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Lampiran I. Dokumentasi Pengujian Alat 
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Lampiran II. Listing kode pemrograman mikrokontroler ATMega328P 

 ATMega328P I : 

#include <LiquidCrystal_I2C.h> 

 

#define on_off 9 

#define sw_Pin 5 

#define clk_Pin 3 

#define dt_Pin 4 

 

LiquidCrystal_I2C lcd(0x27, 20, 4); 

 

volatile int step_pos = 0; 

volatile int pos; 

static int pos_lama = 0; 

volatile byte sw = 0; 

 

volatile int counter = 0; 

int counter_lama = 1; 

 

int pengulang; 

int sisa; 

int batas_ss; 

 

bool set_timer; 

bool set_off = false; 

bool flag_timer = false; 

bool off_state = false; 

bool latch_menu = false; 

 

byte menu = 0; 

static int menu_lama = 1; 

byte batas_menu; 

 

int n_mode = 0; 

byte n_pngtrn = 0; 

int n_pilihan = 0; 

byte z; 
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volatile byte freq; 

byte freq_lama = 0; 

byte freq_set = 5; 

 

byte durasi; 

float durasi_ss; 

byte durasi_set = 15; 

 

byte alpha = 135; 

byte alpha_set = 90; 

String s_alpha; 

byte n_char_alpha; 

byte sym_derajat = B11011111; 

 

byte fr; 

byte fr_set; 

byte fr_lama = 0; 

int delta_freq; 

 

uint8_t dt_Freq; 

uint8_t dt_Fr; 

uint8_t dt_Alpha[3]; 

byte n_Alpha[3]; 

 

String mode[]      = {"Manual", "Softstart/stop"}; 

String kond_mtr[]  = {"Stop", "Running"}; 

String op_mtr[]    = {"Hidupkan Motor", "Matikan Motor"}; 

String pngtrn[][5] = {{"", "Ubah Frekuensi", "Ubah Sudut Picu", "Ubah Mode", "Matikan Alat"}, 

                      {"", "Ubah D S.startstop","Ubah Sudut Picu", "Ubah Mode", "Matikan Alat"} 

}; 

 

void setup() 

{ 

  Serial.begin(9600); 

   

  lcd.init(); 

  lcd.clear(); 

  lcd.backlight();   
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  pinMode(on_off, OUTPUT); 

  pinMode(clk_Pin, INPUT); 

  pinMode(dt_Pin, INPUT); 

  pinMode(sw_Pin, INPUT_PULLUP); 

 

  digitalWrite(on_off, LOW); 

 

   

  noInterrupts(); 

  PCICR   |= (1 << PCIE2); 

  PCMSK2  |= (1 << PCINT21); 

   

  TCCR1A  = 0; 

  TCCR1B  = 0; 

  TCNT1 = 0; 

  OCR1A = 15625; 

  TCCR1B |= (1 << CS12) | (1 << CS10); //prescaler 1024 

  interrupts(); 

 

  attachInterrupt(digitalPinToInterrupt(clk_Pin), r_encoder, CHANGE); 

} 

 

ISR (PCINT2_vect) 

{ 

  if(!digitalRead(sw_Pin) && !latch_menu) 

  { 

    sw++; 

    step_pos = 0; 

    pos = 0; 

 

    if (menu == 4 && sw == 5) 

    { 

      switch (n_pngtrn) 

      { 

        case 0: // matikan/hidupkan motor 

          fr_set = (fr_set + 1) % 2; 

          menu = 3; 

          break; 
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        case 1: // ubah freq/durasi ss 

          menu = 1; 

          break; 

   

        case 2: // ubah sudut picu 

          menu = 2; 

          break; 

 

        case 3: // pilih mode 

          freq_set = freq; 

          menu = 0; 

          break; 

   

        case 4: // matikan sistem 

          fr_set = 0; 

          set_off = true; 

          menu = 5; 

          break; 

      } 

      sw = menu; 

      n_pngtrn = 0; 

      n_pilihan = 0; 

      z = 0; 

    } 

    else 

    { 

      menu = sw; 

    } 

  } 

} 

 

void r_encoder() 

{ 

  if (digitalRead(clk_Pin) != digitalRead(dt_Pin)) 

  { 

    step_pos++; 

  } 

  else 

  { 
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    step_pos--; 

  } 

 

  if (step_pos >= 2) 

  { 

    pos++; 

    step_pos = 0; 

  } 

  if (step_pos <= -2) 

  { 

    pos--; 

    step_pos = 0; 

  } 

} 

 

ISR (TIMER1_COMPA_vect) //ISR untuk softstart/stop 

{ 

  if (OCR1B == 0 && counter == pengulang && !flag_timer) 

  { 

    freq  = freq + (delta_freq); 

    counter = 0; 

  } 

  else 

  { 

    counter++; 

    TCNT1 = 0; 

  } 

} 

 

ISR (TIMER1_COMPB_vect) 

{ 

  if (counter == pengulang && !flag_timer) 

  { 

    freq  = freq + (delta_freq); 

    counter = 0; 

    TCNT1 = 0; 

  } 

} 

void loop() 
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{ 

 

  if (menu_lama != menu || (pos_lama != pos && menu != 3) || freq != freq_lama || (counter != counter_lama 
&& flag_timer)) 

  { 

    if(menu_lama != menu) 

    { 

      lcd.clear(); 

    } 

     

    switch (menu) 

    { 

      case 0: 

        fr_set = 1; 

        pilih_Mode(); 

        break; 

 

      case 1: 

        if (n_mode == 0) 

        { 

          atur_Freq();; 

        } 

        else 

        { 

          atur_Time_ss(); 

        } 

        break; 

 

      case 2: 

        atur_Alpha(); 

        break; 

         

      case 3: 

        operate_Motor(); 

        kirim_Data(); 

        monitoring(); 

        break; 

 

      case 4: 

        pengaturan(); 
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        break; 

 

      case 5: 

        matikan_Motor(); 

        kirim_Data(); 

        matikan_Sys(); 

        break; 

    } 

    menu_lama = menu; 

    pos_lama = pos; 

    freq_lama = freq; 

    counter_lama = counter; 

  } 

} 

 

int encoder(int var, int b_bawah, int b_atas) 

{ 

  noInterrupts(); 

  var = var + pos; 

  pos = 0; 

  interrupts(); 

  var = constrain(var, b_bawah, b_atas); 

  return var; 

} 

 

void operate_Motor() 

{ 

  alpha = alpha_set; 

   

  if (n_mode == 0) 

  { 

    freq = freq_set; 

    fr_lama = fr_set; 

    fr = fr_set; 

  } 

 

  else if (n_mode == 1) 

  { 

    durasi = durasi_set; 
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    durasi_ss = durasi_set; 

    if (fr_set != fr_lama) 

    { 

      latch_menu = true; 

       

      if (fr_set == 1) 

      { 

        fr = 1; 

        freq = 5; 

        delta_freq = -1; 

        batas_ss = 1; 

      } 

      else if (fr_set == 0) 

      { 

        freq += 1; 

        delta_freq = 1; 

        batas_ss = 5 + 1; 

      } 

 

      freq_set = freq; 

      pengulang = durasi_ss / abs(batas_ss - freq_set); 

      OCR1B = ((durasi_ss / (abs(batas_ss - freq_set))) - pengulang) * 15625 ; 

      set_timer = 1; 

      fr_lama = fr_set; 

    } 

 

    if (freq == batas_ss) 

    { 

      TIMSK1 &= (0 << OCIE1A) | (0 << OCIE1B); 

      latch_menu = false; 

      if (freq > 5) 

      { 

        freq = 5; 

        fr = 0; 

      } 

    } 

  } 

} 
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void matikan_Motor() 

{ 

  while (set_off) 

  { 

    if (fr_lama == 1 && n_mode == 1) 

    { 

      freq += 1; 

      delta_freq = 1; 

      batas_ss = 5 + 1; 

      freq_set = freq; 

      pengulang = durasi_ss / abs(batas_ss - freq_set); 

      OCR1B = ((durasi_ss / (abs(batas_ss - freq_set))) - pengulang) * 15625 ; 

    } 

    else 

    { 

      if (fr_lama == 1 && n_mode == 0) 

      { 

        freq = 5; 

      } 

      pengulang = 3; 

      OCR1B = 0; 

      batas_ss = 4; 

      flag_timer = true; 

    } 

    set_timer = 1; 

    set_off = false; 

  } 

 

  if (freq == batas_ss && !flag_timer) 

  { 

    TIMSK1 &= (0 << OCIE1A) | (0 << OCIE1B); 

    if (freq > 5) 

    { 

      freq = 5; 

      fr = 0; 

      off_state = true; 

    } 

  } 

  else if (counter == batas_ss && flag_timer) 
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  { 

    TIMSK1 &= (0 << OCIE1A) | (0 << OCIE1B); 

    fr = 0; 

    off_state = true; 

  } 

} 

 

void kirim_Data() 

{ 

  dt_Freq = freq + '0'; 

  dt_Fr = fr + '0'; 

  n_Alpha[2] = alpha; 

 

  Serial.write('#'); 

  Serial.write(dt_Freq); 

  Serial.write('#'); 

  Serial.write(dt_Fr); 

  Serial.write('#'); 

  for (int n = 2; n > -1; n--) 

  { 

    byte bagi = pow(10,n); 

    dt_Alpha[n] = ((n_Alpha[n]/bagi)) + '0'; 

     

    if (n > 0) 

    { 

      n_Alpha[n-1] = n_Alpha[n]%bagi; 

    } 

     

    Serial.write(dt_Alpha[n]); 

  } 

  Serial.write('@'); 

} 

 

void pilih_Mode() 

{ 

  n_mode = encoder(n_mode, 0, 1); 

 

  lcd.setCursor(0, 0); 

  lcd.print("Pilih Mode :"); 
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  lcd.setCursor(2, 1); 

  lcd.print(mode[0]); 

  lcd.setCursor(2, 2); 

  lcd.print(mode[1]); 

   

  lcd.setCursor(0, 1); 

  lcd.print(" "); //clear kolom 

   

  lcd.setCursor(0, 2); 

  lcd.print(" "); 

  lcd.setCursor(0, (n_mode + 1)); 

  lcd.print(">"); 

} 

 

void atur_Freq() 

{ 

  freq_set = encoder(freq_set, 1, 5); 

 

  lcd.setCursor(0, 0); 

  lcd.print("Atur Frekuensi"); 

  lcd.setCursor(0, 1); 

  lcd.print("Kerja :"); 

  lcd.setCursor(9, 3); 

  lcd.print("F/"); 

   

  lcd.setCursor(11, 3); 

  lcd.print(" "); //clear kolom 

   

  lcd.setCursor(11, 3); 

  lcd.print(freq_set); 

} 

 

void atur_Time_ss() 

{ 

  durasi_set = encoder(durasi_set, 10, 20); 

 

  lcd.setCursor(0, 0); 

  lcd.print("Atur Durasi"); 

  lcd.setCursor(0, 1); 
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  lcd.print("Softstart/stop :"); 

   

  lcd.setCursor(6, 3); 

  lcd.print("  "); //clear kolom 

  lcd.setCursor(6, 3); 

  lcd.print(durasi_set); 

  lcd.setCursor(9, 3); 

  lcd.print("detik"); 

} 

 

void atur_Alpha() 

{ 

  alpha_set = encoder(alpha_set, 10, 170); 

 

  s_alpha = String (alpha_set); 

  n_char_alpha = s_alpha.length(); 

   

  lcd.setCursor(0, 0); 

  lcd.print("Atur Sudut Picu :"); 

 

  lcd.setCursor(8,3); 

  lcd.print("     "); 

  lcd.setCursor((11-n_char_alpha), 3); 

  lcd.print(alpha_set); 

  lcd.setCursor(11, 3); 

  lcd.write(sym_derajat); 

} 

 

void monitoring() 

{ 

  lcd.setCursor(0, 0); 

  lcd.print("-----MONITORING-----"); 

   

  lcd.setCursor(0, 1); 

  lcd.print("MODE :"); 

  lcd.setCursor(6, 1); 

  lcd.print(mode[n_mode]); 

   

  lcd.setCursor(0, 2); 
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  lcd.print("FREQ :"); 

  lcd.setCursor(6, 2); 

  lcd.print("F/"); 

  lcd.setCursor(8, 2); 

  lcd.print(" "); //clear kolom 

  lcd.setCursor(8, 2); 

  lcd.print(freq); 

 

  lcd.setCursor((14-n_char_alpha), 2); 

  lcd.print(alpha); 

  lcd.setCursor(14, 2); 

  lcd.write(sym_derajat); 

  

  lcd.setCursor(0, 3); 

  lcd.print("MOTOR:"); 

  lcd.setCursor(6, 3); 

  lcd.print("       "); 

  lcd.setCursor(6, 3); 

  lcd.print(kond_mtr[fr]); 

 

  if (n_mode == 1) 

  { 

    lcd.setCursor((17), 2); 

    lcd.print(durasi); 

    lcd.setCursor(19, 2); 

    lcd.print("s"); 

 

    if (set_timer) 

    { 

      set_timer = 0; 

      noInterrupts(); 

      TIMSK1 |= (1 << OCIE1A) | (1 << OCIE1B); 

      counter  = -1; 

      interrupts(); 

    } 

  } 

} 

 

void pengaturan() 
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{ 

  for (int  x = 0; x < 2; x++) 

  { 

    pngtrn[x][0] = op_mtr[fr]; 

  } 

 

  n_pilihan = encoder(n_pilihan, -1, 4); 

 

  if (n_pilihan > 3) 

  { 

    if (z == 0) 

    { 

      lcd.clear(); 

    } 

    z = 1; 

    n_pilihan = 3; 

  } 

  else if (n_pilihan < 0 ) 

  { 

    if (z == 1) 

    { 

      lcd.clear(); 

    } 

    z = 0; 

    n_pilihan = 0; 

  } 

 

  for (int y = 0; y <= 3; y++) 

  { 

    lcd.setCursor(2, y); 

    lcd.print(pngtrn[n_mode][(y+z)]); 

    lcd.setCursor(0, y); 

    lcd.print(" "); //clear kolom 

  } 

  lcd.setCursor(0, n_pilihan); 

  lcd.print(">"); 

 

  n_pngtrn = n_pilihan + z; 

  lcd.setCursor(19, 3); 
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  lcd.print(n_pngtrn); 

} 

 

void matikan_Sys() 

{ 

  lcd.setCursor(6, 1); 

  lcd.print("Mematikan"); 

  lcd.setCursor(7, 2); 

  lcd.print("Sistem"); 

 

  if (set_timer) 

  { 

    set_timer = 0; 

    noInterrupts(); 

    TIMSK1 |= (1 << OCIE1A) | (1 << OCIE1B); 

    interrupts(); 

    counter = -1; 

  } 

 

  if (off_state) 

  { 

    digitalWrite(on_off, HIGH); 

  } 

} 

 ATMega328P II : 

#define ZCD_Pin 2 

 

const int scr_Pin[][2] = { {12, 11}, {10, 9} }; 

const int conv_Pin[2] = {8, 7}; 

 

volatile byte freq = 5; //frekuensi output f/5 - f/1 

volatile bool fr = false; //set untuk firing atau tidak 

volatile uint16_t alpha = 1500; //range 0 - 2500 (0 - 180) 

uint16_t cal = 20; // kalibrasi utk ZCD yang leading 

 

byte ZCD_Cycle; // siklus dari P/N dari sinyal ZCD 

byte freq_Cycle = 0; // jumlah siklus P/N dari sinyal keluaran 

bool conv_Type = 0; // jenis converter yang aktif (Conv P / N) 
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String data; 

char dt_Char; 

int dt_Freq; // data-data yang diterima dari arduino #1 

bool dt_Fr; 

int dt_Alpha; 

int arr_dt_Alpha[3]; 

 

void setup() 

{ 

  Serial.begin(9600); 

   

  for (int i = 0; i < 2; i++) 

  { 

    for (int j = 0; j < 2; j++) 

    { 

      pinMode(scr_Pin[i][j], OUTPUT); 

      digitalWrite(scr_Pin[i][j], LOW); 

    } 

  } 

 

  for (int i = 0; i < 2; i++) 

  { 

    pinMode(conv_Pin[i], OUTPUT); 

    digitalWrite(conv_Pin[i], LOW); 

  } 

 

  dt_Freq = freq; 

  dt_Fr = fr; 

  dt_Alpha = alpha; 

   

  noInterrupts(); 

  TCCR1A = 0; 

  TCCR1B = 0; 

  TCCR1B |= (1 << CS11) | (1 << CS10); // atur prescaler ke-64 

  interrupts(); 

 

  attachInterrupt(digitalPinToInterrupt(ZCD_Pin), ZCD, CHANGE); 

} 
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void ZCD() 

{ 

  if (fr) 

  { 

    if (digitalRead(ZCD_Pin)) 

    { 

      ZCD_Cycle = 0; //ZCD berada pada siklus positif  

    } 

    else 

    { 

      ZCD_Cycle = 1; // ZCD berada pada siklus negatif 

    } 

 

    OCR1A = alpha; 

    TCNT1 = 0; // mengatur timer dimulai dari 0 

    TIMSK1 |= (1 << OCIE1A); // aktifkan timer A 

 

    digitalWrite(conv_Pin[conv_Type], HIGH); 

  } 

 

  else 

  { 

    digitalWrite(conv_Pin[conv_Type], LOW); 

    freq_Cycle = 0; 

  } 

} 

 

ISR (TIMER1_COMPA_vect) 

{ 

  TIMSK1 &= (0 << OCIE1A); // non-aktifkan timer A 

   

  digitalWrite(scr_Pin[conv_Type][ZCD_Cycle], HIGH); 

  delayMicroseconds(50); 

  digitalWrite(scr_Pin[conv_Type][ZCD_Cycle], LOW); 

   

  freq_Cycle = freq_Cycle + 1; 

 

  if(freq_Cycle >= freq) 

  { 
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    digitalWrite(conv_Pin[conv_Type], LOW); 

    conv_Type = !conv_Type; 

    freq_Cycle = 0; 

  } 

} 

 

void loop() 

{ 

  while (Serial.available()) 

  { 

    dt_Char = Serial.read(); 

    data += dt_Char; 

     

    if(dt_Char == '@') 

    { 

      if(data.length() == 9 && data[0] == '#') 

      { 

        dt_Freq = data[1] - '0'; 

        dt_Fr = data[3] - '0'; 

        dt_Alpha = 0; 

        for (int n = 0; n < 3; n++) 

        { 

          arr_dt_Alpha[n] = data[n+5] - '0'; 

          dt_Alpha = dt_Alpha + arr_dt_Alpha[n] * pow(10,(2-n)); 

        } 

        dt_Alpha = map(dt_Alpha, 0, 180, 0, 2500); 

        data = "";  

      } 

      else 

      { 

        data = ""; 

      } 

    } 

  } 

 

  if(dt_Freq != freq || dt_Fr != fr || dt_Alpha != alpha) 

  { 

    noInterrupts(); 

    freq = dt_Freq; 
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    fr = dt_Fr; 

    alpha = dt_Alpha; 

    interrupts(); 

  } 

} 


