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APPENDIX A: inertia estimation

APPENDIX A: INERTIA ESTIMATION

#include "mbed.h"

#include "rtos.h"

#include "geihw.h"

#include "SDFileSystem.h"

#include "math.h"

/[#define QEI_RESET _POSOnIDX QEI_CON_RESPI

QEIHW gei_s(QEI_DIRINV_NONE, QEI_SIGNALMODE_QUAD,
QEI_CAPMODE_4X, QEI_INVINX_NONE );

Serial pc(USBTX, USBRX);

#define G1 1.0//100.0

#define G2 1.0 //500.0

/I Safety for mbed unused pins
Analogin current_m1(pl6);
AnalogIn current_s1(p20);
Analogin M_encorder(p18);
AnalogIn current_s(p19);
AnalogIn current_m(pl17);
/[Digitalin safety 19(p19);
/[Digitalin safety 25(p25);
/[Digitalin safety 26(p26);
float currentvaluel=0;

float M_position=0;

float t1=0.0,t2 =0.0;

float g=10;

float g11=0.0,q12 =0.0; // current sensor old master filter
float g21=10;

float r11=0.0,r12 =0.0; // current sensor new master filter
float g31=10;

float t11=0.0,t12 =0.0; // current sensor old slave filter
float g1=10;

float j11=0.0,j12 =0.0; // current sensor motor drive slave filter
float gg1=10;
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float M_pos=0.0;

PwmOut pwm_s(p23); // clockwise rotation pwm pin for SLAVE
PwmOut pwm_m(p24);

DigitalOut EnableS(p25);

DigitalOut EnableM(p26);

DigitalOut anticlk_M(p21);

DigitalOut clk_M(p22);

DigitalOut clk_S(p13);

DigitalOut anticlk_S(p14);

/[Analoglin current_sensor_s_p(p17); // current sensor input for SLAVE positive
/[Analogin current_sensor_s_n(p18); // current sensor input for SLAVE negative

DigitalOut led1(LED1);
DigitalOut led3(LED3);

/[Digitalin signal(p20); //external signal to close the file

Timer timer; /l For the controller
FILE *fp;

Ticker ticker;

//Mutex stdio_mutex;

int dt_us= 300; /I define main loop time in us

float dt = dt_us/1000000.0;  //loop time in seconds for calculations
float rpom = 0.0, ramp_time = 0.0;

float delta_v = 0.0;

float M_cur =0.0;

int counter_time;

int counter =0;

int counter_old =0;

/ICurrent Sensor Directions

int Slave_Direction = 0;

/I Encoder Constants

float const encoder_pulses_s = 800.0;
#define Pl 3.141592653

#define Gd 0.5 //1200.0 //cutoff frequency of the DOB
[#define Gv 0.0
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/[ PID parameters for Current - Loop

float const Ikp_s = 0.04, Iki_s = 0.00001, Ikd_s =0.001,
float const Ikp_m =0.45, Iki m=1.0, Ikd_m = 1.34;
/[ PID parameters for velocity - Loop

float | ref s=0.0,1_err s=0.0,1 _res s=0.0,1_tmp_s=0.0,tem_| s=0.0,d I s=
0.0,11_act_s=0.0;

float|_ref m=0.0,1_err m=0.0,1_res m=0.0,_tmp_m=0.0,tem_|I_m=0.0,
d I m=0.0,11_act m=0.0;

float v_ref s=0.0,v_err s=0.0,v_res s=0.0,v_res s rpm=0.0,v_tmp_s=0.0,
tem v s=0.0,d v s=0.0;

float duty s =0.0;

float vkp_s =01.000, vki_s = 1.0000000, vkd_s =1.0;

float d v _err_s=0.0, prev_v_err_s=0.0,1_v_err_s=0.0;

float dde_s = 0.0, v_res_s_prv=0.0,accelaration_s=0.00,temp_s2=0.0,temp_s3
=0.0,acce_res_s =0.0;

/I Low pass filter gain for Current - loop
float const G_filcon I s=1.0;
float const G_filcon_ I m=1.0;

/I Low pass filter gain for Current - loop
float const G_filcon_I1_s =100.0;

/I Storing actual current flow
float I_act_s =0.0;
float I_act_ m=0.0;
// Parameters to calculate current rotational speed
float encoder_s prv =0.0;
float encoder_s _now = 0.0;

/I Motor Constant and Inertia

float const J_const_s = 0.0000800; //0.0000268;
float const Kt_const_s = 0.134;

float const Kt_constinv_s = 1.0/0.134;

float tmp_s =0.0,0b_sum_s = 0.0,0b_sum_s1=0.0;

float i com_s=0.0;
float fric_m = 0.0,fric_ s =0.0,i rto m=0.0,i_rto_s=0.0;
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float x_res_s=0.0;
float ve_sum_s =0.0;
float pwm_I_S=0.0;
float pid_V_1_S=0.0;

float point =0.0;
float de_s =0.0, temp_s1=0.0, v_res_s1 = 0.0, temp_s= 0.0, ddx_s = 0.0;

float pos_ref=0.0, pos_err=0.0, p_pos_err=0.0, i_pos_err=0.0;
float tem_d_pos_err=0.0, tmp_d_pos_err=0.0, d_pos_err=0.0, PWM_pos=0.0;

float position = 0;
float duty_ m =0.0, pwm_I_M= 0.0, pid_V_I_M=0.0;

float Int_tau = 0.0,JB = 0.0, theta_1 = 0.0, theta_2 = 0.0, a=0.0,G_filcon v_.s=0.0

float t = 0.0 ,cur = 0.0, tau_dob = 0.0 ,integral_dob = 0.0, Gdr = 55.0;
float Kt =0.151, JN1=0.0;

float S_cur=0.0;

float S_curl=0.0;

float M_cur1=0.0;

float Ires_s2 = 0.0; // Current sensor S2
float Ires_s3 = 0.0; // Current sensor S2
float 1_res_m1 =0.0;

float 1_res_m2 =0.0;

/*

void pwm_init(void) {

pwm_s_anticlk.period_us(5);
pwm_s_clk.period_us(5);

/I Set the ouput duty-cycle, specified as a percentage (float)

pwm_s_anticlk.write(0.0f);
pwm_s_clk.write(0.0f);

//ENABLE RUNNING MODE (H BRIDGE ENABLE)

Reset AB S=1
Reset CD S=1
¥

void pwm_init(void) {

pwm_m.period_us(50);
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pwm_s.period_us(50);

pwm_m.write(0.0f); /I Set the ouput duty-cycle, specified as a percentage
(float)

pwm_s.write(0.0f);

/I Reset AB M =1; //ENABLE RUNNING MODE (H BRIDGE
ENABLE)

EnableS=1;

EnableM=1;

by

/*
void position_calc() {

gei_s.SetDigiFilter(480UL);
gei_s.SetMaxPosition(OxXFFFFFFFF);

int main{

position_control(int abs_position){

while(1){
position = gei_s.GetPosition();

if (position_old == position){
|_ref += 0.00000001;

counter = |_ref;
position_old= position;
current_pid_s();

}

else (position_old != position) {
cout << counter;
position_old++;

}

if (position_old !'= position){
position_control(position_old);
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¥
¥
¥

float kp_pos= 0.01;//0.00006;

float ki_pos = 0.008;//0.0008;

float kd_pos =0.000002; //0.00649999999;
float pos_filcon = 100;

void position_com_s() {

pos_ref = 800;

position = gei_s.GetPosition();
}

/*

void position_pid_s() {

int32_t position = 0;
gei_s.SetDigiFilter(480UL);
gei_s.SetMaxPosition(OxFFFFFFFF);

position = gei_s.GetPosition();

pos_err = pos_ref - position;

p_pos_err = Kp_pos*pos_err;

I_pos_err += pos_err*dt;

tem_d_pos_err +=tmp_d_pos_err*dt;

tmp_d_pos_err = (position - tem_d_pos_err)*pos_filcon;
d_pos_err = kd_pos*tmp_d_pos_err;

PWM_pos = p_pos_err ;//+ ki_pos*i_pos_err + d_pos_err;

¥

/*

void position_pid_m() {
pos_ref=v_res_s;

/Irpm = (5000/0.48)*(M_pos-0.20);
position = rpm;

pos_err = pos_ref - position;
p_pos_err = Kp_pos*pos_err*2;
i_pos_err += pos_err*dt;
tem_d_pos_err +=tmp_d_pos_err*dt;
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tmp_d_pos_err = (position - tem_d_pos_err)*pos_filcon;
d_pos_err = kd_pos*tmp_d_pos_err;

pwm_|_M =p_pos_err ; //+ Ki_pos*i_pos_err + d_pos_err;

}

*/

int compare(const void *a, const void *b) {
return (int)(*(float*)a - *(float*)b);

by

float median(float *samples, int n) {
gsort(samples, n, sizeof(float), compare);
return samples[(n - 1)/2];

by

void velocity command(){

//float sampleanalog[5];
/1 for (int jj=0; jj<5 ; jj++){

/I sampleanalog[jj]=M_encorder.read();

I}
/*
/IM_position= median(sampleanalog,5);
M_position = M_encorder.read();
/lcurrentvaluel= ( 0.5- currentsl.read())* 27.03 ;
/lcurrentvaluel= currentsl.read();
tl=t1+g*M_position*dt;
t2=t2+g*M_pos*dt;
M_pos =t1-t2;

/Irpm = (64 - M_pos*100)*100;
rpm = (5000/0.48)*(M_pos-0.20);
/lrpm = 160;
/lif(counter<=100000){
delta v=10.5;
if(abs(v_ref_s) < abs(rpm)){
v_ref s +=delta_v;}
else {
v_ref _s=rpm;}
I}
*/

if (t <=ramp_time){

rpm = +8000.0;
theta_1 = rpm*0.104719755;
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}
else if (t >= (ramp_time +0.01)){

rpm = -8000.0;
theta_2 = rpm*0.104719755;
}

ramp_time = 3.0;
delta_v = (rpm*dt)/ramp_time;
/[(v_ref_s - rpm)*100) >
if (abs((v_ref_s - rpm))> 0.18){
/1if (abs(dthe_cmd) < abs(rpm)){
v_ref s+=delta_v;
}
else{
v_ref_s=rpm;

¥

/l'v_ref s =500;

}
void velocity pid_s() {

int32_t position = 0;
gei_s.SetDigiFilter(480UL);
gei_s.SetMaxPosition(0xFFFFFFFF);
point = gei_s.GetIndex();
position = gei_s.GetPosition();
encoder_s_now = position * 2.0 * P1 / encoder_pulses_s;
de_s =encoder_s_now - encoder_s_prv;
encoder_s_prv = encoder_s_now;
IIv_res_s = ((de_s/dt_us)*(1000000.0 * 60.0))/(2.0*PI);
ddx_s=((de_s/dt_us)*(1000000.0 * 60.0))/(2.0*PI);
temp_s += G1*ddx_s*dt;
temp_s1 += G2*v_res_s*dt;
V_res s =temp_s - temp_s1;
[*V_err = dthe_cmd - j[2].dthe; //V _res;
/IV_err=dthe_cmd - V_res;
D_V_err = GLPF*(V_err- Prev_V_err)*ST;
Prev_V _err+=D_V err,
| V_err+=V_ermr * ST,
cur = Kp*V_err*1.0 + Kd*D_V _err*100.0 + Ki*l_V_err*50.0;*/
v_err_ s=v_ref s-v_res_s;
/ld_v _err s=(v_err_s-prev_v_err_s)* G_filcon_v_s;
/*d_v_err_s=G_filcon_v_s*(v_err_s-prev_v_err_s) *dt_us;
prev_v err s+=d_v_err_s;*/
d v err s=(v_err_s-prev_v_err_s)/dt;
prev_v_err_s=V_err_s;
| v err_ s+=v_ err_s*dt;
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/lcur =vkp_s*v_err_s*0.035+vkd_s*d v _err_s*0.001 + vki_s *

| v _err_s*.009;
cur =vkp_s*v_err_s*2700 + vkd_s*d_v_err_s*102+ vki_s * |_v_err_s*500;
/lpid_V_1 S=vkp s*v err s+vkd s*d v err s+vki_ s*|_v_ err_s;
[[PWM_pos =pid_V_I_S;

pwm_I_S=cur/1000000;

}

void dob_rotary()
{
tau_dob = integral_dob - v_res_s*0.104719755*IJN1*Gdr;
integral_dob += ((I_act_s*Kt + v_res_s*JN1*Gdr*0.104719755) -
integral_dob)*Gdr*dt;
return;

by

void Inertia_s() {
[*** Inertia Estimation****/
if ((t >=(ramp_time+0.01)) && (((3*ramp_time)+0.01)>=1t)){

Int_tau +=tau_dob*dt;
JB = Int_tau/(theta_2 - theta_1);

}
}
/*
float B=0.0;

float F=0.0215;
float T_ref s=0.0;

void I_com(){

/[T ref s=(B*v_res s+F);
/' _ref s=T ref s/ Kt _const_s;
| _ref s=5;
| _ref_m =0.02;
}
*/
void current_pid_s(){
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S curl = current_sl.read();
J11=j11+gg1*10*S_curl*dt;
J12=j12+gg1*10*Ires_s2*dt;
Ires_s2 =j11-j12;
Ires_s3 =Ires_s2 *3.3/0.140;

|_res_s = current_s.read();
/[Slave_Direction = S_Dir.read();
if(l_res_s<0.757){ /lslave clockwise
/ll_res_s = current_sensor_s_p.read();
/I 11_act_s =-3.0*((0.757-1_res_s) / 0.1);
I1 act_s = Ires_s3;
Yelse if(l_res_s >0.757){
/ll_res_s = current_sensor_s_n.read(); /slave anticlockwise
/11 _act_s =3*((l_res_s-0.757) / 0.1);
I1 act s =-1*Ires_s3;

¥

|_act_s+=G_filcon_I1 s*(I1_act_s-l_act_s)*dt;

| err s= cur-1_act_s;

| tmp s+=1ki_ s*dt* 1 err_s;

tem | s+=dt*d | s;

d I s=(l_act s-tem_ I _s)* G_filcon_I_s;

/I pwm_1_S=((1_err_s*1kp_s) +1_tmp_s+ (d_I_s* Ikd_s));

llpwm_1_S=I_ref s;

¥

/*
void current_pid_m(){

/I Master_Direction = M_Dir.read();
M_cur = current_m.read();
t11=t11+g1*10*M_cur*dt;

t12=t12+g1*10*|_res_m*dt;
| _res m=1t11-112;

if(1_res_m<0.76){ //master clockwise
/ll_res_s = current_sensor_s_p.read();
I1 act m=-1.0*%((0.76-1_res_m) / 0.10);
Yelse if(1_res_m >0.76){
/Nl _res_s = current_sensor_s_n.read(); /Imaster anticlockwise

62



I1 act_ m=((I_res_ m-0.76) / 0.10);
}

|_act_ m=11_act_m;

| err m=1_ref m-1_act m;
|_tmp_m+=(Iki_m > dt*1_err_m);

tem_|_m+=G_filcon_I_m*d_I_m*dt;
dl m=1_err_m-tem_ |I_m;

pwm_I_M=((1_err_ m* lkp_m) + |_tmp_m+ (d_I_m* Ikd_m));
}
*/
/*
void PWM_Generator_m() {
duty m= -pwm_I_M;
/l[duty_m =0.5;
if (duty_m> 0.0) {
if (duty_m>0.95) {
duty m=0.98;
}
pwm_m_clk = 0.0;
pwm_m_anticlk = duty_m;

¥

if (duty m<0.0){
if (duty_m<-0.95) {
duty m=-0.98;
}
pwm_m_anticlk = 0.0;
pwm _m_clk =-1.0 * duty_m;
}

¥
*/

void PWM_Generator_s(){
duty s=pwm_|_S;

/lduty s =pwm_|_S+i_com_s;//current pid

/[ duty s = 0.65;
if (duty s>0.0){
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if (duty_s>0.98) {
duty s=0.98;
}
clk_S=1,;
anticlk_S=0;

pwm_s = duty_s;

ky

if (duty_s<0.0) {
if (duty s <-0.98) {

duty s =-0.98;
}
clk_S=0;
anticlk_S=1;
pwm_s = -1.0*duty_s;

¥

int cleanup_module(void){
pwm_m = 0.0; // pwm cleanup module

pwm_s = 0.0;

/l Reset AB M =0; //IRESET HBRIDGE
EnableM=0;

EnableS=0;

led1=0;

led3=0;

return O;

}

void Control_body() {
/I Control Part - main code

velocity_command(); // --------- slave
velocity pid_s();// --------- slave
Inertia_s();

/I'l_com();
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current_pid_s ();
[l current_pid_m ();

/I position_pid_m();//----------- master
/Iposition_com_s();
/Iposition_pid_s();
dob_rotary();
PWM_Generator_s();
[IPWM_Generator_m();
// Disob();

t +=dt;

led1=!led1;

counter++;

¥

void thread_2(void const *argument){
[lpc.printf("Pulses is: %An", M_encorder.read() );
/I wait(0.2);

/*
SDFileSystem sd(p5, p6, p7, p8, "sd™);
FILE *fp = fopen(*'/sd/v100.dat", "w");
if(fo == NULL) {
for(int i=0;i<5;i++){

led3=!led3;

wait(1.0);
}

}

*/

while(1){//counter<10000
if(counter>=(counter_old+100)){
/IM_position= M_encorder.read();

/I rpm = M_position*400;
[[fprintf(fp,"%d %f %f %f \n",timer.read_us(),I_act_s,I _ref s, i com s);
/I fprintf(fp,"%d %f \n",timer.read_us(),position);
I pc.printf("current m: %An", |_act_s);
I pc.printf("cur: %An", cur);
lpc.printf("V_ref: %An", v_ref s);
I pc.printf("V_res: %f\n", v_res_s);
Il pc.printf("%f %f\n", v_res s,t);
/111 pc.printf("delta_v: %f\n", delta_v);
I pc.printf("t : %An", t);
I pe.printf(" %f %f\n", t, IN1+JB);
pc.printf(" %f %f %f %f %f %f\n", t, IN1+JB,l_act_s,itau_dob ,v_ref s,v_res s);
Il pc.printf("PWM S: %f\n", pwm_|_S);
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[Ipc.printf("currentmn: %An", current_mn.read() );
[Iwait(0.5);
counter_old=counter;
/' led3=!led3;
}
}

fclose(fp);
timer.stop();
cleanup_module();
ticker.detach ();

}

int main() {
/Ipc.baud(115200);
dt =dt_us/1000000.0;
pwm_init();
timer.start();

Thread thread2(thread_2, NULL, osPriorityNormal, (DEFAULT_STACK_SIZE *
4);

ticker.attach_us(&Control_body, dt_us);
/I pc.printf("Pulses is: %d\n", position);

[Iwait(1.0);

¥
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APPENDIX B: Haptic based orthopedic drill

APPENDIX B: HAPTIC BASED ORTHOPEDIC DRILL

#include "mbed.h"

#include "rtos.h"

#include "geihw.h"

#include "SDFileSystem.h"

#include "math.h"

/[#define QEI_RESET _POSOnIDX QEI_CON_RESPI

/ly =0.192x + 0.115 torque graph vs pwm
I/ force factor 1/m kc
/1 1/0.019

float Kc = 5.263;

QEIHW gei_s(QEI_DIRINV_NONE, QEl_SIGNALMODE_QUAD,
QEI_CAPMODE_4X, QEIl_INVINX_NONE );

Serial pc(USBTX, USBRX);

#define G1 1.0//100.0

#define G2 1.0 //500.0

/I Safety for mbed unused pins

Analogin v_pos(pl5);
AnalogIn current_m1(pl6);
AnalogIn current_s1(p20);
Analogin M_encorder(p18);
AnalogIn current_s(p19);
AnalogIn current_m(pl17);
float vrtcl_pos=0;

float vrtclImm=0;

float currentvaluel=0;

float M_position=0;

float t1=0.0,t2 =0.0;

float g=10;

float g11=0.0,q12 =0.0; // current sensor old master filter
float g21=10;

float f s=0.110;

float B_s=0.00002;

float r11=0.0,r12 =0.0; // current sensor new master filter
float g31=10;
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float t11=0.0,t12 =0.0; // current sensor old slave filter
float g1=10;

float j11=0.0,j12 =0.0; // current sensor motor drive slave filter
float gg1=10;

float M_pos=0.0;
float G_filcon_v_s=100;

float theta =0;

float Rtob_S=0;

PwmOut pwm_s(p23); // clockwise rotation pwm pin for SLAVE
PwmOut pwm_m(p24);
DigitalOut EnableS(p25);
DigitalOut EnableM(p26);
DigitalOut anticlk_M(p21);
DigitalOut clk_M(p22);
DigitalOut clk_S(p13);
DigitalOut anticlk_S(p14);
/[Digitalln M_Dir(p9);
/[Digitalin S_Dir(p10);

//IDigitalln Index(p12);

/[Analogin current_sensor_s_p(p17); // current sensor input for SLAVE positive
/[Analogin current_sensor_s_n(p18); // current sensor input for SLAVE negative

DigitalOut led1(LED1);
DigitalOut led3(LED3);

/[Digitalin signal(p20); //external signal to close the file

Timer timer; /I For the controller
FILE *fp;

Ticker ticker;

/IMutex stdio_mutex;

int dt_us= 250; /I define main loop time in us

float dt = dt_us/1000000.0;  //loop time in seconds for calculations
float rpm = 0.0, ramp_time = 0.0;

float delta_v = 0.0;

float M_cur =0.0;

int counter_time;

int counter =0;

int counter_old =0;
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/[Current Sensor Directions

int Slave_Direction = 0;

I/l Encoder Constants

float const encoder_pulses_s = 800.0;

#define Pl 3.141592653
#define Gd 0.5 //1200.0 //cutoff frequency of the DOB
[#define Gv 0.0

/I PID parameters for Current - Loop
[[float const Ikp_s =4.5, Iki_s =10.0, Ikd_s=0.1;

float const Ikp_s=1.0, Iki_s=1.0, Ikd_s = 1.0;
float const Ikp_m = 0.45, Iki_ m=1.0, Ikd_m = 1.34;
/I PID parameters for velocity - Loop

float | ref s=0.0,1 err s=0.0,1 res s=0.0,1 tmp s=0.0,tem | s=0.0,d | s=
0.0,11_act_s=0.0;

float | ref m=0.0,1 _err m=0.0,1_res m=0.0,_tmp_m=0.0,tem_I_m=0.0,
d I m=0.0,11_act m=0.0;

float v_ref s=60.0, v_err s=0.0,v_res s=20.0,v_res_ s rpm=0.0,v_tmp _s=
0.0,tem v_s=0.0,d v _s=0.0;

float duty s =0.0;

float vkp_s =0.0002, vki_s =0.00011, vkd_s =0.00056;

float d v _err s=0.0, prev_v_err_s=0.0,1 _v_err_s=0.0;

float dde_s = 0.0, v_res_s_prv=0.0,accelaration_s=0.00,temp_s2=0.0,temp_s3
=0.0,acce_res_s =0.0;

/I Low pass filter gain for Current - loop
float const G_filcon | s=1.0;
float const G_filcon I m=1.0;

/I Low pass filter gain for Current - loop
float const G_filcon_11_s =100.0;

/I Storing actual current flow
float I_act_ s =0.0;
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float I_act m=0.0;

/[ Parameters to calculate current rotational speed
float encoder_s_prv =0.0;
float encoder_s now = 0.0;

/I Motor Constant and Inertia

float const J_const_s = 0.0000800; //0.0000268;
float const Kt_const_s = 0.134;

float const Kt_constinv_s = 1.0/0.134;

float tmp_s = 0.0,0b_sum_s = 0.0,0b_sum_s1=0.0;

float i_com_s=0.0;
float fric_m = 0.0,fric_ s =0.0,i rto m=0.0,i_rto_s=0.0;

float x_res s=0.0;
float ve_sum_s =0.0;
float pwm_I_S=0.0;
float pid_V_1_S=0.0;

float point =0.0;
float de_s =0.0, temp_s1=0.0, v_res_s1 = 0.0, temp_s= 0.0, ddx_s = 0.0;

float pos_ref=0.0, pos_err=0.0, p_pos_err=0.0, i_pos_err=0.0;
float tem_d_pos_err=0.0, tmp_d_pos_err=0.0, d_pos_err=0.0, PWM_pos=0.0;

float position = 0;
float duty m=0.0, pwm_I_M= 0.0, pid_ V_I_M=0.0;

float Int_tau = 0.0,JB = 0.0, theta_1 = 0.0, theta 2 =0.0, a=0.0;
float t = 0.0 ,cur = 0.0, tau_dob = 0.0 ,integral_dob = 0.0, Gdr = 55.0;
float Kt = 0.151, JN1 = 0.000260; //660-46

float S_cur=0.0;

float S_curl=0.0;

float M_cur1=0.0;

float Ires_s2 = 0.0; // Current sensor S2

float Ires_s3 = 0.0; // Current sensor S2

float I_res_m1 =0.0;

float |_res_m2 =0.0;

int Master_Direction=0;

/*

void pwm_init(void) {
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pwm_s_anticlk.period_us(5);
pwm_s_clk.period_us(5);

/I Set the ouput duty-cycle, specified as a percentage (float)

pwm_s_anticlk.write(0.0f);
pwm_s_clk.write(0.0f);

/IENABLE RUNNING MODE (H BRIDGE ENABLE)

Reset AB_S
Reset CD_S
¥

void pwm_init(void) {

1
1

pwm_m.period_us(50);
pwm_s.period_us(50);

pwm_m.write(0.0f); /I Set the ouput duty-cycle, specified as a percentage
(float)

pwm_s.write(0.0f);

/l Reset_ AB_M =1; //ENABLE RUNNING MODE (H BRIDGE
ENABLE)

EnableS=1;
EnableM=1;

¥

/*
void position_calc() {

gei_s.SetDigiFilter(480UL);
gei_s.SetMaxPosition(OXFFFFFFFF);

int main{

position_control(int abs_position){

while(1){
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position = gei_s.GetPosition();

if (position_old == position){
|_ref +=0.00000001;

counter = |_ref;
position_old= position;
current_pid_s();

by

else (position_old != position) {
cout << counter;
position_old++;

by

if (position_old != position){
position_control(position_old);

¥

¥
¥

float kp_pos= 0.01;//0.00006;
float ki_pos = 0.008;//0.0008;

float kd_pos =0.000002; //0.00649999999;

float pos_filcon = 100;

void position_com_s() {
pos_ref = 1000;
position = gei_s.GetPosition();

}
/*
void position_pid_s() {

int32_t position = 0;
gei_s.SetDigiFilter(480UL);
gei_s.SetMaxPosition(OXFFFFFFFF);

position = gei_s.GetPosition();

pos_err = pos_ref - position;
p_pos_err = Kp_pos*pos_err;
i_pos_err += pos_err*dt;
tem_d_pos_err +=tmp_d_pos_err*dt;
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tmp_d_pos_err = (position - tem_d_pos_err)*pos_filcon;
d_pos_err = kd_pos*tmp_d_pos_err;

PWM_pos = p_pos_err ;//+ ki_pos*i_pos_err + d_pos_err;
¥

void position_pid_m() {
/lpos_ref=v_res_s;

[*pos_ref =v_res_s*.48/5000+ 0.3;
/Irpm = (5000/0.48)*(M_pos-0.20);
position = M_pos-0.3;

pos_err = pos_ref - position;
p_pos_err = Kp_pos*pos_err*2;
I_pos_err += pos_err*dt;
tem_d_pos_err +=tmp_d_pos_err*dt;
tmp_d_pos_err = (position - tem_d_pos_err)*pos_filcon;
d_pos_err = kd_pos*tmp_d_pos_err;*/

M_cur = current_m.read();

q11=q11+g21*10*M_cur*dt;
012=012+g21*10*I_res_m*dt;
| _res_ m=qll-ql2;

if(1_res_m <0.7609){ //master clockwise
/Nl _res_s = current_sensor_s_p.read();
I1 act m=-1.0*%((0.7609-1_res_m) /0.10);
Yelse if(1_res_m >0.769){
/ll_res_s = current_sensor_s_n.read(); /Imaster anticlockwise
11 act m=((I_res_m-0.7609) / 0.10);
}

[f-mm e e Current sensor motor board
M_curl = current_ml.read();
ri1=r11+g31*10*M_ curl*dt;
r12=r12+g31*10*I_res_ml*dt;
| res ml=rll-r12;
| res m2=1 res ml *3.3/0.110;

pwm_| M =-1*(0.0002*v_res_s*0.104719755+0.8*Rtob_S); //[p_pos_err ; /I+
Ki_pos*i_pos_err + d_pos_err;

}
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int compare(const void *a, const void *b) {
return (int)(*(float*)a - *(float*)b);
}

float median(float *samples, int n) {
gsort(samples, n, sizeof(float), compare);
return samples[(n - 1)/2];

hy

void velocity _command(){

//float sampleanalog[5];
/1 for (int jj=0; jj<5 ; jj++){

/I sampleanalog[jj]=M_encorder.read();
I}

/IM_position= median(sampleanalog,5);
M_position = M_encorder.read();
/lcurrentvaluel= ( 0.5- currentsl.read())* 27.03 ;
/lcurrentvaluel= currentsl.read();
tl=t1+g*M_position*dt;

t2=t2+g*M_pos*dt;

M_pos =t1-t2;

// rpm = (5000/0.48)*(M_pos-0.30);
rpm = 5000;

/ theta = (M_pos-0.30)*2;
I/l rpm = theta;
/lif(counter<=100000){
delta v=10.5;
if(abs(v_ref_s) < abs(rpm)){
v_ref s +=delta_v;}

else {

v_ref _s=rpm;}

I}

}
void velocity pid_s() {

int32_t position = 0;

gei_s.SetDigiFilter(480UL);
gei_s.SetMaxPosition(0xFFFFFFFF);

point = gei_s.GetIndex();

position = gei_s.GetPosition();

encoder_s_now = position * 2.0 * Pl / encoder_pulses_s;
de_s =encoder_s_now - encoder_s_prv;

encoder_s_prv = encoder_s_now;

74



/Iv_res_s = ((de_s/dt_us)*(1000000.0 * 60.0))/(2.0*P1);
ddx_s=((de_s/dt_us)*(1000000.0 * 60.0))/(2.0*PI);

temp_s += G1*ddx_s*dt;

temp_s1 += G2*v_res_s*dt;

v_res s =temp_s - temp_sl;

v_err s=v_ref s-v_res_s;

/ld_v_err_ s=(v_err_s-prev_v_err_s) * G_filcon_v_s;
/*d_v_err_s=G_filcon_v_s*(v_err_s - prev_v_err_s) *dt_us;
prev_v_err s+=d_v_err_s;*/

d v err s=(v_err_s-prev_v_err_s)/dt;
prev_v_err_S=V_err_s;

| v err s+=v err_s*dt

/lpid_V_1 S=vkp s*v err s+vkd s*d v err s+vki_ s*1_v_ err_s;

pid V_I S= v err s*900+d_v_err_s*60+ 1_v_err_s*500;

PWM_pos = pid_V_I_S/1000000;

/I cur=vkp_s*v_err_s*2700 + vkd_s * d_v_err_s*102+ vki_s *
|_v_err_s*500;
/lpid_V_1 S=vkp s*v err s+vkd s*d v err s+vki_ s*1|_v_ err_s;

[[PWM_pos =pid_V_I_S;

¥

float B=0.0;

float F=0.0215;
float T_ref s=0.0;

void I_com(){

/[T ref s=(B*v_res s+F);

/' _ref s=T ref s/ Kt_const_s;
IN_ref s =5;
| _ref m=0.02;
}

void current_pid_s(){
/I'S_curl=current_sl.read()*3.3/0.140;
vrtcl_pos=v_pos.read()*100;

if(vrtcl_pos <20){ /Islave clockwise

vrtclmm =vrtcl_pos;
Yelse if(vrtcl_pos >20){
vrtclmm =vrtcl_pos-5.5;

}
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[[-mmmmmmm e sensor old
S _cur = current_s.read();
t11=t11+g1*10*S_cur*dt;

t12=t12+g1*10*I_res_s*dt;
| res_s=t11-t12;

o Sensor motor board
S_curl = current_sl.read();
j11=j11+gg1*10*S_curl*dt;

J12=j12+gg1*10*Ires_s2*dlt;
Ires_s2 =j11-j12;
Ires_s3 =lIres_s2 *3.3/0.140;

/N_res_s = current_s.read();
/[Slave_Direction = S_Dir.read();

if(1_res_s<0.744){ Ilslave clockwise

/Nl _res_s = current_sensor_s_p.read();

/N1 _act_s =-2.5*%((0.744-1 _res_s) /0.1);

I1 act_s =lres_s3;

Yelse if(l_res_s >0.744){

/ll_res_s = current_sensor_s_n.read(); /Islave anticlockwise

/I '11_act_s=2.5%((1_res_s-0.744) / 0.1);
I1 act s= -1*Ires_s3;

}

|_act_s=I1_act_s;
/Il _ref s=(pid_V_1_S/10000000 + tau_dob/Kt);

/l'l_act_s+=G_filcon_I1 s*(I1 _act_s-l_act_s)*dt;
/*

| err s=1_ref s-1 act_s;

| tmp s+=1ki_ s*dt* 1 err_s;

tem | s+=dt*d_Is;

d |l s=(l_act s-tem I s)* G_filcon_I_s;

pwm_|_S=((I_err_s*Ikp_s)+ | _tmp s+ (d_I_s*Ikd s));
*/
/*
| err s=1_ref s-1_act_s;
| tmp_s+= | _err_s*dt;
d I s=1_err_s/dt;

pwm_|_S=((1_err_s * Ikp_s*4) + (d_I_s * Ikd_s*2) + | _tmp_s*Iki_s);
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llpwm_I_S=I1_ref s;*/

¥

void dob_rotary()
tau_dob = integral_dob - v_res_s*0.104719755*IJN1*Gdr ;

integral_dob += ((I_act_s*Kt + v_res_s*JN1*Gdr*0.104719755) -
integral_dob)*Gdr*dt;

Rtob S=tau dob-f s-B s*v res s;

return;

by

/*
void current_pid_m(){

/I Master_Direction = M_Dir.read();
M_cur = current_m.read();
t11=t11+g1*10*M_cur*dt;

t12=t12+g1*10*I_res_m*dt;
| res m=1t11-t12;

if(1_res_m<0.76){ //master clockwise
/Nl _res_s = current_sensor_s_p.read();
I1 act m=-1.0*%((0.76-1_res_m) /0.10);
Yelse if(1_res_m >0.76){
/ll_res_s = current_sensor_s_n.read(); /Imaster anticlockwise
11 act m=((I_res_m-0.76) / 0.10);
}

| act m=11_act_m;

| err m=1_ref m-1_act m;
| tmp_m+=(Iki_m*dt*1_err_m);

tem_|_m+=G_filcon_|I_m*d_I_m*dt;
dl m=1_err_ m-tem | m;

pwm_|I_M=((1_err m*lkp_m) + 1 _tmp_m+ (d_I_m™* Ikd_m));
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void PWM_Generator_m() {
duty m= pwm_|_M;
/[duty_m =0.5;
if (duty_m> 0.0) {
if (duty_m>0.95) {
duty m=0.98;
}
clk_M=1;
anticlk_M=0;
pwm_m = duty_m;

¥

if (duty_ m<0.0){

if (duty_m<-0.95) {

duty m=-0.98;
}
clk_M=0;

anticlk_M=1;

pwm_m =-1.0 * duty_m;
}

}

void PWM_Generator_s(){

duty s =PWM_pos;
/[duty s =0.2;//current pid
/[ duty s = 0.65;
if (duty s>0.0) {
if (duty s> 0.98) {
duty s =0.6;
}
clk_S=1;
anticlk_S=0;

pwm_s = duty_s;

}

if (duty s<0.0){
if (duty s <-0.98) {
duty s =-0.6;
}
clk_S=0;
anticlk_S=1;
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pwm_s = -1.0*duty_s;
}

int cleanup_module(void){
pwm_m = 0.0; // pwm cleanup module

pwm_s = 0.0;

/| Reset AB M =0; //RESET HBRIDGE
EnableM=0;

EnableS=0;

led1=0;

led3=0;

return O;

¥
/IRTOS

void Control_body() {

/I M_cur = current_m.read(); /I Control Part - main code
velocity_command(); // --------- slave
velocity _pid_s();// --------- slave

/I '1_com();

current_pid_s ();
I current_pid_m ();
dob_rotary();//---------- dob
position_pid_m();//----------- master
/Iposition_com_s();
/Iposition_pid_s();

PWM_Generator_s();
PWM_Generator_m();
/I Disob();

led1=!led1;
counter++;

}
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void thread_2(void const *argument){
[lpc.printf("Pulses is: %f\n", M_encorder.read() );
/I wait(0.2);

/*
SDFileSystem sd(p5, p6, p7, p8, "sd");
FILE *fp = fopen(*/sd/v100.dat", "w");
if(fo == NULL) {
for(int i=0;i<5;i++){

led3=!led3;

wait(1.0);
}

bl

while(1){//counter<10000
if(counter>=(counter_old+100)){
/IM_position= M_encorder.read();

/l rpm = M_position*400;
Il fprintf(fp,"%d %f %f %f \n" timer.read_us(),l_act_s,I_ref s, i_com_s);
Il fprintf(fp,"%d %f \n",timer.read_us(),position);
Il pc.printf(" %f %f \n",tau_dob,l_act_s);
[lpc.printf("10™);
pc.printf("%f %f %f %f %f %f %d\n", vrtcimm,Rtob_S,
v_res_s,tau_dob,l_act_s,I_res_s,timer.read_us());

I pc.printf(" %f %f %f \n",I_act_s,v_ref s,v_res s);
Il pc.printf("PWM: %f\n", pid_V_I_S);
I pc.printf("rpm: %f\n", rpm);
Il pc.printf(“rpm actual: %f\n", v_res_s);
Il pc.printf("l_v_err_s: %f\n", 1_v_err_s);
Il pc.printf(“current act: %f\n", |_act_s);
[Ipc.printf("current sens %f\n", M_cur );
/lpc.printf("tog S: %An", pwm_|_M);
[lpc.printf("currentmn: %An", current_mn.read() );
/Iwait(0.5);
counter_old=counter;
/1 led3=!led3;

¥
¥

fclose(fp);
timer.stop();
cleanup_module();
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ticker.detach ();

ky

int main() {
/Ipc.baud(115200);
dt =dt_us/1000000.0;
pwm_init();
timer.start();

Thread thread2(thread_2, NULL, osPriorityNormal, (DEFAULT_STACK_SIZE *

4));

ticker.attach_us(&Control_body, dt_us);
I pc.printf("Pulses is: %d\n", position);

Ilwait(1.0);

¥
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