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ABSTRAK 

 

 

RANCANG BANGUN OPTIMALISASI PHOTOVOLTAIC CHARGER 

MENGGUNAKAN TEMPERATURE CONTROL BERBASIS PROPORTIONAL 

INTEGRAL DERIVATIVE CONTROLLER  
 

 

Oleh: 

ELSA MARCELA CANDRA DEVI 

NIT: 30121031 

 

 

Penelitian ini bertujuan untuk merancang dan membangun sistem photovoltaic 

charger yang dioptimalisasikan menggunakan temperature control proportional 

integral derivative controller. Sistem ini dibuat untuk mengefisiensi pengisian daya 

charger dengan mengontrol suhu photovoltaic charger yang sering mempengaruhi 

kinerja dan daya pakai sistem. Alasan memilih sistem kontrol PID karena kinerja 

dan kemampuannya cepat dan stabil dalam mengendalikan suhu. 

Dalam penelitian ini melibatkan penggunaan solar cell untuk mengubah energi 

matahari menjadi energi listrik, solar charger controller untuk mengatur arus dan 

tegangan yang dihasilkan panel surya lalu menuju battery untuk mengisi.  Dari 

battery menyuplai load dan modul stepdown untuk menurunkan tegangan lalu 

digunakan untuk menyuplai arduino. Arduino akan membaca data tegangan dan 

arus dari sensor ina219 dan suhu dari sensor ds18b20. Lalu menampilkannya di 

lcd20x4.  Arduino juga akan mengontrol modul relay yang menuju pompa untuk 

mengaktifkan serta menonaktifkan pompa dengan alogaritma PID berdasarkan 

input suhu yang terbaca untuk mengatur suhu solar cell dengan media air melalui 

semprotan air dari pompa. 

Hasil penelitian ini menunjukan bahwa sistem yang dirancang dapat 

meningkatkan efisiensi pengisian dan memperpanjang umur pakai photovoltaic 

charger dan mampu menjaga temperatur suhu dalam batas yang diinginkan.  

 
Kata Kunci : Photovoltaic charger, Proportional Integral Derivative 

controller, temperature control 
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ABSTRACT 

 

 

PHOTOVOLTAIC CHARGER OPTIMIZATION DESIGN USING 

TEMPERATURE CONTROL BASED ON PROPORTIONAL INTEGRAL 

DERIVATIVE CONTROLLER 

 

By: 

ELSA MARCELA CANDRA DEVI 

NIT: 30121031 

 

 

This research aims to design and build a photovoltaic charger system that is 

optimized using a temperature control proportional integral derivative controller. 

This system was created to streamline charger charging by controlling the 

temperature of the photovoltaic charger which often affects system performance 

and usability. The reason for choosing a PID control system is because of its fast 

and stable performance and ability to control temperature. 

This research involves the use of solar cells to convert solar energy into 

electrical energy, a solar charger controller to regulate the current and voltage 

produced by the solar panels and then go to the battery to charge.  From the battery 

it supplies the load and kr stepdown module to reduce the voltage and then it is used 

to supply the Arduino. Arduino will read voltage and current data from the ina219 

sensor and temperature from the ds18b20 sensor. Then display it on LCD20x4.  

Arduino will also control the relay module that goes to the pump to turn on and turn 

off the pump using a PID algorithm based on the temperature input that is read to 

regulate the temperature of the solar cell using water as a medium through water 

spray from the pump. 

The results of this research show that the system designed can increase 

charging efficiency and extend the service life of the photovoltaic charger and is 

able to maintain temperatures within the desired limits. 

 

Key words : Photovoltaic charger, Proportional Integral Derivative 

controller, temperature control 
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LAMPIRAN 
 

Lampiran A. Standar Operasional Prosedur  

 

Standar Operasional Prosedur (SOP) merupakan suatu panduan atau 

pedoman dalam melakukan suatu kegiatan atau pekerjaan. SOP ini berisi urutan dan 

tata cara atau instruksi yang dituangkan secara tertulis agar pekerjaan dapat 

dijalankan dengan baik, efisien, dan optimal. SOP harus dilaksanakan dengan baik 

untuk menjaga keselamatan pekerja, mencegah kecelakaan, dan menjaga peralatan 

agar selalu dalam kondisi yang prima. 

 

  

Berikut adalah prosedur pengoperasian alat dalam penelitian Proyek Tugas 

Akhir yang berjudul “Rancang Bangun Optimalisasi Photovoltaic Charger 

Menggunakan Temperature Control Berbasis Proportional Integral Derivative 

(PID)”. 

 

1. Siapkan peralatan, alat Proyek Tugas Akhir dan keperluan lain yang dibutuhkan 

dalam pengoperasian alat. 

2. Letakkan alat, terutama komponen panel surya, di bawah sinar matahari 

langsung.  

3. Hubungkan sistem pada baterai sebagai power supply. 

4. Isi air ke dalam wadah penampungan air. 

5. Amati data hasil pengukuran sensor suhu Ds18B20, sensor tegangan, dan arus 

INA219 serta pompa air DC pada tampilan LCD dan Aplikasi Virtuino IoT. 

6. Kontrol dan monitoring suhu setpoint melalui aplikasi android pada handphone. 
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Lampiran B. Pemrograman (Coding) Alat 

 
Coding Arduino Uno 

#include <WiFi.h> 

#include <ArduinoJson.h> 

#include <PubSubClient.h> 

 

const char* ssid     = "Punten"; 

const char* password = "wifinyabuatapa"; 

//const char* mqtt_server = "broker.hivemq.com"; 

const char* mqtt_server = "broker.emqx.io"; 

 

DynamicJsonDocument doc(JSON_OBJECT_SIZE(5)); 

char json[200]; 

 

uint8_t notif_status = 0; 

uint8_t notif_state = 0; 

bool wifi_connected; 

bool mqtt_connected; 

 

uint8_t pump_status; 

 

String msg; 

String message; 

bool new_msg_state; 

 

float voltage; 

float current; 

float power; 

//float energy; 

float temperature; 

 

unsigned long cekMsg_millis; 

//unsigned long notif_control_millis; 

unsigned long push_millis; 

 

WiFiClient espClient; 

PubSubClient client(espClient); 

 

void setup(){ 

  Serial.begin(115200); 

  Serial2.begin(4800); 

  Serial2.setTimeout(1000); 

 

  client.setServer(mqtt_server, 1883); 

  client.setCallback(callback); 

 

  init_task(); 

 

} 

 

void loop(){ 

 

    if(millis()-cekMsg_millis>500){ 

      cek_msg(); 
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      cekMsg_millis=millis(); 

    } 

    if(millis()-push_millis>1000){ 

      push_data(); 

      push_millis = millis(); 

    } 

    /* 

    if(millis()-notif_control_millis>500){ 

      notif_control(); 

      notif_control_millis = millis(); 

    } 

    */ 

  client.loop(); 

 

} 

 

void push_data(){ 

  client.publish("tx_topic_voltage_28052024", String(voltage,2).c_str()); 

  client.publish("tx_topic_current_28052024", String(current,3).c_str()); 

  client.publish("tx_topic_power_28052024", String(power,3).c_str()); 

  client.publish("tx_topic_pump_28052024", String(pump_status).c_str()); 

  client.publish("tx_topic_temperature_28052024", String(temperature,2).c_str()); 

} 

 

/* 

void notif_control(){ 

    if(pump_status==1 && notif_state==0 && notif_status==1){ 

      String txt = "suhu melebihi batas\n pompa dinyalakan"; 

      bot.sendMessage(chat_id,txt, ""); 

      Serial.println(txt); 

      notif_state=1; 

    } 

    if(pump_status==0 && notif_state==1 && notif_status==1){ 

      String txt = "suhu normal\n pompa dimatikan"; 

      bot.sendMessage(chat_id,txt, ""); 

      Serial.println(txt); 

      notif_state=0; 

    } 

} 

*/ 

 

void cek_msg(){ 

   

  message = ""; 

         

    if(message.startsWith("cek sensor")){ 

      String txt = "Voltage = " + String(voltage,2) + "V\n"; 

      txt += "Current = " + String(current,3) + "A\n"; 

      txt += "Power = " + String(power,3) + "W\n"; 

      txt += "Solar Temp = " + String(temperature,2) + "°C"; 

      //bot.sendMessage(chat_id,txt, ""); 

    } 

    if(message.startsWith("notif on")){ 

      notif_state=pump_status; 

      notif_status=1;  
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    // bot.sendMessage(chat_id,"notifikasi aktif", ""); 

    } 

    if(message.startsWith("notif off")){ 

      notif_state=pump_status; 

      notif_status=0; 

      //bot.sendMessage(chat_id,"notifikasi mati", ""); 

    } 

  Serial.println(message); 

     

} 

 

void Task0(void *pvParameters){ 

    while(true){ 

        while(wifi_connected==false){ 

          vTaskDelay(500); 

        } 

        if(Serial2.available()>0){ 

       

          msg = Serial2.readStringUntil('/r/n'); 

          doc.clear(); 

          msg.toCharArray(json, 200); 

          //deserializeJson(doc, json); 

          DeserializationError error = deserializeJson(doc, json); 

            if (error) { 

              //Serial.print(F("deserializeJson() failed: ")); 

              //Serial.println(error.c_str()); 

              vTaskDelay(10); 

              continue; 

            } 

          temperature = doc["t"].as<String>().toFloat(); 

          voltage = doc["v"].as<String>().toFloat(); 

          current = doc["c"].as<String>().toFloat(); 

          power = doc["p"].as<String>().toFloat(); 

          pump_status = doc["pump"].as<String>().toInt(); 

          //energy = doc["e"].as<String>().toFloat(); 

          Serial.println("voltage = " + String(voltage,2)); 

          Serial.println("current = " + String(current,3)); 

          Serial.println("power = " + String(power,3)); 

          //Serial.println("energy = " + String(energy,3)); 

          Serial.println("temperature = " + String(temperature,2)); 

          Serial.println("pump status = " + String(pump_status)); 

        } 

      vTaskDelay(10); 

    } 

} 

 

void Task1(void *pvParameters){ 

    while(true){ 

      cek_wifi(); 

        if(wifi_connected==true){ 

          mqtt_connect(); 

        } 

        if(wifi_connected==false){ 

          vTaskDelay(500); 

        }else{ 
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          vTaskDelay(3000); 

        } 

    } 

}   

 

void init_task(){ 

  TaskHandle_t task0; 

  TaskHandle_t task1; 

  xTaskCreatePinnedToCore(Task0, "task0", 2056, NULL, 3, &task0, 0); 

  xTaskCreatePinnedToCore(Task1, "task1", 2056, NULL, 3, &task1, 0); 

} 

 

void cek_wifi(){ 

  static int count = 0; 

  static bool connect_state; 

    if(connect_state == false && WiFi.status() != WL_CONNECTED){ 

      connect_state = true; 

      wifi_connected = false; 

      mqtt_connected = false; 

      Serial.println(); 

      Serial.print("Connecting to "); 

      Serial.println(ssid); 

      WiFi.mode(WIFI_STA); 

      WiFi.begin(ssid, password); 

    } 

    if(connect_state == true){ 

        if(WiFi.status() != WL_CONNECTED){ 

          Serial.print("."); 

          count++; 

            if(count >= 60){ 

              ESP.restart(); 

            } 

        }else{ 

          Serial.print("Connected to "); 

          Serial.println(ssid); 

          connect_state = false; 

          wifi_connected = true; 

          count = 0; 

        } 

    } 

} 

 

void callback(char* topic, byte* payload, unsigned int length) { 

  String mqtt_msg=""; 

  char buffer[50]; 

    auto Topic = [&buffer](const char *Topic){ 

      memset(buffer, 0, sizeof(buffer)-1);//clear buffer 

      strcpy(buffer, Topic); 

    }; 

  Topic("rx_topic_28052024"); 

    if(strcmp(topic,buffer)==0){ 

        //whatever you want for this topic 

        for (int i = 0; i < length; i++) { 

          Serial.print((char)payload[i]); 

          mqtt_msg += (char)payload[i]; 
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     } 

      new_msg_state=true; 

      message = mqtt_msg; 

    } 

} 

 

void mqtt_connect() {   

    if(!client.connected()) { 

      Serial.print("Attempting MQTT connection..."); 

      // Create a random client ID 

      String clientId = "ELSAClient-"; 

      clientId += String(random(0xffff), HEX); 

      // Attempt to connect 

        if(client.connect(clientId.c_str())) { 

          Serial.println("connected"); 

          client.subscribe("rx_topic_28052024"); 

          mqtt_connected = true; 

        }else{ 

          mqtt_connected = false; 

          Serial.print("failed, rc="); 

          Serial.print(client.state()); 

          Serial.println(" try again in 5 seconds"); 

        } 

    } 

} 

 

void publish(const char *Topic, const char *Msg){ 

  char buffer[500];  

  memset(buffer, 0, sizeof(buffer));//clear buffer 

  strcpy(buffer, Topic); 

  client.beginPublish(buffer, strlen(String(Msg).c_str()), false); 

  client.print(Msg); 

  client.endPublish(); 

} 

 

void subscribe(const char *Topic){ 

  char buffer[50]; 

  memset(buffer, 0, sizeof(buffer));//clear buffer 

  strcpy(buffer, Topic); 

  client.subscribe(buffer) 

#include <SoftwareSerial.h> 

#include <LiquidCrystal_I2C.h> 

#include <ArduinoJson.h> 

#include <OneWire.h> 

#include <DallasTemperature.h> 

#include "INA219.h" 

#include "ArduPID.h" 

 

#define pump_pin 3 

#define pump_on digitalWrite(pump_pin,0) 

#define pump_off digitalWrite(pump_pin,1) 

 

ArduPID myController; 

 

double input; 
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double output;  

 

// Arbitrary setpoint and gains - adjust these as fit for your project: 

double p = 5; 

double i = 5; 

double d = 5; 

 

double temperature_setpoint = 32.0; 

 

DynamicJsonDocument doc(JSON_OBJECT_SIZE(8)); 

char json[200]; 

 

SoftwareSerial swSerial(8, 9); // RX, TX 

LiquidCrystal_I2C lcd(0x27, 20, 4); 

INA219 INA(0x40); 

 

#define ONE_WIRE_BUS 7 

OneWire oneWire(ONE_WIRE_BUS); 

DallasTemperature temperature_sensor(&oneWire); 

 

float voltage; 

float current; 

float power; 

//float energy; 

float temperature; 

 

uint8_t pump_status = 0; 

 

unsigned long lcd_millis; 

unsigned long sensor_millis; 

unsigned long sendData_millis; 

unsigned long control_millis; 

 

int control_delay = 3000; 

 

void setup() { 

  pinMode(pump_pin, OUTPUT); 

  Serial.begin(115200); // Initialize serial communication 

  swSerial.begin(4800); 

  lcd.init(); 

    if(!INA.begin()){ 

      Serial.println("Could not connect. Fix and Reboot"); 

    } 

  INA.setMaxCurrentShunt(3.4, 0.1); 

  temperature_sensor.begin(); 

  lcd.clear(); 

  lcd.backlight(); 

 

  myController.begin(&input, &output, &temperature_setpoint, p, i, d); 

  myController.reverse();        

  // myController.setSampleTime(10);      // OPTIONAL - will ensure at least 10ms have past 

between successful compute() calls 

  myController.setOutputLimits(0, 30); 

  myController.setBias(30.0 / 3.0); 
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  myController.setWindUpLimits(-1, 1); // Groth bounds for the integral term to prevent integral 

wind-up 

  myController.start(); 

} 

void loop() { 

  if(millis() - sensor_millis>20){ 

    read_sensor(); 

    sensor_millis=millis(); 

   

  if(millis() - lcd_millis>500){ 

    lcd_update(); 

    lcd_millis=millis(); 

  } 

  if(millis() - sendData_millis>1000){ 

    send_data(); 

    sendData_millis = millis(); 

  } 

  if(millis() - control_millis>control_delay){ 

    input = temperature; 

    myController.compute(); 

    control_delay = output*1000;  

      if(pump_status==1){ 

        pump_off; 

        pump_status = 0; 

        control_delay=3000; 

        //Serial.println("pompa menyala"); 

      } 

      else if(pump_status==0 && control_delay>1000){ 

        pump_on; 

        pump_status = 1; 

        //Serial.println("pompa mati"); 

      } 

    control_millis = millis(); 

  } 

} 

void send_data(){ 

  doc.clear(); 

  doc["v"] = String(voltage,2); 

  doc["c"] = String(current,3); 

  doc["p"] = String(power,3); 

  //doc["e"] = String(energy,3); 

  doc["t"] = String(temperature,2); 

  doc["pump"] = String(pump_status); 

  serializeJson(doc, json); 

  swSerial.println(json); 

  Serial.println(json); 

} 

void lcd_update(){ 

  String text = "Voltage = " + String(voltage,2) + "V"; 

    while(text.length()<20){text+=" ";} 

  lcd.print(text); 

  text = "Current = " + String(current,3) + "A"; 

    while(text.length()<20){text+=" ";} 

  lcd.setCursor(0, 1); 

  lcd.print(text); 



 

B-8 

 

  text = "Power = " + String(power,3) + "W"; 

    while(text.length()<20){text+=" ";} 

  lcd.setCursor(0, 2); 

  lcd.print(text); 

  //text = "Energy = " + String(energy,3) + "Wh"; 

  text = "Solar Temp = " + String(temperature,2) + "C"; 

    while(text.length()<20){text+=" ";} 

  lcd.setCursor(0, 3); 

  lcd.print(text); 

} 

void read_sensor(){ 

  static int num = 0; 

  const int rate_val = 10; 

  static float voltage_rate[rate_val]; 

  static float current_rate[rate_val]; 

  static float temperature_rate[rate_val]; 

  voltage_rate[num] = INA.getBusVoltage(); 

    for(int i=0; i<rate_val; i++){ 

        if(voltage_rate[i]<=0){ 

          voltage += voltage_rate[num]; 

        }else{ 

          voltage += voltage_rate[i]; 

        } 

    } 

  voltage/=rate_val; 

    if(voltage<0){voltage=0;} 

  current_rate[num] = INA.getCurrent(); 

    for(int i=0; i<rate_val; i++){ 

        if(current_rate[i]<=0){ 

          current += current_rate[num]; 

        }else{ 

          current += current_rate[i]; 

        } 

    } 

  current/=rate_val; 

    if(current<0){current=0;} 

  power = voltage*current; 

  //double tmp = (voltage_rate[num]*current_rate[num])/3600000.0; 

  //tmp*=20.0; 

  //energy += tmp; 

  // if(energy<0){energy=0;} 

 

  temperature_sensor.requestTemperatures(); 

  temperature = temperature_sensor.getTempCByIndex(0); 

    if(temperature<0){temperature=0;} 

 

  num++; 

    if(num>rate_val-1){num=0;} 

} 
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