As per UGC guidelines an electronic bar code is provided to secure your paper

Ll
Check for M’i

updates intet

International Journal for Modern Trends in Science and Technology
Volume 12, Issue 03, pages 307-314.

ISSN: 2455-3778 online

Available online at: http://www.ijmtst.com/voll2issue03.html

DOI: https://doi.org/10.5281/zenodo.19021031

LoRa-Based Emergency and Disaster Communication
System

D. Vijendra Kumar?, N.Bhavya Sri2, CH.Ratna Joshi?, G.Sai Siddhu?, V.Rajesh?

Department of ECE, Godavari Global University, Rajamahendravaram, INDIA.
Department of ECE, Godavari Institute of Engineering & Technology (A), Rajamahendravaram, INDIA.

To Cite this Article
D. Vijendra Kumar, N.Bhavya Sri, CH.Ratna Joshi, G.Sai Siddhu & V.Rajesh (2026). LoRa-Based Emergency and
Disaster Communication System, 12(03), 307-314. https://doi.org/10.5281/zenod0.19021031

Article Info
Received: 06 February 2026; Revised: 03 March 2026; Accepted: 08 March 2026.

Copyright © The Authors; This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

KEYWORDS

ABSTRACT

LoRa, Disaster Communication,
Infrastructure-Independent

Alert
Networking,

Networks, ~ Emergency
Mesh
Wireless Sensor Networks, Low-
Power  Wide Network

(LPWAN)

System,

Area

Effective communication is essential during disaster and emergency scenarios; however,
traditional communication infrastructures such as cellular networks and internet services
frequently fail due to structural damage, power interruptions, or network congestion. This
limitation significantly delays rescue coordination and emergency response operations. To
overcome these challenges, this paper proposes an infrastructure-independent emergency
communication system based on Long Range (LoRa) wireless technology.

The proposed framework employs distributed LoRa-enabled nodes integrated with multi-
hazard environmental sensors, a manual SOS triggering mechanism, and GPS-based
location tracking to ensure real-time detection and precise localization of emergency events.
A mesh-oriented multi-hop communication architecture enhances network reliability by
enabling intermediate nodes to relay critical messages, thereby extending coverage and
maintaining connectivity even in the event of partial node failure. To ensure uninterrupted
functionality during prolonged power outages, the system incorporates solar-powered
rechargeable energy units. Furthermore, Bluetooth connectivity enables nearby users to
transmit emergency alerts through a mobile application without relying on internet
connectivity.

Prototype-based experimental validation confirms stable long-range communication, low
latency, and energy-efficient performance under varied environmental conditions. The
proposed system offers a scalable, cost-effective, and sustainable communication solution

suitable for deployment in remote, mountainous, and urban disaster-prone regions.
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INTRODUCTION
Natural floods,

avalanches, forest fires, and high-altitude accidents

disasters such as earthquakes,

continue to threaten human lives and critical

infrastructure across the globe. In geographically
challenging regions, particularly mountainous and
remote areas, emergency response operations are often
complicated by the sudden collapse of communication
networks. Several incidents reported in regions such as
Siachen, Uttarakhand, and Ladakh have demonstrated
how the absence of dependable communication systems
can delay victim localization and rescue coordination,
ultimately increasing casualties [1]. Similarly, trekking
and mountaineering accidents in extreme terrains
highlight the inadequacy of conventional communication
tools under harsh environmental conditions [2]. Efficient
disaster management relies heavily on uninterrupted
communication between affected individuals, rescue
personnel, and emergency authorities. However, existing
communication  infrastructures—including  cellular
networks, wired lines, and internet services—are highly
susceptible to disruption during catastrophic events.
Power failures, physical destruction of base stations, and
traffic congestion caused by sudden surges in network
usage often render these systems ineffective when they
are needed most. Consequently, emergency alerts may
fail to reach response teams in time, leading to delays in
rescue operations and reduced situational awareness [2].

Although

sometimes used during severe disaster scenarios, their

satellite communication systems are
deployment involves high operational costs, specialized
equipment, and complex infrastructure requirements.
Furthermore, such systems are not easily accessible to
civilians or small rescue teams operating in remote or
disaster-prone areas [3]. These limitations underscore the
urgent need for a communication framework that is
economical, energy-efficient, rapidly deployable, and
capable of functioning independently of conventional
infrastructure.

Recent disaster response analyses emphasize the
importance of resilient communication mechanisms that
can operate reliably under extreme environmental
conditions [5]. In this context, alternative wireless
technologies must be explored to ensure continuous
connectivity during infrastructure failure.

Wide Network (LPWAN)
technologies have emerged as viable solutions for long-

Low Power Area
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distance communication with minimal energy
consumption. Among them, LoRa (Long Range)
technology offers extended transmission range, low
power requirements, and strong signal penetration,
making it particularly suitable for emergency
communication in challenging terrains.

Motivated by these requirements and real-world
disaster scenarios, this work proposes a LoRa-based
emergency and disaster communication system designed
to provide reliable alert transmission, real-time location
tracking, and sustained operation during infrastructure
outages. The proposed system aims to enhance disaster
response efficiency by delivering a scalable and
infrastructure-independent communication solution for

both remote and urban environments.

LITERATURE SURVEY

The study presented in [6] documents large-scale
rescue operations conducted during avalanche events in
Uttarakhand. It examines the operational challenges
associated with locating victims and coordinating rescue
teams under severe weather and rugged terrain
conditions. The findings highlight the significant impact

of communication breakdowns during such disasters and

stress the necessity for resilient communication
infrastructures capable of operating in harsh
environments. The study further emphasizes the

importance of low-power, long-range communication
alternatives to conventional networks in emergency
scenarios.

The investigation in [7] analyses avalanche incidents
across the Himalayan region, focusing on the obstacles
faced by rescue teams in accessing stranded individuals.
It identifies the frequent failure of traditional
communication systems due to topographical barriers
and power disruptions. The study underscores the
potential of wireless sensing and communication
technologies to enhance situational awareness and
recommends the deployment of infrastructure-
independent solutions to enable faster and more reliable
emergency response.

In [8], a mountaineering accident in the Katawadi
region is examined to understand the factors leading to
delayed rescue operations. The study discusses the
limitations of conventional communication systems in
remote mountainous terrains and points out the

vulnerability associated with dependence on cellular




networks. It advocates for alternative wireless
communication frameworks that provide improved
coverage and energy efficiency to enhance safety during
expeditions.

The review in [9] evaluates avalanche fatalities and
response mechanisms implemented during disaster
events in Uttarakhand. It highlights the shortcomings of
conventional communication systems under sudden
environmental stress and emphasizes the integration of
sensor-based detection mechanisms with early alert
transmission systems. The study recommends combining
real-time monitoring with resilient communication
architectures to minimize response time in disaster
situations.

The analysis in [10] provides statistical insights into
high-altitude mountaineering, with particular emphasis
on survival determinants during emergency conditions.
Communication is identified as a critical factor in
ensuring climber safety. The study notes the absence of
widely available, reliable emergency communication
systems in remote regions and suggests that emerging
wireless technologies can significantly improve safety
outcomes in adventure environments.

The research in [11] explores the risks associated
with extreme mountain expeditions and identifies
systemic communication challenges during rescue
missions. It discusses the limitations of conventional
networks, especially under conditions of infrastructure
damage and network congestion. The study highlights
the need for dependable communication models that
operate with minimal reliance on fixed infrastructure and
suggests that robust wireless technologies can transform
emergency response strategies.

The work presented in [12] examines the influence of
climate change on avalanche frequency and survival
rates. It indicates that evolving climatic conditions
contribute to increased unpredictability and disaster
intensity. The study points out the inadequacy of current
communication systems in delivering timely alerts and
calls for adaptive, climate-resilient communication

technologies capable of functioning in extreme
environments.

The study in [13] focuses on energy-efficient data
compression techniques for wireless sensor networks,
emphasizing their role in extending the operational
lifetime of sensor nodes. It identifies energy consumption

as a major constraint in traditional network deployments
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and highlights the

communication

importance of low-power
field

applications, particularly in disaster monitoring contexts.

strategies  for  long-term

In [14], privacy and security aspects of wireless sensor
and communication systems are examined. The study
addresses the challenges associated with secure data
transmission in sensor-based networks and identifies
potential vulnerabilities in emergency communication
deployments. It stresses the necessity of integrating
robust security protocols alongside resilient network
architectures.

The evaluation in [15] investigates the performance of
IoT-based health and environmental monitoring systems
using wireless sensor networks. It discusses efficiency,
reliability, and scalability challenges, noting that energy
constraints and communication stability significantly
influence system effectiveness. The study recommends
scalable, low-power, long-range communication
technologies to enhance operational performance.

The work described in [16] proposes an IoT-enabled
automotive safety and collision avoidance system,
highlighting the importance of sensor integration for
real-time hazard detection. It emphasizes that reliable
and timely communication between distributed nodes is
essential for effective mitigation and advocates for
system designs capable of delivering alerts under
constrained network conditions.

The [17]

applications of wireless sensor networks, focusing on

investigation in examines military
communication requirements in remote and tactical
environments. It observes that traditional infrastructure-
based networks are often unsuitable in such scenarios
and recommends self-organizing wireless
communication frameworks to improve operational
reliability and mission effectiveness.

The [18]

deployment for agricultural environmental monitoring,

review in discusses wireless sensor
addressing challenges related to data collection, energy
management, and network optimization in distributed
fields. The study identifies design principles that enhance
their

applicability to disaster monitoring and emergency

reliability and energy efficiency, noting

communication systems.

The study in [19] proposes an energy-efficient
clustering mechanism aimed at extending the network
lifetime of wireless sensor systems. It outlines strategies
isolated

for minimizing power consumption in




deployments and highlights the significance of energy-
aware communication protocols. The findings suggest
LoRa

substantially increase operational duration in remote

that low-power technologies such as can
monitoring applications.

Finally, the work in [20] examines organizational
strategies for wireless sensor networks to improve
communication efficiency and energy performance. It
both hierarchical and distributed node

management approaches and concludes that effective

explores

network structuring enhances reliability and longevity.
The study reinforces the importance of energy-aware
network design principles in developing resilient
emergency communication systems.that conventional
communication systems often fail due to topological
limitations and power outages. The work emphasizes
deploying wireless sensing and communication methods
to improve situational awareness. It suggests that more
robust,

infrastructure-independent technologies are

essential for rapid response.

PROPOSED SYSTEM

The proposed work presents a LoRa-based emergency
and disaster communication system designed to provide
reliable connectivity in scenarios where conventional
communication infrastructures such as cellular networks
and internet services become unavailable due to physical
damage, power outages, or severe network congestion.

The system consists of multiple distributed emergency
communication nodes deployed across disaster-prone or
remote regions. Each node is equipped with a set of
environmental monitoring sensors, including fire, flood
(water level), vibration, and temperature sensors,
enabling continuous real-time observation of hazardous
conditions. In addition to automatic detection, a manual
SOS push-button is integrated to allow victims or rescue
personnel to trigger emergency alerts instantly during
critical situations.

To ensure accurate victim localization and improve
rescue coordination, every node incorporates a GPS
module, which provides real-time latitude and longitude
information. Emergency alert messages are formatted to
include sensor readings, SOS status, and location
coordinates, enabling authorities to quickly identify

affected zones and respond efficiently.
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Fig 1 Block Diagram

Communication between nodes is established using
LoRa transceiver modules configured in a mesh-based
multi-hop architecture. In this self-organizing network,
each node is capable of transmitting its own emergency
data as well as relaying messages received from
This

significantly extends the overall communication range

neighboring nodes. multi-hop  mechanism
and ensures reliable data delivery even if some nodes
become damaged or unreachable during a disaster. The
mesh structure also provides a self-healing capability,
improving system robustness under dynamic field
conditions. For long-term deployment and uninterrupted
functionality during prolonged power failures, the
system integrates solar-powered rechargeable battery
of LoRa’s

consumption for sustainable operation. Furthermore,

units, taking = advantage low energy
Bluetooth connectivity is included to enable nearby users
to transmit emergency messages through a mobile
application without requiring internet access, thereby
enhancing accessibility for civilians in disaster zones.
Overall, the proposed system offers a cost-effective,
scalable, energy-efficient, and infrastructure-
independent communication framework suitable for
real-time disaster ~monitoring, emergency alert
transmission, and rescue operation support in both urban

and remote environments.

COMPONENTS AND DISCUSSION

The proposed LoRa-based emergency and disaster
communication system is developed using carefully
selected hardware components to ensure reliability,
energy efficiency, and long-range communication
capability during disaster situations. Each component

plays a specific role in achieving infrastructure-




independent communication and real-time emergency

monitoring.

A. Core Processing and Communication Units
1. Arduino Uno Microcontroller
The Arduino Uno acts as the central control unit of the
system, responsible for collecting sensor data, processing
emergency conditions, and coordinating communication
between modules. Its multiple digital and analog
input/output interfaces allow seamless integration with
GPS,
The board’s

requirement and ease of programming make it suitable

environmental Sensors, and wireless

communication devices. low power
for rapid prototyping and real-time disaster monitoring

applications.
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2. LoRa Transceiver Module

LoRa transceivers form the backbone of the proposed
communication system. They enable long-range, low-
power wireless communication without relying on
cellular or internet infrastructure. Operating using Chirp
Spread Spectrum modulation, LoRa provides strong
resistance to interference and reliable data transmission
over several kilometers. These characteristics make it
ideal for emergency communication in remote or

disaster-affected areas.
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Fig3 LoRa Transciever

B. Environmental Monitoring Sensors

1. Fire Sensor

The fire sensor continuously detects flames or heat
signatures that indicate fire hazards. Early detection
enables rapid alert generation, helping reduce damage
and improving response time during fire emergencies.

2. Flood (Water Level) Sensor

This sensor monitors rising water levels in flood-prone
areas. When water crosses predefined thresholds, the
system automatically generates and transmits warning

messages, enabling timely evacuation and rescue actions.

3. Vibration (Earthquake) Sensor
The vibration sensor identifies abnormal ground
associated with seismic

movements activity. By

converting mechanical vibration into electrical signals, it

assists in early earthquake detection and rapid
emergency alert transmission.

4. Temperature Sensor

The temperature sensor provides continuous

environmental temperature monitoring. Sudden thermal
changes may indicate hazardous conditions such as fires
or environmental instability, triggering early warning
alerts.

C. Location and User Interaction Modules

1. Neo-6M GPS Module

The GPS module provides real-time latitude and
longitude coordinates, which are attached to emergency
messages. Accurate location tracking significantly
improves rescue coordination by enabling authorities to
quickly identify the area

2. HC-05 Bluetooth Module

The  HC-05

communication between nearby mobile devices and the

module  enables  short-range
emergency node. Users can send distress messages

through a mobile application without requiring internet




connectivity, improving system accessibility during

network failures.

Figd HC-05 Bluetooth

3. Manual SOS Button

A dedicated SOS push button allows users to manually
trigger emergency alerts. This ensures that help can be
requested even when automatic sensor detection is not

sufficient.

D. Power Management Components

1. Solar Panel and Lithium-Ion Batteries

To ensure uninterrupted operation during prolonged
power outages, the system utilizes solar panels combined
This

long-term

with rechargeable 3.7V lithium-ion batteries.

renewable power approach supports

deployment and enhances system sustainability,

especially in remote or disaster-prone regions.

2. Jumper Wires and Interconnections

Jumper wires are used for flexible and reliable
connections between modules during prototyping. They
allow and circuit

easy modification testing of

configurations without permanent soldering.

Fig 5 Jumper wires

e. Component Discussion

The integration of low-power sensing, long-range
communication, and renewable energy sources creates a
robust

emergency communication platform. The
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combination of sensors allows multi-disaster monitoring,
while LoRa enables reliable data delivery across large
areas. GPS integration adds crucial location intelligence,
and Bluetooth enhances user accessibility during
communication outages.

Overall, the chosen hardware components collectively
ensure that the system remains scalable, cost-effective,
energy-efficient, and highly reliable, making it suitable
for real-world disaster management and emergency
response applications.

The proposed emergency and disaster communication
system is implemented using a carefully selected set of
hardware components to ensure reliable, low-power, and
long-range operation. The system employs two LoRa
transceiver modules to enable long-distance wireless
communication between the transmitter and receiver
units. Two Arduino Uno boards are used as the primary
control units for sensor interfacing, data processing, and
communication management. Environmental
monitoring is achieved using a flame sensor for fire
detection, a water level sensor for flood monitoring, a
temperature sensor, and a vibration sensor for detecting
seismic activity. A GPS module is integrated to provide
real-time location information for accurate emergency
alert reporting. A manual SOS alert button allows users
to instantly trigger emergency messages during critical
situations. For short-

This self-organizing capability enhances network
reliability, ensuring that alerts reach the intended
destination even if certain nodes become inactive or
damaged. The long-range and robust modulation

characteristics of LoRa contribute to dependable

performance  under challenging environmental
conditions.
EXPERIMENTAL RESULTS

The proposed LoRa-based emergency and disaster
communication system was experimentally validated
through the development of a functional hardware
prototype. The prototype was implemented using
LoRa

modules, multiple environmental sensors (fire, flood,

Arduino Uno microcontrollers, transceiver
vibration, and temperature), a Neo-6M GPS module, an
HC-05 Bluetooth module, and a solar-powered battery
supply unit.




A series of functional tests were conducted to evaluate

the system’s ability to detect and communicate
The

confirmed that the system successfully identifies disaster

emergency conditions. experimental results
events such as fire outbreaks, rising water levels,
abnormal ground vibrations, and critical temperature
variations. In addition, the manual SOS push-button
mechanism was tested and demonstrated reliable
performance in generating user-triggered emergency
alerts, ensuring effectiveness in scenarios where sensor-
based detection alone may not be sufficient.
Communication performance analysis showed that
emergency alert packets were transmitted over long
distances with minimal and

delay low power

consumption, validating the suitability of LoRa
technology for disaster-prone environments. The LoRa
link remained stable even under non-line-of-sight (Nalos)
conditions, which is essential for operation in remote
terrains and harsh geographical locations.

Furthermore, GPS-based location information was
accurately received at the control unit, enabling precise
identification of affected areas and improving rescue
coordination. The integration of a solar-powered energy
source ensured uninterrupted system operation during
simulated power outage conditions, highlighting the
sustainability and long-term deployment capability of
the proposed framework.

Overall, the experimental validation demonstrates that
the proposed system provides a reliable, energy-efficient,
and infrastructure-independent emergency
communication solution, making it highly suitable for
real-time disaster monitoring and emergency response

applications.

Fig 6Project setup
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CONCLUSION

This work presents a LoRa-based emergency and
disaster communication system designed to provide
reliable, long-range, and low-power communication in
situations =~ where  conventional = communication
infrastructure becomes unavailable or damaged. The
proposed system enables infrastructure-independent
communication by integrating LoRa wireless technology
with GPS-based

tracking, manual SOS alerts, and Bluetooth-enabled user

environmental sensors, location
interaction. ¥

The implementation of a mesh-based multi-hop
communication architecture improves system reliability
by allowing nodes to relay emergency messages even
when certain nodes fail or are out of range. In addition,
the use of solar-powered energy supply ensures
continuous operation during prolonged power outages,
which is critical during disaster scenarios. Experimental
validation of the developed prototype demonstrates
effective disaster detection, accurate location reporting,
and stable long-range communication with minimal
energy consumption. 98}

Overall, the proposed system offers a cost-effective,
scalable, and sustainable solution for disaster
management and emergency response. It significantly
enhances real-time communication and situational
awareness, thereby supporting faster rescue coordination
and potentially reducing loss of life during emergencies.
Future improvements may include integration with Al-
based prediction models, cloud-enabled monitoring
platforms, and large-scale deployment strategies to
further strengthen disaster preparedness and response

capabilities.

v Key Findings

v Reliable communication without internet or cellular
networks

Long-range transmission using low power

Accurate disaster detection using sensors

Real-time location tracking with GPS

Sustainable operation using solar power

AN NI NN

High suitability for disaster response scenarios

Future Scope

Future enhancements of the system may include
integration with Al-based disaster prediction models,
LoRaWAN gateways, and cloud-based dashboards for




centralized monitoring. The system can be extended with
fallback, app

and wearable emergency devices.

satellite = communication mobile

enhancements,
Additionally, large-scale deployment and real-time
analytics can further improve disaster preparedness and

response efficiency.
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