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ABSTRACT: Detection of Natural and man-made disaster is becoming very very essential day by day. Tendency of
disaster occurrence has become very frequent nowadays due to several issues like volcanic issues, earthquake, glacier
fall, industrial issues like mines, earth-plate displacement etc. Existing infrasound monitoring systems generally rely on
specialized and relatively expensive sensors and infrastructure. Although low-cost pressure sensors and machine-
learning-based infrasound classification have been investigated, there remains a need for a validated, scalable, low-cost
distributed array that integrates sensor calibration, wind-noise suppression, time synchronization, direction estimation,
and event classification in a unified real-time system. Infrasound signals below 20 Hz are generated by atmospheric,
industrial and geophysical events, but their reliable detection is difficult because of weak pressure variations, wind-
induced noise and timing errors across geographically separated sensors. This paper presents, a low-cost distributed
microbarometer array intended for infrasound detection, direction estimation and event classification. The proposed
system uses three sensing nodes, each integrating a differential-pressure sensor, a reference chamber, an ESP32-based
acquisition unit, wind-noise reduction and Global Navigation Satellite System timing. The acquired signals are
transmitted to a central processor, where band-pass filtering, fast Fourier transform, power spectral density estimation
and cross-correlation-based time-difference-of-arrival analysis are performed and the proposed modular architecture
can support economical environmental monitoring and industrial-safety research. Additional outdoor validation is
required before operational deployment.

KEYWORDS: Disaster, Infrasound signals, Global Navigation, ESP 32, Sensors. Direction Estimation, Wind Noise
Reduction, Event Classification, Disaster Monitoring.

L. INTRODUCTION

In recent decades, the escalating frequency and severity of both natural and anthropogenic disasters have intensified the
global demand for resilient, real-time early warning systems. Catastrophic events such as volcanic eruptions, tsunamis,
tornadoes, industrial explosions, and structural failures pose severe threats to human life, critical infrastructure, and
regional economies. Mitigating the impact of these rapid-onset disasters requires monitoring technologies that can
operate continuously, span vast geographic areas, and penetrate atmospheric obstacles that routinely blind conventional
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satellite and optical sensors. Infrasound—Ilow-frequency acoustic waves below the human hearing threshold of 20
Hz—has emerged as a powerful modality for remote hazard monitoring. Because infrasound waves suffer minimal
atmospheric attenuation, they can travel hundreds to thousands of kilometers from their source while retaining distinct
acoustic signatures. This unique physical property allows infrasound to act as an atmospheric "fingerprint" for a diverse
array of high-energy phenomena, from the precursor rumbles of a forming tornado to the sudden shockwaves of a
chemical plant detonation. However, the widespread adoption of infrasound monitoring in localized disaster
management has been severely restricted by the economics of traditional instrumentation. Standard, research-grade
infrasound stations—such as those utilized by the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO)—
rely on highly specialized, expensive microbarometers. These systems require complex power infrastructure and
expansive physical footprints, resulting in sparse global networks optimized for planetary-scale monitoring rather than
localized, high-resolution threat detection. Consequently, a critical visibility gap exists at the community and municipal
levels, where rapid detection and precise spatial localization are most urgently needed.

To bridge this operational gap, this project details the Development of a Cost-Effective Distributed Microbarometer
Array for Infrasound Detection, Direction Estimation, and Event Classification in Natural and Man-Made Disaster
Management by leveraging ESP 32,GPS and SDP810 which are low cost in nature, adding low cost Mechanical
reference chamber, three node array system and software filtering and visualization running on common software.

II. LITERATURE SURVEY

Natural sources include explosive volcanic eruptions (e.g., Johnson and Ripepe, 2011; Gheri et al., 2023)[1],
fireballs (e.g., Le Pichon et al., 2013; Belli et al., 2021)[2], mass movements like snow avalanches (e.g., Havens et
al., 2014; Marchetti et al., 2015)[3], debris flows (e.g., Marchetti et al., 2019a; Belli et al., 2022)[4], collapsing
glaciers (e.g., Marchetti et al., 2021) and pyroclastic density currents (Yamasato, 1997; Ripepe et al., 2009)[5],
ocean waves (e.g., Garces et al., 2006)[6], earthquakes (e.g., Marchetti et al., 2016; Johnson et al., 2020), severe
weather (Bowman and Bedard, 1971)[7] etc. Man-made sources instead are given by ground and air traffic (e.g.,
Liszka and Waldemark, 1995; Howe, 2003); launching and re-entry of spacecrafts (e.g., Pilger et al., 2021a)
nuclear explosions (e.g., Che et al., 2014); chemical explosions (e.g., Pilger et al., 2021b)[8] etc. The physical
conditions at an eruptive vent are challenging to be inferred, especially when volcanoes are poorly monitored or
observed through satellite-based methods only, which may be limited, e.g., by meteorological cloud cover (Webley and
Mastin, 2009[9]), or too sparse in time. Explosive eruptions involve a pressure release by the injection of pressurized
gas and material in the atmosphere, generating perturbations as infrasonic waves (Fee and Matoza, 2013, Johnson and
Ripepe, 2011)[10]. Moreover at very recent The catastrophic flash floods and debris flows in late August 2026 along
the Nepal-Tibet border were triggered by a massive bedrock failure and partial glacier collapse atop the Langtang
Lirung peak in Langtang National Park. Glacier and Rock Collapse: A huge chunk of ice and rock sheared off high in
the Himalayas, plunging roughly 7,000 feet into the river valley below.

The work in this paper is divided in two stages. 1) Sensing with 3-node sensors-from different sources of infrasounds. 2)
Processing through Wireless Communication-transmits the data to the server through Wi-Fi and optical fiber. 3)
Server- For data analysis and creating alerts. 4) Web Dashboard Visualization Screen-for real time insights to the
people who need it like Disaster Management authorities , Local agencies, citizen, Researchers and institutions.

1. METHODOLOGY

The proposed system will be developed using ESP 32, SDP810 differential pressure sensors, and GPS modules.
Multiple sensor nodes will be deployed in an array configuration to continuously acquire low-frequency atmospheric
pressure variations. GPS will provide accurate positioning and time synchronization between nodes. The ESP 32 will
perform data acquisition, preprocessing, filtering, and wireless transmission to a central processing unit. Cross-
correlation and beamforming techniques will be applied to estimate signal arrival direction. Extracted time-domain,
frequency-domain, and spatial features will then be used to detect and classify selected natural and anthropogenic
events using machine-learning algorithms. The system will be experimentally evaluated for sensitivity, detection
accuracy, direction-estimation accuracy, and classification performance.The sensing chain begins with atmospheric
pressure coupling through a wind-noise reduction inlet. The differential-pressure sensor compares ambient pressure
with a slowly varying pneumatic reference. An ESP 32 acquires the signal and associates each record with a satellite-
referenced timestamp. Data from the three nodes are transferred to a Raspberry Pi or server for filtering, spectral
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analysis, time-delay estimation and event classification. The processed outputs are presented through a monitoring
dashboard. The detailed methology is shown in this figure below.
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IV. FEASIBILITIES AND PROTOTYPE 3-D MODEL

Aim of this research is to minimize the cost as well as hassle free and accurate results. Using ESP32 and SDP810 cost
of the total setup become very less where as Global positioning system(GPS) gives the accurate position of infrasound
occurrence. Three nodes sensing arrays are demonstrated at campus scale, mechanical reference chambers are easy to
fabricate and construct. The proposed cost-effective distributed microbarometer array is technically feasible using an
ESP 32, SDP810 differential pressure sensor, and GPS module. The ESP 32 provides sufficient processing capability
for real-time pressure-data acquisition, digital signal processing, sensor communication, and wireless transmission to a
central server. The SDP810 offers sensitive differential pressure measurement suitable for investigating low-frequency
atmospheric pressure variations associated with infrasonic signals. GPS provides accurate positioning and time
synchronization among distributed sensor nodes, which is essential for calculating time differences of arrival and
estimating the direction of incoming infrasonic waves.

Multiple sensor nodes can be deployed as an array, allowing spatial signal processing techniques such as cross-

correlation and beamforming to be implemented. The collected signals can subsequently be processed using filtering,
feature extraction, and machine-learning algorithms for event detection and classification.
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The three microbarometer nodes form a non-collinear triangular array. Each node records the same infrasound event,
and the small difference in arrival time is used to estimate the source direction. Each node contains a GNSS/GPS
receiver with a 1-PPS output. The 1-PPS pulse provides a common timing reference once every second.

1. The GPS 1-PPS signal resets or disciplines the ESP 32’s hardware timer.

2. Pressure samples are numbered relative to that pulse.

3. Every data packet contains the node ID, GPS time, sample number and pressure value.

4. All nodes sample at the same nominal rate—approximately 100 samples per second.

5. A common test signal is recorded by all three nodes to measure fixed sensor, communication and processing delays.
6. TDOA is calculated from the locally timestamped recordings using normalized cross-correlation. Network
transmission delay does not affect the measurement because synchronization occurs at each node before data
transmission.

For the field prototype, we propose an approximately equilateral triangular arrangement with:
1. Recommended spacing: 30 metres between nodes

2. Testing range: 20—-50 metres

3. Small laboratory demonstration: 5—10 metres
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Specifications of Proposed 3-D Model

Parameter Proposed specification

Target signal band 0.05-20 Hz

Initial validated prototype band Approximately 1-20 Hz

Sampling rate 100 samples/second

Anti-alias low-pass cutoff Approximately 20-25 Hz

Wind-noise reduction Porous-hose rosette

Pressure sensor SDP810-125 Pa differential-pressure sensor
Timing GPS/GNSS 1-PPS synchronized

Direction method TDOA with cross-correlation

The broad design target is 0.05-20 Hz, but the actual lower-frequency limit must be established experimentally. The
reference chamber, connecting tube, leakage rate and wind filter affect the low-frequency response. Therefore, we will
measure the complete system response using controlled low-frequency pressure excitation. Also, because the SDP810
is already a digital differential-pressure sensor, an external 24-bit ADC is not required for it. A 24-bit ADC would be
used only with an analogue microbarometer or modified electret-sensor option.

V.FUTURE SCOPE

The proposed system can be further developed into a large-scale, real-time infrasound monitoring network by
increasing the number of ESP32-based sensor nodes and deploying them over wider geographical areas. Future work
can focus on improving the sensitivity and noise performance of the SDP810-based sensing unit through advanced
calibration and wind-noise reduction techniques. More accurate source localization can be achieved by combining
multiple arrays and integrating atmospheric weather data. Machine-learning and deep-learning models can also be
developed using larger labelled datasets to improve classification of natural and anthropogenic events. The system can
further incorporate other sensors, such as seismic, temperature, humidity, and vibration sensors, for multi-modal event
detection. Cloud-based data storage, remote monitoring, and mobile alerts can enable real-time disaster-management
applications. Ultimately, the system could be integrated with existing early-warning and emergency-response
infrastructure for scalable, low-cost environmental and disaster monitoring.

VI. CONCLUSION

The main technical challenges include sensor noise, wind-induced pressure fluctuations, temperature effects, calibration,
synchronization accuracy, and limited availability of labelled infrasonic datasets. These challenges can be addressed
through suitable sensor enclosures, calibration procedures, signal filtering, spatial redundancy, and data augmentation.
The proposed project aims to develop a cost-effective distributed microbarometer array for detecting and analyzing
infrasound signals associated with natural and anthropogenic events. The integration of the SDP810 differential
pressure sensor with ESP 32 provides a compact and economical sensing platform, while GPS enables accurate time
synchronization and node positioning. By deploying multiple sensor nodes, the system can exploit spatial information
for reliable infrasound detection and direction-of-arrival estimation. Signal-processing and machine-learning
techniques will further support event classification and reduce false detections caused by environmental noise. The
proposed system is expected to provide a scalable and practical alternative for preliminary infrasound monitoring,
particularly in areas where conventional monitoring infrastructure is limited. Successful development and validation of
the prototype could provide a foundation for larger distributed networks and future integration with other disaster-
monitoring systems.

We cannot prevent natural disaster like volcanic issues, landslides in hilly region, glacier collapsing, earthquake etc but
using this model we can make an alert to the authorities and citizens as well before the surge affects occurring, reduces
the damages of living life and properties. So this model will be beneficial and cost effective solution for the recent
disaster management authorities and civilians all over the world.
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