
 
 

xix 
 

LAMPIRAN 

Lampiran 1. Program Rancang Bangun 

#define BLYNK_TEMPLATE_ID "TMPL6op62-By9" 

#define BLYNK_TEMPLATE_NAME "Regenerasi Silica Gel" 

#define BLYNK_PRINT Serial 

 

#include <WiFi.h> 

#include <WiFiClient.h> 

#include <WiFiClientSecure.h> 

#include <HTTPClient.h> 

#include <BlynkSimpleEsp32.h> 

#include <max6675.h>   // Library: "MAX6675" by Adafruit (install via Library 

Manager) 

#include <Wire.h> 

#include <LiquidCrystal_I2C.h> // Library: "LiquidCrystal I2C" by Frank de 

Brabander (install via Library Manager) 

 

// --- KONFIGURASI BLYNK & WIFI --- 

char auth[] = "8j7szxdVkd_LN2ImtYqPjwYuvb8dto8w";  

char ssid[] = "amanda"; 

char pass[] = "amanda_123"; 

 

// --- KONFIGURASI GOOGLE SHEETS (Apps Script Web App) --- 

const char* GSHEET_URL = 

"https://script.google.com/macros/s/AKfycbyk3xDf50ItE9p8hMByrjUofFSWQvy

esxFZwGdi0f4ZFEQVoDjpj6ICInLjIZHje1Qh/exec"; 

 

// --- KONFIGURASI PIN --- 

const int PIN_RELAY_HEATER    = 18; 

const int PIN_LAMPU_ON       = 2; 

const int PIN_LAMPU_OFF      = 4; 

const int PIN_LAMPU_AUTO     = 5; 

const int PIN_TOMBOL_ON      = 33; 

const int PIN_TOMBOL_OFF     = 32; 

const int PIN_TOMBOL_AUTO    = 35; 

const int PIN_TCS_S0         = 12; 

const int PIN_TCS_S1         = 15; 

const int PIN_TCS_S2         = 14; 

const int PIN_TCS_S3         = 27; 

const int PIN_TCS_OUT        = 34; 

 

// --- PIN MODUL MAX6675 (Thermocouple K-Type) --- 

// SO  = Serial Data Out (MISO) 

// CS  = Chip Select 
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// SCK = Serial Clock 

const int PIN_MAX_SO   = 22; 

const int PIN_MAX_CS   = 23; 

const int PIN_MAX_SCK  = 21; 

 

MAX6675 thermocouple(PIN_MAX_SCK, PIN_MAX_CS, PIN_MAX_SO); 

 

// --- KONFIGURASI LCD 20x4 (I2C) --- 

// CATATAN: pin I2C default ESP32 (GPIO21/22) sudah dipakai oleh MAX6675 

(SCK/SO), 

// sehingga jalur I2C untuk LCD dipindah ke GPIO25 (SDA) & GPIO26 (SCL) 

agar tidak bentrok. 

const int PIN_LCD_SDA = 26; 

const int PIN_LCD_SCL = 25; 

LiquidCrystal_I2C lcd(0x27, 20, 4); // Jika layar tidak menyala/tidak terdeteksi, 

coba alamat 0x3F 

 

// --- VARIABEL GLOBAL --- 

bool modeOtomatis = false, lastModeOtomatis; 

int redFreq, greenFreq, blueFreq; 

// Nilai RGB hasil konversi dari frekuensi mentah TCS3200 ke skala 0-255 (setara 

PWM/8-bit) 

int redColor, greenColor, blueColor; 

float suhuTerakhir = 0; 

String statusWarnaGel = "Membaca...", lastStatusWarnaGel = ""; 

bool lastHeater Status; 

bool lastLampuON, lastLampuOFF, lastLampuOTO; 

 

// Timeout untuk pulseIn (mikrodetik). PENTING untuk responsivitas tombol, 

// lihat catatan analisis di bagian prosesInputTombol()/bacaSensor(). 

const unsigned long TCS_PULSE_TIMEOUT = 30000UL; // 30 ms per channel 

warna 

 

// Batas kalibrasi frekuensi mentah TCS3200 untuk dipetakan ke rentang 0-255. 

// Sesuaikan TCS_FREQ_MIN/TCS_FREQ_MAX dengan hasil kalibrasi sensor 

di lokasi 

// pemasangan (frekuensi minimum & maksimum yang pernah terbaca oleh 

pulseIn()). 

const int TCS_FREQ_MIN = 0; 

const int TCS_FREQ_MAX = 2000; 

 

// Timer millis() 

unsigned long prevSensorMillis = 0, prevBlynkTimer = 0, prevGSheetMillis = 0; 

const long intervalSensor = 500;   // MAX6675 butuh jeda min. ~220ms antar 

pembacaan 

const long intervalBlynk = 3000;   // Kirim suhu/RGB setiap 3 detik 



 
 

xxi 
 

const long intervalGSheet = 1000;  // Kirim data ke Google Sheets & update LCD 

setiap 1 detik (realtime) 

 

// --- PROTOTIPE FUNGSI --- 

void bacaSensor(); 

void prosesInputTombol(); 

void deteksiStatus(float suhu); 

void updateLampuIndikator(); 

void tampilkanStatus(float suhu); 

void kirimKeBlynk(); 

void kirimKeGoogleSheets(); 

void lcdPrintLine(int baris, String teks); 

void tampilkanLCD(float suhu); 

 

void setup() { 

  Serial.begin(115200); 

  Blynk.begin(auth, ssid, pass); 

 

  pinMode(PIN_RELAY_HEATER , OUTPUT); 

  digitalWrite(PIN_RELAY_HEATER , HIGH); 

 

  pinMode(PIN_LAMPU_ON, OUTPUT);  

  pinMode(PIN_LAMPU_OFF, OUTPUT);  

  pinMode(PIN_LAMPU_AUTO, OUTPUT); 

 

  pinMode(PIN_TOMBOL_ON, INPUT_PULLUP);  

  pinMode(PIN_TOMBOL_OFF, INPUT_PULLUP);  

  pinMode(PIN_TOMBOL_AUTO, INPUT_PULLUP); 

 

  pinMode(PIN_TCS_S0, OUTPUT);  

  pinMode(PIN_TCS_S1, OUTPUT);  

  pinMode(PIN_TCS_S2, OUTPUT);  

  pinMode(PIN_TCS_S3, OUTPUT); 

  pinMode(PIN_TCS_OUT, INPUT); 

  digitalWrite(PIN_TCS_S0, HIGH); digitalWrite(PIN_TCS_S1, LOW); 

 

  // Inisialisasi LCD 20x4 I2C 

  Wire.begin(PIN_LCD_SDA, PIN_LCD_SCL); 

  lcd.begin(); 

  lcd.backlight(); 

  lcd.setCursor(0, 0); 

  lcd.print("Regenerasi Silica"); 

  lcd.setCursor(0, 1); 

  lcd.print("Gel - Memulai..."); 

 

  // MAX6675 butuh waktu ~500ms untuk stabil setelah power-on 
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  delay(500); 

 

  lcd.clear(); 

} 

 

void loop() { 

  // Cek tombol paling awal di setiap iterasi loop, SEBELUM operasi yang bisa 

  // memblokir (Blynk.run(), pembacaan sensor warna, kirim HTTP ke Google 

Sheets). 

  // Lihat catatan lengkap di komentar dalam prosesInputTombol(). 

  prosesInputTombol(); 

 

  Blynk.run(); 

  unsigned long currentMillis = millis(); 

 

  if (currentMillis - prevSensorMillis >= intervalSensor) { 

    prevSensorMillis = currentMillis; 

    bacaSensor(); 

    deteksiStatus(suhuTerakhir); 

    tampilkanStatus(suhuTerakhir); 

     

    // Kirim data status (Mode, Heater , Gel) HANYA JIKA ADA PERUBAHAN 

    bool heater Status = digitalRead(PIN_RELAY_HEATER ); 

    bool lampuON = digitalRead(PIN_LAMPU_ON); 

    bool lampuOFF = digitalRead(PIN_LAMPU_OFF); 

    bool lampuAUTO = digitalRead(PIN_LAMPU_AUTO); 

 

    if (modeOtomatis != lastModeOtomatis || heater Status != lastHeater Status ||  

        statusWarnaGel != lastStatusWarnaGel || lampuON != lastLampuON ||  

        lampuOFF != lastLampuOFF || lampuAUTO != lastLampuOTO) { 

         

        Blynk.virtualWrite(V0, modeOtomatis ? "Otomatis" : "Manual"); 

        Blynk.virtualWrite(V1, heater Status ? "OFF" : "ON"); 

        Blynk.virtualWrite(V2, statusWarnaGel); 

         

        // Kirim status lampu ke Blynk (V5, V6, V7) 

        Blynk.virtualWrite(V7, lampuON ? 1 : 0); 

        Blynk.virtualWrite(V8, lampuOFF ? 1 : 0); 

        Blynk.virtualWrite(V9, lampuAUTO ? 1 : 0); 

         

        // Update status terakhir 

        lastModeOtomatis = modeOtomatis; 

        lastHeater Status = heater Status; 

        lastStatusWarnaGel = statusWarnaGel; 

        lastLampuON = lampuON; 

        lastLampuOFF = lampuOFF; 
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        lastLampuOTO = lampuAUTO; 

    } 

  } 

 

  // Cek tombol lagi setelah blok pembacaan sensor (yang kini jauh lebih cepat 

  // berkat timeout pulseIn), untuk menambah "titik cek" tombol dalam satu loop. 

  prosesInputTombol(); 

 

  // Kirim data berkala (Suhu & RGB) setiap 3 detik 

  if (currentMillis - prevBlynkTimer >= intervalBlynk) { 

    prevBlynkTimer = currentMillis; 

    Blynk.virtualWrite(V3, suhuTerakhir); 

    Blynk.virtualWrite(V4, redColor); 

    Blynk.virtualWrite(V5, greenColor); 

    Blynk.virtualWrite(V6, blueColor); 

  } 

 

  // Kirim data realtime ke Google Sheets & update LCD setiap 1 detik 

  if (currentMillis - prevGSheetMillis >= intervalGSheet) { 

    prevGSheetMillis = currentMillis; 

    tampilkanLCD(suhuTerakhir); 

    kirimKeGoogleSheets(); 

  } 

 

  // Cek tombol sekali lagi setelah proses HTTP (yang paling lama memblokir), 

  // supaya penekanan tombol tidak "hilang" saat sedang mengirim ke Google 

Sheets. 

  prosesInputTombol(); 

 

  updateLampuIndikator(); 

} 

 

void setRelayHeater (bool state) { 

  // Jika state TRUE (ON), kirim LOW ke pin. Jika FALSE (OFF), kirim HIGH. 

  digitalWrite(PIN_RELAY_HEATER , state ? LOW : HIGH); 

} 

 

// --- IMPLEMENTASI FUNGSI --- 

void bacaSensor() { 

  digitalWrite(PIN_TCS_S2, LOW); digitalWrite(PIN_TCS_S3, LOW);  

  redFreq = pulseIn(PIN_TCS_OUT, LOW, TCS_PULSE_TIMEOUT); 

 

  digitalWrite(PIN_TCS_S2, HIGH); digitalWrite(PIN_TCS_S3, HIGH);  

  greenFreq = pulseIn(PIN_TCS_OUT, LOW, TCS_PULSE_TIMEOUT); 

 

  digitalWrite(PIN_TCS_S2, LOW); digitalWrite(PIN_TCS_S3, HIGH);  
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  blueFreq = pulseIn(PIN_TCS_OUT, LOW, TCS_PULSE_TIMEOUT); 

 

  redColor   = constrain(map(redFreq,   TCS_FREQ_MIN, TCS_FREQ_MAX, 0, 

255), 0, 255); 

  greenColor = constrain(map(greenFreq, TCS_FREQ_MIN, TCS_FREQ_MAX, 

0, 255), 0, 255); 

  blueColor  = constrain(map(blueFreq,  TCS_FREQ_MIN, TCS_FREQ_MAX, 0, 

255), 0, 255); 

 

  // Baca suhu dari thermocouple K-type via modul MAX6675 

  float bacaan = thermocouple.readCelsius(); 

 

  // MAX6675 mengembalikan NAN jika probe tidak terpasang/putus 

  if (!isnan(bacaan)) { 

    suhuTerakhir = bacaan; 

  } else { 

    Serial.println("[WARNING] Gagal membaca thermocouple (cek koneksi 

MAX6675)"); 

  } 

} 

 

void prosesInputTombol() { 

  // Dipanggil beberapa kali per loop() (lihat loop()) agar penekanan tombol 

  // langsung terdeteksi walau ada operasi lain yang memakan waktu (sensor 

  // warna & pengiriman HTTP ke Google Sheets). 

  if (digitalRead(PIN_TOMBOL_AUTO) == LOW) modeOtomatis = true; 

  if (digitalRead(PIN_TOMBOL_ON) == LOW)   { modeOtomatis = false; 

setRelayHeater (true); } 

  if (digitalRead(PIN_TOMBOL_OFF) == LOW)  { modeOtomatis = false; 

setRelayHeater (false); } 

} 

  

  if ((redColor >= 75 && redColor <= 125) &&    

    (greenColor >= 90 && greenColor <= 125) &&  

    (blueColor >= 60 && blueColor <= 90)) { 

    statusWarnaGel = "Ungu (Basah)"; 

  }  

  else if ((redColor >= 130 && redColor <= 200) &&  

          (greenColor >= 130 && greenColor <= 200) &&  

          (blueColor >= 80 && blueColor <= 120)) { 

    statusWarnaGel = "Biru (Kering)"; 

  } 

  else { 

    statusWarnaGel = "Tidak Terdeteksi"; 

  } 
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  if (modeOtomatis) { 

    if (statusWarnaGel == "Ungu (Basah)") setRelayHeater (true); 

    else if (statusWarnaGel == "Biru (Kering)") setRelayHeater (false); 

    if (suhu > 130.0) setRelayHeater (false); 

  } 

} 

 

void tampilkanStatus(float suhu) { 

  // Menentukan status apakah data dikirim ke Blynk (berdasarkan interval 3 detik) 

  // Data dikirim jika sisa pembagian millis dengan 3000 mendekati 0 

  bool isBlynkSending = (millis() % 3000 < 500);  

 

  Serial.print("[STATUS] Mode: "); Serial.print(modeOtomatis ? "Otomatis" : 

"Manual"); 

  Serial.print(" | Heater : "); Serial.print(digitalRead(PIN_RELAY_HEATER ) ? 

"OFF" : "ON"); 

  Serial.print(" | Gel: "); Serial.print(statusWarnaGel); 

  Serial.print(" | Suhu: "); Serial.print(suhu); Serial.print(" C"); 

  Serial.print(" | RGB: "); Serial.print(redFreq); Serial.print(","); 

Serial.print(greenFreq); Serial.print(","); Serial.print(blueFreq); 

  Serial.print(" | Blynk: "); Serial.println(isBlynkSending ? "TERKIRIM" : 

"Standby"); 

} 

 

void updateLampuIndikator() { 

  digitalWrite(PIN_LAMPU_AUTO, modeOtomatis); 

  digitalWrite(PIN_LAMPU_ON, !digitalRead(PIN_RELAY_HEATER )); 

  digitalWrite(PIN_LAMPU_OFF, digitalRead(PIN_RELAY_HEATER )); 

} 

 

// Cetak satu baris ke LCD 20x4, dipotong/ditambah spasi agar selalu genap 20 

karakter 

// (mencegah sisa karakter lama menempel di layar saat teks baru lebih pendek). 

void lcdPrintLine(int baris, String teks) { 

  while (teks.length() < 20) teks += " "; 

  if (teks.length() > 20) teks = teks.substring(0, 20); 

  lcd.setCursor(0, baris); 

  lcd.print(teks); 

} 

 

void tampilkanLCD(float suhu) { 

  bool heater Status = digitalRead(PIN_RELAY_HEATER ); // HIGH = OFF 

(relay aktif LOW) 

 

  // Baris 1: Mode + status heater  

  // -> Manual Heater  ON / Manual Heater  OFF / Otomatis Heater  ON / 
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Otomatis Heater  OFF 

  String baris1 = String(modeOtomatis ? "Otomatis" : "Manual"); 

  baris1 += " Heater  "; 

  baris1 += heater Status ? "OFF" : "ON"; 

  lcdPrintLine(0, baris1); 

 

  // Baris 2: Suhu terbaca 

  lcdPrintLine(1, "Suhu: " + String(suhu, 2) + " C"); 

 

  // Baris 3: Nilai R, G, B (skala 0-255) 

  lcdPrintLine(2, "R:" + String(redColor) + " G:" + String(greenColor) + " B:" + 

String(blueColor)); 

 

  // Baris 4: Status warna gel 

  lcdPrintLine(3, statusWarnaGel); 

} 

 

void kirimKeGoogleSheets() { 

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

    Serial.println("[GSHEET] WiFi tidak terhubung, lewati pengiriman"); 

    return; 

  } 

 

  WiFiClientSecure client; 

  client.setInsecure(); // Google Apps Script pakai sertifikat publik, verifikasi di-

skip agar ringan di ESP32 

 

  HTTPClient http; 

  http.begin(client, GSHEET_URL); 

  http.addHeader("Content-Type", "application/json"); 

  http.setFollowRedirects(HTTPC_FORCE_FOLLOW_REDIRECTS); // wajib, 

karena Apps Script me-redirect ke googleusercontent.com 

 

  bool heater Status = digitalRead(PIN_RELAY_HEATER ); 

 

  String payload = "{"; 

  payload += "\"mode\":\"" + String(modeOtomatis ? "Otomatis" : "Manual") + 

"\","; 

  payload += "\"heater \":\"" + String(heater Status ? "OFF" : "ON") + "\","; 

  payload += "\"gel\":\"" + statusWarnaGel + "\","; 

  payload += "\"suhu\":" + String(suhuTerakhir, 2) + ","; 

  payload += "\"red\":" + String(redColor) + ","; 

  payload += "\"green\":" + String(greenColor) + ","; 

  payload += "\"blue\":" + String(blueColor); 

  payload += "}"; 
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  int httpCode = http.POST(payload); 

 

  if (httpCode > 0) { 

    Serial.print("[GSHEET] Terkirim, kode HTTP: "); 

    Serial.println(httpCode); 

  } else { 

    Serial.print("[GSHEET] Gagal kirim, error: "); 

    Serial.println(http.errorToString(httpCode)); 

  } 

 

  http.end(); 

} 

Lampiran 2. Foto Pembuatan Alat dan Pengujian Alat 
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Google Spreadsheet Regenearasi Silica Gel 
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Lampiran 3. Datasheet 

Thermocouple Type – k 
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TCS3200 
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Relay 
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LCD 20 X 4 
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Modul MP1584 
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Modul MAX6675 
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