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LAMPIRAN 

Lampiran 1 : Spesifikasi motor PG45 

No Parameter Nilai dan satuan 

1 Diameter body motor 45 mm 

2 Panjang body motor 125 mm 

3 Rasio gear box 1 : 19 

4 Diameter shaft motor 10 mm 

5 Arus maksimal 4 ampere 

6 Tegangan 24 volt DC 

7 Daya 60 watt 

8 Torsi konstan 25 kg/cm 

9 Torsi stall 50 kg/cm 

10 Speed 500 rpm 

11 Berat 800 gram 

12 Pulsa rotary encoder 7 ppr 

13 Chanel rotary encoder 2 chanel 

 

  



 

 
 

Lampiran 2 : Spesifikasi arduino mega 2560 

No Parameter Nilai dan satuan 

1 Total pin I/O digital 54 pin 

2 Pin pwm 14 pin 

3 Pin input analog 16 pin 

4 Pin UART 4 pin 

5 Kristal 16 MHz 

6 Tegangan operasi 5 volt DC 

7 Tegangan input 7 – 12 volt DC 

8 Arus DC per I / O pin 40 mA 

9 Flash memory 256 KB 

 

  



 
 

 
 

Lampiran 3 : Spesifikasi driver motor BTS7960 

No Parameter Nilai dan satuan 

1 Pin MCU ke driver 4 pin (gnd, vcc, input 1, input 2) 

2 Isolation chip  power supply 5 volt DC 

3 Dimensi 4 * 5 * 1.2 cm 

4 Frekuensi pwm maksimal 25 KHz 

5 Tegangan masukan motor 5,5 volt – 27 volt DC 

6 Tegangan logika 3,3 volt – 5 volt 

7 Arus untuk beban 43 Ampere 

8 Perlindungan  
Hubung singkat, over tegangan, 

tegangan bawah, overheat. 

 

  



 
 

 
 

Lampiran 4 : Spesifikasi MPU6050 

Pin Nama Pin Deskripsi 

1 Vcc +3V sampai +5V 

2 Ground Terhubung ke Ground sistem 

3 

Serial 

Clock 

(SCL) 

Digunakan untuk menyediakan pulsa clock untuk 

Komunikasi I2C 

4 

Serial 

Data 

(SDA) 

Digunakan untuk mentransfer data melalui 

komunikasi I2C 

5 

Auxiliary 

Serial 

Data 

(XDA) 

Dapat digunakan untuk antarmuka modul I2C lainnya 

dengan MPU6050. Itu opsional 

6 

Auxiliary 

Serial 

Clock 

(XCL) 

Dapat digunakan untuk antarmuka modul I2C lainnya 

dengan MPU6050. Itu opsional 

7 AD0 

Jika lebih dari satu MPU6050 digunakan satu MCU, 

maka pin ini dapat digunakan untuk memvariasikan 

alamat 

8 
Interrupt 

(INT) 

Pin interupst untuk menunjukkan bahwa data tersedia 

untuk dibaca oleh MCU. 

 

  



 
 

 
 

Lampiran 5: Program 

#include <MsTimer2.h> 

#include <LiquidCrystal.h> 

LiquidCrystal lcd(34, 36, 38, 40, 42, 44); 

#define sw6 41 

#define sw5 33  

#define sw4 35  

#define sw3 37 

#define sw2 39 

#define sw1 31 

#define pwmL1 11 

#define pwmL2 10 

#define pwmR1 5 

#define pwmR2 4 

#define pwmB1 7 

#define pwmB2 6 

#define pwmD1 13 

#define pwmD2 12 

#define intPinL 3 

#define intPinR 20 

#define intPinB 21 

#define digPinL 30 

#define digPinR 26 

#define digPinB 28 

 

float const maxRPM = 530; 

float const rRobot = 0.185; //18.5 cm 

float const dRobot = 0.37; //37 cm 

float const perRotasi1 = 800; //270 pulsa 

float const dRoda = 10; //10 cm 



 
 

 
 

float const dRoda1 = 6.5; //6.5 cm 

float const kelRoda = (dRoda * 22 / 7); 

float const kelRoda1 = (dRoda1 * 22 / 7); 

float const jarPerPulsa1 = kelRoda1 / perRotasi1; 

float rpmL, rpmR, rpmB, pwmL, pwmR, pwmB, jarL, jarR, jarB, jarL1, 

jarR1, jarB1, kecL, kecR, kecB, errorL, errorR, errorB, Theta, 

rTheta, T, rotpsL, rotpsR, dataGyro,error, error1, lastError, 

lastError1, PID, mmpsL, mmpsR, mmpsB, errorL1, errorR1, errorB1, 

errorIL, errorIR, errorIB, errorIB1, radpsL, radpsR,vL, vR, vB, vX, 

vY, vT, iX, iY, iT, derajat, errorX, errorY, errorX1, errorY1, 

errorT, xTarget, yTarget, tTarget; 

float jarX = 0, jarY = 0; 

String inString = ""; 

int m, titikTuju; 

char data; 

long count, L, R, B, intL, intR, intB, frekL, frekR, frekB; 

int posisiBola, detekBola = 0, detekBola360 = 0, countRun, 

countTendang, countManual, detikManual, detikRun, detikRunBertahan, 

detikRunSerang, countDetek, countGaDetek; 

void setup() { 

  pinMode(pwmL1, OUTPUT); 

  pinMode(pwmL2, OUTPUT); 

  pinMode(pwmR1, OUTPUT); 

  pinMode(pwmR2, OUTPUT); 

  pinMode(pwmB1, OUTPUT); 

  pinMode(pwmB2, OUTPUT); 

  pinMode(9, OUTPUT); 

  pinMode(8, OUTPUT); 

  digitalWrite(9, 1); 

  digitalWrite(10, 1); 

  MsTimer2::set(100, interrupt0); 

  MsTimer2::start(); 

 



 
 

 
 

  attachInterrupt(digitalPinToInterrupt(intPinL), interruptL, 

CHANGE); 

  attachInterrupt(digitalPinToInterrupt(intPinR), interruptR, 

CHANGE); 

  lcd.begin(20, 4); 

  Serial.begin(9600); 

  Serial1.begin(9600); 

  Serial2.begin(9600); 

  Serial3.begin(38400); 

  pinMode(sw1, INPUT_PULLUP); 

  pinMode(sw2, INPUT_PULLUP); 

  pinMode(sw3, INPUT_PULLUP); 

  pinMode(sw4, INPUT_PULLUP); 

  pinMode(sw5, INPUT_PULLUP); 

  pinMode(sw6, INPUT_PULLUP); 

  pinMode(intPinL, INPUT_PULLUP); 

  pinMode(intPinR, INPUT_PULLUP); 

  pinMode(digPinL, INPUT_PULLUP); 

  pinMode(digPinR, INPUT_PULLUP); 

  motor(0, 0, 0); 

} 

byte baruReset = 'Y'; 

 

void loop() { 

  if(Theta < 0){rTheta = 360 + Theta;} 

  else{rTheta = Theta;} 

  lcd.setCursor(0, m); lcd.print(">"); 

  lcd.setCursor(1, 0); lcd.print("Kinematik "); 

  lcd.setCursor(1, 1); lcd.print("Gyro : "); lcd.print(Theta);                  

lcd.print(" ");lcd.print((int)rTheta);    lcd.print("  "); 

  lcd.setCursor(1, 2);  



 
 

 
 

  lcd.print("x"); lcd.print(jarX); lcd.print(" y"); 

lcd.print(jarY); lcd.print("  "); 

  lcd.setCursor(1, 3);  

  lcd.print("L"); lcd.print(intL); lcd.print(" R"); 

lcd.print(intR); lcd.print(" B"); lcd.print(intB); lcd.print("  

"); 

  if (O() && m == 0) { testRunKinematik(); } 

  if (U()) {lcd.setCursor(0, m); lcd.print(" "); m--; delay(150); 

} 

  if (D()) {lcd.setCursor(0, m); lcd.print(" "); m++; delay(150); 

} 

  if (m < 0) { m = 1; }  

  if (m > 1) { m = 0; } 

    if (C() && m == 1) { Serial3.println("0#"); intL = intR = jarX 

= jarY = jarL = jarR = jarB = 0; } 

  else if (C()) { motor(0, 0, 0); } 

} 

void interrupt0() { 

  jarL = jarPerPulsa1 * frekL; 

  jarR = jarPerPulsa1 * frekR; 

      updateJarak(); 

  frekL = frekR = 0; 

} 

void interruptL() { 

  if (digitalRead(intPinL) != digitalRead(digPinL)) { 

    intL++; 

    frekL++; 

  } 

  else { 

    intL--; 

    frekL--; 

  } 

} 



 
 

 
 

void interruptR() { 

  if (digitalRead(intPinR) != digitalRead(digPinR)) { 

    intR++; 

    frekR++; 

  } 

  else { 

    intR--; 

    frekR--; 

  } 

} 

bool O() { 

  if (digitalRead(sw1) == 0) { 

    return true; 

  } 

  else { 

    return false; 

  } 

} 

bool D() { 

  if (digitalRead(sw2) == 0) { 

    return true; 

  } 

  else { 

    return false; 

  } 

} 

bool U() { 

  if (digitalRead(sw3) == 0) { 

    return true; 

  } 



 
 

 
 

  else { 

    return false; 

  } 

} 

bool P() { 

  if (digitalRead(sw4) == 0) { 

    return true; 

  } 

  else { 

    return false; 

  } 

} 

bool M() { 

  if (digitalRead(sw5) == 0) { 

    return true; 

  } 

  else { 

    return false; 

  } 

} 

bool C() { 

  if (digitalRead(sw6) == 0) { 

    return true; 

  } 

  else { 

    return false; 

  } 

} 

void motor(int L, int R, int B) { 

  if (L > 0) { 



 
 

 
 

    analogWrite(pwmL1, L); 

    digitalWrite(pwmL2, 0); 

  } else if (L < 0) { 

    analogWrite(pwmL1, 255 + L); 

    digitalWrite(pwmL2, 1);  

  } else { 

    digitalWrite(pwmL1, 0); 

    digitalWrite(pwmL2, 0); 

  } 

  if (R > 0) { 

    analogWrite(pwmR1, R); 

    digitalWrite(pwmR2, 0); 

  } else if (R < 0) { 

    analogWrite(pwmR1, 255 + R); 

    digitalWrite(pwmR2, 1); 

  } else { 

    digitalWrite(pwmR1, 0); 

    digitalWrite(pwmR2, 0); 

  } 

  if (B > 0) { 

    analogWrite(pwmB1, B); 

    digitalWrite(pwmB2, 0); 

  } else if (B < 0) { 

    analogWrite(pwmB1, 255 + B); 

    digitalWrite(pwmB2, 1); 

  } else { 

    digitalWrite(pwmB1, 0); 

    digitalWrite(pwmB2, 0); 

  } 

  pwmL = L; 



 
 

 
 

  pwmR = R; 

  pwmB = B; 

} 

void maju(int L, int R) { 

  motor(-L, R, 0); 

} 

void mundur(int L, int R) { 

  motor(L, -R, 0); 

} 

void geserKiri(int L) { 

  motor(L / 2, L / 2, -L); 

} 

void geserKanan(int R) { 

  motor(-R / 2, -R / 2, R); 

} 

void berhenti() { 

  motor(0, 0, 0); 

} 

void parseGyro() { 

  int dataG; 

  while (Serial3.available() > 0) { 

    int inChar = Serial3.read(); 

 

    if (inChar != '\n') { 

      inString += (char)inChar; 

    } 

    else { 

      dataGyro = inString.toFloat(); 

      inString = ""; 

    } 



 
 

 
 

  } 

} 

void updateJarak() { 

  float vX, vY, w; 

  float offsetX = 1.01, offsetY = 1.05;  

  vX = (-cos(radians(45)) * jarR - cos(radians(45)) * jarL); 

  vY = (sin(radians(45)) * jarR - sin(radians(45)) * jarL); 

  jarX += (cos(radians(Theta)) * vX + sin(radians(Theta)) * vY) * 

offsetX; 

  jarY += (-sin(radians(Theta)) * vX + cos(radians(Theta)) * vY) * 

offsetY; 

  parseGyro(); //Theta=dataGyro; 

  if (dataGyro < 0) { 

    Theta = 360 + dataGyro; 

  } else { 

    Theta = dataGyro; 

  } 

  if (Theta > 180) { 

    Theta = Theta - 360; 

  } 

} 

void displayJarak() { 

  lcd.setCursor(0, 1); 

  lcd.print("X"); lcd.print((int)jarX); 

  lcd.print(" Y"); lcd.print((int)jarY); 

  lcd.print(" T"); lcd.print((int)Theta); lcd.print("   "); 

  lcd.setCursor(0, 2); 

  lcd.print("L"); lcd.print((int)intL); 

  lcd.print(" R"); lcd.print((int)intR); 

  lcd.print(" B"); lcd.print((int)intB); lcd.print("   "); 

} 



 
 

 
 

void runKinematik(int x, int y, int t, int maxPWM) { 

  float kpXY = 3.3, kiXY = 0.095, kdXY = 0; 

  float kpT = 2.8, kiT = 0.07, kdT = 0, maxRPM = maxPWM; 

  float eTheta, pTheta,mTheta, batasPlus, batasMin; 

  errorX = x - jarX; 

  errorY = y - jarY; 

  if(Theta < 0){pTheta = 360 + Theta;} 

  else{pTheta = Theta;} 

  mTheta = Theta; 

    if(t<0){ eTheta = 360 + t; } 

  else{ eTheta = t; } 

  if(pTheta > eTheta){errorT = pTheta - eTheta;} 

  else {errorT = Theta - t;} 

    if(errorT>180){errorT =(int) (errorT - 360);}   

  long r = sqrt(((errorX / 10) * (errorX / 10)) + ((errorY / 10) * 

(errorY / 10))); 

  r *= 10; 

  if (r < 15) { 

    iX += errorX; 

    iY += errorY; 

    if (errorT < 15 && errorT > -15) { iT += errorT; } 

  }else{ 

    iX=iY=iT=0; 

  } 

  vX = errorX * kpXY + (iX * kiXY); 

  vY = errorY * kpXY + (iY * kiXY); 

  vT = errorT * kpT + (iT * kiT); 

  if(vX>0 && vY>0){ //Kuadran I 

    if(vX>maxPWM && vX>vY){ 

      vY=maxPWM*vY/vX; 

      vX=maxPWM; 



 
 

 
 

    }else if(vY>maxPWM && vY>vX){ 

      vX=maxPWM*vX/vY; 

      vY=maxPWM; 

    }  

  }else if(vX<0 && vY>0){ //Kuadran II 

    if(-vX>maxPWM && -vX>vY){ 

      vY=maxPWM*vY/-vX; 

      vX=-maxPWM; 

    }else if(vY>maxPWM && vY>-vX){ 

      vX=maxPWM*vX/vY; 

      vY=maxPWM; 

    }  

  }else if(vX>0 && vY<0){ //Kuadran III 

    if(vX>maxPWM && vX>-vY){ 

      vY=maxPWM*vY/vX; 

      vX=maxPWM; 

    }else if(-vY>maxPWM && -vY>vX){ 

      vX=maxPWM*vX/-vY; 

      vY=-maxPWM; 

    } 

  }else if(vX<0 && vY<0){ //Kuadran IV 

    if(-vX>maxPWM && -vX>-vY){ 

      vY=maxPWM*vY/-vX; 

      vX=-maxPWM; 

    }else if(-vX>maxPWM && -vY>-vX){ 

      vX=maxPWM*vX/-vY; 

      vY=-maxPWM; 

    }  

  } 

  vB = ((vY) * (-sin(radians(Theta)))) + ((vX) * 

(cos(radians(Theta)))) + ((vT / 3)); 



 
 

 
 

  vL = ((vY) * (-sin(radians(60 - Theta)))) + ((vX) * (-

cos(radians(60 - Theta)))) + ((vT / 3)); 

  vR = ((vY) * ( sin(radians(60 + Theta)))) + ((vX) * (-

cos(radians(60 + Theta)))) + ((vT / 3)); 

  if (vL > maxRPM) { 

    vL = maxRPM; 

  } 

  if (vR > maxRPM) { 

    vR = maxRPM; 

  } 

  if (vB > maxRPM) { 

    vB = maxRPM; 

  } 

  if (vL < -maxRPM) { 

    vL = -maxRPM; 

  } 

  if (vR < -maxRPM) { 

    vR = -maxRPM; 

  } 

  if (vB < -maxRPM) { 

    vB = -maxRPM; 

  } 

  if ((errorX < 4 && errorX > -4) && (errorY < 4 && errorY > -4) 

&& (errorT < 2 && errorT > -2)) { 

    motor(0, 0, 0); 

    iX = iY = iT = 0; 

    titikTuju = 1; 

  } 

  else { 

    motor(vL, vR, vB); 

    titikTuju = 0; 

  } 



 
 

 
 

} 

void testRunKinematik() { 

    while (!C()) { 

    lcd.clear(); 

    while (!C() && titikTuju != 1) { 

      runKinematik(0, 210, 0, 50); 

      displayJarak(); 

    } titikTuju = 1; displayJarak(); 

    while (!C() && titikTuju != 1) { 

      runKinematik(0, 0, 0, 50); 

      displayJarak(); 

    } //titikTuju = 1; 

  } 

  motor(0, 0, 0); delay(300); lcd.clear(); 

} 

  



 
 

 
 

  



 
 

 
 

  



 
 

 
 

  



 
 

 
 

  



 
 

 
 

  



 
 

 
 

  



 
 

 
 

  



 
 

 
 

  



 
 

 
 

 


