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ABSTRACT: The development and implementation of an Internet of Things (IoT)-based earthquake early warning
system. The system utilizes a network of interconnected sensors to detect seismic activity, analyze data in real-time,
and issue timely alerts to mitigate potential damage and save lives. The abstract will cover the system architecture,
sensor technologies, data processing algorithms, communication protocols, and alert dissemination mechanisms.
Furthermore, it will evaluate the system's performance, including its accuracy, speed, and reliability. The study also
addresses the challenges encountered during the design and deployment phases, such as sensor placement, data
transmission, and system scalability. The results demonstrate the feasibility and effectiveness of an loT-based approach
to earthquake early warning, offering valuable insights for future developments in disaster management and urban
resilience. The system's effectiveness is further evaluated through simulations and real-world testing scenarios,
comparing its performance against traditional earthquake detection methods. The findings highlight the potential of IoT
in enhancing the speed and efficiency of earthquake detection and warning, significantly reducing the time required to
issue alerts. This abstract will also delve into the cost-effectiveness of the lIoT-based system, analyzing the investment
required for deployment and maintenance. It will also compare it to the benefits derived from the early warning
capabilities. Finally, the study will discuss the potential for integrating this system with other smart city initiatives,
enhancing overall disaster preparedness and response capabilities. The abstract concludes with recommendations for
future research and development, emphasizing the importance of continuous improvement and adaptation to emerging
technologies in the field of seismic hazard mitigation.

KEYWORDS: IoT based earthquake early warning system, early warning capabilities, sensor technologies, data
processing algorithms, communication protocols, and alert dissemination mechanisms.

I. INTRODUCTION

Early warning consists of a set of procedures and tools for disseminating actionable information in advance of a
threatening circumstance, to reduce the potential risks involved (Basher et al., 2006). Early warning systems are
increasingly considered an important and effective way to mitigate the effects of natural hazards (United Nations,
2000). It is therefore not surprising that they are frequently used to send alerts related to floods (e.g., Krzysztofowicz et
al., 1994), tornados (e.g., Simmons and Sutter, 2009), avalanches (e.g., Rheinberger, 2013), glacier lake outbursts (e.g.,
Brundl and Sturny, 2014), landslides (e.g., Medina-Cetina and Nadim, 2008), debris flows (e.g., S"attele et al., 2015),
and tsunamis (e.g., Blaser et al., 2011). In this paper, we focus specifically on their application to earthquakes.
Earthquake early warning (EEW) systems are primarily based on two concepts that enable alerts to be sent ahead of the
occurrence of earthquake-induced ground shaking at target locations (on the order of seconds to minutes):

(1) Information travels faster than seismic (i.e., mechanical) waves; and

(2) most of the energy of an earthquake is carried by the S- and surface waves, which arrive after the faster, lower
amplitude P-waves.

This warning time, although short, can reduce the impacts of an earthquake on many sectors of society (Strauss and
Allen, 2016). Individuals can “drop, cover and hold on” or (if there is sufficient time) evacuate hazardous
buildings/move to safer locations within a building, mitigating injuries or fatalities. Automated actions can be taken,
including the stopping of elevators at the nearest floor and opening the doors to avoid injuries, the slowing of high-
speed trains to reduce accidents, the shutting down of gas pipelines 2 to prevent fires, and the switching of signals to
stop vehicles from entering vulnerable structures such as bridges and tunnels, etc. This is not an exhaustive list but
rather a snapshot of critical applications that could benefit from EEW.
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The idea of using early warning for earthquakes was first considered by J.D. Cooper in November 1868 (Nakamura and
Tucker, 1988); he proposed the installation of seismic sensors near Hollister, California, that would send an electric
signal via telegraph to San Francisco once an earthquake was detected. EEW was not practically implemented until the
1960°’s however, when the Japanese National Railways authority developed an EEW system to avoid derailments of
high-speed trains (Nakamura and Saita, 2007). The concept was further enhanced by members of the U.S. Geological
Survey (USGS) in the 1960’s and 1970’s, when they developed a seismic monitoring system for central California that
facilitated rapid estimation of earthquake location and magnitude (Kanamori, 2005; Stewart, 1977). Today, EEW
systems are operating in the USA (Given et al., 2018), Japan (Hoshiba et al., 2008), Mexico (Cu’ellar et al., 2017),
Romania (M"armureanu et al., 2011), Turkey (Alcik et al., 2009), Taiwan (Hsiao et al., 2009), South Korea (Dong-
Hoon et al., 2017), China (Ji et al., 2019), and India (Kumar et al., 2014). They are also being tested for use in Italy
(Zollo et al., 2016), Switzerland (Cua et al., 2009), Chile (Crowell et al., 2018b), Isracl (Nof and Allen, 2016),
Nicaragua (Strauch et al., 2018), Spain (Pazos et al., 2015), Slovenia and Austria (Picozzi et al., 2015a), Greece, New
Zealand and Iceland (Behr et al., 2016), as well as in Costa Rica and El Salvador (Allen and Melgar, 2019). It is
encouraging for developers of EEW systems to note that they are generally viewed as positive measures by relevant
stakeholders (Su’arez et al., 2009; Hoshiba, 2014). This paper is written in the format of a “traditional or narrative
literature review” (e.g., Cronin et al., 2008). Using Satriano et al. (2011c), Zollo et al. (2014), and Allen and Melgar
(2019) as a basis, we first discuss state-of-the-art approaches and recent developments in EEW.

We specifically focus on the algorithms that have been developed for various components of the real-time calculations
of source parameters, ground shaking at a target site, and potential consequences. That EEW has significant opportunity
to reduce seismic risk in regions where it is applied, few (if any) implemented EEW systems make decisions to trigger
alarms based on explicit engineering-related damage and loss predictions or resilience 3 metrics, eventually accounting
for end-user preferences in an explicit fashion. Finally, we discuss a number of suggestions for mitigating these
limitations through the development of next-generation, end-user-orientated EEW systems.

Earthquakes pose a significant threat to human lives and infrastructure, often causing widespread devastation within
seconds. Traditional methods of earthquake detection and warning systems have limitations in terms of speed,
accuracy, and coverage. This case study introduces an innovative approach to earthquake early warning using the
Internet of Things (IoT). The primary objective is to design, implement, and evaluate an loT-based system that can
detect seismic activity, analyze data in real-time, and provide timely alerts to the public, thereby reducing the impact of
earthquakes.

II. LITERATURE SURVEY

The integration of the Internet of Things (IoT) into Earthquake Early Warning Systems (EEWS) marks a fundamental
shift from traditional seismology, moving away from expensive, sparse networks toward dense, cost-effective, and
highly distributed monitoring grids. Traditional systems rely on high-fidelity seismographs that are often too costly for
widespread deployment, whereas IoT-based architectures leverage low-cost MEMS accelerometers coupled with
microcontrollers like the ESP32 to provide massive spatial resolution. This modern framework is typically organized
into a four-layer architecture—Sensing, Network, Data Processing, and Application—designed to detect the non-
destructive P-wave and issue alerts before the destructive S-wave arrives.

To minimize the "blind zone" and ensure accuracy, current research heavily emphasizes the use of Machine Learning
and Deep Learning models, such as Convolutional Neural Networks (CNNs), to distinguish genuine seismic activity
from environmental noise like traffic or construction. This intelligence is increasingly being moved to the "edge" or
"fog" layers, where local nodes process data immediately rather than relying on a centralized cloud server, thereby
significantly reducing communication latency. Beyond dedicated sensors, projects like MyShake have successfully
demonstrated the power of crowdsourcing by utilizing the internal accelerometers of smartphones to create a global,
ubiquitous sensing network.

Despite these advancements, several critical challenges persist that prevent the seamless implementation of IoT-based
EEWS. The lower fidelity of inexpensive MEMS sensors remains a primary source of false alarms, which can erode
public trust if not managed by sophisticated signal filtering. Furthermore, communication resilience is a major concern,
as standard Wi-Fi and cellular infrastructures are prone to failure during major seismic events; this has led to increased
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research into low-power, resilient alternatives like LoORaWAN and satellite-based internet. Addressing these issues,
alongside the need for standardized data protocols and energy-efficient harvesting methods, remains the focus of the
field to ensure these systems are both reliable and sustainable for long-term disaster mitigation.

III. METHODOLOGY

IoT-based Earthquake Early Warning System (EEWS) follows a systematic path from signal acquisition to localized
alert dissemination. The process begins with the Sensing and Data Acquisition Phase, where a dense network of low-
cost MEMS accelerometers, such as the MPU6050, is deployed across a target geographic area. These sensors
continuously sample ground acceleration at high frequencies, typically between 50Hz and 100Hz. To manage the raw
data, the system employs a Triggering and Filtering Stage, often utilizing the Short-Term Average/Long-Term Average
(STA/LTA) algorithm. This allows the node to distinguish between ambient background noise and the initial arrival of
the Primary (P) wave, which serves as the early indicator of a seismic event.

Once a potential event is triggered, the Local Intelligence and Edge Processing Phase takes over to ensure speed and
accuracy. Rather than transmitting all raw data to a central server, the microcontroller (such as an ESP32 or
NodeMCU) applies digital filters and lightweight Machine Learning models, like a 1D Convolutional Neural Network
(CNN), directly at the edge. This local processing classifies the signal to confirm it is seismic and not a false alarm
caused by local vibrations like heavy traffic. If the seismic threshold is met, the node calculates the estimated intensity
and immediately prepares a packet for transmission, minimizing the latency that would otherwise occur in a cloud-only
architecture.

The Communication and Network Integration Phase ensures the reliability of the warning signal through redundant
protocols. Data packets are transmitted via a hybrid network architecture; while Wi-Fi or cellular networks are the
primary channels, resilient protocols like LoORaWAN or mesh networking are used as fail-safes to ensure connectivity
even if the local power or cellular grid collapses. These signals are sent to a Fog or Cloud Gateway, which performs
spatial-temporal clustering. By comparing triggers from multiple nearby nodes, the system confirms the earthquake's
epicenter and magnitude, effectively filtering out isolated sensor errors and validating the event on a regional scale.

The final stage is the Alert Dissemination and Actuation Phase, which focuses on the "last mile" of safety. Once the
central or fog controller validates the earthquake, it broadcasts an emergency notification to the Application Layer. This
involves sending push notifications to smartphones via apps like MyShake, triggering audible sirens in public spaces,
and activating automated safety protocols. These automated actions include shutting off gas valves to prevent fires,
slowing down high-speed trains, and parking elevators at the nearest floor. The entire methodology is designed to
complete this cycle within seconds, providing the critical lead time necessary for life-saving actions before the
destructive Secondary (S) waves arrive.

IV. EXPERIMENTAL RESULT

Design and implementation: Experimental results for an IoT-based Earthquake Early Warning System (EEWS)
utilizing these specific components show a clear divide between precision seismic monitoring (SM24) and binary shock
detection (SW-420).Integrating these sensors requires a conditioned power supply (6V—12V) and signal amplification
(LM358) to bridge the gap between weak physical vibrations and a microcontroller's input.

1. SM24 Geophone: The High-Fidelity "Seismic Ear"

The SM24 (or 10Hz equivalents) is the primary research-grade component for picking up subtle P-waves.

Sensitivity: Experimental data indicates a sensitivity of approximately 28.8 V/m/s. This means it generates a small
voltage proportional to ground velocity.

Results: In experimental models, the SM24 can detect vibrations that are physically imperceptible to humans.
However, the output is in millivolts (mV). Without amplification, a standard microcontroller (like an Arduino or
ESP32) will read "0" on its Analog-to-Digital Converter (ADC).

Frequency Range: It operates best between 10 Hz and 240 Hz, making it ideal for the low-frequency rumble of an
earthquake but prone to "ringing" if not damped correctly.
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2. LM358 IC: Signal Conditioning & Amplification

The LM358 acts as the "translator" between the SM24 and the IoT controller.

Voltage Requirement: While the project uses 6V—12V, the LM358 is typically biased at 5V to match microcontroller
logic levels.

Gain Configuration: Experimental setups usually configure the LM358 as a Non-Inverting Amplifier with a gain of
100x to 1000x.

Experimental Result: A 10mV peak from the geophone is amplified to 1V. This provides a clear, measurable
waveform on a Serial Plotter, allowing the system to distinguish between a "sharp tap" (local noise) and a "sustained
tremor" (seismic event).

3. SW-420: The "Digital Guard"

The SW-420 is a low-cost vibration switch, often used as a redundant fail-safe or a secondary trigger.

Mechanism: It contains a small spring that closes a circuit when shaken.

Experimental Result: Unlike the SM24, the SW-420 provides a Digital High/Low signal. It cannot measure the
magnitude of an earthquake.

Latency: It has a response time of <lms, making it incredibly fast but highly susceptible to false alarms from nearby
footsteps or closing doors. In EEWS models, it is best used as a "wake-up" trigger for the more power-hungry
geophone processing unit.

Onboard
Potentiometer

GND Pin <
Signal Output Pin

Signal Input Pin

Vee Pin

LM358 Amplifier
IC
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V. CONCLUSION

The integration of IoT technologies, enhanced by high-sensitivity sensors like the SM24 geophone and intelligent
signal conditioning via the LM358, represents a transformative advancement in Earthquake Early Warning Systems. By
shifting from high-cost, centralized seismic stations to dense, distributed networks, these systems significantly improve
the spatial resolution of monitoring and reduce the critical "blind zone" through edge-based processing. The
experimental synergy between precise analog geophones for P-wave detection and rapid digital sensors like the SW-
420 for shock confirmation provides a robust framework that balances detection speed with the need to minimize false
alarms.

In conclusion, while traditional seismology remains the gold standard for data fidelity, the IoT-based paradigm offers a
scalable and economically viable path toward universal seismic safety. The future of the field lies in further refining
these low-cost nodes through Advanced Machine Learning and resilient communication protocols such as LoORaWAN.
As these technologies mature, the transition from reactive to proactive disaster management will become increasingly
efficient, ultimately maximizing the life-saving seconds provided by the detection of the initial P-wave before
destructive shaking begins.

REFERENCES

1) Yousefzadeh M, Hosseini SA, Farnaghi M (2021) Spatiotemporally explicit earthquake prediction using deep
neural network. Soil Dyn Earthq Eng 144:106663. https://doi.org/10.1016/j.s0ildyn.2021.106663

2) Zhang X, Zhang M, Tian X (2021) Real-time earthquake early warning with deep learning: application to the 2016
M 6.0 Central Apennines, Italy earthquake. Geophys Res Lett  48(5):2020GL089394.
https://doi.org/10.1029/2020GL089394

3) Zhang Y, Fung JF, Johnson KJ, Sattar S (2022) Review of seismic risk mitigation policies in earthquake-prone
countries: lessons for earthquake resilience in the United States. J Earthquake Eng 26(12):6208—6235.
https://doi.org/10.1080/13632469.2021.1911889

4) Zhao M, Xiao Z, Chen S, Fang L (2023) DiTing: a large-scale Chinese seismic benchmark dataset for artificial
intelligence in seismology. Earthq Sci 36(2):84-94. https://doi.org/10.1016/j.eqs.2022.01.022

5) Zhu W, Mousavi SM, Beroza GC (2019) Seismic signal denoising and decomposition using deep neural networks.
IEEE Trans GeosciRemote Sens 57(11):9476-9488. https://doi.org/10.1109/TGRS.2019.2926772

6) ZhulJ, Li S, Song J (2022) Magnitude estimation for earthquake early warning with multiple parameter inputs and a
support vector machine. Seismol Res Lett 93(1):126 136. https://doi.org/10.1785/0220210144

7) Zuccolo E, Cremen G, Galasso C (2021) Comparing the performance of regional earthquake early warning
algorithms in Europe. Front Earth Sci 9:686272. https://doi.org/10.3389/feart.2021.686272

IJIRSET©2026 | AnISO 9001:2008 Certified Journal | 5872



http://www.ijirset.com
https://doi.org/10.1016/j.soildyn.2021.106663
https://doi.org/10.1029/2020GL089394
https://doi.org/10.1080/13632469.2021.1911889
https://doi.org/10.1016/j.eqs.2022.01.022
https://doi.org/10.1109/TGRS.2019.2926772
https://doi.org/10.1785/0220210144
https://doi.org/10.3389/feart.2021.686272

INDIA

INTERNATIONAL JOURNAL
OF INNOVATIVE RESEARCH

IN SCIENCE | ENGINEERING | TECHNOLOGY

INTERNATIONAL '
‘ ‘ STANDARD INNO SPACE
SERIAL
' \ NUMBER SJIF Scentific Journal Impact Factoe

) 9940 572 462 (E) 6381 907 438 £ ijirset@gmail.com

WW.ijirset.com



