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𝑑𝑖𝑗 = 𝑎
sin 𝐵𝑖𝑗 sin 𝐶𝑖𝑗

sin[180° − (𝐵𝑖𝑗 + 𝐶𝑖𝑗)]

𝑥𝑖𝑗 = 𝑎
sin 𝐵𝑖𝑗 sin 𝐶𝑖𝑗 cos ∑ 𝛽𝑗

𝑛
𝑗=𝑖

sin[180° − (𝐵𝑖𝑗 + 𝐶𝑖𝑗)]

𝑦𝑖𝑗 = 𝑎 (
1

2
−

sin 𝐵𝑖𝑗 cos 𝐶𝑖𝑗

sin[180° − (𝐵𝑖𝑗 + 𝐶𝑖𝑗)]
)  𝑐𝑢𝑎𝑛𝑑𝑜: 𝐵𝑖𝑗 ≤ 90°

𝑦𝑖𝑗 = −𝑎 (
1

2
−

sin 𝐵𝑖𝑗 cos 𝐶𝑖𝑗

sin[180° − (𝐵𝑖𝑗 + 𝐶𝑖𝑗)]
)  𝑐𝑢𝑎𝑛𝑑𝑜: 𝐵𝑖𝑗 ≥ 90°

𝑧𝑖𝑗 = 𝑎
sin 𝐵𝑖𝑗 sin 𝐶𝑖𝑗 sin ∑ 𝛽𝑗

𝑛
𝑗=𝑖

sin[180° − (𝐵𝑖𝑗 + 𝐶𝑖𝑗)]
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𝑓/𝑛 𝑓

𝑛





 

#include <18f4550.h> 

#fuses HS, NOWDT, NOLVP, NOPROTECT, NOPUT 

 

#use delay(clock=20M) 

 

void main(){       

      set_tris_a(0x00); 

      set_tris_b(0x03); 

      set_tris_c(0x80); 

   while(1){ 

      output_toggle(PIN_B7); 

   } 

} 



𝑓𝑇 𝑓𝑜

𝑓𝑇 = 2𝑓𝑂



𝑓𝑇 𝑇

𝑇 =
1

𝑓𝑇

  



216

𝑇𝑅 = (
4 ∗ 𝑃𝑟𝑒𝑒𝑠𝑐𝑎𝑙𝑒𝑟

𝐹𝑂𝑆𝐶

(28 − 𝑇𝑀𝑅0))

𝑇𝑅

𝑇𝑅 = (
4 ∗ 𝑃𝑟𝑒𝑒𝑠𝑐𝑎𝑙𝑒𝑟

𝐹𝑂𝑆𝐶

(216 − 𝑇𝑀𝑅0))



𝑇𝑀𝑅0 =  216 −
𝑇𝑅 ∗  𝐹𝑜𝑠𝑐

4 ∗ 𝑃𝑟𝑒𝑒𝑠𝑐𝑎𝑙𝑒𝑟

𝐹𝑂𝑆𝐶

𝑇𝑅

#int_timer0 

void timer0_interrupt(){ 

output_toggle(PIN_B7); 

set_timer0(65525); 

} 





 













𝑝𝑢𝑙𝑠𝑜𝑠𝐹

𝑝𝑢𝑙𝑠𝑜𝑠𝐻

𝑝𝑢𝑙𝑠𝑜𝑠𝐿

𝑝𝑢𝑙𝑠𝑜𝑠𝐹 =
𝑝𝑢𝑙𝑠𝑜𝑠𝐻 − 𝑝𝑢𝑙𝑠𝑜𝑠𝐿

2

#int_comp 

void comparator_interrupt(){ 

   output_toggle(PIN_B7); 

   if(!C1OUT && flagC){ 

      phototransistorL = pulsos; 

      flagC = 0; 

   } 

   if(C1OUT && !flagC){ 

      phototransistorH = pulsos; 

      flagC = 1; 

   } 

} 



 





𝑇 =  
1

𝐹
=  

1

32768
= 0.0000030517 𝑠𝑒𝑔𝑢𝑛𝑑𝑜𝑠 = 30.51µ𝑠



216



const int full_step_1[4] = {0x01,0x02,0x04,0x08}; 

const int full_step_2[4] = {0x03,0x06,0x0c,0x09}; 

const int half_step[8] = {0x01,0x03,0x02,0x06,0x04,0x0c,0x08,0x09}; 



𝑇3 =  216 −  
𝑇 ∗ 𝐹𝑂𝑆𝐶

𝑃𝑟𝑒𝑒𝑠𝑐𝑎𝑙𝑒𝑟

 

set_timer3(65372);   
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#int_timer3 

void timer3_interrupt(){ 

   static signed int counter_laser = 0, counter_z = 0; 

   unsigned int16 time; 

   time = (unsigned int16)(65535.0 - (16384.0 * ((float)steps_time * 

0.001))); 

   if(adc_laser_value / 150 > 0)                               

      motor_laser_rotation? counter_laser++ : counter_laser--; 

   else if(adc_laser_value / 150 < 0)                          

      motor_laser_rotation? counter_laser-- : counter_laser++; 

   if(laser_steps != 0)    

      if(laser_steps < 0){ 

         laser_steps++; 

         motor_laser_rotation? counter_laser-- : counter_laser++; 

      }else{ 

         laser_steps--;   

         motor_laser_rotation? counter_laser++ : counter_laser--; 

      } 

       

   if(steps_laser_sequence == 0 || steps_laser_sequence == 1) 

      counter_laser = limits(counter_laser,0,3); 

   else if(steps_laser_sequence == 2) 

      counter_laser = limits(counter_laser,0,7);    

   step_laser = counter_laser; 

    

   if(adc_z_value / 150 > 0) 

      motor_z_rotation? counter_z++ : counter_z--; 

   else if(adc_z_value / 150 < 0) 

      motor_z_rotation? counter_z-- : counter_z++; 

       

   if(steps_z_sequence == 0 || steps_z_sequence == 1) 

      counter_z = limits(counter_z,0,3); 

   else if(steps_z_sequence == 2) 

      counter_z = limits(counter_z,0,7);    

   step_z = counter_z; 

    

   set_timer3(time); 



#include <18f4550.h> 

#device ADC= 10 

#fuses HSPLL, NOWDT, NOLVP, NOPROTECT, NOPUT, PLL5, USBDIV, CPUDIV1 

#use delay(clock=48M) 

#use rs232(baud=9600, xmit=pin_c6, rcv=pin_c7) 

#use fast_io(b) 

#include <PID.c> 

#include <string.h> 

#include <string2.c> 

#include <stdlib.h> 

 

#byte porta=0xf80 

#byte portb=0xf81 

#byte portc=0xf82 

#byte portd=0xf83 

#byte porte=0xf84 

 

#define USB_CDC_ISR() received_data() 

void received_data(); 

#define USB_CABLE_IS_ATTACHED() input(PIN_B4) 

#include <usb_cdc.h> 

 

unsigned int32 pulsos=0, pulsos_f=0, motor_pulses=0, 

motor_pulses_f=0, phototransistor=0, phototransistorL=0, 

phototransistorH=0; 

PIDcontroller PIDcontrol; 

float kp=10,ki=1,kd=0,st=0.2; 

float setpoint = 60; 

float maxLimit = 1000, minLimit = 0; 

int8 duty; 

float rpm; 

int16 duty_value; 

int16 phototransistor1=0, actual_photo, photo=0, anterior_photo=0, 

comparator1=0; 

 

#define SIZE_RX_BUFFER 30 

char rx_buffer[SIZE_RX_BUFFER]=""; 

unsigned int count=0; 

short bufferFI=FALSE; 

char valor[10], atributo[10], comando[30]; 

 

int full_step_one[4]={0x01,0x02,0x04,0x08}; 

int full_step_two[4]={0x03,0x06,0x0c,0x09}; 

int half_step[8]={0x01,0x03,0x02,0x06,0x04,0x0c,0x08,0x09}; 

signed int step_laser=0, step_z=0;                                               

 

signed int16 motor_speed = 0, adc_laser_value = 0, adc_z_value = 0; 

unsigned int16 adc_x = 0, adc_y = 0; 

unsigned int8 steps_laser_sequence = 0, steps_z_sequence = 0; 

short motor_z_rotation=0, motor_laser_rotation=0; 

unsigned int16 steps_time = 15, steps_time_test; 

signed int16 laser_steps = 0, z_steps = 0; 



int1 flagC=0; 

 

#int_ext 

void conteo(){ 

   pulsos_f=pulsos; 

   motor_pulses+=1; 

   pulsos=0; 

} 

 

#int_timer0 

void timer0_interrupt(){ 

   //output_toggle(PIN_B7); 

   pulsos+=1; 

   set_timer0(254); 

} 

 

#int_timer1 

void timer1_interrutp(){ 

   motor_pulses_f=motor_pulses; 

   motor_pulses=0; 

   rpm = ((float)motor_pulses_f / st) * 60.0; 

   set_timer1((unsigned int16)(65536.0 - ((st * 32768.0) / 1.0))); 

   PIDcompute(&PIDcontrol, setpoint, read_adc()); 

   output_toggle(PIN_B5); 

} 

signed int limits(signed int var, signed int nlim, int plim){ 

   if(var >= (plim + 1)) 

      return nlim; 

   else if(var <= (nlim - 1)) 

      return plim; 

   else 

      return var; 

} 

#int_timer3 

void timer3_interrupt(){ 

   static signed int counter_laser = 0, counter_z = 0; 

   unsigned int16 time; 

   time = (unsigned int16)(65535.0 - (16384.0 * ((float)steps_time 

* 0.001))); 

   if(adc_laser_value / 150 > 0) 

      motor_laser_rotation? counter_laser++ : counter_laser--; 

   else if(adc_laser_value / 150 < 0) 

      motor_laser_rotation? counter_laser-- : counter_laser++; 

   if(laser_steps != 0) 

      if(laser_steps < 0){ 

         laser_steps++; 

         motor_laser_rotation? counter_laser-- : counter_laser++; 

      }else{ 

         laser_steps--; 

         motor_laser_rotation? counter_laser++ : counter_laser--; 

      } 

       



   if(steps_laser_sequence == 0 || steps_laser_sequence == 1) 

      counter_laser = limits(counter_laser,0,3); 

   else if(steps_laser_sequence == 2) 

      counter_laser = limits(counter_laser,0,7); 

   step_laser = counter_laser; 

    

   if(adc_z_value / 150 > 0) 

      motor_z_rotation? counter_z++ : counter_z--; 

   else if(adc_z_value / 150 < 0) 

      motor_z_rotation? counter_z-- : counter_z++; 

       

   if(steps_z_sequence == 0 || steps_z_sequence == 1) 

      counter_z = limits(counter_z,0,3); 

   else if(steps_z_sequence == 2) 

      counter_z = limits(counter_z,0,7);    

   step_z = counter_z; 

    

   set_timer3(time);  

   //set_timer3(65371);   //10ms 

   //set_timer3(32768);   //2s 

} 

#int_comp 

void comparator_interrupt(){ 

   output_toggle(PIN_B7); 

   if(!C1OUT && flagC){ 

      phototransistorL = pulsos; 

      flagC = 0; 

   } 

   if(C1OUT && !flagC){ 

      phototransistorH = pulsos; 

      flagC = 1; 

   } 

} 

 

#int_ad 

void analog_conversion(){ 

      if (actual_photo + 150 < anterior_photo){ 

         photo = pulsos; 

         anterior_photo = 0; 

      } 

} 

void received_data(){ 

   //output_toggle(PIN_B7); 

   char data; 

   if(usb_cdc_kbhit()){ 

      if(count < SIZE_RX_BUFFER){    

         data = usb_cdc_getc(); 

         if(data == '\n'){ 

            rx_buffer[count] = NULL; 

            bufferFI = true; 

            count = 0; 

         }else{ 



            rx_buffer[count] = data; 

            count++; 

            bufferFI = false; 

            if(count >= SIZE_RX_BUFFER - 1){ 

               rx_buffer[count] = NULL; 

               count = 0; 

               bufferFI = true; 

            }else{ 

               rx_buffer[count] = NULL; 

            } 

         } 

      } 

   } 

} 

int1 toogle_bit(int1 bit){ 

   if(bit) 

      bit=0; 

   else 

      bit=1; 

   return bit; 

} 

void asign_values(char *cmd){ 

   char value[10]; 

   if(countchr(cmd, '=') > 0) 

      split(cmd, value, findchr(cmd,'=')); 

   switch(cmd){ 

      case "kp": kp = atof(value); break; 

      case "ki": ki = atof(value); break; 

      case "kd": kd = atof(value); break; 

      case "st": ST = atof(value); break; 

      case "setpoint": setpoint = atof(value); break; 

      case "laser_full_step_one": steps_laser_sequence = 0; break; 

      case "laser_full_step_two": steps_laser_sequence = 1; break; 

      case "laser_half_step": steps_laser_sequence = 2; break; 

      case "z_full_step_one": steps_z_sequence = 0; break; 

      case "z_full_step_two": steps_z_sequence = 1; break; 

      case "z_half_step": steps_z_sequence = 2; break; 

      case "info": printf(usb_cdc_putc,"kp: %.2f | ki: %.2f | kd: 

%.2f | setpoint: %.2f\n\r",kp,ki,kd,setpoint); break; 

      case "motor_z_inv": motor_z_rotation = 

toogle_bit(motor_z_rotation); break; 

      case "motor_laser_inv": motor_laser_rotation = 

toogle_bit(motor_laser_rotation); break; 

      case "steps_time": steps_time = atoi(value);break; 

      case "laser_steps": laser_steps = atol(value);break; 

      case "z_steps": z_steps = atol(value);break; 

      case "mk_file": printf("mk_file=%s\n\r",value);break; 

      case "write_data": printf("write_data=%s\n\r",value);break; 

      case "close_file": printf("close_file\n\r");break; 

      case "motor": printf("motor=%s\n\r",value);break; 

      case "motor_dir_inv": 

printf("motor_dir_inv=%s\n\r",value);break; 



      case "duty": printf("duty=%s\n\r",value);break; 

      case "save":break; 

      default: printf(usb_cdc_putc,"Comando no reconocido\n\r"); 

break; 

   } 

} 

void get_command(){ 

   char str_commands[30], str_command[20]; 

    

   if(countchr(rx_buffer,',') > 0){ 

      strcpy(str_commands,rx_buffer); 

      strcpy(rx_buffer,'\0'); 

   }else{ 

      strcpy(str_command,rx_buffer); 

      strcpy(rx_buffer,'\0'); 

      asign_values(str_command); 

   } 

    

   while(countchr(str_commands,',') > 0){ 

      rsplitr(str_commands, str_command, 

findchr(str_commands,',')); 

      asign_values(str_command); 

      if(countchr(str_commands,',') == 0) 

         asign_values(str_commands); 

   } 

   bufferFI = false; 

} 

unsigned int sequence(unsigned int8 value, unsigned int steps){ 

   switch(value){ 

         case 0:return full_step_one[steps];break; 

         case 1:return full_step_two[steps];break; 

         case 2:return half_step[steps];break; 

   } 

} 

void main(){ 

    

   usb_cdc_init();                                          

   usb_init_cs(); 

   enable_interrupts(int_ext_L2H);               

   setup_timer_0(RTCC_INTERNAL|RTCC_DIV_256|RTCC_8_BIT);    

   setup_timer_1(T1_EXTERNAL|T1_CLK_OUT|T1_DIV_BY_1); 

   setup_timer_2(T2_DIV_BY_16,74,1);  

   setup_timer_3(T3_EXTERNAL|T3_DIV_BY_2); 

   enable_interrupts(int_timer0);       

   enable_interrupts(int_timer3); 

   enable_interrupts(int_comp); 

   enable_interrupts(global);          

    

   setup_adc_ports(AN0_TO_AN7); 

   setup_adc(ADC_CLOCK_DIV_64); 

   set_adc_channel(7); 

    



   setup_comparator(A0_A3_NC_NC_OUT_ON_A4); 

   set_timer0(254); 

   set_timer1(55706); 

   set_timer3(65000); 

                                              

   set_tris_a(0x0f); 

   set_tris_b(0x13); 

   set_tris_c(0x81); 

   set_tris_d(0x00); 

   set_tris_e(0x07); 

   output_low(PIN_B7);           //code for test 

    

   while(1){ 

      phototransistor = ((phototransistorH + phototransistorL) / 2); 

      duty_value = ((74.0 + 1.0) * 4.0 * ((float)duty/100)); 

      set_pwm1_duty(duty_value); 

       

      usb_task(); 

      if(bufferFI) 

         get_command(); 

      if(usb_enumerated()){ 

         

printf(usb_cdc_putc,"O%lu|F%lu|G%.2f|S:%lu|F%lu|C%lu|\n\r", 

pulsos_f, phototransistor, (((float)(phototransistor * 

360)/((float)pulsos_f)))-90,actual_photo,photo,comparator1); 

      } 

    

      set_adc_channel(5); 

      delay_us(100); 

      adc_x = read_adc(); 

      adc_z_value = (0.97751710 * ((float)adc_x)) - 500.0; 

      set_adc_channel(6); 

      delay_us(100); 

      adc_y = read_adc(); 

      adc_laser_value = (0.97751710 * ((float)adc_y)) - 500.0; 

      set_adc_channel(7); 

      delay_us(100); 

      anterior_photo = actual_photo; 

      actual_photo = read_adc(); 

      delay_us(150); 

 

      set_adc_channel(0); 

      delay_us(100); 

      comparator1 = read_adc(); 

      delay_us(600); 

       

      portd = sequence(steps_z_sequence,step_z) | 

sequence(steps_laser_sequence,step_laser)<<4; 

   } 

} 

 


