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DAFTAR LAMPIRAN 

Lampiran 1 Program Arduino 

Penjualan Beras Otomatis Berbasis Mikrokontroler ESP32 

#include <WiFi.h> 

#include <HTTPClient.h> 

#include <Wire.h> 

#include <LiquidCrystal_I2C.h> 

#include <SPI.h> 

#include <MFRC522.h> 

#include <EEPROM.h> 

#include <ESP32Servo.h> 

#include <HX711.h> 

 

// === WiFi & Google Sheet === 

const char* ssid = "Realme_10"; 

const char* password = "12345678"; 

const String scriptURL = "https://script.google.com/macros/s/AKfycbwQpr1tfY-

zFzqI4LHEraMIgWceUT7B4Lj1jVjHdE7_krbKon0EhwJBm7ixPIsrfOY/

exec"; 

 

// === LCD & RFID === 

LiquidCrystal_I2C lcd(0x27, 20, 4); 

#define SS_PIN 17 

#define RST_PIN 5 

MFRC522 mfrc522(SS_PIN, RST_PIN); 

 

// === Servo === 

Servo pintuBeras, servoBoxUang; 

const int pinServo = 4; 

const int pinServoBox = 12; 

 

// === Load Cell === 

#define DT 33 

#define SCK 32 

HX711 scale; 

float kalibrasi_default = -102503.0; 

float beratTarget = 0, beratSekarang = 0; 

 

// === EEPROM RFID === 

const int maxCards = 10, recordSize = 8; 

bool rfidDetected = false; 

String rfidUID = "";
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// === Menu & Uang Tunai === 

int menuState = 0, kgTerpilih = 0; 

String inputNominal = ""; 

int totalUangTunai = 0; 

 

// === Keypad PCF8574 === 

#define PCF8574_ADDR 0x20 

char customKeypad[4][4] = { 

  {'D','#','0','*'}, {'C','9','8','7'}, 

  {'B','6','5','4'}, {'A','3','2','1'} 

}; 

 

// === Sensor Warna === 

#define S0 27 

#define S1 26 

#define S2 25 

#define S3 14 

#define OUT 13 

 

int r,g,b,lastR,lastG,lastB; 

unsigned long lastDeteksi = 0; 

const unsigned long jeda = 2500; 

struct WarnaKal { int r,g,b,nominal; }; 

WarnaKal uangKal[] = { 

  {259, 261, 229, 20000}, {260, 261, 229, 20000}, {259, 261, 229, 20000}, 

  {259, 260, 229, 20000}, {290, 294, 253, 20000}, {290, 294, 252, 20000}, 

  {291, 294, 253, 20000}, {266, 274, 236, 20000}, {266, 274, 236, 20000}, 

  {265, 274, 235, 20000}, {265, 274, 235, 20000}, {264, 274, 236, 20000}, 

 

  {260, 293, 255, 5000}, {259, 292, 256, 5000}, {259, 292, 255, 5000}, 

  {267, 298, 253, 5000}, {267, 298, 253, 5000}, {266, 298, 252, 5000}, 

  {226, 258, 221, 5000}, {226, 259, 222, 5000}, {226, 260, 222, 5000}, 

  {232, 270, 226, 5000},  {231, 270, 227, 5000},{231, 269, 227, 5000}, 

 

  {296, 319, 249, 10000}, {296, 319, 249, 10000}, {296, 319, 250, 10000}, 

  {290, 323, 259, 10000}, {290, 323, 260, 10000}, {289, 322, 259, 10000}, 

  {232, 251, 199, 10000}, {233, 251, 198, 10000}, {233, 249, 199, 10000}, 

  {229, 246, 195, 10000}, {229, 247, 196, 10000}, {229, 247, 196, 10000}, 

 

  {266, 291, 234, 100000}, {266, 291, 235, 100000}, {264, 291, 233, 100000}, 

  {263, 294, 237, 100000}, {264, 292, 237, 100000}, {263, 294, 236, 100000}, 

  {265, 290, 232, 100000}, {261, 293, 232, 100000}, {261, 295, 230, 100000}, 

  {262, 291, 238, 100000}, {269, 299, 234, 100000}, {266, 297, 231, 100000}, 

 

  {274, 260, 205, 50000}, {274, 260, 204, 50000}, {273, 258, 205, 50000},
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  {273, 260, 205, 50000}, {294, 276, 219, 50000}, {293, 277, 220, 50000}, 

  {294, 277, 219, 50000}, {258, 260, 208, 50000}, {258, 260, 208, 50000}, 

  {257, 260, 206, 50000}, {264, 263, 210, 50000}, {265, 262, 211, 50000}, 

}; 

 

void sendDataToSheet(String metode, float berat, int nominal, String uid) { 

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

    HTTPClient http; 

    String url = scriptURL + 

      "?metode=" + metode + 

      "&berat=" + String(berat,2) + 

      "&nominal=" + String(nominal) + 

      "&uid=" + uid; 

    http.begin(url); 

    int code = http.GET(); 

    http.end(); 

  } 

} 

 

void setupSensorWarna() { 

  pinMode(S0,OUTPUT);pinMode(S1,OUTPUT); 

  pinMode(S2,OUTPUT);pinMode(S3,OUTPUT); 

  pinMode(OUT,INPUT); 

  digitalWrite(S0,HIGH);digitalWrite(S1,LOW); 

} 

 

int bacaFrekuensi(bool s2, bool s3){ 

  digitalWrite(S2,s2);digitalWrite(S3,s3); 

  delay(100); 

  return pulseIn(OUT,LOW); 

} 

 

void bacaWarna(){ 

  r=bacaFrekuensi(LOW,LOW); 

  g=bacaFrekuensi(HIGH,HIGH); 

  b=bacaFrekuensi(LOW,HIGH); 

} 

 

int identifikasiUang(int rVal,int gVal,int bVal){ 

  for(int i=0;i<sizeof(uangKal)/sizeof(uangKal[0]);i++){ 

    int sel=abs(rVal-uangKal[i].r)+abs(gVal-uangKal[i].g)+abs(bVal-

uangKal[i].b); 

    if(sel<150) return uangKal[i].nominal; 

  } 

  return 0;
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} 

void bukaBoxUang(){ 

  servoBoxUang.write(90); 

  delay(3000); 

  servoBoxUang.write(0); 

} 

 

int ambilSaldoEEPROM(String uid) { 

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

    int addr=i*recordSize; String stored=""; 

    for(int j=0;j<4;j++){ 

      byte b=EEPROM.read(addr+j); 

      if(b<16) stored+="0"; 

      stored+=String(b,HEX); 

    } 

    stored.toUpperCase(); 

    if(uid==stored){ 

      int saldo=0; 

      saldo|=EEPROM.read(addr+4)<<24; 

      saldo|=EEPROM.read(addr+5)<<16; 

      saldo|=EEPROM.read(addr+6)<<8; 

      saldo|=EEPROM.read(addr+7); 

      return saldo; 

    } 

  } 

  return 0; 

} 

 

void simpanSaldoEEPROM(String uid, int saldo){ 

  int idx=-1; 

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

    int addr=i*recordSize; String stored=""; 

    for(int j=0;j<4;j++){ 

      byte b=EEPROM.read(addr+j); 

      if(b<16) stored+="0"; 

      stored+=String(b,HEX); 

    } 

    stored.toUpperCase(); 

    if(uid==stored){ idx=i; break; } 

  } 

  if(idx==-1){ 

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

      if(EEPROM.read(i*recordSize)==0xFF) { idx=i; break; } 

    } 

  }
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  if(idx!=-1){ 

    int addr=idx*recordSize; 

    for(int j=0;j<4;j++){ 

      String bs=uid.substring(j*2, j*2+2); 

      EEPROM.write(addr+j, strtol(bs.c_str(),0,16)); 

    } 

    EEPROM.write(addr+4, (saldo>>24)&0xFF); 

    EEPROM.write(addr+5, (saldo>>16)&0xFF); 

    EEPROM.write(addr+6, (saldo>>8)&0xFF); 

    EEPROM.write(addr+7, saldo&0xFF); 

    EEPROM.commit(); 

  } 

} 

 

// === Format angka ke ribuan (Rp 20.000) === 

String formatRupiah(int angka) { 

  String hasil = ""; 

  String num = String(angka); 

  int len = num.length(); 

  int counter = 0; 

  for(int i=len-1; i>=0; i--){ 

    hasil = num[i] + hasil; 

    counter++; 

    if(counter%3==0 && i!=0){ 

      hasil = '.' + hasil; 

    } 

  } 

  return "Rp " + hasil; 

} 

 

void tampilkanMenuAwal(){ 

  lcd.clear(); 

  lcd.setCursor(0,0);lcd.print("A: Non Tunai"); 

  lcd.setCursor(0,1);lcd.print("B: Tunai"); 

  lcd.setCursor(0,2);lcd.print("C: Cek Saldo"); 

  lcd.setCursor(0,3);lcd.print("D: Isi Saldo"); 

  menuState=0;rfidDetected=false; 

  inputNominal="";totalUangTunai=0; 

} 

 

void prosesTimbang(){ 

  beratTarget=kgTerpilih*1.0; 

  lcd.clear();lcd.setCursor(0,0);lcd.print("Menimbang..."); 

  scale.tare(); pintuBeras.write(180); 

  while(true){



72 

 

    beratSekarang=scale.get_units(5); 

    lcd.setCursor(0,1); 

    lcd.printf("Berat: %.2f kg  ", beratSekarang); 

    if(beratSekarang>=beratTarget){ 

      pintuBeras.write(0); 

      lcd.setCursor(0,2);lcd.print("Tercapai"); 

      lcd.setCursor(0,3); 

      lcd.printf("Final: %.2f kg", beratSekarang); 

      break; 

    } 

  } 

  delay(3000); 

  tampilkanMenuAwal(); 

} 

void bacaRFID(){ 

  if(!mfrc522.PICC_IsNewCardPresent() || !mfrc522.PICC_ReadCardSerial()) 

return; 

  rfidUID=""; 

  for(byte i=0;i<mfrc522.uid.size;i++){ 

    if(mfrc522.uid.uidByte[i]<0x10) rfidUID+="0"; 

    rfidUID+=String(mfrc522.uid.uidByte[i],HEX); 

  } 

  rfidUID.toUpperCase(); rfidDetected=true; 

  mfrc522.PICC_HaltA(); 

 

  if(menuState==5){ 

    int harga=kgTerpilih*20000; 

    int saldo=ambilSaldoEEPROM(rfidUID); 

    if(saldo>=harga){ 

      simpanSaldoEEPROM(rfidUID, saldo-harga); 

      sendDataToSheet("non-tunai", kgTerpilih, harga, rfidUID); 

      prosesTimbang(); 

    } else { 

      lcd.clear(); 

      lcd.setCursor(0,0); lcd.print("Saldo Tidak Cukup"); 

      lcd.setCursor(0,1); lcd.printf("Perlu: %s", formatRupiah(harga).c_str()); 

      delay(3000); tampilkanMenuAwal(); 

    } 

  } else if(menuState==3){ 

    int saldo=ambilSaldoEEPROM(rfidUID); 

    lcd.clear(); 

    lcd.setCursor(0,0); lcd.print("Saldo Anda:"); 

    lcd.setCursor(0,1); lcd.printf("%s", formatRupiah(saldo).c_str()); 

    delay(3000); tampilkanMenuAwal();
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  } 

} 

char bacaKeypad() { 

  for(int row=0; row<4; row++){ 

    byte data = 0xF0 | ~(1<<row); 

    Wire.beginTransmission(PCF8574_ADDR); 

    Wire.write(data); 

    Wire.endTransmission(); 

    delayMicroseconds(50); 

    Wire.requestFrom(PCF8574_ADDR,1); 

    if(Wire.available()){ 

      byte kol=Wire.read(); 

      for(int col=0; col<4; col++){ 

        if(!(kol&(1<<(4+col)))) return customKeypad[row][col];  

      } 

    } 

  } 

  return 0; 

} 

void setup(){ 

  Serial.begin(115200); 

  WiFi.begin(ssid,password); 

  while(WiFi.status()!=WL_CONNECTED){ delay(500); } 

  Wire.begin(21,22); 

  lcd.init(); lcd.backlight(); 

  pintuBeras.attach(pinServo); 

  servoBoxUang.attach(pinServoBox); 

  pintuBeras.write(0); servoBoxUang.write(0); 

  SPI.begin(18,19,23,SS_PIN); 

  mfrc522.PCD_Init(); 

  EEPROM.begin(512); 

  scale.begin(DT,SCK); 

  scale.set_scale(kalibrasi_default); 

  scale.tare(); 

  setupSensorWarna(); 

  tampilkanMenuAwal(); 

} 

 

void loop(){ 

  if((menuState==3 || menuState==4 || menuState==5) && !rfidDetected) 

bacaRFID(); 

 

  if(menuState==7){

 

    if(millis()-lastDeteksi > jeda){ 

      bacaWarna(); 
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      if(abs(r-lastR)>10||abs(g-lastG)>10||abs(b-lastB)>10){ 

        int nom = identifikasiUang(r,g,b); 

        if(nom>0){ 

          totalUangTunai+=nom; 

          lcd.setCursor(0,1); 

          lcd.printf("Diterima: %s", formatRupiah(nom).c_str()); 

          lcd.setCursor(0,2); 

          lcd.printf("Total: %s  ", formatRupiah(totalUangTunai).c_str()); 

          bukaBoxUang(); 

          if(totalUangTunai >= kgTerpilih*20000) { 

            sendDataToSheet("tunai", kgTerpilih, totalUangTunai, "-"); 

            prosesTimbang(); 

          } 

        } else { 

          lcd.setCursor(0,1); lcd.print("Uang tidak valid"); 

          lcd.setCursor(0,2); lcd.print("Silakan ulangi"); 

          delay(2000); 

        } 

        lastDeteksi = millis(); 

      } 

      lastR=r; lastG=g; lastB=b; 

    } 

  } 

  char key = bacaKeypad(); 

  if(key){ 

    delay(200); 

    switch(key){ 

      case 'A': 

        menuState=1; 

        lcd.clear(); lcd.print("Non Tunai - Pilih"); 

        lcd.setCursor(0,1); lcd.print("1:1kg ... 5:5kg"); 

        break; 

      case 'B': 

        menuState=2; 

        lcd.clear(); lcd.print("Tunai - Pilih Kg"); 

        lcd.setCursor(0,1); lcd.print("1:1kg ... 5:5kg"); 

        break; 

      case 'C': 

        menuState=3; rfidDetected=false; 

        lcd.clear(); lcd.print("Cek Saldo"); lcd.setCursor(0,1); lcd.print("Tempelkan 

Kartu"); 

        break;

 

      case 'D': 

        menuState=4; rfidDetected=false; inputNominal=""; 

        lcd.clear(); lcd.print("Isi Saldo"); lcd.setCursor(0,1); lcd.print("Tempelkan 
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Kartu"); 

        break; 

      case '*': 

        if(menuState==2 && kgTerpilih){ 

          lcd.clear();lcd.print("Masukkan uang..."); 

          totalUangTunai=0; 

          lastDeteksi=0; 

          menuState=7; 

        } 

        else if(menuState==4 && rfidDetected && inputNominal!=""){ 

          int nom = inputNominal.toInt(); 

          int saldo = ambilSaldoEEPROM(rfidUID); 

          simpanSaldoEEPROM(rfidUID, saldo + nom); 

          lcd.clear(); lcd.setCursor(0,0); lcd.print("Topup Berhasil"); 

          lcd.setCursor(0,1); lcd.printf("Saldo: %s", formatRupiah(saldo + 

nom).c_str()); 

          delay(3000); tampilkanMenuAwal(); 

        } 

        break; 

      case '#': 

        tampilkanMenuAwal(); 

        break; 

      default: 

        if(menuState==1||menuState==2){ 

          if(key>='1'&&key<='5'){ 

            kgTerpilih=key-'0'; 

            lcd.clear(); lcd.printf("Dipilih: %d kg", kgTerpilih); 

            if(menuState==1){ 

              lcd.setCursor(0,1); lcd.print("Tempelkan Kartu"); 

              menuState=5; rfidDetected=false; 

            } 

          } 

        } else if(menuState==4 && rfidDetected && key >= '0' && key <= '9'){ 

          if(inputNominal.length() < 7){ 

            inputNominal += key; 

            lcd.setCursor(0,1); 

            lcd.print("                    "); 

            lcd.setCursor(0,1); 

            lcd.printf("Isi: Rp%s     ", inputNominal.c_str()); 

          } 

        } 

        break;

    } 

  } 

} 
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Lampiran 2 Dokumentasi Pembuatan Kerangka Alat 
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Lampiran 3 Foto keseluruhan alat 
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Lampiran 4 form pembimbing 1 
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Lampiran 5 form pembimbing 2 
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Lampiran 6 penilaian bimbingan 
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Lampiran 7 datasheet komponen 

1.) Datasheet ESP32 
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2.) Datasheet Sensor Warna TCS3200 
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3.) Datasheet RFID MFRC522 
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4.) Datasheet Motor Servo MG996R 
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5.) Datasheet Motor Servo SG90 
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6.) Datasheet Load Cell HX711 
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7.) Datasheet Step Down LM2596 
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Lampiran 8 kesediaan pembimbing 1
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Lampiran 9 kesediaan pembimbing 2
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Lampiran 10 form revisi tugas akhir ketua penguji
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Lampiran 11 form revisi tugas akhir penguji 1
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Lampiran 12 form revisi tugas akhir penguji 2 


