 0.968 0.917 0.923 0.965 0.945
ABER-CNN 0.962 0.971 0.945 0.968 0.951 0.969
Dataset-2 Accuracy Sensitivity Specificity Precision NPV F-Score
CNN 0.912 0.970 0.833 0.889 0.952 0.928
WOA-CNN 0.939 0.976 0.878 0.930 0.956 0.952
GA-CNN 0.942 0.976 0.887 0.932 0.959 0.953
PSO-CNN 0.952 0.982 0.904 0.943 0.969 0.962
GWO-CNN 0.956 0.984 0.907 0.948 0.970 0.966
BER-CNN 0.970 0.988 0.932 0.968 0.973 0.978
ABER-CNN 0.994 0.993 0.994 0.995 0.992 0.994

The other models achieved accuracy scores ranging from 0.914 to 0.943. It is important
to note that accuracy is only one evaluation metric, and other metrics such as sensitivity,
specificity, and F-score may be necessary to evaluate the models’ performance fully. Ad-
ditionally, further information about the dataset and the specific task would be necessary
to fully interpret and contextualize these results. These results suggest that the proposed
ABER-CNN model is a promising approach for breast cancer classification, achieving a
high accuracy score of 0.962. Similarly, the performance of the proposed approach in terms
of Dataset-2 is also presented in Table 8. The results presented in this table confirm the
effectiveness and superiority of the proposed approach in breast cancer classification tasks
when tested on the adopted datasets. On the other hand, Figure 5 shows the confusion
matrix for the results of the proposed ABER-CNN approach applied to Dataset-1 and
Dataset-2. From these matrices, it can be noted that the classification of the breast cancer
cases is accurate using the proposed approach, which proves its effectiveness in this domain
of medical diagnosis.
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(b)
Figure 5. The confusion matrix of the classification results of breast cancer cases using the proposed
ABER-CNN applied to the adopted datasets (Dataset-1 and Dataset-2). (a) Confusion matrix for
Dataset-1. (b) Confusion matrix for Dataset-2.
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The accuracy plot and accuracy histogram plot are valuable tools used to compare the
performance of several models in classifying breast cancer cases as shown in Figures 6-9 for
Dataset-1 and Dataset-2. In this context, the models evaluated include CNN, WOA-CNN,
GA-CNN, PSO-CNN, GWO-CNN, BER-CNN, and ABER-CNN, where ABER represents
the advanced Al-Biruni Earth radius optimization algorithm, and the proposed approach
is ABER-CNN. The accuracy plot visually presents the accuracy scores of each model,
allowing for a direct comparison of their performance. It typically displays the accuracy
rates on the y-axis and the different models on the x-axis. This plot enables researchers
to assess which model consistently achieves higher accuracy rates in classifying breast
cancer cases.

ABER-CNN- [——o
BER-CNN-
GWO-CNN-
PSO-CNN-
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GA-CNN- h—a
Puu—a
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WOA-CNN~-
CNN- oo
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Accuracy

Figure 6. The accuracy of the classification results using the proposed approach compared to other
approaches applied to Dataset-1. The colors refer to the corresponding algorithms located on the

y-axis.
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Figure 7. The accuracy of the classification results using the proposed approach compared to other
approaches applied to Dataset-2. The colors refer to the corresponding algorithms located on the

y-axis.
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Figure 8. The accuracy histogram of the classification results using the proposed approach compared

to other approaches applied to Dataset-1.
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Figure 9. The accuracy histogram of the classification results using the proposed approach compared

to other approaches applied to Dataset-2.

Similarly, the accuracy histogram plot provides a distribution of accuracy scores for
each model. It offers a more detailed view of the performance by illustrating the frequency
of accuracy scores within specific ranges. This plot allows for comparing the overall
accuracy and the accuracy distribution across different models. By analyzing these plots, it
becomes evident that the proposed optimized model, ABER-CNN, outperforms the other
models in classifying breast cancer cases. Its accuracy scores consistently exceed those
of CNN, WOA-CNN, GA-CNN, PSO-CNN, GWO-CNN, and BER-CNN. The superior
performance of ABER-CNN suggests that the advanced Al-Biruni Earth radius optimization
algorithm effectively enhances the CNN architecture for breast cancer classification. This
finding highlights the potential of the ABER-CNN model for more accurate and reliable
breast cancer diagnosis, paving the way for improved patient outcomes and healthcare
practices in the field. Additional experiment is performed to study the area under the curve
(AUCQ) for the results achieved by the proposed approach when applied to Dataset-1. The
results of this experiments are presented in Appendix A.
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4.5. Statistical Analysis Results

The statistical analysis results are presented in Table 9 for Dataset-1 and Dataset-2.
In this table, the results show the performance of different models in terms of various
evaluation metrics. The models evaluated include CNN, WOA-CNN, GA-CNN, PSO-
CNN, GWO-CNN, BER-CNN, and ABER-CNN. The evaluation metrics reported have
the minimum value, 25th percentile, median, 75th percentile, maximum value, range,
mean, standard deviation, standard error of the mean, and sum. Looking at the minimum
and maximum values, we can see that the ABER-CNN model performed the best, with a
maximum value of 0.982 and a minimum value of 0.962. The range of values also varied
among the models, with the BER-CNN model having the smallest range of 0.012 and
the CNN model having the largest range of 0.028. In terms of the mean and median
values, we can see that the ABER-CNN model performed the best, with a mean value of
0.965 and a median value of 0.962. The models’ performances can be compared using the
various evaluation metrics provided in the table. The standard deviation values show us
that the CNN, WOA-CNN, GA-CNN, PSO-CNN, and ABER-CNN models had similar
levels of variability in their results, with standard deviation values ranging from 0.007 to
0.004. The GWO-CNN and BER-CNN models had lower levels of variability with standard
deviation values of 0.003. These results suggest that the ABER-CNN model performed the
best among the models evaluated.

Table 9. The results of the statistical analysis performing on the results achieved by the proposed
approach compared to other approaches.

Dataset-1 CNN WOA-CNN GA-CNN PSO-CNN GWO-CNN BER-CNN ABER-CNN
Number of values 10 10 10 10 10 10 10
Range 0.028 0.023 0.020 0.019 0.010 0.012 0.020
Minimum 0.882 0.911 0.920 0.921 0.931 0.941 0.962
75% Percentile 0.899 0.919 0.922 0.926 0.933 0.944 0.964
25% Percentile 0.892 0.914 0.920 0.924 0.931 0.943 0.962
Median 0.892 0.914 0.920 0.924 0.931 0.943 0.962
Maximum 0.910 0.934 0.940 0.940 0.941 0.953 0.982
Mean 0.895 0.917 0.923 0.926 0.933 0.944 0.965
Std. Error of Mean 0.002 0.002 0.002 0.002 0.001 0.001 0.002
Std. Deviation 0.007 0.007 0.007 0.006 0.004 0.003 0.007
Sum 8.946 9.167 9.225 9.263 9.331 9.439 9.645
Dataset-2 CNN WOA-CNN GA-CNN PSO-CNN GWO-CNN BER-CNN ABER-CNN
Number of values 10 10 10 10 10 10 10
Range 0.015 0.026 0.018 0.019 0.017 0.029 0.004
Minimum 0.910 0.918 0.934 0.944 0.947 0.961 0.991
75% Percentile 0.915 0.939 0.943 0.952 0.956 0.971 0.993
25% Percentile 0.912 0.939 0.941 0.952 0.954 0.970 0.993
Median 0.912 0.939 0.942 0.952 0.956 0.970 0.993
Maximum 0.925 0.944 0.952 0.963 0.964 0.990 0.995
Mean 0.914 0.938 0.942 0.952 0.955 0.971 0.993
Std. Error of Mean 0.002 0.002 0.002 0.001 0.001 0.002 0.000
Std. Deviation 0.005 0.007 0.005 0.005 0.004 0.007 0.001
Sum 9.144 9.376 9.422 9.524 9.55 9.711 9.932

4.6. Analysis-of-Variance (ANOVA) Test Results

The ANOVA table shown in Table 10 displays the findings of a statistical analysis of
variance performed on Dataset-1 and Dataset-2. Total, Treatment, and Residual comprise its
three sections. The degrees of freedom (DF), mean square (MS), F-ratio (F), and p-value for
the analysis of variance between treatment groups (models) are displayed in the Treatment
section. The treatment has a DF of 6 and MS of 0.00481 (SS: 0.029). There is statistical
evidence that the treatment (several models) affects the response variable, as the F-ratio
with 6 and 63 degrees of freedom is 131.4, and the p-value is less than 0.0001 (evaluation
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metrics). Unaccounted-for differences between groups of patients are reflected in the
Residual term. It has a DF of 63, an MS of 0.00003661, and an SS of 0.002. Residual is
omitted because they do not qualify for either the F-ratio or the p-value. Since the Total
reflects the full range of variability in the data, it displays Total SS, Total DF, and no MS,
F-ratio, or p-value. The data set has a total of 0.031 SS and 69 DF. In conclusion, the variance
table analysis displays the statistical test findings to determine if the intervention (several
models) significantly affects the dependent variable. Based on the metrics utilized for
comparison, the outcomes highlight a clear performance gap between the various models.

Table 10. The ANOVA test outcomes for the comparison models and the proposed approach.

Dataset-1 SS DF MS F (DFn, DFd) p-Value
Treatment 0.029 6 0.005 F (6,63)=131.4 p < 0.0001
Residual 0.002 63 0.00003661

Total 0.031 69

Dataset-2 SS DF MS F (DFn, DFd) p-Value
Treatment 0.038 6 0.006 F (6,63) =229.1 p < 0.0001
Residual 0.002 63 0.00002753

Total 0.040 69

The results of the plots shown in Figures 10 and 11 used to visualize the output of
the ANOVA test further validate the effectiveness of the proposed ABER-CNN model
in breast cancer classification. Firstly, the QQ plot demonstrates that the residuals of the
ABER-CNN model align closely with the expected normal distribution. This indicates that
the assumptions of normality are met, enhancing the reliability of the model’s predictions.
Additionally, the Homoscedasticity plot reveals a consistent spread of residuals across
different independent variable levels, confirming the homoscedasticity assumption. This
suggests that the ABER-CNN model performs consistently well across various conditions
or groups, further strengthening its robustness in breast cancer classification. The Residual
plot showcases minimal patterns or systematic deviations, indicating that the ABER-CNN
model effectively captures the underlying linear relationships. The absence of non-linear
patterns implies that the model is well-suited for breast cancer classification tasks, as it
accurately captures the complexities present in the data.
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Figure 10. The plots visualizing the results of the ANOVA test based on Dataset-1. The blue dots
refer to the samples included in the ANOVA test.
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Figure 11. The plots visualizing the results of the ANOVA test based on Dataset-2. The blue dots
refer to the samples included in the ANOVA test.

Furthermore, the Heatmap highlights the significance levels or p-values resulting from
the ANOVA test. The heatmap reveals that the ABER-CNN model exhibits significantly
higher accuracy rates than other models, such as CNN, WOA-CNN, GA-CNN, PSO-CNN,
GWO-CNN, and BER-CNN. The color-coded representation indicates the superiority of the
ABER-CNN model in classifying breast cancer cases, further supporting its effectiveness
and demonstrating its potential for improved patient outcomes and healthcare practices in
breast cancer diagnosis.

The results of the QQ plot, Homoscedasticity plot, Residual plot, and Heatmap col-
lectively confirm the effectiveness of the proposed ABER-CNN model in breast cancer
classification. These plots provide strong evidence of the model’s accuracy, adherence to
assumptions, and robust performance, solidifying its potential as a valuable tool in the
early detection and diagnosis of breast cancer.

4.7. Wilcoxon Signed-Rank Test Results

The Wilcoxon signed-rank test presented in Table 11 is a non-parametric statistical
method for comparing three or more samples with common features. In this context, the test
is used to evaluate the relative merits of seven distinct models for a binary classification
task: CNN, WOA-CNN, GA-CNN, PSO-CNN, GWO-CNN, BER-CNN, and ABER-CNN.
In this test, the median of the observed performance gaps between the models is compared
to the theoretical median, which is zero. The findings show that all seven models performed
significantly differently from the theoretical median (p-value 0.05). Actual median values
vary from 0.892 to 0.962, demonstrating various model performances. If we add up all
the ranks that represent disparities in absolute value between the observed values and the
hypothesized median, we obtain W, the sum of signed ranks. Adding up the ranks of the
positive differences yields the total of positive ranks, whereas adding up the ranks of the
negative differences yields the sum of negative ranks.



Biomimetics 2023, 8, 270

20 of 24

Table 11. The Wilcoxon signed-rank test outcomes for the comparison models and the proposed

approach.

Dataset-1 CNN WOA-CNN GA-CNN PSO-CNN GWO-CNN BER-CNN ABER-CNN
Actual median 0.892 0.914 0.920 0.924 0.931 0.943 0.962
Theoretical median 0 0 0 0 0 0 0
Number of values 10 10 10 10 10 10 10
Sum of +ve ranks 55 55 55 55 55 55 55
Sum of —ve ranks 0 0 0 0 0 0 0

Sum of signed ranks 55 55 55 55 55 55 55
Discrepancy 0.892 0.914 0.920 0.924 0.931 0.943 0.962
p-value 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Dataset-2 CNN WOA-CNN GA-CNN PSO-CNN GWO-CNN BER-CNN ABER-CNN
Actual median 0.9123 0.9389 0.9416 0.952 0.9556 0.9695 0.9932
Theoretical median 0 0 0 0 0 0 0
Number of values 10 10 10 10 10 10 10
Sum of +ve ranks 55 55 55 55 55 55 55
Sum of —ve ranks 0 0 0 0 0 0 0

Sum of signed ranks (W) 55 55 55 55 55 55 55
Discrepancy 0.9123 0.9389 0.9416 0.952 0.9556 0.9695 0.9932
p-value 0.002 0.002 0.002 0.002 0.002 0.002 0.002

Because the p-values are derived from the true probability distribution of the test
statistic, the Wilcoxon signed-rank test is considered an exact test. The p-values are exactly
0.002, which is a very small probability. The Wilcoxon signed-rank test verifies that there
are substantive differences in the effectiveness of the various models. It does not, however,
specify how large these disparities are. The deviation numbers reveal the true median
values of the performance discrepancies, with ABER-CNN doing better than CNN by a
wide margin. One important thing to keep in mind about the Wilcoxon signed-rank test
is that it is a one-tailed test, which means that it can only tell you if the models perform
considerably better or worse than the theoretical median. It is not a test for directional
variations in performance.

5. Conclusions and Future Work

In this study, we presented an automated approach for classifying breast cancer cases.
Researchers have developed a novel optimization method using the ABER optimization
algorithm to improve breast cancer case classification. The proposed system consists
of three phases: data augmentation, feature extraction with AlexNet based on transfer
learning, and CNN optimization for classification. The proposed approach is evaluated
using the two publicly datasets, with an average classification accuracy of 97.95% being
attained. Further tests, including ANOVA and Wilcoxon tests and the evaluation of various
statistical analysis metrics, are performed to ensure the statistical significance and difference
between the proposed approach. The tests validated the suggested methodology’s efficiency
and statistical differentiation compared to contemporary approaches. Applying transfer
learning and optimized CNN for classification increased classification accuracy when
comparing the achieved findings to those of current techniques. The potential limitation of
the proposed approach is the complexity of the proposed optimization algorithm, which
can be improved by utilizing more flexible nature-inspired algorithms to improve the
proposed approach’s overall exploration and exploitation capacities. On the other hand,
the future perspectives include evaluating the proposed approach using additional larger
datasets and comparing the proposed methodology with more recent approaches.
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Appendix A

The Area under the ROC curve, shown in Figure Al, is a common metric used to
evaluate the performance of binary classifiers, such as a CNN model in this case, when
applied to Dataset-1. It measures the ability of the model to correctly classify positive and
negative cases across all possible classification thresholds. The results show that the AUC
score of the model is 1, which indicates perfect discrimination between the two classes
(controls and patients). As presented in Table A1, the standard error of the AUC is 0, which
means that the estimate of the AUC is very precise. The 95% confidence interval also
confirms that the true AUC value is within the range of 1.000 to 1.000, further supporting
the conclusion of perfect classification performance.

ROC curve: ROC of (ABER-CNN : BER-CNN)
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Figure A1l. The area under the ROC curve for the results achieved by the proposed approach applied
to Dataset-1.

The p-value is 0.0002, less than the commonly used threshold of 0.05, indicating
that the observed AUC is significantly different from a random classifier. The data used
for the analysis consists of 10 controls (ABER-CNN) and 10 patients (BER-CNN). There
were no missing controls or patients in the dataset. These results suggest that the CNN
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model performs excellently discriminating between controls and patients, with perfect
classification performance according to the AUC metric.

Table Al. Analysis of the area under the ROC curve.

Metric Value
Std. Error 0
Area 1
Controls (ABER-CNN) 10
Patients (BER-CNN) 10
Missing Patients 0
Missing Controls 0

p-value 0.0002

95% confidence interval 1.000 to 1.000

References

1. Li, H,;Niu, J,; Li, D.; Zhang, C. Classification of breast mass in two-view mammograms via deep learning. IET Image Process.
2021, 15, 454-467. [CrossRef]

2. Azamjah, N,; Soltan-Zadeh, Y.; Zayeri, F. Global Trend of Breast Cancer Mortality Rate: A 25-Year Study. Asian Pac. ]. Cancer Prev.
APJCP 2019, 20, 2015-2020. [CrossRef] [PubMed]

3. Medeiros, G.; Thuler, L.; Bergmann, A. Delay in breast cancer diagnosis: A Brazilian cohort study. Public Health 2019, 167, 88-95.
[CrossRef]

4. Tan, Y], Sim, K.S,; Ting, EF. Breast cancer detection using convolutional neural networks for mammogram imaging system. In
Proceedings of the 2017 International Conference on Robotics, Automation and Sciences ICORAS), Melaka, Malaysia, 27-29
November 2017; pp. 1-5. [CrossRef]

5. Hekal, A.A; Elnakib, A.; Moustafa, H.E.D. Automated early breast cancer detection and classification system. Signal Image Video
Process. 2021, 15, 1497-1505. [CrossRef]

6. Kurumety, S.K.; Howshar, ].T.; Loving, V.A. Breast Cancer Screening and Outcomes Disparities Persist for Native American
Women. |. Breast Imaging 2023, 5, 3-10. [CrossRef]

7. Attallah, O.; Anwar, F; Ghanem, N.M,; Ismail, M.A. Histo-CADx: Duo cascaded fusion stages for breast cancer diagnosis from
histopathological images. Peer] Comput. Sci. 2021, 7, e493. [CrossRef]

8. Menhas, R.; Umer, S. Breast Cancer among Pakistani Women. Iran. J. Public Health 2015, 44, 586-587.

9. Abdelhamid, A.A.; El-Kenawy, E.S.M.; Khodadadi, N.; Mirjalili, S.; Khafaga, D.S.; Alharbi, A.H.; Ibrahim, A.; Eid, M.M.; Saber,
M. Classification of Monkeypox Images Based on Transfer Learning and the Al-Biruni Earth Radius Optimization Algorithm.
Mathematics 2022, 10, 3614. [CrossRef]

10. Charan, S.; Khan, M.J.; Khurshid, K. Breast cancer detection in mammograms using convolutional neural network. In Proceedings
of the 2018 International Conference on Computing, Mathematics and Engineering Technologies (iCoMET), Sukkur, Pakistan, 3—4
March 2018; pp. 1-5. [CrossRef]

11. Ramadan, S.Z. Methods Used in Computer-Aided Diagnosis for Breast Cancer Detection Using Mammograms: A Review. ].
Healthc. Eng. 2020, 2020, 9162464. [CrossRef]

12.  Shen, L.; Margolies, L.R.; Rothstein, ].H.; Fluder, E.; McBride, R.; Sieh, W. Deep Learning to Improve Breast Cancer Detection on
Screening Mammography. Sci. Rep. 2019, 9, 12495. [CrossRef]

13. Khafaga, D.S; Ibrahim, A.; El-Kenawy, E.S.M.; Abdelhamid, A.A.; Karim, EK.; Mirjalili, S.; Khodadadi, N.; Lim, W.H.; Eid, M.M.;
Ghoneim, M.E. An Al-Biruni Earth Radius Optimization-Based Deep Convolutional Neural Network for Classifying Monkeypox
Disease. Diagnostics 2022, 12, 2892. [CrossRef]

14. Naji, M.A,; Filali, S.E.; Aarika, K.; Benlahmar, E.H.; Abdelouhahid, R.A.; Debauche, O. Machine Learning Algorithms For Breast
Cancer Prediction And Diagnosis. Procedia Comput. Sci. 2021, 191, 487-492. [CrossRef]

15. Ragab, D.A ; Attallah, O.; Sharkas, M.; Ren, J.; Marshall, S. A framework for breast cancer classification using Multi-DCNNSs.
Comput. Biol. Med. 2021, 131, 104245. [CrossRef]

16. Ragab, D.A.; Sharkas, M.; Attallah, O. Breast Cancer Diagnosis Using an Efficient CAD System Based on Multiple Classifiers.
Diagnostics 2019, 9, 165. [CrossRef]

17. Din, NM.U,; Dar, R.A.; Rasool, M.; Assad, A. Breast cancer detection using deep learning: Datasets, methods, and challenges
ahead. Comput. Biol. Med. 2022, 149, 106073. [CrossRef]

18. Alhussan, A.A.; Khafaga, D.S.; El-Kenawy, E.S.M.; Ibrahim, A.; Eid, M.M.; Abdelhamid, A.A. Pothole and Plain Road Classifica-
tion Using Adaptive Mutation Dipper Throated Optimization and Transfer Learning for Self Driving Cars. IEEE Access 2022,
10, 84188-84211. [CrossRef]

19. Khafaga, D.S.; Alhussan, A.A.; El-Kenawy, E.S.M.; Ibrahim, A.; Eid, M.M.; Abdelhamid, A.A. Solving Optimization Problems of

Metamaterial and Double T-Shape Antennas Using Advanced Meta-Heuristics Algorithms. IEEE Access 2022, 10, 74449-74471.
[CrossRef]


http://dx.doi.org/10.1049/ipr2.12035
http://dx.doi.org/10.31557/APJCP.2019.20.7.2015
http://www.ncbi.nlm.nih.gov/pubmed/31350959
http://dx.doi.org/10.1016/j.puhe.2018.10.012
http://dx.doi.org/10.1109/ICORAS.2017.8308076
http://dx.doi.org/10.1007/s11760-021-01882-w
http://dx.doi.org/10.1093/jbi/wbac080
http://dx.doi.org/10.7717/peerj-cs.493
http://dx.doi.org/10.3390/math10193614
http://dx.doi.org/10.1109/ICOMET.2018.8346384
http://dx.doi.org/10.1155/2020/9162464
http://dx.doi.org/10.1038/s41598-019-48995-4
http://dx.doi.org/10.3390/diagnostics12112892
http://dx.doi.org/10.1016/j.procs.2021.07.062
http://dx.doi.org/10.1016/j.compbiomed.2021.104245
http://dx.doi.org/10.3390/diagnostics9040165
http://dx.doi.org/10.1016/j.compbiomed.2022.106073
http://dx.doi.org/10.1109/ACCESS.2022.3196660
http://dx.doi.org/10.1109/ACCESS.2022.3190508

Biomimetics 2023, 8, 270 23 of 24

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

Dhar, T.; Dey, N.; Borra, S.; Sherratt, R.S. Challenges of Deep Learning in Medical Image Analysis—Improving Explainability and
Trust. IEEE Trans. Technol. Soc. 2023, 4, 68-75. [CrossRef]

Ayana, G.; Dese, K.; Dereje, Y.; Kebede, Y.; Barki, H.; Amdissa, D.; Husen, N.; Mulugeta, F.; Habtamu, B.; Choe, S.'W. Vision-
Transformer-Based Transfer Learning for Mammogram Classification. Diagnostics 2023, 13, 178. [CrossRef]

El-kenawy, E.S.M.; Albalawi, F.; Ward, S.A.; Ghoneim, S.5.M.; Eid, M.M.; Abdelhamid, A.A.; Bailek, N.; Ibrahim, A. Feature
Selection and Classification of Transformer Faults Based on Novel Meta-Heuristic Algorithm. Mathematics 2022, 10, 3144.
[CrossRef]

Awotunde, ].B.; Panigrahi, R.; Khandelwal, B.; Garg, A.; Bhoi, A.K. Breast cancer diagnosis based on hybrid rule-based feature
selection with deep learning algorithm. Res. Biomed. Eng. 2023, 39, 115-127. [CrossRef]

Atban, F; Ekinci, E.; Garip, Z. Traditional machine learning algorithms for breast cancer image classification with optimized deep
features. Biomed. Signal Process. Control 2023, 81, 104534. [CrossRef]

Pereira, . M.S.; Aratjo De Santana, M.; Lins De Lima, C.; Fernandes De Lima, R.D.C.; Lopes De Lima, S.M.; Pinheiro Dos Santos,
W. Feature Selection Based on Dialectical Optimization Algorithm for Breast Lesion Classification in Thermographic Images. In
Research Anthology on Medical Informatics in Breast and Cervical Cancer; IGI Global: Hershey, PA, USA, 2021; pp. 47-71. [CrossRef]
Wetstein, S.C.; De Jong, V.M.T.; Stathonikos, N.; Opdam, M.; Dackus, GM.H.E.; Pluim, ].P.W.; Van Diest, PJ.; Veta, M. Deep
learning-based breast cancer grading and survival analysis on whole-slide histopathology images. Sci. Rep. 2022, 12, 15102.
[CrossRef] [PubMed]

Eid, M.M.; El-Kenawy, E.S.M.; Khodadadi, N.; Mirjalili, S.; Khodadadi, E.; Abotaleb, M.; Alharbi, A.H.; Abdelhamid, A.A;
Ibrahim, A.; Amer, G.M,; et al. Meta-Heuristic Optimization of LSTM-Based Deep Network for Boosting the Prediction of
Monkeypox Cases. Mathematics 2022, 10, 3845. [CrossRef]

Tummala, S.; Kim, J.; Kadry, S. BreaST-Net: Multi-Class Classification of Breast Cancer from Histopathological Images Using
Ensemble of Swin Transformers. Mathematics 2022, 10, 4109. [CrossRef]

El-Kenawy, E.S.M.; Mirjalili, S.; Abdelhamid, A.A.; Ibrahim, A.; Khodadadi, N.; Eid, M.M. Meta-Heuristic Optimization and
Keystroke Dynamics for Authentication of Smartphone Users. Mathematics 2022, 10, 2912. [CrossRef]

Mat Radzi, S.F; Abdul Karim, M.K,; Saripan, M.I.; Abd Rahman, M.A.; Osman, N.H.; Dalah, E.Z.; Mohd Noor, N. Impact of
Image Contrast Enhancement on Stability of Radiomics Feature Quantification on a 2D Mammogram Radiograph. IEEE Access
2020, 8, 127720-127731. [CrossRef]

Singla, C.; Sarangi, PK.; Sahoo, A K.; Singh, P.K. Deep learning enhancement on mammogram images for breast cancer detection.
Mater. Today Proc. 2022, 49, 3098-3104. [CrossRef]

Falconi, L.G.; Perez, M.; Aguilar, W.G. Transfer Learning in Breast Mammogram Abnormalities Classification with Mobilenet and
Nasnet. In Proceedings of the 2019 International Conference on Systems, Signals and Image Processing (IWSSIP), Osijek, Croatia,
5-7 June 2019; pp. 109-114. [CrossRef]

Samee, N.A.; Alhussan, A.A.; Ghoneim, V.E; Atteia, G.; Alkanhel, R.; Al-antari, M.A.; Kadah, YM. A Hybrid Deep Transfer
Learning of CNN-Based LR-PCA for Breast Lesion Diagnosis via Medical Breast Mammograms. Sensors 2022, 22, 4938. [CrossRef]
Hikmah, N.F,; Sardjono, T.A.; Mertiana, W.D.; Firdi, N.P,; Purwitasari, D. An Image Processing Framework for Breast Cancer
Detection Using Multi-View Mammographic Images. EMITTER Int. |. Eng. Technol. 2022, 10, 136-152. [CrossRef]

Alruwaili, M.; Gouda, W. Automated Breast Cancer Detection Models Based on Transfer Learning. Sensors 2022, 22, 876.
[CrossRef] [PubMed]

Almalki, Y.E.; Soomro, T.A ; Irfan, M.; Alduraibi, S.K.; Ali, A. Computerized Analysis of Mammogram Images for Early Detection
of Breast Cancer. Healthcare 2022, 10, 801. [CrossRef]

Khamparia, A.; Bharati, S.; Podder, P.; Gupta, D.; Khanna, A.; Phung, T.K; Thanh, D.N.H. Diagnosis of breast cancer based on
modern mammography using hybrid transfer learning. Multidimens. Syst. Signal Process. 2021, 32, 747-765. [CrossRef] [PubMed]
Agarwal, R.; Diaz, O.; Yap, M.H.; Llad¢, X.; Marti, R. Deep learning for mass detection in Full Field Digital Mammograms.
Comput. Biol. Med. 2020, 121, 103774. [CrossRef] [PubMed]

Chougrad, H.; Zouaki, H.; Alheyane, O. Deep Convolutional Neural Networks for breast cancer screening. Comput. Methods
Programs Biomed. 2018, 157, 19-30. [CrossRef] [PubMed]

Platania, R.; Shams, S.; Yang, S.; Zhang, J.; Lee, K.; Park, S.J. Automated Breast Cancer Diagnosis Using Deep Learning and Region
of Interest Detection (BC-DROID). In Proceedings of the 8th ACM International Conference on Bioinformatics, Computational
Biology,and Health Informatics, Boston, MA, USA, 20-23 August 2017; pp. 536-543. [CrossRef]

Guan, S.; Loew, M. Breast cancer detection using synthetic mammograms from generative adversarial networks in convolutional
neural networks. In Proceedings of the 14th International Workshop on Breast Imaging (IWBI 2018), Atlanta, GA, USA, 8-11 July
2018; Krupinski, E.A., Ed.; p. 43. . [CrossRef]

Aly, G.H.; Marey, M.; El-Sayed, S.A.; Tolba, M.F. YOLO Based Breast Masses Detection and Classification in Full-Field Digital
Mammograms. Comput. Methods Programs Biomed. 2021, 200, 105823. [CrossRef] [PubMed]

Ting, FF; Tan, Y.J.; Sim, K.S. Convolutional neural network improvement for breast cancer classification. Expert Syst. Appl. 2019,
120, 103-115. [CrossRef]

Zhang, Y.D.; Satapathy, S.C.; Guttery, D.S.; Gérriz, ].M.; Wang, S.H. Improved Breast Cancer Classification Through Combining
Graph Convolutional Network and Convolutional Neural Network. Inf. Process. Manag. 2021, 58, 102439. [CrossRef]


http://dx.doi.org/10.1109/TTS.2023.3234203
http://dx.doi.org/10.3390/diagnostics13020178
http://dx.doi.org/10.3390/math10173144
http://dx.doi.org/10.1007/s42600-022-00255-7
http://dx.doi.org/10.1016/j.bspc.2022.104534
http://dx.doi.org/10.4018/978-1-7998-3456-4.ch004
http://dx.doi.org/10.1038/s41598-022-19112-9
http://www.ncbi.nlm.nih.gov/pubmed/36068311
http://dx.doi.org/10.3390/math10203845
http://dx.doi.org/10.3390/math10214109
http://dx.doi.org/10.3390/math10162912
http://dx.doi.org/10.1109/ACCESS.2020.3008927
http://dx.doi.org/10.1016/j.matpr.2020.10.951
http://dx.doi.org/10.1109/IWSSIP.2019.8787295
http://dx.doi.org/10.3390/s22134938
http://dx.doi.org/10.24003/emitter.v10i1.695
http://dx.doi.org/10.3390/s22030876
http://www.ncbi.nlm.nih.gov/pubmed/35161622
http://dx.doi.org/10.3390/healthcare10050801
http://dx.doi.org/10.1007/s11045-020-00756-7
http://www.ncbi.nlm.nih.gov/pubmed/33456204
http://dx.doi.org/10.1016/j.compbiomed.2020.103774
http://www.ncbi.nlm.nih.gov/pubmed/32339095
http://dx.doi.org/10.1016/j.cmpb.2018.01.011
http://www.ncbi.nlm.nih.gov/pubmed/29477427
http://dx.doi.org/10.1145/3107411.3107484
http://dx.doi.org/10.1117/12.2318100
http://dx.doi.org/10.1016/j.cmpb.2020.105823
http://www.ncbi.nlm.nih.gov/pubmed/33190942
http://dx.doi.org/10.1016/j.eswa.2018.11.008
http://dx.doi.org/10.1016/j.ipm.2020.102439

Biomimetics 2023, 8, 270 24 of 24

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

Scuccimarra, E.  DDSM Mammography. 2018.  Available online: https://www.kaggle.com/datasets/skooch/ddsm-
mammography (accessed on 1 May 2023).

Sinha, G.R.; Patel, B.C. Mammograms-Breast Cancer Images. 2019. Available online: https:/ /ieee-dataport.org/documents/
mammograms-breast-cancer-images (accessed on 1 June 2023).

Sami Khafaga, D.; Ali Alhussan, A.; El-kenawy, E.S.M.; Takieldeen, A.E.; Hassan, TM.; Hegazy, E.A.; Abdel Fattah Eid, E,;
Ibrahim, A.; Abdelhamid, A.A. Meta-heuristics for Feature Selection and Classification in Diagnostic Breast cancer. Comput.
Mater. Contin. 2022, 73, 749-765. [CrossRef]

El-Kenawy, E.S.M.; Khodadadi, N.; Mirjalili, S.; Makarovskikh, T.; Abotaleb, M.; Karim, FK.; Alkahtani, H.K.; Abdelhamid, A.A,;
Eid, M.M.; Horiuchi, T; et al. Metaheuristic Optimization for Improving Weed Detection in Wheat Images Captured by Drones.
Mathematics 2022, 10, 4421. [CrossRef]

Krizhevsky, A.; Sutskever, I.; Hinton, G.E. ImageNet Classification with Deep Convolutional Neural Networks. Commun. ACM
2017, 60, 84-90. [CrossRef]

Abdelhamid, A.A.; Towfek, S.K.; Khodadadi, N.; Alhussan, A.A.; Khafaga, D.S.; Eid, M.M.; Ibrahim, A. Waterwheel Plant
Algorithm: A Novel Metaheuristic Optimization Method. Processes 2023, 11, 1502. [CrossRef]

Alhussan, A.A.; El-Kenawy, EIM.; Abdelhamid, A.A.; Ibrahim, A.; Eid, M.M.; Khafaga, D.S. Wind speed forecasting using
optimized bidirectional LSTM based on dipper throated and genetic optimization algorithms. Front. Energy Res. 2023, 11, 1172176.
[CrossRef]

Alhussan, A.A.; Abdelhamid, A.A ; Towfek, S.K.; Ibrahim, A.; Eid, M.M.; Khafaga, D.S.; Saraya, M.S. Classification of Diabetes
Using Feature Selection and Hybrid Al-Biruni Earth Radius and Dipper Throated Optimization. Diagnostics 2023, 13, 2038.
[CrossRef]

Shams, M.Y. Hybrid Neural Networks in Generic Biometric System: A Survey. ]. Artif. Intell. Metaheuristics 2022, 1, 20-26.
[CrossRef]

Alsayadi, H.A.; Khodadadi, N.; Kumar, S. Improving the Regression of Communities and Crime Using Ensemble of Machine
Learning Models. J. Artif. Intell. Metaheuristics 2022, 1, 27-34. [CrossRef]

AL-Saedi, L.M.; Abotaleb, M.; Alkattan, H. New Approach of Estimating Sarcasm based on the percentage of happiness of facial
Expression using Fuzzy Inference System. |. Artif. Intell. Metaheuristics 2022, 1, 35-44. [CrossRef]

Saber, M. Removing Powerline Interference from EEG Signal using Optimized FIR Filters. J. Artif. Intell. Metaheuristics 2022,
1, 8-19. [CrossRef]

Oubelaid, A.; Shams, M.Y.; Abotaleb, M. Energy Efficiency Modeling Using Whale Optimization Algorithm and Ensemble Model.
J. Artif. Intell. Metaheuristics 2022, 2, 27-35. [CrossRef]

Kabir, M.M.; Shahjahan, M.; Murase, K. A new local search based hybrid genetic algorithm for feature selection. Neurocomputing
2011, 74, 2914-2928. [CrossRef]

Mirjalili, S.; Lewis, A. The Whale Optimization Algorithm. Adv. Eng. Softw. 2016, 95, 51-67. [CrossRef]

Bello, R.; Gomez, Y.; Nowe, A.; Garcia, M.M. Two-Step Particle Swarm Optimization to Solve the Feature Selection Problem. In
Proceedings of the Seventh International Conference on Intelligent Systems Design and Applications (ISDA 2007), Rio de Janeiro,
Brazil, 20-24 October 2007; pp. 691-696. [CrossRef]

Mirjalili, S.; Mirjalili, S.M.; Lewis, A. Grey Wolf Optimizer. Adv. Eng. Softw. 2014, 69, 46-61. [CrossRef]

El-kenawy, EM.; A. Abdelhamid, A.; Ibrahim, A.; Mirjalili, S.; Khodadad, N.; A. Al duailij, M.; Ali Alhussan, A.; Sami Khafaga,
D. Al-Biruni Earth Radius (BER) Metaheuristic Search Optimization Algorithm. Comput. Syst. Sci. Eng. 2023, 45, 1917-1934.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://www.kaggle.com/datasets/skooch/ddsm-mammography
https://www.kaggle.com/datasets/skooch/ddsm-mammography
https://ieee-dataport.org/documents/mammograms-breast-cancer-images
https://ieee-dataport.org/documents/mammograms-breast-cancer-images
http://dx.doi.org/10.32604/cmc.2022.029605
http://dx.doi.org/10.3390/math10234421
http://dx.doi.org/10.1145/3065386
http://dx.doi.org/10.3390/pr11051502
http://dx.doi.org/10.3389/fenrg.2023.1172176
http://dx.doi.org/10.3390/diagnostics13122038
http://dx.doi.org/10.54216/JAIM.010102
http://dx.doi.org/10.54216/JAIM.010103
http://dx.doi.org/10.54216/JAIM.010104
http://dx.doi.org/10.54216/JAIM.010101
http://dx.doi.org/10.54216/JAIM.020103
http://dx.doi.org/10.1016/j.neucom.2011.03.034
http://dx.doi.org/10.1016/j.advengsoft.2016.01.008
http://dx.doi.org/10.1109/ISDA.2007.101
http://dx.doi.org/10.1016/j.advengsoft.2013.12.007
http://dx.doi.org/10.32604/csse.2023.032497

	Introduction
	Main Contributions of This Work
	The Structure of This Work

	Literature Review
	Proposed Methodology
	Dataset
	Data Augmentation
	Feature Extraction
	Features Classification
	Convolutional Layer
	ReLU Layer
	Pooling Layer
	Fully Connected Layer
	Network Hyperparameters

	The Advanced Al-Biruni Earth Radius Optimization Algorithm

	Experimental Results
	Evaluation Criteria
	Configuration Parameters
	Feature Extraction Results
	Classification Results
	Statistical Analysis Results
	Analysis-of-Variance (ANOVA) Test Results
	Wilcoxon Signed-Rank Test Results

	Conclusions and Future Work
	Appendix A
	References

