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The convolutional neural network (CNN) has been explored for mammogram
cancer classification to aid radiologists. CNNs require multiple convolution
and non-linearity repetitions to learn data sparsity, but deeper networks often
face the vanishing gradient effect, which hinders effective learning. The
rectified linear unit (ReLU) activation function activates neurons only when
the output exceeds zero, limiting activation and potentially lowering
performance. This study proposes an adaptive ReLU based on a genetic
algorithm (GA) to determine the optimal threshold for neuron activation, thus
improving the restrictive nature of the original ReLU. We compared
performances on the INbreast and IPPT-mammo mammogram datasets using
ReLU and leakyReLU activation functions. Results show accuracy
improvements from 95.0% to 97.01% for INbreast and 84.9% to 87.4% for
IPPT-mammo with ReLU and from 93.03% to 99.0% for INbreast and
84.03% to 91.06% for IPPT-mammo with leakyReLU. Significant accuracy
improvements were observed for breast cancer classification in
mammograms, demonstrating its potential to aid radiologists with more robust
and reliable diagnostic tools.
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1. INTRODUCTION

Breast cancer is the most common cancer among women worldwide, with incidence rates increasing
as women age [1]. Breast cancer cases have risen by 31%, making it the second leading cause of cancer-related
deaths after lung cancer [1]. Early detection is possible through mammogram screenings, but evaluating
mammogram images typically involves manual tasks such as adjusting contrast, detecting masses, and making
initial diagnoses. Automating these processes with computer-aided detection (CAD) systems can improve

diagnosis accuracy and patient care.

The advancement of deep learning through convolutional neural network (CNN) has been used to
develop the mammogram CAD system. Its architecture involves convolution, non-linearity, and pooling layers
to improve the overall CAD performance [2], [3]. However, CNNs can be affected by the vanishing gradient
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problem [4], where weights stop updating, failing to capture complex features. Multiple activation functions in
CNN architecture obtain the sparsity of the learned weights on each layer to learn a complex feature
representation.

Figure 1 shows multiple activation functions available to be used within the CNN architecture.
It introduced non-linearity and helped mitigate vanishing gradient problem by deactivating neurons in the
negative region, resulting in sparsity, allowing complex feature learning, making them crucial in CNNs [5],
[6]. Rectified linear units (ReLU) as depicted in Figure 1(a) are the most commonly used activation functions.
ReLU is favored for its simplicity, low computational cost, and efficiency. Figure 1(b) shows variants of the
ReLU that focus on allowing these outliers to be activated on the negative regions, such as the leakyReLU,
parametric ReLU (PreLU), Gaussian linear units (GELU), and exponential linear units (ELU).
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Figure 1. Graphs of (a) ReLU and (b) its derivatives' activation function variants used in CNN

However, due to this slight allowance in the negative region compared to the original ReLU, they are
computationally more expensive and require additional memory to store the trained parameters. Choosing the
right non-linearity parameter coefficient in ELU and leakyReLU requires prior knowledge about the data and
careful tuning to select the correct value. Meanwhile, the newer GELU requires the user to determine whether
to apply the Tanh approximation method for the underlying error function, which also requires prior knowledge
of the dataset behavior. Therefore, continuous research on activation functions remained active, while the more
established and the ReLU architecture continued to be used in standard CNN architecture.

Genetic algorithm (GA) [7] is a versatile pioneering metaheuristic optimization method, allowing
practitioners to tailor it to specific tasks. Its applications involve image processing modules and computer
vision through natural selection and evolution through the survival of the fittest concept [8], [9]. GA is mostly
applied for feature selection [9], [10] and hyperparameter optimization [8], [11] in breast-related studies and
in biomedical applications, including brain MRI [12] and CNN training hyperparameter selection [9]. It
explores the solution space, favors better solutions, and the mutations contribute modest random changes to
maintain genetic diversity, while crossover combines genetic information from two parents to produce optimal
offspring through successive generations marked by improvements in solution quality [7], [13]. GA's versatility
and ability to identify nearly optimal solutions make it a popular optimization technique.

CNNs have significantly advanced CAD systems, but they still face challenges, particularly the
vanishing gradient problem and the "dying ReLU" issue. In "dying ReLU," some outlier neurons become
inactive which limits the model's ability to learn complex features [14]. Existing solutions, like variants of
ReLU, address some of these issues but come with drawbacks, including higher computational costs and the
need for extensive parameter tuning. These challenges reduce their practicality in clinical applications.

This study offers a solution by introducing a novel adaptation of the ReLU activation function in pre-
trained CNNs, optimized using GA. The adaptive function adjusts dynamically to allow limited negative or
positive outputs based on an automatically determined threshold. This approach preserves the benefits of non-
linearity while addressing vanishing gradients. Unlike traditional methods that require manual tuning, GA
automatically fine-tunes activation parameters, making the system more efficient and better suited for handling
complex data. Building on prior research that applied GA to tasks like feature selection and hyperparameter
optimization in mammogram analysis, this study takes a pioneering step by using GA to optimize the non-
linearity layer itself. This approach directly tackles the "dying ReLU" problem and improves the model's
robustness. This study contributes to the following: i) Introduction of metaheuristic GA optimization within
established CNN pre-trained layers; ii) Method of adapted activation function optimization on mammogram
datasets; and iii) Adapting different activation functions using the proposed method for improved performance.
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2. RELATED WORKS

In recent years, CNN-based studies on mammogram-related images have been performed via
computer vision in various stages, such as in image pre-processing [15], cancer detection and segmentation
[16], [17], and cancer classification [18]-[20]. Since the relevant features were automatically extracted, the
convoluted combination of features extracted from the training images makes it difficult to interpret what
happened during the decision-making process. This relates to inducing the non-linear functions within the
architecture in the form of repeated layers with convolution, which dissociates the original straightforward
convolution and filtering process in a CNN.

In the past, researchers have proposed several innovative approaches related to activation functions to
enhance the performance of CNNs in network analysis. An adaptive activation function, namely layer-wise
and neuron-wise, was introduced with optimization to accelerate model convergence as the effect of slope
recovery during training [21]. This author also proposed a Rowdy activation function to be used with multiple
types of trainable parameters achieved by injecting sinusoidal fluctuations [22] to lessen the saturation region.
Similarly, another study by [23] proposed a modified ReLU-based activation function by introducing a periodic
sinusoidal function on the positive region for activating the neuron on a voice order classification, suggesting
improved accuracy in a convolutional neural network-long short-term memory (CNN-LSTM) model. In a study
for the detection of distributed denial of service attacks on recurrent neural networks, modification of the
hyperbolic tangent activation function known as Tanh2 was introduced. The function has a range of values
between 0 and 1 in the bell-shaped curve function, which removed negative values that caused the vanishing
gradient problem in deep learning [24]. Meanwhile, an adaptive network enhancement using a two-layer ReLU
was introduced for the best initialization of its non-linear optimization process on the best least-square to the
best approximation of a target function [6]. The method determined the number of neurons for the activation
to be added until the best approximation leads to the best model accuracy. Additionally, an adaptive ReLU
method was proposed by [25] by optimizing the position of when the neuron in the negative region will be
activated by retaining the shape of the ReLU on the early layers of CNN, improving the accuracy of three
different image databases. Furthermore, a modified ReLU was introduced by [26], introducing a coefficient to
an exponential value on the negative-region slope, creating a small-scale negative slope similar to the
leakyReLU with the exception of the negative slope.

Although limited, some studies have focused on tailoring activation functions specifically for
mammogram datasets. In a study using a cogent activation function based on the modified Tanh function,
introduced to be applied to mammogram images, with the best accuracy at 99% [27]. Next, replacements of
activation functions in CNN models, such as placing the leaky ReLU [28], and PReLU [29] were done to
deliver promising performance in breast cancer classification compared to their base networks. These functions
mitigated the vanishing gradient problem caused by dying ReLU often observed in ReLU-based networks,
improving classification accuracy through various methods. These studies also revealed that non-linearity in a
network plays a vital role in defining features representing each class and improving the model’s generalization
through meaningful data sparsity. However, besides requiring in-depth knowledge of developing the
mathematical model of the activation functions, these methods are applied to a customized network model to
the specific tasks and are limited particularly due to the fixed functions. This makes it more complicated to
adapt and generalize to other datasets and tasks, affecting their generalizability. Table 1 summarizes past
studies that explored the modification of activation functions within neural networks on various applications.

Table 1. Past related studies on modification or introduction of novel activation functions in neural networks

Study Activation function novelty Application/datasets
[6] Two-layer ReLU architecture Self-adjoint second-order elliptic partial differential equations
[21] Layer-wise and neuron-wise activation function Semeion, CIFAR-10, CIFAR-100 and SVHN
[22] Rowdy activation function, sinusoidal fluctuations Semeion, CIFAR-10, CIFAR-100 and SVHN
[23] Sinosoidal injections, sinusoidal fluctuations Voice order classification
[24] Modified Tanh activation function Distributed denial of service attack detection
[25] Adaptive ReLU on [-1 0] and [0 -1] regions Cifarl0, Cifar100, Tiny ImageNet and Text databases
[26]  Modified ReLU, negative slope on the negative region Multispectral image for labelled EuroSAT satellite images
[27] Modified Zanh function for cogent activation function MIAS dataset, mammogram classification

Meanwhile, bio-inspired metaheuristic optimization methods have been applied to mammogram-
based studies, demonstrating their ability to enhance the overall performance of systems when combined with
CNN architectures. These algorithms offer distinct strengths and have been integrated into various stages of
mammogram analysis pipelines to address specific challenges, improve system performance, and contribute to
more accurate and reliable breast cancer diagnosis. For instance, in a study focused on classifying breast
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abnormalities, a GA-CNN model achieved an accuracy of 98.5% by optimally extracting features from
segmented regions [30]. Another feature selection optimization method was applied using multi-objective
improved ant colony optimization (ACO) based on correlation coefficient, which showed improved
classification rates when applied to machine learning classifiers [10]. Another feature selection optimization
utilizing the chaotic-crow-search optimization algorithm was also employed to optimize across multiple
mammogram databases, resulting in enhanced overall accuracy performance [31]. Weighted average
gravitational search algorithms were used as feature selection to determine the best textural mammogram
feature producing good results [19]. In another study, various metaheuristic optimization methods, including
GA, particle swarm optimization (PSO) and artificial bee colony (ABC) algorithms, were compared against a
novel Ebola optimization search algorithm (EOSA) for CNN hyperparameter optimization [11], which
demonstrated improved performance by implementing the disease's susceptible-infection-recovery model.
Optimization of the mammogram pre-processing segmentation utilizing the adaptive Kernel-Based Fuzzy
Cuckoo Search Optimization Clustering is also introduced, with fuzzy-c-means clustering problems, improving
the Dice similarity index on several mammogram image tests [32]. Another study by [33] optimized their
classifier by using firefly binary grey optimization and moth flame lion optimization in an ensemble model to
classify the INbreast dataset. In summary, the optimization processes in these studies were applied after the
extracted features, and they did not directly impact the training path of the network, which led to the tedious
process of determining which types of optimization algorithms suited the given task. Moreover, most of the
optimization algorithms are newer and less established, requiring extensive knowledge of the method to be
applied to other tasks as well. However, this shows that combining optimization techniques and CNN
architectures has demonstrated significant potential in improving the effectiveness of mammogram-based CAD
for diagnosing breast cancer. Substantial enhancements in accuracy and reliability are achieved by utilizing the
advantages of optimizing different phases of the architecture. Continued progress in this field, particularly
when applied within the CNN architecture, has the potential to revolutionize the identification and treatment
of breast cancer, resulting in improved patient outcomes.

In conclusion, developments of CNN-based analysis of mammogram-related images have highlighted
the importance of using different non-linear activation functions in improving the network’s capacity to extract
complex information. However, novel non-linear models such as those demonstrated by [21], [22] are
implemented theoretically and have not been conducted on critical real-world datasets such as medical images.
Otherwise, it documented the need and its importance well and provided base knowledge to the mathematical
development to improve the network’s performance.

3. METHOD

This study proposed a method to improve the final feature extraction path by introducing a GA-based
optimization on the last ReLU layer in the CNN feature extraction pathway. The model improvement is
demonstrated by comparing the model’s performance before and after optimization and validated on two
mammogram datasets to prove the hypothesis of this study. This study uses mammogram images as input to
an optimized CNN pathway for best feature extraction based on metrics performance. First, the images were
pre-processed to obtain the mass location, and the customized optimized CNN using GA was applied during
feature extraction. Finally, the mass was classified as benign or malignant. All model development is done in
a workstation equipped with an Intel® Core™ i7-12700 2.1 GHz, GPU graphic card of 12GB and RAM 32GB,
through MATLAB, Natick, Massachusetts: The Mathworks Inc. platform. The following subsections discuss
the details of the proposed method.

3.1. Dataset preparation

Two mammogram datasets are employed in this study to validate the proposed method. First, an
established, publicly available digitized mammogram of INbreast widely used in multiple studies [18], [31],
[33]-[36] is obtained from its source [37]. The images were collected from Universidade de Porto, Portugal,
from Centro Hospitalar de S. Jodo Breast Center, containing 115 cases of breast lesions. Only the mass cases
are selected in this study, resulting in 112 images with both benign and malignant masses. The INbreast dataset
is comprised of 26.8% denser breasts [37]. Additionally, this study’s second mammogram dataset, termed the
IPPT-mammo, was retrospectively collected at the Institut Pergigian dan Perubatan Termaju (IPPT), Universiti
Sains Malaysia Bertam, Malaysia, according to relevant laws through the approval of the institution’s human
ethics research committee for this research study (File: JEPeM/21090624 year: 2021). It contained 200 breast
mass lesion cases with annotated abnormalities by expert radiologists and comprised 60% dense breast density.
Both datasets include ground-truth information such as the masses' Range of Interest (ROI), breast density
level, and types of abnormality.

The images contained within both datasets were applied with normalization and other morphological
processing techniques. This is done to extract only the breast region to eliminate unnecessary artefacts [20].
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An image enhancement process based on histogram equalization from our previous study [38] is applied, and
the process is depicted in Figure 2.

Original mammogram Enhanced mammogram

—

Normalization Mass Detection
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Figure 2. Pre-processing of the input images

The method is performed by adjusting the contrast based on the breast density level that is subjected
to the object detection method. To lessen the effect of overfitting due to low trainable images by using this
dataset for the deep learning approach, geometrical augmentation, such as rotation ranges of -20 to 350 degrees,
flipping, and random scaling of 1.0-1.3 magnitude, are applied to the images to increase the training number
and improve model convergence. The dataset is divided into training, validation, and testing datasets at a ratio
of 65:15:20 to test the proposed method.

3.2. Optimized CNN feature extraction

Next, the mass input images are fed into the CNN feature extraction network that has been modified
with the optimization process proposed in this study, as depicted in Figure 3. Figure 3(a) illustrates the proposed
overall design for the CNN training pathway for feature extraction and classification. Meanwhile, Figure 3(b)
shows the modification made on the non-linear activation layer for the optimization.
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Figure 3. The architecture of the proposed methodology. (a) CNN training and (b) GA optimization

Int J Elec & Comp Eng, Vol. 15, No. 3, June 2025: 2820-2833



IntJ Elec & Comp Eng ISSN: 2088-8708 O 2825

3.2.1. CNN training pathway

In the feature extraction phase, pooling layers and activation functions are utilized to implement
spatial down sampling and introduce non-linearity to the model. The estimation of the optimal decimal
probability that a given class belonged to a member of a class occurs on the SoftMax function layer during the
classification phase. To test the proposed method, this study employed two established pre-trained CNN
networks of ResNet50 [4] and ShuffleNet [39]. Both networks were trained on a massive ImageNet database
to extract and learn higher and semantic features, including patterns in images where the learned weights are
reused as part of the transfer learning process. The two CNNs selected in this study represent lightweight CNN
for ShuffleNet and heavyweight CNN for ResNet50 with 1.2 million and 25.5 million training parameters,
respectively. Both architectures also differ in terms of specific requirements of specific tasks, such as
computational resources and model size constraints and uniquely represent different types of pre-trained CNN
architectures established in the neural network field. To utilize the pre-trained networks with the proposed
method, both CNN models’ fully connected layers are remodelled to output two classes, benign and malignant,
and the training parameters are set the same as listed in Table 2. Note that the second IPPT-mammo dataset
required a higher maximum epoch and mini-batch size number for training as it contained larger image samples
than the [Nbreast dataset.

Table 2. Hyperparameter settings for CNN training for INbreast and IPPT-mammo datasets

Hyperparameter setting Set value/dataset
INbreast IPPT-mammo
Maximum epoch 50 80
Mini-batch size 80 128
Learning rate 0.001
Solver Adaptive moment estimation (Adam)
L2 Regularization 0.0001

3.2.2. Genetic algorithm optimization pathway

In this study, the proposed optimization pathway, as in Figure 3, is conducted on the last activation
function during the feature extraction stage. Using the last activation function to be modified allows the default
extraction process on the upper level of the network to shape the final decision boundary output for the specific
task. The last feature extraction stage’s ReLU activation function, layers 173 and 168 for ResNet50 and
ShuffleNet, was replaced with customized ReLU and leakyReLU activation functions.

The customized activation functions are built to receive an adaptable parameter value set as the
threshold, 8., that controls the position of the activation graph to be activated by shifting the graph from its
default position of (0,0) to the optimized (8., ,0) on the x-axis. To optimize the threshold, GA, a metaheuristic
optimization approach based on natural genetic selection based on the survival of the fittest concept to find the
best solution to a problem, was employed [13]. The best 8, is determined through genetic operators of
crossover and mutation based on the best combination of the initialized parent chromosome as parameters
selected at the start of the first population training. The search space is set for the threshold, 6, with upper
and lower bound set to [-1 1]. The GA is evaluated with the validation dataset during the CNN training as the
optimal solution of the fitness function. Given the probability, P, of drawing individual, i, in the initial
population where it is defined based on the fitness function F(x,y) where x and y are parameters defining the i
characteristics or genotype when GA is looking for optimal value in a search space within the total number, N,
of i in a population, defined as in (1):

F(x,y)i
0= z?’(ﬁtz.)y)i| M

The CNN training undergoes forward and backward propagation, as the best 6., is updated through
the customized activation function layer on each mini-batch training. In this study, the setting for the GA is
conditioned to allow elite chromosome, mutation, and crossover intermediate in the selection process to allow
a diverse population and provide a balance between exploration and exploitation to find the optimal solution.
The number of individuals, i, in the population, were elite and preserved in each generation is set to the top 2
individuals with the best fitness score.

The proposed modification is made on two established activation functions of ReLU and leakyReLU.
The probable threshold shifts in the negative or positive neuron activity range in the x-axis are expected to help
activate the dead neuron that is possibly dead in the default settings before the proposed optimization. This is
especially true at the end of the extraction stage to alleviate the dead neuron problems caused by the upper-
level ReLU, where a direct evaluation can be made through the fitness function for optimized performance.
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Figure 4 shows the possible location of 0., on x-axis and its subsequent linear equation graph for the proposed
method on the original red graphs for Figure 4(a) ReLU and Figure 4(b) leakyReL U, shifted to blue and yellow
graphs respectively, according to the optimized 0. value, with positive and negative slopes o and [ retained at
their default values.

Activation Function : ReLU Activation Function : leakyReLU

A A
Slope a =0 Slope =1 Slope a =0.01 Slope g =1
. > >
B =
[ ' 18, Neuron Activity o, 8, "o, Neuron Activity
| | ! !
(a) (b)

Figure 4. Activation functions graphs of. (a) ReLU and (b) leakyReLU. The original ReLU and leakyReLU
(red), possible GAa-ReLU and GAa-LeakyReLU on the negative threshold (blue), and positive threshold
(orange), where 0; is the original threshold position

a. Genetic algorithm-adapted rectifier linear unit (GAa-ReLU)

Figure 4(a) shows the ReLU graphs and modifications possible due to the proposed method. Note that
the original threshold was fixed at 8; = 0 and the slope B =1 values for neuron activation > 8; (positive region)
retained for all graphs. The original ReLU activation function f{x)re.v is as in (2).

Fnen =max(©.5; = {1 = % Laroi = 0005 =1 @

In the case of the original ReLU (red) of Figure 4(a), the threshold of 8; is always = (0,0) position, in
which the neuron will be activated when the input x > 8;. The simplicity of ReLU relies on its linear equation,
which permanently deactivates the neuron when the input is less than 0. This improves the computation ability
to train multiple layers of CNN by introducing sparsity within the weight update [4]. This study proposed the
GAa-ReLU activation function, replacing the final ReLU layer in the original CNN architecture, to allow an
unrestrictive, albeit controlled threshold for the ReLU that enables weight updates from the neuron activation
on the input x. The GAa-ReLU function g(x)gaa—rery 1S as in (3), with its possible graphs in Figure 4(b),
where the intersection C is obtained automatically by retaining the positive region slope £ as = 1 and negative
region slope a = 0, while the graph is shifted by 6, value on the x-axis optimized through the GA search
during the training loop.

B4, if x <0
I gaa-rery = max(0,Bx + 04,); = {ﬁxiC if x 2i9t+t ,at0; = (04,0),=1 (3)

b. Genetic algorithm-adapted leaky rectifier linear unit (GAa-leakyReLU)

Additionally, the proposed method is tested on another established activation function of leakyReLU
as depicted in Figure 4(b), where the original leakyReLU is developed to improve the performance of the ReLU
[40]. The leakyReLU allows a non-zero gradient to activate specific neurons and improve the dead-neuron
problem in the ReL U by introducing a fixed low-value coefficient, a, as the negative slope. The a allows a
small skew slope of the negative region, thus ‘leaked’ activated neuron preventing dead neuron problem in
ReLU. The availability of these activated neurons allows the preservation of important feature learning and
improves performance. In this work, we take further advantage of leakyReLU and implement our proposed
optimization method, GAa-leakyReLU. In this study, the positive region slope, a, is set to default 0.01, and (4)
indicates the original leakyReLU equation f(X)eqkyrery> Whereas (5) indicates the GAa-leakyReLU function
9(X)ieakycaa—rery When applied to the proposed method.
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ax,if x < 6;

F ) eakyrery = max(ax,fx); = {[?x +Cif x ZLHI- ,at 6; =(0,0),a =0.01,8 =1 4)
ox, if x <6

I iearycaa—reLy = max(ax,fx) ;= {Bx +C, ifx Zi;it ,at0; = (644,0),a=0.01,=1 5)

The CNN-extracted features are then classified to get the best performance scores on the testing
dataset. In this study, the customized activation function layer is only applied to the last layer of feature
extraction. This step is done to allow strict feature extraction and sparsity on the upper layer during semantic
feature extraction using the original ReLU and only allow adaptiveness on the final extraction stage.

3.3. Performance metrics

The evaluation of the proposed model is based on the confusion matrix (CM), which includes four
components: True positive (TP), false positive (FP), true negative (TN), and false negative (FN). Each
component captures specific aspects of the model's performance: TP identifies correctly predicted positive
malignant cases, FP counts incorrectly predicted positive malignant as benign cases, TN represents correctly
predicted negative cases, and FN tallies missed positive cases. Using these foundational components, the
evaluation proceeds with the calculation of metrics through (6) to (9), enabling a detailed assessment of the
model's strengths and weaknesses.

TP+TN

Accuracy, Acc = TP+FNTTNSFP (6)
e TP

Sensitivity / Recall = PN’ (7
o TN

Specificity = TPrFN)’ ®)

Precision X Recall
Fl-score = 2x ——————— ©)

Precision+Recall *

4. RESULT AND DISCUSSION
4.1. Different pre-trained models

This section presents the results of the proposed method evaluated on the INbreast dataset. Two
established pre-trained networks, ResNet50 and ShuffleNet, were used for the evaluation. The comparison
highlights the performance of models trained under two conditions: the default ReLU activation of the pre-
trained networks and the modified versions trained with GAa-ReLU. The results are summarized in Table 3.

Based on the results in Table 3, ShuffleNet outperformed ResNetS0 across all tested metrics for
INbreast cancer classification. When trained using the proposed GAa-ReLU activation function, both models
showed notable improvements over their default ReLU-based counterparts. ShuffleNet achieved the best
performance with an accuracy of 99.00%, an F1-score of 0.9851, sensitivity of 1.000, and specificity of 0.9852.
ResNet50 also showed improvement, achieving 97.01% accuracy, an F1-score of 0.9559, and specificity of
0.9559, while maintaining a sensitivity of 0.9848. These results demonstrate that the proposed GAa-ReLU
method enhances performance effectively across different pre-trained networks, achieving results on par with
or better than default configurations, particularly for ShuffleNet.

Table 3. Classification of breast mass for INbreast dataset using the original ReLU vs. proposed GAa-ReLU
on different pre-trained networks

Metric ShuffleNet ResNet50
ReLU (Default) GAa-ReLU ReLU (Default) GAa-ReLU
Accuracy (%) 97.51 99.00 95.00 97.01
Sensitivity/Recall (TPR) 0.9687 1.0000 0.9848 0.9848
Specificity (TFR) 0.9778 0.9852 0.9333 0.9559
F1-score 0.9624 0.9851 0.9286 0.9559

4.2. Different activation functions

In this experiment, testing and comparison to evaluate the proposed method on another established
activation function, leakyReLLU. The experiment is tested based on metrics of accuracy, sensitivity, specificity,
and F1-scores. The ResNet50 result from Table 3 is then tabulated again in Table 4, where its performance is
compared to the proposed method applied to the second activation function of leakyReLU.
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Table 4. Classification of breast mass for INbreast dataset using the original ReLU and leakyReLU vs. the
proposed GAa-RelLU and GAa-leakyReLLU

Metric/Dataset INbreast
ReLU (Default) GAa-ReLU leakyReLU GAa-leakyReLU
Accuracy (%) 95.00 97.01 93.03 99.00
Sensitivity / Recall (TPR) 0.9848 0.9848 0.9697 0.9697
Specificity (TNR) 0.9333 0.9559 09111 1.0000
Fl-score 0.9286 0.9559 0.9014 0.9846

From Table 4, the substitution of ReLU to leakyReLU for the INbreast dataset decreased its overall
performance. Other metrics, such as accuracy, dropped to 93.03%, and F1-score, sensitivity, and specificity
values dropped as well. This suggests that simply replacing the ReLU with leakyReLU does not necessarily
improve its dying ReLU problem without proper knowledge of the value of positive slope or coefficient a.
However, when the proposed method of GAa-leakyReLu is implemented, it can enhance the overall
performance for all metrics, surpassing the performance of the original ReLU and GAa-ReLU on a fixed
coefficient a. A 1.0000 performance is demonstrated on the specificity value. Other metrics of the accuracy of
99.00%, and an F1-score of 0.9846 is also demonstrated. From this result, it can be concluded that even though
when the ReLU is initially substituted with leakyReLU, causing the model to perform lower even with the
introduction of ¢, it is proven that is not the case for this dataset. Simply introducing the coefficient a is unable
to allow the outliers within the tested dataset to cope well and cause overcompensation for not being able to be
grouped perfectly with the fixed value of o during activation of the testing features on the trained model.
However, when optimized using the GAa-leakyReLU, the original leakyReL U, having a network landscape of
a typically non-convex, with its own optimization method used, such as Adam, may get stuck in determining
its local minima. GA, as employed in this study, with their ability to explore diverse solutions, helps escape
this local minimum and find global or near-global optima, as demonstrated in both adapted activation function
results.

4.3. Second mammogram dataset

In this experiment, testing and comparison are conducted using the second dataset, [PPT-mammo to
further evaluate the proposed method's effectiveness. This experiment also examines the method's performance
when applied to another established activation function, leakyReLU. Table 5 shows the result of classification
using the IPPT-mammo dataset using the original ReLU vs. proposed GAa-ReLU and leakyReLLU vs GAa-
leakyReLU.

Table 5. Classification of benign and malignant breast mass for [IPPT-mammo dataset using the original
ReLU vs. proposed GAa-ReLU and leakyReLU vs GAa-leakyReLU

Metric/Dataset IPPT-mammo
RelLU (Default) GAa-ReLU leakyReLU GAa-leakyReLU
Accuracy (%) 84.90 87.40 84.03 91.60
Sensitivity / Recall (TPR) 0.8986 0.8116 0.9275 0.9130
Specificity (TNR) 0.7800 0.9600 0.7200 0.9200
F1-score 0.8732 0.8819 0.8707 0.9265

The metrics suggest overall lower performance with the established INbreast dataset due to a higher
number of denser breasts in the [IPPT-mammo dataset. Generally, when applied with the proposed method of
GAa-ReLU, the performance pattern exhibits improvements and consistently outperforms the ReLU (default)
activation on all evaluation metrics, aside from the sensitivity. The improvement in accuracy is observed at
84.90% to 87.40%. Significant improvement is observed, such as the F1-score relates to the precision and
sensitivity of a model. It indicates a better representation of a system with an unbalanced dataset, with a slight
increase to 0.8819 from 0.8732 in the [PPT-mammo dataset. Comparing the result to Table 4, a balance of
sensitivity and specificity for the proposed model demonstrates the ability of the model to correctly classify
the false positives and false negatives of the testing data on the testing INbreast dataset. The specificity was
significantly improved with the GAa-ReLU activation, reaching 0.9600 compared to its base version of 0.7800.
However, this also simultaneously affected the TPR, as it slightly decreased to 0.8116 for GAa-ReLU and a
similar trend is seen on the test using GAa-leakyReLU. Overall, the improvements in performance metrics on
the IPPT-mammo dataset for both base activation functions show the proposed method can be implemented on
different datasets without parameter changes, suggesting the generalizability of the proposed method.
To evaluate the proposed method with several state-of-the-art models from previous studies, Table 6 provides
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the performance comparison between the studies using the same public dataset from INbreast and the proposed
method of the CNN model using the proposed activation function optimization method.

Table 6. Comparison of evaluation performance for classification studies using the INbreast dataset

Studies Method Accuracy Specificity Sensitivity F1-score
[18] CNN, wavelet scattering 93.50 N/A N/A 0.9337
[31] CNN, chaotic map FS optimization 98.46 0.9868 0.9821 0.9839
[34] CNN, transferable texture 96.82 0.9768 0.9599 N/A
[35] CNN 93.00 0.9386 0.9383 0.9303
[36] CNN, bidirectional long short-term memory neural network (BILSTM)  92.26 0.9295 0.8621 0.8853

This Study CNN, GA optimized ReLU (ResNet50) 97.01 0.9559 0.9848  0.9559
CNN, GA optimized ReLU (ShuffleNet) 99.00 0.9852 1.0000  0.9851
CNN, GA optimized leakyReLU (ResNet50) 99.00 1.0000 0.9697 0.9846

The overall performance revealed that the proposed method of optimizing the activation function
performed best on all the evaluation metrics across three models experimented in this study. Maqsood et al.
[34] also exhibits good accuracy (96.82%) when using a transferable texture CNN and good specificity
(0.9768). However, they did not provide other evaluations to make a sound comparison. The study by [18] has
an accuracy of 93.50% and a lower F1-score, possibly due to the non-augmented images used. In addition to
the proposed method, Chakravarthy et al. [31] performed comparatively well, with 98.46% accuracy and a
balanced overall specificity and sensitivity of 0.9868 and 0.9821, respectively. This is due to optimization
implementation during its feature selection process, demonstrating the importance of introducing a significant
method to improve the final classification performance as proposed in this study. However, the best-performed
model is attained by the proposed method on GAa-leakyReL U for ResNet50 and GAa-ReLU for ShuffleNet,
with both achieving the best accuracy at 99.00%. As demonstrated from the result, modifying the threshold of
the activation functions, such as ReLU and leakyReLU, which originally starts at (0,0), to a value
corresponding to the degree of adaptability of the nonlinear function in the final feature extraction phase has
substantial significance. The flexibility of the activation function involving negative neuron activation has
numerous significant benefits in modelling intricate data and optimizing neural networks. Hence, incorporating
an adjustable threshold with the help of an optimization algorithm, as demonstrated in this study, allows
flexibility that enables neurons to sustain partial activation even when presented with inputs that fall below the
threshold. This approach indirectly addresses the issue of the dying ReLU problem, which results in a higher
level of neuron involvement in the learning process and consequently enhances the model's capacity for
expression.

5. CONCLUSION

This study introduces a method for optimising classification during feature extraction, focusing on
nonlinear activation at the final stage. The GA optimization is used to adjust a CNN's threshold of ReLU and
leakyReLU. The results show the best model performed using the optimized leakyReLU with 99% accuracy,
having the best specificity at 1.0000 for the INbreast dataset, and 91.60% accuracy for the newly collected
IPPT-mammo dataset. This adjustment improves model performance, by shifting the neuron activation region
affecting the non-linearity. Tests on public and private mammogram datasets with different CNN models using
the modified ReLU and leakyReLU indicate that the method is generalizable across various architectures and
datasets. In summary, modifying activation function thresholds helps tailor neural networks to specific tasks,
enhancing performance and generalization, addressing issues like the dying ReL U, refining nonlinearity, and
increasing robustness against noisy data. A noted limitation is the longer GA training time required for larger
populations, though final training is less computationally intensive. Future work includes applying this method
to other ReLU-based functions and exploring new metaheuristic optimization approaches to reduce
computational load.
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