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 The need for electrical energy continues to increase along with technological 

developments, so the utilization of solar energy as an alternative source is 

important. However, the efficiency of solar panels is greatly affected by the 

angle of incidence of sunlight which changes due to the rotation of the earth. 

To overcome this problem, a solar tracker is used. Solar tracker is a system 

designed to optimize the absorption of solar energy by adjusting the position 

of solar panels to keep them facing the direction of incoming sunlight. This 

research develops a stepper motor-based one-axis solar tracker to increase the 

efficiency of solar energy absorption. The system uses five main tracking 

positions that are adjusted to the movement of sunlight in the equatorial 

region. The stepper motor control is implemented using Arduino IDE and uses 

G-code program to simplify programming, while Real Time Clock (RTC) is 

used for scheduling automatic movement based on time. Results show the 

system has high accuracy in its positional displacement, making it an effective 

solution for tropical applications. 
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1. INTRODUCTION  

Along with the development of increasingly modern times, technology is also increasingly 

sophisticated, all of which require energy sources, especially electrical energy. This causes the need for 

electrical energy to continue to increase. Therefore, scientists are competing to find and utilize alternative 

energy sources in meeting the needs of electrical energy [1]. Solar energy can be converted into electrical 

energy that can be utilized by humans to meet the energy needs that are very necessary at this time. Indonesia 

is a tropical country traversed by the equator with abundant sunlight throughout the year. This makes Indonesia 

very suitable for utilizing solar energy as an alternative energy [2],[3]. 

Solar panels are devices that can convert sunlight energy into electrical energy [4]. The energy 

produced by solar panels is influenced by several factors, one of which is the angle of sunlight. The angle of 

sunlight changes every time due to the rotation of the earth [5]. To maximize the energy of sunlight, the position 

of solar panels must always face the direction of sunlight. Therefore, it is necessary to develop an automatic 

drive that can adjust the position of the solar panel to always face the direction of sunlight. Solar tracker is a 

device that can move solar panels in the direction of incoming sunlight [6]. One of the keys to increasing the 

solar energy received by solar panels is the actuator used in the solar tracker system [7]. 

In this research, a stepper motor is used as a driver in the solar tracker system. This research uses a 

one-axis tracking system because the research location is in the equatorial region, where the apparent 

movement of the sun does not experience significant changes throughout the year [8], [9]. This study uses five 

tracking positions to balance the efficiency of sunlight capture with system power consumption. The selection 

of five main points (morning, midday, afternoon, evening, and dusk) is based on the relatively stable 

characteristics of the sun's movement at the equator, so it does not require continuous tracking.  
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Stepper motors are a great choice due to their ability to provide accurate position control with smooth 

motion [10]. Stepper motors can position solar panels with high accuracy, thereby improving the overall 

efficiency of the system. The stepper motor adjusts the position of the solar panel by moving the metal load to 

reach the desired position. Stepper motors are controlled using Arduino IDE software with complex programs. 

In order to make the program simpler, G-code is used to adjust the displacement of the stepper motor position 

by determining the coordinate points. Stepper motors and microcontrollers use very low power, so they can 

minimize the power consumed by the solar tracker drive and produce optimal output power. In this system, 

Real Time Clock (RTC) is used for storing and reading time [11], so that the stepper motor will move according 

to the time and position that has been determined automatically. 

 

2. METHOD  

This research was conducted in several stages, including the system design stage. At this stage, the 

needs of the Arduino-based stepper motor control system were analyzed. The system is designed by utilizing 

the Arduino UNO microcontroller as the main controller which is used specifically to upload the Grbl library 

in order to control the stepper motor using the G-code system. Several supporting components are also 

integrated in this system including Buck Converter, CNC Shield, A4988 Driver, Arduino Nano, and Real Time 

Clock (RTC). To clarify the relationship between these components, a system block diagram is used which can 

be seen in Figure 1. 

 

 
Figure 1. Block Diagram 

Figure 1 displays a block diagram of an Arduino based stepper motor control system that illustrates 

the relationship between components in the system. The system gets power from a 12 volt battery connected 

to the CNC Shield and the 12 volt power is converted using a buck converter to adjust the voltage level needed 

by the microcontroller. The following is a more detailed explanation for each component block in this system 

as follows: 

 

2.1 Accumulator 

 
Figure 2. Accumulator 

 

Accumulator in solar power plants are used to store the power generated by solar panels before being 

used for load operations [12]. The accumulator used has 12V 5A specifications with a size of 15.1 x 9.8 x 9.5 

cm which can be seen in Figure 2. 
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2.2 Buck Converter 

 
Figure 3. Buck Converter 

Buck Converter is one type of DC to DC converter that has a role to reduce DC voltage to a voltage 

that suits your needs. By adjusting the duty cycle, the buck converter can produce a lower output voltage 

compared to the input voltage. This duty cycle setting is done through the use of a PWM (Pulse Width 

Modulation) signal [13]. The Buck Converter used is the LM2596 buck converter which can be seen in Figure 

3. 

 

2.3 Arduino UNO Microcontroller 

 
 

Figure 4. Arduino UNO ATMega328P 

 

Arduino UNO is an electronic board based on ATMega microcontroller. This board fulfills the 

microcontroller minimum system so that it can operate independently [14]. The Arduino used is Arduino UNO 

ATMega328P R3.0 as the main controller. 

 

2.4 Arduino Nano Microcontroller 

 
 

Figure 5. Arduino Nano 

 

Arduino Nano is a mini microcontroller board based on the ATmega328 or ATmega168 chip that is 

popular because of its compact size and practical for various electronics projects [15]. 

 

2.5 Real Time Clock (RTC) 

 
 

Figure 6. Real Time Clock (RTC) 
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Real Time Clock (RTC) is an electronic clock equipped with a battery to supply power to the chip so 

that the module continues to run and the clock is always up-to-date even if the computer is turned off. The chip 

can calculate time accurately and store time data in real time [16]. 

 

2.6 CNC Shield Board 

 
 

Figure 7. CNC Shield V3.0 

 

CNC Shield V3 is an Arduino expansion board that functions as an expansion board for the A4988 IC 

Driver. This module has 4 slots for IC drivers and can control 4 stepper motors simultaneously [17]. The type 

of CNC Shield used is CNC Shield V3.0. 

 

2.7 A4988 Driver Module 

 
 

Figure 8. A4988 Driver 

 

IC A4988 is a driver IC to drive a stepper motor with only two input pins, namely pin DIR and pin 

STEP, and has five step settings: full step, half step, quarter step, eight step, sixteenth step [17]. 

 

2.8 Stepper Motor 

Stepper motor is a type of electric motor that rotates based on discrete steps. This motor receives input 

from electrical pulses and can convert these electrical signals into regular mechanical movements. The 

movement produced by a stepper motor is known as a step, which moves regularly [18]. The stepper motor 

used is the NEMA 17HS4401 stepper motor which is controlled using the G-code programming language. 

 

 
 

Figure 9: Stepper Motor Control System Schematic 
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Figure 9 shows the Arduino based stepper motor control system scheme. The system power source 

comes from a 12 Volt accumulator. This voltage is then reduced to 5 Volts using a Buck Converter module, to 

match the needs of the microcontroller [19]. The Arduino UNO in this system is connected to the CNC Shield, 

which functions as a link between the Arduino UNO and the A4988 Driver. This A4988 Driver is used to 

control the stepper motor, where this stepper motor will move the load so that the solar panel moves in five 

positions. Arduino Nano communicates with CNC Shield through serial communication pins (RX and TX). 

The Arduino Nano runs a program that executes G-code (which is on the Arduino UNO), based on a 

predetermined time. To support time scheduling, an RTC (Real Time Clock) module is used. Next will be 

described the flowchart of this system. Flowchart is a graphical diagram that describes the steps and sequence 

of procedures of a program systematically [20]. 

 

 
 

Figure 10. System Flowchart 

 

Figure 10 explains how the system works on the program in controlling the stepper motor. The process 

begins with input/output initialization and reading all the necessary libraries. Next, the program checks the 

RTC connection. If detected and readable, the system will retrieve the time data from the RTC. If the time read 

is as desired, the program will execute the G-code, which then moves the stepper motor according to the 

command in the program. This process will continue to repeat until the device is turned off. 

 

 
 

Figure 11: Load Movement Position 

 

Figure 11 shows the distance between each load position is 222 millimeters. The stepper motor will 

move a metal load weighing 2 kg attached to the ballscrew and then regulate its movement using a stepper 

motor. The length of time the load is in each position is 7,156 seconds and the length of time the load moves 

to the next position is 44 seconds. Meanwhile, the displacement distance of the fifth position to the starting 

position or position one is 888 millimeters long with a displacement time of 176 seconds. By moving the 

position of the load using a stepper motor as a driver on the solar tracker, five solar panel positions will be 

obtained which can be seen in Figure 12. 
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Figure 12. Five Solar Panel Positions 

 

 

3. RESULTS AND DISCUSSION  

In this study, system programming was designed using Arduino IDE software. And to control the 

stepper motor using the G-code system, the Grbl Controller is used, namely by connecting the Arduino with 

the CNC Shield then connected to the stepper motor, then the circuit is connected to the PC using serial 

communication. Testing is done to ensure that the stepper motor can move after the program on the Arduino is 

run. The program that will be entered into the arduino to move the stepper motor is uploaded from the Grbl 

Controller.  The motor is set to be in the desired position by calibrating. 

 

 
 

Figure 13. Grbl Controller Experiment 

 

By using the program created in the Grbl Controller by setting the coordinate points, the motor can 

move according to the position of the desired point. Comparison of coordinate points in the Grbl Controller 

program, namely: 

Position Distance (cm) = Coordinates / 10 

From the measurement results, the distance of the load crossing position is 88.8 cm so that in the 

program we will create a coordinate value of 888. Arduino UNO is used as the main controller to upload the 

Grbl library so that stepper motors can be controlled using the G-code system. The Grbl library on Arduino is 

as follows. 

 
In addition, a calibration process is carried out on the Real Time Clock (RTC) to ensure the time 

keeping on the system is in accordance with the actual time. The program to calibrate the RTC is as follows. 

 
The initial calibration process carried out on the RTC before operational use aims to ensure the 

precision of time recording in accordance with real conditions. The results of this RTC test can be seen in Table 

1. 
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Table 1. RTC Testing 

 

No. Date and time on 

computer 

Date and time on 

RTC 

Time difference 

1. June 26, 2025 

12:30:00 

June 26, 2025 

12:30:02 

2 seconds 

 

Based on the results obtained from the comparison of time and date from the computer and RTC, it 

can be concluded that the RTC can work properly. Then testing the stepper motor control program using the 

G-code system through the Arduino IDE software.  

 

 
 

Figure 14. Arduino IDE Program 

 

Figure 14 shows the stepper motor control program used in the system. The G-code used to move the 

stepper motor is as follows. 

G91 G21 G1 X222 F300 

In this program, several words are used to become a stepper motor starting program. The combination 

of several words or also called blocks in this program consists of G21 which serves to show the coordinate 

units used, namely in millimeters, G91 serves to regulate the movement and lock the 91 start position in order 

to know the movement of the stepper motor, G1 serves to move the stepper motor linearly, X222 serves to 

determine the size of the movement coordinates, F300 serves to adjust the speed of the stepper motor. The 

stepper motor moves a load weighing 2 kg. By adding a mass of 2 kg, it is able to move the solar panel with a 

maximum angle of 26.5°. The angle of the solar panel obtained by moving the load in five positions can be 

seen in Figure 15. 

 

 
 

Figure 15. (a) Position 1 (b) Position 2 (c) Position 3 (d) Position 4 (e) Position 5 
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Figure 15 shows the five load positions that adjust the elevation angle of the solar panel. At 8:00 a.m. 

the load will be in position 1, at 10:00 a.m. the load will be in position 2, at 12:00 p.m. the load will be in 

position 3, at 2:00 p.m. the load will be in position 4 and at 4:00 p.m. the load will be in position 5. At 6:00 

p.m. the motor will rotate to move the load from position 5 back to position 1. For the load position transfer 

mechanism, the stepper motor will move for 222 steps in each position transfer with a speed of 70 rpm. From 

the first position, the motor will move closer to the second position by 222 steps according to the set time and 

will stop at the fifth position with a set point step of 888 steps. The results of testing the displacement of the 

load position using a stepper motor can be seen in Table 2. 

 

Table 2. Load Testing Using a Stepper Motor 

Position Moving Time (s) Tilt Angle (°) 

1-2 44 26,34° 

2-3 44 13,16° 

3-4 44 0° 

4-5 44 13,18° 

5-1 176 26,50° 

 

The load will move from position one to position two after two hours and so on until the fifth position. 

Moving from position 1 to the next position takes 44 seconds. After arriving at the 5th position, the length of 

movement from position 5 to position 1 takes 176 seconds.  

 

 

4. CONCLUSION  

From the test results, research on stepper motor control on a single axis solar tracker with five Arduino 

based positions was successfully carried out. This system integrates the Arduino microcontroller as the main 

controller. CNC Shield and A4988 Driver are used to control the stepper motor with G-code Grbl Controller 

system. And RTC is used as the real time scheduling stepper motor movement to move the load that regulates 

the tilt angle of the solar panel. The test results show that the solar tracker drive system using Arduino and G-

code has high accuracy in moving its position. By using a metal load with a mass of 2 kg as a heavy point on 

the solar tracker that will move the solar panel, the tilt angle obtained in the first position of the solar panel is 

26.34° , the tilt angle in the second position is 13.16° , the tilt angle in the third position is 0° , the tilt angle in 

the fourth position is 13.18° , and the tilt angle in the fifth position is 26.50 .° 
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