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This paper proposes an IoT based Earthquake Detection System for the early warning 

and quick detection of the earthquake. Earthquakes are one of the rare natural 

disasters in Malaysia but when the earthquake happened, it could damage 

infrastructure and cause deaths. This system is aimed to monitor the earthquake levels 

and warn people about earthquake dangers. To detect the vibration on the ground 

surface, an accelerometer has been connected to the microcontroller Arduino Uno R3. 

Then NRF24L01 transceiver module has been used to connect between the transmitter 

and receiver part.  In order to receive the notifications about the earthquake, the 

ESP8266 Wi-Fi module is linked to the Blynk App. This proposed system is very user-

friendly and economical, making it favourable to be used in the earthquake zones. 
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1. Introduction 

 

Earthquakes are one of the biggest catastrophes that afflict many people each year in various 

places across the world. The greatest occurrence ever recorded in Malaysia occurred in 1976, and 

the most catastrophic occurred in 2015, with 18 fatalities reported [1]. Both occurrences occurred in 

Sabah, and the list clearly indicates that Sabah is the state that has experienced the most earthquakes 

in Malaysia. The impact of earthquakes has been increased due to the demographic location of Sabah 

nearby to the Pacific Ring of Fires countries such as Indonesia and the Philippines. Therefore, to avoid 

more losses of life, Malaysia should have a technology that linked into the system to warn the public 

and authorities about the earthquakes. According to [2], seismic risk assessment in Malaysia has seen 

significant improvements. However, despite these advancements, the seismic risk assessments still 

encounter numerous challenges and issues such as the absence of sufficient scientific data [3], an 

inadequate state-level framework for hazard assessment [4], the absence of national standards for 

seismic vulnerability assessment guidelines and methodologies [5], and a shortage of essential data 

required to evaluate the vulnerability of exposure elements [5,6]. 

 
* Corresponding author. 

E-mail address: norfatihah@unimap.edu.my 

 

https://doi.org/10.37934/araset.51.1.160170 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 51, Issue 1 (2025) 160-170 

161 

 

Normally, the earthquake detection system uses seismometer to detect ground movement. It is 

capable of detecting and converting vibration signals into electrical signals and is widely used in oil 

and gas resource exploration, and building and bridge detection [7]. However, the utilization of 

seismometers is very costly, and they are improbable to provide extensive coverage with sub-

kilometre interstation spacing [8]. Besides that, the sensing ranges of traditional seismometers are 

inherently restricted and most of the seismic networks are situated on the continents rather than the 

seafloors. As technology and data processing capabilities have progressed, risk reduction 

mechanisms like earthquake early warning (EEW) systems have arisen as vital safeguards, potentially 

saving lives. These systems typically rely on a combination of sensors [9,10], data analysis [11-13], 

and communication technologies [16] to detect seismic activity and provide early warnings to help 

mitigate the potential impact of earthquakes.  

The fundamental principle behind such systems is to detect the initial, less destructive P-waves 

(primary waves) generated by an earthquake, which travel faster than the more damaging S-waves 

(secondary waves) and surface waves. In Taiwan, MEMS-based P-Alert sensors have demonstrated 

their value by facilitating proximity sensor placement and meticulous monitoring of seismic activities. 

These sensors are characterized by their cost-effectiveness, low power consumption, and ease of 

installation [14]. The performance of EEW based on MEMS technology has also been applied in Italy, 

which capable of detecting events with a magnitude exceeding 4.1 within a 30 km radius [15]. 

Furthermore, the system will typically use an antenna to transmit information between the sender 

and receiver. However, the smooth transmission of information for the distance of an area depends 

on the specifications of the antenna. In [16], the implementation of LoRa communication technology 

has been proposed for high-rise buildings. However, 10% of packet loss has been detected and may 

impact the accuracy and effectiveness of earthquake warnings. 

Nowadays, the earthquake warning is based on the integrated Internet of Things (IoT) system 

[17-24]. In Canada, ShakeAlarm uses the technology detection by P-waves and S-waves for the 

earthquake early warning system [19]. Besides that, ShakeAlert has been used in America to 

recognize and describe an earthquake within a few seconds of its occurrence, assess the expected 

severity of ground shaking that will occur, and make notifications available for distribution to 

individuals and infrastructure at danger [20]. Meanwhile in Indonesia, the Geographic Information 

System (GIS) Application has been proposed for the landslide susceptibility assessment [21]. On the 

other hand, the Earthquake Early Warning (EEW) is used in Japan [22], and the Earthquake Network 

[23] and Android Earthquake Alerts System [24] have been used globally. 

In this paper, an IoT based earthquake detection system has been proposed to alert people about 

the earthquake so that the number of losses can be reduced. Several earthquake warning systems 

have been reviewed, followed by the methodology of the proposed system. Next the results and 

discussion are presented, and a brief conclusion is given. 

 

2. Methodology 

2.1 Operational Flow 

 

This project uses an accelerometer sensor to identify the magnitude of an earthquake and 

transmits data to a rescue squad as a warning. The rescue team can use the results of the point 

prediction model to trigger timely warnings and provide information to users who are vulnerable to 

earthquakes. For the detection system, an accelerometer sensor is utilized as a marker or detector 

earthquake level, and this system will send a message warning via the Blynk App via data transfer 

between the NRF24L01 transceiver module on both the transmitter and receiver parts of the system. 

The NRF24L01 serves as a medium for information transmission to the rescuer via Blynk App so that 
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they can know information about the earthquake condition that happens in the affected area. If the 

Wi-Fi module in the receiver part cannot trace or connect with the Internet and will prevent the 

message from being received by the Blynk App, the message still can be obtained by the user and 

rescuer since it is stored in the system and signalled by the buzzer, LED, and LCD. Figure 1 shows the 

operational flow of this project.  

 

 
Fig. 1. The operational flow of the proposed Earthquake Detection System 

 

The flowchart of the transmitter and receiver part are illustrated in Figure 2 (a) and Figure 2 (b), 

respectively. 

 



Journal of Advanced Research in Applied Sciences and Engineering Technology 

Volume 51, Issue 1 (2025) 160-170 

163 

 

  
(a) (b) 

Fig. 2. Flowchart of the (a) Transmitter part, (b) Receiver part 

 

In this project, an accelerometer MPU6050 sensor will be used to detect the earthquake levels. 

This type of sensor is compact, small-sized, and cost-effective compared to other sensors with similar 

functionalities. Besides that, MPU6050 offers a wide range of sensitivity settings, allowing flexibility 

in choosing the sensitivity that suits the specific applications, with the minimum sensitivity of ±2g. In 

real-life scenarios, this sensor has been put in a potentially hazardous region where it is prone to 

earthquakes and seismic activity, such as a location near to an island or a hilly area. On the other 

hand, the accelerometer sensors are installed in the system's Transmitter to detect the ground 

vibration and motion. This accelerometer has been connected to Arduino Uno, as illustrated in Figure 

3. The accelerometer sensor will send data collection to the Arduino. Arduino will process the data 

to send the information message to the NRF24L01 transceiver module for data transmission to the 

antenna of the Receiver part. The public will receive the information through Blynk App via the 

Internet connection by ESP8266 Wi-Fi module. For people who are unable to connect to the Internet, 

data still can be obtained from the signalling through the system's buzzer, LED, and LCD. Typically, 

the ESP8266 Wi-Fi module operates on the 2.4 GHz frequency band, but it can vary based on factors 

like interferences and environmental conditions.  

The sensor is programmed with ten different levels to show the intensity of the shake. Level 1 to 

4 indicates the small scale, level 5 to 6 will be set as moderate, level 7 to 9 is set as great level and 

level 10 indicates the dangerous level. Every level will be represented by the specific value of scale 

to indicate the level of the shaking, as tabulated in Table 1. Creating an effective earthquake 
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detection system requires a critical ability to distinguish vibrations originating from actual 

earthquakes or from those caused by other sources. Consequently, the utilization of intensity 

thresholds, as outlined in Table 1, becomes imperative. Earthquakes typically generate more robust 

vibrations, characterized by very severe and extreme movements, as opposed to vibrations resulting 

from routine human activities or environmental factors. Therefore, instances of minor movement 

prompt the accelerometer to classify them as lower levels of shaking, suggesting the likelihood of 

vibrations originating from other non-seismic issues. 

 

Table 1  

The measurement of the earthquake level 

 

 

 

 

 

 

 

 

 

 

 

 

This system starts its operation in the Transmitter part, as shown in Figure 3. When there is a 

ground movement, the accelerometer detects that movement and sends the information to the 

Arduino. The information signal from the Arduino will be shown on the LCD Display, with a buzzer 

and LED to indicate the current state. Then the NRF24L01 acts as the communication medium for 

data transmission between the transmitter and receiver. The signal from the transmitter will be 

received by the antenna in the receiver part, and the signal will be sent to the Arduino. The Blynk 

App will distribute all information obtained by the Arduino to people. This system needs to be linked 

with the Internet through ESP8266 Wi-Fi module in order to retrieve information from the Blynk App. 

The buzzer, LED, and LCD monitor from the Receiver part will perform the same functions as in the 

Transmitter. However, if there is no Internet connectivity, user can still receive the information 

because the system will store the data and indicate the current situation of the earthquake event 

through the buzzer that will sound, blinking LED, and LCD that will display the message. 

Parameter Description Occurrence Movement Sensor Scale 

1 Small Daily Small -5 

2 Small Daily Small -4 

3 Small Daily Small -3 

4 Small Daily 

Small/ 

Moderate 

Sudden 

-2 

5 Moderate Monthly Strong Sudden -1 

6 Moderate Monthly Strong Sudden 0 

7 Great Monthly Very Severe 1 

8 Great Yearly Very Severe 2 

9 Great Yearly Very Severe 3 

10 Dangerous Rarely Extreme 4 
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Fig. 3. The block diagram of the system 

 

2.2 The Circuit Installation 

 

Figure 4 (a) and Figure 4 (b) illustrate the circuit installation of this project. To secure the 

connection between the component and the Arduino board, a jumper is used. Connection 

verification is conducted to ensure that all system components perform well their respective 

functions. 

 

 
(a) 

 

ACCELEROMETER 

MPU6050 

BUZZER 

ARDUINO UNO R3 

BOARD 

NRF24l01 

USB CABLE 

JUMPER

WIRE 

I2C LCD DISPLAY 

LED 
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(b) 

Fig. 4. The circuit installation of the proposed earthquake detection system (a) 

Transmitter part, (b) Receiver part 

 

3. Results and Discussion 

 

When there is a movement in the system, the vibration will be detected through the sensor in 

the transmitter part. The ground motion observed is not real, and this is attributed to considerations 

of safety and cost. In order to ensure the well-being of individuals and manage expenses effectively, 

simulated testing is employed instead of exposing the environment to actual ground motion events. 

All data by that vibration will be transferred to the Arduino board and then to the transmitter 

antenna, which is NRF24L01 module. Simultaneously, the LED is then will light up, the buzzer will 

make a sound and the LCD will display the message "Earthquake Detected". Earthquake data can be 

viewed through the Serial Monitor and Serial Plotter of the Arduino IDE software. The Serial Monitor 

displays the tremor's outcome based on the coordinates of the X, Y, and Z axes, which represent the 

earth's instability at the moment of the earthquake.  

Next, in the Receiver part, data from Transmitter part will be transferred to the Arduino board 

through the NRF24L01 receiver antenna module. This will also activate the LED, the buzzer and the 

LCD, as happened in the Transmitter part. After that, the earthquake data is retrieved analysed 

through the Serial Monitor, as shown in Figure 5.  
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ESP8266 WI-FI 

MODULE 

JUMPER WIRE 

BUZZER 

LED 

USB CABLE NRF24l01 
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Fig. 5. Serial Monitor display shows the tremor's outcome based on the coordinates 

of the X, Y, and Z axes to show the earth’s instability 

 

Besides that, the data from the earthquake’s impact is then presented through the graph 

variation in Serial Plotter, as illustrated in Figure 6. 

 

 
Fig. 6. Serial Plotter that displays the variation of the impact of earthquake 

 

In Receiver part, the ESP8266 Wi-Fi module is connected to the Blynk App. Once the ESP8266 is 

successfully responding, the data of earthquake will be received, and user will be notified through 

Blynk App. As a result, the Blynk notification is displayed on the user's smartphone and through e-

mail, as shown Figure 7. This will help user to take immediate precautions after they received the 

notifications. 
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Fig. 7. Blynk App notifications 

 

4. Conclusion 

 

This project proposed the development of disaster control technology in Malaysia, primarily for 

earthquake disasters, to minimize property and human loss. This project will assist authorities in 

Malaysia in controlling the earthquake situation by using a robust sensor network system compared 

to existing systems. The proposed earthquake detection system consists of two parts, which are 

Transmitter and Receiver. Both parts are connected through the NRF24L01 antenna module, and the 

data of the earthquake is analysed using the Arduino Uno. The proposed design's prototype has been 

successfully constructed, and it is planned to be installed in a high- risk earthquake location in 

Malaysia. Notably, the system's ability to record earthquake magnitudes through the accelerometer, 

coupled with efficient data transmission to users' homes via NRF24L01 and timely notifications 

through the Blynk App, signifies a comprehensive approach to disaster preparedness. 
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