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//
// Put here the include
//

#include "p30F4011.h" // proc specific header

//
// Define a struct
//
typedef struct {
// Pl Gains
float K_P; // Propotional gain
float K_I; // Integral gain



//

// PI Constants

//

float Constl_pid; // KP + T KI/2
float Const2_pid; // -KP + T KI/2
float Reference; // speed reference

//

// System variables

//

float y_k; // y_m[k] —> measured output at time k
float u k; // ulk] -> output at time k

float e_k; // e[k] —> error at time k

//

// System past variables

//

float u_prec; // ulk-1] -> output at time k-1
float e prec; // e[k-1] -> error at time k-1

}PIStruct;
PIStruct thePI;
thePl. Constl= thePI.K P+T*thePIl.K 1/2;
thePl. Const2=-thePI. K _P+T*thePIl.K 1/2;
thePI. Reference=600;

//

// Functions

//

float ReadSpeed(void);

float ComputeControl(void);

float SendControl(void);

//



// Interrupt program here using Timer 1 (overflow of counter Timer 1)
//
void _ ISR _TllInterrupt(void) // interrupt routine code
{
// Interrupt Service Routine code goes here
float Position_error;

//

// Read speed

//

thePI. y_m=ReadSpeed();

thePI. e_k= thePI. Reference-thePI. y_m;

//

// Compute the control
//

ComputeContrl();

//

// Send control
//
SendControl();

[FSObits. T1IF=0; // Disable the interrupt
}
int main ( void ) // start of main application code
{
// Application code goes here
int 1;

// Initialize the variables Reference and ThePID.y_m (it can be read
from inputs) Reference = 0x8000; // Hexadecimal number
(0b... Binary number) ThePID = 0x8000;

// Initialize the registers
TRISC=0x9fff; // RC13 and RC14 (pins 15 and 16) are configured as
outputs



[ECObits. TIIE=1; // Enable the interrupt on Timer 1

// Indefinite loop
while (1)

{

}

return 0

J

% ReadSpeed function
int ReadSpeed (void)
{
}

% ComputeControl function

int ComputeControl (void)

{

thePI. u_k=thePI. u_prec+thePI. Const1*thePI. e_k+thePI. Const2*thePI. e_pr
ec;

J

% SendControl function
int Send Control (void)

{
sendControl ()

//

// Update past data

//

thePI. u_prec=thePI. u_k;
ThePI. e_prec=thePI. e_k;
}

BGEBHT Mg FANPALT R Tk X AE P ETEa
o B
ReadSpeed;
ComputeControl ;

SendControl ;
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C(z) = K, for the proportional controller

[ -

z—1
C(z) =Kp+ Kp=
Tz+1

for the proportional and derivative controller
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main
% Data



% Variables

% While loop
while (1)
do
ReadSpeed;
ComputeControl ;
SendControl ;
end;
% ReadSpeed function

% ComputeControl function
% SendControl function
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where x(1) € R? (x;() = 6(¢) and x»(r) = (1)), and u(r) € R (the applied voltage).

From the desired performances with a settling time at %2 equal to 37, we get
the same dominant poles as before, and therefore the same characteristic equation,
Ay(s) = 57 + 20w, + wﬁ = 0 (with £ = 0.707 and w, = 3‘1?). Using the controller
expression the closed-loop characteristic equations given by:

det (s — A+ BK)=0
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%data
tau=0. 064
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% controller design

K = acker(A, B, [-3+3%j -3-3%j]);

L = acker(A” ,C , [-12+3%) -12-3%j])" ;
% Simualation data

Ts = 0.01;
x0=1[1; 1];

z0 = [1.1 ; 0.9];
Tf = 2; %final time

%augmented system

Ah = [A -BXK;

LX¥C A-B¥K-LXC];

Bh = zeros(size(Ah,1),1);
Ch = [C D¥K];

Dh = zeros(size(Ch,1),1);
xh0 = [x0 ; z0];
t=0:Ts:Tf;
zeros(size(t));
ss(Ah, Bh, Ch, Dh);

e
I

=)
I

%simulation
[y, t,x] = Isim(m, u, t, xh0);

%plotting

figure;

plot(t,y);

titleC Output’ );
xlabel(" Time in sec’ )
ylabel(C Output’ )

grid



figure;
plot(t, x(:, 1:size(A, 1)));
title(C States of the system’ );
xlabel(" Time in sec’ )

ylabel " System states’ )

grid

figure;

plot(t, x(:, size(A, 1)+1:end));
title(’ states of the observer’ );
xlabel(" Time in sec’ )

ylabel " Observer states’ )

grid
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Variable value
R 62.7 Q
L 60 mH
m (object mass) 7.64 ¢
ke 5.9218 107
k, 4.047710°°
Cy —-0.1671
C, —-1.9446 10°®
diameter of the permanent magnet 9 mm
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#include <p30fxxxx.h>
#include <stdio.h>
#include <stdlib.h>
#include <adcl0.h>
#include <math.h>
#include <uart.h>

//

// Configuration

//

// Interne frequency (30 MIPS) instructions/sec
// Number of samples: 7,37*%16/4 = 29480000



_FOSC(CSW_FSCM_OFF & FRC_PLL16);
_FWDT(WDT_OFF);
_FBORPOR(PBOR_OFF & MCLR_DIS);
_FGS(CODE_PROT_OFF);

_FICD(C ICS_NONE );

_ C30_UART=2;

//
// Variables

#define Freq pic 29480000 // PIC Frequency

#define all
#define al2
#define a2l
#define a22
#define bll
#define bl2
#define b2l
#define b22

.8510061454215840e-001
.2727760074413661e-004
. 0829248960838420e+001
.0000643300984893e+000
LTTT1272752681438e-005
.0392069137012870e-004
. 1496385285734044e-003
. 0852723324638587e-001

— o0 &~ W = U1 DN 3

#define Ts 2.2727272727272727e-004

#define u_max 1.1789999999999999¢e+001

#define ref_tension 5.0000000000000000e+000
#define ref_pic 1.0240000000000000e+003
#define duty_cycle_ref 5.8481764206955049¢e+001
#define x_ref 7.8768775539549939e-003

#define u_ref 2.0000000000000000e+000

#define y_ref 8.5691877396730676e-001

#define KO 5.2128678707944724e+004

#define K1 3.9336557697049994e+002

double y[2] = {0.0, 0.0};

double u[2] = {0.0, 0.0};

double y_tilde[2] = {0.0, 0.0};
double tension_tilde[2] = {0.0, 0.0};
double tension = 0.0;

double duty_cycle_tilde = 0.0;



double lim_Sup = 0.0;

double lim_Inf = 0.0;

double position_tilde[2] = {0.0, 0.0};
double vitesse_tilde[2] = {0.0, 0.0};
double integrale_tilde[2] = {0.0, 0.0};
double duty_cycle = 0.0;

double temps_total = 0.0;

double n = 6553500. 0/65536. 0;

int compteur = 0;

int compteur_freq = 0;
int vart_flag = 1;
unsigned long Val reg = 0;

//
// Functions
//

void init(void){

INTCON1bits. NSTDIS=0; // Activation of the level of interruption
TRISE = 0; // Configuration of PORTE as output

TRISD = 0; //Configuration of PORTD as output

PORTEbits. RES =
PORTEbits. RE2 =
PORTDbits. RDO =
ADPCFG= 0xFFFF; // Configuration of the pins of PORTB as digital
[/0

}

| | |
—_ O
ce e we

void init ADC (void){

SetChanADC10(ADC_CHX_POS_SAMPLEA_AN3AN4AN5 &
ADC_CHX_NEG_SAMPLEA_NVREF);

ConfigIntADC10(ADC_INT_DISABLE);

OpenADC10(ADC_MODULE_ON & ADC_IDLE_CONTINUE & ADC_FORMAT_INTG
& ADC_CLK_AUTO & ADC_AUTO_SAMPLING_ON &



ADC_SAMPLE_SIMULTANEOUS,

ADC_VREF_AVDD_AVSS & ADC_SCAN_OFF & ADC_CONVERT_CH_0ABC

& ADC_SAMPLES_PER_INT_1 & ADC_ALT_BUF_OFF & ADC_ALT_INPUT_OFF,
ADC_SAMPLE_TIME_I & ADC_CONV_CLK_SYSTEM & ADC_CONV_CLK_32Tcy,
ENABLE_AN4_ANA & ENABLE_AN5_ANA, SCAN_NONE);

void init_Timerl (void){

INTCON1bits. NSTDIS=0; // Activation of mode 16 bits of the Timerl
T1CONbits. TON = 1; // Autorisation du Timerl
T1CONbits. TGATE = 0; // Dsactivation du mode Timer Gate
T1CONbits. TSIDL=1; // Synchronisation of Timerl sur le Idle mode
T1CONbits. TCKPS = 0; // Choice of the Prescaler 1:1
(1=1:8, 2=1:64)
T1CONbits. TCS=0; // Selection of the interne clock (0=FOSC/4)
[FSObits. TIIF = 0; // Put to zero the overflow bit for the
interrupt of Timer
[ECObits. TIIE = 1; // Activation of the interruption of Timerl
PR1 = 6699; // Sampling frequency at 4400 Hz environ
[PCObits. TIIP = 5; // Priority b for the interruption of the
Timerl

/% ROUTINE D" INITIALISATION DE L' UART */

void init UART (void){

ConfigIntUART2(UART_RX_INT DIS & UART RX_INT_PRO
& UART_TX_INT DIS & UART _TX_INT_PRO);

// Configuration of the register
U2MODEbits. UARTEN = 1; // UART pins controlled by UART

UZ2MODEbits. USIDL = 0; // UART communication continue in
Idle Mode



U2MODEbits. WAKE = 1; // Wake up enable in sleep Mode
U2MODEbits. LPBACK = 0; // Loopback mode disabled
U2MODEbits. ABAUD = 0; // Autobaud process disabled
U2MODEbits. PDSEL = 0; // 8-bit data, no parity
U2MODEbits. STSEL = 0; // 1 stop-bit.

// Configuration du registre U2STA

U2STAbits. UTXISEL = 0; // Transmission Interrupt Mode
Selection bit

U2STAbits. UTXBRK = 0; // UXTX pin operates normally

U2STAbits. UTXEN = 1; // Transmit enable

U2STAbits. URXISEL = 1; // Interrupt occurs when one charater
1s received

U2STAbits. ADDEN = 0; // Address detect disabled

U2BRG = 31; // Value for 57600 bps baudrate

}

//

// Initialization of the complementary mode PWM
//

void init PWM (void){

Val reg = 1023; // Frquence de 30000 Hz environ
lim Sup = (u_max*(2*Val reg + 1)/(2%Val reg + 2)) - u_ref;
lim_Inf = -u_max - u_ref;

PTCONbits. PTEN = 1; // Activation of the time base
PTCONbi1ts. PTSIDL
PTCONb1ts. PTCKPS

1; // Configuration in Idle Mode

0; // Selection de 4TCY ( Prescale: 00 = 1:1;
01= 1:4; 10 = 1:16; 11 = 1:64)

PTCONbits. PTMOD = 0; // Selection of the free running mode

PTMRbits. PTDIR = 0; // Increment of the time base
PTMRbits. PTMR = Val_reg; // Register value of the Time base

PTPER = Val_reg; // Value of the signal period



PWMCON1bits. PMOD1
PWMCON1bits. PENIH
PWMCON1bits. PENIL

0; // Selection the mode PWM complementary
1; // Activation of the pins in mode PWM
1; // Activation of the pins in mode PWM

DTCON1bits. DTAPS = 0; // Time base unit is 1TCY
DTCON1bits.DTA = 0; // Value of the DT for the unity A
PDC1 = 0; // zero of the dutycycle

void _ attribute ((interrupt, auto psv)) Tllnterrupt (void){

if (IFSObits. T1IF){

PORTEbits. RE2 = !PORTEbits. RE2;
PDC1 = (2.0 * (Val reg + 1) * duty_cycle)/100.0; // Calcul de la
valeur du registre PDC1
y[0] = (ReadADC10(2)*ref tension)/ref pic; // Signal of the
sensor in Volts
y_tilde[0] = y[0] - y_ref;

position tilde[1] = position_tilde[0];
vitesse tilde[1] = vitesse tilde[0];
integrale tilde[l] = integrale tilde[0];
y_tilde[1] = y_tilde[0];
tension_tilde[1] = tension_tilde[0];

position tilde[0] = (all*position_ tilde[l]+al2*vitesse tilde[1]
+bl1*tension tilde[l]+b12%y tilde[l]);
vitesse tilde[0] = (—a2l*position_tilde[l]+a22*vitesse tilde[1]
+b21*tension_tilde[1]+b22%y_tilde[1]);
tension_tilde[0] = (KO*position tilde[0]) +
(K1*vitesse_tilde[0]);// + N*ref;

if(tension_tilde[0]>1lim_Sup){tension tilde[0] = lim Sup;}
// Saturation of the tension tilde
if(tension_tilde[0]<lim_Inf){tension_tilde[0] = lim_Inf;}



tension = u_ref + tension_tilde[0];

duty_cycle_tilde = tension_tilde[0]*(50.0/u_max);

duty_cycle = duty_cycle_ref + duty_cycle_tilde; // Computation
of the duty cycle in percentage

temps_total += Ts;

compteur_freq = 0;

compteur++;

if(compteur == 10){ // Print data every 1| ms
compteur = 0.0;

vart_flag = 1;

}

[FSObits. TIIF = 0; // put to zero of the overflow bit
}
}

/* PROGRAMME PRINCIPAL */

int main (void){

init();
init_PWMQ);
init_ADCQ);
init_UART(Q);
init_Timerl();
while(1){
init();
init_PW(Q);
init_ADC();
init_UART();
init Timerl();
while(1){
if (uart_flag){
printf("%1f %1f %1f %1f %1f %1f %1f\n\r",
temps_total, tension, u_ref, y[0], y_ref,



position_tilde[0], x_ref);
uart_flag = 0;
}
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#include < stdio.h>
void main()

{

printf("\nWelcome to mechatronics course\n");
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Table A.1 List of C language keywords

auto |double| int struct
break | else | long | switch
case |enum |register| typedef
char [extern|return | union
const | float | short [unsigned
continue| for |signed| void
default | goto | sizeof | volatile
do if | static | while

Table A.2 Number representations

Base Representation Chiffres permis Example
Decimal (10) 0123456789 )
Binary (2) Ob... 01 0b10101010
Octal (8) 0... 01234567 05
Hexadecimal (16) 0x... 0123456789ABCDEF| 0x5A




Table A.4 Decimal representations

Type [Taille (bits)|Emin| Emax [Nmin[Nmax
float 32 128 [ +127 (27750 21
double 32 128 [ +127 (27126 2128
long double 64 21022+ 1023|p-1022] o 1024

EAPG-TFEHE R FATRVE  AREA R T AP R
Hipl ¥ Eng A
#define name value
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#define acceleration 9. 81
#define pi 3.14
#define mot "welcome to mechatronics course’
#define False 0
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type <name>;
oAl E T2 -
« int (* R EFHER%¥DE)
«  short (“2&#k)
+  long (¥t & Fic)
« float (* »HEHRF & (1) 8)
« double (* *»EHAEFTHK (32) %F)
« char (* 3R %E (E3&))
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int i, j, k;
float x,y;
unsigned char varl;

unsigned char var2[10] = "welcome";
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Table A.5 Arithmetic operations

Symbol| Meaning example
+ addition ulk] = w k] + uz|k];
- substrate ulk] = u k] — us|k];
/ division  |ulk] = wu[k]/u-2[k]; (u2[k] must be different from zero)
* multiplication ulk] = K = x[k];
% modulo ulk] = uy [k]%uz[k];

Table A.6 Logic operations

[Symbol| Meaning | example |
& ET ulk] = u[k]&uz[k];
| OR | ulk] = u[k] | u2lkl;
A XOR | ul[k] = uy[k] A us[k];
~ inversion ulk] =~ x[k];

< shift left |ulk] = u k] < us|kl;
< |shift right|u[k] = u;[k] = ua[k];

My APTEAREFNLCD 4o lidy o A0 TR FTER G o T Y

4p 7 2 &LrhWﬁ& FERCfeF PR oo i FE A
printf( "format", variables );

o RNy U AR > R AL i i e

j et g
%.nd integer (optional n = number of columns; if 0, pad with zeroes)
%m.nf float or double (optional m = number of columns,
n = number of decimal places)
%ns string (optional n = number of columns)
%c character
\n \t to introduce new line or tab
\g ring the bell ( ° ‘beep’ ' ) on the terminal
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// while loop

while (expression)

{



block of statements to be executed

}

// for loop

for (expression_l; expression_2; expression_3)
{

block of statements to be executed

}

EREFRT O APTERREEEEEOFIRNP AL TR E DE KRB
R BApfAERT o T R e if & if else 2 BB o R F T B
if (conditional 1)

{

block of statements to be executed when conditional 1 is true

J

else if (conditional 2)

{

block of statements to be executed when conditional 2 is true

J

else

{

block of statements to be executed otherwise

}
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Table A.7 Logic operations

[Symbol|Meaning|example|
&& and x&&y

| or ][y
! not xly

Table A.8 Logic operations

|Symbol| Meaning Iexamplc
< smaller than x<y
<= |smaller than or equal to| x <=y
== equal to x==y
1= not equal to xl=y
>= |greater than or equal to| x >=y
> greater than x>y




switch (expression)

{

case const_expression_1:

{

block of statements to be executed
break;

J

case const_expression 2:

{

block of statements to be executed
break;

}
default:

{
block of statements
}
}
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float Xposition;
Xposition = 1.5;
Bilde > dodk A PR EDSF Xposition ek Bk 0 BT L F LT ORCE L
float* pXposition;
float Xposition;

Xposition = 1.5;
pXposition = &Xposition;
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type varname[dim];
He dim £ & BR- $cle varname 05 o
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