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APPENDIX 

APPENDIX I : Specification of the motor 

Manufacturer   : Electrocraft 

Version   : E240 

Maximum Terminal Voltage : 60V DC 

Supply Voltage  :  32V DC 

Continuous stall Torque : 20.5 Ncm 

Peak Torque   : 169.5 Ncm 

Maximum Speed  : 5000 rpm 

Rotor Inertia   : 0.268 Kgcm
2
 

Maximum Friction Torque : 2.1 Ncm 

Weight    : 1Kg 

Torque Constant  : 13.5 Ncm/Amp 

Terminal Resistance  : 5.4 Ω 

Armature Inductance  : 8.2 mH 

 

 

 

Dimensions of the motor 
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APPENDIX II : Specification of the master encoder 

Pulse Count   : 5,000 ppr (pulse per revolution) 

Pulse count with QEI  : 20,000 ppr 

Output Frequency  : ≤ 100 kHz 

Supply Voltage  : 10-30 VDC 

Applied voltage  :  12 VDC 

Output    : Push-pull 

Current Consumption  : ≤ 80 mA 

Load Current   : ≤ 40 mA, short circuit,   

Voltage Drop   : < 4 V 

Response Time  : 250 ns 

Rotational Speed  :  < 6000 rpm 

Moment of Inertia  : ≤ 1.4 x 10
-3

 oz-in-sec
2
 

 

 

Dimensions of the master encoder 
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APPENDIX III : Specification of the slave encoder 

Model   :  H25D (BEI) 

Pulse Count  : 2,500 ppr (pulse per revolution) 

Pulse count with QEI : 10,000 ppr 

Supply Voltage :  5 to 28 VDC available 

Applied voltage  :     12 VDC 

Current Requirements : 100 mA typical +output load, 250 mA (max) 

Voltage/Output :    28V/5: Line Driver, 5–28 VDC in, V out= 5 VDC  

Frequency Response : 100 kHz, up to 1MHz with interpolation option 

Moment of Inertia : 5.2 X 10
-4

oz-in-sec
2
 

 

 

Dimensions of the slave encoder 
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APPENDIX IV : Specification of the coupler 

 

Shaft usage   :  8mm x 8mm (0.315" x 0.315") 

Length    :  25mm 

Diameter   :  18mm 

Material   :  Aluminum 

Rated Torque   :  1N.m 

Max. Torque   :  2N.m 

Eccentricity Error  :  ±0.2mm 

Shaft Angel   :  ≤2° 

Max. Rotational(RPM) :  19000 

Rated    :  In-Phase Operate 
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 APPENDIX V: MATLAB m code 

function [x_response_s]=BC_D_MandS(t) 
%PD controller Block parameters of master 
Kp_m=350;           
Kd_m=25;           
PD_out_m=0.0;           
filter_pd_m=0.0; 
filter_pd_m_pre=0.0; 
g_pd_m=50.0; 

  
%PD controller Block parameters of slave 
Kp_s=350; 
Kd_s=25; 
filter_pd_s=0.0; 
filter_pd_s_pre=0.0; 
PD_out_s=0.0; 
g_pd_s=50.0; 

  
%Motor parameters of master 
Mn_m=0.40; 
Kfn_m=24.0; 

  
%Motor parameters of slave 
Mn_s=0.4; 
Kfn_s=24.0; 

  
%DOB & RTOB paremeter of master 
g_dis_m=150.0; 
to_filter_m=0.0; 
filter_out_m=0.0; 
filter_out_pre_m=0.0; 
DOB_out_m=0.0; 
friction_m=0.0; 
RTOB_out_m=0.0; 

  
%DOB & RTOB paremeter of slave 
g_dis_s=150.0; 
to_filter_s=0.0; 
filter_out_s=0.0; 
filter_out_pre_s=0.0; 
DOB_out_s=0.0; 
friction_s=0.0; 
RTOB_out_s=0.0; 

  
%load model 
B=5; 
M=0.1; 
k=250; 

  
%controller Block parameters of slave force controller 
Kp_FC=3.3; 
Kd_FC=1.1; 
g_FC=150.0; 
g_FC_r=150.0; 
filter_FC=0.0; 



 

69 

 

filter_FC_pre=0.0; 
FC_error=0.0; 
filter_FC_r=0.0; 
dF_error=0.0;  
dF_error_r=0.0; 
filter_FC_r_pre=0.0; 
F_defined=9.0; 
FC_out=0.0; 

  
%spring controller master 
k_sp=100.0; 

  
%Constant parameter define 
c=10.0; 
torque_error=0.0; 
x_response_m=0.0; 
x_response_pre_m=0.0; 
x_error_m=0.0; 
dx_response_m=0.0; 
dx_response_m_pre=0.0; 
F_m=0.0; 
I_error_m=0.0; 
load_force_m=0.0; 
force_error_m=0.0; 
motor_acc_m=0.0; 
motor_velocity_m=0.0; 
motor_velocity_pre_m=0.0; 
x_response_s=0.0; 
x_response_pre_s=0.0; 
x_error_s=0.0; 
dx_response_s=0.0; 
dx_response_s_pre=0.0; 
F_s=0.0; 
I_error_s=0.0; 
load_force_s=0.0; 
force_error_s=0.0; 
motor_acc_s=0.0; 
motor_velocity_s=0.0; 
motor_velocity_pre_s=0.0; 
j=0.0; 

  
dt=0.0001; 
A=zeros(500001,5); 
i=0;  

  
for t=0.0:0.0001:50 
    i=i+1; 
%External force profile for master 
if (t>=0.0)&(t<5.0) 
    load_force_m=0.05+0.02*t; 
elseif (t>=5.0)&(t<10) 
    load_force_m=1.97*t-9.7; 
elseif (t>=10.0)&(t<15) 
    load_force_m=c; 
elseif (t>=15.0)&(t<25) 
    load_force_m=-t+25; 
elseif (t>=25.0)&(t<30) 
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    load_force_m=0.0; 
elseif (t>=30.0)&(t<31) 
    load_force_m=-0.05*t+1.5;  
elseif (t>=31)&(t<33) 
    load_force_m=0.05*t-1.6;  
else 
    load_force_m=0.05; 
end 

  
x_error_m=x_response_s-x_response_m; 
x_error_s=x_response_m-x_response_s; 

  
filter_pd_s=filter_pd_s_pre+dx_response_s*dt; 
filter_pd_m=filter_pd_m_pre+dx_response_m*dt; 
filter_pd_s_pre=filter_pd_s; 
filter_pd_m_pre=filter_pd_m; 

  
dx_response_s=g_pd_m*(x_response_s-filter_pd_s);        %filter 

gains are equel for both master and slave PD controller 
dx_response_m=g_pd_s*(x_response_m-filter_pd_m); 

  
PD_out_m=Kp_m*x_error_m+Kd_m*(dx_response_s-dx_response_m); 
PD_out_s=Kp_s*x_error_s+Kd_s*(dx_response_m-dx_response_s); 

  
F_s= PD_out_s*Mn_s-torque_error; 
F_m=PD_out_m*Mn_m-torque_error; 

  
if (abs(RTOB_out_s) <F_defined)|(load_force_m<0) 

     
if (x_response_s>-0.05&load_force_m>0) 
    load_force_s=-0.05+5.5*motor_velocity_s; 

elseif (-0.05-x_response_s)>=0    

load_force_s=M*motor_acc_s+B*motor_velocity_s+k*(x_response_s+0.05); 

elseif 

(load_force_m<0&(abs(x_response_m)<=0.95*abs(x_response_s))&x_respon

se_s<=-0.05) 

load_force_s=M*motor_acc_s+B*motor_velocity_s+k*(x_response_s+0.05); 
elseif (x_response_s>-0.05&(load_force_m<0)) 
    load_force_s=0.05+10.0*motor_velocity_s; 
end 

  
torque_error = RTOB_out_m + RTOB_out_s; 
I_error_s=F_s*(1/Kfn_s)+DOB_out_s*(1/Kfn_s); 
end 

  
if (abs(RTOB_out_s) >= F_defined)&(load_force_m>=0) 
 FC_error= F_defined+RTOB_out_s; 

  
 filter_FC=filter_FC_pre+dF_error*dt; 
 filter_FC_r=filter_FC_r_pre+dF_error_r*dt; 
 filter_FC_pre=filter_FC; 
 filter_FC_r_pre=filter_FC_r; 

  
 dF_error=g_FC*(F_defined-filter_FC); 
 dF_error_r=g_FC_r*(RTOB_out_s-filter_FC_r);  
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 FC_out=Kp_FC*FC_error+Kd_FC*(dF_error+dF_error_r); 

  
 torque_error = RTOB_out_m; 
if (j-x_response_s)>=0        

load_force_s=M*motor_acc_s+B*motor_velocity_s+k*(x_response_s+0.05); 
end 

 I_error_s=FC_out*(1/Kfn_s)*(-1)+DOB_out_s*(1/Kfn_s); 
 F_m=k_sp*(x_response_s-x_response_m)-5.0*motor_velocity_m-

torque_error; 
end 

  
I_error_m=F_m*(1/Kfn_m)+DOB_out_m*(1/Kfn_m); 

  
%Motors 
force_error_m=I_error_m*Kfn_m-load_force_m; 
motor_acc_m=force_error_m*(1/Mn_m); 
force_error_s=I_error_s*Kfn_s-load_force_s; 
motor_acc_s=force_error_s*(1/Mn_s);  
motor_velocity_m=motor_acc_m*dt+motor_velocity_pre_m; 
motor_velocity_s=motor_acc_s*dt+motor_velocity_pre_s;  
x_response_m=motor_velocity_m*dt+x_response_pre_m; 
x_response_s=motor_velocity_s*dt+x_response_pre_s; 

  
%Mster DOB & RTOB 
to_filter_m=I_error_m*Kfn_m+motor_velocity_m*g_dis_m*Mn_m; 
filter_out_m=filter_out_pre_m+g_dis_m*(to_filter_m-filter_out_m)*dt; 
filter_out_pre_m=filter_out_m; 
DOB_out_m=filter_out_m-motor_velocity_m*g_dis_m*Mn_m; 
RTOB_out_m=DOB_out_m-friction_m; 

  
%Slave DOB & RTOB 
to_filter_s=I_error_s*Kfn_s+motor_velocity_s*g_dis_s*Mn_s; 
filter_out_s=filter_out_pre_s+g_dis_s*(to_filter_s-filter_out_s)*dt; 
filter_out_pre_s=filter_out_s; 
DOB_out_s=filter_out_s-motor_velocity_s*g_dis_s*Mn_s; 
RTOB_out_s=DOB_out_s-friction_s; 
motor_velocity_pre_m=motor_velocity_m; 
motor_velocity_pre_s=motor_velocity_s; 
x_response_pre_m=x_response_m; 
x_response_pre_s=x_response_s; 

  
A(i,:)=[t, x_response_m, x_response_s, RTOB_out_m, RTOB_out_s]; 
hold on; 
figure(1); 
f1=plot(A(:,1),A(:,2),A(:,1),A(:,3)); 
xlabel('time(s)'); 
ylabel('position (m)'); 
hold on; 
figure(2); 
f2=plot(A(:,1),A(:,4),A(:,1),A(:,5)); 
hold on; 
xlabel('time(s)'); 
ylabel('force responce (N)'); 
end 
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APPENDIX VI: C code on mbed microcontroller 

#include "mbed.h" 

#include "rtos.h" 

#include "SDFileSystem.h" 

#include "qeihw.h" 

#include "math.h" 

 

#define PI 3.141592653 

#define Kp 900.0     

#define Kv 10.0     

#define Ki 10.0     

#define Gd 100.0     

#define F_limit 0.10    

 

QEIHW qei_s(QEI_DIRINV_NONE, QEI_SIGNALMODE_QUAD, QEI_CAPMODE_4X, 

QEI_INVINX_NONE ); 

 

// Configuring two encoder modules 

void ethernet_init(); 

Ethernet eth; 

 

//Variable for get angle from ethernet 

char buf[0x600]; 

float recv_m_angle = 0.0; 

float recv_s_angle = 0.0; 

float inc_now = 0.0, inc_pre = 0.0;  

 

//Safety for mbed unused pins 

DigitalIn safety_19(p19); 

DigitalIn safety_20(p20); 

DigitalIn safety_25(p25); 

DigitalIn safety_26(p26); 

 

//Motor pwm mbed pins 

PwmOut pwm_m_clk(p21);    // clockwise rotation pwm pin MASTER 

PwmOut pwm_m_anticlk(p22);// anti-clockwise rotation pwm pin MASTER 

PwmOut pwm_s_clk(p23);    // clockwise rotation pwm pin for SLAVE 

PwmOut pwm_s_anticlk(p24);//anti-clockwise rotation pwm pin SLAVE 

 

// Motor H bridge pins 

DigitalOut  Reset_AB_M(p27); 

DigitalOut  Reset_CD_M(p28); 

DigitalOut  Reset_AB_S(p29); 

DigitalOut  Reset_CD_S(p30); 

 

DigitalIn M_Dir(p9); 

DigitalIn S_Dir(p10); 

 

//Current sensor inputs 

AnalogIn current_sensor_m_p(p15);//current sensor input MASTER +ve 

AnalogIn current_sensor_m_n(p16);// current sensor input MASTER -ve 

AnalogIn current_sensor_s_p(p17);// current sensor input SLAVE +ve  

AnalogIn current_sensor_s_n(p18);// current sensor input SLAVE -ve 

 

//LED output for testing code 

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

 

//Current Sensor Directions 

int Master_Direction=0; 

int Slave_Direction = 0; 

 

// Encoder Constants 

float const encoder_pulses_s = 2400.0; 

 

// Motor Constant and Inertia 

float const J_const_m = 0.000910; 

float const J_const_s = 0.000910; 

float const Kt_const_m = 0.135; 

float const Kt_const_s = 0.134; 

float const Kt_constinv_m = 7.407407407; 

float const Kt_constinv_s = 7.462586567;  

 

//the main function variables 

Timer timer;      

Timer timer1;                     

FILE *fp; 

Ticker ticker; 

int counter=0;                      //data writing loop counter 

int counter_old=0;  

int counter_time; 

int dt_us= 150, ramp_time=0.0;      // define main loop time in us 

float dt;                           //loop time in seconds for 

calculations      

 

//velocity controller variables 

float x_res_m = 0.0; 

float x_res_s = 0.0; 

float dx_res_m = 0.0; 

float dx_res_s = 0.0; 

float dx_e_sum_m = 0.0; 

float dx_e_sum_s = 0.0; 

float const G_filcon_v_m = 2.0;//Low pass filter gain velocity 

float const G_filcon_v_s = 2.0; 

 

//current controller variables 

float const G_filcon_I1_m = 100.0;  

float const G_filcon_I1_s = 100.0;  

float const G_filcon_I_m = 100.0;    

float const G_filcon_I_s = 100.0;    

float  I1_act_m=0.0; 

float  I1_act_s=0.0; 

float I_act_m = 0.0;                

float I_act_s = 0.0; 

float I_ref_m = 0.0; 

float I_ref_s = 0.0; 

float I_res_m = 0.0; 

float I_res_s = 0.0; 

float I_err_m = 0.0; 

float I_err_s = 0.0; 

float I_tmp_m = 0.0; 

float I_tmp_s = 0.0; 

float tem_I_m = 0.0; 

float tem_I_s = 0.0; 
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float d_I_m = 0.0; 

float d_I_s = 0.0; 

float pwm_I_M= 0.0; 

float pwm_I_S= 0.0; 

float const Ikp_m = 25.0, Iki_m =1.50, Ikd_m = 0.015;   

float const Ikp_s = 25.0, Iki_s = 1.50,Ikd_s = 0.015;    

 

//DOB and RTOB variables 

float tmp_m = 0.0; 

float tmp_s = 0.0; 

float ob_sum_m = 0.0; 

float ob_sum_s = 0.0; 

float ob_sum_m1 = 0.0; 

float ob_sum_s1 = 0.0; 

float i_com_m = 0.0; 

float i_com_s = 0.0; 

float fric_m = 0.0; 

float fric_s = 0.0; 

float i_rto_m = 0.0; 

float i_rto_s = 0.0; 

float torque_dob_m=0.0; 

float torque_dob_s=0.0; 

 

//controller variables 

float ddx_ref_m=0.0; 

float ddx_ref_s=0.0; 

float I_ref_m1=0.0; 

float I_ref_s1=0.0; 

float tem_x_m=0.0; 

float tem_x_s=0.0; 

float x_err_m=0.0; 

float x_err_s=0.0; 

float torque_error=0.0; 

float DOB_out_m=0.0; 

float DOB_out_s=0.0; 

 

//PWM generator variables 

float duty_m = 0.0;                 // PWM duty for master 

float duty_s = 0.0;                    

 

//Force controller variables 

float const Kp_FC=650.0,Kd_FC=1.10, Ki_FC=60.0;  
float G_filcon_FC=10.0; 

float FC_error=0.0; 

float dF_e_cmd_sum=0.0;  

float dF_e_cmd=0.0;  

float dF_e_res_sum=0.0; 

float dF_e_res=0.0; 

float FC_out=0.0; 

float F_m=0.0; 

float F_m1=0.0; 

float F_s=0.0; 

float x_eq=0.0; 

 

//Spring controller variables 

float const Kp_SC=550.0,Kd_SC=10.0,Ki_SC=5.0,k_sp= 15.0;  

float G_filcon_SC=20.0; 

float SC_error=0.0; 
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float dS_e_sum=0.0;  

float dS_e=0.0;  

float SC_out=0.0; 

float SC_tmp=0.0; 

float VC_out=0.0; 

float  dx_e_VC_m=0.0; 

float dx_res_VC=0.0; 

float dx_VC_m=0.0; 

 

int a=0, b=0, c=0; 

float FC_S=0.0; 

float FC_M=0.0; 

 

 void pwm_init(void) { 

    pwm_m_clk.period_us(10); 

    pwm_m_anticlk.period_us(10); 

    pwm_s_anticlk.period_us(10); 

    pwm_s_clk.period_us(10); 

 

    pwm_m_clk.write(0.0f);// Set the ouput duty-cycle, specified as 

a percentage (float) 

    pwm_m_anticlk.write(0.0f); 

    pwm_s_anticlk.write(0.0f); 

    pwm_s_clk.write(0.0f); 

     

    Reset_AB_M = 1;        //ENABLE RUNNING MODE  (H BRIDGE ENABLE) 

    Reset_CD_M = 1; 

    Reset_AB_S = 1; 

    Reset_CD_S = 1;  

} 

void velocity_m() { 

        int size2 = eth.receive(); 

        if(size2 > 0) { 

        eth.read(buf, size2); 

        memcpy(&recv_m_angle, buf, sizeof(float)); 

        x_res_m = recv_m_angle;  

        } 

     dx_e_sum_m += dx_res_m*dt; 

     dx_res_m =G_filcon_v_m*( x_res_m-dx_e_sum_m);         

} 

void velocity_s() { 

    int32_t position = 0;                 

    qei_s.SetDigiFilter(480UL); 

    qei_s.SetMaxPosition(0xFFFFFFFF); 

    position = qei_s.GetPosition(); 

    x_res_s = -1.0*position * 2.0 * PI / encoder_pulses_s; 

     

    dx_e_sum_s += dx_res_s*dt; 

    dx_res_s = G_filcon_v_s*(x_res_s-dx_e_sum_s);   

} 

void current_pid(){ 

   Master_Direction = M_Dir.read(); 

   if(Master_Direction == 0){                 //master clockwise 

        I_res_m = current_sensor_m_p.read();  

        I1_act_m = -1.0*((I_res_m*3.3/0.74787687701613) );    

      } 

   else if(Master_Direction == 1) {     //master anticlockwise  

        I_res_m =  current_sensor_m_n.read(); 
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    I1_act_m = 1.0*((I_res_m*3.3)/0.713239227822580);  } 

 

    I_act_m =I_act_m_pre + G_filcon_I1_m*(I1_act_m-I_act_m)*dt; 

    I_act_m_pre=I_act_m; 

    I_err_m = I_ref_m - I_act_m; 

    I_tmp_m += (Iki_m * dt * I_err_m); 

    tem_I_m += d_I_m*dt; 

    d_I_m = G_filcon_I_m*(I_err_m - tem_I_m); 

    pwm_I_M=((I_err_m * Ikp_m) + I_tmp_m + (d_I_m * Ikd_m)); 

    

    Slave_Direction = S_Dir.read(); 

    if(Slave_Direction == 0){     //slave clockwise   

        I_res_s =  current_sensor_s_p.read(); 

        I1_act_s = -1.0*((I_res_s*3.3)/0.717075441532258 );     

    } 

   else if (Slave_Direction == 1){                                      

        I_res_s =  current_sensor_s_n.read(); //slave anticlockwise 

        I1_act_s = 1.0*((I_res_s*3.3)/0.724138445564516);} 

     

    I_act_s =I_act_s_pre + G_filcon_I1_s*(I1_act_s-I_act_s)*dt; 

    I_act_s_pre=I_act_s;  

    I_err_s = I_ref_s - I_act_s;     

    I_tmp_s +=  (Iki_s* dt * I_err_s); 

    tem_I_s += d_I_s*dt; 

    d_I_s = G_filcon_I_s*(I_err_s - tem_I_s); 

    pwm_I_S=((I_err_s * Ikp_s) + I_tmp_s + (d_I_s * Ikd_s)); 

    }                               

 

void Disob() { 

    tmp_m = Gd*J_const_m*dx_res_m;             

    ob_sum_m1  = Kt_const_m*I_act_m+tmp_m; 

    ob_sum_m  += Gd*(ob_sum_m1-ob_sum_m)*dt; 

    DOB_out_m = (ob_sum_m - tmp_m); 

    i_com_m  = (ob_sum_m - tmp_m)*Kt_constinv_m;    //read current 

    fric_m = 0.0; 

    torque_dob_m= DOB_out_m-fric_m; 

    i_rto_m = torque_dob_m*Kt_constinv_m; 

     

    tmp_s      = Gd*J_const_s*dx_res_s;  

    ob_sum_s1  = Kt_const_s*I_act_s+tmp_s; 

    ob_sum_s  += Gd*(ob_sum_s1-ob_sum_s)*dt; 

    DOB_out_s = (ob_sum_s - tmp_s); 

    i_com_s  = (ob_sum_s - tmp_s)*Kt_constinv_s;    //read current 

    fric_s = 0.0;//0.011; 

    torque_dob_s = DOB_out_s-fric_s; 

    i_rto_s = torque_dob_s*Kt_constinv_s; 

    } 

 

int Controller(void) {     

if (((torque_dob_s*-1.0) <F_limit)|((x_eq-

x_res_m)<0.0&(torque_dob_m<0.0))){ 

    a=0; 

    x_err_m=x_res_s-x_res_m; 

    tem_x_m += (Ki* dt* x_err_m);     

    ddx_ref_m = Kp*x_err_m +  Kv*(dx_res_s-dx_res_m)+tem_x_m; 

    x_err_s=x_res_m-x_res_s; 

    tem_x_s += (Ki* dt* x_err_s);     

    ddx_ref_s = Kp* x_err_s +  Kv*(dx_res_m-dx_res_s)+tem_x_s;         
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    F_m=ddx_ref_m*J_const_m-torque_error; 

    F_s=ddx_ref_s*J_const_s-torque_error;  

    torque_error= torque_dob_m+torque_dob_s; 

    I_ref_s1 = Kt_constinv_s*F_s; 

    I_ref_s  =I_ref_s1 + DOB_out_s*Kt_constinv_s; 

    I_ref_m =  Kt_constinv_m*F_m+DOB_out_m*Kt_constinv_m; 

    timer1.stop();  

    timer1.reset();  

    FC_S=0.0; 

    FC_M=0.0; 

    } 

if (((torque_dob_s*-1.0) >=(0.90*F_limit))&((torque_dob_s*-

1.0)<=F_limit)){// 

        FC_S=I_ref_s; 

        FC_M=F_m;}   

 

if((torque_dob_s*-1.0) >= F_limit){ 

    a=1;     

    x_eq=x_res_s; 

    I_ref_s1 = Kt_constinv_s*FC_S*1.0; 

    I_ref_s  =FC_S; //I_ref_s1+ DOB_out_s*Kt_constinv_s; 

    timer1.start(); 

     

if(((x_eq-x_res_m)>=0.0)|(torque_dob_m>=0.0)){ 

    if(timer1.read()<0.500){   

        if(c%100==0){ 

            b=!b; 

            } 

            c++;  

         

        x_err_m=x_eq+0.05*b-x_res_m; 

        dx_e_VC_m += dx_res_VC*dt; 

        dx_res_VC =G_filcon_v_m*( x_err_m-dx_e_VC_m);  

        tem_x_m += (Ki* dt* x_err_m);     

        ddx_ref_m = Kp*x_err_m+  Kv*(dx_res_VC)+tem_x_m; 

         

        VC_out=ddx_ref_m*J_const_m;} 

    else{VC_out=0.0;} 

 

    SC_error=k_sp*(x_eq-x_res_m)+VC_out+F_limit-torque_dob_m; 

    SC_tmp += (Ki_SC * dt * SC_error); 

    dS_e_sum += dS_e*dt; 

    dS_e = G_filcon_SC*(SC_error-dS_e_sum); 

    SC_out=(Kp_SC*SC_error+Kd_SC*(dS_e)+SC_tmp);  } 

        

    I_ref_m =  

Kt_constinv_m*J_const_m*(SC_out+VC_out)+DOB_out_m*Kt_constinv_m; 

    } 

    return 0; 

} 

 

void PWM_Generator() { 

      duty_m =  pwm_I_M;    

       

    if (duty_m> 0.0) { 

        if (duty_m > 0.9) { 

            duty_m = 0.9; 

        } 
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        pwm_m_clk = 0.0; 

        pwm_m_anticlk = duty_m; 

    } 

 

    if (duty_m < 0.0) { 

        if (duty_m < -0.9) { 

            duty_m = -0.9; 

        } 

        pwm_m_anticlk = 0.0; 

        pwm_m_clk = -1.0 * duty_m; 

    } 

     

       duty_s = pwm_I_S;    

  

    if (duty_s > 0.0) { 

        if (duty_s > 0.9) { 

            duty_s = 0.9; 

        } 

        pwm_s_clk = 0.0; 

        pwm_s_anticlk = duty_s; 

    } 

    if (duty_s < 0.0) { 

        if (duty_s < -0.9) { 

            duty_s = -0.9; 

        } 

        pwm_s_anticlk = 0.0; 

        pwm_s_clk = -1.0 * duty_s; 

    } 

} 

 

void cleanup_module(void){  

    pwm_m_clk = 0.0;            // pwm cleanup module 

    pwm_m_anticlk = 0.0; 

    pwm_s_anticlk = 0.0; 

    pwm_s_clk = 0.0; 

     

    Reset_AB_M = 0;             //Reset H bridge 

    Reset_CD_M = 0; 

    Reset_AB_S = 0; 

    Reset_CD_S = 0;   

     

    led1=0;   

    led3=0;       

} 

 

//RTOS 

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

        velocity_m(); 

        velocity_s (); 

        Disob();  

        Controller();        

        current_pid();  

        PWM_Generator();     

        counter++;                                 

   } 

 

void thread_2(void const *argument){ 

    led1=1; 
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    SDFileSystem sd(p5, p6, p7, p8, "sd"); 

    FILE *fp = fopen("/sd/BCG.csv", "w");    

             

    if(fp == NULL) { 

         for(int i=0;i<5;i++){  

            led3=!led3; 

            wait(1.0); 

            } 

    } 

          

   while(counter<300000){ 

        if(counter>=(counter_old+100)){ 

        fprintf(fp, "%d %f %f %f %f 

\n",timer.read_us(),torque_dob_m,torque_dob_s,x_res_m,x_res_s); 

            counter_old=counter; 

            led3=!led3;  

            }             

        } 

                       

    fclose(fp);  

    timer.stop(); 

    cleanup_module();              

    ticker.detach ();      

    wait(1.0);              

}   

void ethernet_init(){ 

    eth.set_link(Ethernet::HalfDuplex100); 

    wait_ms(1000);                          // Needed after startup. 

     

    if(eth.link()) { 

         for(int i=0;i<3;i++){  

            led3=!led3; 

            wait(1.0); 

            } 

    } 

}    

   

int main() {       

    ethernet_init();   

    pwm_init(); 

    timer.start(); 

    dt=dt_us/1000000.0; 

           

    ticker.attach_us(&Control_body, dt_us);   

    Thread 

thread(*thread_2,NULL,osPriorityAboveNormal,DEFAULT_STACK_SIZE*10.0,

NULL); 

}        


