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Abstract 

An earthquake is an event that vibrates or shakes the earth due to the sudden movement or shift of rock layers on the earth's crust due to 

the movement of tectonic plates. Earthquakes that occur cause damage to buildings and loss of life and can trigger other natural disasters 

such as tsunamis and even liquefaction. To anticipate this, it is necessary to study the structure of the building and tools to test the 
strength of the building, so that it becomes an effective tool and is needed to anticipate the occurrence of large losses. The earthquake 

simulator was built in the form of a shaking table driven by a hydraulic actuator. The earthquake simulator is equipped with a proximity 

sensor to determine the cylinder motion distance which is controlled using proportional and integral using the Arduino Mega2560 

controller. The results showed that the shaking table can work ideally with a value of P(kc) = 0.066195 and a value of I(ki) = 2.009974 

which can produce acceleration data in actual (real-time) which is displayed in graphical form on the LabVIEW front panel.   
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1. Introduction 

An earthquake is an event that occurs due to the 

movement and collision of rock layers on the earth's crust 

or tectonic plates. These collisions or shifts produce 

energy that propagates to the earth's surface as seismic 

waves [1]. Earthquakes can be caused by several factors 

such as volcanic eruptions, shifting of the earth's plates, 

and dynamite explosions [2]. 

Earthquakes for the territory of Indonesia are one of 

the sources of natural disasters that often appear. The 

Meteorology, Climatology, and Geophysics Agency 

(BMKG) recorded 18 significant earthquakes in Indonesia 

in 2018. Significant earthquakes are earthquakes with a 

magnitude of M≥6 and earthquakes that cause damage 

even though the magnitude of the earthquake is M≤6. One 

of the significant earthquakes recorded was an earthquake 

that occurred in Central Sulawesi with a magnitude of 7.4 

on the Richter Scale which caused a tsunami and 

liquefaction [3]. This certainly makes earthquakes one of 

the concerns in the field of research.  

In this case, theory, practice, and application are 

needed so that they need to be supported by practical 

means to improve learning that is good and can be 

understood easily and can be practiced directly. Through 

the learning model, the help of simulation tools will make 

it easier to find out building structures that are resistant to 

earthquake loads. 

Earthquakes are catastrophic and widespread natural 

disasters, causing damage and causing casualties [4]. In 

addition, earthquakes can also trigger other natural 

disasters, such as tsunamis and liquefaction, which have a 

very large loss impact [5]. Therefore, every building must 

be designed so that it can withstand earthquakes that can 

cause a collapse as a form of anticipation [6]. 

Anticipation of countermeasures or prevention of 

victims from disasters makes earthquake test equipment a 

necessary and effective tool. This tool is indispensable for 

earthquake-prone areas and areas where earthquakes 

rarely occur. 

Earthquake simulator tool is an experimental method 

that has an important role in conducting experimental 

earthquake simulations as well as for evaluating structural 

performance in earthquake engineering. Earthquake 

simulator systems provide an effective way of subjecting 

structural components, substructures, or the entire 

structural system to dynamic excitation, which is like 

earthquake induction. In general, an earthquake simulator 

system consists of mechanical, hydraulic, and electronic 

components (controllers and sensors) [7]. 

The earthquake simulator system is given parameters 

to represent the actual earthquake. The earthquake wave 

vibration parameters recorded by the seismograph are 

velocity (cm/s), deviation in units (µm), and deviation (gal 

or cm/s2). One of the important things in seismological 

research is knowing the damage caused by earthquakes, 

where the source of damage is expressed in-ground 

acceleration so that Peak Ground Acceleration (PGA) due *Corresponding author. Tel.: +62-822-8338-6540 
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to earthquake vibrations is important to describe the level 

of risk [8]. 

Parameter testing is generally modeled in two 

categories, namely testing under earth acceleration (test 

with a vibrating table) and testing under conditions above 

earth acceleration (centrifuge test). In testing the shaking 

table can be conditioned to different amplitude conditions, 

one direction or many directions and it is easy to make 

experimental observations. The shaking table tool works 

by using the power that comes from the driving motor, 

which is then converted into a horizontal movement [9]. 

The shaking table earthquake simulator has an 

important role in earthquake engineering. This is because 

the shaking table is the only experimental device that can 

mimic the nature of an earthquake. The principle is a test 

plate/table which is driven by an actuator to produce 

ground acceleration replication [10]. With the earthquake 

simulator capabilities, it can be used to analyze the 

influence of earthquake strength on buildings and help 

develop about the influence of earthquake strength. 

Based on these problems, the purpose of this research 

is to design and build a simulator that can represent 

earthquakes.  

2. Research Method 

2.1. Earthquake simulator (shaking table) 

An earthquake simulator is a tool used to replicate or 

create an acceleration that resembles an earthquake. The 

acceleration is generated from the actuator which is driven 

by a controller that gives a command to the valve to reach 

a certain position so that the platform will follow the target 

movement that has been determined [11]. Figure 1 is an 

example of an earthquake simulator. 

Figure 1 shows an earthquake simulator that resembles 

a table commonly called a shaking table. Earthquake 

simulators are grouped according to their actuator power, 

frequency range, and the maximum load they can handle. 

However, it is usually classified within small scale with a 

load of 0 to 1000 kg, medium scale ranges from 1000 to 

5000 kg, and large-scale ranges more than 5000 kg [12]. 

Earthquake simulator testing is carried out by placing 

the test object on a table-mounted with binders or 

compacted artificial soil. The test object will undergo a 

shaking process at a certain frequency value and time 

limit. 

In this research, an earthquake simulator tool in the 

form of a shaking table was built using st-37 material. 

However, in this study, the use of material types and the 

calculation of material loading were not considered. 

 

 

Figure 1. Earthquake simulator 

 

 

Figure 2. Arduino Mega2560 [13] 

2.2. Microcontroller 

The Microcontroller is a device that functions as an 

input and output controller on an earthquake simulator. 

The microcontroller has pins for external connection of 

input and output, power, time, and control signals. The 

pins for input and output are grouped in units called 

input/output ports [14]. 

In this study, Arduino Mega2560 was used to control 

the movement of the hydraulic actuator by adjusting the 

valve opening and closing [15]. Arduino mega2560 is 

shown in Fig. 2. In this figure, a total of 54 digital pins and 

16 analog pins, the Arduino mega2560 is a versatile, 

inexpensive, and easy to use option. In addition to being 

open-source, Arduino also has other advantages compared 

to other microcontroller boards, namely Arduino has its 

own programming language in the form of C language. 

Besides that, the Arduino board already has a USB loader, 

making it easier for us when programming the Arduino 

microcontroller. 

2.3. Actuator 

An actuator is an element of a mechatronic system that 

receives a command from a control (in the form of a power 

supply) and produces changes in the physical system by 

generating force, motion, flow, etc. [16]. Figure 3 shows a 

typical actuator unit. 

In this research, an actuator or hydraulic drive is used. 

The hydraulic system functions as a power transfer system 

or as a control system. Hydraulic actuators are widely 

applied to large power requirements. So in this study, a 

hydraulic actuator was used. In Nakata's study, hydraulics 

were used as actuators for earthquake simulators [17]. 

2.4. Accelerometer 

An accelerometer is an instrument used to measure 

acceleration, detect, and measure vibration, or measure 

acceleration due to Earth's gravity. This study used the 

ADXL345 accelerometer. The ADXL345 is a three-axis 

accelerometer with high-resolution specifications (13 

bits), and measurements up to ±16g. This tool will take the 

acceleration data and then forward it to the microcontroller 

(Arduino mega2560). The form of the ADXL345 sensor 

can be seen in Fig. 4. 

 

Figure 3. Actuating unit 
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Figure 4. ADXL345 

In addition, the adxl345 accelerometer sensor can also 

be used to measure the frequency of a system [18]. 

2.5. LabVIEW 

LabVIEW is software that is used to process and 

visualize data, control and instrumentation, and 

automation. LabVIEW stands for Laboratory Virtual 

Instrument Engineering Workbench [19]. LabVIEW can 

perform real-time data acquisition and display the results 

in graphical form [20]. 

This study uses LabVIEW to control the output, 

acquire input from the sensor, and regulate the work of the 

system to the Arduino Mega2560. 

2.6. Stages of research 

The preliminary study includes a literature study that 

is collecting information, theory, and literature that can 

assist in the process of making the system. The literature 

sought is related to earthquake information, the working 

system of earthquake simulators, testing methods for 

simulators, measuring instruments, controllers, and 

propulsion devices. 

The design stage includes the design of hardware and 

software. The hardware design includes the manufacture 

of mechanical shaking tables and electronic circuits. 

While the software is making the system work and making 

an earthquake simulator control program. 

The testing phase includes giving the program to the 

tool that has been made to see the response of the system 

in the form of step units, sinusoidal waves, and can 

generate acceleration data. The results of the design of the 

tool, it is expected to be able to provide solutions to 

problems and meet or adjust the needs of the users of the 

tool [21]. 

Figure 5 is the shaking table simulator design and a 

block diagram of the working system of the tool. 

 

 

Figure 5. Design of earthquake simulator 

 

Figure 6. Earthquake simulator block diagram 

Figure 5 shows the parts consisting of: 

• Testing table (1) 

• Y axis cylinder holder (2) 

• X axis cylinder holder (3) 

• Y-axis cylinder (4) 

• X-axis cylinder (5) 

• Wheel (6) 

• X-axis rail (7) 

• Y-axis rail (8) 

• Support (9) 

 

Earthquake simulator design was made using 

Autodesk Inventor software with dimensions of 1.25 m × 

1.25 m. The block diagram of the earthquake simulator is 

shown in Fig. 6. 

The test includes the work system of the tool on the 

simulation software and the hardware system that has been 

made. 

2.7. Operation of shaking table 

As it is known, the shaking table system is used to 

produce seismic motion that is like ground motion (in this 

case acceleration) so that the examiner can place the 

product on the test table to evaluate the product and 

improve response and ability to withstand the seismic 

motion [22].  

In Fig. 7, to produce ground acceleration (seismic 

motion), the testing table must be driven by an actuator. 

This testing table is mounted on a platform (support) with 

rails and wheels, thus producing a linear motion. The input 

signal generated by the microcontroller is then entered into 

the actuator so that the linear motion of the testing table is 

as desired. 

 

 

Figure 7. Schematic of an earthquake simulator 
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Figure 8. Results of making earthquake simulator 

3. Results and Discussion 

3.1. Earthquake Simulator 

Figure 8 shows the results of making an earthquake 

simulator in the form of a shaking table. 

Figure 8 is an earthquake simulator that was made 

consisting of 7 parts, namely: 

• Hydraulic Power Pack (1) using a 3 Phase AC 

motor as the hydraulic power supply. 

• Solenoid valve 4/3-way (2) used for regulating the 

opening and closing of fluid flow in the drive 

system. 

• The controller (3) as a means of controlling input 

and output on the simulator, is regulating the valve 

opening and closing on the drive system, reading 

sensor results, and sending data to be displayed on 

LabVIEW. 

• Test table (4) is used to place the test object. This 

test table will move according to the frequency and 

amplitude given to the driving tools. 

• Hydraulic cylinder (5) is used to drive the test table. 

• Power supply (6) used as a source of electrical 

energy for earthquake simulators. 

• hydraulic hose (7) is used to deliver fluid to the 

system 

 

In addition, the simulator is also equipped with a 

cylinder movement distance reading system. Cylinder 

movement distance readings using the PING HC SR-04 

sensor. The distance reading data will be processed on the 

Arduino Mega2560 microcontroller.  

Figure 9 shows the form of the HC SR-04 ping sensor. 

 

 

Figure 9. HC SR-04 Ping Sensor 

 

 

Figure 10. LabVIEW block diagram program display 

 

Figure 11. LabVIEW front panel program display results 

3.2. Cylinder position control programming 

The simulator program is made using LabVIEW. 

LabVIEW consists of two parts, namely the front panel 

and block diagram. The front panel functions as a user 

interface while the block diagram functions to build 

programs using the GUI (Graphical User Interface) 

programming language. Figure 10 shows the program 

built in the form of a block diagram. The program built 

produces a display on the front panel of Fig. 11. 

3.3. Program implementation 

The implementation of the program is by connecting 

the LabVIEW software which contains programs built 

with hardware (earthquake simulator) that have been 

made. In building a system, especially a system that has 

feedback characteristics, it becomes very prone to 

imprecision. In the instrumentation and control system, 

there is a control system that can overcome this, namely 

PID (Proportional-Integral-Derivative controller). In the 

simulator system made PID is used to control the valve. In 

this study, the first step was carried out using only one 

parameter, namely the proportional parameter (P) to 

determine whether the system built was ideal and stable or 

still required parameters I and D. 

3.3.1. Programming using Proportional (P) controller  

The system program using P control begins by giving 

the gain value. The gain value given is getting bigger until 

the system reaches a stable condition. Then given a step 

unit to see the response of the step by giving a gain value 

= 0.029332.  

Figure 12 displays the results of the unit step test 

performed. 
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Figure 12. Proportional (P) control test results with a unit step of 2 

 

Figure 13. Proportional (P) control test results with a unit step of 6 

From the results of the step variation test, when the 

cylinder position is set to a 2 cm stroke position, the 

cylinder can reach the setpoint without experiencing 

overshoot with a settling time of about 0.5 seconds and 

does not experience a steady-state error as shown in Figure 

10. However, when given a setpoint with 6 cm, the 

hydraulic cylinder moves forward but does not reach the 

setpoint as shown in Fig. 13. in this case the control system 

using only proportional parameters (P) does not meet the 

desired design criteria. 

3.3.2. Programming using Proportional (P) and Integral 

(I) controllers 

The implementation of programming with PI 

(proportional-Integral) control begins with increasing the 

gain value of P (kc) the same as setting the P value (kc), 

then increasing the value of I (integral time = ki) slowly 

until the system has reached the setpoint. The value of P 

(kc) = 0.066195 and the value of I (ki) = 2.009974. The PI 

value is given a unit step to see the response of each step. 

Figures 14 and 15 show the results of the step test with PI 

control. 

 

 

Figure 14. PI control test results with a unit step of 2 cm 

 

Figure 15. PI control test results with a unit step of 6 cm 

 

Figure 16. PI control test results with a sinusoidal input 

The results above show that when the hydraulic 

cylinder position is set to reach a stroke position of 2 cm, 

the hydraulic cylinder can reach the setpoint (2 cm) 

without experiencing overshoot with a settling time of 0.5 

seconds and does not experience a steady-state error 

(Figure 14). When the position of the hydraulic cylinder is 

given a unit step variation of 6 cm, the hydraulic cylinder 

moves forward and successfully reaches the setpoint 

(Figure 15). In this case, the control system using PI has 

met the desired system design criteria. This shows that the 

values of kc and ki used are appropriate and can be used 

in an earthquake simulator system. 

PI parameter data that has been obtained, then tested 

using a sinusoidal wave to see the response of the system. 

The input given is a sinusoidal wave with a frequency of 

20 mHz and an amplitude of 10. 

Based on the Fig. 16, the system is given a sinusoidal 

wave input with a frequency of 20 mHz and an amplitude 

of 10 that can follow stably. The cylinder moves forward 

10 cm, then back 10 cm according to the given amplitude 

value. 

3.3.3. Earthquake simulator acceleration sensor data 

Based on the results of earthquake simulator 

programming using PI control which produces ideal and 

stable performance, acceleration data is obtained. 

Acceleration data is generated by giving input values to 

the LabVIEW front panel in the form of frequency and 

amplitude data. The following are the results of the 

experiment by giving frequency and amplitude values 

which produce acceleration data that is displayed on the 

LabVIEW front panel in graphic form. 
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(a)  Frequency and amplitude value input 

 

(b) Acceleration sensor output 

Figure 17. Experimental results the frequency value of 25 mHz and the 

amplitude of 10 to the acceleration 

The experiment above shows that when providing input 

in the form of a sinusoidal wave with a frequency of 25 

mHz and an amplitude of 10 (Fig. 17a), the cylinder can 

move forward and backward with 10 cm according to the 

input of the given amplitude. The results of these inputs 

can be seen in Fig. 17b that the maximum acceleration 

generated is 0.31 m/s2. Acceleration data is displayed in 

real-time on the LabVIEW front panel. 

4. Conclusion 

Earthquake simulator tool built using Arduino 

Mega2560 microcontroller with PI control, namely P(kc) 

= 0.066195 and I(ki) = 2.009974. The system response 

from the given unit step is a settling time of 0.5 s, there is 

no overshoot, and there is no steady-state error. So that the 

system complies with the criteria. The earthquake 

simulator can generate real-time acceleration data that is 

displayed in the LabVIEW front panel in graphical form. 
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