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A B S T R A C T   
Indonesia, located in a highly seismic region due to the convergence of the 
Indo-Australian, Eurasian, and Pacific plates, requires affordable earthquake 
early warning systems. This research aims to develop an easy-to-use, portable 
tectonic earthquake detection system based on the Arduino Uno platform. The 
methodology encompassed the design of hardware and software, the 
installation of accelerometer sensors, and the programming of the Arduino to 
detect ground vibration intensity. Test results demonstrate that the system is 
sensitive to changes in vibration and can provide an audible warning via a 
buzzer when a predefined vibration threshold is exceeded. Although its 
accuracy is lower than that of professional seismographs, the system presents 
an economical solution for deployment in remote areas. Future development 
could incorporate GPS sensors and artificial intelligence to enhance its 
accuracy and expand its applicability across various disaster scenarios.  
 

1. Introduction  
Indonesia is located at the convergent boundary of 

three major tectonic plates, the Indo-Australian, 
Eurasian, and Pacific plates, which makes it highly 
vulnerable to seismic activity [2]. Earthquake early 
detection systems are very important for reducing the 
impact of disasters, particularly by providing 
sufficient time for people to evacuate. One recent 
innovation is the creation of a detection system based 
on the Arduino Uno, a microprocessor known for its 
low cost, ease of programming, and simple hardware 
configuration. This Arduino-based device detects 
earthquake-related vibrations, offering a portable, 
cost-effective Early Warning System (EWS) that can 
be installed individually [3]. 

The need for such systems is highlighted by 
Indonesia's significant seismic activity. In 2023, the 
Meteorology, Climatology, and Geophysical Agency 
(BMKG) recorded a total of 10,789 earthquake events 
in Indonesia. This included 219 earthquakes with a 
magnitude above 5.0, 10,570 small earthquakes with 
a magnitude below 5.0, and 861 earthquakes that 
were felt by the public. This figure represents an 
increase from the usual annual average of around 
7,000 earthquake events. Of the 10,792 earthquake 
occurrences of different magnitudes in 2022, 217 had 
magnitudes greater than 4.8 on the Moment 
Magnitude Scale (Mw). Approximately 7,000 
earthquakes occur annually on average, with about 
26 causing significant damage. In addition to tectonic 
earthquakes, Indonesia also experienced 1,085 

ground motion events in 2023 that resulted in 208 
fatalities and damage to 2,043 houses [21]. One 
significant earthquake was the 2019 Ambon event 
with a magnitude of Mw 6.5, which occurred 23 km 
northeast of Ambon City and reactivated a complex 
fault network in the Ambon and Seram regions [4]. 

The Arduino Uno, an affordable and versatile 
microcontroller, can detect ground movement when 
paired with an accelerometer sensor. The device 
identifies earthquakes by measuring ground 
vibrations and provides visual or auditory 
notifications. Remote alerts can also be sent using 
additional communication modules, such as GSM or 
Wi-Fi. The system offers the advantages of low cost, 
portability, and ease of maintenance, making it 
suitable for implementation by various communities, 
including those in hard-to-reach areas [5]. 

Vibration sensors are crucial components in 
vibration detection devices. They function to detect 
and measure vibrations in an object or system by 
converting mechanical vibrations into electrical 
signals that can be processed and analyzed [6]. The 
working principle is generally based on the 
piezoelectric effect, in which piezoelectric crystals 
produce an electric charge when subjected to 
pressure or vibration. These sensors can detect 
various vibration parameters such as amplitude, 
frequency, and acceleration. The data generated are 
sent to a processing unit or microcontroller to be 
analyzed and displayed in an interpretable form [7]. 
Using vibration sensors in detection devices offers 
various benefits, especially in condition monitoring 
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and predictive maintenance [8]. By detecting changes 
in vibration patterns, they can help identify potential 
problems in machinery or structures before serious 
damage occurs, enabling timely preventive action, 
improving operational efficiency, and reducing the 
risk of equipment failure or accidents. 

A buzzer is an electronic component that acts as a 
sound indicator in a vibration detector. Essentially, it 
is an electroacoustic transducer that converts 
electrical signals into sound vibrations. In the context 
of a vibration detector, the buzzer acts as an output 
that produces a warning sound when the sensor 
detects a vibration exceeding a certain threshold [9]. 
The buzzer operates by receiving an electrical signal 
from a microcontroller or other controlling circuit. 
When the vibration sensor detects significant 
vibrations, the microcontroller sends a signal to 
activate the buzzer, which then produces a sound at a 
specific frequency and volume as a warning [10]. 

The use of buzzers in vibration detection devices 
is essential because they provide an audible warning 
that humans can easily recognize. This allows users to 
immediately become aware of detected vibrations 
and take necessary actions, such as evacuation in the 
case of earthquake detectors [11]. Additionally, the 
buzzer can be programmed to produce different 
sound patterns according to the intensity level of the 
detected vibration, providing users with information 
regarding the severity of the event [12]. The intensity 
scale that triggers the buzzer is usually set based on 
the amplitude or frequency of the vibration detected 
by the sensor. This setting can be customized 
depending on the specific needs of the vibration 
detector. For example, for earthquake detection, the 
scale may refer to the Richter scale or a specific 
vibration intensity scale. The sensitivity can be 
adjusted through microcontroller programming or 
electronic circuit settings [13]. In some cases, the 
device can be set to detect vibrations ranging from 
very low to very high intensity. However, settings that 
are too sensitive may cause false alarms, while 
settings that are too high may result in the device 
failing to detect vibrations that should be recognized. 

The creation of this tool includes hardware and 
software design, as well as setting up the Arduino IDE 
as a programming platform. Sensors such as the 
MPU6050 or piezoelectric vibration sensors detect 
changes in vibration on a particular axis and generate 
data that can be viewed through a graph or serial 
monitor on the Arduino [14]. In some cases, if the 
vibration data exceeds a predetermined level, the 
system will activate a warning device such as a buzzer 
or send a signal over a wireless network to notify 
nearby residents [15]. 

While these systems are efficient and easy to 
install, their accuracy and sensitivity are lower than 
those of professional seismographs. Further 
developments, such as the integration of GPS sensors, 
gyroscopes, and artificial intelligence algorithms, are 
needed to improve reliability and detection capability 
[22]. Nonetheless, this Arduino Uno-based device has 
the potential to be a local solution that can help 
communities prepare for earthquakes. This basic 
technology allows communities to create cheaper and 
more inclusive early warning systems. If widely 
adopted, this method could significantly improve 
disaster mitigation and protect more communities 
from seismic threats, especially in remote locations or 
those overlooked by traditional EWS [17]. 

This study aims to create a portable tectonic 
earthquake detection system based on an Arduino 
Uno that can be used as an inexpensive and user-
friendly early warning system. This device uses 
accelerometer sensors to detect changes in ground 
vibration intensity in real time, providing early 
warning to individuals in earthquake-prone areas. 
Additionally, this study aims to assess the system's 
sensitivity and accuracy in comparison to traditional 
earthquake detection methods. It will also explore the 
potential for future development, including 
integration with GPS sensors and artificial 
intelligence, to enhance the system's effectiveness 
and precision. 

 
2. Methods 

        

Fig. 1: Arduino Uno-Based Earthquake Detection System 
Development Flowchart 

 
This flowchart in Fig. 1 illustrates the systematic 

workflow for developing a portable earthquake 
detection system based on Arduino Uno that 
functions as an early warning system. The process 
begins with the system design phase, which includes 
hardware and software design, followed by hardware 
assembly involving the integration of accelerometer 
sensors and buzzers into the Arduino Uno circuit. 
Upon completion of assembly, Arduino code 
programming is conducted using the Arduino IDE to 
configure sensor sensitivity, vibration detection 
thresholds, and buzzer activation for warning alerts. 
The subsequent phase involves staged testing, 
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including laboratory tests and field simulations with 
various types of vibrations to evaluate system 
sensitivity, accuracy, and response speed. Testing 
data is then collected and analyzed using descriptive 
statistics to assess system performance. Based on the 
analysis results, adjustments are made to thresholds 
and program code to enhance system effectiveness, 
followed by final trials to ensure the system functions 
optimally under various conditions before 
comprehensive documentation and in-depth analysis 
of the research findings. 

This research uses a quantitative method with an 
experimental approach to design and test a portable 
earthquake detection system based on Arduino Uno 
that can function as an early warning system. This 
system utilizes a vibration sensor connected to the 
Arduino Uno to detect earthquakes. Data from the 
sensor is processed by Arduino, and if the detected 
vibration exceeds the threshold, the system activates 
the buzzer as a warning [18]. The research steps 
include system design, hardware assembly, code 
programming for Arduino, and staged testing. After 
assembly, the system was tested in the laboratory and 
in field simulations with different types of vibrations 
to assess its sensitivity, accuracy, and response speed 
[19]. 

During testing, data was collected and analyzed 
using descriptive statistics to evaluate system 
performance, particularly sensor sensitivity and alert 
speed. Based on these results, adjustments were 
made to the thresholds and program code to improve 
the system's effectiveness [15]. After refinement, final 
trials were conducted to ensure the system 
functioned optimally under various conditions. The 
results of this research were then documented and 
analyzed in depth. This research is expected to 
produce an affordable and effective earthquake 
detection system, which can serve as an alternative 
early warning system, especially for earthquake-
prone areas with limited access to advanced 
technology [20]. 

 
3. Result and discussion 

The vibration sensor is tested by assembling it 
with a pre-programmed Arduino Uno microcontroller. 
For testing, the sensor is placed on a flat plane and 
then moved left, right, forward, and backward; the 
resulting data is output in the form of a graph. These 
movements are quantified on a scale of 0–6000, 
assumed to be equivalent to a magnitude (M) of 4–5, 
and are repeated to generate valid data. To ensure 
data validity, the test is conducted repeatedly under 
controlled conditions. The sensor is tested using 
movements of identical intensity and direction across 
multiple measurements to verify data consistency. 
Furthermore, the data validation approach involves 
comparing the sensor's output with known vibration 
measurement standards. If the results display a 
consistent pattern and align with theoretical 
expectations and seismic references, the data can be 
considered valid. From the data collected over 
multiple trials, it can be concluded that each 
movement produces a different magnitude value 
depending on the sensor's response and the speed of 
the movement [23]. 

 

 
Fig. 2: Vibration sensor circuit connected to an Arduino 

Uno microcontroller. 
 

The implementation of an Arduino Uno-based 
earthquake detection system, as shown in Fig. 2, 
utilizes vibration sensors as the main component to 
detect vibrations. The system is designed by 
integrating hardware and software, including the 
Arduino IDE setup as the programming platform. 
Sensors such as the MPU6050 or piezoelectric 
vibration sensors detect changes in vibration along a 
particular axis and generate data that can be 
visualized through graphs, or the serial monitor on 
the Arduino [14]. The process of converting 
mechanical vibrations into electrical signals utilizes 
the piezoelectric principle, whereby piezoelectric 
crystals produce an electrical charge when subjected 
to pressure or vibration [24]. These sensors can 
detect various vibration parameters such as 
amplitude, frequency, and acceleration, which are 
then sent to the processing unit. 

 
Fig. 3: Arduino Uno R3 

 
In the data processing stage, the Arduino 

microcontroller shown in Fig. 3 plays an important 
role in analyzing the signals received from the sensor. 
The data generated by the sensors are sent to the 
processing unit or microcontroller to be analyzed and 
displayed in an interpretable form for the user [25]. 
The system is designed to provide alerts when the 
vibration intensity reaches a certain threshold. The 
sensitivity settings for vibration detection can be 
adjusted through microcontroller programming or 
electronic circuit configurations [12]. As a system 
output, the buzzer functions as a sound indicator that 
converts electrical signals into sound vibrations. 
When the vibration sensor detects significant 
vibrations, the microcontroller sends a signal to 
activate the buzzer [26]. The buzzer can be 
programmed to produce different sound patterns 
according to the detected vibration intensity level, 
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providing the user with additional information 
regarding the severity of the event [11]. 

 

 
Fig. 4: A laptop connected to Arduino and sensors to 

display sensor data in real time. 
 

Although the system shown in Fig. 4 has lower 
accuracy compared to professional seismographs, 
this Arduino Uno-based technology offers an 
affordable and effective solution for early earthquake 
warning systems, especially for remote areas or those 
with limited access to more advanced seismic 
detection technologies. Further developments, such 
as the integration of GPS or gyroscope sensors and 
artificial intelligence algorithms, are needed to 
improve its reliability and detection capabilities [27]. 

 

 
Fig. 5: Graph of experimental results on the Arduino Uno 

system. 
 

The graph shows high value fluctuations with 
sharp peaks occurring at specific points, indicating 
signals or vibrations detected by the sensor. The data 
exhibits a consistent oscillatory trend, demonstrating 
the system's good sensitivity to changes in vibration 
intensity. In Fig. 5, several significant peaks exceed 
6,000 to 10,000 units, indicating heightened vibration 
activity during these periods, accompanied by a loud, 
prolonged buzzer sound. These peaks represent the 
sensor's response to sufficiently strong vibration 
events, potentially indicative of seismic activity. 
Overall, the graph confirms that the sensor responds 
rapidly to vibration changes [26]. 

The graphs display significant value fluctuations 
with sharp peaks at certain points, demonstrating the 
system's sensitivity in detecting changes in vibration 
intensity [27]. The consistent oscillatory pattern 
indicates the system responds effectively to 
vibrational changes, aligning with the working 
principle of vibration sensors that convert mechanical 
vibrations into electrical signals via the piezoelectric 
effect for subsequent analysis [28]. 

The system demonstrated its capability by 
detecting several significant peaks reaching 6,000 to 
10,000 units [29]. This sensitivity level is crucial for 
earthquake detection, particularly in Indonesia's 
earthquake-prone zone which experiences an 
average of 10,789 seismic events annually [30]. 

When the sensor detects peak vibrations 
exceeding 6,000 units, the buzzer responds with a 
prolonged, loud sound. This aligns with the buzzer's 
function as an electroacoustic transducer that 
converts electrical signals into sound vibrations. The 
system is programmed to produce different sound 
patterns corresponding to detected vibration 
intensity levels, providing users with additional 
information about event severity [31]. 

System implementation shows alignment with 
existing theory, with vibration sensors successfully 
detecting and measuring parameters such as 
amplitude and frequency. This Arduino Uno-based 
early warning system proves to be an affordable and 
effective community solution, particularly for remote 
areas [32]. Despite accuracy limitations, the system 
offers a practical approach to enhancing community 
preparedness for earthquake disasters [33]. Future 
development integrating GPS sensors and artificial 
intelligence algorithms could enhance the system's 
reliability and detection capabilities [34]. 

 
4. Conclusion 

Based on the results and explanations detailed 
above, this research has successfully developed a 
portable, Arduino Uno-based tectonic earthquake 
detection system that functions as an affordable and 
user-friendly Early Warning System (EWS). This 
system utilizes an accelerometer sensor to detect 
ground vibrations and issues visual and auditory 
warnings when the vibration intensity reaches a 
predetermined threshold. Test results demonstrate 
that the device is sufficiently sensitive in detecting 
changes in vibration intensity, which is displayed via 
a fluctuation graph and buzzer activation. Although its 
accuracy is limited compared to professional 
seismographs, the system offers a viable and 
economical solution for communities in earthquake-
prone areas with limited access to more advanced 
seismic detection technology. 

This system contributes to knowledge in the field 
of earthquake early warning by proposing an 
alternative technology based on the Arduino Uno 
microcontroller that is accessible to a wider 
community. The deployment of this system in remote 
areas can enhance disaster preparedness and help 
reduce the impact of earthquakes on the population. 
For further development, integration with GPS 
sensors and artificial intelligence could be explored to 
improve the system's accuracy and efficiency. 
Additional experiments are also recommended, 
particularly to test the system's performance in real-
world environments and under diverse disaster 
conditions. 
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