
Jana Nexus: Journal of Computer Science   
ISSN(O): 3108-1916 

Journal Homepage: jananexuscs.com 

JN:JHST Volume 02 Issue 04                                                                                                                        09-12 

Copyright: © 2026  the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons 

Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Jana Publication and  Research LLP. 

Page | 9 

| RESEARCH ARTICLE 

Article DOI: 10.21474/JNCS01/125 

 DOI URL: http://dx.doi.org/10.21474/JNCS01/125 

 

AUTONOMOUS MULTI-AGENT SYSTEMS FOR INTELLIGENT DISASTER RESPONSE: A 

SURVEY OF AI-DRIVEN COORDINATION AND DECISION-MAKING 
 

Olivia S. Hartman, Faisal N. Ahmed and Chen Y. Liang 

 

Corresponding Author: Olivia S. Hartman                                                       

 

| ABSTRACT 

Natural and human-made disasters demand rapid, coordinated, and adaptive response strategies to minimize loss of life and 

infrastructure damage. Traditional disaster management systems often struggle with delayed information processing, limited 

situational awareness, and inefficient resource allocation. Autonomous Multi-Agent Systems (MAS), supported by Artificial 

Intelligence (AI), offer a decentralized approach in which multiple intelligent agents collaborate to monitor environments, 

analyze data, allocate resources, and coordinate emergency operations. This paper reviews the architecture, communication 

models, applications, benefits, implementation challenges, and future prospects of AI-driven Multi-Agent Systems for disaster 

response.  

 

| KEYWORDS 
 Multi-Agent Systems, Artificial Intelligence, Disaster Response, Autonomous Systems, Intelligent Coordination, Emergency Management, Robotics. 

 

|ARTICLE INFORMATION 

RECEIVED: 14 February 2026                              ACCEPTED: 18 March 2026                              PUBLISHED: April 2026 

 

Abstract:- 
Natural and human-made disasters demand rapid, coordinated, and adaptive response strategies to minimize loss of life and 

infrastructure damage. Traditional disaster management systems often struggle with delayed information processing, limited 

situational awareness, and inefficient resource allocation. Autonomous Multi-Agent Systems (MAS), supported by Artificial 

Intelligence (AI), offer a decentralized approach in which multiple intelligent agents collaborate to monitor environments, 

analyze data, allocate resources, and coordinate emergency operations. This paper reviews the architecture, communication 

models, applications, benefits, implementation challenges, and future prospects of AI-driven Multi-Agent Systems for disaster 

response. The study also examines the integration of MAS with unmanned aerial vehicles (UAVs), Internet of Things (IoT), 

edge computing, blockchain, and digital communication networks. The findings indicate that intelligent multi-agent 

coordination can significantly improve disaster preparedness, emergency response efficiency, and post-disaster recovery 

through real-time collaboration and autonomous decision-making. 

 

Introduction:- 
The increasing frequency of natural disasters such as earthquakes, floods, hurricanes, wildfires, and landslides has highlighted 

the importance of efficient emergency management systems. Conventional disaster response often relies on centralized 

command structures that may become ineffective when communication infrastructure is disrupted or when decision-making 

must occur rapidly across geographically distributed areas. Multi-Agent Systems (MAS) provide a decentralized computing 

approach where multiple intelligent software or robotic agents cooperate to solve complex problems. Each agent operates 

independently while communicating with others to achieve common objectives such as victim search, damage assessment, 

evacuation planning, and resource distribution. Artificial Intelligence further enhances MAS by enabling learning, adaptation, 

prediction, and autonomous decision-making under uncertain conditions. This paper reviews recent developments in AI-

enabled Multi-Agent Systems for disaster response and discusses future research opportunities. 

file:///C:\Users\ATM\Documents\JNCS%20PAPERS\�http:\dx.doi.org\10.21474\JNHST01\


 

 

Page | 10 

Fundamentals of Multi-Agent Systems:- 

A Multi-Agent System consists of multiple autonomous agents interacting within a shared environment. 

 

Each agent typically possesses:- 

 Perception capabilities  

 Decision-making mechanisms  

 Communication protocols  

 Goal-oriented behavior  

 Learning capabilities  

Collective cooperation enables efficient problem solving beyond the capabilities of individual agents. 

 

System Architecture:- 

A disaster-response Multi-Agent System generally includes:- 

 Sensor Layer  

 Data Collection Layer  

 Communication Network  

 Agent Coordination Layer  

 Artificial Intelligence Module  

 Decision Support System  

 Emergency Response Interface  

Agents continuously exchange information and update operational strategies based on changing environmental conditions. 

 

AI Techniques Used in Multi-Agent Systems:- 

Several AI approaches improve autonomous coordination. 

 

Reinforcement Learning:- 

Allows agents to optimize decisions through interaction with the environment. 

 

Deep Learning:- 

Supports image recognition, object detection, and damage assessment. 

 

Swarm Intelligence:- 

Models cooperative behavior inspired by ants, bees, and bird flocks. 

 

Fuzzy Logic:- 

Handles uncertainty in emergency decision-making. 

 

Evolutionary Algorithms:- 

Optimize task allocation and rescue planning. 

 

Applications:- 

Search and Rescue Operations:- 

Autonomous drones and robots collaborate to locate survivors. 

 

Wildfire Monitoring:- 

Distributed sensors detect fire outbreaks and monitor their spread. 

 

Flood Management:- 

AI agents coordinate evacuation routes and resource deployment. 

 

Earthquake Response:- 

Robotic systems inspect damaged structures and identify hazardous areas. 

 

Medical Emergency Support:- 

Intelligent agents prioritize patients and optimize emergency healthcare delivery. 
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Advantages:- 

Key benefits include:- 

 Decentralized decision-making  

 Improved situational awareness  

 Faster emergency response  

 Enhanced scalability  

 Fault tolerance  

 Efficient resource allocation  

 Continuous environmental monitoring  

 

Comparative Analysis:- 

Feature Traditional Disaster Management AI-Based Multi-Agent Systems 

Decision Making Centralized Distributed 

Response Time Moderate Fast 

Adaptability Limited High 

Scalability Moderate High 

Fault Tolerance Low High 

Resource Coordination Manual Intelligent 

 

Challenges:- 

Several challenges affect practical implementation. 

 

Communication Failures:- 

Disasters may disrupt wireless communication infrastructure. 

 

Coordination Complexity:- 

Large numbers of autonomous agents require efficient synchronization. 

 

Security:- 

Malicious attacks could compromise agent communication. 

 

Ethical Considerations:- 

Autonomous systems must remain under appropriate human supervision. 

 

Computational Resources:- 

Real-time AI processing requires substantial computing capabilities. 

 

Emerging Trends:- 

Current research directions include:- 

 Swarm robotics  

 Edge AI for emergency response  

 Blockchain-secured disaster communication  

 Explainable autonomous agents  

 Human-agent collaboration  

 AI-powered emergency digital twins  

 6G-enabled disaster communication  

 

Future Research Directions:- 

Future work should investigate:- 

 Self-organizing rescue agents  

 Privacy-preserving disaster analytics  

 Quantum-inspired optimization  

 Federated learning for emergency systems  

 Sustainable autonomous robotics  

 Intelligent communication protocols  
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 Real-time predictive disaster simulation  

 

Conclusion:- 
Artificial Intelligence-powered Multi-Agent Systems represent a transformative approach to modern disaster management. 

Their decentralized architecture, intelligent coordination mechanisms, and adaptive decision-making capabilities enable faster, 

more reliable, and scalable emergency response than conventional centralized systems. Applications in search and rescue, 

wildfire monitoring, flood management, and medical response demonstrate the versatility of this technology. Although 

challenges related to communication reliability, cybersecurity, coordination complexity, and ethical governance remain, 

continued advances in AI, robotics, edge computing, and wireless communication are expected to strengthen Multi-Agent 

Systems. These technologies are poised to become an essential component of next-generation disaster preparedness and 

emergency management infrastructures. 
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