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LAMPIRAN 

Lampiran 1 Program Rancang Bangun Alat di Arduino Ide 

#include <Arduino.h> 

#include "DHT.h" 

#include <LiquidCrystal_I2C.h> 

#include <FastLED.h> 

#include "HardwareSerial.h" 

//==========DEFINE 

//LCD 

#define LCD_ADDRESS 0x27 

#define LCD_COLUMNS 16 

#define LCD_ROWS 2 

//PMS5003 

#define PMS5003_RX  17 

#define PMS5003_TX  16 

//DHT22 

#define DHT_PIN 4 

#define DHTTYPE DHT22 

//MQ135 

#define MQ135_PIN 32 

//LED 

#define NUM_LEDS 1 

#define DATA_PIN 25 

CRGB leds[NUM_LEDS]; 

//BUZZER 

#define BUZZER_PIN 19 

 

 

 

//==========GLOBAL VARIABEL 

//SENSOR DATA 
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double Temperature, Humidity; 

uint16_t PM25; 

float CO₂_PPM; 

 

//PMS5003 

struct pms5003data { 

  uint16_t framelen; 

  uint16_t pm10_standard, pm25_standard, pm100_standard; 

  uint16_t pm10_env, pm25_env, pm100_env; 

  uint16_t particles_03um, particles_05um, particles_10um, particles_25um, 

particles_50um, particles_100um; 

  uint16_t unused; 

  uint16_t checksum; 

}; 

#define PM25_BAIK   55 

#define PM25_RINGAN 150 

#define PM25_BAHAYA 250 

int calibrationValue = 0; 

//MQ135 

const float a = 110.7432567;          

const float b = -2.856935538; 

const double ppmCalibration = 415.0; 

float RO = 503994.0; 

const float RLOAD = 10000.0; 

float minPPM = 0; 

float maxPPM = 0; 

bool WarmUp = 0; 

unsigned long warmUpMillis = 0; 

const unsigned long intervalWarmUp = 1000UL*60UL*5; 

#define PPM_BAIK 700 

#define PPM_RINGAN 1000 
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#define PPM_BAHAYA 1500 

//MENU 

enum menuDisplay{ 

  MENU_PM25, 

  MENU_CO₂PPM, 

  MENU_DHT, 

  TOTAL_DISPLAY 

}; 

int8_t display = 0; 

char buff[17], buff1[17]; 

unsigned long lcdMillis = 0; 

const unsigned long intervallcd = 1000UL*3; 

//MQ135 CALIB 

const uint8_t AVG_SIZE = 10; 

 

float avgBuffer[AVG_SIZE]; 

uint8_t avgIndex = 0; 

uint8_t avgCount = 0; 

float avgSum = 0; 

//POLLING 

unsigned long previousMillis = 0; 

const unsigned long interval = 1000UL; // 1000 ms = 1 detik 

//==========CLASS DECLARATION 

pms5003data PMS25; 

HardwareSerial pm25Serial(2);  

LiquidCrystal_I2C lcd(0x27,16,2); 

DHT dht(DHT_PIN, DHTTYPE); 

 

//==========FUNCTION 

//LCD 

void lcdBegin(); 
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void displayCentered(); 

//FASTLED 

void FastLEDBegin(); 

void updateLEDStatus(); 

//BUZZER 

void buzzerBegin(); 

void updateBuzzer(); 

//PMS5003 

void PMBegin(); 

bool PMStreamData(Stream *s); 

void PMGetData(); 

int warnScalePM(float PM25); 

//DHT 

void DHTBegin(); 

void DHTReadData(); 

//MQ135 

void MQ135Begin(); 

float findRO(); 

void AverageValuePush(float value); 

float AverageValue(); 

void findMaxMinPPM(); 

float getPPM(); 

int warnScaleMQ(float PPM); 

 

//==========MAIN FUNCTION 

void displayData(int displayMenu); 

 

 

void setup(){ 

  Serial.begin(115200); 

  lcdBegin(); 
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  FastLEDBegin(); 

  buzzerBegin(); 

  PMBegin(); 

  DHTBegin(); 

  MQ135Begin(); 

  findMaxMinPPM(); 

  display = 0; 

  WarmUp = true; 

} 

 

void loop(){ 

  unsigned long currentMillis = millis(); 

  if (currentMillis - warmUpMillis >= intervalWarmUp)WarmUp = false; 

  if (currentMillis - previousMillis >= interval){ 

    previousMillis = currentMillis; 

    DHTReadData(); 

    PMGetData(); 

    CO₂_PPM = getPPM(); 

    updateLEDStatus(); 

    updateBuzzer(); 

  } 

  if (currentMillis - lcdMillis >= intervallcd){ 

    lcdMillis = currentMillis; 

    display++; 

    if(display > TOTAL_DISPLAY - 1) display = 0; 

    lcd.clear(); 

  } 

  displayData(display); 

 

} 
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//==========FUNCTION 

//LCD 

void lcdBegin(){ 

  lcd.init(); 

  lcd.backlight(); 

} 

void displayCentered(String text, int row){ 

  int len = text.length(); 

  int spaces = (LCD_COLUMNS - len) / 2; 

  String padding = ""; 

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

    padding += " "; 

  } 

  lcd.setCursor(0, row); 

  lcd.print(padding + text); 

} 

//FASTLED 

void FastLEDBegin(){ 

  FastLED.addLeds<WS2812, DATA_PIN, GRB>(leds, NUM_LEDS); 

  FastLED.setBrightness(80); 

  leds[0] = CRGB::Black; 

  FastLED.show(); 

} 

void updateLEDStatus(){ 

  int pmStatus = warnScalePM(PM25); 

  int ppmStatus = WarmUp ? 1 : warnScaleMQ(CO₂_PPM); 

 

  int status = max(pmStatus, ppmStatus); 

 

  switch(status){ 

    case 1: // Baik 
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        leds[0] = CRGB::Green; 

        break; 

    case 2: // Ringan 

        leds[0] = CRGB::Yellow; 

        break; 

    case 3: // Sedang 

        leds[0] = CRGB::Orange; 

        break; 

    case 4: // Bahaya 

        leds[0] = CRGB::Red; 

        break; 

    default: 

        leds[0] = CRGB::Blue;   // Error 

        break; 

  } 

 

  FastLED.show(); 

} 

//BUZZER 

void buzzerBegin(){ 

  pinMode(BUZZER_PIN, OUTPUT); 

  digitalWrite(BUZZER_PIN, HIGH); 

} 

void updateBuzzer(){ 

  int pmStatus  = warnScalePM(PM25); 

  int ppmStatus = WarmUp ? 1 : warnScaleMQ(CO₂_PPM); 

  if(pmStatus == 4 || ppmStatus == 4) digitalWrite(BUZZER_PIN, LOW); 

  else digitalWrite(BUZZER_PIN, HIGH); 

} 

//PMS5003 

void PMBegin(){ 
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  Serial.println("===================================="); 

  Serial.println("    INITIALIZATION PM2.5 SENSOR     "); 

  Serial.println("===================================="); 

  pm25Serial.begin(9600, SERIAL_8N1, PMS5003_TX, PMS5003_RX); 

} 

bool PMStreamData(Stream *s){ 

  if (! s->available()) { 

    return false; 

  } 

   

  if (s->peek() != 0x42) { 

    s->read(); 

    return false; 

  } 

  

  if (s->available() < 32) { 

    return false; 

  } 

     

  uint8_t buffer[32];     

  uint16_t sum = 0; 

  s->readBytes(buffer, 32); 

  

  for (uint8_t i=0; i<30; i++) { 

    sum += buffer[i]; 

  } 

  

  uint16_t buffer_u16[15]; 

  for (uint8_t i=0; i<15; i++) { 

    buffer_u16[i] = buffer[2 + i*2 + 1]; 

    buffer_u16[i] += (buffer[2 + i*2] << 8); 
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  } 

  

  memcpy((void *)&PMS25, (void *)buffer_u16, 30); 

  

  if (sum != PMS25.checksum) { 

    Serial.println("Checksum failure"); 

    return false; 

  } 

 

  return true; 

} 

void PMGetData(){ 

  Serial.println("===================================="); 

  Serial.println("             PM2.5 SENSOR           "); 

  Serial.println("===================================="); 

  if (PMStreamData(&pm25Serial)) { 

      Serial.print("PM 2.5: "); Serial.println(PMS25.pm25_env); 

      PM25 = PMS25.pm25_env - calibrationValue; 

  } 

} 

int warnScalePM(float PM25){ 

  if(PM25 < PM25_BAIK) return 1; 

  else if(PM25 < PM25_RINGAN) return 2; 

  else if(PM25 < PM25_BAHAYA) return 3; 

  else return 4; 

} 

//DHT 

void DHTBegin(){ 

  Serial.println("===================================="); 

  Serial.println("    INITIALIZATION DHT22 SENSOR     "); 

  Serial.println("===================================="); 
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  dht.begin(); 

} 

void DHTReadData(){ 

  Serial.println("===================================="); 

  Serial.println("              DHT22 SENSOR          "); 

  Serial.println("===================================="); 

  Temperature = dht.readTemperature(); 

  Humidity = dht.readHumidity(); 

  Serial.print("TEMPERATURE : "), Serial.println(Temperature, 2); 

  Serial.print("HUMIDITY : "), Serial.println(Humidity, 2); 

} 

//MQ135 

void MQ135Begin(){ 

  pinMode(MQ135_PIN, INPUT); 

  analogSetPinAttenuation(MQ135_PIN, ADC_11db); 

} 

float findRO(){ 

  float adcRaw = analogRead(MQ135_PIN); 

  float RsValue = ((4095.0 * RLOAD)/adcRaw) - RLOAD; 

  float newRO = RsValue * exp(log(a/ppmCalibration)/b); 

  AverageValuePush(newRO); 

  float ROAVG = AverageValue(); 

  return ROAVG; 

} 

void AverageValuePush(float value){ 

    if (avgCount < AVG_SIZE) 

    { 

        avgBuffer[avgIndex] = value; 

        avgSum += value; 

        avgCount++; 

    } 
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    else 

    { 

        avgSum -= avgBuffer[avgIndex]; 

        avgBuffer[avgIndex] = value; 

        avgSum += value; 

    } 

 

    avgIndex = (avgIndex + 1) % AVG_SIZE; 

} 

float AverageValue(){ 

  if (avgCount == 0) return 0.0; 

  return avgSum / avgCount; 

} 

void findMaxMinPPM(){ 

  minPPM = pow((1000/a),(1/b)); 

  maxPPM = pow((10/a),(1/b)); 

} 

float getPPM(){ 

  float adcRaw = analogRead(MQ135_PIN); 

  float RsValue = ((4095.0 * RLOAD)/adcRaw) - RLOAD; 

  float rSrO = RsValue/RO; 

  if(rSrO < maxPPM && rSrO > minPPM){ 

    float ppmValue = a * pow((float)RsValue/(float)RO, b); 

    AverageValuePush(ppmValue); 

    float ppmValue_avg = AverageValue(); 

    return ppmValue_avg; 

  }else return -1.0; 

} 

int warnScaleMQ(float PPM){ 

  if(PPM < PPM_BAIK) return 1; 

  else if(PPM < PPM_RINGAN) return 2; 
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  else if(PPM < PPM_BAHAYA) return 3; 

  else return 4; 

} 

 

//==========MAIN FUNCTION 

void displayData(int displayMenu){ 

  int warnPM = 0; 

  int warnPPM = 0; 

  switch (displayMenu){ 

  case MENU_PM25: 

    warnPM = warnScalePM(PM25); 

    sprintf(buff,"PM25 : %01d", PM25); 

    lcd.setCursor(0,0); lcd.print(buff); 

    lcd.setCursor(0,1); 

    if (warnPM == 1) lcd.print("BAIK"); 

    else if (warnPM == 2) lcd.print("RINGAN"); 

    else if (warnPM == 3) lcd.print("SEDANG"); 

    else if (warnPM == 4) lcd.print("BAHAYA"); 

    break; 

  case MENU_CO₂PPM: 

    if(WarmUp) displayCentered("WARMUP MQ135", 0); 

    else{ 

      warnPPM = warnScaleMQ(CO₂_PPM); 

      sprintf(buff,"PPM : %0.1f", CO₂_PPM); 

      lcd.setCursor(0,0); lcd.print(buff); 

      lcd.setCursor(0,1); 

      if (warnPPM == 1) lcd.print("BAIK"); 

      else if (warnPPM == 2) lcd.print("BURUK"); 

      else if (warnPPM == 3) lcd.print("SEDANG"); 

      else if (warnPPM == 4) lcd.print("BAHAYA"); 
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    } 

    break; 

  case MENU_DHT: 

    sprintf(buff,"TEMP : %0.1f", Temperature); 

    sprintf(buff1,"HUM : %0.1f", Humidity); 

    lcd.setCursor(0,0); lcd.print(buff); 

    lcd.setCursor(0,1); lcd.print(buff1); 

    break; 

  } 

} 

Lampiran 2 Datasheet MQ-135 
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Lampiran 3 Datasheet PMS5003 
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Lampiran 4 Datasheet DHT22 

 

Lampiran 5 Proses Pembuatan 
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Lampiran 6  Data 1 (Ruangan Tertutup Tanpa Orang) 

PMS5003 ((µg/m³) MQ-135 (ppm) 

  



 122 
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Lampiran 7 Data 2 (Ruangan Tertutup Dengan 3 Orang Merokok) 

PMS5003 ((µg/m³) MQ-135 (ppm) 
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Lampiran 8 Data 3 (Tepi Jalan Raya dengan Lalu Lintas Padat) 

PMS5003 ((PM2.5) MQ-135 (ppm) 
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Lampiran 9 Data 4 (Jogging Track Undip) 

PMS5003 ((µg/m³) MQ-135 (ppm) 
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Lampiran 10 Dokumentasi Pengambilan Data 

Data 1 Data 2 

  

Data 3 Data 4 

  

 

 


