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Abstract
Neural networks inspired by biological systems mimic the adaptive, resilient, and self-organizing properties of the human brain, making them ideal for dynamic and unpredictable environments. These features are particularly beneficial in disaster zones where communication systems are often disrupted and require rapid self-repair and reconfiguration. Conventional communication frameworks rely on static infrastructure and centralized control, making them vulnerable to collapse during natural or human-made disasters. These methods often fail to adapt in real-time to changing environmental conditions and node failures. To overcome these limitations, we propose the Bio-Inspired Adaptive Self-Healing Communication Framework (BASHComm). This model utilizes biologically-inspired neural network algorithms, including Hebbian learning for adaptive node connectivity, spiking neural networks (SNNs) for real-time signal processing, and decentralized reinforcement learning to dynamically reroute communication paths. The framework emulates neuroplasticity and redundancy, enabling autonomous fault detection and repair. The proposed BASHComm system is designed for deployment in ad-hoc mobile networks using low-power edge devices. It self-organizes in response to node failures or environmental changes and reconfigures communication routes without central coordination. This allows for robust, scalable, and energy-efficient operation under harsh and unstable conditions common in disaster-struck areas. Simulation and prototype testing demonstrate that BASHComm significantly improves system uptime, reduces message loss, and shortens reconfiguration time compared to traditional methods. The findings suggest that biologically-inspired neural network frameworks offer a promising direction for building intelligent, self-healing communication systems capable of sustaining critical information flow during emergency response scenarios.
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1. Introduction
In places prone to catastrophe, efficient emergency response, coordination of rescue operations, and management of limited resources rely on fast and reliable information flow. Conventional communication systems, which mostly rely on centralized control systems, fixed towers, and pre-defined network topologies, are therefore often among the first to fail both in man-made crises including wars or cyberattacks and in natural disasters including earthquakes, hurricanes, or floods [1]. These errors could lead to preventable death, reduced situational awareness, and terrible delays in relief. Therefore, it is desperately required the creation of communication systems that not only trustworthy but also capable of autonomous self-repair and adaptation in dynamic, unpredictable, and infrastructure-scarce surroundings [11]. 
Physically inspired neural networks provide a plausible foundation for addressing these challenges. Renowned for its ability to adapt, self-organize, and recover from injury, the human brain provides a strong model and metaphor for building intelligent, distributed systems[2]. Especially features of neuroplasticity, redundancy, and distributed control provide a road map for creating robust communication systems [3]. Development in artificial neural networks—especially those shaped by biological mechanisms such Hebbian learning, spiking neural networks (SNNs), and distributed reinforcement learning—opens new directions for designing systems capable of autonomous configuration, error detection, and real-time adaptation[4]. 
This paper introduce BASHComm, a novel communication system architecture designed to preserve connection and performance in disaster-affected environments. BASHComm aggregates many biologically-inspired neural computing techniques to enable nodes in an ad-hoc mobile network to effectively interact free from centralized coordination or fixed infrastructure[6]. Based on past performance, the system reinforces effective communication paths via Hebbian learning to copy synaptic strengthening in the brain[8]. By way of decrease of CPU overhead, real-time, event-driven signal processing made possible by spiking neural networks (SNNs) increases responsiveness [19]. Distributed reinforcement learning also allows the system to dynamically reroute routes of communication in response to environmental changes and node failures. 
By allowing deployment on low-power edge devices, the architecture provides scalability and energy economy, therefore solving basic problems in disaster circumstances where power supply is limited[12]. BASHComm has proven remarkable resilience, faster reconfiguration, and less data loss by means of large-scale computations and prototype testing as compared to conventional systems [5]. Its ability for autonomous healing and reconfiguration provide a transformative response for emergency communication and is especially suitable for stormy, infrastructure-compromised environments[10]. 
This paper investigates theoretically basis, design architecture, implementation strategies, and performance evaluation of BASHComm [13]. The framework indicates a significant breakthrough in the development of intelligent, fault-tolerant communication systems able to retain operational integrity in the face of disruption produced by a disaster by using the self-organizing notions of biological neural networks. 
Motivation: Disaster environments are disorderly, irregular, and often lacking of dependable communication channels. Under such conditions, current communication systems typically fail, therefore hindering emergency response[16]. Inspired by the ability of the brain to adapt and self-heal, our work seeks to construct a powerful, intelligent communication architecture able of autonomously reconfiguring and retaining connection[14]. In most relevant settings, using biologically inspired neural networks offers a reasonable path towards effective communication.
Problem statement: Conventional approaches of communication cannot dynamically adapt to network interruptions caused by natural occurrences and depend on centralized infrastructure. Constraints such major delays, lost contact, and inadequate emergency response come from them[18]. A distributed, flexible communication system competent of real-time self-repair and autonomous reconfiguration in unpredictable and hostile situations is critically required without relying on pre-existing infrastructure[20].
Contribution of this paper,
· It utilizing Hebbian learning, spiking neural networks, and distributed reinforcement learning, offers BASHComm, a biologically inspired communication framework for adaptive and self-healing network behavior. 
· Shows real-time autonomous reconfiguration in response to environmental changes and node failures, hence enabling constant communication free from central control. 
· By proving notable improvements in system uptime, message delivery reliability, and recovery speed over more conventional techniques, simulations and prototypes serve to verify the system.
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Figure 1: Overall system architecture
Even amid node failures or interruptions, each node in BASHComm leverages biologically inspired intelligence—hebbian learning, SNNs, and reinforcement learning—to self-organize, redirect, and sustain communication in real time shown in figure 1.
The upcoming section is as follows: section 2 deliberates the related works, section 3 examines the proposed methodology, section 4 describes the results and discussion and section 5 concludes the overall paper work.
2. Related work
Inspired by sensor networks, infrastructure, cyber-physical systems, and sophisticated automated control systems, this collection of papers explores original concepts for self-healing systems across several disciplines. Under the proposed approaches—Bis-SenNet, SHIF, ML-SHS, and SHCS—use bio-inspired algorithms, artificial intelligence, and machine learning to enhance system resilience, fault tolerance, and autonomous adaptation. Every paper shows the potential of self-healing technologies for real-time recovery and improved efficiency in numerous applications, therefore presenting innovative approaches aimed to handle the increasing complexity of modern systems. 
Aiming at self-healing and flexibility, this work presents a bio-inspired approach to improve sensor network performance. Suggested to be combined to enhance resource use, accuracy, efficiency, speed, reliability, are Ant Colony Optimization (ACO), Particle Swarm Optimization (PSO), and Genetic Algorithms (GA). Especially in energy management, fault tolerance, and node placement, the proposed system generally outperforms six industry-standard techniques. While ACO enhances routing and fault tolerance, PSO encourages self-organizing; GA best places and recovers nodes [7]. The Bio-Inspired Self-Healing Sensor Network (BIS-SenNet) method offers a comprehensive solution for adaptive, self-repairing networks.
This paper addresses artificial intelligence (AI) use in systems for self-healing infrastructure. 
Presenting a self-healing architecture for leak management in water distribution networks, it uses artificial intelligence for anticipation, detection, and restoration. Under the arrangement, a UK water supplier controls over 2,000 district metered areas (DMAs). Customer trust [17] demonstrates significant increases as well as leak detection and repair optimization. The Self-Healing Infrastructure Framework (SHIF) raises resilience and offers a relatively cheap approach to manage infrastructure failures by means of creative, data-driven solutions. One may adapt the structure to match many infrastructural systems. 
Aiming to increase system security and prevent breakdowns, this study investigates the application of machine learning for self-healing in cyber-physical systems. Three primary components of self-healing—error alert, anomaly detection, and fault auto-remediation—form the focal point here. The paper highlights how machine learning might autonomously manage system failures—like those in power grids—that need human participation [9]. The proposed fix would allow cyber-physical systems autonomously bounce back from vulnerabilities and intrusions. A seamless and autonomous approach to improve user experience and system security is provided by the ML-Based Self-Healing System (ML-SHS). 
This paper discusses the concept of self-healing control in modern automated systems, therefore addressing the increasing need for intelligent management and maintenance coming from system complexity. It covers the aspects, goals, and theoretical framework of self-healing control. This paper explores the relationship between self-healing control and various control systems like fault-tolerant and adaptive control. Emphasizing giving automated systems intelligent control, it provides a self-healing control system (SHCS) to increase system resilience [15]. Grounded on the work presented, further theoretical exploration of self-healing technology in intelligent control applications is guided. 
This paper presents original self-healing models for enhancing system performance in sensor networks, infrastructure, cyber-physical systems, and automated control. Including ACO, PSO, GA, and machine learning these systems provide fault detection, efficient energy usage, autonomous recovery, and resilience against failures. In reliability, economy, and resource management, the proposed approaches—BIS-SenNet, SHIF, ML-SHS, and SHCS—show superior performance than accepted methods. Practical applications of these self-healing materials have enormous promise in many different fields.
3. Proposed method
Here visually shown are the projected BASHComm system's architecture, intelligence, and assessment mechanism. Every picture underlines a fundamental component of this biologically inspired communication system: distributed interaction between mobile nodes, internal artificial intelligence-driven self-healing mechanisms, and the proven structured simulation environment. These images seen together serve to highlight how BASHComm uses brain concepts to enable adaptive, robust, and autonomous communication—qualities essential in disaster zones when traditional infrastructure collapses and speedy recovery is critically important.
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Figure 2:The BASHComm Brain
Figure 2 illustrates the basic functional architecture of the BASHComm system. It shows how ideas provided by the human brain provide the framework to accomplish intelligent communication actions. Like synaptic reinforcement, the Hebbian learning module over time improves effective channels of communication. The module Spiking Neural Network (SNN) handles real-time data pretty effectively with little energy. Dependent on changing environmental information, reinforcement learning constantly evaluates and adjusts routing alternatives. Furthermore, fault detection helps to quickly find network weaknesses; the route optimization unit dynamically reorganizes connections. Ideal for erratic, resource- limited catastrophe environments, these combined components provide a rational decision-making mechanism that let BASHComm self-heal, adapt, and grow free from centralized control structure. 

An equation 1 that incorporates the outputs of two nodes, their adaptive modifications, a learning-based modulation that is affected by input , and a time-based correction denoted as . By measuring how neural-inspired systems work, this is in line with BASHComm's strategy.
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Figure 3:Simulating Chaos, Sustaining Order
Figure 3 shows the thorough testing procedure used in order to validate BASHComm. The simulation transports nodes over dynamic terrain starting with the construction of a mobile ad- hoc network (MANET) under disaster-like circumstances. Designed to replicate actual disturbances like structural damage or power outage, controlled node failures. Then BASHComm turns on its cognitive elements to reroute, adapt, and recover real-time paths of communication. Throughout is gathered performance data including uptime, message loss, and reconfiguration time. This modeling approach assesses BASHComm's technical feasibility as well as its pragmatic under pressure efficiency. It validates that even in the most chaotic settings the biologically inspired techniques provide constant, distributed, and responsive communication. 

With the help of adaptive parameters and network dynamics  and , as well as restrictions scaled by .The equation 2 reflects the optimum energy or data flow across nodes .
The basic concept and running mechanism of BASHComm are somewhat precisely illustrated. First addresses its distributed communication paradigm; second shows the intelligent, neuro-inspired core allowing self-healing and adaptability; third shows how the system is completely investigated utilizing simulations. These visualizations taken together highlight BASHComm's flexibility, robustness, and fit for pragmatic emergency needs. Reflecting biological intelligence, BASHComm distinguishes itself as a next-generation solution for ongoing communication in situations damaged by infrastructure.
4. Result and Discussion
Lack of centralized management and infrastructure devastation causes communication system breakdowns in areas ravaged by a disaster. BASHComm—a biologically inspired, self-healing communication system—solves this using techniques from neural networks including Hebbian learning, spiking neural networks, and distributed reinforcement learning. The speedier reconfiguration of BASHComm, lower message loss, and higher uptime shown by the following performance tests and statistics point to These findings confirm its effectiveness in sustaining robust, adaptive communication in uncertain environments by use of low-power, dispersed edge devices.
Table 1: Simulation Environment
	Metric
	Description

	Simulation Tool
	NS-3 with custom neural network modules integrated for adaptive behavior

	Network Type
	Mobile ad-hoc network (MANET) with dynamic node mobility and topology changes

	Number of Nodes
	50–100 randomly distributed edge devices with varied mobility patterns

	Terrain Size
	1000m x 1000m disaster-affected urban and semi-rural terrain models

	Mobility Model
	Random waypoint and group mobility model to simulate real-world movement

	Failure Rate Simulated
	Up to 40% node failure scenarios to test self-healing and rerouting efficiency

	Power Constraints
	Low-power consumption limits simulated to mimic real battery-powered devices

	Message Frequency
	5–10 messages/sec between nodes simulating continuous data flow

	Latency Threshold
	≤ 100 ms for critical message delivery during emergency events

	Testing Duration
	60 minutes per scenario under variable failure and mobility conditions
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Figure 4: Analysis of system uptime
Acknowledging a remarkable 98.36% operational uptime in simulated catastrophe situations, Figure 4 shows the system uptime performance of the proposed BASHComm architecture. This amazing availability exposes BASHComm's performance in autonomous fault detection, adaptive rerouting, free of centralized control real-time self-repair. Unlike conventional communication systems that suffer from significant failures during node breakdowns for reasons of its dispersed, biologically inspired architecture, BASHComm ensures network continuity. By use of Hebbian learning and spiking neural networks, the system constantly adapts to meet evolving network topologies, therefore guaranteeing little downtime. During an emergency, this resilience enables one to maintain communication flow under unstable, infrastructure-compromised situations. 

The equation incorporates both static proportions and dynamic neural learning aspects to reflect the balance across input-output scaling and adapting weight changes over time on analysis of system uptime.
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Figure 5: Analysis of reduces message loss
Figure 5 illustrates the efficiency of BASHComm in lowering message loss; lost communications are particularly 95.15% less in several catastrophic situations. The self-organizing properties of the framework and dynamic route reconfiguration help to explain this improvement by allowing effective rerouting of messages around damaged or inaccessible nodes. By means of proactive adaptation to network changes, distribution of reinforcement learning enables reduction of data transmission errors. Unlike traditional systems which could suffer packet loss owing to static routing and central dependencies, BASHComm's biologically-inspired architecture dramatically improves message dependability, which is essential for accurate and quick information flow during disaster response.

In this equation 4, the signal strength , adaptation output , and the cost of temporal reconfiguration affect the trade-off between the initial stable states of the system and the dependability of its transmission as it degrades over time on analysis of reduces message loss.
Table 2: Performance Comparison – BASHComm vs. Traditional Systems
	Metric
	BASHComm (Proposed)
	Traditional Systems
	Improvement

	System Uptime
	98.36%
	82.40%
	+15.96%

	Message Loss Reduction
	95.15%
	68.70%
	+26.45%

	Reconfiguration Time
	3.2 seconds
	11.5 seconds
	-72.17%



Table 2 contrasts the performance of BASHComm with more conventional media of communication. The suggested approach exhibits a 98.36% system uptime, a 95.15% decline in message loss, and a considerably lowered reconfiguration time of 3.2 seconds. These advances show how well BASHComm maintains connection under changing situations and data integrity. Important components for communication in disaster areas, dependability, robustness, and responsiveness—qualities the biologically inspired design obviously surpasses traditional systems in.

A probabilistic upper limit on the system's performance is described by the equation 5, which is based on time-dependent neural reactions , degraded utility , and dynamic input.
Table 3: Key Components and Functions of BASHComm
	Component
	Biological Inspiration
	Functionality Description

	Hebbian Learning
	Synaptic Strengthening
	Reinforces effective node-to-node communication paths

	Spiking Neural Networks (SNNs)
	Brain-like Signal Processing
	Enables real-time, event-driven communication decisions

	Decentralized Reinforcement Learning
	Distributed Adaptation
	Facilitates dynamic routing without central coordination

	Neuroplasticity Emulation
	Adaptive Brain Rewiring
	Supports structural changes in the network due to disruptions

	Redundancy and Self-Healing
	Brain Fault Tolerance
	Enables alternate path finding in case of node failure



Table 3 lists under BASHComm the physiologically driven components. Every module results from ideas in neuroscience including distributed control, synaptic learning, and neuroplasticity. Hebbian learning guarantees adaptable connection; spiking neural networks provide real-time processing. Reaching autonomous routing for the system depends on the distribution of reinforcement learning. These elements taken together show brain-like resilience and flexibility, which supports the framework to self-heal and operate free from centralized control and thus fit for uncertain and infrastructure-compromised contexts.
Table 4: System Deployment Characteristics
	Deployment Factor
	Description

	Network Type
	Ad-hoc mobile networks

	Device Requirements
	Low-power edge devices

	Control Type
	Fully decentralized

	Adaptation Speed
	Fast, autonomous (via local node intelligence)

	Ideal Use Case
	Infrastructure-damaged disaster zones

	Energy Efficiency
	High (due to localized, brain-inspired computation models)



Table 4 lists aspects of BASHComm system implementation. Designed for transitory mobile networks, it runs well on low-power edge devices and avoids depending on central control. Its distributed real-time design helps it to adapt quickly to environment changes. Because of its great energy economy and autonomy, BASHComm is particularly ideal for catastrophe conditions where infrastructure is destroyed and power resources are limited therefore ensuring continuous communication flow for emergency operations. 
Performance support and component analysis enable BASHComm to be a very effective tool for disaster communication. With 98.36% uptime, 95.15% message retention, and fast self-reconfiguration, BASHComm beats more traditional solutions. Working on low-power devices, its biologically motivated architecture provides distributed decision-making, failure recovery, and real-time adaptability. The deployment architecture provides scalable, energy-efficient applications in any environments. These findings underline the need of BASHComm as a fundamental invention for maintaining communication throughout crisis and rehabilitation operations.
5. Conclusion
Inspired by biological neural networks, this work presents BASHComm, a novel communication architecture meant to have robust, self-healing characteristics in disaster-affected environments. Dependent on centralized infrastructure, traditional communication networks may find themselves in the irregular and unstable conditions typical of either natural or anthropogenic disasters. BASHComm transcends these limitations by using basic biological concepts such Hebbian learning, spiking neural networks (SNNs), and distributed reinforcement learning to deliver adaptive, distributed, and energy-efficient communication. 
Verifying its effectiveness in simulations and prototype testing, the proposed system demonstrates considerable gains in system uptime (98.36%), message loss reduction (95.15%), and reconfiguration speed. Its ability to autonomously find errors, self-organize, reconfigure in real time provides continuous data flow even in dynamic and resource- constrained environments. In real-world emergency deployments especially, low-power, edge-device-compatible architecture of BASHComm increases its scalability and usage even further. 
By mimicking the flexible, powerful nature of the human brain, BASHComm offers a significant transformation in how communication systems should be created for robustness and intelligence. This biologically inspired approach not only addresses a significant technological gap in disaster response but also generates new opportunities for constructing future communication networks able to comprehend, heal, and adapt on their own. 
Future workwill center real-world field deployment of BASHComm in multi-terrain conditions and genuine disaster scenarios. Additional advances include including neuromorphic technology to optimize energy consumption and bio-inspired swarm intelligence for collective decision-making. Moreover, enhancing long-range connectivity in inaccessible places would help to improve compatibility with UAV-based nodes and satellite connections. Designed to protect distributed systems from cyberattacks are security layers based on neural anomaly detection as well.
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