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LAMPIRAN 

1. Surat Izin Penelitian 
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2. Source Code Program ESP32 

#include <PZEM004Tv30.h> 

#include <LiquidCrystal_I2C.h> 

#include <WiFi.h> 

#include <PubSubClient.h> 

#include <ArduinoJson.h> 

// ===== WIFI ===== 

const char* ssid     = "SOLIN_PROJECT"; 

const char* password = "17AGUSTUS2025"; 

// ===== MQTT ===== 

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

const int   mqttPort     = 1883; 

const char* topicSensor  = "fani/sensor"; 

const char* topicStatus  = "esp32/relay/status"; 

const char* topicCommand = "esp32/relay/command"; 

const char* topicLimit   = "fani/limit"; 

const char* topicNotif   = "fani/notifikasi"; 

// ===== PIN ===== 

#define RXD2 16 

#define TXD2 17 

#define RELAY_PIN 26 

// ===== BATAS DAYA ===== 

float batasDaya = 900.0; 

// ===== FLAG ===== 

bool relayManualOFF = false; 

bool relayJustON    = false;  // flag: relay baru dihidupkan 

int  skipCount      = 0;      // hitung skip pembacaan PZEM 

// ===== SHARED VARIABLES ===== 

volatile bool  statusTrip      = false; 

volatile float voltageShared   = 0; 

volatile float currentShared   = 0; 

volatile float powerShared     = 0; 

unsigned long  tripStartTime   = 0; 

bool           delaySelesai    = false; 

bool           sudahKirimNotif = false; 

// ==== OBJECT ===== 

PZEM004Tv30       pzem(Serial2, RXD2, TXD2); 

LiquidCrystal_I2C lcd(0x27, 20, 4); 

WiFiClient        espClient; 

PubSubClient      mqttClient(espClient); 

SemaphoreHandle_t xMutex; 

// CUSTOM CHARACTER LCD 

// Index 0: icon petir/kilat (voltage) 

byte iconVolt[8] = { 

  0b00010, 

  0b00100, 

  0b01000, 

  0b11111, 

  0b00010, 

  0b00100, 

  0b01000, 

  0b00000 

}; 

// Index 1: icon gelombang (current/arus) 

byte iconArus[8] = { 

  0b00000, 

  0b01010, 
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  0b10101, 

  0b10001, 

  0b01010, 

  0b00100, 

  0b00000, 

  0b00000 

}; 

// Index 2: icon bohlam (power/daya) 

byte iconDaya[8] = { 

  0b01110, 

  0b10001, 

  0b10001, 

  0b10001, 

  0b01110, 

  0b01110, 

  0b00100, 

  0b00000 

}; 

// Index 3: icon batas/limit (segitiga peringatan) 

byte iconLimit[8] = { 

  0b00100, 

  0b00100, 

  0b01110, 

  0b01010, 

  0b11011, 

  0b11111, 

  0b00000, 

  0b00000 

}; 

// Index 4: icon centang / relay ON 

byte iconON[8] = { 

  0b00000, 

  0b00001, 

  0b00011, 

  0b10110, 

  0b11100, 

  0b01000, 

  0b00000, 

  0b00000 

}; 

// Index 5: icon X / relay OFF 

byte iconOFF[8] = { 

  0b00000, 

  0b10001, 

  0b01010, 

  0b00100, 

  0b01010, 

  0b10001, 

  0b00000, 

  0b00000 

}; 

// Index 6: icon WiFi / MQTT connected 

byte iconWifi[8] = { 

  0b01110, 

  0b10001, 

  0b00100, 

  0b01010, 

  0b00000, 
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  0b00100, 

  0b00000, 

  0b00000 

}; 

// MQTT CALLBACK 

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

  String msg = ""; 

  for (int i = 0; i < length; i++) msg += (char)payload[i]; 

  Serial.println("MQTT IN [" + String(topic) + "]: " + msg); 

  if (String(topic) == topicCommand) { 

    if (msg == "ON") { 

      // Hidupkan relay DULU sebelum restart 

      // Supaya saat ESP32 nyala lagi, relay sudah dalam posisi ON 

      relayManualOFF = false; 

      statusTrip     = false; 

      digitalWrite(RELAY_PIN, HIGH); 

      mqttClient.publish(topicStatus, "ON"); 

      Serial.println("Relay ON - ESP32 restart untuk reset PZEM..."); 

      delay(500); // beri waktu MQTT publish terkirim dulu 

      ESP.restart(); // software reset - PZEM akan baca volt normal setelah restart 

    } 

    else if (msg == "OFF") { 

      relayManualOFF = true; 

      digitalWrite(RELAY_PIN, LOW); 

      mqttClient.publish(topicStatus, "OFF"); 

      Serial.println("Relay OFF by WA command"); 

    } 

  } 

  if (String(topic) == topicLimit) { 

    float newLimit = msg.toFloat(); 

    if (newLimit > 0) { 

      batasDaya = newLimit; 

      Serial.println("Limit daya diubah: " + String(batasDaya) + " W"); 

    } 

  } 

}// RECONNECT MQTT 

void reconnectMQTT() { 

  while (!mqttClient.connected()) { 

    Serial.println("Connecting MQTT..."); 

    if (mqttClient.connect("ESP32-Fani")) { 

      Serial.println("MQTT Connected"); 

      mqttClient.subscribe(topicCommand); 

      mqttClient.subscribe(topicLimit); 

    } else { 

      Serial.println("MQTT gagal, coba lagi 3 detik..."); 

      delay(3000); 

    } 

  } 

}// TASK CORE 0: SENSOR & LCD 

void taskPembacaan(void *parameter) { 

  while (true) { 

    // Kalau relay baru dihidupkan, skip 3 pembacaan pertama 

    // PZEM butuh waktu stabilisasi setelah relay ON 

    if (relayJustON) { 

      skipCount++; 

      Serial.println("Skip pembacaan ke-" + String(skipCount) + " (PZEM stabilisasi)"); 

      if (skipCount >= 3) { 

        relayJustON = false; 
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        skipCount   = 0; 

        Serial.println("PZEM siap, mulai baca normal."); 

      } 

      delay(1000); 

      continue; 

    } 

    float voltage = pzem.voltage(); 

    float current = pzem.current(); 

    float power   = pzem.power(); 

    if (xSemaphoreTake(xMutex, portMAX_DELAY)) { 

      // Simpan nilai terakhir yang valid (tidak 0/nan) 

      if (!isnan(voltage) && voltage > 0) voltageShared = voltage; 

      if (!isnan(current))                currentShared = current; 

      if (!isnan(power))                  powerShared   = power; 

      xSemaphoreGive(xMutex); 

    } 

    // ===== LCD ===== 

    lcd.setCursor(0, 0); 

    lcd.write(byte(0));           // icon petir 

    lcd.print(" V:"); 

    lcd.print(isnan(voltage) ? 0.0 : voltage, 1); 

    lcd.print("V "); 

    lcd.setCursor(13, 0); 

    lcd.write(byte(6));           // icon wifi 

    lcd.print(mqttClient.connected() ? " OK  " : " --  "); 

    // Baris 1: [gelombang] I: 0.45 A 

    lcd.setCursor(0, 1); 

    lcd.write(byte(1));           // icon arus 

    lcd.print(" I:"); 

    lcd.print(isnan(current) ? 0.0 : current, 2); 

    lcd.print(" A       "); 

    // Baris 2: [bohlam] P: 98.2 W 

    lcd.setCursor(0, 2); 

    lcd.write(byte(2));           // icon daya 

    lcd.print(" P:"); 

    lcd.print(isnan(power) ? 0.0 : power, 1); 

    lcd.print(" W       "); 

    // Baris 3: [limit] Lmt:900W [status] 

    lcd.setCursor(0, 3); 

    lcd.write(byte(3));           // icon limit 

    lcd.print(" Lmt:"); 

    lcd.print(batasDaya, 0); 

    lcd.print("W "); 

    // Status relay di pojok kanan bawah 

    lcd.setCursor(13, 3); 

    if (relayManualOFF || statusTrip) { 

      lcd.write(byte(5));         // icon X 

      lcd.print(" MATI"); 

    } else { 

      lcd.write(byte(4));         // icon centang 

      lcd.print(" HIDUP"); 

    } 

    // ===== PUBLISH SENSOR KE MQTT ===== 

    if (mqttClient.connected()) { 

      StaticJsonDocument<200> doc; 

      doc["voltage"] = isnan(voltage) ? 0 : voltage; 

      doc["current"] = isnan(current) ? 0 : current; 

      doc["power"]   = isnan(power)   ? 0 : power; 
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      doc["limit"]   = batasDaya; 

      doc["trip"]    = statusTrip; 

      char buf[200]; 

      serializeJson(doc, buf); 

      mqttClient.publish(topicSensor, buf); 

    } 

    // ===== LOGIKA TRIP ===== 

    // Skip logika kalau relay dikunci manual OFF 

    if (relayManualOFF) { 

      delay(1000); 

      continue; 

    } 

    // Deteksi overcurrent HANYA saat relay hidup (power valid) 

    // Jangan cek power saat statusTrip=true karena relay sudah mati -> power pasti 0/NaN 

    if (!statusTrip && !isnan(power) && power > batasDaya) { 

      statusTrip      = true; 

      tripStartTime   = millis(); 

      delaySelesai    = false; 

      sudahKirimNotif = false; 

      digitalWrite(RELAY_PIN, LOW); // matikan relay 

      Serial.println("TRIP! Power: " + String(power) + "W"); 

    } 

    if (statusTrip) { 

      // Relay tetap mati selama menunggu 

      digitalWrite(RELAY_PIN, LOW); 

      // Setelah 5 detik, kirim notifikasi lalu kunci relay 

      if (!delaySelesai && (millis() - tripStartTime >= 5000)) { 

        delaySelesai = true; 

        if (!sudahKirimNotif && mqttClient.connected()) { 

          sudahKirimNotif = true; 

          // Simpan data sebelum publish 

          float v, i, p; 

          if (xSemaphoreTake(xMutex, portMAX_DELAY)) { 

            v = voltageShared; 

            i = currentShared; 

            p = powerShared; 

            xSemaphoreGive(xMutex); 

          } 

          StaticJsonDocument<200> notif; 

          notif["type"]    = "OVERCURRENT"; 

          notif["voltage"] = v; 

          notif["current"] = i; 

          notif["power"]   = p; 

          notif["limit"]   = batasDaya; 

          char buf[200]; 

          serializeJson(notif, buf); 

          mqttClient.publish(topicNotif, buf); 

          Serial.println("Notifikasi overcurrent dikirim"); 

          // Kunci relay mati, tunggu perintah WA 

          statusTrip     = false; 

          relayManualOFF = true; 

          Serial.println("Relay dikunci mati. Ketik hidupkan di WA."); 

        } 

      } 

    } 

    delay(1000); 

  } 

} 
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// ======================= 

// TASK CORE 1: MQTT LOOP 

// ======================= 

void taskMQTT(void *parameter) { 

  while (true) { 

    if (!mqttClient.connected()) reconnectMQTT(); 

    mqttClient.loop(); 

    delay(10); 

  } 

} 

// ======================= 

// SETUP 

// ======================= 

void setup() { 

  Serial.begin(9600); 

  Serial2.begin(9600, SERIAL_8N1, RXD2, TXD2); 

  pinMode(RELAY_PIN, OUTPUT); 

  digitalWrite(RELAY_PIN, HIGH); // relay hidup saat pertama nyala 

  lcd.init(); 

  lcd.backlight(); 

  lcd.createChar(0, iconVolt); 

  lcd.createChar(1, iconArus); 

  lcd.createChar(2, iconDaya); 

  lcd.createChar(3, iconLimit); 

  lcd.createChar(4, iconON); 

  lcd.createChar(5, iconOFF); 

  lcd.createChar(6, iconWifi); 

  lcd.clear(); 

  lcd.setCursor(3, 1); 

  lcd.print("CONNECTING WIFI"); 

  xMutex = xSemaphoreCreateMutex(); 

  WiFi.begin(ssid, password); 

  int wifiTimeout = 0; 

  while (WiFi.status() != WL_CONNECTED && wifiTimeout < 40) { 

    delay(500); 

    wifiTimeout++; 

  } 

  lcd.clear(); 

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

    lcd.setCursor(4, 1); 

    lcd.print("WIFI  OK!"); 

    Serial.println("WiFi: " + WiFi.localIP().toString()); 

  } else { 

    lcd.setCursor(3, 1); 

    lcd.print("WIFI  GAGAL!"); 

  } 

  mqttClient.setServer(mqttServer, mqttPort); 

  mqttClient.setCallback(mqttCallback); 

  reconnectMQTT(); 

  delay(2000); 

  lcd.clear(); 

  xTaskCreatePinnedToCore(taskPembacaan, "Sensor", 10000, NULL, 1, NULL, 0); 

  xTaskCreatePinnedToCore(taskMQTT,      "MQTT",   10000, NULL, 1, NULL, 1); 

  Serial.println("System Started!"); 

} 

void loop() { 

  delay(1000); 

} 


