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Prospects and Challenges in UAV-Based
Communication for Disaster Management

Chandramouli Haldar
Department of Computer Science and Engineering
Guru Nanak Institute of Technology
Kolkata, India
chandramoulihaldar@gmail.com

Abstract—Natural disasters like earthquakes, floods and
wild fires are responsible for enormous human and economic
causalities. Traditional methods of assessing such as ground
reconnaissance, manned aerial observation and satellite
imagery are usually time-consuming, unsafe and unsuitable in
dynamic disaster situations. UAVs have demonstrated their
effectiveness in disaster management, such as for rapid and agile
high-resolution data acquisition to support situational
awareness, damage inspection and the relief supply chain. This
paper provides a detailed study of conventional disaster
management system and various technologies of UAV
communication architectures for disaster management. It also
discusses severe issues like restricted range, infrastructure
dependency, network overload, and signal degradation due to
interference in the environment. To address these limitations,
we suggest a hybrid UAV communication architecture
integrating satellite, LoRa, and FANET-based mesh
networking. The design enables UAVs to flexibly transition
between communication modes according to mission
requirements, Active level of resources (AoR), geography, and
available battery stocks. The architecture is complemented by
optimized routing approaches that are individually designed for
different communication types, contributing to low-latency,
fault-tolerant and energy-efficient data transmission. This
method dramatically reduces scale resistance, flexibility and the
agileness of real-time data-intensive using. By bridging current
communication gaps and facilitating real-time information
sharing, the proposed system provides a sustainable and
resilient solution to improving UAV-based disaster response
operations. The research opens doors for future potential
research work in field deployment, edge computing, and
integrating artificial intelligence-assisted decision-making, and
autonomous multi-agent-based disaster management systems.

Keywords—UAYV, Disaster Management, LoRa, Satellite-
Communication, FANET integration, Emergency Response

L. INTRODUCTION

Naturally occurring disasters, such as floods, wildfires and
earthquakes have wide-ranging effects on populations and
economics all over the world by damaging infrastructure,
means of subsistence and essentials. Time- and Location-
Bound Information Delivery of damage Intensity and
Resource Mobilization is a life Saviour for the prompt Rescue
and Relief Operations in such time-stricken scenarios [1].
Traditional methods for responding to natural disasters—
bottom-up surveys, satellite-based observations, and manned
aerial  platforms/Perspective  Aerial Photography &
Videography (PAPV) together with Geographic Information
System (GIS)—despite their utility, are especially limited.
Field-based staffs are handicapped by devastated landscapes,
satellites suffer from low resolution and weather-dependence,
manned aerial missions are expensive, time consuming and

979-8-3315-5309-8/25/$31.00 ©2025 IEEE
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suspended above high-risk areas to the detriment of making
critical decisions [1]. Due to these challenges, Unmanned
Aerial Vehicles (UAVs) have been very useful for modern
disaster management, especially due to their rapid deployment
capability and cost enforcement. UAVs fuelled with sensors
like LiDAR, thermal cameras and HD camera scan in real-
time to provide mapping, damage information and access for
relief efforts with less risk to human first responders. Despite
their utility being limited by short flight endurance, carriage
limitation, rule challenges, and most significantly, the loss of
communication in disaster areas where stable communications
are a necessity [2], their role in disaster response has become
invaluable. This study assesses the limitation of traditional
protocols and discusses UAV-based solutions for tackling
communication issues triggered by infrastructure collapse,
congestion, and signal jamming. It discusses strategies like
multi-hop mesh network, edge-Al processing, frequency-
adaptive control, and delay-tolerant communication for the
purpose of credible data exchange in disaster conditions.

II.  TRADITIONAL METHOD

Before the implications of innovative disciplines such as
UAVs and Al-based systems, disaster management was
based on traditional methods of manual ground surveys,
satellite imaging (from the 1960s onward), manned aerial
surveys (from the 1970s onward), and GIS planning (from the
1980s onward). Both these methods formed the crux of
emergency response but were very lacking in terms of
rapidness, security, and precision when dealing with large-
disaster situations. The ground surveys offered rapid and
accurate data but were labour-intensive, time-consuming, and
dangerous to rescue teams. Satellite images allowed broad
area evaluation but were limited by poor resolution, cloud
cover, and the time delay involved in data receipt. Aerial
surveys by manned helicopters or planes provided fast
visualization but were expensive, weather-conditioned, and
sometimes unavailable for immediate operation. GIS
technology later enhanced planning and data visualization but
was also very costly, labour-intensive for skilled staff, and
associated with complicated data structures that were
incompatible for real-time operation [3]. By the early 2000s,
these same limitations also dictated quicker, automated, and
saleable solutions that culminated in the development of
UAV-based systems using real-time sensing, autonomous
navigation, and edge processing that enhanced the level of
situational awareness and disaster response efficiency
considerably [2].



confidentiality, and trust in UAV-to-UAV and UAV-to-
ground communication. Merging of these security and
regulative features reinforces the reliability of systems and
makes the suggested framework concurrent with international
standards for ethical and lawful UAV flight in the context of
disaster scenarios [20].

TABLE IL COMPARATIVE ANALYSIS OF UAV MEDIATED DIASASTER
MANAGEMENT’S PARAMETERS
Feature Existing Literature Proposed Method
Objective Propose hybrid or focused Propose a flexible hybrid
communication systems for communication system
UAYV swarms, environmental specifically for disaster
monitoring, or review-based management.
analysis. [15], [17], [18]
Communic LoRa + Wi-Fi OR, Satellite + LoRa +
ation LoRaWAN + P2P OR, LoRa- FANET integrated in a
Modules only [15], [17], [18] modular, adaptive
architecture.
Adaptivity Opportunistic or fixed Smart adaptive switching
switching (based on signal or | based on mission needs,
network type); no full signal, energy, and
context-aware logic. [15], [18] network status.
Routing Discussed as a gap or Optimized per module:
Strategy proposed in concept; limited e.g., delay-tolerant
protocol optimization per (satellite), energy-aware
network type. [16], [18] (LoRa), etc.
Developme Some simulation and Proposed method only;
nt Stage conceptual frameworks no model or
proposed; partial implementation yet.
implementation. [16], [17]
VIII. CONCLUSION
UAVs have revolutionized disaster response
through rapid deployment, mobility, and real-time

information but their operations are still limited by the
communication issues in broken environments. There is
simply no communication technology that will guarantee
seamless communication under such dynamics and
infrastructure-scarce environments.

To counter these challenges, this work proposed a Hybrid
UAV Communication Architecture that blends Satellite,
LoRa, and FANET technologies under a switching adaptive
architecture. It switches the optimum link in real time based
on signal strength, mission priority, and energy efficiency to
ensure end-to-end reliable, scalable, and low-latency
communication for the disaster scenario. The future work will
take into account simulation in Python programming
language and field verification, Al-aided link adaptation, and
interoperability for autonomous ground and flying vehicles
so that a fully intelligent and collaborative disaster response
network will be developed.
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