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Abstract: The increasing complexity of real-world optimization problems—characterized by high
dimensionality, nonlinearity, dynamic environments, and incomplete information—has outpaced the
capabilities of traditional gradient-based and deterministic methods. Swarm Intelligence (SI), a subset of
bio-inspired computing, offers a compelling paradigm for addressing these challenges through
decentralized, self-organizing, and population-based search mechanisms. This paper presents a
comprehensive framework for research on the development of swarm intelligence-based bio-inspired
computing models specifically designed for large-scale optimization. We critically examine the
landscape of existing SI algorithms, identify their theoretical and practical limitations, and propose a
research agenda centered on principled algorithm design, hybridization strategies, scalability
enhancement, and rigorous validation. The research contributes to consolidating the field by moving
beyond metaphor-driven proliferation toward theoretically grounded, high-performance optimization
models applicable to engineering design, intelligent systems, and data-driven decision-making.
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L. INTRODUCTION
1.1 The Challenge of Large-Scale Optimization
Contemporary computational problems in domains ranging from engineering design and supply chain management to
bioinformatics and machine learning are increasingly characterized by their sheer scale and complexity. These
problems frequently involve solution spaces with hundreds or thousands of dimensions, nonlinear and non-
differentiable objective functions, multiple conflicting objectives, and dynamic or uncertain environments. Traditional
optimization methods—including linear programming, gradient-based search, and exhaustive enumeration—face
fundamental limitations in such settings. They often rely on restrictive assumptions about problem structure, are
susceptible to local optima entrapment, and scale poorly with problem dimensionality due to exponential growth in
search space size .
The need for robust, scalable, and adaptive optimization methodologies has driven the emergence of bio-inspired
computing as a vital research frontier. As observed in the broader computational landscape, "traditional optimization
methods frequently struggle in such settings due to their reliance on gradient information, rigid formulation
requirements, and susceptibility to local optima". This recognition has catalyzed the development of stochastic,
population-based metaheuristics that draw inspiration from natural processes.
1.2 The Promise of Swarm Intelligence
Swarm Intelligence (SI) represents a particularly influential branch of bio-inspired computing. SI algorithms are
motivated by the collective behaviors observed in natural systems—ant colonies, bird flocks, fish schools, bee swarms,
and wolf packs—where simple, decentralized agents interacting through local rules generate sophisticated global
problem-solving capabilities . These systems exhibit properties of self-organization, distributed control, and emergent
intelligence that make them exceptionally suited for complex optimization tasks.
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The appeal of SI lies in several distinguishing characteristics:

. Decentralized Search: Without a central controller, SI algorithms explore search spaces in parallel through
multiple interacting agents, reducing the risk of systemic failure and enabling robust performance.

. Population-Based Exploration: Maintaining a population of candidate solutions facilitates global exploration
while preserving diversity to avoid premature convergence.

. Adaptive Behavior: The ability to respond to dynamic changes in the problem environment makes SI
particularly valuable for real-time and evolving applications.

. Simplicity and Scalability: Individual agents operate on simple rules, yet the collective behavior can scale
effectively to high-dimensional problems.

These attributes have established SI algorithms as "future-proof solutions that can be used in many areas" of
optimization .

1.3 The Problem of Proliferation

However, the field faces a significant challenge that threatens its scientific credibility and practical impact: the
proliferation of metaphor-driven algorithms with questionable novelty and limited theoretical grounding. Critical
reviews have demonstrated that "many of these newer methods offered little true novelty, often repackaging existing
operators from GA, PSO, or DE with metaphorical framing". Algorithms such as Cuckoo Search, Grey Wolf
Optimizer, Whale Optimization Algorithm, and Salp Swarm Algorithm have been shown to be either reformulations or
simplifications of established methods, relying on "metaphor-driven terminology that obscures strong similarities to
classical methods" .

This trend has raised serious concerns within the research community. As noted in recent critical surveys, "the
unchecked proliferation of weakly justified algorithms risks undermining the credibility of bio-inspired computation as
a whole" . Some analyses have found that "over one-third of published bio-inspired solvers are in fact versions of
classical algorithms, underscoring the prevalence of redundancy" .

1.4 Research Motivation and Objectives

This research is motivated by the need to advance swarm intelligence-based bio-inspired computing in a scientifically
rigorous manner, moving beyond superficial metaphor-driven proposals toward theoretically grounded, empirically
validated, and practically impactful optimization models. The central research question is:

How can swarm intelligence-based bio-inspired computing models be systematically developed, hybridized, and
validated to effectively solve large-scale optimization problems while maintaining theoretical rigor and practical

relevance?

The specific objectives of this research are:

1. Critical Analysis: Conduct a comprehensive review and critique of existing SI algorithms, identifying their
theoretical foundations, operational mechanisms, strengths, limitations, and scalability characteristics for large-scale
problems.

2. Principled Algorithm Design: Develop novel SI models or significant enhancements based on sound

theoretical principles rather than metaphorical novelty, focusing on mechanisms for improved exploration-exploitation
balance, diversity maintenance, and convergence properties.

3. Hybridization and Integration: Investigate systematic approaches to integrating complementary SI and
evolutionary strategies, leveraging ensemble methods and adaptive coordination to achieve robust performance across
diverse problem landscapes.

4. Scalability Enhancement: Develop specialized mechanisms—including adaptive parameter control, dynamic
topology adjustment, and hierarchical swarm architectures—to enable reliable scaling to high-dimensional problem
spaces (150+ dimensions).

5. Rigorous Validation: Establish comprehensive benchmarking frameworks incorporating standardized test
functions, real-world application domains, and statistical significance testing to validate algorithm performance and
generalizability.
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6. Theoretical Contributions: Contribute to the theoretical foundations of SI algorithms through convergence
analysis, complexity characterization, and performance bound derivation.

II. LITERATURE REVIEW AND FOUNDATIONAL ANALYSIS
2.1 Historical Evolution of Swarm Intelligence
The evolution of SI algorithms reflects a trajectory from rigorously validated foundational methods to an explosion of
metaphor-inspired variants, punctuated by growing calls for consolidation and methodological rigor.
2.1.1 Foundational Algorithms
The establishment of SI as a computational paradigm can be traced to two landmark contributions:
Ant Colony Optimization (ACO), introduced by Dorigo in 1992, formalized the pheromone-mediated foraging
behavior of ants as a stochastic search mechanism for combinatorial optimization. ACO's core innovation lies in its
indirect communication through a shared pheromone matrix, which enables the emergence of optimal paths through
positive feedback and probabilistic decision-making .
Particle Swarm Optimization (PSO), developed by Eberhart and Kennedy in 1995, modeled the social dynamics of
bird flocking and fish schooling. PSO represents candidate solutions as particles traversing the search space, guided by
personal best positions and the global best position discovered by the swarm. The algorithm's simplicity, efficiency,
and effectiveness have made it one of the most widely used metaheuristics .
These foundational methods "remain benchmarks in optimization, with robust theoretical and empirical validation" .
Their theoretical grounding—supported by schema theory, Markov models, and runtime analyses—established a
standard of rigor that subsequent proposals have not always maintained.
2.1.2 The Proliferation Wave
The early 2000s witnessed an unprecedented expansion of biologically inspired algorithms. Following the success of
PSO and ACO, researchers proposed a diverse array of methods drawing on increasingly specific biological metaphors:

. Bacterial Foraging Optimization (BFO) (2002): Inspired by E. coli chemotactic behavior
. Artificial Bee Colony (ABC) (2005): Modeled on honeybee foraging dynamics

. Cuckoo Search (CS) (2009): Based on brood parasitism strategies

. Bat Algorithm (BA) (2010): Simulating echolocation behavior

. Grey Wolf Optimizer (GWO) (2014): Inspired by wolf pack hunting hierarchy

. Whale Optimization Algorithm (WOA) (2016): Modeling bubble-net feeding

. Salp Swarm Algorithm (SSA) (2017): Based on chain foraging of salps

While this proliferation expanded the metaphorical scope of the field, it also generated significant concerns regarding
redundancy and scientific rigor. Subsequent critical analyses have demonstrated that "many of these newer methods
offered little true novelty, often repackaging existing operators from GA, PSO, or DE with metaphorical framing" . For
instance, SSA "was shown to be non—shift invariant and underperformed even random search in certain cases" , while
CS was "functionally equivalent to differential evolution and evolutionary strategies" .

2.1.3 Contemporary Trends

Recent developments reflect a constructive shift toward hybrid models and systematic integration rather than novel
metaphor proposals. By "combining techniques such as PSO, ABC, and GWO, hybrid BIAs address high-dimensional
feature selection and other domain-specific challenges with greater robustness" . This trend "reflects a pragmatic shift
in the field: meaningful innovation stems less from novel metaphors and more from systematic integration and
empirical validation" .

2.2 Taxonomy and Classification

Contemporary SI algorithms can be systematically categorized based on their biological inspiration, operational
mechanisms, and application domains. A comprehensive survey identifies eight primary categories:
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Category Inspiration Source Representative Algorithms
. Natural selection, genetic Genetic Algorithm, Evolution Strategies,
Evolutionary . . . . .
inheritance Differential Evolution
Swarm Intelligence Collective animal behavior PSO, ACO, ABC, GWO, WOA
Physics-Inspired Physical phenomena Gravitational Search, Simulated Annealing

Lo . Invasive Weed Optimization, Plant Growth
Ecosystem/Plant-Based Ecological interactions

Simulation
Predator-Prey Predator-prey dynamics Predator-Prey Optimization
. . . . Artificial Neural Networks, Spiking Neural
Neural-Inspired Neural information processing
Models

. o . H Search, Teaching-Learning-Based

Human-Inspired Human social/cognitive behavior armony wearc .ea<.: 1r?g carming-base

Optimization
Hybrid Approaches Multiple integrated strategies Memetic Algorithms, Ensemble Methods

This taxonomy serves as a valuable framework for understanding the diversity of approaches while facilitating
systematic comparison and selection based on problem requirements.

2.3 Key Theoretical Foundations

2.3.1 Exploration-Exploitation Trade-off

A central challenge in SI algorithm design is the balance between global exploration (searching diverse regions) and
local exploitation (refining promising solutions). Effective optimization requires maintaining "diversity to avoid
premature convergence, and balancing global exploration with local refinement". Algorithms that emphasize
exploration prematurely may fail to converge efficiently, while those biased toward exploitation risk local optima
entrapment.

2.3.2 Self-Organization and Emergent Behavior

SI algorithms derive their power from self-organization—the capacity of decentralized agents to generate global
patterns through local interactions. This emergent behavior is characterized by positive feedback (reinforcement of
promising solutions), negative feedback (diversity maintenance), and amplification of fluctuations (exploration of novel
regions) . Understanding these dynamics is essential for principled algorithm design.

2.3.3 Convergence Properties

While many SI algorithms demonstrate empirical effectiveness, rigorous theoretical analysis of convergence remains
limited for many variants. Foundational algorithms such as PSO have benefited from studies of particle trajectory,
stability analysis, and convergence conditions, but "newer methods often lack theoretical justification" . A significant
research direction involves establishing "rigorous theoretical convergence guarantees" for SI algorithms .

2.4 Applications and Domain Impact

ST algorithms have demonstrated applicability across diverse domains, validating their practical utility:

. Engineering Design: Optimization of complex systems under nonlinear, dynamic, and constraint-laden
conditions
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. Robotics: Biologically inspired control strategies for mobile robots under sensory uncertainty

. Computational Biology: Simulation of molecular docking, gene-expression feature selection, and
bioinformatics analysis

. Intelligent Systems: Feature selection in healthcare and cybersecurity datasets

. Energy Systems: Photovoltaic panel tracking, energy grid management

. Structural Health Monitoring: Crack detection in bridge infrastructure

. Supply Chain and Logistics: Path planning, scheduling, and resource allocation

These applications demonstrate the field's practical relevance while highlighting domain-specific requirements for
scalability, reliability, and interpretability.

2.5 Critical Assessment and Research Gaps

2.5.1 The "Novelty" Problem

The proliferation of metaphor-driven algorithms has prompted significant scholarly critique. As noted in recent
comprehensive reviews, "critical voices in the community argue that this trend risks fragmenting the field and diluting
scientific rigor" . The fundamental concern is that "many of these approaches introduce no fundamentally new
operators or search principles, and instead rely on metaphor-driven terminology that obscures strong similarities to
classical methods" .

This critique has important implications for research: any algorithmic contribution must be rigorously justified beyond
metaphorical appeal, with clear articulation of novel mechanisms and their theoretical or empirical advantages.

2.5.2 Scalability Limitations

Despite the inherent parallelism of SI algorithms, scalability to very high-dimensional problems remains challenging.
While refinements have achieved "reliable scaling to over 150 dimensions" , many algorithms exhibit performance
degradation in high-dimensional spaces due to the curse of dimensionality and increased susceptibility to local optima.
Research needs to address "scalability issues in high-dimensional and large-scale settings" .

2.5.3 Convergence and Reliability

Open challenges include ensuring reliable convergence, particularly in dynamic or noisy environments. Ensuring
"reliability in dynamic and unpredictable environments" requires continuous validation, adaptive control mechanisms,
and robust performance across diverse problem landscapes. Additionally, "the difficulty of ensuring reliability in
dynamic and unpredictable environments" remains an active research frontier .

2.5.4 Interpretability and Theoretical Grounding

The field faces "open challenges such as scalability, convergence, reliability, and interpretability" . Many algorithms
lack clear theoretical foundations regarding "convergence behavior, performance guarantees, and analytical modeling" .
Establishing such foundations is essential for advancing the field's scientific credibility and enabling informed
algorithm selection for specific applications.

II1. PROPOSED RESEARCH FRAMEWORK
3.1 Research Philosophy and Approach
This research adopts a design science approach—developing, evaluating, and refining artifact-based solutions to well-
defined problems. The methodology integrates:

. Theoretical Analysis: Grounding algorithm design in established principles from optimization theory,
dynamical systems, and swarm intelligence

. Algorithmic Development: Creating novel or enhanced ST models with clear design rationale

. Empirical Validation: Comprehensive benchmarking against established algorithms using standardized test
suites and real-world applications

. Statistical Rigor: Ensuring findings are statistically significant and generalizable
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3.2 Research Phases and Deliverables

Phase 1: Comprehensive Systematic Review and Gap Analysis

Objective: Establish a rigorous foundation by critically reviewing and synthesizing existing SI literature, identifying
specific gaps and opportunities.

Activities:

. Systematic literature review of SI algorithms published in peer-reviewed venues

. Critical assessment of algorithmic novelty, theoretical foundations, and empirical validation
. Analysis of scalability characteristics and performance trends

. Identification of domain-specific requirements and constraints

Deliverables:

. Comprehensive survey paper on SI for large-scale optimization

. Annotated bibliography and taxonomy of relevant algorithms

. Specification of research gaps and prioritized research questions

Phase 2: Principled Algorithm Design
Objective: Develop novel SI algorithms or significant enhancements based on sound theoretical principles,
emphasizing mechanisms that improve performance on large-scale problems.

Sub-Phases:

2A: Adaptive Parameter Control

. Design self-tuning mechanisms that dynamically adjust algorithm parameters based on search progress
. Investigate population size adaptation for high-dimensional problems

. Develop exploration-exploitation balance indicators and response strategies

. Validate through controlled experiments on benchmark functions

2B: Topology and Information Exchange

. Investigate heterogeneous swarm topologies (hub-spoke, small-world, scale-free)

. Design role-differentiated agents for specialized exploration/exploitation tasks

. Implement selectively-informed update strategies for improved diversity maintenance
. Evaluate impact on convergence speed and solution quality

2C: Hierarchical and Multi-Swarm Architectures

. Develop hierarchical swarms with multiple levels of coordination

. Implement multi-swarm frameworks for parallel exploration

. Design migration and information exchange protocols between sub-swarms

. Assess scalability to very high-dimensional problems (500+ dimensions)
Deliverables:

. Novel algorithm variants with theoretical justification

. Performance comparisons against state-of-the-art benchmarks

. Design guidelines for practitioners

Phase 3: Hybridization and Integration
Objective: Develop systematic hybridization strategies that combine complementary strengths of different SI and
evolutionary algorithms.

Approaches:

. Ensemble Methods: Dynamically allocate computational effort among constituent algorithms

. Sequential Hybrids: Apply different algorithms in phases (e.g., global exploration followed by local
refinement)

. Embedded Hybrids: Integrate mechanisms from multiple algorithms within a unified framework

. Cooperative Hybrids: Multiple algorithms operating on the same problem with information sharing
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Research Questions:

. Which algorithm combinations are most complementary, and under what conditions?
. How can hybridization overhead be minimized while maximizing performance gains?
. What adaptive strategies enable robust performance across diverse problem types?
Deliverables:

. Hybrid algorithm frameworks with demonstrable performance advantages

. Analysis of hybrid effectiveness across problem landscapes

. Guidelines for systematic hybrid design

Phase 4: Scaling to Large-Scale Problems
Objective: Address the specific challenges of high-dimensional and large-scale optimization through specialized

mechanisms.

Key Challenges:

. Curse of dimensionality and exponential search space growth

. Increased risk of premature convergence in high-dimensional spaces

. Computational cost of maintaining diverse populations

. Detection and exploitation of problem structure

Proposed Solutions:

. Dimensionality Reduction: Integration with feature selection and PCA-based techniques

. Cooperative Co-evolution: Decomposition of high-dimensional problems into subcomponents
. Adaptive Population Management: Dynamic adjustment of population size based on problem dimension
. Parallel and Distributed Implementations: Leveraging hardware parallelism for scalability
Evaluation Domains:

. High-dimensional benchmark functions (100-1000 dimensions)

. Feature selection in high-dimensional datasets

. Engineering optimization with many design variables

Deliverables:

. Scalable ST algorithms with proven performance on 150+ dimensions

. Analysis of scaling behavior and computational cost

. Implementation frameworks for parallel/distributed optimization

Phase 5: Rigorous Validation and Benchmarking
Objective: Establish comprehensive validation frameworks to ensure research findings are robust, reproducible, and

generalizable.

Components:

5A: Standardized Test Suites

. Use established benchmark suites (CEC, IEEE competition benchmarks)

. Include diverse problem types: unimodal, multimodal, separable, non-separable, rotated
. Test across varying dimensions (10, 30, 50, 100, 200, 500, 1000)

5B: Real-World Applications

. Engineering design problems (structural, mechanical, electrical)

. Feature selection in high-dimensional healthcare datasets

. Path planning and scheduling problems

. Energy system optimization

5C: Statistical Analysis

. Multiple independent runs with different random seeds

. Statistical significance testing (Wilcoxon, Friedman, ANOVA)

. Performance profiles and data envelopment analysis
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. Comparison with 10+ established algorithms

5D: Reproducibility Standards

. Open-source implementation and documentation

. Detailed parameter reporting

. Experimental protocols and code availability

Deliverables:

. Comprehensive benchmarking studies with statistical validation
. Open-source algorithm implementations

. Performance comparison reports

Phase 6: Theoretical Contributions

Objective: Advance the theoretical foundations of SI algorithms, contributing to their credibility and informed
application.

Research Directions:

6A: Convergence Analysis

. Derive convergence conditions for novel algorithm variants

. Analyze convergence rates and complexity bounds

. Investigate convergence in dynamic and noisy environments

6B: Performance Bounds

. Establish lower and upper performance bounds for specific problem classes
. Analyze no-free-lunch implications

. Derive algorithm-specific performance guarantees

6C: Parameter Sensitivity and Robustness

. Formal analysis of parameter effects on algorithm behavior

. Derivation of optimal parameter settings

. Stability analysis under parameter perturbations

Deliverables:

. Theoretical analyses published in peer-reviewed journals

. Algorithm-specific convergence proofs or conditions

. Guidelines for algorithm selection based on problem characteristics

3.3 Algorithm Development Methodology
The development of novel algorithms in this research follows a structured methodology grounded in design
science principles:

1. Problem Identification: Clear specification of limitations in existing algorithms that the proposed approach
addresses

2. Inspiration Justification: Articulation of biological or natural principles motivating the design, with explicit
mapping from inspiration to algorithm mechanisms

3. Design Rationale: Clear explanation of how the proposed mechanisms are expected to improve performance,
with reference to optimization theory

4. Prototype Implementation: Implementation in a reproducible framework with comprehensive parameter
documentation

5. Controlled Evaluation: Systematic experimentation comparing against established baselines under controlled
conditions

6. Analysis and Refinement: Statistical analysis of results, identification of strengths/weaknesses, iterative
refinement

7. Generalization Testing: Evaluation across diverse problem types and domains to assess generalizability

8. Theoretical Grounding: Development of theoretical analysis to complement empirical findings
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3.4 Evaluation Criteria
Algorithm performance will be evaluated using multiple criteria:

. Solution Quality: Objective function value achieved (minimization or maximization)
. Convergence Speed: Time or iterations required to reach specified solution quality

. Scalability: Performance degradation rate with increasing problem dimension

. Robustness: Performance consistency across multiple runs and random seeds

. Reliability: Ability to consistently find feasible solutions

. Computational Efficiency: Time and memory requirements

. Generalizability: Performance across diverse problem types and domains

3.5 Ethical Considerations
While this research focuses on methodology development, ethical considerations include:

. Ensuring transparent reporting and reproducibility

. Acknowledging limitations and failure cases

. Avoiding overclaiming algorithmic novelty

. Considering potential dual-use implications of optimization capabilities

. Promoting responsible application in critical domains (healthcare, safety systems)

IV. EXPECTED CONTRIBUTIONS
This research is expected to make the following contributions to the field of swarm intelligence-based bio-inspired

computing:

4.1 Theoretical Contributions

1. Rigorous Critical Synthesis: A systematic review and critique of SI algorithms for large-scale optimization,
identifying specific strengths, limitations, and research gaps.

2. Convergence Analysis: Theoretical analysis establishing convergence conditions for novel algorithm variants,
contributing to the field's theoretical foundations.

3. Scalability Principles: Formal characterization of algorithm scalability characteristics, providing guidance for

algorithm selection and design.
4.2 Algorithmic Contributions

1. Enhanced SI Algorithms: Novel algorithm variants with demonstrable performance improvements,
particularly for high-dimensional problems.

2. Hybrid Frameworks: Systematic hybridization strategies that achieve robust performance through
complementary mechanism integration.

3. Scalability Mechanisms: Specialized techniques for scaling to 150+ dimensions while maintaining solution
quality.

4.3 Practical Contributions

1. Open-Source Implementations: Reproducible algorithm implementations with comprehensive
documentation.

2. Benchmarking Frameworks: Standardized evaluation protocols and performance databases.

3. Application Demonstrations: Validated performance on real-world problems across multiple domains.

4.4 Methodological Contributions

1. Design Principles: Articulated guidelines for principled SI algorithm development, addressing the critique of
metaphor-driven proliferation.

2. Validation Standards: Established protocols for rigorous algorithm evaluation, contributing to scientific
credibility.

3. Selection Guidelines: Decision support for practitioners in selecting appropriate algorithms for specific
problems.
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V. CONCLUSION
This research addresses the pressing need for scientifically rigorous, theoretically grounded, and practically effective
swarm intelligence-based bio-inspired computing models for large-scale optimization. Building on established
foundations while responding to critical concerns about metaphorical proliferation, the research develops novel
algorithms and hybridization strategies with demonstrable performance advantages.
The research is motivated by the recognition that "meaningful innovation stems less from novel metaphors and more
from systematic integration and empirical validation" . By adopting a design science methodology that integrates
theoretical analysis, algorithmic development, and rigorous empirical validation, this research aims to advance the field
while maintaining scientific credibility.
The expected outcomes—novel algorithms, scalability mechanisms, hybridization strategies, and theoretical
foundations—will contribute to consolidating swarm intelligence research, providing both researchers and practitioners
with reliable tools for addressing complex, high-dimensional optimization problems across diverse domains.
Ultimately, this research aims to contribute to "the reliable and authentic advancement of bio-inspired algorithms" ,
advancing the field toward greater scientific rigor, practical impact, and theoretical depth.

REFERENCES

[1]. S. Somvanshi et al., "A Review on Influx of Bio-Inspired Algorithms: Critique and Improvement Needs,"
arXiv:2506.04238, 2025.

[2]. "A Comprehensive Review of Swarm Intelligence-Based Meta-Heuristic Algorithms," IEEE Xplore,
Conference Proceedings, 2025.

[3]. "Particle Swarm Optimization Techniques in Complex Systems," Nature Index, 2025.

[4]. "Open Challenges and Outlook," in Engineering Swarms of Cyber-Physical Systems, Taylor & Francis, 2025.

[5]. "Particle Swarm Optimization (PSO) Refinements for Complex Optimization," Garuda - Garba Rujukan
Digital, 2025.

[6]. "A Comprehensive Survey on Bio-Inspired Algorithms: Taxonomy, Applications, and Future Directions,"
ArxivLens, 2025.

[7]. "Exploration of Bio-Inspired Computing: 2nd Edition," MDPI Biomimetics, Special Issue, 2025.

Copyright to IJETIR 22
www.iciset.in



