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1. INTRODUCTION

Padang is a city located in the Western Indonesian archipelago, the city closes to three earthquake
resources. Based on the seismicity data, 4000 earthquakes occurred from 1779 to 2020 with magnitude Mw>4
as shown in Figure 1(a) and some of them created tsunami in Indonesia shows in Figure 1(b) [1]-[3], and
similar to Palu city [4], [5]. Earthquakes are disasters that often occur in areas located in plate regions. The
earthquakes happen in a large force or a small force. Small force earthquakes often cannot be felt by people
because they do not cause strong vibrations. Thus, many people do not realize if this earthquake occurs. Unlike
small force earthquakes, large force earthquakes have powerful vibration. They can cause a lot of trouble, this
earthquake disaster is a problem that can make people worry and can produce victims in the future.

Earthquakes are occurrences shaking the ground due to the release of energy in the earth that is
suddenly marked by a broken layer of rock in the earth's crust [6], [7]. The accumulation of energy that causes
earthquakes is from the movement of tectonic plates [7]. The energy formed is emitted in all directions as
earthquake waves. Thus, we can feel the effect on the surface of the earth. Most people commonly do not feel
earthquakes with a magnitude below 3 on the richter scale [8], [9]. However, when the earthquake occurred
around the scale of 7-8, the power was strong enough to destroy buildings and other public places. The
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earthquakes centered in sea areas or subductions have the potential to cause tsunamis [9], [10]. Earthquakes
occur within an undetermined period because of that we need a device to detect earthquake vibrations as early
as possible within 24 hours. The detecting devices are useful in reducing the negative impacts, for instance,
fatalities, and material losses.

Padang is the capital of West Sumatra Province, close to three earthquake sources such as the
Megathrust Zone, the Mentawai Fault, and the Great Sumatra Fault on the mainland. Due to the fact that the
impact of the earthquake can create a tsunami event in the future. The proposed device was installed at at the
ground surface in Universitas Negeri Padang.

89 OUE 99 O0E 109 00E 19 00°E 129 00'E 139 00°E
1 1 1 1 1 1

9 U0'N= =2 OU'N

100°S= =100'S

Earthquake events (>4Mw)

11 00°Sey ¢ 3-100 1 00°8
101 - 300
* 301 -1000
1 ) L) 1 | 1
89 00E 9 0TE 109 0DE 19 00°E 129 00°E 139 00°E
(@)
9 O0E 109 O0E 19 O0E 120 00°E
[ 1 ] L
9 ororN=] =0 00N

1 0075= =1 005

1 0'rS=-

=11 00”5

o9 E!‘L'I'E 109 lD'EI'E 19 :rtr'E 129 000°E
(b)
Figure 1. Seismicity and historical of tsunami (a) seismicity of Indonesia from 1779-2020 with magnitude >4

and (b) the tsunami history of Indonesia from 1600-2020, the blue box is the location of the tsunami that
affected Padang city
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The progress of science and technology in this globalization era is quite rapid. There are many
electronic devices used by people that can put them at ease. Physics, electronics, and instrumentation studies
have the potential to also contribute to the development of this science and technology. This development can
be identified from the transition from mechanical or manual systems to digital systems. A digital system is a
combination of devices designed to manipulate physical quantities or information depicted in digital form.
Digital electronics are broadly used such as electronic measuring devices, counting systems, computers,
microprocessors, and microcontrollers [10], [11]. Since digital systems have high accuracy, they produce
considerably accurate data. Previous research on the development of earthquake response and warning system
using the SES60 earthquake sensor is still has some shortcomings including the alarms as a voice warning
equipment, and data can only be known when logging into the web and can only be accessed by one computer
at the same time. Developing this system to provide information more quickly and accurately, to ease the broad
coverage accessed through the internet network is needed [12].

The designing and making earthquake alarms with attractive designs and high accuracy is needed. We
propose a designing and building earthquake warning system with Arduino and web-based SES60 SLP sensor.
Selected SLP sensor because this sensor is realtime information and the filtering is manageable. This system
automatically send the message on the monitor screen displays a flat, a slightly increasing, the alarm displays
a sound “weak earthquake”, “moderate earthquake”, “strong earthquake”, “very strong earthquake”. When
there are no earthquake waves, very small shaking, PGA>200 gals, PGA>400 gals, PGA>600 gals and
PGA>800 gals respectively. The alarm announces watch out (hati-hati) for moderate earthquake
PGA>200 gals, caution (waspada) PGA>400 gals and ask to evacuate for PGA>600 gals.

Earthquake early warning system, there are five earthquake early warning systems. Each of them is
designed based on the topography of the location. The first one is in Mexico, which borders the pacific ocean
directly, some earthquakes detecting sensors in offshore subduction zones that can trigger alarms in Mexico City
[12]. The second one is in Romania, the system is designed to provide earthquake early warning in the Carpathian
Mountains to the city of Bucharest, 100 miles from the source of the earthquake [13]-[17]. The third one is in
Japan, after the huge earthquake in 1995 that took 6000 lives, Japan built 2000 earthquake stations to provide
early warnings to all the country's area. Two other systems exist in Turkey and Taiwan, and five more are being
tested in China, Switzerland, Italy, Hawaii, and California [18], [19]. Earthquakes are vibrations that start from
the earth due to fractures or extreme shifting that generate powerful trembles on the earth's surface. An earthquake
is not preventable, the occurrence is sudden, and the time can not be detected [20].

Basic concept of SES60 SLP sensor, SES60 SLP sensor was produced by Yamatake Company. The
intelligent earthquake sensor is a detector that can estimate the damage caused by seismic motion. The using
the output of the built-in accelerometer, the SES60 SLP sensor calculates Sl values, which correspond to the
measured seismic intensity, and maximum synthetic acceleration, that is used to estimate the damage caused
by an earthquake. Besides, the sensor can assess the occurrence of liquefaction events on earth after
earthquake vibrations occur. The SES60 SLP sensor and its connection as shown in Figures 2 and 3. The
sensor also can show the direction of acceleration from the epicenter. The SES60 SLP sensor specifications
are in Table 1. Figure 3 shows installed SLP device SES 60 sensor.
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Figure 2. Wiring connector for SLP device Figure 3. LSP SES60 sensor
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Table 1. SES60 SLP sensor specifications

Item Specification
Range + 2000 gal (X, Y, Z axis)
Measures 1 gal by DC acceleration meter, DC-50 Hz (X, Y axis), DC-30 Hz (Z axis)
Acceleration 10 ms
Power 12 Vdc + 10% or 24Vdc + 10%
Power consumption ~ 4W max. (Including 4-20 mA output)
Seismic sensing Relay 1a (contact output)
Output Open collector NPN
4t0 20 mA Can be chosen from Sl value, acceleration
Diagnostic input Current photocoupler input sources
RS-communication Type 3 wire, 19200 bps
Waveform 120s x 10 (10 ms sampling)
Temperature about -10 to +60°C (No freezing point)
Explosion proof Exd 11 BT4X (explosion resistant structure)
Water resistance IP67 (1 m under water for 30 minutes) type JIS C 0920 waterproof (excluding metal cable conduit)
Mass 1.8 kg

Arduino Uno is an ATmega328 based microcontroller board. The Arduino Uno has 14 input pins of
digital output; 6 input pins as PWM output; 6 analogue input pins; 16 MHz crystal oscillator; USB connection; a
power jack; ICSP header; and reset button. To support microcontrollers, we can run it by simply connecting the
Arduino Uno board to the computer using a USB cable, electricity with an AC-to-DC adapter, or a battery. The
name "Uno" means one in Italian, to mark the launch of Arduino 1.0. Uno and 1.0 version will be the reference
version of Arduino Uno is the latest version in a series of Arduino USB boards, and as a reference model for the
Arduino platform, for comparison with previous versions, see the Arduino board index. Arduino Uno is different
from all previous boards in terms of USB-to-serial connections because it uses the Atmega8U2 feature
programmed as a USB-to-serial converter while the previous board uses an FTDI driver USB-to-serial chip.

Arduino Uno power can be activated via a USB connection or with an external (automatic) power
supply. External (non-USB) power supplies can be either the AC-to-DC adapter or the battery. This adapter
can be connected by plugging a center-positive plug jack of a 2.1mm size POWER connector. The head of the
battery can be inserted into the Gnd and V in header pins of the POWER connector. The recommended power
requirements for the Uno board are 7 Volts up to 12 volts. If the power is less than 7 volts, the Uno pin 5v can
still operate but is unstable [21], [22]. When more power is given from 12V, the voltage regulator can overheat
and damage the Uno board.

The digital pin of Arduino Unload is 14 pins that can be used as input or output, using the pinMode (),
digitalWrite (), and digitalRead () functions, operating at 5 volts. Each pin can give or receive a maximum of 40
mA and has an internal pull-up resistor (interrupted by default) of 20-50 KOhms. Arduino Uno has several
facilities for communicating with computers, other Arduino, and other microcontrollers. Arduino Uno
ATmega328 provides UART TTL (5 V) for serial communication contained in digital pins 0 (RX) and 1 (TX).
ATmega328 also acts as a serial communication channel via USB and as a port virtual com for software on
computers. ATmega328 also supports 12C (TWI) and SPI communication [23]. Parameters which support this
system are such as ADC, power amplifier where speaker output is the output of the signal amplified, and the gain
section is for regulating the incoming signal following the sensitivity of the power amplifier[24], alarm where
sirens usually have a certain type of sound [25], JavaScript can embed the encoding in an HTML document or a
single application [26], [27], and MySQL software is the ability to handle large amounts of data [28], [29].

WEB is a computer network that can provide various information services. It has a collection of
several computers connected to a fast telecommunications network. The communication relationship
between the website as a source of information with the client as a computer user is called a client-server
[30], [31]. On the web, documents with hypertext format contain a variety of information, both in the form
of text, images, sound, video, and other multimedia. There are two types of webs. They are static and
dynamic web. The static web is a web using HTML [31]. This website cannot continuously maintain the
program by following every development that occurs. While in the dynamic web, changing the information
on a page can be done without changing the program, and only by changing the data. The application of the
web is by connecting the web to a database, and the changes are done by the operator, not the webmaster.

2. METHOD
2.1. Design device’s diagrams and manufacture

The planning of the diagram of designing and manufacturing the earthquake warnings with Arduino
and web-based SLP SES60 earthquake sensor is in Figure 4. The diagrams design has the following functions:
SES60 earthquake sensor serves to detect an earthquake that occurs. Data output from the sensor will be
received by Arduino Uno as a microcontroller to process the sensor data. SES60 sensor data is input
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continuously into Arduino Uno. Arduino Uno as an input and output controller of all circuit work, ethernet
Shield is a module used for connecting Arduino Uno to the internet with wire. WEB is a system site page for
processing and storing sensor data., the display is useful for displaying sensor data on a PC monitor screen., a
power amplifier is useful for magnifying the audio signal to amplify the sound, horn speakers’ serine is used
to giving a warning if there is an earthquake with a large force [32]-[34]. Serine is made using amplifiers and
horn speakers. A power supply is useful for providing power supply for Arduino Uno.

Power
Supply
v Ethernet —> WEB
Sensor SLP o Shicld Powier | Horn
SES60 ¥ Arduino Amplifier Speakers
Uno

Figure 4. Research flows scheme

2.2. The device working principle

In designing this device, the system works automatically. The SES60 sensor will detect the vibrations
of the earthquake. The results of the detection are converted to voltage levels. The voltage level is the input
in Arduino. Then, the Arduino changes the level data into digital data, then selects them to find out whether
there is vibration or not. If Arduino detects an earthquake vibration, the data is sent using the Ethernet Shield
module to the webserver. Data on the web server is recorded in the database. The main display of the PC
monitor is shown in three parts: the display of the current vibration; the display of the last earthquake; and
the history of earthquakes that have occurred. On the web, there is a voice to inform the public about the
strength of the earthquake, and mitigation that must be done by the community. This alarm uses an amplifier
and horn speaker.

2.3. Hardware design
2.3.1. Mechanical design

This function of the design is to determine the location of the tools being designed. The form of the
mechanical design of the system is in Figure 3. The mechanical design in Figure 5 consists of; i) a PC for a
web server, ii) UPS for backup power, iii) power amplifier for audio signal amplifiers, iv) circuit boxes, v)
earthquake sensors and (6) horn speakers for audio output.

2.3.2. Electronic design

The electronic circuit in this final project is a series of several electronic components into a single unit. The
design of this electronic circuit is to support the achievement of the objectives of making this tool. In this designing
process, there are 2 schemes involved, including the earthquake sensor scheme and the ethernet shield scheme.

2.4. Internet, SLP sensor connection and operating tool design diagram

The SES60 sensor outputs waves propagate through the analog signal terminal. The analog signal that
comes out of the SES60 sensor is sent to the Arduino to be processed into digital data. The digital data generated
by Arduino is sent to ethernet shield so that it can be sent to the server via the network. Digital data sent from
the ethernet shield will be saved to a database on the server. The digital data on the server is then processed by
the server into information in the form of graphs and tables then displayed on a web and mobile app. The data
in the table is also MP3 data which will be displayed as a warning notification according to the level of the
earthquake that occurred and its operating tool design diagram shown in Figures 5 and 6.

SLP SES60 sensor Arduino Uno and _-
Ethernet shield ‘ Client 2
” ’\

Server Client 1

Figure 5. Earthquake early warning scheme
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Figure 6. The flowchart of operating tool design

3. RESULTS AND DISCUSSION

The output is in acceleration from SLP device, this system can be applied too for others devices such
accelerometer and seismograph. The monitor screen displays a flat, a slightly increasing, the alarm displays a
sound “weak earthquake”, “moderate earthquake”, “strong earthquake”, “very strong earthquake”. When there
are no earthquake waves, very small shaking, PGA>200 gals, PGA>400 gals, PGA>600 gals and
PGA>800 gals respectively. The alarm announces watch out (hati-hati) for moderate earthquake PGA>200gal,
caution (waspada) PGA>400 gals and ask to evacuate for PGA>600 gals as shown Figure 6.

In this research, the take account as main consideration is on site acceleration, since on site
acceleration is real ground motion detected by SLP sensor otherwise the Richter scale energy release. The
system has been validated and evaluated by 3 experts on this field, some corrections have been done to improve
this system work well such as signal filtering, the displayed output on monitor, how the system takes time, how
the alarm work.

The current research results show clear information on the earthquake ground motion level and
automatically give a response by bar chart and sounding. This system is not being able to determine how great
the shaking in magnitude scales such as in Richter scale, moment magnitude scale, and all the responses based
on the received acceleration in gal or in gravity. The system gives a response within 2 seconds after receiving
the ground motion wave, it is earlier information than the currently available system in Indonesia. This system
information is a local area where the sensor was installed but this system can apply elsewhere [26]. For future

Bulletin of Electr Eng & Inf, Vol. 11, No. 1, February 2022: 581-588



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 587

work, all the received wave from the installed sensor in Indonesia can be integrated into one system, the system
gives information more wide [35]-[39].

4. CONCLUSION

Prototype designing and building earthquake warning system with Arduino and web-based ses60 SLP
sensor can work properly which is able to display the wave level on the monitor screen according to the strength
of the earthquake ground motion. The sensor display data on the web on the level of the earthquake ground
motion produce alarm notation in the form of an mp3 file. The mp3 data from the web is streamed to the
speaker/alarm as well. The monitor screen displays a flat, a slightly increasing, the alarm displays a sound

CEINT3

"weak earthquake”, “moderate earthquake”, “strong earthquake”, “very strong earthquake”. When there are no
earthquake waves, very small shaking, PGA>200 gals, PGA>400 gals, PGA>600 gals and PGA>800 gals
respectively. The alarm announces watch out (hati-hati) for moderate earthquake PGA>200 gals, caution
(waspada) PGA>400 gals and ask to evacuate for PGA>600 gals. The system can send the information within
5 second to user.
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