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ABSTRAK 

 

 

RANCANG BANGUN PROTOTYPE SISTEM CLUSTERING AIR PADA 

WATER TREATMENT PLANT DI BANDARA MENGGUNAKAN 

MIKROKONTROLLER ESP 32 BERDASAR PADA INTERNET OF THINGS 

(IOT) DAN FUZZY LOGIC 

 

Oleh: 

MUHAMMAD RIDWAN HAKIM  

NIT. 30121041 

 

Kualitas air pada instalasi pengolahan air (water treatment plant) di 

bandara adalah aspek yang cukup krusial yang mempengaruhi kesehatan dan 

pelayanan penumpang serta operasional bandara. Salah satu yang perlu 

diperhatikan ialah proses pendistribusian air bersih, dimana air bersih merupakan 

hal yang wajib diperhatikan karena nantinya air bersih ini akan digunakan untuk 

seluruh kegiatan yang ada di bandara dan air tersebut harus dalam keadaan benar-

benar bersih sesuai dengan aturan yang ditetapkan Kementrian Kesehatan. 

Pengolahan kualitas air pada water treatment plant di bandara sangat penting dan 

perlu untuk diadakannya pengawasan. Oleh karena itu perlu ada sebuah inovasi 

sebuah alat yang dapat mengelompokkan atau clustering data kualitas air pada 

water treatment plant di bandara. 

Melihat dasar dari kebutuhan hal tersebut, maka penulis memiliki sebuah 

ide kreatif dan tertarik untuk membuat sebuah prototype yang nantinya mampu 

mengambil dan menganalisis data kualitas air dengan acuan pada parameter pH 

air, suhu air, dan kekeruhan air tersebut yang digunakan. Data yang sudah diambil 

dari ketiga sensor tersebut, kemudian akan diolah oleh ESP32 yang berfungsi 

sebagai mikrokontroller dan pengontrol kualitas air dengan memanfaatkan pompa 

DC 12V R385, serta data monitoring tersebut dapat dilihat melalui Website 

Thingspeak secara real-time. 

Pada pengujian alat yang sudah dilakukan, penulis menggunakan tiga 

sensor sebagai input yaitu sensor pH air yang difungsikan sebagai pengukur 
tingkat keasaman atau kebasaan air, sensor DS18B20 yang digunakan mengukur 

suhu air, dan sensor turbidity yang berfungsi untuk mengukur kekeruhan air. Input 

dari data sensor pH air dan sensor DS18B20 akan dimasukkan dan diproses 

menggunakan metode Fuzzy Logic Mamdani pada Aplikasi Matlab untuk 

mengklasifikasikan kualitas air dan menyesuaikan kerja pompa DC 12V R385 

yang digunakan sebagai mengalirkan cairan untuk menaikkan dan menurunkan 

kualitas pH air. Kemudian hasil data monitoring pengukuran sensor tersebut dapat 

dilihat dalam bentuk grafik pada Website Thingspeak secara real-time.  

 

Kata Kunci : Water Treatment Plant, Clustering Air, ESP32, Sensor pH Air, 

Sensor DS18B20, Sensor Turbidity, Fuzzy Logic, Website Thingspeak. 
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ABSTRACK 

 

 

PROTOTYPE DESIGN OF WATER CLUSTERING SYSTEM IN WATER 

TREATMENT PLANT AT AIRPORT USING ESP 32 MICROCONTROLLER 

BASED ON INTERNET OF THINGS (IOT) AND FUZZY LOGIC 

 

by: 

MUHAMMAD RIDWAN HAKIM  

NIT. 30121041 

 

 

Water quality in water treatment plants at airports is a quite crucial 

aspect that affects passenger health and service as well as airport operations. 

One thing that needs to be paid attention to is the process of distributing clean 

water, where clean water is something that must be paid attention to because later 

this clean water will be used for all activities at the airport and the water must be 

truly clean in accordance with the regulations set by the Ministry of Health. . 

Water quality management at water treatment plants at airports is very important 

and requires monitoring. Therefore, there needs to be an innovative tool that can 

group or cluster water quality data at water treatment plants at airports. 

Seeing the basis of this need, the author had a creative idea and was 

interested in making a prototype which would later be able to retrieve and 

analyze water quality data with reference to the parameters of water pH, water 

temperature and turbidity of the water used. The data that has been taken from 

the three sensors will then be processed by the ESP32 which functions as a 

microcontroller and water quality controller using a 12V R385 DC pump, and the 

monitoring data can be viewed via the Thingspeak Website in real-time. 

In the tool testing that has been carried out, the author used three sensors 

as input, namely a water pH sensor which functions to measure the level of acidity 

or alkalinity of water, a DS18B20 sensor which is used to measure water 

temperature, and a turbidity sensor which functions to measure water turbidity. 

Input from the water pH sensor data and the DS18B20 sensor will be entered and 

processed using the Fuzzy Logic Mamdani method in the Matlab Application to 

classify water quality and adjust the work of the 12V R385 DC pump which is 

used to convey liquid to raise and lower the pH quality of the water. Then the 

results of the sensor measurement monitoring data can be seen in graphic form on 

the Thingspeak Website in real-time. 

Keywords: Water Treatment Plant, Water Clustering, ESP32, Water pH Sensor, 

DS18B20 Sensor, Turbidity Sensor, Fuzzy Logic, Thingspeak Website. 
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LAMPIRAN 

 

Lampiran A Standard Operational Procedure (SOP) 

 

“RANCANG BANGUN PROTOTYPE SISTEM CLUSTERING AIR PADA 

WATER TREATMENT PLANT DI BANDARA MENGGUNAKAN 

MIKROKONTROLLER ESP 32 BERDASAR PADA INTERNET OF THINGS 

(IOT) DAN FUZZY LOGIC” 

 

Oleh: 

MUHAMMAD RIDWAN HAKIM  

NIT. 30121041 

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 Prototype Sistem Clustering Air Pada Water Treatment Plant Di 

Bandara Menggunakan Mikrokontroller Esp 32 Berdasar Pada Internet of Things 

(IoT) Dan Fuzzy Logic” sebagai berikut: 

1. Mengoperasikan Alat Sesuai dengan SOP 

a. Sambungkan kabel power untuk menghidupkan power supply dan 

sambungkan juga kabel micro usb untuk menghidupkan ESP32. 
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b. Pastikan semua komponen dapat menyala sesuai fungsinya masing-

masing. 

c. Kemudian nyalakan hotspot sehingga nantinya dapat termonitoring 

oleh layar OLED untuk menampilkan data Sensor pH air, Sensor 

suhu air DS18B20, dan Sensor Turbidity untuk memantau kondisi 

kualitas air dan dapat juga termonitoring pada Website Thingspeak. 

d. Jika alat sudah siap untuk digunakan, maka alat akan bekerja sesuai 

apa yang telah diperintahkan, kemudian hasil pengukuran dapat 

secara langsung termonitoring pada layar OLED dan Website 

Thingspeak secara real-time. 

2. Mematikan Alat Seuai SOP 

a. Matikan hotspot untuk memutus koneksi antara alat dan program 

yang telah tersetting, serta memutuskan pemantauan pada Website 

Thingspeak. 

b. Kemudian lepas kabel power dan kabel micro usb untuk 

memutuskan aliran listrik yang menuju komponen. 

c. Setelah semua langkah telah dilakukan, maka alat sudah aman dan 

alat akan mati tidak bekerja. 
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Lampiran B Dokumentasi Alat 

 
(Kondisi Keseluruhan Alat) 

 

  
(Pengecekan kondisi pH air)  (Pengecekan kondisi suhu air) 
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Lampiran C Coding Alat 

#include <Wire.h> 

#include <Adafruit_GFX.h> 

#include <Adafruit_SH1106.h> 

#include <LiquidCrystal_I2C.h> 

#include <OneWire.h> 

#include <DallasTemperature.h> 

#include <Fuzzy.h> 

#include <WiFi.h> 

#include "ThingSpeak.h" 

 

#define ONE_WIRE_BUS 32 

#define Turbidity_Pin  35 

#define ph_Pin   34 

#define OLED_SDA 21 

#define OLED_SCL 22 

 

const char* ntpServer = "pool.ntp.org"; 

const long  gmtOffset_sec = 25200; 

const int   daylightOffset_sec = 0; 

char buff[20]; 

char buff_waktu[30]; 

char buff_tanggl[30]; 

char buff_t1[30]; 

char buff_t2[30]; 

char buff_t3[30]; 

uint8_t det=0; 

uint8_t m=0; 

uint8_t h=0; 

uint8_t z=0; 

uint8_t tgl=0; 

uint8_t bln=0; 

uint8_t thn=0; 

 

Adafruit_SH1106 display(OLED_SDA, OLED_SCL); 

 

char ssid[] = "HOTSPOT POLTEKBANG";   // your network SSID (name)  

char password[] = "";   // your network password 

WiFiClient  client; 

 

unsigned long myChannelNumber = 2559717; 

const char * myWriteAPIKey = "0IF9SH7GH5H7EFF9"; 

int number = 0; 

 

unsigned long lastTime = 0; 

unsigned long timerDelay = 15000; 

 

int menit_sekarang; 

int menit_lalu; 

unsigned long detik_sebelumnya = 0; 

 

int Pompa_1 = 18; 

int Pompa_2 = 19; 

int Pompa_3 = 23; 

bool PH_UP = false; 
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bool PH_DOWN = false; 

 

 

float Po = 0; 

float PH_step; 

int nilai_analog_PH; 

double TeganganPh; 

 

//untuk kalibrasi 

float PH4 = 3.33;   // tegangan ph4 

float PH7 = 2.60;   // tegangan ph7 

float dataSensorPH = 0; 

float volt; 

float turbidity; 

float suhu; 

 

int Durasi_PH_Up; 

int Durasi_PH_Down; 

int Nilai_Up = 0; 

int Nilai_Down = 0; 

 

 

void printLocalTime(){ 

  struct tm timeinfo; 

  if(!getLocalTime(&timeinfo)){ 

    Serial.println("Failed to obtain time"); 

    return; 

  } 

  Serial.println(&timeinfo, "%A, %B %d %Y %H:%M:%S"); 

  Serial.print("Day of week: "); 

  Serial.println(&timeinfo, "%A"); 

  Serial.print("Month: "); 

  Serial.println(&timeinfo, "%B"); 

  Serial.print("Day of Month: "); 

  Serial.println(&timeinfo, "%d"); 

  Serial.print("Year: "); 

  Serial.println(&timeinfo, "%Y"); 

  Serial.print("Hour: "); 

  Serial.println(&timeinfo, "%H"); 

  Serial.print("Hour (12 hour format): "); 

  Serial.println(&timeinfo, "%I"); 

  Serial.print("Minute: "); 

  Serial.println(&timeinfo, "%M"); 

  Serial.print("Second: "); 

  Serial.println(&timeinfo, "%S"); 

  Serial.println("Time variables"); 

   

  char timeHour[3]; 

  strftime(timeHour,3, "%H", &timeinfo); 

  Serial.println(timeHour); 

  char timeWeekDay[10]; 

  strftime(timeWeekDay,10, "%A", &timeinfo); 

  Serial.println(timeWeekDay); 

  Serial.println(); 

 

  char timeMinute[3]; 
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  strftime(timeMinute,3, "%M", &timeinfo); 

  String str_menit = timeMinute; 

  int menit = str_menit.toInt(); 

  menit_lalu = menit; 

  Serial.print("Menit Lalu: "); 

  Serial.println(menit_lalu); 

 

   

} 

 

 

Fuzzy *fuzzy = new Fuzzy(); 

// Set fuzzy input PH_sensor 

FuzzySet *Sangat_Asam         = new FuzzySet(0, 0, 2, 3); 

FuzzySet *Asam                = new FuzzySet(3, 4.78, 4.78, 6.5); 

FuzzySet *Netral              = new FuzzySet(6.5, 7.5, 7.5, 8.5); 

FuzzySet *Basa                = new FuzzySet(8.5, 10, 10, 11.5); 

FuzzySet *Sangat_Basa         = new FuzzySet(11.5, 12.75, 14, 14); 

 

// Set fuzzy input Suhu 

FuzzySet *Dingin              = new FuzzySet(15, 15, 24.5, 28.5); 

FuzzySet *Normal              = new FuzzySet(28.5, 30.5, 30.5, 

32.5); 

FuzzySet *Panas               = new FuzzySet(32.5, 35.5, 43, 43); 

 

// Set fuzzy output Pompa 1 PH up 

FuzzySet *PH_Up_Kosong            = new FuzzySet(0, 0, 0, 0); 

FuzzySet *PH_Up_Sedikit           = new FuzzySet(1, 1, 1, 1); 

FuzzySet *PH_Up_Banyak            = new FuzzySet(3, 3, 3, 3); 

FuzzySet *PH_Up_Sangat_Banyak     = new FuzzySet(5, 5, 5, 5); 

 

// Set fuzzy output Pompa 2 PH down 

FuzzySet *PH_Down_Kosong             = new FuzzySet(0, 0, 0, 0); 

FuzzySet *PH_Down_Sedikit            = new FuzzySet(1, 1, 1, 1); 

FuzzySet *PH_Down_Banyak             = new FuzzySet(3, 3, 3, 3); 

FuzzySet *PH_Down_Sangat_Banyak      = new FuzzySet(5, 5, 5, 5); 

 

void setup() 

{ 

  Serial.begin(9600); 

  pinMode (ph_Pin, INPUT); 

  pinMode(Pompa_1, OUTPUT); 

  pinMode(Pompa_2, OUTPUT); 

  pinMode(Pompa_3, OUTPUT); 

  Wire.begin(); 

  sensors.begin(); 

  display.begin(SH1106_SWITCHCAPVCC, 0x3C); 

  display.setTextSize(1); 

  display.setTextColor(WHITE); 

  display.display(); 

  display.clearDisplay(); 

  WiFi.mode(WIFI_STA);  

  WiFi.begin(ssid, password); 

  Serial.println("Connecting");   

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

    display.setTextSize(2);  
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    display.setCursor(0,10); 

    display.println("Connecting"); 

    display.display(); 

    delay(500); 

    Serial.print("."); 

  } 

  Serial.println("Connected"); 

  ThingSpeak.begin(client);  // Initialize ThingSpeak 

  while (!Serial) { 

      // will pause Zero, Leonardo, etc until serial console opens 

      delay(1); 

  } 

  display.clearDisplay(); 

  display.setCursor(0,10); 

  display.println("Connected"); 

  display.display(); 

  delay(1000); 

  display.clearDisplay(); 

 

  //----- Update nilai sensor Suhu --------- 

    sensors.requestTemperatures(); 

    suhu = sensors.getTempCByIndex(0); 

 

  configTime(gmtOffset_sec, daylightOffset_sec, ntpServer); 

  printLocalTime(); 

   

   

  //Fuzzy input 1 

  FuzzyInput *PH = new FuzzyInput(1); 

  PH->addFuzzySet(Sangat_Asam); 

  PH->addFuzzySet(Asam); 

  PH->addFuzzySet(Netral); 

  PH->addFuzzySet(Basa); 

  PH->addFuzzySet(Sangat_Basa); 

  fuzzy->addFuzzyInput(PH); 

 

  //Fuzzy input 2 

  FuzzyInput *SUHU = new FuzzyInput(2); 

  SUHU->addFuzzySet(Dingin); 

  SUHU->addFuzzySet(Normal); 

  SUHU->addFuzzySet(Panas); 

  fuzzy->addFuzzyInput(SUHU); 

 

  //Fuzzy output 1 PH_UP 

  FuzzyOutput *PH_UP = new FuzzyOutput(1); 

  PH_UP->addFuzzySet(PH_Up_Kosong); 

  PH_UP->addFuzzySet(PH_Up_Sedikit); 

  PH_UP->addFuzzySet(PH_Up_Banyak); 

  PH_UP->addFuzzySet(PH_Up_Sangat_Banyak); 

  fuzzy->addFuzzyOutput(PH_UP); 

 

  //Fuzzy output 2 PH_DOWN 

  FuzzyOutput *PH_DOWN = new FuzzyOutput(2); 

  PH_DOWN->addFuzzySet(PH_Down_Kosong); 

  PH_DOWN->addFuzzySet(PH_Down_Sedikit); 

  PH_DOWN->addFuzzySet(PH_Down_Banyak); 
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  PH_DOWN->addFuzzySet(PH_Down_Sangat_Banyak); 

  fuzzy->addFuzzyOutput(PH_DOWN); 

 

  // FuzzyRule 1 

  FuzzyRuleAntecedent *if_Sangat_Asam_Dingin = new 

FuzzyRuleAntecedent(); 

  if_Sangat_Asam_Dingin->joinWithAND(Sangat_Asam, Dingin); 

  FuzzyRuleConsequent *out_1 = new FuzzyRuleConsequent(); 

  out_1->addOutput(PH_Up_Sangat_Banyak); 

  out_1->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule01 = new FuzzyRule(1, if_Sangat_Asam_Dingin, 

out_1); 

  fuzzy->addFuzzyRule(fuzzyRule01); 

 

  // FuzzyRule 2 

  FuzzyRuleAntecedent *if_Sangat_Asam_Normal = new 

FuzzyRuleAntecedent(); 

  if_Sangat_Asam_Normal->joinWithAND(Sangat_Asam, Normal); 

  FuzzyRuleConsequent *out_2 = new FuzzyRuleConsequent(); 

  out_2->addOutput(PH_Up_Banyak); 

  out_2->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule02 = new FuzzyRule(2, if_Sangat_Asam_Normal, 

out_2); 

  fuzzy->addFuzzyRule(fuzzyRule02); 

 

  // FuzzyRule 3 

  FuzzyRuleAntecedent *if_Sangat_Asam_Panas = new 

FuzzyRuleAntecedent(); 

  if_Sangat_Asam_Panas->joinWithAND(Sangat_Asam, Panas); 

  FuzzyRuleConsequent *out_3 = new FuzzyRuleConsequent(); 

  out_3->addOutput(PH_Up_Banyak); 

  out_3->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule03 = new FuzzyRule(3, if_Sangat_Asam_Panas, 

out_3); 

  fuzzy->addFuzzyRule(fuzzyRule03); 

 

  // FuzzyRule 4 

  FuzzyRuleAntecedent *if_Asam_Dingin = new FuzzyRuleAntecedent(); 

  if_Asam_Dingin->joinWithAND(Asam, Dingin); 

  FuzzyRuleConsequent *out_4 = new FuzzyRuleConsequent(); 

  out_4->addOutput(PH_Up_Banyak); 

  out_4->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule04 = new FuzzyRule(4, if_Asam_Dingin, 

out_4); 

  fuzzy->addFuzzyRule(fuzzyRule04); 

 

  // FuzzyRule 5 

  FuzzyRuleAntecedent *if_Asam_Normal = new FuzzyRuleAntecedent(); 

  if_Asam_Normal->joinWithAND(Asam, Normal); 

  FuzzyRuleConsequent *out_5 = new FuzzyRuleConsequent(); 

  out_5->addOutput(PH_Up_Sedikit); 

  out_5->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule05 = new FuzzyRule(5, if_Asam_Normal, 

out_5); 

  fuzzy->addFuzzyRule(fuzzyRule05); 
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  // FuzzyRule 6 

  FuzzyRuleAntecedent *if_Asam_Panas = new FuzzyRuleAntecedent(); 

  if_Asam_Panas->joinWithAND(Asam, Panas); 

  FuzzyRuleConsequent *out_6 = new FuzzyRuleConsequent(); 

  out_6->addOutput(PH_Up_Sedikit); 

  out_6->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule06 = new FuzzyRule(6, if_Asam_Panas, out_6); 

  fuzzy->addFuzzyRule(fuzzyRule06); 

 

  // FuzzyRule 7 

  FuzzyRuleAntecedent *if_Netral_Dingin = new 

FuzzyRuleAntecedent(); 

  if_Netral_Dingin->joinWithAND(Netral, Dingin); 

  FuzzyRuleConsequent *out_7 = new FuzzyRuleConsequent(); 

  out_7->addOutput(PH_Up_Kosong); 

  out_7->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule07 = new FuzzyRule(7, if_Netral_Dingin, 

out_7); 

  fuzzy->addFuzzyRule(fuzzyRule07); 

 

  // FuzzyRule 8 

  FuzzyRuleAntecedent *if_Netral_Normal = new 

FuzzyRuleAntecedent(); 

  if_Netral_Normal->joinWithAND(Netral, Normal); 

  FuzzyRuleConsequent *out_8 = new FuzzyRuleConsequent(); 

  out_8->addOutput(PH_Up_Kosong); 

  out_8->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule08 = new FuzzyRule(8, if_Netral_Normal, 

out_8); 

  fuzzy->addFuzzyRule(fuzzyRule08); 

 

  // FuzzyRule 9 

  FuzzyRuleAntecedent *if_Netral_Panas = new 

FuzzyRuleAntecedent(); 

  if_Netral_Panas->joinWithAND(Netral, Panas); 

  FuzzyRuleConsequent *out_9 = new FuzzyRuleConsequent(); 

  out_9->addOutput(PH_Up_Kosong); 

  out_9->addOutput(PH_Down_Kosong); 

  FuzzyRule *fuzzyRule09 = new FuzzyRule(9, if_Netral_Panas, 

out_9); 

  fuzzy->addFuzzyRule(fuzzyRule09); 

 

  // FuzzyRule 10 

  FuzzyRuleAntecedent *if_Basa_Dingin = new FuzzyRuleAntecedent(); 

  if_Basa_Dingin->joinWithAND(Basa, Dingin); 

  FuzzyRuleConsequent *out_10 = new FuzzyRuleConsequent(); 

  out_10->addOutput(PH_Up_Kosong); 

  out_10->addOutput(PH_Down_Sedikit); 

  FuzzyRule *fuzzyRule10 = new FuzzyRule(10, if_Basa_Dingin, 

out_10); 

  fuzzy->addFuzzyRule(fuzzyRule10); 

 

  // FuzzyRule 11 

  FuzzyRuleAntecedent *if_Basa_Normal = new FuzzyRuleAntecedent(); 

  if_Basa_Normal->joinWithAND(Basa, Normal); 

  FuzzyRuleConsequent *out_11 = new FuzzyRuleConsequent(); 
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  out_11->addOutput(PH_Up_Kosong); 

  out_11->addOutput(PH_Down_Sedikit); 

  FuzzyRule *fuzzyRule11 = new FuzzyRule(11, if_Basa_Normal, 

out_11); 

  fuzzy->addFuzzyRule(fuzzyRule11); 

 

  // FuzzyRule 12 

  FuzzyRuleAntecedent *if_Basa_Panas = new FuzzyRuleAntecedent(); 

  if_Basa_Panas->joinWithAND(Basa, Panas); 

  FuzzyRuleConsequent *out_12 = new FuzzyRuleConsequent(); 

  out_12->addOutput(PH_Up_Kosong); 

  out_12->addOutput(PH_Down_Sedikit); 

  FuzzyRule *fuzzyRule12 = new FuzzyRule(12, if_Basa_Panas, 

out_12); 

  fuzzy->addFuzzyRule(fuzzyRule12); 

 

  // FuzzyRule 13 

  FuzzyRuleAntecedent *if_Sangat_Basa_Dingin = new 

FuzzyRuleAntecedent(); 

  if_Sangat_Basa_Dingin->joinWithAND(Sangat_Basa, Dingin); 

  FuzzyRuleConsequent *out_13 = new FuzzyRuleConsequent(); 

  out_13->addOutput(PH_Up_Kosong); 

  out_13->addOutput(PH_Down_Banyak); 

  FuzzyRule *fuzzyRule13 = new FuzzyRule(13, 

if_Sangat_Basa_Dingin, out_13); 

  fuzzy->addFuzzyRule(fuzzyRule13); 

 

  // FuzzyRule 14 

  FuzzyRuleAntecedent *if_Sangat_Basa_Normal = new 

FuzzyRuleAntecedent(); 

  if_Sangat_Basa_Normal->joinWithAND(Sangat_Basa, Normal); 

  FuzzyRuleConsequent *out_14 = new FuzzyRuleConsequent(); 

  out_14->addOutput(PH_Up_Kosong); 

  out_14->addOutput(PH_Down_Sangat_Banyak); 

  FuzzyRule *fuzzyRule14 = new FuzzyRule(14, 

if_Sangat_Basa_Normal, out_14); 

  fuzzy->addFuzzyRule(fuzzyRule14); 

 

  // FuzzyRule 15 

  FuzzyRuleAntecedent *if_Sangat_Basa_Panas = new 

FuzzyRuleAntecedent(); 

  if_Sangat_Basa_Panas->joinWithAND(Sangat_Basa, Panas); 

  FuzzyRuleConsequent *out_15 = new FuzzyRuleConsequent(); 

  out_15->addOutput(PH_Up_Kosong); 

  out_15->addOutput(PH_Down_Banyak); 

  FuzzyRule *fuzzyRule15 = new FuzzyRule(15, if_Sangat_Basa_Panas, 

out_15); 

  fuzzy->addFuzzyRule(fuzzyRule15); 

   

 

} 

 

void loop() { 

  // put your main code here, to run repeatedly: 

 

 // now = RTC.now(); 
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  //sprintf(waktu, "%02d:%02d:%02d  ", now.hour(), now.minute(), 

now.second()); 

  //sprintf(tgl, "%02d/%02d/%0004d", now.day(), now.month(), 

now.year()); 

  

  //----- Menampilkan NIlai PH --------- 

 

  TeganganPh = 0; 

  for (int x = 0; x < 10; x++)    // ambil sampel 1000x nilai ph 

  { 

    nilai_analog_PH = analogRead(ph_Pin); 

    TeganganPh += (3.3 / 4095.0 * nilai_analog_PH); 

  } 

  TeganganPh = TeganganPh / 10; // mengambil nilai rata2 dari 1000 

sampel nilai ph 

  PH_step = (PH4 - PH7) / 3; 

  Po = 7.00 + ((PH7 - TeganganPh) / PH_step); 

  dataSensorPH = Po; 

  if (dataSensorPH >= 14) { 

    dataSensorPH = 14; 

  } 

  

 

  //----- Menampilkan NIlai Turbidity --------- 

  volt = 0; 

  for (int i = 0; i < 10; i++) 

  { 

    volt += ((float)analogRead(Turbidity_Pin) / 4095) * 3.3; 

  } 

  volt = volt / 10; 

  turbidity = 100.00 - (volt / 1.8) * 100.00 ; //1.8 nilai 

kalibrasi sensor turbidity 

 

  fuzzy->setInput(1, dataSensorPH); // memasukan data sensor ph ke 

input1 fuzzy 

  fuzzy->setInput(2, suhu); // memasukan data sensor ph ke input2 

fuzzy 

  fuzzy->fuzzify(); 

  Nilai_Up = fuzzy->defuzzify(1);  // memanggil hasil fuzzifikasi 

ph up 

  Nilai_Down = fuzzy->defuzzify(2); // memanggil hasil fuzzifikasi 

ph down 

 

//------- menapilkan jam dan tanggal dari NTP (Network Time 

Protocol) 

  struct tm timeinfo; 

    if(!getLocalTime(&timeinfo)){ 

      Serial.println("Failed to obtain time"); 

    } 

    char timeHour[3]; 

    strftime(timeHour,3, "%H", &timeinfo); 

    String str_jam = timeHour; 

    int jam = str_jam.toInt(); 

     

    char timeMinute[3]; 

    strftime(timeMinute,3, "%M", &timeinfo);  
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  String str_menit = timeMinute; 

    int menit = str_menit.toInt(); 

 

    char timeSecond[3]; 

    strftime(timeSecond,3, "%S", &timeinfo); 

    String str_detik = timeSecond; 

    int detik = str_detik.toInt(); 

 

    char dateTanggal[3]; 

    strftime(dateTanggal,3, "%d", &timeinfo); 

    String str_Tanggal = dateTanggal; 

    int tanggal = str_Tanggal.toInt(); 

 

    char dateBulan[10]; 

    strftime(dateBulan,10, "%B", &timeinfo); 

    String str_Bulan = dateBulan; 

    int bulan = str_Bulan.toInt(); 

 

    char dateTahun[10]; 

    strftime(dateTahun,10, "%Y", &timeinfo); 

    String str_Tahun = dateTahun; 

    int tahun = str_Tahun.toInt(); 

     

        

  sprintf(buff_waktu,"%02d:%02d:%02d", jam,menit,detik); 

  sprintf(buff_tanggl,"%02d %s %02d", tanggal,str_Bulan,tahun-

2000); 

 

  display.clearDisplay(); 

  display.setTextSize(1);  

  display.setCursor(0,0); 

  display.print(buff_waktu); 

  display.setCursor(60,0); 

  display.print(buff_tanggl); 

   

  display.setCursor(0,10); 

  display.print("PH: "); 

  display.setTextSize(2); 

  display.setCursor(0,20); 

  display.print(dataSensorPH,1);   

 

  display.setTextSize(1); 

  display.setCursor(70,10); 

  display.print("Suhu: "); 

  display.setTextSize(2); 

  display.setCursor(70,20); 

  display.print(suhu,1); 

 

  display.setTextSize(1); 

  display.setCursor(0,40); 

  display.print("Turbidity: "); 

  display.print(turbidity,1); 

  display.print(" NTU"); 

 

  display.setCursor(0,50); 

  display.print("PH UP: "); 
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  display.print(Nilai_Up); 

  display.setCursor(60,50); 

  display.print("PH DOWN: "); 

  display.print(Nilai_Down); 

 

  display.display(); 

 

// perintah untuk cek nilai up dan down setiap menit sekali 

  menit_sekarang =  menit; 

  if (menit_lalu != menit_sekarang ) { 

    if (Nilai_Up != 0) { 

      Durasi_PH_Up = map(Nilai_Up, 0, 40, 0, 1000);   // konversi 

mililiter ke detik 

      digitalWrite(Pompa_1, HIGH); 

      digitalWrite(Pompa_3, HIGH); 

      PH_UP = true; 

      detik_sebelumnya = millis(); 

      menit_lalu = menit; 

    } 

 

    if (Nilai_Down != 0) { 

      Durasi_PH_Down = map(Nilai_Down, 0, 40, 0, 1000);   // 

konversi mililiter ke detik 

      digitalWrite(Pompa_2, HIGH); 

      digitalWrite(Pompa_3, HIGH); 

      PH_DOWN = true; 

      detik_sebelumnya = millis(); 

      menit_lalu = menit; 

    } 

 

  } 

 

  if (PH_UP == true) { 

    unsigned long detik_sekarang = millis(); 

    if ( detik_sekarang - detik_sebelumnya >= Durasi_PH_Up) { 

      digitalWrite(Pompa_1, LOW); 

      PH_UP = false; 

      detik_sebelumnya = millis(); 

      Serial.print("Durasi up: "); 

      Serial.println(Durasi_PH_Up); 

    } 

  } 

 

  if (PH_DOWN == true) { 

    unsigned long detik_sekarang = millis(); 

    if ( detik_sekarang - detik_sebelumnya >= Durasi_PH_Down) { 

      digitalWrite(Pompa_2, LOW); 

      PH_DOWN = false; 

      detik_sebelumnya = millis(); 

      Serial.print("Durasi down: "); 

      Serial.println(Durasi_PH_Down); 

      } 

  } 

 

//------ perintah untuk mematikan pompa 3 setelah detik ke 10, 

sekaligus update sensor suhu 
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  if (detik >= 10) { 

    digitalWrite(Pompa_3, LOW); // jika detik lebih dari 10, pompa 

3 off 

    //----- Update nilai sensor Suhu --------- 

    sensors.requestTemperatures(); 

    suhu = sensors.getTempCByIndex(0); 

  } 

 

//-------- Update data sensor ke thinkspeak setiap 15 detik sekali 

  if ((millis() - lastTime) > timerDelay) { 

    // Connect or reconnect to WiFi 

    

    ThingSpeak.setField(1, dataSensorPH); 

    ThingSpeak.setField(2, suhu); 

    ThingSpeak.setField(3, turbidity); 

    ThingSpeak.setField(4, Nilai_Up); 

    ThingSpeak.setField(5, Nilai_Down); 

    ThingSpeak.setStatus("Terhubung"); 

    int x = ThingSpeak.writeFields(myChannelNumber, 

myWriteAPIKey); 

    if(x == 200){ 

     Serial.println("Channel update successful."); 

    } 

   else{ 

     Serial.println("Problem updating channel. HTTP error code " + 

String(x)); 

    } 

    lastTime = millis(); 

} 

 

//----- perintah untuk menghubungkan kembali ke jaringan internet 

jika koneksi putus 

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

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

      WiFi.begin(ssid, password); 

      Serial.print("."); 

      delay(5000);      

    }  

    Serial.println("\nConnected."); 

  } 

 

} 
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