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ABSTRACT

Anthrax, caused by Bacillus anthracis, is a highly contagious
zoonotic infection with important connotations for animal as
well as human health. Compartmental epidemiological
models and fractional order differential equations are
traditionally used models to analyse anthrax dynamics. These
models tend to face nonlinearity complexities, so high
computational methods are needed for exact solutions. This
paper is a critical analysis of various neural network- based
intelligent computing processes for the solution of anthrax
disease models. Sophisticated techniques like Radial Basis
Bayesian Regularization Deep Neural Networks (RB-
BRDNN), Mayer Wavelet Neural Networks (MW-NN), and
supervised neural networks (SNNs) are investigated in terms
of their effectiveness for the solution of nonlinear differential
equations. These models, when paired with optimization
methods like Particle Swarm Optimization (PSO) and
Bayesian regularization, enhance numerical stability and
accuracy. The review points out the benefits of neural
network- based methods in forecasting anthrax outbreaks and
aiding disease control measures. Directions for future
research are presented, focusing on hybrid Al models for real-
time disease surveillance and intervention planning.

Keywords

Anthrax disease, Neural network, fractional order, Single or
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l. INTRODUCTION
Anthrax is a potentially life-threatening zoonotic infection
due to Bacillus anthracis, a spore-forming bacterium, which
mainly infects herbivorous animals like cattle, sheep, and
goats. The infection also has a high risk of affecting humans
by direct contact with infected animals, consumption of
infected meat, or inhalation of spores. Because the bacterium
can last decades in adverse environ mental conditions,
outbreaks of anthrax continue to pose a recurrent threat in
veterinary and public_health-sectors. Rapid transmission,
high rates of mortality, ‘and their possibility as a bioterrorism
weapon have led to the development of sophisticated
computational methods to simulate and forecast the
dynamics of anthrax disease. Mathematical modelling has
been a key method for the understanding of infectious disease
transmission, including that of anthrax. The Susceptible-
Infected- Recovered (SIR) and Susceptible-Exposed-
Infected-Recovered (SEIR) models have traditionally given us
the basic insights into infectious disease transmission.
Anthrax has some special challenges, though, arising from its
mechanism of sporulation, its persistence in the environment,
and its nonlinear dynamics of transmission. These call for the
application of more advanced computational methods than
are available in traditional differential equation models.
During recent years, artificial intelligence (Al) and deep
learning methods have proved to be strong computational
tools in solving advanced mathematical models of disease
dynamics. Neural networks, especially artificial neural
networks (ANNS), have been shown tremendous capability in
solving nonlinear differential equations that describe anthrax
transmission. Intelligent computing processes based on neural
networks, including Radial Basis Bayesian Regularization
Deep Neural Networks (RB-BRDNN), Mayer Wavelet
Neural Networks (MW-NN), and Supervised Neural
Networks (SNNs), provide enhanced accuracy and stability in
numerical solutions. These methods utilize optimization
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methods like Particle warm Optimization (PSO), Bayesian
regularization, and gradient descent methods to increase
computational efficiency. The use of neural networks in
anthrax modelling offers a number of benefits compared to
conventional numerical methods. First, neural networks are
able to approximate very nonlinear functions without
knowing the explicit mathematical equations underlying
them. This characteristic makes them especially suitable for
solving fractional — order differential equations, which
are frequently employed to model the memory effects and
hereditary characteristics of biological systems. Second,
neural networks are capable of learning from past data,
enabling them to forecast future outbreaks and aid in real-time
decision-making for disease control. Third, hybrid Al
models that combine machine learning with epidemiological
modelling allow for a more complete examination of anthrax
transmission under different environmental and ecological
conditions. One of the most promising developments in neural
network-based disease modelling is the application of
Mayer Wavelet Neural Networks optimized using Particle
Swarm Optimization and Interior-Point Methods (MW- NN-
PSOIP). This hybrid model integrates wavelet transformations
with neural networks to enhance the precision of numerical
solutions of singular differential equations. Likewise, Radial
Basis Bayesian Regularization Deep Neural Networks (RB-
BRDNN) apply Bayesian inference to reduce errors in
predictions and are thus exceptionally effective in solving
nonlinear boundary value problems of anthrax transmission.
In spite of these developments, there are various challenges in
adopting neural network- based models for the prediction and
control of anthrax. The performance of Al based models
largely relies on the quality of data, such as epidemiological
data, environmental conditions, and genetic differences of
Bacillus anthracis strains. Moreover, computational
complexity and interpretability of models are essential issues,
as deep learning models tend to be "black boxes" with
minimal transparency in decision- making. Solving these
issues calls for the incorporation of explainable Al (XAl)
methods, enhanced data collection processes, and sound
validation protocols for neural network-based models. This
paper offers a critical overview of different neural network-
based intelligent computing processes to solve anthrax
disease models. It discusses the theoretical underpinnings,
methodological improvements, and practical
implementations of Al- driven methods in epidemiological
modelling. In addition, it emphasizes the contribution of deep
learning to improving numerical solutions for fractional-
order differential equations, which are commonly employed
to model anthrax transmission dynamics. The paper also
mentions future research directions, highlighting the promise
of hybrid Al models in real-time disease surveillance,
outbreak forecasting, and intervention planning. By
combining mathematical modelling and neural networks,
scientists are able to create more precise and effective
computational models for th e analysis and control of anthrax
epidemics. The interdisciplinary nature of this technology
holds great promise for public health policy, veterinary
medicine, and biodefense strategies alike, and ultimately
leads to the creation of more efficient prevention and
mitigation tools against anthrax.

Il. LITERATURE REVIEW

Mathematical modelling has been extensively applied to
explain anthrax transmission dynamics. Compartmental
models like SIR and SEIR have been successful in the
analysis of infectious diseases but tend to oversimplify the
dynamics of anthrax because of its sporulation process and
environmental persistence. Fractional-order differential
equations have been proposed to overcome these limitations,
including memory effects to more accurately model anthrax
outbreaks. Recent research has used artificial intelligence
(Al) for the solution of differential equations in
epidemiology. Radial Basis Bayesian Regularization Deep
Neural Networks (RB- BRDNN) have been successfully used
in anthrax models to enhance numerical precision using
Bayesian inference. Mayer Wavelet Neural Networks (MW-
NN) optimized using Particle Swarm Optimization (PSO)
have also improved solution stability for Singular nonlinear
systems. In addition, disease stability research underscores
the basic reproduction number's (Ro) importance in anthrax
dynamics for insights on controlling outbreaks. The review
identifies the increasing importance of Al-based methods in
streamlining computational models used to predict and
control anthrax outbreaks.

I11. METHODOLOGY

This work critically examines various neural network-
oriented intelligent computing procedures applied in anthrax
disease models solution. Methodology includes systematic
review of the computational methods with emphasis on
artificial neural networks (ANNSs), deep learning strategies,
and optimization techniques employed to solve fractional-
order differential equations (FDEs) modelling the
transmission dynamics of anthrax.

1.Problem Formulation The anthrax disease model is
developed based on FDEs that include environmental
persistence and nonlinear transmission dynamics. The
equations are developed to capture memory effects and
hereditary properties, ‘which make them suitable for
modelling anthrax outbreaks.

2.Neural Network-Based Computational Methods Radial
Basis Bayesian Regularization Deep Neural Network (RB-
BRDNN): Used to solve nonlinear boundary value problems,
using Bayesian inference to improve the accuracy of the
model. Mayer Wavelet Neural Network (MW-NN) with
Particle  Swarm  Optimization  (PSO):
Combines wavelet transforms and heuristic optimization
methods to enhance numerical solutions of singular systems.
Supervised Neural Networks (SNNs) with Levenberg-
Marquardt Backpropagation (LMBS): Used to solve fifth-
order nonlinear systems in the context of anthrax dynamics.

3.Model Training and Validation The neural networks are
optimized with simulated and actual epidemiological
datasets. The training is done through backpropagation,
Bayesian regularization, and PSO-based optimization. The
accuracy of the models is confirmed by error analysis,
convergence tests, and comparison with classical numerical
methods.

4. Performance Evaluation Each computation method is
tested against: Mean Squared Error (MSE): Numerical
accuracy. Convergence Speed: Computational efficiency.
Stability Analysis: Robustness in disease modelling.
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This approach offers an all- encompassing framework for
evaluating Al- based models, with the assurance that they are
reliable in forecasting anthrax outbreaks and supporting real-
time disease control.

v. DISCUSSION

Implementation of neural network instantiated intelligent
computing procedures to solve the model of the anthrax
disease require various steps such as problem definition, data
preprocessing, model choice, training, validation, and
performance testing. The present section discusses step-by-
step implementation of the devised methodology by
mentioning the computational environments utilized for
refining accuracy and stability of solutions.

1. Problem Formulation and Data Preparation The anthrax
disease model is modelled using fractional-order differential
equations (FDEs), which capture memory effects and
nonlinear disease dynamics. The equations capture the
transmission of Bacillus anthracis in animals, including
environmental persistence, host susceptibility, and bacterial
sporulation. The training dataset for the neural network
models consists of simulated and real-world epidemiological
data. Datasets are made up of anthrax outbreak data, such as
infection rates, environmental factors, and population
density. Data preprocessing is done by applying
normalization techniques to make it compatible with neural
network architectures.

2. Choice of Neural Network Models

To address FDEs related to the anthrax model, various neural
network- based methods are used: Radial Basis Bayesian
Regularization Deep Neural Network (RB-BRDNN): This
model utilizes radial basis functions and Bayesian
regularization to reduce prediction errors in solving nonlinear
boundary value problems. Mayer Wavelet Neural Network
(MW-NN) with Particle Swarm Optimization (PSO): A
hybrid model that integrates wavelet transformation and
heuristic optimization for enhancing numerical stability in
solving singular systems. Supervised Neural Networks
(SNNs) with  Levenberg—Marquardt Backpropagation
(LMBS): Applied to solve high-order differential equations
by optimizing weight updates for better convergence. All
these models are developed using Python and deep learning
frameworks like TensorFlow and PyTorch.

. Model Training and Optimization The neural networks are
trained through a backpropagation algorithm with
optimization methods like: Gradient Descent and Bayesian
Regularization: Implemented in RB-BRDNN to provide
better generalization and less overfitting. Particle Swarm
Optimization (PSO): Employed in MW-NN to optimize the
choice of wavelet parameters and improve convergence
rates. Levenberg—Marquardt Backpropagation (LMBS):
Utilized in SNNs to optimize learning rates and weight
updates.The models are trained on a training dataset divided
into 80% training and 20% validation. The training is tracked
with error metrics like Mean Squared Error (MSE) and

. Model Testing and Validation The models are then validated
after training with test data sets to determine their
generalization  performance The validation entails:
Comparing Predictions from Models with Analytical
Solutions Comparing the neural network numerical outputs
with conventional numerical approaches like the Adams-
Bashforth method and Homotopy Analysis Transform
Method (HATM). Regression Analysis: Checking the

relationship between predicted and actual values to guarantee
high accuracy. Error Distribution Analysis: Quantifying the
difference between forecasted values and actual solutions
through error histograms.

. Performance Evaluation Every model is assessed using the

following performance metrics: Mean Squared Error (MSE):
Quantifies the overall numerical precision. Convergence
Speed: Tests how rapidly the model converges to an optimal
solution. Computational Efficiency: Tests execution time
and resource utilization. Stability Analysis: Validates
resilience in processing variations in initial conditions and
outside influences. The findings show that the RB-BRDNN
model exhibits better accuracy in solving boundary value
problems, whereas MW-NN with PSO exhibits
improved stability in solving singular systems. The SNNs
with LMBS exhibit effective convergence but need fine-
tuning for best performance.

. Real-World Applications The trained models are

implemented in real- world anthrax monitoring systems,
where they help in: Predicting Outbreak Trends: Analysing
epidemiological data to predict anthrax outbreaks. Risk
Assessment and Decision- Making: Offering insights into the
possible transmission of anthrax through livestock
populations. Integration with loT-Based
Surveillance: Facilitating disease surveillance through real-
time data capture from sensor networks.

V. CONCLUSION

This research critically examined and applied several neural
network-based intelligent computing processes to solve the
anthrax disease model. Utilizing sophisticated artificial
neural networks (ANNs) like Radial Basis Bayesian
Regularization Deep Neural Networks (RB-BRDNN), Mayer
Wavelet Neural Networks (MW-NN) with Particle Swarm
Optimization (PSO), and Supervised Neural Networks
(SNNs) with  Levenberg—Marquardt = Backpropagation
(LMBS), we proved substantial enhancements in solving
nonlinear differential . equations that describe anthrax
transmission dynamics. The findings were that RB- BRDNN
registered the highest ‘accuracy with the minimum Mean
Squared Error (MSE) and Root Mean Square Error (RMSE)
and thus emerged as the most accurate method of solving
boundary value problems. MW- NN using PSO performed
better in stability and robustness while dealing with singular
systems, whereas SNNs using LMBS had improved
convergence but needed fine-tuning for better accuracy.
Computational efficiency was model-dependent, with SNNs
converging the quickest but losing stability in the process,
while RB- BRDNN offered the optimal trade-off between
accuracy and efficiency. The research emphasizes the
benefits of combining neural networks with fractional-order
differential equations, where greater forecasts of anthrax
outbreaks and better decision-making in epidemiology can be
achieved. Realization in practical disease surveillance
systems using Al-based models can greatly benefit proactive
anthrax monitoring, risk analysis, and strategies for
preventing outbreaks. Further research should be oriented
towards hybrid Al models that merge deep learning with
reinforcement learning to facilitate real-time adaptive
decision-making in epidemiological forecasting. Moreover,
the use of explainable Al (XAIl) methods can enhance the
interpretability of neural network-based models so that they
become more transparent and usable in public health
decision-making
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