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Listing program MATLAB Symmetrical Optimum 
Gcl=0.596; 

Tcl=0.054; 

Tmn=1; 

D=0.707;  

a=2*D+1; 

Tcw=a^2*Tcl; 

Gcw=(1/(a*Gcl)*(Tmn/Tcl)); 

  

s=tf('s'); 

so=(Gcw*Gcl*Tcw*s+Gcl*Gcw)/(Tcw*Tcl*Tmn*s^3+Tcw*Tmn*s^2); 

margin(so); 

 

Listing program Arduino sistem kontrol kecepatan sepeda listrik menggunakan 

metode self-tuning parameter PI dengan metode logika fuzzy 

#define NB 0 

#define NK 1 

#define ZE 2 

#define PK 3 

#define PB 4 

 

float value; 

float result; 

float x0; 

float x1; 

float x2; 

float Ts = 0.01; 

float data_Error; 

float data_delError; 

float Error[5]; 

float delError[5]; 

float dke1; 

float dke2; 

float dkde1; 

float dkde2; 

float fs1; 

float fs2; 

float fs3; 

float fs4; 

float a; 

float b; 

float tp; 

float tn; 

float wp; 

float wi; 

float wap; 

float wai; 

float y; 

float Kp = 3.23465; 

float Ki = 10.3245125; 

float integrator; 

float last1_integrator; 

float prop; 

float intg; 

float rpm; 

int hie1; 

int hie2; 

int hide1; 

int hide2; 

int hop1; 

int hop2; 

int hop3; 

int hop4; 

int hoi1; 

int hoi2; 

int hoi3; 

int hoi4; 

int MV; 

int pwm; 

int setpoint; 

volatile int pulsa = 0; 

 

 

float triangle(float 

value, float x0, float 

x1, float x2); 

float reverse_grade(float 

value, float x0, float 

x1); 

float grade(float value, 

float x0, float x1); 

void fuzzy(); 

void 

derajat_keanggotaan(); 

void firing_strength(); 

void weighted_average(); 

 

 

float triangle(float 

value, float x0, float 

x1, float x2) 

{ 

  float result = 0; 

  float x; 

  x = value; 

 

  if ((x <= x0) || (x >= 

x2)) 

  { 

    result = 0; 

  } 

 

  else if (x == x1) 

  { 

    result = 1; 

  } 

 

  else if ((x >= x0) && 

(x < x1)) 

  { 

    result = ((x - x0) / 

(x1 - x0)); 

  } 

 

  else 

  { 

    result = (((-x) + x2) 

/ (x2 - x1)); 

  } 

 

  return result; 

 

} 

float grade(float value, 

float x0, float x1) 

{ 

  float result = 0; 

  float x; 

 

  x = value; 

  if (x <= x0) 

  { 

    result = 0; 

  } 

  else if (x >= x1) 

  { 

    result = 1; 

  } 

  else 

  { 

    result = (x - x0) / 

(x1 - x0); 

  } 

 

  return result; 

} 

 

float reverse_grade(float 

value, float x0, float 

x1) 

{ 

  float result = 0; 

  float x; 

  x = value; 

 

  if (x <= x0) 

  { 

    result = 1; 

  } 

  else if (x >= x1) 

  { 

    result = 0; 

  } 

  else 

  { 

    result = (-x + x1) / 

(x1 - x0); 

  } 

 

  return result; 

} 
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void fuzzy() 

{ 

  Error[NB] = 

reverse_grade(data_Error, 

-20, -12); 

  Error[NK] = 

triangle(data_Error, -20, 

-12, 0); 

  Error[ZE] = 

triangle(data_Error, -12, 

0, 12); 

  Error[PK] = 

triangle(data_Error, 0, 

12, 20); 

  Error[PB] = 

grade(data_Error, 12, 

20); 

 

  delError[NB] = 

reverse_grade(data_delErr

or, -2, -1.2); 

  delError[NK] = 

triangle(data_delError, -

2, -1.2, 0); 

  delError[ZE] = 

triangle(data_delError, -

1.2, 0, 1.2); 

  delError[PK] = 

triangle(data_delError, 

0, 1.2, 2); 

  delError[PB] = 

grade(data_delError, 1.2, 

2); 

} 

 

void 

derajat_keanggotaan() 

{ 

  if (Error[NB] > 0) 

  { 

    dke1 = Error[NB]; 

    hie1 = NB; 

  } 

  if (Error[NK] > 0) 

  { 

    if (dke1 > 0) 

    { 

      dke2 = Error[NK]; 

      hie2 = NK; 

    } 

    else 

    { 

      dke1 = Error[NK]; 

      hie1 = NK; 

    } 

  } 

  if (Error[ZE] > 0) 

  { 

    if (dke1 > 0) 

    { 

      dke2 = Error[ZE]; 

      hie2 = ZE; 

    } 

    else 

    { 

      dke1 = Error[ZE]; 

      hie1 = ZE; 

    } 

  } 

  if (Error[PK] > 0) 

  { 

    if (dke1 > 0) 

    { 

      dke2 = Error[PK]; 

      hie2 = PK; 

    } 

    else 

    { 

      dke1 = Error[PK]; 

      hie1 = PK; 

    } 

  } 

  if (Error[PB] > 0) 

  { 

    if (dke1 > 0) 

    { 

      dke2 = Error[PB]; 

      hie2 = PB; 

    } 

    else 

    { 

      dke1 = Error[PB]; 

      hie1 = PB; 

    } 

  } 

 

  if (delError[NB] > 0) 

  { 

    dkde1 = delError[NB]; 

    hide1 = NB; 

  } 

  if (delError[NK] > 0) 

  { 

    if (dkde1 > 0) 

    { 

      dkde2 = 

delError[NK]; 

      hide2 = NK; 

    } 

    else 

    { 

      dkde1 = 

delError[NK]; 

      hide1 = NK; 

    } 

  } 

  if (delError[ZE] > 0) 

  { 

    if (dkde1 > 0) 

    { 

      dkde2 = 

delError[ZE]; 

      hide2 = ZE; 

    } 

    else 

    { 

      dkde1 = 

delError[ZE]; 

      hide1 = ZE; 

    } 

  } 

  if (delError[PK] > 0) 

  { 

    if (dkde1 > 0) 

    { 

      dkde2 = 

delError[PK]; 

      hide2 = PK; 

    } 

    else 

    { 

      dkde1 = 

delError[PK]; 

      hide1 = PK; 

    } 

  } 

  if (delError[PB] > 0) 

  { 

    if (dkde1 > 0) 

    { 

      dkde2 = 

delError[PB]; 

      hide2 = PB; 

    } 

    else 

    { 

      dkde1 = 

delError[PB]; 

      hide1 = PB; 

    } 

  } 

} 

 

void firing_strength() 

{ 

  fs1 = min(dke1, dkde1); 

  fs2 = min(dke1, dkde2); 

  fs3 = min(dke2, dkde1); 

  fs4 = min(dke2, dkde2); 

 

  if (fs1 > 0) 

  { 

    if (hie1 == NB) 

    { 

      if (hide1 == NB) 

      { 

        hop1 = NB; 

        hoi1 = NB; 

      } 

      else if (hide1 == 

NK) 

      { 

        hop1 = NK; 

        hoi1 = NB; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop1 = NK; 

        hoi1 = NB; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop1 = NK; 

        hoi1 = NK; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop1 = ZE; 

        hoi1 = ZE; 

      } 

    } 

    else if (hie1 == NK) 

    { 

      if (hide1 == NB) 

      { 

        hop1 = NB; 

        hoi1 = NB; 

      } 
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      else if (hide1 == 

NK) 

      { 

        hop1 = NK; 

        hoi1 = NB; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop1 = NK; 

        hoi1 = NK; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop1 = ZE; 

        hoi1 = ZE; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop1 = PK; 

        hoi1 = PK; 

      } 

    } 

    else if (hie1 == ZE) 

    { 

      if (hide1 == NB) 

      { 

        hop1 = NB; 

        hoi1 = NB; 

      } 

      else if (hide1 == 

NK) 

      { 

        hop1 = NK; 

        hoi1 = NK; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop1 = ZE; 

        hoi1 = ZE; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop1 = PK; 

        hoi1 = PK; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop1 = PB; 

        hoi1 = PB; 

      } 

    } 

    else if (hie1 == PK) 

    { 

      if (hide1 == NB) 

      { 

        hop1 = NK; 

        hoi1 = NK; 

      } 

      else if (hide1 == 

NK) 

      { 

        hop1 = ZE; 

        hoi1 = ZE; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop1 = PK; 

        hoi1 = PK; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop1 = PK; 

        hoi1 = PB; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop1 = PB; 

        hoi1 = PB; 

      } 

    } 

    else if (hie1 == PB) 

    { 

      if (hide1 == NB) 

      { 

        hop1 = ZE; 

        hoi1 = ZE; 

      } 

      else if (hide1 == 

NK) 

      { 

        hop1 = PK; 

        hoi1 = PK; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop1 = PK; 

        hoi1 = PB; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop1 = PK; 

        hoi1 = PB; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop1 = PB; 

        hoi1 = PB; 

      } 

    } 

  } 

 

  if (fs2 > 0) 

  { 

    if (hie1 == NB) 

    { 

      if (hide2 == NB) 

      { 

        hop2 = NB; 

        hoi2 = NB; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop2 = NK; 

        hoi2 = NB; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop2 = NK; 

        hoi2 = NB; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop2 = NK; 

        hoi2 = NK; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop2 = ZE; 

        hoi2 = ZE; 

      } 

    } 

    else if (hie1 == NK) 

    { 

      if (hide2 == NB) 

      { 

        hop2 = NB; 

        hoi2 = NB; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop2 = NK; 

        hoi2 = NB; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop2 = NK; 

        hoi2 = NK; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop2 = ZE; 

        hoi2 = ZE; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop2 = PK; 

        hoi2 = PK; 

      } 

    } 

    else if (hie1 == ZE) 

    { 

      if (hide2 == NB) 

      { 

        hop2 = NB; 

        hoi2 = NB; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop2 = NK; 

        hoi2 = NK; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop2 = ZE; 

        hoi2 = ZE; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop2 = PK; 
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        hoi2 = PK; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop2 = PB; 

        hoi2 = PB; 

      } 

    } 

    else if (hie1 == PK) 

    { 

      if (hide2 == NB) 

      { 

        hop2 = NK; 

        hoi2 = NK; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop2 = ZE; 

        hoi2 = ZE; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop2 = PK; 

        hoi2 = PK; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop2 = PK; 

        hoi2 = PB; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop2 = PB; 

        hoi2 = PB; 

      } 

    } 

    else if (hie1 == PB) 

    { 

      if (hide2 == NB) 

      { 

        hop2 = ZE; 

        hoi2 = ZE; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop2 = PK; 

        hoi2 = PK; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop2 = PK; 

        hoi2 = PB; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop2 = PK; 

        hoi2 = PB; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop2 = PB; 

        hoi2 = PB; 

      } 

    } 

  } 

 

  if (fs3 > 0) 

  { 

    if (hie2 == NB) 

    { 

      if (hide1 == NB) 

      { 

        hop3 = NB; 

        hoi3 = NB; 

      } 

      else if (hide1 == 

NK) 

      { 

        hop3 = NK; 

        hoi3 = NB; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop3 = NK; 

        hoi3 = NB; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop3 = NK; 

        hoi3 = NK; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop3 = ZE; 

        hoi3 = ZE; 

      } 

    } 

    else if (hie2 == NK) 

    { 

      if (hide1 == NB) 

      { 

        hop3 = NB; 

        hoi3 = NB; 

      } 

      else if (hide1 == 

NK) 

      { 

        hop3 = NK; 

        hoi3 = NB; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop3 = NK; 

        hoi3 = NK; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop3 = ZE; 

        hoi3 = ZE; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop3 = PK; 

        hoi3 = PK; 

      } 

    } 

    else if (hie2 == ZE) 

    { 

      if (hide1 == NB) 

      { 

        hop3 = NB; 

        hoi3 = NB; 

      } 

      else if (hide1 == 

NK) 

      { 

        hop3 = NK; 

        hoi3 = NK; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop3 = ZE; 

        hoi3 = ZE; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop3 = PK; 

        hoi3 = PK; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop3 = PB; 

        hoi3 = PB; 

      } 

    } 

    else if (hie2 == PK) 

    { 

      if (hide1 == NB) 

      { 

        hop3 = NK; 

        hoi3 = NK; 

      } 

      else if (hide1 == 

NK) 

      { 

        hop3 = ZE; 

        hoi3 = ZE; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop3 = PK; 

        hoi3 = PK; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop3 = PK; 

        hoi3 = PB; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop3 = PB; 

        hoi3 = PB; 

      } 

    } 

    else if (hie2 == PB) 

    { 

      if (hide1 == NB) 

      { 

        hop3 = ZE; 

        hoi3 = ZE; 

      } 
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      else if (hide1 == 

NK) 

      { 

        hop3 = PK; 

        hoi3 = PK; 

      } 

      else if (hide1 == 

ZE) 

      { 

        hop3 = PK; 

        hoi3 = PB; 

      } 

      else if (hide1 == 

PK) 

      { 

        hop3 = PK; 

        hoi3 = PB; 

      } 

      else if (hide1 == 

PB) 

      { 

        hop3 = PB; 

        hoi3 = PB; 

      } 

    } 

  } 

  if (fs4 > 0) 

  { 

    if (hie2 == NB) 

    { 

      if (hide2 == NB) 

      { 

        hop4 = NB; 

        hoi4 = NB; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop4 = NK; 

        hoi4 = NB; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop4 = NK; 

        hoi4 = NB; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop4 = NK; 

        hoi4 = NK; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop4 = ZE; 

        hoi4 = ZE; 

      } 

    } 

    else if (hie2 == NK) 

    { 

      if (hide2 == NB) 

      { 

        hop4 = NB; 

        hoi4 = NB; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop4 = NK; 

        hoi4 = NB; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop4 = NK; 

        hoi4 = NK; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop4 = ZE; 

        hoi4 = ZE; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop4 = PK; 

        hoi4 = PK; 

      } 

    } 

    else if (hie2 == ZE) 

    { 

      if (hide2 == NB) 

      { 

        hop4 = NB; 

        hoi4 = NB; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop4 = NK; 

        hoi4 = NK; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop4 = ZE; 

        hoi4 = ZE; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop4 = PK; 

        hoi4 = PK; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop4 = PB; 

        hoi4 = PB; 

      } 

    } 

    else if (hie2 == PK) 

    { 

      if (hide2 == NB) 

      { 

        hop4 = NK; 

        hoi4 = NK; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop4 = ZE; 

        hoi4 = ZE; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop4 = PK; 

        hoi4 = PK; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop4 = PK; 

        hoi4 = PB; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop4 = PB; 

        hoi4 = PB; 

      } 

    } 

    else if (hie2 == PB) 

    { 

      if (hide2 == NB) 

      { 

        hop4 = ZE; 

        hoi4 = ZE; 

      } 

      else if (hide2 == 

NK) 

      { 

        hop4 = PK; 

        hoi4 = PK; 

      } 

      else if (hide2 == 

ZE) 

      { 

        hop4 = PK; 

        hoi4 = PB; 

      } 

      else if (hide2 == 

PK) 

      { 

        hop4 = PK; 

        hoi4 = PB; 

      } 

      else if (hide2 == 

PB) 

      { 

        hop4 = PB; 

        hoi4 = PB; 

      } 

    } 

  } 

} 

 

void weighted_average() 

{ 

  if (fs1 > 0) 

  { 

    if (hop1 == 0) 

    { 

      a = 6.47 - fs1 * 

3.237; 

      tn = ((a * a + a + 

1) / (3 * (a + 1))) - 

9.704; 

      wp = wp + tn * fs1; 

    } 

    else if (hop1 == 1) 

    { 

      wp = wp + (-3.234) 

* fs1; 

    } 

    else if (hop1 == 2) 

    { 

      wp = wp + 0 * fs1; 

    } 
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    else if (hop1 == 3) 

    { 

      wp = wp + 3.234 * 

fs1; 

    } 

    else if (hop1 == 4) 

    { 

      b = 6.47 - fs1 * 

3.237; 

      tp = 9.704 - ((b * 

b + b + 1) / (3 * (b + 

1))); 

      wp = wp + tp * fs1; 

    } 

 

    if (hoi1 == 0) 

    { 

      a = 18.58 - fs1 * 

12.37; 

      tn = ((a * a + a + 

1) / (3 * (a + 1))) - 

30.98; 

      wi = wi + tn * fs1; 

    } 

    else if (hoi1 == 1) 

    { 

      wi = wi + (-12.37) 

* fs1; 

    } 

    else if (hoi1 == 2) 

    { 

      wi = wi + 0 * fs1; 

    } 

    else if (hoi1 == 3) 

    { 

      wi = wi + 12.37 * 

fs1; 

    } 

    else if (hoi1 == 4) 

    { 

      b = 18.58 - fs1 * 

12.37; 

      tp = 30.98 - ((b * 

b + b + 1) / (3 * (b + 

1))); 

      wi = wi + tp * fs1; 

    } 

  } 

 

  if (fs2 > 0) 

  { 

    if (hop2 == 0) 

    { 

      a = 6.47 - fs2 * 

3.237; 

      tn = ((a * a + a + 

1) / (3 * (a + 1))) - 

9.704; 

      wp = wp + tn * fs2; 

    } 

    else if (hop2 == 1) 

    { 

      wp = wp + (-3.234) 

* fs2; 

    } 

    else if (hop2 == 2) 

    { 

      wp = wp + 0 * fs2; 

    } 

    else if (hop2 == 3) 

    { 

      wp = wp + 3.234 * 

fs2; 

    } 

    else if (hop2 == 4) 

    { 

      b = 6.47 - fs2 * 

3.237; 

      tp = 9.704 - ((b * 

b + b + 1) / (3 * (b + 

1))); 

      wp = wp + tp * fs2; 

    } 

 

    if (hoi2 == 0) 

    { 

      a = 18.58 - fs2 * 

12.37; 

      tn = ((a * a + a + 

1) / (3 * (a + 1))) - 

30.98; 

      wi = wi + tn * fs2; 

    } 

    else if (hoi2 == 1) 

    { 

      wi = wi + (-12.37) 

* fs2; 

    } 

    else if (hoi2 == 2) 

    { 

      wi = wi + 0 * fs2; 

    } 

    else if (hoi2 == 3) 

    { 

      wi = wi + 12.37 * 

fs2; 

    } 

    else if (hoi2 == 4) 

    { 

      b = 18.58 - fs2 * 

12.37; 

      tp = 30.98 - ((b * 

b + b + 1) / (3 * (b + 

1))); 

      wi = wi + tp * fs2; 

    } 

  } 

 

  if (fs3 > 0) 

  { 

    if (hop3 == 0) 

    { 

      a = 6.47 - fs3 * 

3.237; 

      tn = ((a * a + a + 

1) / (3 * (a + 1))) - 

9.704; 

      wp = wp + tn * fs3; 

    } 

    else if (hop3 == 1) 

    { 

      wp = wp + (-3.234) 

* fs3; 

    } 

    else if (hop3 == 2) 

    { 

      wp = wp + 0 * fs3; 

    } 

    else if (hop3 == 3) 

    { 

      wp = wp + 3.234 * 

fs3; 

    } 

    else if (hop3 == 4) 

    { 

      b = 6.47 - fs3 * 

3.237; 

      tp = 9.704 - ((b * 

b + b + 1) / (3 * (b + 

1))); 

      wp = wp + tp * fs3; 

    } 

 

    if (hoi3 == 0) 

    { 

      a = 18.58 - fs3 * 

12.37; 

      tn = ((a * a + a + 

1) / (3 * (a + 1))) - 

30.98; 

      wi = wi + tn * fs3; 

    } 

    else if (hoi3 == 1) 

    { 

      wi = wi + (-12.37) 

* fs3; 

    } 

    else if (hoi3 == 2) 

    { 

      wi = wi + 0 * fs3; 

    } 

    else if (hoi3 == 3) 

    { 

      wi = wi + 12.37 * 

fs3; 

    } 

    else if (hoi3 == 4) 

    { 

      b = 18.58 - fs3 * 

12.37; 

      tp = 30.98 - ((b * 

b + b + 1) / (3 * (b + 

1))); 

      wi = wi + tp * fs3; 

    } 

  } 

 

  if (fs4 > 0) 

  { 

    if (hop4 == 0) 

    { 

      a = 6.47 - fs4 * 

3.237; 

      tn = ((a * a + a + 

1) / (3 * (a + 1))) - 

9.704; 

      wp = wp + tn * fs4; 

    } 

    else if (hop4 == 1) 

    { 

      wp = wp + (-3.234) 

* fs4; 

    } 

    else if (hop4 == 2) 

    { 

      wp = wp + 0 * fs4; 

    } 

    else if (hop4 == 3) 

    { 

      wp = wp + 3.234 * 

fs4; 

    } 

    else if (hop4 == 4) 
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    { 

      b = 6.47 - fs4 * 

3.237; 

      tp = 9.704 - ((b * 

b + b + 1) / (3 * (b + 

1))); 

      wp = wp + tp * fs4; 

    } 

 

    if (hoi4 == 0) 

    { 

      a = 18.58 - fs4 * 

12.37; 

      tn = ((a * a + a + 

1) / (3 * (a + 1))) - 

30.98; 

      wi = wi + tn * fs4; 

    } 

    else if (hoi4 == 1) 

    { 

      wi = wi + (-12.37) 

* fs4; 

    } 

    else if (hoi4 == 2) 

    { 

      wi = wi + 0 * fs4; 

    } 

    else if (hoi4 == 3) 

    { 

      wi = wi + 12.37 * 

fs4; 

    } 

    else if (hoi4 == 4) 

    { 

      b = 18.58 - fs4 * 

12.37; 

      tp = 30.98 - ((b * 

b + b + 1) / (3 * (b + 

1))); 

      wi = wi + tp * fs4; 

    } 

  } 

 

  wap = wp / (fs1 + fs2 + 

fs3 + fs4); 

  wai = wi / (fs1 + fs2 + 

fs3 + fs4); 

} 

 

void PI_controller() 

{ 

  prop = Kp * data_Error; 

  intg = last1_integrator 

+ Ki * Ts * data_Error; 

  MV = prop + intg; 

 

  last1_integrator = 

intg; 

 

  if (MV > 160) pwm = 

160; 

  else if (MV < 80) pwm = 

80; 

  else pwm = MV; 

  analogWrite(3, pwm); 

} 

 

void reset_value() 

{ 

  dke1 = 0; 

  dke2 = 0; 

  dkde1 = 0; 

  dkde2 = 0; 

  a = 0; 

  b = 0; 

  wp = 0; 

  wi = 0; 

} 

 

void timer() 

{ 

  TCCR1A = 0; 

  TCCR1B = 0; 

  TCNT1 = 0; 

 

  OCR1A = 6250; 

  TCCR1B |= (1 << WGM12); 

  TCCR1B |= (1 << CS12); 

  TIMSK1 |= (1 << 

OCIE1A); 

  TCCR3B = TCCR3B & 

B11111000 | B00000001; 

} 

 

ISR(TIMER1_COMPA_vect) 

{ 

  detachInterrupt(0); 

  rpm = (pulsa * 600) / 

36; 

  y = rpm / 2.807 + 65; 

  pulsa = 0; 

  attachInterrupt(0, 

rpm_fan, FALLING); 

  data_Error = setpoint - 

y; 

 

  reset_value(); 

  fuzzy(); 

  derajat_keanggotaan(); 

  firing_strength(); 

  weighted_average(); 

  PI_controller(); 

 

  data_delError = 

data_Error; 

 

  Serial.print(setpoint); 

  Serial.print("\t"); 

  Serial.print(MV); 

  Serial.print("\t"); 

  Serial.print(wap); 

  Serial.print("\t"); 

  Serial.print(wai); 

  Serial.print("\t"); 

  Serial.print(pwm); 

  Serial.print("\t"); 

  Serial.println(rpm); 

} 

 

void setup() 

{ 

  setpoint = 105; 

  timer(); 

  Serial.begin(9600); 

  pinMode (3, OUTPUT); 

  data_Error = 0; 

  float integrator = 0; 

  float last1_integrator 

= 0; 

  attachInterrupt(0, 

rpm_fan, FALLING); 

} 

 

 

void loop() 

{ 

} 

 

void rpm_fan() 

{ 

  pulsa++; 

} 
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Mikrokontroler Arduino Mega 2560 
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Sensor Rotary Encoder DRN136 

 

 

 

 

 

Piringan Derajat DRN136 
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