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Introduction

Metaheuristic algorithms have gained considerable attention for solving complex
optimization problems across various fields, due to their ability to find near-optimal
solutions efficiently. Among these, the Bat Algorithm (BA), inspired by the echolo-
cation behavior of bats, stands out as a powerful tool for global optimization. How-
ever, like many metaheuristics, the standard Bat Algorithm can face challenges
such as premature convergence and a tendency towards local optima, limiting its
effectiveness in highly complex scenarios. Consequently, a significant body of re-
search focuses on enhancing the Bat Algorithm through various modifications and
hybridizations to improve its performance and expand its applicability.

One primary direction involves refining the core mechanics of the Bat Algorithm.
A study introduces an Improved Bat Algorithm (IBA) that uses dynamic control pa-
rameters, adaptively adjusting loudness and pulse rate during the search process.
This approach significantly enhances the algorithm’s global optimization capabil-
ities, demonstrating superior convergence accuracy and speed compared to the
original BA and other advanced metaheuristics across numerous benchmark func-
tions [1].

Further improvements to the Bat Algorithm often integrate strategies for better
exploration-exploitation balance. An Enhanced Bat Algorithm (EBA) incorporates
a novel dynamic inertia weight and a local search strategy. This design specifi-
cally aims to overcome the standard algorithm'’s limitations in global optimization,
finding particular utility in optimizing deep neural networks. Experimental results
confirm that EBA delivers superior convergence speed and accuracy, highlighting
its potential for challenging optimization tasks [3].

Similarly, another Improved Bat Algorithm (IBA) is proposed, which integrates
chaotic maps to enhance the diversity of the bat population. This integration ac-
tively avoids premature convergence, leading to a more efficient and robust search
process. This method has shown promise in solving the optimal power flow prob-
lem in electrical systems by effectively minimizing generation costs, power losses,
and voltage deviations [4].

Another IBA focuses on modifying the algorithm’s exploration and exploitation
phases, especially for multi-level image thresholding based on Tsallis entropy. This
enhances global search and helps overcome premature convergence, providing a
robust solution for image processing [7].

Furthermore, an IBA for optimizing the placement and sizing of distributed genera-
tors and capacitors in radial distribution networks incorporates an adaptive inertia
weight and a local search mechanism. This enhances the exploration-exploitation
balance, leading to minimized power losses, improved voltage profiles, and en-
hanced system reliability [9].

Hybridization represents another critical avenue for improving the Bat Algorithm,
combining its strengths with other optimization techniques. A novel hybrid Bat
Algorithm is designed for feature selection in high-dimensional datasets. This ap-
proach marries the exploration capabilities of the Bat Algorithm with a local search
mechanism, allowing for efficient identification of optimal feature subsets. The
method has been validated on various benchmark datasets, showcasing its supe-
riority in solution quality and stability over conventional techniques [2].

Another hybrid approach combines the Bat Algorithm with Differential Evolution
(BA-DE) specifically for medical image segmentation tasks. This integration cap-
italizes on BA's global search and DE's robust local search, resulting in improved
segmentation accuracy and efficiency for clinical applications [5].

For tackling the complex vehicle routing problem with time windows (VRPTW), an
Enhanced Bat Algorithm (EBA) introduces novel strategies for initial population
generation and neighborhood search. This aims to improve solution quality and
convergence speed for this NP-hard problem, proving effective in logistics and
transportation optimization [6].

Beyond these, other hybrid models further diversify the BA's application. A hybrid
optimization approach, combining the Bat Algorithm with Harmony Search (HBA-
HS), is proposed for optimally tuning PID controllers in Automatic Voltage Regula-
tor (AVR) systems. This hybrid algorithm significantly improves the transient and
steady-state responses by identifying suitable PID parameters, demonstrating su-
perior performance compared to conventional methods [8].

Finally, a Hybrid Bat Algorithm enhanced with Levy flight (HBA-LF) targets effec-
tive feature selection in machine learning tasks. The Levy flight integration boosts
global search capability and prevents premature convergence, particularly in high-
dimensional feature spaces, leading to improved classification accuracy and re-
duced computational complexity [10]. These collective advancements underscore
the ongoing efforts to evolve the Bat Algorithm into a more versatile and powerful
tool for solving a wide array of challenging real-world problems.

Description

Many studies focus on enhancing the Bat Algorithm’s fundamental optimization
capabilities. An Improved Bat Algorithm (IBA) incorporates dynamic control pa-
rameters, adaptively adjusting loudness and pulse rate based on the search pro-
cess to boost its global optimization efficiency [1]. This design effectively tackles
limitations like premature convergence and slow search speeds. Experimental
results, tested across various benchmark functions, highlight that this IBA con-
siderably outperforms both the original Bat Algorithm and several other modern
metaheuristic algorithms in terms of convergence accuracy and speed, making it
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well-suited for complex challenges. Another Enhanced Bat Algorithm (EBA) intro-
duces a novel dynamic inertia weight alongside a local search strategy, directly
addressing the standard algorithm’s shortcomings in global optimization. This en-
hancement finds utility in optimizing deep neural networks, where its improved
exploration-exploitation balance becomes crucial [3]. Evaluations on benchmark
functions and real-world deep learning tasks showcase that EBA achieves superior
convergence speed and accuracy.

Hybrid Bat Algorithm approaches show significant promise in specialized domains
like feature selection and image processing. A novel hybrid Bat Algorithm is de-
signed specifically for feature selection in high-dimensional datasets [2]. This
method combines the Bat Algorithm’s exploration strengths with a local search
mechanism, allowing it to efficiently identify optimal or near-optimal feature sub-
sets. This leads to improved classification accuracy and reduced computational
costs. Extensive experiments validate the method'’s effectiveness, proving its su-
periority over conventional techniques and other metaheuristic algorithms in so-
lution quality and stability. Additionally, a Hybrid Bat Algorithm enhanced with
Levy flight (HBA-LF) also focuses on effective feature selection in machine learning
tasks [10]. Levy flight integration boosts global search capability and prevents pre-
mature convergence, particularly in challenging high-dimensional feature spaces.
Comprehensive evaluations demonstrate that HBA-LF performs better, resulting
in improved classification accuracy and less computational complexity. In image
processing, another IBA is proposed for multi-level image thresholding, utilizing
Tsallis entropy as the objective function [7]. This IBA introduces modifications to
the standard algorithm’s exploration and exploitation phases, boosting its global
search and preventing premature convergence. Experimental results show that
this IBA method surpasses several advanced thresholding techniques in image
quality and segmentation accuracy.

The Bat Algorithm also finds significant application in power systems and control
engineering. One research effort proposes an Improved Bat Algorithm (IBA) in-
tegrated with chaotic maps to solve the optimal power flow problem in electrical
power systems [4]. Chaotic maps diversify the bat population, which prevents pre-
mature convergence and leads to a more efficient search. Simulations on standard
power system test cases confirm that this IBA effectively minimizes generation
costs, power losses, and voltage deviations, outperforming conventional Bat Algo-
rithm and other methods. Another study presents an IBA for the optimal placement
and sizing of distributed generators (DGs) and capacitors in radial distribution net-
works [9]. The objective here is to minimize power losses, improve voltage profiles,
and enhance system reliability. This IBA incorporates an adaptive inertia weight
and a local search mechanism to balance exploration and exploitation. Simula-
tion results on IEEE test systems confirm its superior performance in delivering
significant technical and economic benefits. For control system design, a novel
hybrid optimization approach combines the Bat Algorithm with Harmony Search
(HBA-HS) for tuning PID controllers in an Automatic Voltage Regulator (AVR) sys-
tem [8]. The goal is to improve the transient and steady-state responses of the
AVR by finding the most suitable PID parameters. This HBA-HS shows superior
performance in terms of settling time, overshoot, and steady-state error compared
to conventional and other metaheuristic algorithms.

The adaptability of the Bat Algorithm extends into specialized fields such as med-
ical imaging and logistics. A hybrid optimization algorithm, combining the Bat
Algorithm with Differential Evolution (BA-DE), is specifically tailored for medical
image segmentation tasks [5]. This integration aims to harness the global search
abilities of the Bat Algorithm and the strong local search of Differential Evolution,
thereby enhancing segmentation accuracy and efficiency. Experimental validation
on various medical image datasets demonstrates that the proposed BA-DE algo-
rithm achieves superior segmentation performance when compared to individual
Bat Algorithm, Differential Evolution, and several other advanced methods, pre-
senting a promising tool for clinical applications. In logistics, an enhanced Bat
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Algorithm (EBA) is designed to tackle the complex vehicle routing problem with
time windows (VRPTW) [6]. The EBA incorporates innovative strategies for initial
population generation and neighborhood search. Its purpose is to improve solution
quality and speed for this NP-hard problem. Comparative analysis against exist-
ing algorithms on standard VRPTW benchmarks indicates that the proposed EBA
successfully reduces total travel distance and adheres to time window constraints,
proving its effectiveness for optimizing logistics and transportation.

Conclusion

Recent research highlights significant advancements in the Bat Algorithm (BA)
through various enhancements and hybridizations, aiming to address its limita-
tions like premature convergence and slow speed. Improved Bat Algorithms (IBAs)
often integrate dynamic control parameters, such as adaptive loudness and pulse
rates, or novel dynamic inertia weights and local search strategies, demonstrably
boosting global optimization capabilities. For example, some studies show these
adaptive adjustments lead to superior convergence accuracy and speed across
diverse benchmark functions. Other works enhance BA with chaotic maps to in-
crease population diversity, proving effective in problems like optimal power flow
where it minimizes generation costs and power losses. The application spectrum
for these advanced BA variants is broad. In machine learning, hybrid Bat Algo-
rithms are tailored for feature selection in high-dimensional datasets, improving
classification accuracy and reducing computational costs. Specific instances in-
clude combining BA with Levy flight for enhanced global search in feature selec-
tion. Medical imaging benefits from hybrid approaches, like BA integrated with
Differential Evolution, which show superior segmentation performance. For com-
plex logistics, enhanced BAs are designed to solve vehicle routing problems with
time windows, reducing travel distances. Furthermore, applications extend to im-
age processing for multi-level image thresholding, control system design for PID
controller tuning in Automatic Voltage Regulator systems, and power system opti-
mization for optimal placement of distributed generators and capacitors, all yielding
improved technical and economic benefits. These collective efforts underline the
Bat Algorithm'’s versatility and its continuous evolution for tackling complex opti-
mization challenges across engineering and computational domains.

Acknowledgement

None.

Conflict of Interest

None.

References

1. Hao Liu, Bo Jiang, Mengjie Zhang. “An improved bat algorithm with dynamic control
parameters for global optimization.” Inf. Sci. 648 (2023):119564.

2. Muhammad Irfan Khan, Jawad Ali, Salman Ashraf. “Hybrid Bat Algorithm for Feature
Selection in High-Dimensional Datasets.” IEEE Access 10 (2022):117290-117303.

3. Xin Liu, Yongsheng Bai, Jinlong Lin. “An improved bat algorithm for global opti-
mization and its application in deep neural networks.” Appl. Soft Comput. 113
(2021):107936.

4. P. K. Ray, B. K. Panigrahi, S. K. Dash. “Optimal power flow using an improved bat
algorithm with chaotic map.” Appl. Soft Comput. 92 (2020):106325.


https://doi.org/10.1016/j.ins.2023.119564
https://doi.org/10.1016/j.ins.2023.119564
https://doi.org/10.1109/ACCESS.2022.3218933
https://doi.org/10.1109/ACCESS.2022.3218933
https://doi.org/10.1016/j.asoc.2021.107936
https://doi.org/10.1016/j.asoc.2021.107936
https://doi.org/10.1016/j.asoc.2021.107936
https://doi.org/10.1016/j.asoc.2020.106325
https://doi.org/10.1016/j.asoc.2020.106325

Moreau G.

Global J Technol Optim, Volume 16:5, 2025

. A. K. Singh, V. P. Singh, R. C. Poonia. “An Efficient Bat Algorithm with Differential 9. A.K.Singh, V.K. Singh, A. K. Singh. “An Improved Bat Algorithm for Optimal Place-
Evolution for Medical Image Segmentation.” Multim. Tools Appl. 82 (2023):1475- ment and Sizing of Distributed Generators and Capacitors in Distribution Networks.”
1498. Electr. Power Syst. Res. 220 (2023):109287.

. X. Li, Y. Zhang, H. Wang. “Improved Bat Algorithm for solving vehicle routing prob- . . . )
lem with time windows.” J. King Saud Univ. - Comput. Inf. Sci. 34 (2022):3004-  10- M. A. El-Dahshan, A. H. Hassan, M. A. Sallam. "A Hybrid Bat Algorithm with

3015.

Levy Flight for Feature Selection in Machine Learning.” Appl. Soft Comput. 116

(2022):108305.
7. H.D.Khan, L. K. Kumar, S. K. Gupta. “An Improved Bat Algorithm for Multi-level Im-
age Thresholding Based on Tsallis Entropy.” Arab. J. Sci. Eng. 46 (2021):441-456.

How to cite this article: Moreau, Gabriel. "Bat Algorithm’s Evolution and Broad
Applications.” Global J Technol Optim 16 (2025):469.

8. M.K.K.S.Reddy, J.V.N.R.P.Rao, P. Nageswara Rao. “Optimal tuning of PID con-
troller using a novel hybrid bat algorithm with harmony search for automatic voltage
regulator system.” J. Ambient Intell. Humaniz. Comput. 11 (2020):2951-2964.

*Address for Correspondence: Gabriel, Moreau, Department of Precision Engineering and Manufacturing Automation, Université de Bordeaux, 33405 Talence, France,
E-mail: gabriel.moreau@u-bordeaux.fr

Copyright: © 2025 Moreau G. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution and reproduction in any medium, provided the original author and source are credited.

Received: 30-Sep-2025,ManuscriptNo.gjto-25-176024; Editor assigned: 02-Oct-2025,PreQCNo.P-176024;
21-0ct-2025,ManuscriptNo.R-176024;  Published: 28-Oct-2025, DOI: 10.37421/2229-8711.2025.16.469

Reviewed: 14-Oct-2025,QCN0.Q-176024; Revised:

Page 3 of 3


https://doi.org/10.1007/s11042-022-13242-7
https://doi.org/10.1007/s11042-022-13242-7
https://doi.org/10.1007/s11042-022-13242-7
https://doi.org/10.1016/j.jksuci.2022.01.006
https://doi.org/10.1016/j.jksuci.2022.01.006
https://doi.org/10.1016/j.jksuci.2022.01.006
https://doi.org/10.1007/s13369-020-04812-4
https://doi.org/10.1007/s13369-020-04812-4
https://doi.org/10.1007/s12652-019-01511-z
https://doi.org/10.1007/s12652-019-01511-z
https://doi.org/10.1007/s12652-019-01511-z
https://doi.org/10.1016/j.epsr.2023.109287
https://doi.org/10.1016/j.epsr.2023.109287
https://doi.org/10.1016/j.epsr.2023.109287
https://doi.org/10.1016/j.asoc.2022.108305
https://doi.org/10.1016/j.asoc.2022.108305
https://doi.org/10.1016/j.asoc.2022.108305
mailto:gabriel.moreau@u-bordeaux.fr
https://www.hilarispublisher.com/global-journal-technology-optimization.html

