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	According to a report from the Ministry of Energy and Mineral Resources, Indonesia's per capita electricity consumption in 2022 will reach 1,173 kWh/capita. This consumption rate increased by around 4% compared to 2021, as well as a new record high in the last five decades. This must be accompanied by the availability of energy from power plants, especially renewable energy, namely solar energy because this solar power plant is considered safer for the environment and has a minimal maintenance schedule. In addition, it requires maximum utilization of solar panels and a monitoring system in real time so that the reliability of the power plant is maintained, the Smart Solar Tracker and Energy Monitoring System Based on the Internet of Things (Iot) are the answer to this problem. This study uses PV (Photovoltaic) as a power source in the system accompanied by a tracker drive in the form of actuators and servo motors that move in the direction of the sun. This IoT is integrated with a database server so officers can monitor and control if the device is damaged. This study uses ESP8266 as an IoT module, Arduino Uno for device control, and relays. besides that there is also a voltage sensor and acs 712 current sensor to read the voltage and current both in and out, not only that but there is also an ldr sensor to read the position of the sun's direction.

	Keywords: 

Smart Solar Tracker;
Energy Monitoring System;
Internet Of Things ;
Correspondece:
Telepon: +62 (0751) 12345678 

E-mail: budiartono@pnm.ac.id

	
	


INTRODUCTION
Energy is a very important need for living things in everyday life. Energy is divided into two, namely Renewable Energy and Non-Renewable Energy. Renewable Energy is energy obtained from unlimited natural resources and will never run out even if it is used continuously.(McNeil, M. A., Karali, N., & Letschert, 2019).(Mohite, V. P., & Butale, 2019) This research focuses more on discussing renewable energy that comes from light or what we often know as solar panels or Photo Voltaic (PV) solar panels themselves are generators or producers of electrical energy by converting light energy into electrical energy, in the form of solar panels. itself is in the form of a sheet containing several small solar panels arranged in series or parallel depending on the amount of voltage or current needed.

Solar energy is an excellent energy to be developed in Indonesia. This is because Indonesia is a country that is on the equator. Solar energy that can be used for the whole of Indonesia with an area of 2 million km2 is 4.8 kWh/m2 in one day or the equivalent of 112,000 GWp (Silalahi et al., 2022)(Tira, H., Natsir, A., & Putranto, 2020). However, a new problem arises in this solar power plant, namely the efficiency is quite low so that the energy resulting from the conversion of light energy into electrical energy contains a lot of losses that harm the electrical energy that should be accommodated by the battery. but lost due to loss of controller and connector.

Apart from MPPT, the angle between the sun and the solar panel also affects the efficiency of the solar power. Therefore it is necessary to make a solar tracker which is made to move the solar panel module automatically so that it is perpendicular to the direction of sunlight and is able to absorb sunlight optimally (Dahliya et al., 2021)
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This research is an IoT development using ESP8266 as a wifi module which is often used to build IoT-based systems, (Siswanto, S. Et al, 2020)(Lestariningsih et al., 2019) (H. Eteruddin, D. Setiawan, Atmam, 2019)

ADDIN CSL_CITATION {"citationItems":[{"id":"ITEM-1","itemData":{"author":[{"dropping-particle":"","family":"P. S. Ningsih","given":"","non-dropping-particle":"","parse-names":false,"suffix":""}],"container-title":"SainETIn","id":"ITEM-1","issue":"no. 1","issued":{"date-parts":[["2020"]]},"page":"pp. 8–16","title":"Pengukuran Tegangan, Arus, Daya pada Prototype PLTS Berbasis Mikrokontroller Arduin Uno","type":"article-journal","volume":"vol. 5"},"uris":["http://www.mendeley.com/documents/?uuid=410cd9bc-6674-443f-a7da-8885922af3b6"]}],"mendeley":{"formattedCitation":"(P. S. Ningsih, 2020)","plainTextFormattedCitation":"(P. S. Ningsih, 2020)","previouslyFormattedCitation":"(P. S. Ningsih, 2020)"},"properties":{"noteIndex":0},"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"}(P. S. Ningsih, 2020) and Blynk as iOS and Android platforms and compatible with Arduino , Raspberry Pi (Artono, B. And Susanto, F, 2018). In this study a PV system was used as a source of electricity which would convert solar energy into electrical energy so that the panel was more effective in absorbing energy, a tracker system was implanted to be able to follow sunlight using an LDR sensor. Batteries are used to store energy and power all tools. This research is expected to help increase the efficiency or conversion of solar energy to make it better. besides that, it also facilitates monitoring and control via the internet so that officers do not need to come directly to this solar power plant.
RESEARCH METHODS
This section explains the methods and which types of equipment are used and how to solve the problem.

1. Data Collection
The method used in data collection is the observation method. This method is done to get data by looking at the tool directly. Then observations were made by looking at and analyzing what deficiencies could be improved, so as to improve previous research (Yusuf, M. Et al, 2021)
The next method is the experimental method. The data will be analyzed to get a conclusion so that further observations and experiments can be carried out. 
2. Hardware Design
a. DC Voltage Sensor Circuit and ACS712
This research uses a DC voltage sensor and a 5A ACS712 sensor to monitor the voltage and current in the battery charging process. The DC and ACS712 voltage sensors have 3 pins, namely Vcc (+), out (s), and ground (-). For the installation of a DC voltage sensor on the Arduino, the Vcc pin is connected to the 5V Arduino, the out pin is connected to the analog port on the Arduino, and the ground pin is connected to the ground port on the Arduino. The series of DC voltage sensors and ACS712 can be seen in Figure 1.
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Figure 1. DC voltage sensor circuit and ACS712

b. LDR (Light Dependant Resistor) sensor
LDR (Light Dependant Resistor) sensor functions to detect sunlight whose purpose is to detect the presence of the sun. The pressure transmitter has four pins; VCC, analog output, digital output and ground. To install the ldr sensor on the Arduino, the Vcc pin is connected to the Arduino 5V, the digital output pin is connected to the digital port on the Arduino, and the ground pin is connected to the ground port on the Arduino. The LDR sensor circuit can be seen in Figure 2.
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Figure 2. LDR (Light Dependant Resistor) sensor
c. Control Circuit

[image: image17.png]


The control circuit uses single and multiple relay modules to control the lamp load and manually control the actuator and there is a servo motor to move the panel manually. To install the light load relay, the relay COM pin is connected to the positive of the battery, the NO pin of the relay is connected to the positive part of the lamp load, then the negative source of the battery and the lamp are connected. The VCC pin on the relay is connected to the 5V port on the Arduino, the GND pin is connected to the Arduino ground port, and the IN pin on the relay is connected to the digital port on the Arduino. The installation of the control circuit can be seen in Figure 4.

[image: image3]
Figure 4. Control Circuit

d. ESP8266 Generic Wifi Module Circuit
The generic ESP826 Wifi module is used for communication between Arduino Uno and monitoring devices through databases and websites. For generic ESP8266 installation with Arduino, pin D2 (TX) on Arduino is connected to RX pin on ESP8266 module, pin D1 (RX) on Arduino is connected to Pin TX on ESP8266 module, and ground on Arduino as shown in Figure 5.
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Figure 5. Wifi ESP8266 Generic Module Circuit
3. Software Design
In this section, the design of the software used in making the tool.

a. Arduino IDE

Software design consists of Arduino programs and flowcharts for control and monitoring systems. Programming language to program Arduino using C language.

b. Visual Studio Code

Website display programming is done using code in html format which is done with the Visual Studio Code application

c. User Interface on Android
In designing the appearance of the website using the help of the Firebase database, ESP8266 sends data from Arduino Uno to the Firebase database and data from the Firebase database which will then be displayed on the monitoring website besides that there is also a manual tracker control menu to make it easier to operate the tracker when it is cloudy. here the website can be opened from all devices that can open a browser including smartphones and PCs.
4. Device Schematic
The Schematic device as shown in Figure 6 as working principles of this research.
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Figure 6. Device schematic
From the scheme in Figure 6 it can be explained that the remote monitoring and control system will work as long as there is an internet connection. The monitoring system begins with reading sensor data, namely the ACS712 sensor and DC voltage sensor to detect current and voltage values both entering and leaving the battery towards the load, not forgetting to read the LDR sensor besides directing the panel towards the sun, the LDR sensor value is also sent to monitoring for distance monitoring. remotely, apart from monitoring there is also control to control the tracker's motion manually, all of these processes are processed on Arduino and the firebase database connected via ESP8266 which is connected to the Internet.
RESULT AND DISCUSSION
Step by step data analysis uses to test every equipment and working system of the whole process . This test is carried out to obtain data and to ensure that all parts of the system can work properly.
i. System testing

Tests are carried out to obtain correct data with the following objectives: (i) Knowing the system design that has been made (ii) Knowing the problems, shortcomings, errors of the system that has been made. (iii) Knowing the advantages and disadvantages of the system created.
ii. Testing stage

The tool testing phase begins by testing each part separately. Then the results of the test are used as a comparison between a series of tools that have been made with planning. At each stage of the test, the test steps, test results, analysis, and conclusions are carried out. The following is the testing of the tools on each circuit.
Considering Arduino as the processor in this research, Arduino Uno board testing is carried out to find out whether the program that has been uploaded to the Arduino Uno is functioning properly or not. Testing the Arduino Uno board is carried out by the following steps: (i) Creating a program (Coding) on the Arduino IDE Software. (ii) Connect the Arduino Uno to the laptop's USB port using a connector cable (mini usb). (iii) Once connected, select the "Tools" menu then select the Arduino Uno board. Then also select the detected port. (iv) Compile the program needs to be done to ensure that the program made is correct in syntax and algorithms. After compiling, there will be a done compiling notification. (v) Upload the compiled program to the Arduino Uno board. When a Done Uploading notification appears, it means that the program has been successfully uploaded to the Arduino board. 
ESP8266 Generic Wifi Module: Testing the wifi module is carried out to find out if the wifi module can connect and can communicate with wifi through the android application and determine the level of internet stability in the monitoring system. The ESP8266 generic testing steps are carried out as follows: 
(i) Open the Arduino IDE Software. (ii) Go to the file – preferences menu, in the add-in board manager URL section, http://arduino.esp8266.com/stable/package_esp8266com_index.json. Then press OK. Open menu Tools - Board - Board Manager, then search for ESP8266 and click install button. (iii) If the installation is successful, then on the tools - board menu the ESP8266 Board option (3.1.2) will appear. Select the ESP8266 Module generic Compilation board then select the usb port connected to the ESP8266 and upload the program to the ESP8266. (iv) After the upload is complete, open the serial monitor if communication appears between the Arduino and the ESP then the test is successful. The generic ESP8266 wifi module test circuit can be seen in Figure 7.
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Figure 7. Wi-Fi module Testing Suite
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Figure 8. Wi-Fi module serial communication test
From the wifi module testing that has been done, it can be analyzed and concluded that the wifi module can work well. The level of stability depends on the speed of the wifi network that is connected to the wifi module.
DC Voltage Sensor and ACS712 Current Sensor Testing of the DC voltage sensor and ACS712 was carried out to determine the accuracy of the voltage and current in the process of charging the battery with a voltage source from a solar cell. The high accuracy of the two sensors affects the performance of this tool system. The following are the steps for testing the dc voltage sensor and the ACS712 sensor: (i) connecting the DC voltage sensors VCC and ACS712 with 5VDC, while GND with GND. (ii) Connection of the dc voltage sensor output pin and ACS712 with the ADC pin on the Arduino Uno. (iii) Write the program that will be used in the Arduino IDE Software. Then upload the program to the Arduino/Genuino Uno board. (iv) Take voltage and current measurements using a digital multitester and compare them with sensor readings. The circuit for testing the DC voltage sensor and ACS712 can be seen in Figure 9.
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Figure 9. Testing the voltage sensor and ACS712

below is a table of data retrieval results before the tool was made
The results of the DC voltage sensor experiment can be seen in table 1
Table 1. DC voltage test data before the tool is made
	Time
	voltage with load (V)
	no-load voltage (V)

	07:00:00
	10
	10

	08:00:00
	10
	12

	09:00:00
	11
	13

	10:00:00
	13.5
	17

	11:00:00
	15
	17.5

	12:00:00
	16
	17

	13:00:00
	15
	16

	14:00:00
	16.5
	17.6

	15:00:00
	16
	16

	16:00:00
	13
	14


From table 1 it can be concluded that the DC voltage sensor works well, it can be seen that the resulting voltage can be read well both when loaded and not loaded
LDR (Light Dependant Resistor) sensor testing : Testing the LDR sensor or light sensor is intended to ensure the sensor works properly and functions according to the actual conditions whether the sun is covered or exposed by clouds. Here the LDR sensor is attached to the sun view chamber which consists of 4 LDR sensors, if one two or three sensors detect a different value then the program will move the tracker according to the commands that have been implanted. Here the output value from the LDR sensor is in the form of a HIGH or LOW value, therefore the input value goes to the Arduino Uno digital pin. You can actually use an analog pin, but because of the limited number of pins, the LDR sensor is inserted into the digital pin. The following is a picture of the LDR sensor that has been installed in the 4-chamber sight. In the picture below it can be seen that the LDR sensor used is an LDR sensor with an additional circuit so that it can produce an output or output in the form of a digital signal that produces High and LOW values, if light is detected, the sensor will produce a LOW value; if light is not detected or dark, it will produce HIGH value.

[image: image9]
Figure 10. LDR (Light Dependant Resistor) sensor
The results of the LDR sensor experiment can be seen in Figure 11, this is a 20x4 LCD screen display that displays the condition of the LDR sensor
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Figure 11. LDR Sensor Reading Results
From figure 11, it appears that the LDR sensor can read sunlight well, with a sign that the display appears on the LCD display
Control system testing : conducted to find out that the tool can perform control automatically. The sensor that becomes the benchmark in this control system is the LDR sensor. When sunlight appears, the LDR sensor will read the location of the sun's direction and will move the solar panel with the help of actuators and servo motors so that the panel can point to the sun besides the system, the complete working steps are as follows. (i) when the device is turned on, the tracker will be in the standby position (ii) after the sun's position is read by the ldr sensor, Arduino will direct the panel with the help of actuators and servo motors towards the sun. (iii) after the panel is facing the sun, the process returns to the first part so that the sun's position is always updated.
Monitoring System Testing on the website: This test uses a laptop to open a browser and open the tool's website page. The steps for testing the monitoring system are as follows: (i) assemble the tracker and turn on the device. (ii) turn on the portable router and make sure the internet network used is stable enough to get real-time data. (iii) Connect the laptop with wifi and make sure the internet network is stable enough. (iv) open the monitoring website page. (v) After entering the website, press the monitoring button to open the monitoring page. (vi) Observe and analyze sensor data values listed on the website. The series of monitoring system tests on the website can be seen in Figure 12.
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Figure 12. Monitoring system test circuit
Display of the monitoring system using the website on a laptop in Figure 13
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Figure 13. Display of the monitoring system on the website
From all the sensor data that has been obtained, it can be analyzed and concluded that the monitoring website can properly monitor devices based on data (all sensors) in real time.
CONCLUSIONS AND RECOMMENDATIONS


The results showed that the system based on testing was able to monitor and detect the position of the sun and direct the panel towards the sun, it was proven that all sensors were able to take good readings, but the level of accuracy was still not optimal. This is more due to the lack of accuracy in the sensor calibration process. The solar cell has succeeded in supplying energy to the device and the system has succeeded in controlling the lights as a load through the website and the tracker can be controlled manually through the website as well, making operation easier. An unstable internet network can result in a slight delay in the response from the website. Suggestions for further research development are to be able to choose a wifi module that has been integrated with a microcontroller such as the Raspberry Pi in order to eliminate delays in the data transmission process and can be developed further considering that Arduino Uno has limited use.
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