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BAB V 

SIMPULAN DAN SARAN 

A. Simpulan  

Berdasarkan penelitian yang telah dilakukan, diperoleh kesimpulan sebagai 

berikut: 

1. Prototype sistem otomatisasi konversi biaya tambahan untuk bagasi 

overload pada baggage weighing scale berhasil untuk mendeteksi 

bagasi overload, menghitung biaya tambahan sesuai dengan tarif yang 

telah ditentukan, serta mencetak struk pembayaran secara akurat dan 

real-time 

2. Sistem dapat melakukan konversi biaya tambahan untuk bagasi 

overload secara otomatis dalam waktu ≤ 1 menit, sehingga 

mempercepat proses check-in terutama bagi penumpang yang 

membawa bagasi berlebih. 

3. Sistem penimbangan bekerja secara baik dengan persentase akurasi 

99,50%, dan rata-rata persentase kegagalan sebesar 0,498%. 

B. Saran 

Dalam langkah mengoptimalkan sistem otomatisasi konversi biaya 

tambahan untuk bagasi overload pada baggage weighing scale, penulis 

memiliki beberapa saran pengembangan untuk menyempurnakan 

pengembangan alat pada penelitian selanjutnya, yaitu: 

1. Mengembangkan sistem otomatisasi konversi biaya tambahan untuk bagasi 

overload pada baggage weighing scale agar dapat diimplementasikan lebih 

lanjut pada lingkungan operasional bandara untuk mendukung pelayanan 

yang akurat dan real-time. 

2. Mengintegrasikan sistem dengan teknologi IoT dalam menyimpan data hasil 

penimbangan dan biaya tambahan yang dikenakan. 

3. Penambahan fitur kalibrasi manual untuk mendapatkan hasil timbangan 

secara akurat tanpa perlu memodifikasi pemrograman. 
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LAMPIRAN 

Lampiran A. Dokumentasi Pembuatan Prototype 
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Lampiran B. Excess Baggage Charge Maskapai Garuda Indonesia 2025 

 

Lampiran C. Excess Baggage Charge Maskapai Air Asia 
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Lampiran D. Excess Baggage Charge Maskapai Lion Air Grup 2025 

 

Lampiran E. Excess Baggage Charge Maskapai Citilink 

 

  



77 

Lampiran F. Wawancara  

Narasumber 1: Bapak Vica Januar Rooroh, S. Si. T (Teknisi EME) 

 
Narasumber 2: Bang Ahmad Junaedi (Teknisi APS Unit Mekanikal) 

 
 

Lampiran G. Layout Check in Counter Lantai Dasar 
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Lampiran H. Validasi Ahli Materi: Bapak Vica Januar Rooroh, S. Si. T  

  

Lampiran I. Validasi Ahli Teknis: Bapak Daniel Budi Wijayanto, S. T. 

  

Lampiran J. SOP Baggage Weighing Scale Radin Inten II Lampung 
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Lampiran K. Dokumentasi Kegiatan Observasi 
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Lampiran L. Dokumentasi Uji Coba 
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Lampiran M. Lembar Validasi Ahli Materi 

  

Lampiran N. Lembar Validasi Ahli Teknis 
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Lampiran O. Hasil Cek Plagiasi 

 

Lampiran P. Lembar Bimbingan  

  



83 

 
 

Lampiran Q. Kegiatan Bimbingan  
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Lampiran R. Pemrograman Arduino IDE  

#include "Adafruit_Thermal.h" 

#include "SoftwareSerial.h" 

#include <HX711_ADC.h> // <-- PUSTAKA DIGANTI 

#include <Servo.h> 

#include <LiquidCrystal_I2C.h> 

#include "RTClib.h" 

#include <Keypad.h> 

#include <EEPROM.h> 

 

// Inisialisasi RTC dan LCD 

RTC_DS3231 rtc; 

LiquidCrystal_I2C lcd(0x27, 16, 2); 

 

// HX711 - Perubahan untuk pustaka HX711_ADC 

#define DOUT  13 

#define CLK   12 

HX711_ADC scale(DOUT, CLK); // <-- CARA INISIALISASI BARU 

float calibration_factor = -100.01; // !! CATATAN: Nilai ini kemungkinan besar perlu 

dikalibrasi ulang! 

float units; 

 

// Servo 

Servo servoKu; 

 

// Thermal Printer 

#define TX_PIN 3 

#define RX_PIN 2 

SoftwareSerial mySerial(RX_PIN, TX_PIN); 

Adafruit_Thermal printer(&mySerial); 

 

// RTC 

char daysOfTheWeek[7][12] = {"Minggu", "Senin", "Selasa", "Rabu", "Kamis", 

"Jum'at", "Sabtu"}; 

int jam, menit, detik; 

int tanggal, bulan, tahun; 

String hari; 

 

// Keypad 

const byte ROWS = 4; 

const byte COLS = 4; 

char keys[ROWS][COLS] = { 

  {'1','2','3','A'}, 

  {'4','5','6','B'}, 

  {'7','8','9','C'}, 

  {'*','0','#','D'} 

}; 

byte rowPins[ROWS] = {4, 5, 6, 7}; 

byte colPins[COLS] = {8, 9, 10, 11}; 

Keypad keypad = Keypad(makeKeymap(keys), rowPins, colPins, ROWS, COLS); 

 

// Pin untuk Proximity dan Motor L298N 
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#define PROXIMITY_PIN A1 

#define MOTOR_IN1     22 

#define MOTOR_IN2     23 

 

// Harga 

long hargaPerGramSetting = 8000L; 

String inputHarga = ""; 

bool settingHarga = false; 

 

// Definisi konstanta 

const long DEFAULT_HARGA_PER_GRAM = 8000L; 

const long MIN_HARGA_PER_GRAM = 1L; 

const long MAX_HARGA_PER_GRAM = 99999L; 

const byte MAX_DIGIT_HARGA = 5; 

const int FREE_ALLOWANCE_GRAMS = 20; 

const float MIN_WEIGHT_TO_PRINT_G = 20.0; 

 

// Variabel deteksi berat stabil 

unsigned long weightStableStartTime = 0; 

float lastStableWeight = 0.0; 

const unsigned long STABILITY_DURATION = 3000; 

const float WEIGHT_TOLERANCE = 1.5; 

 

// Variabel untuk Tampilan LCD Bergantian 

unsigned long lastLcdToggleTime = 0; 

const unsigned long LCD_TOGGLE_INTERVAL = 2500; 

bool showTotalWeightView = true; 

 

// EEPROM 

const int EEPROM_ADDR_HARGA_PER_GRAM = 0; 

 

void saveHargaKeEEPROM(long harga) { 

  EEPROM.put(EEPROM_ADDR_HARGA_PER_GRAM, harga); 

} 

 

long bacaHargaDariEEPROM() { 

  long harga = 0L; 

  EEPROM.get(EEPROM_ADDR_HARGA_PER_GRAM, harga); 

  if (harga < MIN_HARGA_PER_GRAM || harga > MAX_HARGA_PER_GRAM) { 

    harga = DEFAULT_HARGA_PER_GRAM; 

    saveHargaKeEEPROM(harga); 

  } 

  return harga; 

} 

 

void logEvent(String eventMessage) { 

  DateTime now = rtc.now(); 

  char timestamp[25]; 

  sprintf(timestamp, "[%04d-%02d-%02d %02d:%02d:%02d] ", 

          now.year(), now.month(), now.day(), 

          now.hour(), now.minute(), now.second()); 

  Serial.print(timestamp); 

  Serial.println(eventMessage); 
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} 

 

void setup() { 

  Serial.begin(9600); 

  Serial.println("System starting..."); 

 

  // Inisialisasi Proximity & Motor Driver 

  pinMode(PROXIMITY_PIN, INPUT); 

  pinMode(MOTOR_IN1, OUTPUT); 

  pinMode(MOTOR_IN2, OUTPUT); 

  digitalWrite(MOTOR_IN1, LOW);  

  digitalWrite(MOTOR_IN2, LOW); 

  Serial.println("Proximity sensor and motor driver pins initialized."); 

 

  mySerial.begin(9600); 

  printer.begin(); 

  Serial.println("Thermal printer initialized."); 

 

  servoKu.attach(A0); 

  servoKu.write(0); 

  Serial.println("Servo attached."); 

 

  // Inisialisasi HX711_ADC 

  scale.begin(); 

  unsigned long stabilizingtime = 2000; // waktu stabilisasi 2 detik 

  boolean doTare = true; // lakukan tare setelah stabilisasi 

  scale.start(stabilizingtime, doTare); 

  if (scale.getTareTimeoutFlag()) { 

    Serial.println("Timeout, periksa kabel HX711."); 

    logEvent("FATAL: HX711 Tare Timeout!"); 

  } else { 

    scale.setCalFactor(calibration_factor); // <-- FUNGSI BARU 

    Serial.println("HX711 scale initialized."); 

  } 

 

  lcd.init(); 

  lcd.backlight(); 

  Serial.println("LCD initialized."); 

 

  if (!rtc.begin()) { 

    Serial.println("FATAL: RTC not found!"); 

    lcd.clear(); 

    lcd.print("RTC Error!"); 

    while (1) delay(10); 

  } else { 

    logEvent("RTC found and initialized."); 

  } 

 

  // rtc.adjust(DateTime(F(__DATE__), F(__TIME__)));  

 

  hargaPerGramSetting = bacaHargaDariEEPROM(); 

  logEvent("Harga/g loaded from EEPROM: Rp " + String(hargaPerGramSetting)); 
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  lcd.setCursor(0,0); 

  lcd.print("Sistem Bagasi"); 

  lcd.setCursor(0,1); 

  lcd.print("Siap Digunakan"); 

  logEvent("System setup complete."); 

  delay(2000); 

} 

 

void loop() { 

  // Cek update data dari HX711 (HARUS DIPANGGIL SECARA BERKALA) 

  if (scale.update()) { 

      units = scale.getData(); // <-- CARA MEMBACA DATA BARU 

      if (units < 0.5) { 

          units = 0.00; 

      } 

  } 

 

  char key = keypad.getKey(); 

 

  if (key) { 

    logEvent("Keypad pressed: " + String(key)); 

  } 

 

  // --- MODE SETTING HARGA --- 

  if (settingHarga) { 

    static bool promptTampilLama = false; 

 

    if (!promptTampilLama) { 

      lcd.clear(); 

      lcd.setCursor(0, 0); 

      lcd.print("Set Harga /g:"); 

      lcd.setCursor(0, 1); 

      lcd.print("Rp "); 

      lcd.print(inputHarga); 

      promptTampilLama = true; 

    } 

 

    if (key) { 

      if (key == '#') {   

        if (inputHarga.length() > 0) { 

          long hargaBaru = inputHarga.toInt(); 

          if (hargaBaru >= MIN_HARGA_PER_GRAM && hargaBaru <= 

MAX_HARGA_PER_GRAM) { 

            hargaPerGramSetting = hargaBaru; 

            saveHargaKeEEPROM(hargaPerGramSetting); 

            lcd.clear(); 

            lcd.setCursor(0, 0); 

            lcd.print("Harga /g Diset:"); 

            lcd.setCursor(0, 1); 

            lcd.print("Rp "); 

            lcd.print(hargaPerGramSetting); 

            delay(2000); 

            inputHarga = ""; 
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            settingHarga = false; 

            promptTampilLama = false; 

            lcd.clear(); 

          } else { 

            lcd.clear(); 

            lcd.setCursor(0, 0); 

            lcd.print("Input Tdk Valid"); 

            lcd.setCursor(0, 1); 

            lcd.print("Rp "); 

            lcd.print(inputHarga); 

            delay(2000); 

            promptTampilLama = false; 

          } 

        } else { 

          lcd.clear(); 

          lcd.setCursor(0, 0); 

          lcd.print("Input Kosong!"); 

          delay(1500); 

          promptTampilLama = false; 

        } 

      } else if (key == '*') { 

        settingHarga = false; 

        inputHarga = ""; 

        promptTampilLama = false; 

        lcd.clear(); 

        lcd.setCursor(0, 0); 

        lcd.print("Setting Dibatalkan"); 

        delay(1500); 

        lcd.clear(); 

      } else if (isDigit(key)) { 

        if (inputHarga.length() < MAX_DIGIT_HARGA) {   

          inputHarga += key; 

          lcd.setCursor(3, 1); 

          lcd.print(inputHarga); 

          for (int i = inputHarga.length(); i < MAX_DIGIT_HARGA; i++) { 

            lcd.print(" "); 

          } 

        } 

      } else if (key == 'C' && inputHarga.length() > 0) { 

        inputHarga.remove(inputHarga.length() - 1); 

        lcd.setCursor(0, 1); 

        lcd.print("Rp "); 

        lcd.print(inputHarga); 

        for (int i = inputHarga.length(); i < MAX_DIGIT_HARGA; i++) { 

           lcd.print(" "); 

        } 

        lcd.setCursor(3 + inputHarga.length(), 1); 

      } 

    } 

    return; 

  } 

 

  if (key == '*') { 
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    settingHarga = true; 

    inputHarga = ""; 

    logEvent("Entering price setting mode (Harga/g) via '*' key."); 

    return; 

  } 

 

  // --- MODE OPERASIONAL NORMAL --- 

  DateTime nowRTOS = rtc.now(); 

  jam = nowRTOS.hour(); 

  menit = nowRTOS.minute(); 

  detik = nowRTOS.second(); 

  tanggal = nowRTOS.day(); 

  bulan = nowRTOS.month(); 

  tahun = nowRTOS.year(); 

  hari = daysOfTheWeek[nowRTOS.dayOfTheWeek()]; 

   

  // Tampilan Baris 1: Waktu 

  lcd.clear(); 

  lcd.setCursor(0, 0); 

  lcd.print(hari); lcd.print(" "); lcd.print(tanggal); lcd.print("/"); lcd.print(bulan); 

  lcd.setCursor(10,0); 

  char timeBuffer[6]; sprintf(timeBuffer, "%02d:%02d", jam, menit); 

lcd.print(timeBuffer); 

   

  float beratOverloadGram = units - FREE_ALLOWANCE_GRAMS; 

  if (beratOverloadGram < 0) beratOverloadGram = 0; 

  int beratOverloadBulatGram = (int)(beratOverloadGram + 0.5); 

  long totalBiaya = (long)beratOverloadBulatGram * hargaPerGramSetting; 

 

  // Tampilan LCD Baris 2 yang sudah diperbaiki 

  lcd.setCursor(0, 1); 

  if (beratOverloadBulatGram > 0) { 

    if (millis() - lastLcdToggleTime > LCD_TOGGLE_INTERVAL) { 

      showTotalWeightView = !showTotalWeightView; 

      lastLcdToggleTime = millis(); 

    } 

 

    if (showTotalWeightView) { 

      lcd.print("Total: "); 

      char totalWeightStr[6]; 

      sprintf(totalWeightStr, "%d", (int)(units + 0.5)); 

      lcd.print(totalWeightStr); 

      lcd.print("g"); 

    } else { 

      lcd.print("Overload: "); 

      char overloadStr[6]; 

      sprintf(overloadStr, "%d", beratOverloadBulatGram); 

      lcd.print(overloadStr); 

      lcd.print("g"); 

    } 

  } else { 

    lcd.print("Berat: ");   

    char weightBuffer[7]; 
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    sprintf(weightBuffer, "%d", (int)(units + 0.5)); 

    lcd.print(weightBuffer);   

    lcd.print("g"); 

  } 

 

  // --- LOGIKA UTAMA: TIMBANG, BUKA SERVO, TUNGGU PROXIMITY, 

LALU CETAK & JALANKAN MOTOR --- 

  if (units > MIN_WEIGHT_TO_PRINT_G) { 

    if (abs(units - lastStableWeight) > WEIGHT_TOLERANCE) { 

      weightStableStartTime = millis(); 

      lastStableWeight = units; 

      logEvent("Weight changed to " + String(units, 2) + "g. Stability timer reset."); 

    } 

 

    if (weightStableStartTime > 0 && millis() - weightStableStartTime >= 

STABILITY_DURATION) { 

      logEvent("Weight stable at " + String(units, 2) + "g. Opening servo."); 

       

      // 1. Buka Servo 

      servoKu.write(180); 

       

      // 2. Tampilkan pesan & tunggu Proximity 

      lcd.clear(); 

      lcd.setCursor(0,0); 

      lcd.print("Silakan Ambil"); 

      lcd.setCursor(0,1); 

      lcd.print("Bagasi Anda..."); 

      logEvent("Servo open. Waiting for proximity detection..."); 

 

      while (digitalRead(PROXIMITY_PIN) == HIGH) { 

        delay(50); 

      } 

       

      // 3. Objek terdeteksi, jalankan motor dan cetak struk 

      logEvent("Proximity detected! Running motor and printing receipt."); 

       

      digitalWrite(MOTOR_IN1, HIGH); 

      digitalWrite(MOTOR_IN2, LOW); 

       

      lcd.clear(); 

      lcd.setCursor(0, 0); 

      lcd.print("Beban Overload"); 

      lcd.setCursor(0, 1); 

      lcd.print("Mencetak Nota...."); 

       

      // Proses mencetak 

      printer.wake(); 

      printer.setDefault(); printer.setSize('M'); printer.justify('C'); 

      printer.println("Wayang Air"); printer.feed(1); 

      printer.setSize('S'); printer.justify('L'); 

      printer.print("RUTE        : "); printer.println("TKG-CGK"); 

      printer.print("TGL & WAKTU : "); 
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printer.print(tanggal);printer.print("/");printer.print(bulan);printer.print("/");printer.print

(tahun); 

      printer.print(" "); char dateTimeStr[20]; sprintf(dateTimeStr, "%02d:%02d:%02d", 

jam, menit, detik); printer.println(dateTimeStr); 

      printer.feed(1); 

      printer.println("--------------------------------"); 

      printer.print("TOTAL BAGASI: "); printer.print((int)(units + 0.5)); printer.println(" 

g"); 

      printer.print("BAGASI MAX  : "); printer.print(FREE_ALLOWANCE_GRAMS); 

printer.println(" g"); 

      printer.print("OVERLOAD    : "); printer.print(beratOverloadBulatGram); 

printer.println(" g"); 

      printer.println("--------------------------------"); 

      printer.print("HARGA/g     : Rp "); 

      printer.println(hargaPerGramSetting); 

      printer.setSize('M'); printer.boldOn(); 

      printer.print("TOTAL BAYAR : Rp "); printer.println(totalBiaya); 

      printer.boldOff(); printer.feed(1); 

      printer.setSize('S'); printer.justify('C'); 

      printer.println("**** TERIMA KASIH ****"); printer.println("Semoga Selamat 

Sampai Tujuan"); 

      printer.feed(3); printer.sleep(); 

      logEvent("Receipt printing complete."); 

 

      delay(5000);  

       

      // 4. Hentikan semua dan reset 

      digitalWrite(MOTOR_IN1, LOW); 

      digitalWrite(MOTOR_IN2, LOW); 

      logEvent("Motor stopped."); 

       

      servoKu.write(0); 

      logEvent("Servo closed."); 

       

      lcd.clear();   

      lcd.setCursor(0,0);   

      lcd.print("Sistem Bagasi");   

      lcd.setCursor(0,1);   

      lcd.print("Siap Digunakan"); 

      delay(1000); 

       

      weightStableStartTime = 0;   

      lastStableWeight = 0; 

    } 

  } else { 

    weightStableStartTime = 0; 

    lastStableWeight = 0; 

  } 

   

  delay(250); 

} 
 


