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Abstract:

The Wireless sensor network for disaster management systems uses effective sensors to predict and
monitor disasters and provide real-time alerts. A network of wireless sensors that measures water level to
check or to update related to floods, detect frequency through accelerometer for earthquakes, and monitor
temperature, humidity, and atmospheric pressure for unpredictable weather conditions, additionally gas
sensors are used to detect harmful gases near industries allow for quick response at the time of disaster.
This gave sufficient time to affected guardians nearby, as the system was able to provide a maximum
coverage range of when disaster occurs. It works wirelessly, transmitting data to a central monitoring
station for analysis and generation of alerts. It is also, due to the orientation of its principles, a better base
for disaster recovery allowing faster responses and making it possible that decisions can be taken faster.
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Introduction:

The proposed system effectively provides early warning and emergency response by monitoring and

detecting different disasters using a Wireless Sensor Network (WSN). The system wirelessly connects to

a central monitoring station and continuously collects real-time environmental data by integrating sensors.

The system sends alerts quickly when sensor readings go above critical levels, helping with faster reactions

and better decisions.

The primary sensors that make up the WSN are as follows:

e Water Level Sensors: Designed to identify significant increase in water levels in regions at risk of
floods, when water level crosses the threshold value.

e Accelerometers: These are used in seismic monitoring to give early warnings of earthquakes.

e Sensors of temperature, humidity, and atmospheric pressure are used to track the weather and issue
warnings for severe weather events such as heat waves and storms.

e (Gas Sensors: Placed in industrial zones to detect harmful gases and gases that can cause explosions,
like methane. Gas sensors are used in issuing alerts for potential industrial hazards.

Each sensor transmits data wirelessly to a central monitoring station via RF communication modules.

Real-time data analysis allows for the generation of alerts that are sent to households, disaster management
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organizations, and local authorities, facilitating prompt emergency responses.

Literature Review:
1. A Systematic Review of Disaster Management Systems: Approaches, Challenges, and Future
Directions
Khan (2023) conducted system review of disaster management systems in order to evaluate ML
facilitation techniques used and challenges, accomplishments and future direction. Early warning systems,
geographic information systems (GIS), and remote sensing were typical of the technologies assessed there.
The authors mentioned a number of challenges including how poor data management during emergencies
was a problem, the importance of real-time surveillance and lack of communication among various
organizations involved in disaster response. They pointed out that existing systems usually have no
prowess when it comes to sharing data thus more often than not, timely responses are precluded. The paper
calls for the creation of integrated systems that harness cutting-edge technology and foster coordination
between stakeholders to strengthen disaster preparedness and response. Wireless Sensor Network for
Disaster Management Systems, introduces by applying proper sensors to monitor the water levels,
earthquakes and air parameters etc., plus gas detection near industries in real time deduces these gaps
effectively. This system seeks to improve communication and assist in the faster, more informed response
to emergencies by alerting those affected early whilst monitoring data centrally.
2. A Systematic Review of Knowledge management practices in disaster management
Oktari et al. conducted a systematic review that aims to explore knowledge management in disaster
management focusing on knowledge management preparedness, response, recovery and management.
Some of the key activities that the study has isolated as aspects of KM include information, real-time data
sharing, and decision-making, in the ability of managing disasters, and resilience. In their paper the authors
conduct the literature review and identify gaps in the field and apply KM to enhance co-ordination and
response time during emergencies by analyzing seventy-two papers. In the disaster management system
of WSN, these KM practices are important since the real time data received from the sensors for example
water levels, gas detection can be fed to KM systems for analysis and decision making. The brought-out
centralization and expedition of the data above tally with the KM rule of making information quickly
available for quicker responses. Hence, by integrating knowledge management with wireless sensor
network, the disaster response and carrying out a planned and structured relief operation becomes possible.

Methodology:

1. Sensor Deployment and Configuration

o Site Selection: Strategic placement of sensors in vulnerable locations, such as flood-prone riverbanks,
seismically active areas, industrial zones, and high-traffic regions, to maximize coverage.

e Sensor Calibration: Initial calibration is conducted based on environmental factors, setting threshold
values specific to each sensor type. For instance, water level sensors are configured to alert at rising
levels, accelerometers are set to capture specific seismic frequencies, and gas sensors detect specific
toxic or flammable gases.

e Power Management: Given that these sensors are deployed in remote locations, power sources
(batteries or solar panels) are planned and optimized to ensure longevity, low maintenance, and
minimal energy consumption.
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. Data Collection and Acquisition

Continuous Environmental Monitoring: Each sensor continuously monitors its specific
environmental parameter (water level, seismic activity, air quality, etc.) and records data periodically.
Data Filtering and Preprocessing: Raw sensor data is processed locally to remove noise and
irrelevant information, ensuring accurate and efficient transmission of only essential data.
Event-Based Data Triggering: The system is configured to send data when significant environmental
changes are detected, reducing data transmission costs and focusing resources on critical events.

. Data Transmission and Network Communication

Wireless Communication Protocols: The network uses ESP-01 RF modules for wireless data
transmission, with protocols optimized for real-time communication. The protocol selection is crucial
to balance transmission speed, range, and data integrity.

Data Transmission Scheduling: To avoid network congestion, data packets are scheduled based on
priority, with emergency alerts taking precedence. This structure helps maintain a reliable and prompt
flow of information to the central monitoring station.

Redundant Communication Paths: To mitigate potential transmission failures, backup
communication pathways are incorporated. This redundancy is particularly critical during severe
weather or other disruptive events.

. Centralized Data Processing and Analysis

Data Aggregation: The central monitoring station aggregates data from all sensors, combining various
environmental parameters to generate a comprehensive view of the monitored regions.
Threshold-Based and Pattern Recognition Analysis: Threshold values are predefined for each
sensor, and alerts are triggered when measurements exceed safe limits. Machine learning algorithms
analyze patterns in sensor data for early prediction of anomalies.

Data Storage and Retrieval: Collected data is stored securely for historical analysis, trend
identification, and future enhancements to the disaster management system.

5. Alert Generation and Notification System

Real-Time Alert Mechanisms: The system generates alerts using a mix of visual, auditory, and digital
notifications (LED lights, buzzers, and push notifications on mobile or web applications). Each alert
corresponds to the sensor’s type and the severity of detected changes.

Multi-Tiered Notification System: Alerts are sent not only to local authorities and disaster
management teams but also to nearby residents and industries. Communication includes SMS, emails,
and app-based push notifications to ensure a rapid response.

Escalation Protocols: If alerts are not acknowledged within a certain time frame, the system escalates
to higher authorities to guarantee that an effective response is initiated.

6. Emergency Response and Decision Support

Response Coordination: The system enables real-time communication and coordination between
disaster response agencies, local authorities, and residents. This helps in organizing evacuations,
deploying resources, and managing relief efforts effectively.

Decision Support System: Using historical and real-time data, the system aids decision-makers in
understanding the scope of disasters and choosing the most effective mitigation strategies.
Post-Disaster Analysis: After disaster events, data from the WSN is analyzed to assess system
performance, refine alert thresholds, and improve overall resilience against future incidents.
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7. System Maintenance and Upgradation

e Routine Inspections: Scheduled maintenance of sensors and RF modules to prevent malfunctions,
including regular recalibration of sensors to account for environmental drift.

o Software and Firmware Updates: To keep the system adaptable to emerging disasters, software and
firmware updates are periodically applied to improve analytics, machine learning algorithms, and data
processing techniques.

e Community Feedback and Training: Continuous feedback is gathered from end-users, and regular
training is conducted for local authorities on system operation and response protocols, ensuring smooth
collaboration in the event of a disaster.

Number of deaths due to natural disasters in India from FY
2008 to FY 2023
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Fig.1. Deaths cause due to natural disasters.

Despite advances in technology, achieving zero deaths in natural disasters remains a challenge. This
project aims to address this gap by providing early warnings and real-time monitoring through a Wireless
Sensor Network (WSN). By detecting environmental changes before disasters strike, it enables authorities
and communities to act quickly, giving people time to evacuate and protect their lives. While completely
eliminating disaster-related deaths may not yet be possible, systems like this play a crucial role in
minimizing loss of life and enhancing community resilience.

Implementation

The implementation of the Wireless Sensor Network for Disaster Management using Arduino involves
setting up Arduino- grounded detector bumps, wireless data transmission modules, a central monitoring
station, and an alerting medium for real- time monitoring and alert generation. crucial factors and way are
as follows
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1. Arduino Sensor Node Setup Each detector nodule is made around an Arduino microcontroller
connected to various sensors designed to monitor environmental conditions. Water position detectors,
accelerometers, temperature, moisture, pressure sensors, and gas sensors are installed in high- threat
sites, such as flood-prone areas, seismic zones, and industrial areas. Each sensor, controlled by an
Arduino, monitors specific environmental factors and triggers cautions when values exceed predefined
thresholds.

2. Central Monitoring and Processing at the central monitoring station, sensor data is received and reused
to assess real- time environmental conditions. The Arduino system applies threshold- grounded
analysis to identify anomalies that may gesture implicit disasters. When readings surpass critical
situations, the system generates cautions and initiates response protocols. Estimation ways and data
recycling algorithms are employed to insure delicacy and minimize false admonitions.

3. Alert Medium in the event of a detected hazard, cautions are generated by the Arduino- grounded
system and dispatched to applicable stakeholders, similar as original authorities, disaster response
brigades, and near residents. cautions are communicated through multiple channels, including visual
pointers (LEDs), audio signals(buzzers), SMS, dispatch announcements, and mobile cautions.
Thismulti-channel approach maximizes the availability of cautions, indeed in grueling conditions.

4. System Testing and Calibration After deployment, each Arduino detector knot and the central station
are completely tested and calibrated to insure dimension delicacy and reliability. Testing includes
assessing transmission range, power effectiveness, and alert response time. adaptations grounded on
test issues fine- tune detector perceptivity and alert thresholds for optimal performance.

w

[ Activate Sensor J

Disaster
detected

Architecture:

MO

w w

[ Trlgger d_lsaster ] [Continue monitoring}
warning

W

Send alerts and
safety protocols

IJFMR240631605 Volume 6, Issue 6, November-December 2024 5



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

— 4 N

Power Supply »> Buzzer and indicators
N
—_— INENEETEEE .
ESP-01
Water level sensor » < RF [

= N transfer and receiver
— ————
Accelerometer » — LCD
— ~—
— ——
Temperature and LED Indicators
humidity sensor
— ~—

h J

—
T <—E
e
Gas sensor

. /

Result and Discussion:
The Wireless Sensor Network (WSN) for Disaster Management effectively monitored environmental
parameters and generated real-time alerts across several simulated disaster scenarios, including flood

monitoring, earthquake detection, weather observation, and industrial gas hazard detection.

1.

Flood Monitoring: Water level sensors accurately identified rising water levels in flood-prone areas,
issuing early alerts when thresholds were exceeded, demonstrating reliable flood prediction
capabilities. If the value of ultrasonic sensor reaches its maximum, then it sends an alert and rings
buzzer to intimate the local guardians. So that the local eftfected people can vacate the flood area and
move to safe place.

Earthquake Detection: Accelerometers effectively captured seismic activity, generating alerts during
significant vibrations, allowing for early earthquake warnings and prompt emergency responses. If
there is rapid changes or maximum value recorded by accelerometer sensor, then it indicates that
earthquake detection.

Weather Observation: Temperature, humidity, and pressure sensors provided continuous atmospheric
data, successfully flagging extreme conditions. These sensors help predict severe weather, enhancing
adaptability to varied monitoring needs. If there is a rapid change in temperature or humidity in
atmosphere, then it alerts the people to vacate from there and live in safe place until the temperature
1s normal.

Industrial Gas Hazard Detection: Gas sensors detected harmful gases like methane in industrial
settings, promptly alerting authorities and demonstrating valuable industrial safety applications.
Whenever there a hazardous gas in atmosphere near industries or factories these chemical sensors
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detects it and off the main function of the industry to stop gas leakage and inform to local people to
move out of the place until the gas get clear.

5. Data Transmission and Reliability: Using Wi-Fi module (ESP8266), data transmission was generally
consistent, though minor data loss in high-interference areas suggests room for optimizing
transmission protocols. The recorded values can have monitored in mobile phones up-to-date, so that
in case of emergency we can know able see the values prior to the alert messages.

6. Emergency Response and Alert System: Multi-tiered alerting mechanisms, including LEDs,
buzzers, and digital notifications, enabled timely communication with stakeholders, facilitating
effective emergency response. Whenever the sensors reach it maximum value, then it sends an alert
message to the locate affected people and rings a buzzer, so that the people who are not using mobiles
phones can be alert based the danger indication.

Fig.2 Prototype

Where

X 1s value measured from MPU6050 accelerometer sensor.
L is value measure from ultrasonic sensor.

G is value measured from MQ-4 gas methane sensor.

T is value measured from DHT11 temperature sensor.

H is value measured from DHT11 humidity sensor.

P is value measured from atmospheric Pressure.
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The WSN system demonstrates strong potential as an early warning tool, combining environmental
sensors to provide real-time disaster monitoring. Despite occasional transmission limitations, the system
enables rapid alerts, enhancing situational awareness and reducing disaster impacts. Future refinements
may include optimizing transmission reliability and integrating Al analytics for predictive accuracy,
further supporting risk mitigation and emergency preparedness.

Future scope

Including air quality detector to assess pollution levels during disaster situations, which can impact health
can be useful to find the suitable nearest region for the safety.

Adding GPS tracker helps to detect exact location of the disaster so that we can avoid the possible way
and choose a best suitable and safe path to escape from the disaster.

Creating a mobile app to show all the sensors values and alert them directly through app or by alert
message. Through app everyone can excess the all values of sensors, if any value changes rapidly local
people can take precautions prior to the information they get from message.

Conclusion:

The Wireless Sensor Network (WSN) for Disaster Management addresses the critical need for real-time
monitoring and early warning capabilities, effectively detecting environmental changes related to floods,
earthquakes, extreme weather, and industrial gas hazards. Using a variety of sensors, the system provides
reliable data transmission and rapid alerts, enabling timely responses that benefit both authorities and at-
risk communities. Though minor data transmission issues were observed in high-interference areas, the
system enhances situational awareness and supports prompt intervention. Future improvements in
transmission protocols and Al-driven analytics could further strengthen its predictive capabilities.
Additionally, the WSN’s adaptable design allows for customization with additional sensors tailored to
specific regions and disaster types, making it suitable for a broad range of disaster scenarios. Its low-cost,
low-power setup is ideal for widespread deployment, particularly in resource-limited areas, and could be
integrated with existing disaster response frameworks to enhance coordination and reduce response times.
As climate change heightens the risk and frequency of natural disasters, such an adaptable and proactive
system is increasingly essential for building resilient communities and protecting lives and infrastructure.
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