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Anexos 
 
 

I. Circuito esquemático do eletroencefalógrafo. 

II. Circuito impresso do eletroencefalógrafo. 

III. Circuito esquemático da eletrônica do manipulador. 

IV. Circuito impresso da eletrônica do manipulador. 

V. Código do microcontrolador da eletrônica do manipulador. 

VI. Datasheet do amplificador instrumental INA114. 
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Anexo II 
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Anexo III 
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Anexo IV 
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Anexo V 

#include <30f4013.h> 

#DEVICE ADC=16 

#FUSES XT_PLL8               

#FUSES NOWDT 

#use delay(clock=80000000)             

#DEFINE DIR_1 PIN_F4 

#DEFINE DIR_2 PIN_F5 

#DEFINE DIR_3 PIN_F6 

#DEFINE DIR_4 PIN_A11 

#DEFINE DIR_5 PIN_C13 

#DEFINE DIR_6 PIN_C14 

#DEFINE I1A 0 

#DEFINE I1B 1 

#DEFINE I2A 2 

#DEFINE I2B 4 

#DEFINE I3A 5 

#DEFINE I3B 8 

#DEFINE POS1 9 

#DEFINE POS2 10 

#DEFINE POS3 11 

#DEFINE POS4 12 

#DEFINE eIi_lim 200000 

#TYPE SIGNED 

#include <stdlib.h> 

#include <math.h> 

#use rs232(UART1,baud=9600,parity=N,bits=8) 

 

      INT flag, xi, yi, zi, kii, kpi, kdi, kt_m2i, kti; 

 

int16 eIant=0, eiI=0; 

 

float q1=0, q2=0, q3=0, sum,sum2,p1_des, p2_des, p3_des, ep=0, epi[3], epd=0, e 

pant[3], iki=0.005, ikp=0.1,kp=30.00,ki=0,kd=0,x,y,z,kt_m2,ang2,kt; 

 

//****************************************************************************** 

// TRATAMENTO DOS DADOS SERIAIS //////////////////////////////////////////////// 

//****************************************************************************** 

#INT_RDA 

 

DBD
PUC-Rio - Certificação Digital Nº 0821241/CA



105 

 

void  RDA_isr()  

{ 

   xi = getc () ; 

   yi = getc () ; 

   zi = getc () ; 

   kpi = getc () ; 

   kii = getc () ; 

   kdi = getc () ; 

   kt_m2i = getc () ; 

   kti = getc () ; 

   flag = 1; 

   x = xi; 

   y = yi; 

   z = zi; 

   kp = (FLOAT) kpi / 100.00; 

   ki = (FLOAT) kii / 1000.00; 

   kd = (FLOAT) kdi / 100.00; 

   kt_m2 = (FLOAT) kt_m2i; 

   kt = (FLOAT) kti / 100.00; 

} 

 

//****************************************************************************** 

// LEITURA DAS POSIÇÕES //////////////////////////////////////////////////////// 

//****************************************************************************** 

float read_pos(INT link) 

{ 

   FLOAT pos; 

   set_adc_channel (link); 

   delay_us (10); 

   pos = read_adc (); 

   RETURN pos; 

} 

 

//****************************************************************************** 

// Cinemática INVERSA ///////////////////////////////////////////////////////// 

/// 

//****************************************************************************** 

void id() 

{ 

   flag = 0; 
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   sum = pwr (x, 2) + pwr (y, 2) + pwr (z, 2); 

   sum2 = pwr (x, 2) + pwr (y, 2); 

 

   IF (y == 0) 

   { 

      y = 0.0001; 

   } 

 

   p1_des = atan (x / y) ; 

   p2_des = atan (z / (sqrt (sum2))) - acos ((sum - 47.00) / (sqrt (sum)  * 46.00)); 

   p3_des = acos ( ( (pwr (x, 2) + pwr (y,2) + pwr (z, 2)) -1105.0)  / 1104.0); 

   printf ("LINK1 = %f LINK2 = % f LINK3 = % f",p1_des, p2_des, p3_des); 

   delay_ms (10) ; 

   putc (13) ; 

   delay_ms (10) ; 

   p1_des = ((p1_des * 360 / 2 / 3.1415) * (65536 - 4183) / 360)   +  35200.00; 

   p2_des = ((p2_des * 360 / 2 / 3.1415) * (65536 - 4183) / 360)   +  32600.00; 

   p3_des = ((p3_des * 360 / 2 / 3.1415) * (65536 - 4183) / 360)   +  25000; 

   printf ("LINK1 = %f LINK2 = % f LINK3 = % f",p1_des, p2_des, p3_des); 

   delay_ms (10) ; 

   putc (13) ; 

   delay_ms (10) ; 

   printf ("kp = %f ki = % f kd = %f", kp, ki, kd); 

   delay_ms (10) ; 

   putc (13) ; 

   delay_ms (10) ; 

   printf ("Cons. de Torque = %f kt_pos = % f", kt_m2, kt); 

   delay_ms (10) ; 

   putc (13) ; 

   delay_ms (10) ; 

   printf ("----------------------------------------------") ; 

   delay_ms (10) ; 

   putc (13) ; 

 

   IF (p3_des > 65536) 

   { 

      p3_des = p3_des - 65536; 

   } 

 

   IF (p2_des > 65536) 
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   { 

      p2_des = p2_des - 65536; 

   } 

} 

 

//****************************************************************************** 

// CONTROLE DE POSIÇÃO ///////////////////////////////////////////////////////// 

//****************************************************************************** 

float POS_contr(INT16 channel, float p, float p_des) 

{ 

   FLOAT V = 0, ep1 = 0, ep2 = 0; 

   ep = p_des - p; 

 

   IF (ep > 34000) 

      ep = - (65536 - ep); 

 

   IF (ep < (-34000)) 

   ep = (65536 + ep); 

   epi[channel] = epi[channel] + ep; 

   epd = epant[channel] - ep; 

 

   IF (epi[channel] > 100000) 

      epi[channel] = 100000; 

 

   IF (epi[channel] < (-100000)) 

   epi[channel] = - 100000; 

   V = ep * kp + epi[channel] * ki + epd * kd; 

   epant[channel] = ep; 

 

   IF (V > 10000) 

      V = 10000; 

 

   IF (V < - 10000) 

      V = - 10000; 

 

   IF ( (ep < 100)&& (ep >  - 100) ) 

   V = 0; 

   RETURN V; 

} 
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//****************************************************************************** 

// TORQUE GRAVIDADE ///////////////////////////////////////////////////// 

//****************************************************************************** 

float q_grav (FLOAT ang) 

{ 

   FLOAT i_grav; 

   ang = ( (ang - 32600.00) / (65536 - 4183)) * 2 * 3.1415; 

   i_grav = cos (ang) * ((0.88 * 9.8 * 0.07) + (0.963 * 9.8 * 0.23)) * kt_m2; 

   RETURN i_grav; 

} 

 

//****************************************************************************** 

// ACIONAMENTO DOS MOTORES ///////////////////////////////////////////////////// 

//****************************************************************************** 

void motor(INT link, float power) 

{ 

   INT16 duty = 0; 

   INT pin = 0; 

 

   IF (power >= 0) 

   { 

      duty = (INT16) power; 

 

      SWITCH (link) 

      { 

         CASE 1: 

         output_low (DIR_1) ; 

         set_pwm_duty (1, duty) ; 

         BREAK; 

 

         CASE 2: 

         output_low (DIR_2) ; 

         set_pwm_duty (2, duty) ; 

         BREAK; 

 

         CASE 3: 

         output_low (DIR_3) ; 

         set_pwm_duty (3, duty) ; 

         BREAK; 

      } 
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   } 

 

   ELSE 

   { 

      duty = (INT16) (10000 + power); 

 

      SWITCH (link) 

      { 

         CASE 1: 

         output_high (DIR_1) ; 

         set_pwm_duty (1, duty) ; 

         BREAK; 

 

         CASE 2: 

         output_high (DIR_2) ; 

         set_pwm_duty (2, duty) ; 

         BREAK; 

 

         CASE 3: 

         output_high (DIR_3) ; 

         set_pwm_duty (3, duty) ; 

         BREAK; 

      } 

   } 

} 

 

//****************************************************************************** 

//****************************************************************************** 

////////////////////////////////// MAIN //////////////////////////////////////// 

//****************************************************************************** 

//****************************************************************************** 

void main() 

{ 

    

   INT loop_PID_POS = 0; 

 

   FLOAT q1_POS = 0, q2_POS = 0, q3_POS = 0, q1_grav = 0, q2_grav = 0, 

q3_grav 

   = 0, q1_cur = 0, IA = 0, IB = 0; 

   FLOAT p1 = 0, p2 = 0, p3 = 0; 
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   setup_timer1 (TMR_INTERNAL|TMR_DIV_BY_8, 30000) ; 

   setup_timer2 (TMR_INTERNAL|TMR_DIV_BY_64, 10000) ; 

   setup_adc (ADC_CLOCK_INTERNAL); 

   setup_adc_ports (ALL_ANALOG); 

   enable_interrupts (INT_RDA); 

   enable_interrupts (INTR_GLOBAL); 

   setup_compare (1, COMPARE_PWM|COMPARE_TIMER2) ; 

   setup_compare (2, COMPARE_PWM|COMPARE_TIMER2) ; 

   setup_compare (3, COMPARE_PWM|COMPARE_TIMER2) ; 

   setup_compare (4, COMPARE_PWM|COMPARE_TIMER2) ; 

    

   output_low (DIR_1) ; 

   output_low (DIR_2) ; 

   output_low (DIR_3) ; 

   set_pwm_duty (1, 0) ; 

   set_pwm_duty (2, 0) ; 

   set_pwm_duty (3, 0) ; 

   p3_des = 23530.00; 

   p2_des = 32600.00; 

   p1_des = 35200.00; 

   delay_ms (2000) ; 

 

   //************************************************************************** 

   **** 

   // LOOP PRINCIPAL ////////////////////////////////////////////////////////// 

   //// 

   //************************************************************************** 

   **** 

   WHILE (true) 

   { 

      IF (flag == 1) 

      { 

         id (); 

         flag = 0; 

      } 

 

      IF (loop_PID_POS == 1) 

      { 

         p1 = read_pos (POS1) ; 

         p2 = read_pos (POS2) ; 
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         p3 = read_pos (POS3) ; 

         // printf (" % f % f %f\n\r", p1, p2, p3); 

         q1_POS = POS_contr (1, p1, p1_des) ; 

         q2_POS = POS_contr (2, p2, p2_des) ; 

         q3_POS = POS_contr (3, p3, p3_des) ; 

          

         loop_PID_POS = 0; 

      } 

 

      motor (1, q1_POS) ; 

      motor (2, q2_POS) ; 

      motor (3, q3_POS) ; 

      loop_PID_POS++; 

   } 

}  
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Anexo VI 
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