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LAMPIRAN II 

Data Sheet Arduino Mega 2560 
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LAMPIRAN III 

Data Sheet Driver L298N 
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LAMPIRAN IV 

Data Sheet Sensor SKU SEN0160 
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LAMPIRAN V 

Program Matlab 
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Listing program Matlab mencari nilai s dalam Root Locus 

Num = [2.573 1.298]; 

Den= [1 5.466 2.372]; 

GH=tf(num, den) 

Rlocus(GH) 

 

Listing program Matlab mencari nilai parameter Kp dan Ki dengan Root Locus 

%nilai pole yang ditentukan dari Gambar root locus  

s1=-5.87 

KI=[0.01 0.1 0.5 1 2] 

plant_num=[0 2.573 1.298]; 

plant_den=[1 5.466 2.372]; 

s1mag = abs(s1) 

beta = angle(s1) 

plant_a1 = polyval(plant_num,s1)/polyval(plant_den,s1); 

plants1mag = abs(plant_a1) 

psi = angle(plant_a1) 

t=0:1:20:300; 

for k =1:5 

  

KP = -sin(beta+psi)/(plants1mag*sin(beta))-2*KI(k)*cos(beta)/s1mag  

nilai_KI = KI(k) 

KD = sin(psi)/(s1mag*plants1mag*sin(beta))+KI(k)/s1mag^2 

  

Gcnum = [KD KP KI(k)];  

Gcden = [0 1 0];  

  

Tnum = conv(plant_num,Gcnum);  

Tden = conv(plant_den,Gcden)+conv(plant_num,Gcnum); 

  

r = roots(Tden)  

  

step (Tnum,Tden,t)  

hold on  

end  

  

hold off  

figure, rlocus(Tnum,Tden) 

 



75 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



76 
 

 

 

 

LAMPIRAN VI 

Program Utama 
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Source Code Main Program 

 

/*====================================================* 

*=================================================* 

@Version : Ver.1 (Sunday, November 9th 2017) 

@IDE     : Arduino IDE 

====================== 

=======================================================* 

*==============================================*/ 

 

#include <PID_v1.h> 

double pH_Setpoint=7;    // Masukkan nilai pH setpoint disini 

double pH_Input; 

double pH_Output; 

 

double pH_Kp=0.6906, pH_Ki=0.01, pH_Kd=0.0588; 

PID PID_pH(&pH_Input, &pH_Output, &pH_Setpoint, pH_Kp, pH_Ki, pH_Kd, 

DIRECT); 

 

 

/* 

 * MOTOR PIN MACROS 

 */ 

#define PUMP_A_PWM_PIN         3 

#define PUMP_A_DIRECTION_A_PIN 4 

#define PUMP_A_DIRECTION_B_PIN 5 

#define PUMP_B_PWM_PIN         8 

#define PUMP_B_DIRECTION_A_PIN 6 

#define PUMP_B_DIRECTION_B_PIN 7 

 

#define IDLE_MODE 0 

#define ACID 1 
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#define BASE 2 

 

 

/* 

 *  pH Sensor 

 */ 

#define SensorPin A0          //pH meter Analog output to Arduino Analog Input 0 

unsigned long int avgValue;  //Store the average value of the sensor feedback 

float phValue; 

float b; 

int buf[10],temp; 

 

void setup()  

{ 

   pHSensorInit(); 

   Pump_Init(); 

   Serial.begin(9600); 

 

   PID_pH.SetMode(AUTOMATIC); 

} 

 

void loop()  

{ 

  GetpH(); 

  pH_Input= phValue; 

   

  if(pH_Input<pH_Setpoint) 
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  { 

      pH_Input=phValue; 

      PID_pH.Compute(); 

      Pump_Drive(BASE, pH_Output); 

  } 

  else if(pH_Input>pH_Setpoint) 

  { 

      pH_Input=-phValue; 

      PID_pH.Compute(); 

      Pump_Drive(ACID, pH_Output);     

 

  } 

  else 

  { 

      Serial.print("(Steady State)"); 

      Pump_Drive(IDLE_MODE, 0);     

  } 

 

} 

 

void Pump_Init(void) 

{ 

    //pin driver 

  pinMode(PUMP_A_PWM_PIN,OUTPUT);  

  pinMode(PUMP_A_DIRECTION_A_PIN,OUTPUT); 

  pinMode(PUMP_A_DIRECTION_B_PIN,OUTPUT); 
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  pinMode(PUMP_B_PWM_PIN,OUTPUT);  

  pinMode(PUMP_B_DIRECTION_A_PIN,OUTPUT); 

  pinMode(PUMP_B_DIRECTION_B_PIN,OUTPUT); 

 

 

  digitalWrite(PUMP_A_DIRECTION_A_PIN,HIGH); 

  digitalWrite(PUMP_A_DIRECTION_B_PIN,LOW);  

  digitalWrite(PUMP_B_DIRECTION_A_PIN,HIGH); 

  digitalWrite(PUMP_B_DIRECTION_B_PIN,LOW);  

} 

// @param:  

//          0 -> idle 

//          1 -> Pump A (Acid) Activated) 

//          2 -> Pump B (Base) Activated 

void Pump_Drive(unsigned int cmd, double PWM) 

{ 

   switch(cmd) 

   { 

      case IDLE_MODE: 

                      { 

                          analogWrite(PUMP_A_PWM_PIN, 0); 

                          analogWrite(PUMP_B_PWM_PIN, 0); 

                          digitalWrite(PUMP_A_DIRECTION_A_PIN,LOW); 

                          digitalWrite(PUMP_A_DIRECTION_B_PIN,LOW);  

                          digitalWrite(PUMP_B_DIRECTION_A_PIN,LOW); 

                          digitalWrite(PUMP_B_DIRECTION_B_PIN,LOW);  

                      }break; 
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      case ACID     : 

                      { 

                          analogWrite(PUMP_A_PWM_PIN, PWM); 

                          digitalWrite(PUMP_A_DIRECTION_A_PIN,HIGH); 

                          digitalWrite(PUMP_A_DIRECTION_B_PIN,LOW);  

                          digitalWrite(PUMP_B_DIRECTION_A_PIN,LOW); 

                          digitalWrite(PUMP_B_DIRECTION_B_PIN,LOW);                             

                      }break; 

      case BASE     : 

                      { 

                          analogWrite(PUMP_B_PWM_PIN, PWM); 

                          digitalWrite(PUMP_B_DIRECTION_A_PIN,HIGH); 

                          digitalWrite(PUMP_B_DIRECTION_B_PIN,LOW);   

                          digitalWrite(PUMP_A_DIRECTION_A_PIN,LOW); 

                          digitalWrite(PUMP_A_DIRECTION_B_PIN,LOW);                             

                      }break;                                             

   } 

} 

void pHSensorInit(void) 

{ 

  pinMode(SensorPin,INPUT);  

} 

void GetpH(void) 

{ 

  for(int i=0;i<10;i++)       //Get 10 sample value from the sensor for smooth the value 

  {  

    buf[i]=analogRead(SensorPin); 
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    delay(10); 

  } 

  for(int i=0;i<9;i++)        //sort the analog from small to large 

  { 

    for(int j=i+1;j<10;j++) 

    { 

      if(buf[i]>buf[j]) 

      { 

        temp=buf[i]; 

        buf[i]=buf[j]; 

        buf[j]=temp; 

      } 

    } 

  } 

  avgValue=0; 

  for(int i=2;i<8;i++)                      //take the average value of 6 center sample 

    avgValue+=buf[i]; 

  phValue=(float)avgValue*5.0/1024/6; //convert the analog into millivolt 

  phValue=3.5*phValue;                      //convert the millivolt into pH value 

  Serial.print("    pH:");   

  Serial.print(phValue,2); 

  Serial.println(" "); 

} 

 

 

 


