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ABSTRAK 

 

 

RANCANG BANGUN MONITORING SOLAR CELL  

INVERTER 3 PHASE BERBASIS IoT MENGGUNAKAN  

APLIKASI POWER MONITOR SYSTEM 

 

 

Oleh: 

DELLA AYU PRASTIKA 

NIT. 30121030 

 

Matahari merupakan sumber energi yang sangat potensial bagi manusia, 

baik melalui panas yang merambat ke permukaan bumi maupun cahaya yang jatuh 

ke bumi. Oleh sebab itu pengembangan salah satu teknologi yang memanfaatkan 

energi matahari yaitu Solar Cell. Solar Cell atau Pembangkit Listrik Tenaga Listrik 

(PLTS) merupakan sebuah pembangkit listrik yang mengubah energi surya menjadi 

energi listrik. Penelitian pengembangan produk rancang bangun monitoring solar 

cell berbasis Internet of Things (IoT) menggunakan aplikasi Power Monitor System 

di latar belakangi oleh pencegahan keborosan energi listrik yang berpotensi 

mengakibatkan kerugian bagi individu dan kelompok dengan adanya alat 

monitoring yang dapat memantau konsumsi energi listrik secara lebih efektif. 

Tujuan dari penelitian ini meningkatkan efisiensi dan kehandalan operasional solar 

cell melalui control monitoring Internet of Things (IoT) Penerapan aplikasi Power 

Monitor System memudahkan pengguna dalam mengakses informasi pengumpulan 

data mengenai performa arus, daya, dan tegangan. 

 

Kata Kunci : Solar Cell, Aplikasi Power Monitor 
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ABSTRACT 

 
 

SOLAR CELL MONITORING DESIGN AND CONSTRUCTION 

INVERTER 3 PHASE BASED ON IoT USING 

POWER MONITOR SYSTEM APPLICATION 

 

 

BY: 

DELLA AYU PRASTIKA 

NIT. 30121030 
 

The sun is a very potential source of energy for humans, both through heat 

that spreads to the earth's surface and light that falls to the earth. Therefore, the 

development of one of the technologies that utilizes solar energy is Solar Cell. Solar 

Cells or Electric Power Plants (PLTS) are power plants that convert solar energy 

into electrical energy. Research on the development of solar cell monitoring design 

products based on the Internet of Things (IoT) using the Power Monitor System 

application which is based on preventing waste of electrical energy that has the 

potential to cause losses for individuals and groups with the presence of monitoring 

tools that can monitor electrical energy consumption more effectively. The purpose 

of this study is to improve the efficiency and operational handling of solar cells 

through Internet of Things (IoT) monitoring control. The application of the Power 

Monitor System application makes it easier for users to access data collection 

information regarding current, power, voltage performance. 

 

Keywords: Solar Cell. Power Monitor Application 
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LAMPIRAN 

A.  
Lampiran A Standard Operational Procedure (SOP) 

 

RANCANG BANGUN MONITORING SOLAR CELL 

 INVERTER3 PHASE BERBASIS IoT MENGGUNAKAN  

APLIKASI POWER MONITOR SYSTEM 

 

Oleh: 

DELLA AYU PRASTIKA 

NIT. 30121030 

Standard Operational Procedure (SOP) dalam pengoperasian alat adalah 

panduan yang merinci mengenai langkah-langkah yang harus diikuti untuk 

menggunakan alat dengan benar dan aman. SOP ini mencakup instruksi rinci 

tentang cara menghidupkan dan mematikan alat. Dimana dengan menggunakan 

Standar Operational Procedure (SOP) yang telah dibuat bertujuan untuk menjaga 

alat Proyek Akhir terhindar dari kerusakan atau salah prosedur, setiap pengguna alat 

akan mengikuti prosedur yang sama, sehingga dapat menjamin konsistensi dan 

akurasi hasil. Para pengguna harus memahami dan mengikuti SOP ini dengan 

cermat untuk memastikan operasi yang aman, efisien, dan tepat sesuai dengan 

tujuan penggunaan alat tersebut. 

Berikut merupakan Standar Operational Procedure (SOP) untuk 

menghidupkan dan mematikan alat Proyek Akhir dengan judul “Rancang Bangun 

Monitoring Solar Cell Inverter 3 Phase Berbasis Iot Menggunakan Aplikasi 

Power Monitor System” sebagai berikut: 

1. Mengoperasikan alat sesuai dengan SOP 

a. Memposisikan panel surya sekitar 10-30 derajat sesuai dengan posisi 

matahari. 

b. Setelah itu menghubungkan kabel output panel surya ke modul XL4016 

yang dihubungkan melalui saklar 

c. Mengubungkan positif dan negative baterai ke buck converter 
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d. Memasang beban berupa lampu 5 watt 

e. Setelah itu tekan 2 saklar ON untuk modul XL4016 dan sensor maupun 

mikrokontroler 

f. Setelah memastikan semua komponen berfungsi maka menghubungkan 

ke aplikasi dengan cara login dengan wifi yang sudah disetting pada 

ESP32 

g. Aplikasi sudah terhubung apabila  ada tanda centang di sebelah kiri atas 

dan berwarna hijau 

h. Setelah semua sudah terhubung maka mengukur output pada panel 

surya menggunakan alat ukur 

i. Melakukan pencatatan arus, tegangan, daya, dan energi pada LCD, 

aplikasi, maupun pada alat ukur 

2. Mematikan alat sesuai SOP 

a. Mematikan hotspot untuk memutus koneksi antara alat dengan aplikasi 

b. Kemudian tekan OFF pada saklar untuk mematikan semua komponen 

c. Melepaskan kabel positif dan negative yang ke baterai dengan cara 

melepas yang positif terlebih dahulu 

d. Melepas kabel dari panel surya yang terhubung dengan modul XL4016 

e. Setelah semua langkah dilakukan, maka alat sudah aman dan alat akan 

tidak bekerja 
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B.  

Lampiran B Dokumentasi Alat 

 

(Kondisi Keseluruhan Alat) 

 

 

(Pengecekan Output dari Panel Surya)  
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C.  

Lampiran C Coding Alat 

 

#include "pzem.h" 

#include <WiFi.h> 

#include <HTTPClient.h> 

#include <PubSubClient.h> 

#include <LiquidCrystal_I2C.h> 

#include <ArduinoJson.h> 

#define rx2 18 

#define tx2 5 

#define buzzer_pin 4 

#define buzzer_on digitalWrite(buzzer_pin, 1); 

#define buzzer_off digitalWrite(buzzer_pin, 0); 

 

bool buzzer_status = false; 

 

const char* ssid     = "jisa technology"; 

const char* password = "3990000000"; 

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

String TOKEN = "mytoken"; 

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

 

 

DynamicJsonDocument doc(JSON_OBJECT_SIZE(20)); 

char json[1000]; 

 

LiquidCrystal_I2C lcd(0x27, 20, 4); 

 

bool wifi_connected; 

bool mqtt_connected; 

 

String msg; 

String message; 

bool new_msg_state; 

 

WiFiClient espClient; 

PubSubClient client(espClient); 

 

float pzem004_voltage[4]; 

float pzem004_current[4]; 

float pzem004_power[4]; 

float pzem004_energy[4]; 

float pzem004_frequency[4]; 

 

 

void setup() { 

  delay(1000); 

  pinMode(buzzer_pin, OUTPUT); 

  buzzer_off; 

  Serial.begin(115200); 

  Serial2.begin(9600, SERIAL_8N2, rx2, tx2); 

 

  lcd.begin(); 
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  lcd.clear(); 

  lcd.backlight(); 

   

  client.setServer(mqtt_server, 1883); 

  client.setCallback(callback); 

 

  init_task(); 

 

} 

 

void loop() { 

 

} 

 

 

void push_data(){ 

  String Token = "/sensorMonitor"+TOKEN; 

  doc.clear(); 

  doc["voltage_R"] = String(pzem004_voltage[1]); 

  doc["voltage_S"] = String(pzem004_voltage[2]); 

  doc["voltage_T"] = String(pzem004_voltage[3]); 

  doc["current_R"] = String(pzem004_current[1]); 

  doc["current_S"] = String(pzem004_current[2]); 

  doc["current_T"] = String(pzem004_current[3]); 

  doc["power_R"] = String(pzem004_power[1]); 

  doc["power_S"] = String(pzem004_power[2]); 

  doc["power_T"] = String(pzem004_power[3]); 

  doc["energy_R"] = String(pzem004_energy[1]); 

  doc["energy_S"] = String(pzem004_energy[2]); 

  doc["energy_T"] = String(pzem004_energy[3]); 

  serializeJson(doc, json); 

  String Data; 

  Data = String(json); 

  publish(Token.c_str(), Data.c_str()); 

} 

 

 

void Task1(void *pvParameters){ 

    while(true){ 

      cek_wifi(); 

        if(wifi_connected==true){ 

          mqtt_connect(); 

        } 

        if(wifi_connected==false){ 

          vTaskDelay(500); 

        }else{ 

          vTaskDelay(3000); 

        } 

    } 

} 

 

 

void Task2(void *pvParameters){ 

    while(true){ 

        while(wifi_connected==false){ 

          vTaskDelay(500); 
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        } 

      push_data(); 

      vTaskDelay(1000); 

    } 

} 

 

 

void Task3(void *pvParameters){ 

    while(true){ 

 

      read_pzem(); 

 

      static int view_state = 0; 

       

        if(view_state==0){ 

          view_state=1; 

          lcd.clear(); 

          lcd.setCursor(0, 0); 

          lcd.print("V_R:" + String(pzem004_voltage[1],1)); 

          lcd.setCursor(11, 0); 

          lcd.print("V_S:" + String(pzem004_voltage[2],1)); 

          lcd.setCursor(0, 1); 

          lcd.print("C_R:" + String(pzem004_current[1],2)); 

          lcd.setCursor(11, 1); 

          lcd.print("C_S:" + String(pzem004_current[2],2)); 

          lcd.setCursor(0, 2); 

          lcd.print("P_R:" + String(pzem004_power[1],2)); 

          lcd.setCursor(11, 2); 

          lcd.print("P_S:" + String(pzem004_power[2],2)); 

          lcd.setCursor(0, 3); 

          lcd.print("E_R:" + String(pzem004_energy[1],2)); 

          lcd.setCursor(11, 3); 

          lcd.print("E_S:" + String(pzem004_energy[2],2)); 

        } 

        else if(view_state==1){ 

          view_state=0; 

          lcd.clear(); 

          lcd.setCursor(0, 0); 

          lcd.print("V_T:" + String(pzem004_voltage[3],1) ); 

          lcd.setCursor(0, 1); 

          lcd.print("C_T:" + String(pzem004_current[3],2) ); 

          lcd.setCursor(0, 2); 

          lcd.print("P_T:" + String(pzem004_power[3],2) ); 

          lcd.setCursor(0, 3); 

          lcd.print("E_T:" + String(pzem004_energy[3],2) ); 

        } 

 

      vTaskDelay(1000); 

    } 

} 

 

 

void Task4(void *pvParameters){ 

    while(true){ 

      static bool buzzer_state; 

        if(buzzer_status==true){ 
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            if(buzzer_state==false){ 

              buzzer_state=true; 

              buzzer_on; 

            } 

            else if(buzzer_state==true){ 

              buzzer_state=false; 

              buzzer_off; 

            } 

        } 

       

      static int buzzer_on_counter = 0; 

        if(pzem004_voltage[1]==0 || pzem004_voltage[2]==0 || 

pzem004_voltage[3]==0){ 

          buzzer_on_counter++; 

            if(buzzer_on_counter>3){ 

              buzzer_on_counter=4; 

              buzzer_status=true; 

            } 

        }else{ 

          buzzer_on_counter=0; 

          buzzer_status=false; 

          buzzer_off; 

        } 

      vTaskDelay(500); 

    } 

} 

 

 

void init_task(){ 

  TaskHandle_t task1; 

  TaskHandle_t task2; 

  TaskHandle_t task3; 

  TaskHandle_t task4; 

  xTaskCreatePinnedToCore(Task1, "task1", 4056, NULL, 3, &task1, 

1); 

  xTaskCreatePinnedToCore(Task2, "task2", 4056, NULL, 3, &task2, 

0); 

  xTaskCreatePinnedToCore(Task3, "task3", 4056, NULL, 3, &task3, 

1); 

  xTaskCreatePinnedToCore(Task4, "task4", 4056, NULL, 3, &task4, 

1); 

} 

 

 

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); 
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    } 

    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("tx_topic_lamp_pub_15062024"); 

    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]; 

        } 

      new_msg_state=true; 

      message = mqtt_msg; 

      cek_msg(); 

    } 

  */ 

} 

 

 

void mqtt_connect() {   

    if(!client.connected()) { 

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

      // Create a random client ID 

      String clientId = TOKEN+"dellaclients-"; 

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

      // Attempt to connect 

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

          Serial.println("connected"); 

          //client.subscribe("/sensor"); 

          mqtt_connected = true; 

        }else{ 

          mqtt_connected = false; 

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

} 

 

 

void read_pzem(){ 

  /* 

  static int read_try = 0; 

    for(int i=1; i<=3; i++){ 

      pzem004_voltage[i]=0; 

      pzem004_current[i]=0; 

      pzem004_power[i]=0; 

      pzem004_energy[i]=0; 

    } 

    */ 

    for(int i=1; i<=3; i++){ 

      readPZEM004(&pzem004_voltage[i], &pzem004_current[i], 

&pzem004_power[i], &pzem004_energy[i], &pzem004_frequency[i], i); 

        if(pzem004_voltage[i]<0 || 

pzem004_voltage[i]>400.0){pzem004_voltage[i]=0;} 

        if(pzem004_current[i]<0 || 

pzem004_current[i]>100.0){pzem004_current[i]=0;} 

        if(pzem004_power[i]<0 || 

pzem004_power[i]>22000.0){pzem004_power[i]=0;} 

        if(pzem004_energy[i]<0 || 

pzem004_energy[i]>9999.99){pzem004_energy[i]=0;} 

      delay(50); 

      Serial.println("voltage"+String(i)+" = " + 

String(pzem004_voltage[i])); 

      Serial.println("current"+String(i)+" = " + 

String(pzem004_current[i],3)); 

      Serial.println("power"+String(i)+" = " + 

String(pzem004_power[i],3)); 

      Serial.println("energy"+String(i)+" = " + 

String(pzem004_energy[i],3)); 

      Serial.println("frequency"+String(i)+" = " + 

String(pzem004_frequency[i])); 

    } 
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} 

#define phase_R_pin1 4 

#define phase_R_pin2 5 

 

#define phase_S_pin1 6 

#define phase_S_pin2 7 

 

#define phase_T_pin1 10 

#define phase_T_pin2 11 

 

/* 

#define set_phase_R1 digitalWrite(phase_R_pin1, 1); 

#define reset_phase_R1 digitalWrite(phase_R_pin1, 0); 

#define set_phase_R2 digitalWrite(phase_R_pin2, 1); 

#define reset_phase_R2 digitalWrite(phase_R_pin2, 0); 

 

#define set_phase_S1 digitalWrite(phase_S_pin1, 1); 

#define reset_phase_S1 digitalWrite(phase_S_pin1, 0); 

#define set_phase_S2 digitalWrite(phase_S_pin2, 1); 

#define reset_phase_S2 digitalWrite(phase_S_pin2, 0); 

 

#define set_phase_T1 digitalWrite(phase_T_pin1, 1); 

#define reset_phase_T1 digitalWrite(phase_T_pin1, 0); 

#define set_phase_T2 digitalWrite(phase_T_pin2, 1); 

#define reset_phase_T2 digitalWrite(phase_T_pin2, 0); 

*/ 

 

// Macros for setting and resetting pins 

#define set_pin(port, pin) (port |= (1 << pin)) 

#define reset_pin(port, pin) (port &= ~(1 << pin)) 

 

// Function to set or reset phases 

void set_phase_R1() { set_pin(PORTD, phase_R_pin1); } 

void reset_phase_R1() { reset_pin(PORTD, phase_R_pin1); } 

void set_phase_R2() { set_pin(PORTD, phase_R_pin2); } 

void reset_phase_R2() { reset_pin(PORTD, phase_R_pin2); } 

 

void set_phase_S1() { set_pin(PORTD, phase_S_pin1); } 

void reset_phase_S1() { reset_pin(PORTD, phase_S_pin1); } 

void set_phase_S2() { set_pin(PORTD, phase_S_pin2); } 

void reset_phase_S2() { reset_pin(PORTD, phase_S_pin2); } 

 

void set_phase_T1() { set_pin(PORTB, phase_T_pin1-8); } 

void reset_phase_T1() { reset_pin(PORTB, phase_T_pin1-8); } 

void set_phase_T2() { set_pin(PORTB, phase_T_pin2-8); } 

void reset_phase_T2() { reset_pin(PORTB, phase_T_pin2-8); } 

 

void setup() { 

 

  Serial.begin(115200); 

 

  pinMode(phase_R_pin1, OUTPUT); 

  pinMode(phase_R_pin2, OUTPUT); 

  pinMode(phase_S_pin1, OUTPUT); 

  pinMode(phase_S_pin2, OUTPUT); 

  pinMode(phase_T_pin1, OUTPUT); 
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  pinMode(phase_T_pin2, OUTPUT); 

 

  reset_phase_R1; 

  reset_phase_R2; 

  reset_phase_S1; 

  reset_phase_S2; 

  reset_phase_T1; 

  reset_phase_T2; 

 

} 

 

void loop() { 

 

  running(); 

 

} 

 

 

void running(){ 

 

  delay(3.33);  

  reset_phase_T2(); 

  set_phase_T1(); 

  delay(3.33);  

  set_phase_R2(); 

  reset_phase_R1(); 

  delay(3.34);  

  reset_phase_S2(); 

  set_phase_S1(); 

  delay(3.33);  

  set_phase_T2(); 

  reset_phase_T1(); 

  delay(3.33);  

  reset_phase_R2(); 

  set_phase_R1(); 

  delay(3.34);  

  set_phase_S2(); 

  reset_phase_S1(); 

 

  /* 

  reset_phase_R2; 

  reset_phase_S2; 

  reset_phase_T2; 

  set_phase_R1; 

  set_phase_S1; 

  set_phase_T1; 

  delay(10); 

  reset_phase_R1; 

  reset_phase_S1; 

  reset_phase_T1; 

  set_phase_R2; 

  set_phase_S2; 

  set_phase_T2; 

  delay(10); 

  */ 
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} 
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D.  

Lampiran D Daftar Riwayat Hidup 

DAFTAR RIWAYAT HIDUP 
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