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ABSTRAK

RANCANG BANGUN KONTROL DAN MONITORING KUALITAS
UDARA DI LABORATORIUM MACHINARY SEBAGAI PENUNJANG
PRAKTEK TARUNA BERBASIS IOT DENGAN
METODE FUZZY LOGIC

Oleh :
Yoga Yanuar Nugroho
NIT. 30121047

Pada saat kualitas udara buruk di sebuah Laboratorium Machinary dapat
disebabkan oleh beberapa faktor, diantaranya adalah saat praktek pengelasan,
praktek bubut atau frais, praktek AC dan prakterk lainnya yang berdampak pada
kualitas udara serta kelalaian manusia (human error) dalam menggunakan
peralatan elektronik yang berbahaya. Dalam upaya untuk meminimalisir kejadian
tersebut maka dalam Proyek Akhir ini berfokus pada pembuatan protoipe
monitoring dan kontrol kualitas udara dengan menggunakan empat sensor yang
berfungsi sebagai pendeteksi gas amonia, karbondioksida (CO), debu atau partikel
— partikel halus, suhu dan kelembapan pada ruangan serta juga pendeteksi adanya
kadar gas ataupun gumpalan asap pada ruangan.

Sistem pada prototipe ini menggunakan empat sensor yaitu sensor gas
amonia yaitu MQ135 , sensor gas CO yaitu MQ7, sensor debu yaitu Dust dan
sensor DHT 11 yaitu suhu berguna untuk memonitoring suhu dan keembapan
ruangan jika terdapat kenaikan. Keempat sensor tersebut berguna untuk
memonitoring adanya kadar gas yang meningkat pada suatu ruangan. Sistem ini
menggunakan ESP32 sebagai mikrokontroler sehingga data dari kedua sensor
tersebut diolah dan dikirim melalui kabel data dan divisualisasikan melalui
aplikasi Matlab. Data yang dikirim dan di tampilkan pada aplikasi Ubidots berupa
grafik dan LCD Nextion secara realtime. Ketika grafik yang muncul menunjukan
adanya kenaikan suhu dan kadar gas melebihi batas yang telah ditentukan, maka
pada prototipe ini seperti blower atau fan bekerja secara otomatis.

Hasil dari sistem monitoring dan kontrol ini diharapkan dapat
meminimalisir terjadinya kualitas udara yang buruk dan juga meminimalisir
kerugian kesehatan bagi taruna. Dengan aplikasi Ubidots maka data yang muncul
pada aplikasi berupa data realtime sehingga informasi kualitas udara dapat
diketahui secara cepat dan penanganan akan lebih mudah diatasi.

Kata kunci : ESP32, Matlab, MQ135 , MQ7, Dust, DHT 11
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ABSTRACT

DESIGN AND DEVELOPMENT OF AIR QUALITY CONTROL AND
MONITORING IN MACHINARY LABORATORY TO SUPPORT CADET
PRACTICE BASED ON IOT WITH FUZZY LOGIC METHOD
By :

Yoga Yanuar Nugroho
NIT. 30121047

When air quality in a Machinary Laboratory is poor, it can be caused by
several factors, including welding practices, lathe or milling practices, AC
practices, and other activities that impact air quality, as well as human error in
using hazardous electronic equipment. To minimize these occurrences, this Final
Project focuses on creating a prototype for monitoring and controlling air quality
using four sensors that detect ammonia gas, carbon dioxide (CO), dust or fine
particles, temperature, and humidity in the room, as well as detecting gas levels
or smoke in the room.

The system in this prototype uses four sensors: the ammonia gas sensor
(MQ135), the CO gas sensor (MQ7), the dust sensor (Dust), and the temperature
and humidity sensor (DHT 11). These four sensors are useful for monitoring
increased gas levels in a room. The system uses an ESP32 microcontroller to
process the data from the sensors, which is then transmitted via data cable and
visualized through the Matlab application. The data sent is displayed on the
Ubidots application in the form of real-time graphs and on the LCD Nextion.
When the graph shows an increase in temperature and gas levels exceeding the
set limits, components like blowers or fans in the prototype work automatically.

The results of this monitoring and control system are expected to minimize
the occurrence of poor air quality and reduce health risks for the cadets. With the
Ubidots application, the data appears in real-time, allowing air quality
information to be quickly known and managed more easily.

Key word : ESP32, Matlab, MQ135 , MQ7, Dust, DHT 11
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LAMPIRAN

Lampiran A Standard Operational Procedure (SOP)

“RANCANG BANGUN KONTROL DAN MONITORING KUALITAS
UDARA DI LABORATORIUM MACHINARY SEBAGAI PENUNJANG
PRAKTEK TARUNA BERBASIS I0T DENGAN
METODE FUZZY LOGIC”

Oleh:
YOGA YANUAR NUGROHO
NIT. 30121047

Standard Operational Procedure (SOP) dalam pengoperasian alat adalah

panduan yang merinci mengenai langkah-langkah yang harus diikuti untuk
menggunakan alat dengan benar dan aman. SOP ini mencakup instruksi rinci
tentang cara menghidupkan dan mematikan alat. Dimana dengan menggunakan
Standar Operational Procedure (SOP) yang telah dibuat bertujuan untuk menjaga
alat Proyek Akhir terhindar dari kerusakan atau salah prosedur, setiap pengguna
alat akan mengikuti prosedur yang sama, sehingga dapat menjamin konsistensi
dan akurasi hasil. Para pengguna harus memahami dan mengikuti SOP ini dengan
cermat untuk memastikan operasi yang aman, efisien, dan tepat sesuai dengan
tujuan penggunaan alat tersebut.

Berikut merupakan Standar Operational Procedure (SOP) untuk
menghidupkan dan mematikan alat Proyek Akhir dengan judul “Rancang Bangun
Kontrol Dan Monitoring Kualitas Udara Di Laboratorium Machinary Sebagai
Penunjang Praktek Taruna Berbasis lot Dengan Metode Fuzzy Logic” sebagai
berikut:

1. Mengoperasikan Alat Sesuai dengan SOP
a. Sambungkan kabel power untuk menghidupkan adaptor 12 VDC dan
sambungkan juga kabel untuk menghidupkan ESP32, fan 12 VDC
beserta LCD.



b.

Pastikan semua komponen dapat menyala sesuai fungsinya masing-
masing.

Kemudian nyalakan hotspot sehingga nantinya dapat termonitoring
oleh LCD Nextion untuk menampilkan data sensor MQ135, sensor
MQ7, sensor Dust, dan sensor DHT11 untuk memantau kondisi
kualitas udara dan dapat juga termonitoring pada Website Ubidots.
Jika alat sudah siap untuk digunakan, maka alat akan bekerja sesuai
apa yang telah diperintahkan, kemudian hasil pengukuran dapat secara
langsung termonitoring pada LCD Nextion dan Website Ubidots

secara real-time.

2. Mematikan Alat Sesuai SOP

a.

Matikan hotspot untuk memutus koneksi antara alat dan program yang
telah tersetting, serta memutuskan pemantauan pada Website Ubidots.
Kemudian lepas kabel power dan kabel micro usb untuk memutuskan
aliran listrik yang menuju komponen.

Setelah semua langkah telah dilakukan, maka alat sudah aman dan

alat akan mati tidak bekerja.
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Lampiran B Dokumentasi Alat
A. Gambar 1

B. Gambar 2

C. Gambar 3
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Lampiran C Coding Alat

// ubidots
// username: yogaynr
// pw : yogal2345

// set library

#include <DHT.h>

#include <Wire.h>

#include <OneWire.h>

#include <ADS1115.h>

#include <WiFi.h>

#include <LiquidCrystal I2C.h>

#include "UbidotsEsp32Mgtt.h"
// end

// Define Chanel Driver
const int Kipasl = 1;

// Setting PWM properties

const int freq = 5000;

const int resolution = 8;
// end

// deklarasi PIN
#define DHTPIN 18
#define DEBUPIN 27
#define BTN DUA 35
#define PIN PWM 26
#define BTN_TIGA 34
#define BTN_SATU 32
#define PIN_BUZZER 25
#define DHTTYPE DHT11
#define BUILTIN_LED 2

#define SerialNextion Serial2

#define KIPAS ON ledcWrite (Kipasl, O0);

#define KIPAS SEDANG ledcWrite (Kipasl, 50);

#define KIPAS OFF ledcWrite (Kipasl, 255);
// end

DHT dht (DHTPIN, DHTTYPE);

// set Lib. ADS
ADS1115 adc;

// end
/] == set val. untuk wifi ---------- //
const char *WIFI SSID = "Oddo"; // Put here your Wi-Fi SSID
const char *WIFI PASS = "smartl23"; // Put here your Wi-Fi
password
String status send = "ERR";



[/ —mmmmmmm end -------—------- //
// Deklarasi for Debu
unsigned int samplingTime = 280;
unsigned int deltaTime = 40;
unsigned int sleepTime = 9680;

float voMeasured = 0;

float calcVoltage = 0;

float dustDensity = 0
// end

unsigned long prevMilliskirim = 0;

/// Setup Fuzzy

// deklarasi jumlah memnership / sensor

#define jml mf debu 3
#define jml mf mgl35 3
#define jml mf mg7 3
#define jml mf kelembapan 2
#define jml mf suhu 3

// end

// deklarasi range sensor
// mql36
#define min debu 0
#define max_debu 20

/7. mgl35
#define min mgl35 0
#define max mgl35 500

// mq7
#define min mg7 0
#define max _mg7 500

// kelembapan
#define min kelembapan 0
#define max_ kelembapan 100

// kelembapan

#define min suhu 0

#define max_suhu 60
// end

// deklarasi nama index
// selain kelembapan dan suhu
#define Baik 0
#define Sedang 1
#define Bahaya 2

// suhu

fdefine Dingin 0
#define Normal 1
#define Panas 2
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// kelembapan

#define Kering 0

#define Lembab 1
// end

// deklarasi nilai range sensor
// Debu
double mf debu [3][3] = {
{OI 5/ lo}l // Baik
{5, 10, 15}, // Sedang
{10, 15, 20} // Bahaya
}i

// mgl35

double mf mgl35 [3]1[3] = {
{0, 125, 250}, // Baik
{125, 250, 375}, // Sedang
{250, 375, 500} // Bahaya

}s

// mq7

double mf mg7 [3][3] = {
{0, 125, 250}, // Baik
{125, 250, 375}, // Sedang
{250, 375, 500} // Bahaya

}s

// kelembapan

double mf kelembapan [2][3] =
{0, 42.5, 75}, // Kering
{70, 85, 100} // Lembab

}i

// suhu
double mf suhu [3][3] = {
{0, 15, 30}, // Dingin
{15, 30, 45}, // Normal
{30, 45, 60} // Panas
}i
// end

// deklarasi aturan rule base
double rule[81];

double bobot debul[jml mf debu];
double bobot mgl35[jml mf mgl35];

double bobot mg7[jml mf mg7];

double bobot kelembapan[jml mf kelembapan];

double bobot suhul[jml mf suhu];

double mf KualitasUdaral[] = {100,

String HasilKualitasUdara;
// end

/// end

float humidity, temperature;

200,

300} ;

C-4



float kalibrasiDebu = 0.0;

const char *UBIDOTS TOKEN = "BBUS-KNbDCXUx8vbEawvMvJSZA7ZGLuC6m9";
const char *DEVICE LABEL = "monitoringkualitasudara";

Ubidots ubidots (UBIDOTS TOKEN) ;

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

Serial.print ("Message arrived [");
Serial.print (topic);
Serial.print ("] ");

for (int 1 = 0; i1 < length; i++)
{

Serial.print ((char)payload[i]);
}
Serial.println();

}

void setup () {
dht.begin () ;
Wire.begin () ;
Serial.begin(9600) ;
SerialNextion.begin (9600) ;
adc.setSpeed (ADS1115 SPEED 16SPS) ;

pinMode (DEBUPIN, 'OUTPUT) ;
pinMode (PIN_BUZZER, OUTPUT) ;
pinMode (BUILTIN_LED, OUTPUT) ;
pinMode (BTN_DUA, INPUTiPULLUP) #
pinMode (BTN_SATU, INPUT_PULLUP) 5
pinMode (BTN TIGA, INPUT PULLUP)

’

// set PWM
ledcSetup (Kipasl, freq, resolution);
ledcAttachPin (PIN_PWM, Kipasl);

// end

ledcWrite (Kipasl, 255);

ubidots.connectToWifi (WIFI SSID, WIFI PASS);
ubidots.setCallback (callback) ;
ubidots.setup();

ubidots.reconnect () ;

float ratiooo 0.0;

for (int i = 0; 1 < 50; i++) {
float Value = adc.convertAutoScale (ADS1115 CHANNEL3, 3);
ratiooo = ratiooo + Value;
delay (10);

}

kalibrasiDebu = ratiooo / 50.0;

Serial.println("Nilai Kalibrasi: " + String(kalibrasiDebu)) ;

beepBuzzer (2) ;



}

void xloop () {

float defuzzy KualitasUdara = HasilFuzzy(2.536, 83.33, 68.84,
34.56, 7.721);

Serial.println(defuzzy KualitasUdara);

String HasilFuzzy = "";

if (defuzzy KualitasUdara == 0) {
HasilFuzzy = Fillter(2.536, 83.33, 68.84, 34.56, 7.721);
Serial.println("Masuk Kualitas " + HasilFuzzy):;

}

else 1f (defuzzy KualitasUdara >=90 && defuzzy KualitasUdara <=
160) {
Serial.println("Masuk Kualitas Normal");
HasilFuzzy = "Normal";
KIPAS OFF;
}

else 1f (defuzzy KualitasUdara >= 161 && defuzzy KualitasUdara
<= 260) {
Serial.println("Masuk Kualitas Sedang"):;
HasilFuzzy = "Sedang";
KIPAS SEDANG;
}

else 1f (defuzzy KualitasUdara >= 261 && defuzzy KualitasUdara
<= 320) {
Serial.println("Masuk Kualitas Bahaya");
HasilFuzzy = "Bahaya";
KIPAS ON;
}

delay (10000) ;
}

void loop () |
GetDHT () ;
float Debu = GetValueDebu() ;
float ppml35 = MQ135 getPPM();
float ppm7 = MQ7 getPPM();

Serial.println("Nilai Debu: " + String(Debu));

Serial.println("Nilai PPM mgl35: " + String(ppml35) + " Nilai
PPM mg7: " + String(ppm7));

Serial.println("Nilai humidity: " + String(humidity) + " Nilai
temperature: " + String(temperature));

if (!ubidots.connected()) {

ubidots.reconnect () ;

}

float defuzzy KualitasUdara = HasilFuzzy(Debu, ppml35, ppm7,
humidity, temperature);
Serial.println(defuzzy KualitasUdara);



String HasilFuzzy = "";

if (defuzzy KualitasUdara == 0) {
HasilFuzzy = Fillter (Debu, ppml35, ppm7, humidity,
temperature) ;
Serial.println("Masuk Kualitas " + HasilFuzzy);

}

else 1if (defuzzy KualitasUdara >=90 && defuzzy KualitasUdara <=
160) {
Serial.println("Masuk Kualitas Normal");
HasilFuzzy = "Normal";
KIPAS OFF;
}

else 1if (defuzzy KualitasUdara >= 161 && defuzzy KualitasUdara
<= 260) {
Serial.println("Masuk Kualitas Sedang") ;
HasilFuzzy = "Sedang";
KIPAS SEDANG;
}

else 1f (defuzzy KualitasUdara >= 261 && defuzzy KualitasUdara
<= 320) {
Serial.println ("Masuk Kualitas Bahaya") ;
HasilFuzzy = "Bahaya";
KIPAS ON;
}

unsigned long currentMillis = millis();

if (currentMillis - prevMilliskirim >= 5000) {
ubidots.add ("debu", Debu);
ubidots.add ("mgl35", ppml35);
ubidots.add ("mg7", ppm7);
ubidots.add ("kelembapan", humidity) ;
ubidots.add ("suhu", temperature);
ubidots.publish (DEVICE LABEL) ;

Serial.println("Kirim Ke ubidots"):

prevMilliskirim = currentMillis;

setTextBox ("ValDebu", String(Debu, 2));
setTextBox ("ValAmonia", String(ppml35, 2));
setTextBox ("ValCO", String(ppm7, 2));
setTextBox ("ValHuman", String(humidity, 2));
setTextBox ("ValSuhu", String(temperature, 2));
(

setTextBox ("ValFuzzy", HasilFuzzy);

delay (500);
}

void beepBuzzer (int count) {



for (int i = 0; 1 < count; ++i) {
digitalWrite (PIN BUZZER, HIGH);
delay (100);
digitalWrite (PIN BUZZER, LOW);
delay (100);

void setTextBox (String objName, String text) {

}

SerialNextion.print (objName) ;
SerialNextion.print (".txt=\"");
SerialNextion.print (text);
SerialNextion.print ("\"")
SerialNextion.write (Oxff);
SerialNextion.write (0Oxff);
( )

’

’

SerialNextion.write (Oxff

float GetValueDebu () {

}

digitalWrite (DEBUPIN, LOW) ;
delayMicroseconds (280) ;
float Value = adc.convertAutoScale (ADS1115 CHANNEL3, 3);

delayMicroseconds (40) ;
digitalWrite (DEBUPIN,HIGH) ;
delayMicroseconds (9680) ;

dustDensity = (Value - kalibrasiDebu) * 1000.0 / 5.0;
if ( dustDensity < 0)
{
dustDensity = 0.00;
}

return dustDensity;

float MQ135 getPPM() f{

}

float VMgl35 = adc.convertAutoScale (ADS1115 CHANNEL1l, 3);

float rs = ((5.0 * 10.0) - (10.0 * VvMgl35)) / VMgl35;
float ratio = rs / 76.63;
float CO2 PPM= (146.15*(2.868-ratio)+10);

if (CO2_PPM < 0) {
CO2 PPM = 1.0;
}

return CO2_ PPM;

float MQ7 getPPM() |

float Vmg7 = adc.convertAutoScale (ADS1115 CHANNELZ2, 3);
float RsRL (5.0 - vmg7) / Vmg7;
float readRs = 10 * RsRL;



float HasilPPM7 = 100 * pow( (readRs/64.66), -1.513);
float ppm7 = map(HasilPPM7, 1.61, 12000, 1, 1000);

return ppm7;

}

void GetDHT () {
humidity = dht.readHumidity () ;
temperature = dht.readTemperature();

}

float Mg CO2(float ppm) {
float MolarMass = 44.01;
float kondisiStandart = 22.414;

float hasil = ppm * (MolarMass / kondisiStandart);
return hasil;

}

float Mg CO(float ppm) {
float MolarMass = 28.01;
float kondisiStandart = 22.414;

float hasil = ppm * (MolarMass / kondisiStandart) ;

return hasil;
}
float HasilFuzzy(float V debu, float V mgl35, float V-mg7, float
V_kelembapan, float V_suhu) {

get bobot (bobot debu, mf debu, V debu, jml mf debu, max debu,
"Debu") ;

get bobot (bobot mgl35, mf mgl35, V_mgl35, jml mf mgl35,
max mgl35, "MQ 135");

get bobot (bobot mg7, mf mg7, V mg7, Jjml mf mg7, max mq7, "MQ
Y

get bobot (bobot kelembapan, mf kelembapan, V_kelembapan,
jml mf kelembapan, max kelembapan, "MQ Kelembapan");

get bobot (bobot suhu, mf suhu, V suhu, Jjml mf suhu, max suhu,
"Suhu") ;

setRule (1, bobot debu[Baik], bobot mgl35[Baik], bobot mg7[Baik],
bobot kelembapan[Kering], bobot suhu[Dingin]) ;

setRule (2, bobot debu[Baik], bobot mgl35[Baik], bobot mg7[Baik],
bobot kelembapan[Kering], bobot suhu[Normall]) ;

setRule (3, bobot debu[Baik], bobot mgl35[Baik], bobot mg7[Baik],
bobot_ kelembapan[Kering], bobot_ suhu[Panas]);

setRule (4, bobot debu[Baik], bobot mgl35[Baik], bobot mg7[Baik],
bobot kelembapan[Lembab], bobot suhu[Dingin]);

setRule (5, bobot debu[Baik], bobot mgl35[Baik], bobot mg7[Baik],
bobot kelembapan[Lembab], bobot suhu[Dingin]);

setRule (6, bobot debu[Baik], bobot mgl35[Baik], bobot mg7[Baik],
bobot kelembapan[Lembab], bobot suhu[Normall);

setRule (7, bobot debu[Baik], bobot mgl35[Baik], bobot mg7[Baik],
bobot kelembapan[Lembab], bobot suhu[Panas]);

setRule (8, bobot debu[Baik], bobot mgl35[Baik],
bobot mg7[Sedang], bobot kelembapan[Kering], bobot suhu[Dingin]) ;
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setRule (9,
bobot mqg7
setRule

bobot mqg7

10,

—_ o~ o~

setRule (1
bobot_mq7[Sedang]

setRule (1
bobot_mq7[Sedang]
setRule (1
bobot_mq7[Sedang]
setRule (1
bobot_mq7[Bahaya]
setRule (1
bobot_mq7[Bahaya]

setRule (1
bobot_mq7[Bahaya]
setRule (1
bobot_mq7[Bahaya]
setRule (1
bobot_mq7[Bahaya]
setRule (1
bobot_mq7[Bahaya]
setRule (2
bobotimq7[Ba1k]

setRule (2
bobot_mq7[Ba1k]
setRule (2
bobot_mq7[Ba1k]
setRule (2
bobotimq7[Ba1k]
setRule (2
bobot_mq7[Ba1k]
setRule (2
bobot_mq7[Ba1k]

setRule (2
bobotimq7[Sedang]

setRule (2
bobot_mq7[Sedang]
setRule (2
bobot_mq7[Sedang]
setRule (2
bobot_mq7[Sedang]
setRule (3
bobot_mq7[Sedang]

setRule (3
bobot_mq7[Sedang]

setRule (3
bobot_mq7[Bahaya]

setRule (3
bobot_mq7[Bahaya]

Sedang],

Sedang],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

boBotHdebu[Baik],

bobot kelembapan[Lembab],

bobot debu([Baik],

bobot kelembapan [Lembab],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu([Baik],

bobot kelembapan [Lembab],

bobot debu[Baik],

bobot kelembapan [Lembab],

bobot debu[Baik],

bobot kelembapan [Lembab],

bobot debu[Baik],

bobot kelembapan [Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot mgl35[Baik],
bobot suhu[Normall)
bobot mgl35[Baik],
bobot suhu[Panas])

bobot mgl35[Baik],
bobot suhu([Dingin])
bobot mgl35[Baik],
bobot suhu[Normall)
bobot mgl35[Baik],
bobot suhu[Panas])
bobot mgl35[Baik],
bobot suhu([Dingin]);
bobot mgl35[Baik],
bobot suhu[Normall]) ;

bobot mgl35[Baik],
bobot suhu[Panas])
bobot mgl35[Baik],
bobot suhu([Dingin]);
bobot mgl35[Baik],
bobot suhu[Normall) ;
bobot mgl35[Baik],
bobot suhu[Panas]);
bobot mgl35[Sedang],

bobot suhu[Dingin])

bobot mgl35[Sedang],

bobot suhu[Normall) ;

bobot mgl35[Sedang],

bobot suhu[Panas]);

bobot mgl35[Sedang],

bobot suhu[Dingin])

bobot mgl35[Sedang],

bobot suhu[Normal])

bobot mgl35[Sedang],

bobot suhu[Panas]);

bobot mgl35[Sedang],
bobot suhu[Dingin])
bobot mgl35[Sedang],
bobot suhu[Normal])
bobot mgl35[Sedang],
bobot suhu[Panas]);
bobot mgl35[Sedang],
bobot suhu[Dingin]);
bobot mgl35[Sedang],
bobot suhu[Normall) ;

bobot mgl35[Sedang],
bobot suhu[Panas]);
bobot mgl35[Sedang],
bobot suhu[Dingin])
bobot mgl35[Sedang],
bobot suhu[Normall) ;
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setRule (34,
bobot mqg7
setRule

bobot mqg7

35,

—_ o~ o~

setRule (3
bobot_mq7[Bahaya]

setRule (3
bobot_mq7[Bahaya]
setRule (3
bobot_mq7[Ba1k]
setRule (3
bobot_mq7[Ba1k]
setRule (4
bobot_mq7[Ba1k]

setRule (4
bobot_mq7[Ba1k]
setRule (4
bobot_mq7[Ba1k]
setRule (4
bobot_mq7[Ba1k]
setRule (4
bobot_mq7[Sedang]
setRule (4
bobotimq7[Sedang]

setRule (4
bobot_mq7[Sedang]
setRule (4
bobot_mq7[Sedang]
setRule (4
bobotimq7[Sedang]
setRule (4
bobot_mq7[Sedang]
setRule (5
bobot_mq7[Bahaya]

setRule (5
bobotimq7[Bahaya]

setRule (5
bobot_mq7[Bahaya]
setRule (5
bobot_mq7[Bahaya]
setRule (5
bobot_mq7[Bahaya]
setRule (5
bobot_mq7[Bahaya]

setRule (5
bobot_mq7[Ba1k]

setRule (5
bobot_mq7[Ba1k]

setRule (5
bobot_mq7[Ba1k]

Bahayal,

Bahayal,

bobot debu[Baik],

bobot debu[Baik],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],
bobot kelembapan[Kering],

bobot debu[Baik],
bobot kelembapan[Kering],

bobot debu[Baik],
bobot kelembapan[Kering],

bobot debu[Baik],
bobot kelembapan[Lembab],
bobot debu[Baik],
bobot kelembapan[Lembab],
bobot debu([Baik],
bobot kelembapan [Lembab],
bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu([Baik],

bobot kelembapan [Lembab],

bobot debu[Baik],

bobot kelembapan [Lembab],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan [Kering],

bobot debu[Baik],

bobot kelembapan[Kering],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Baik],

bobot kelembapan[Lembab],

bobot debu[Sedang],
bobot kelembapan[Kering],

bobot debu[Sedang],
bobot kelembapan[Kering],

bobot debu[Sedang],
bobot kelembapan[Kering],

bobot kelembapan[Kering],

bobot kelembapan[Lembab],

bobot mgl35[Sedang],
bobot suhu[Panas])
bobot mgl35[Sedang],
bobot suhu[Dingin])

bobot mgl35[Sedang],
bobot suhu[Normall)
bobot mgl35[Sedang],
bobot suhu[Panas])
bobot mgl35[Bahayal,

bobot suhu[Dingin])

bobot mgl35[Bahayal,

bobot suhu[Normall) ;

bobot mgl35[Bahayal,

bobot suhu[Panas]);

bobot mgl35[Bahayal,

bobot suhu[Dingin])

bobot mgl35[Bahayal,

bobot suhu[Normall) ;

bobot mgl35[Bahayal,

bobot suhu[Panas]);

bobot mgl35[Bahayal,
bobot suhu[Dinginl]);
bobot mgl35[Bahayal,
bobot suhu[Normal])

bobot mgl35[Bahayal,
bobot suhu[Panas]);
bobot mgl35[Bahayal,
bobot suhu[Dingin]);
bobot mgl35[Bahayal,
bobot suhu[Normal])
bobot mgl35[Bahayal,
bobot suhu[Panas])
bobot mgl35[Bahayal,
bobot suhu[Dingin]);

bobot mgl35[Bahayal,
bobot suhu[Normall)
bobot mgl35[Bahayal,
bobot suhu[Panas])
bobot mgl35[Bahayal,
bobot suhu([Dingin]);
bobot mgl35[Bahayal,
bobot suhu[Normall) ;
bobot mgl35[Bahayal,
bobot suhu[Panas]);

bobot mgl35[Baik],

bobot suhu([Dingin]);

bobot mgl35[Baik],

bobot suhu[Normall)

bobot mgl35[Baik],

bobot suhu[Panas]);
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59,
Baik],
60,
Baik],

setRule
bobot mqg7
setRule
bobot mqg7

—_ o~ o~

setRule (6
bobot_mq7[Ba1k]

setRule (6
bobot_mq7[Sedang]
setRule (6
bobot_mq7[Sedang]
setRule (6
bobot_mq7[Sedang]
setRule (6
bobot_mq7[Sedang]

setRule (6
bobot_mq7[Sedang]
setRule (6
bobot_mq7[Sedang]
setRule (6
bobot_mq7[Bahaya]
setRule (6
bobot_mq7[Bahaya]
setRule (7
bobotimq7[Bahaya]

setRule (7
bobot_mq7[Bahaya]
setRule (7
bobot_mq7[Bahaya]
setRule (7
bobotimq7[Bahaya]
setRule (7
bobot_mq7[Bahaya]
setRule (7
bobot_mq7[Bahaya]

setRule (7
bobotimq7[Bahaya]

setRule (7
bobot_mq7[Bahaya]
setRule (7
bobot_mq7[Bahaya]
setRule (7
bobot_mq7[Bahaya]
setRule (8
bobot_mq7[Sedang]

bobot debu[Sedang],

bobot kelembapan[Lembab],

bobot debu[Sedang],

bobot kelembapan[Lembab],

bobot debu[Sedang],

bobot kelembapan[Lembab],

bobot debu[Sedang],

bobot kelembapan[Kering],

bobot debu[Sedang],

bobot kelembapan[Kering],

bobot debu[Sedang],

bobot kelembapan[Kering],

bobot debu[Sedang],

bobot kelembapan[Lembab],

bobot debu[Sedang],

bobot kelembapan[Lembab],

bobot debu[Sedang],

bobot kelembapan[Lembab],

bobot debu[Sedang],

bobot kelembapan[Kering],

bobot debu[Sedang],

bobot kelembapan[Kering],

bobot debu[Sedang],

bobot kelembapan[Kering],

bobot debu[Sedang],

bobot kelembapan[Lembab],

bobot debu[Sedang],

bobot kelembapan[Lembab],

bobot debu[Sedang],

bobot kelembapan [Lembab],

bobot debu[Bahayal,

bobot kelembapan [Lembab],

bobot debu[Bahayal,

bobot kelembapan [Lembab],

bobot debu[Bahayal,

bobot kelembapan [Lembab],

bobot debu[Bahayal,

bobot kelembapan[Kering],

bobot debu[Bahayal,

bobot kelembapan[Kering],

bobot debu[Bahayal,

bobot kelembapan[Kering],

bobot debu[Bahaya],

bobot kelembapan[Kering],

double total rule = 0;
double defuzzy KualitasUdara = 0;

for
total rule =

(int xx = 1;

xx <= 80; =xx++) {

rule[xx] + total rule;

bobot mgl35[Baik],

bobot suhu([Dingin])

bobot mgl35[Baik],

bobot suhu[Normall)

bobot mgl35[Baik],

bobot suhu[Panas])

bobot mgl35[Baik],
bobot suhu([Dingin])
bobot mgl35[Baik],
bobot suhu[Normall)
bobot mgl35[Baik],
bobot suhu[Panas]);
bobot mgl35[Baik],
bobot suhu([Dingin]);

bobot mgl35[Baik],
bobot suhu[Normall)
bobot mgl35[Baik],
bobot suhu[Panas]);
bobot mgl35[Baik],
bobot suhu([Dingin]);
bobot mgl35[Baik],
bobot suhu[Normall]) ;
bobot mgl35[Baik],
bobot suhu[Panas])

bobot mgl35[Baik],
bobot suhu[Dingin]);
bobot mgl35[Baik],
bobot suhu[Normall]) ;
bobot mgl35[Baik],
bobot suhu[Panas])
bobot mgl35[Bahayal,
bobot suhu[Panas])
bobot mgl35[Bahayal,
bobot suhu[Dingin]);

bobot mgl35[Bahayal,
bobot suhu[Normall)
bobot mgl35[Bahayal,
bobot suhu([Dingin])
bobot mgl35[Bahayal,
bobot suhu[Normall) ;
bobot mgl35[Bahayal,
bobot suhu[Panas]);
bobot mgl35[Sedang],
bobot suhu[Dingin]);
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if (total rule != 0 ) {
defuzzy KualitasUdara = 0;

defuzzy KualitasUdara = rule[l] * mf KualitasUdara[Baik] +
rule[2] * mf KualitasUdara[Baik] +
rule[3] * mf KualitasUdara[Sedang] +
rule[4] * mf KualitasUdara[Baik] +
rule[5] * mf KualitasUdara[Bahaya] +
rule[6] * mf KualitasUdara[Bahaya] +
rule[7] * mf KualitasUdara[Bahaya] +
rule[8] * mf KualitasUdara[Sedang] +
rule[9] * mf KualitasUdara[Sedang]+
rule[10] * mf KualitasUdara[Sedang]+
rule[11] * mf KualitasUdara[Bahayal] +
rule[12] * mf KualitasUdara[Bahaya] +
rule[13] * mf KualitasUdara[Bahayal] +
rule[14] * mf KualitasUdara[Bahayal]+
rule[15] * mf KualitasUdara[Bahayal]+
rule[l6] * mf KualitasUdara[Bahaya] +
rule[17] * mf KualitasUdara[Bahayal] +
rule[18] * mf KualitasUdara[Bahaya] +
rule[19] * mf KualitasUdara[Bahayal+
rule[20] * mf KualitasUdara[Sedang]+
rule[21] * mf KualitasUdaral[Sedang] +
rule[22] * mf KualitasUdara[Sedang] +
rule[23] * mf KualitasUdara[Bahayal] +
rule[24] * mf KualitasUdara[Bahayal]+
rule[25] * mf KualitasUdara[Bahayal+
rule[26] * mf KualitasUdara[Sedang] +
rule[27] * mf KualitasUdara[Sedang] +
rule[28] * mf KualitasUdara[Bahaya] +
rule[29] * mf KualitasUdara[Bahayal+
rule[30] * mf KualitasUdara[Bahayal]+
rule[31] * mf KualitasUdara[Bahaya] +
rule[32] * mf KualitasUdara[Bahayal] +
rule[33] * mf KualitasUdara[Bahaya] +
rule[34] * mf KualitasUdara[Bahayal]+
rule[35] * mf KualitasUdara[Bahayal]+
rule[36] * mf KualitasUdara[Bahayal] +
rule[37] * mf KualitasUdara[Bahaya] +
rule[38] * mf KualitasUdara[Bahayal] +
rule[39] * mf KualitasUdara[Bahaya] +
rule[40] * mf KualitasUdara[Bahaya] +
rule[41] * mf KualitasUdara[Bahaya] +
rule[42] * mf KualitasUdara[Bahayal] +
rule[43] * mf KualitasUdara[Bahaya] +
rule[44] * mf KualitasUdara[Bahayal] +
rule[45] * mf KualitasUdara[Bahayal] +
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rule([46]
rule([47]
rule[48]
rule[49]
rule[50]

]
rule[52]
rule[53]

]
]

rule[55

rule[5
rule[57
rule[5
rule([59
rule[60]

6]
]
8]
]

rule[61]
rule[62]
rule[63]
rule[64]
rule[65]

rule[66]
rule[67]
rule[68]
rule[69]
rule[70]

rule[71]
rule[72]
rule[73]
rule[74]
rule[75]

rule[76]
rule[77]
rule([78]
rule([79]
rule[80]

defuzzy KualitasUdara = defuzzy KualitasUdara / total rule;

}
else {

defuzzy KualitasUdara = 0;
}

return defuzzy KualitasUdara;

}

T % Ok b R o e X% ok % % L S * % ok X o

bl o Rl

mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahayal

mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]

mf KualitasUdara[Sedang]
mf KualitasUdara[Sedang]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahayal

mf KualitasUdara[Bahayal
mf KualitasUdara[Sedang]
mf KualitasUdara[Sedang]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]

mf KualitasUdara[Bahaya]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahaya]
mf KualitasUdara[Bahayal]

mf KualitasUdara[Bahayal
mf KualitasUdara[Bahaya]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahayal]

mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]
mf KualitasUdara[Bahayal
mf KualitasUdara[Bahayal]

T T T S T S e e T T T T T T i S S e S SRS

+ 4+ + +

String Fillter(float V _debu, float V mgl35, float V _mg7, float

V_kelembapan, float V_suhu) {

String Hasil = "Normal";
if (V_debu >= 12.5 || V._mgl35 >=
>= 17.5){

125 || V.mg7 >= 125 || V_suhu
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Hasil = "Sedang";
}

if (V.debu >= 25 || V.mgl35 >= 250 || V. mg7 >= 250 ||
V_kelembapan >= 85 || V_suhu >= 35) {
Hasil = "Bahaya'";

}

return Hasil;

}

void get bobot (double bobot sensor[], double mf sensor[][3],
double value, int baris, int max nilai, String label) {

double y, m, c;

double awal, puncak, akhir;

double konstanta = 0.01;

double iterasi;

iterasi = max nilai / konstanta;

double nilai iterasi;

for (int j = 0; j < baris - 1; J++) {
bobot sensor[j] = 0;

}

for (int j = 0; j <= baris - 1; Jj++) {
awal = mf sensor[j][0];
puncak = mf sensor[j][1];
akhir = mf sensor[J][2];

nilai iterasi = 0;
for~(@dnt—1 = 05 d<= _itarasiies— 1, 9i++) {
nilai iterasi = nilai iterasi + konstanta;
if (nilai iterasi < awal) {
if (§ == 0)
y = 1;
}
else {
y:OI

else if (nilai iterasi >= awal && nilai iterasi < puncak) {

if (3 == 0) |
y = 1;

}

else {
m (puncak - awal);
m=1/ m;
c = (m * puncak);
c=1-c;
y = (m * nilai iterasi);
y =y tc¢c;

}

else if (nilai iterasi >= puncak && nilai iterasi < akhir) {
if (j == baris - 1) {
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else {
m (puncak - akhir);
m=1/m;
c = (m * puncak);
c=1-c¢c;
y = (m * nilai iterasi);
y =y *tc;
}
}
else if (nilai iterasi >= akhir ) {
if (j == baris - 1) {
y = 1;
}
else {
y = 0;

if

}

(nilai iterasi >= value) {
bobot sensor[j] = y;
Serial.print ("Member Ship "+ label + ": ");
Serial.print (7J);
Serial.print ("™ : ");
Serial.println (bobot sensor[j]):
break;

Serial.println("Nilai sensor M+ .String(value)) ;
Serial.println (" ) g

}

void setRule(int baris, double nilail, double

nilai3,

double nilai4, double nilaib) {

nilai2, double

rule[baris] = min val(nilail, nilai2, nilai3, nilaid4, nilaib);

}

double min val (double senl, double sen2, double sen3, double sen4,
double senb) {

double smallest = senl;
if (sen2 < smallest) {
smallest = sen2;

}

if (sen3 < smallest) {
smallest = sen3;

}

if (send4d < smallest) {
smallest = sen4;
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}

(sen5 < smallest) {

smallest

if

= senb;

return smallest;
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