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ABSTRACT

The project of crane movement control for this year has improved the hardware
and software parts for more convenience in controlling the crane system. The LQR
method is utilized for designing the controller in order to control the desired position of

the crane with small swinging of the load.
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MANUHIN Y

TusunsuMATLABME lumsmuaas

.1 TﬂsuﬂiumaaunﬁﬁszmmfhC,,

1131lns M Step response szUTIR MR WIM Settting time ( T,)

] 4 14
yamnanseszina fmmnzay v G uag T unuluTilsunsuil Tinsan

'] v
s ldnn Tdsunsuillndifsadunsiinanouaues 959wee szuunie ld drlndideed

v 14 . v
ﬁaﬂmc afmuaiiuldla um’ﬁ'lu“lﬂﬁ'tﬁmﬁ‘lﬁ'ﬂﬂamﬂszmmmC_, vy Bnass

>>Ts =0.75

>>damp =1.0

>>Wn = 4/(damp*Ts)

>>num =Wn"2;

>>den =01 2*Wn*damp Wwn"2];

>>tep(num,den)

>>title('Step response’)

$>ylabel('Velocity [m/sec]");

>>axis([0.0, 2.0, 0.0, 1.2 M

v2  Tdsunsy MATLAB #14ums wlasaumsaanderiieusiuaunsmanaania
Taofaumsmanaoiiosfiguudu
W(t) = Ax(f) + Bu(f)
uag aunsaanaanIatigduuiiy
x(k+1) = Gx(k) + Hu(k)
Tasdeadimsfvuamaiunaisndlegawesszuy (T) d

>>T =01 %sec

>>[G,H] = c2d(A.B,T);
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v.5  Tdsunsy MATLAB #141un1sSimulateiiten #nansud e x Jusamse

>>X = [0oo10 0]

>p = (o

>>GG = G- H*K;

>>HH = H*K(3);

>>CC = C:

>>pDD = D;

>>[num,den] = ssthkGG,HH,T,DD);
>>r = ones(1,601);

>>k = 0:600;

>>y = filter(num,den,r);

>>p|0t(knYIl-.cknyll-l);

>>XMIN = 0;

>>XMAX = 250;
>>YMIN = 0.0;
>>YMAX 3 v

>>title('Simulation');

>>xlabel('Time [ sec ] );
>>ylabel('Position [ m ]');
>>AXIS(IXMIN XMAX YMIN YMAX])
>>AXIS(AXIS);

>>grid

w6  Tdsunsu MATLAB #1§lunsdmnasuny K vesszuunsy TaoTusunsuiiosih
WIS AU LU AN AANABITBY -mn;ﬁ"’uv‘hnﬁuﬂauﬂuﬁu1ms
aandania waghmsnunu K Taodlddesdmua f1 0 uaz R acliée Tsunsuiiee
tuny K fismna 18 uiiuluig 3o « CADATAKE.DAT » W sunsu CMC3.EXE fh
K 5 lumsauguae’y
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v3  Tisunsu MATLAB Al lumsmauuaSadinou K #2695 LQR

] ° ° A ¢ {
110 MYed G uag H vesszuy Ihmsdmue wasad O wae R immnzauudumuly

Tdunsu vl 8madusidus Tofu was suuasndinu X

Y4

ase

>>Q = diag( [
>>R ={200];

100 1 100 1 1] );

>>[K,S,E] = digr(G,H,Q.R);

Tsunsu MATLAB #ildlumsSimulateiiVont wansuausagumsunia® ved

>>T = [1 0000
>D = {oJ;

>>GG = G- H*K;
>>HH = H*K(3);

>>CC = G

>>DD = D;

>>[numden] =
>>r = ones(1,601);
>>k = 0:600;

>>y = filter(num,den,r);
>>plot(k,y,"- k.y.,-);
>>XMIN=0;
>>XMAX=250;
>>YMIN=-0.2;
>>YMAX=0.2;

>>title('Simulation');

>>xlabel('Time [ sec ]";

ss2tf(GG,HH,T,DD);

>>ylabel(’Angle [ radian 1);
>>AXIS(IXMIN XMAX YMIN YMAX])

>>AXIS(AXIS);

>>grid
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>>Ts =0.75;
>>damp =1.0;
>>Wn = 4/(damp*Ts);
>>num =Wn"2;

>>den =[1  2*Wn*damp Wn"2];

>> = 0.4125;
>>q = 9.81;
>>A=[0 1 0 0 0;
-gll. 0 0 0 1L,
0 0 0 1 0;
0 0 0 0 1
0 0 0 -Wn*2 -2*damp*Wn;];
>>B=[0; '
0;
0;
0;
Wn*2;];
>>C=[0 0 1 0 0l
>>[G,H] = c2d(A,B,0.1);
>>Q=diag( [ 100 1 100 1 1]
>>R =[200];

>>[K,S,E] = digr(G,H,Q,R);

>>E  %UARAN Eigen value

>>K  %uaneAn i K Afandly

>>fid = fopen('c:\data\Kf.dat','wb+'); %INLANNY K aalng
>>fwrite(fid,K(1),'float");

>>fwrite(fid,K(2),'float’);

>>fwrite(fid,K(3),'float’);

>>fwrite(fid,K(4),'float’);

>>fwrite(fid,K(5),'float’);

>>fclose(fid);
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RUN CRANE | SETTING STEP RESPONSE
DISTANCE |-,
.. P ® ™" =" % auaennoessssoeeeasas
R Humsdsuar
ANGLE . ITUINNUDIAID |
[ : g :
: sy Taodhunasda ;
----------------- SET LM629 Wasmmsuseee
\ : N1 ATITe |
JeUY X
Prreecs 273 Yy A .
: weldglyannsadsal . .
' ’ 0 mescsssas JemrTecascennes b Talid
e wislimesangvedled e sl 1dansad
LM6297i0guna99siion AMUUDITZUVIT
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RUN CRANE SETTING STEP RESPONSE
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) .
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MARUIN 3

Source Code

3 1 4
Tusunsunldianuatlsznoudae 10 Tdsunsudlsdufie

1. CMC3.CPP

2. VERSION1.CPP

3. VERSION2.CPP

4. VERSION3.CPP

5. DISTANCE.CPP
ANGLE.CPP
SETLM629.CPP

© N o

STEPTEST.CPP

9. C_TEST2.H
10. ADC.H

dludradranthesnn il FamnseSenlFam Tusunsudey
4 v
duq'la
Tsunsufumissezmennglduazdes lunruguszuuay
a o 4 2 44
nquf IngTdsunsuezngainmudiensefeszozmendaias
YUNYANNI
Tsunsususzezneannglduazdeirluaugussuun
P o = 4'!
ngug TnoTsunsuesngahauasuna 1 il Taadersms
nemTsunsuezadte M-file o “am” uag “pm» I
MATLAB 8198 uieudaasnsm
lWsunsusumszoemennglduasden larugussuun
nqug laoTusunsuezngavhaudiedldnaiulaquuiduesa
Tsunsulfusszoenaldaseduanudueie
Tsunsulfumyn Itasetuanuiiuie
4
Tusunsuasat P, 1, D, IL 1y
11 o o o A
Tulsunsudsnnusaned ldsssuuienaaoy step response
waztiuiina1lu M-file %o “c _goto2.m ”
gva 1w
dhugainey IWd1¥andodyled LM620

Fueanesndldnadetunia PCL714
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+ CMC3.CPP

#include <conio.h>
#include <dos.h>
#include <stdio.h>
#include <bios.h>

] #include <process.h>
#include <stdlib.h>

}
1 1 ettt DEFINE BUTTON ---
c #define UP_ARROW 0x4800
#define DOWN_ARROW 0x5000
#define LEFT_ARROW 0x4B00
§define RIGHT_ARROW 0x4D00
I #define RETURN 0x1€0D
! #define ESCAPE 0x011B
typedef struct
{
int row;
int col;
levent type;
3
void WRITE_MAIN_MENU(event_type item };
event_type CHECK KEY_MAP_IN_PULL_DOWN_MENU{event_type item);
void DRAW_PULL_DOWN_IN_COL1void);
void DRAW_PULL _DOWN_IN_COL2{void);
' void DRAW_PULL_DOWN_IN_COL3{void};
event_type CHECK_CHEGNGE_ROW ( event_type item),
event_type CHANGE_COLUMN ( event_type item);
void DISPLAY_PULL_DOWN_MENU {eVent_type item);
void CALL_SUBROUTINE ( event_type item};
E void main(void)
{

event_type item;
item.row = 1;
item.col = 1;
int key;

int event;
clrscr();

WRITE MAIN_MENU(item);//item = PULL _DOWN_IN COLL(item);

item = CHECK_KEY_MAP_IN_PULL_DOWN_MENU (item);
getch(} s
clrscr{);

-

~—
~

void WRITE_MAIN_MENU (event_type item}
{

_setcursortype {_NOCURSOR) ;

E textcolor(9):
gotoxy(l,1);
cprintf (" p—r—————————\n "}; //13x3
gotoxy{l,2):

' cprint€ ("] |\n "}
gotoxy(l,3);

cprintf (" b—————Jd\n "),

gotoxy(2,2};

1£( {item.col == ]l)&&(item.row == 1) )

{

¢ i
else
{

»r

textcolor(4);

textcolor(11l);
}
cprintf ("™ RUN CRANE");

¥ textcolor(8);
gotoxy (14,1}
cprintf (" ———————\n ");  //13x3
gotoxy{14,2);
1 cprintf ("] I\n ");
gotoxy{14,3);
cprintf{"l——med\n ")y
gotoxy (15,2} ;
if( {item.col == 2)&&{item.row == 1) }
t

}
else
{

e e

textcolor(4);

textcolor(1ll};
)
L cprintf (" SETTING “);

textcolor(9);

x gotoxy (27,1} :

¢ cprintf (" ——————————\n "}; //17x3
gotoxy(27,2);
cprintf (™| \n ")s
gotoxy{27,3);
cprintf({"b—o———\n ");
gotoxy(28,2);

E 1f{ (item.col == 3)&é(item.zow == 1) )

texteolor(4);

textcolor(1l);
cprintf(" STEP RESPONSE"};
}//end WRINT_MAIN_MENU ()
event_type CHECK_KEY_MAP_IN_PULL_DOWN_MENU(event_type item)
{

int key ;
4 for(::)
{
b key = bloskey(0};

cleascr()y .
WRITE_MAIN_MENU (item);

E switch (key)
{
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case
case
case
case

case

case

)i
}//end fori;;}

return item;
)//end CHECK_KEY_MAP_IN_PULL_DOWN_MENU ()

void DRAW_PULL DOWN_IN_COL1 (void)
{
int key;

textcolor(8);

gotoxy(l,3);
cprintf (" ———\n ");
gotoxy(l,4);

cprintf ("] I\n ")z
gotoxy(l1,5);
cprintf (" f—————\n "};
gotoxy(l,6);

cprintf ("] f\n *);
gotoxy(1,7);
cprintf (" f—————\n "}
gotoxy(1,8);

cprintf ("] |\n "}s
gotoxyl(l,9};

eprintf ("l————I\n");

gotoxy(2,4);
textcolor(1l);
cprintf (" VERSION 1 ");
gotoxy(2,6):
textcolor{1l};
cprintf(" VERSION 2 ");
gotoxy(2,8};

textcolor {11}y
cprintf{™ VERSION 3 ");

vold DRAW_PULL_DOWN_IN_COL2 {void)

(
textcolor(9);
gotoxy(14,3);
cprintf{"———\n "};
gotoxy(14,4)s
cprintf{”| [\n "}2
gotoxy{14,5);
cprintf (" ———————{\n ");
gotoxy({14,6);
eprintf ("] I\n "};
gotoxy(14,7});
cprintf (" f————\n “};
gotoxy{14,8);
eprintf ("] |\n "y;
gotoxy(14,9);
cprintf("l——— J\n");

gotoxy({15,4);
textcolor{ll);
cprintf (" DISTANCE ");
gotoxy(15,6);
textcolox(11);

cprintf (" ANGLE “);
gotoxy(15,8);
textcolor{ll);
cprintf (" SET 1M629");

}
void DRAW_PULL_DOWN_IN_COL3 {void)
(

DOWN_ARROW 3 item,row++;
item = CHECK_CHEGNGE_ROW(item);
WRITE_MAIN_MENU{item};
DISPLAY_PULL_DOWN MENU(item);
break;

UP_ARROW : item.row--;
item = CHECK_CHEGNGE_ROW{item);
WRITE_MAIN MENU (item);
DISPLAY_PULL_DOWN_MENU({item) ;
break;

LEFT_ARROW

item.col--;

item = CHANGE COLUMN (item);
WRITE_MAIN_MENU(item);
DISPLAY_PULL_DOWN_MENU (item) ;
break;

RIGHT_ARROW: item.col#+;
item = CHANGE_COLUMN (item);
WRITE_MAIN_MENU{item);
DISPLAY_PULL_DOWN_MENU (item);
break;

RETURN : clrscr{};
//textcolor ()
//textmode {BW8O) ;
_setcursortype (_NORMALCURSOR};
CALYL_SUBROUTINE{item);
item.row = 1;
//item.col = 1;
WRITE_MAIN_MENU (item);
break;

ESCAPE : _setcursortype( NORMALCURSOR);
elrser():

exit(0)y
break;

//713x3

//13x3

event_type CHECK_CHEGNGE ROW (event_type item)
(

switch({item.col)
(
case 1 : switch (item. row)
case 0 : item.row = 4;
break;
case 5 : item.row = 1;
break;
):
break;
case 2 switch{item.row)

case 0 : item.row = 4;

101
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break;
case 5 : item.row = 1;
break;

)i
break;
case 3 : switch(item.row)

case 0 : item.row = 1;
break;
case 2 : ltem.row = 1;
break;
Ji
break;
1
return jitem;
)//end CHECK_CHEGNGE_ROW (event_type item)

event_type CHANGE_COLUMN (event_type itenm)
{

item.zow = 1;
switch(item.col}
(
case 0 : item.col = 3;
break;
case 4 : item.col = 1;

break;
}:

return item;
}//end CHANGE_COLUMN{ }

void DISPLAY_PULL_DOWN_MENU{event_type item)
(

switch{item.col)
(

case 1 : DRAW_PULL_DOWN_IN_COL1({};
break;

case 2 : DRAW_PULL_DOWN_IN_COL2();
break;

case 3 : DRAW_PULL_DOWN_IN_COL3(};
break;

1
//show high light at selected menu item

LY
textcolor(4);

switch(item,col)
(
case 1 : switch(item. row)

case 1 : gotoxy{2,2);
cprintf (" RUN CRANE");
break;

case 2 : gotoxy(2,4);
cprintf (™ VERSION 1 “);
break;

case 3 : gotoxyl(2,6);
cprintf(" VERSION 2 "};
break;

case 4 : gotoxy(2,8);
cprintf(” VERSION 3 ");
break;
)3
break;

case 2 switch (item. row)

case 1 : gotoxy{15,2);
cprintf (" SETTING ")
break;

case 2 : gotoxy(l15,4);
eprintf (" DISTANCE ");
break;

case 3 : gotoxy({15,6);
cprintf (" ANGLE "};
break;

case 4 : gotoxy(l15,8);
cprintf (* SET LM62%9");
break;

break;

case 3 awitch(item, row)

case 1 : gotoxy(28,2);
cprintf (" STEP RESPONSE"):
break;
1K
break;

}//end DISPLAY_ PULL_DOWN_MENU ()

void CALL_SUBROUTINE({event_type item}
{

switch{item.col)

{

case 1 : switch(item.row)
case 1 : break;

case 2 t spawnl (F_WAIT,"\\b427\\tc\\1\\versionl.exe",NULL};
//VERSION_1{);
clrscril);
break;

case 3 : spawnl{P_WAIT,"\\b427\\tc\\1\\version2.exe" NULL);
//VERSION 211
clrscr()y
break;

case 4 : spawnl(P_WAIT, "\\b427\\tc\\1l\\version3.exe", NULL);
//VERSION_3 ()
clescr();
break;

s
break;

case 2 : switch(item, row)

102



case 3 :

}i//end switch{item.col}

12
break;

switch{item.row)

1:
break;

case 1
case 2

case 3 :

case 4

case 1

t break;
H apuwnl(P_WAJT,"\\b427\\tc\\1\\dlstance.exe",NULL)1
clrser();
//SET_DISTANCE{) ;
break;
spawnl (P_WAIT, "\\b427\\tc\\1\\angle,exe", NULL};
clrscrl};
//SET_ANGLE() ;

break;
: spawnl (P_WAIT, "\\b427\\tc\\1\\set1m629.exe",NULL) ;
clrscr(};
//SET_LM628_PID{}:
break;

t spawnl (P_WAIT, "\\b427\\tc\\l\\steptest.exe", NULL) ;
//RUN_STEP () ;
clrser{);
break;
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VERSION1.CPP

//versionl.cpp ==> n42.Cpp => lqr.c with new state state space

/1=
#include<dos.h>
#include<conio.h>
#include<stdio.h>
#include<time.h>
#include<math.h>
#include <bios.h>
#include <stdlib.h>
#include <process.h>

- STANDARD HEADER FILES -

=1/

OUR HEADER FILE
#include "c:\bd27\tc\include\adc.h"
#include "c:\b427\tc\include\c_test2.h™

11

DEFINE CONSTANT MACRO
PERIOD 0.1

LOWl 2500

LOW2 2500

PI 3.14159265359
X 16

Y5

MAXDATA 4

//value to load to conuter2 8253

#define

fdefine
#define
fdefine
#define
#define

cranefile
crane M

"c:\\data\\N42.dat"
! “c:\\data\\m\\p.n"
crane_ang M “"c:\\data\\m\\a.m"
Kf_source "c:\\data\\Kf.dat"”
POTENTIO_FILE  "c:\\data\\potentio.dat™

//response data file
//m file for running in matlab

//response data file

struct feedBackGain
{

float
float
float

angle;
difAngle;
pos;

float
float

difPos;
difDifPos;
I

typedef struct{
float xMax;
float yMax;
float sampling;
char *heading:
char *xlabel;
char *yLabel;

//Max Time Operation (sec)
//Set Point Position {em)
//5ampling Period (sec)

//Heading of Graph (string)
//Label of X Axis (string)

//Label of Y Axis (string)
}graphinfo;

typedef struct{
float secPpix;
int pixPsampling;
}scaleX;
typedef structi
float cmPpix;
)scaleY;
typedef struct{
scaleX x;
scaleY y;
laxissScale;

struct Conv_type
{

float posC2M;
float velM2C;
1:

float READ_DATA(void);
Conv_type OPEN_CONVERT_DATA(void);
void main(void)

/=t DEFINE VARIABLE w=--=======moe=—wocas 1/
clrsex{)s
Conv_type convert;
//convert - OPEN_CONVERT_DATA{) ;
convert.posC2M = 3.236455E-5;
convert.velM2C = 691176.5596;
printf{"\npoaC2M = te ", convert.posC2M)
printf("\nvelM2C = sf ", convert.velM2C);
getch(};
word adc;

int mode = PACER;

int base = 0x200;

int ch = 12;
counterRegister counter;
float offset;

read ratio from potentjo.dat

//select PACER Mode to use as Sampling Time of Process
//select address H200 to use as BASE Address
//select channel 12 to use

float volt2angle = 7.5;//READ DATA():// set from angle.exe
printf{"\n volt2angle =  84.4f",volt2angle};
getch();

/7

74

graphInfo info;
axisScale scale;
float maxDistance = 1.0;

//Set Maximum Value In Y-Axis of Graph
float samplingTime,maxTime=60.0;

//Set Maximum Value In X-Axis of Graph

int k = 0
long time = 0;
long startProcess = 0, startLoop = 0, end = 07

float velocity = 0.0;
float loadPos;
double radian;

float P1l,P2,P3;

FILE *datafile;
FILE *data_M;
FILE *data_ang_M;
FILE *Kf_flle;

float volt(MAXDATA), realAngle[MAXDATA], realPos [MAXDATA];
float realDifAngle[MAXDATA], realDifPos[MAXDATA], realDifDifPos [MAXDATA);

float pos[MAXDATA], angle[MAXDATA]:

float difPos[MAXDATA),difDifPos(MAXDATA),difAngle [MAXDATA]
float controlLaw[MAXDATA];

feedBackGain Kf;
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.

float f1,£2,£3,£4,£5;

float Kol(7]1(4],L{7)(4]1;

float G[7)[7],H[7){3]);

float errorPos [MAXDATA],errorAngle [MAXDATA) ;

float estimAngle [MAXDATA],estimPos [MAXDATA], estimDifAngle [MAXDATA] ;

float estimDifPos [MAXDATA], estimDifDifPos [MAXDATA];
float ePos[MAXDATA), eAngle [MAXDATA] ;

float filAngle{MAXDATA];

float al{5}, bl[5],a2(5]), b2(5]),a3([S), b3[5),a4(5], b4[5],a5([5], b5[5),a6[5}, b6(5];

float angleRef = 0.0; //Set Value of ANGLE REFERENCE
char ON_THE_LEFT = 0;

- INTIAL FEEDBACK GAIN ——vr—re—eeememememeee

Kf_file = fopen(Kf_source,”rb"))

fread (&Kf, slzeof {struct feedBackGain),1,Kf_file );

clrscr(}s

printf(“\nKf.angle = $4.4f",Kf.angle);
printf("\nKf.difAngle = $4.4£",Kf.difAngle};
printf("\nKf.pos = %4.4£",Kf.pos):
printf("\nKf.difPos = §4.4f£",Kf.difPos);
printf("\nKf.difDifPos = $4.4f",Kf.difDifPos)};
getch();

clrseri};

fclose (Kf_file);

------- receive destination point /7
float posRef;// = 1.0; //set Value of POSITION REFERENCE
char y n e = 'n';
do
(
printf("\n Enter distance : m.");
gotoxy(18,2);
scanf (“$£", &posRef) 7
printf({"\n distance = $4.4f (Yes/No/Exit)",posRef);
cscanf ("8c", &y _n_e})
4f{ (y_n_e=='e') || {y n e=='E") )
{
exit{l):
}
clrscr{);
Jwhile( (y n ei='y')&&{y n_e!='Y'}) );
17 1
float display errorPos[20] = { 0,0,0,0,0,0,0,0,9,0,0,0,0,0,90,0,0,0,0,0};
int display_k[20) = ( 0,0,0,0,0,0,0,0,90,0,0,0,0,0,0,0,0,0,0,0};
float display controllaw(20] = ( 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
int § = 0;
long count = 0;
float rad = 0;
float ang = 0}
R START PROGRAM 4
clrscri);
//----Set Info of graph -------——-——=-n-v 174
info.xMax = maxTime;
info.yMax = maxDistance;
info.sampling = PERIOD;
info.heading = "Response of Load Position ";
info.xLabel = "Time (sec)";
info.ylabel = "Distance(cm)™;
samplingTime = info.sampling;
/)==mme INITIAL DATA 2
for (k=0; k<MAXDATA; k++)
(
volt[k] = 0; //Votage Reading frome ADC On PCL-714 Card
realAngle[k] = 0; //Real Angle Value Converse from Voltage
realPoslk] = 0; //Real Position Value Reading from LM629
realDifAngle(k] = 0; //Value Compute On Physics Relation
realDifPos[k] = 0; //Value Compute On Physica Relation
realDitDifPos[k] = 0y //Value Compute On Physics Relation
angle(k] = 0; //Value After Measurement Update
difAngle[k) = 0; //Value After Measurement Update
pos(k] = 0; //Value After Measurement Update
difpos[k] = 0; //Value After Measurement Update
difPifPos(k) = 0; //Value Rfter Measurement Update
estimAngle(k]) = 0; //Value Before Measurement Update
estimPos(k] = 0; //Value Before Measurement Update
estimDifAngle{k] = 0; //Value Before Measurement Update
estimDifPos (k] = 0; //Value Before Measurement Update N
estimDifDifPos (k] = 0; //Value Before Measurement Update
controllaw(k] = 0; //Control Law
errorPos(k] = 0;
errorAngle{k] = 0;
ePos{k] = 0; //realPos-estimatePos
eAngle(k] = 0; //realAngle-estimateAngle
filAngle[k) = 0; //Angle Vale That has Filtered from Band Pass Filter
]
// PAGE 141
R e e BAND-PASS FILTER FOR FILTER NOISE FORM ANGLE ~---//
al(1]=1.0000;a1[2)=0.0309;al1[3]= -0.9691;
b1{1)=0.9845;b1[2])=0,0000;b1{3]= ~0.9845;
counter=COUNTER_REGISTER{PERIOD*1000000);
Jlommmm s INITIAL LM629 /!
INIT_LM629(); //initial 1m629
clrseri);
SET_PID_FILTER({S0,7,28,20000 );
SET_ACCELERATION_OUT{Ox10F} ;//0X100F);
e R e e e T INITIAL 8253 COUNTER /!
SET_COUNTER(base, counter}; //load sampling time and start counting
startProcess = clock(): //read start Process clock
startLoop = startProcess; //read start Loop clock
11 START LOOP CONTROL 11
clrser{)s
gotoxy(l,3});
printf(" k errorPos(k] controlLaw[k) ang"};
k=0

clock_t prev_time, pres_time;
prev_time = clock{);
/7= FIND OFFSET VOLTAGE =========mmm=mmmemnn

TRIG{mode,base,ch,counter,k); //select channel and trig ADC to

adc = READ_ADC(base);

offset = {((adc.high*256)tadc.low}-8192);
offset = (offset*10)/16384;
char begin_stepl = 1;

1/
=~ CALCULATE FORM Q = diag([100 1 10000 100 10)), R = diang([100 100)) see Example in chaper 5

read data

//wait for reading value from ADC when reach sampling time

//converse data to voltage value
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char begin step2 = 0;
char pos_check_stop

char ang_check_stop

char dif_ang_check_stop
char set_point_check_stop
char EXIT

HEowEa
coco00o

/7 /7

do

(

/=== READ ANGLE FROM ADC 17
k4
TRIG{mode,base, ch, counter, k) ; //select channel and trig ADC to read data
adc = READ_ADC(base); //wait for reading value from ADC when reach sampling time
volt(1] = ({{adc.high*256)+adc.low)-8192);
volt[l] = (volt[1)+%10)/16384; //converse data to voltage value
volt([1l] = volt{l] - offset; //automatic adjust offset
realAngle[1l] = ({volt[l]*volt2angle)*2*P1)/360; //from voltage to “"radian®
1----— FILTER ANGLE BEFORE COMPUTE ---------==-ro 1/

if{begin step2==1)
{
filAngle[1] = bl(1l]*realAngle{l] + bl[2]*realAngle(2] ~ al[2]*filAngle{2};
begin_stepl = 0;
]
if (begin_stepl==l)
(
filAngle{l] = bl{1]*realAngle(1);
begin_step2 = 1y
}
1f( (begin_stepl = 0)&&(begin_step2 = 0) }
{
filAngle[1]=bl(1)*realAngle(1]+bl[2]*realAngle(2] + bl(3]*realAngle[3]~al[2]*filAngle[2]-

al[3)*filAngle([3];

}
READ POSITION FROM LMG29 ==mrmmmm==mnn~emnmmmmmae 77

realPos (1) = READ_REAL_POS(convert.posC2M); //read real position from lm629
STATE ESTIMATOR CALCULUS DifAngle DifPos DifDifPos FROM PHYSICS RELATION FOR LQR —~===- 117

if(begin_stepl == 1)

realDifPos|1) =0;
realDifDifPos[0)= 07
realDifAngle(0] = 0;

realDifPos[l}=(realPos[l] - realPos[2))/info.sampling;
realDifDifPos[1]=(realDifPos[1]-realDifPos[2))/info.sampling;
realDifAngle(1l) = (realAngle[l)-realAngle(2))/info.sampling;

errorAngle(l] = angleRef - filAngle[l]:
errorPos[1] = posRef - realPos(l];
THE DIRECTION DOES NOT CHANGE (TDDNC)----------- /7
float TDDNC = 0.9* posRef ;//0.90 * posRef ;
TDDNC 'S WORK 1/
if{ realPos[l) < posRef }
{ / LEFT a1 RIGHT
ON_THE_LEFT = 1;// | 0-0 17/
/7 |
) 1/ | -

1f{ realPos[l) > posRet }// |
{ 1

ON_THE_LEFT = 0; // o
|

if{ fabs{errorPos[l)} < fabs (TDDNC) }
! switch {ON_THE_LEFT)
! case 1 : if(filAngle{l] < 0 )
i filAngle[1l] = 0;
l’:zeakl
case 0 : if{filAngle[l] > 0 )
¢ filAngle[l] = 0;

}

- COMPUTE CONTROL LAW (VELOCITY COMMAND} --=
~ ESTIMATE STATE FROM PHYSICS RELATION ---
£2 = realDifAngle(1]*Kf.difAngle;
£3 = realDifPos[1)*Kf.difPos;
£4 = realDifDifPos[1]*Kf.difDifPos;
= Kf.angle*errorAngle(l];
P2 = Kf.pos*errorPos[l];
= £2+£3+4£4;

controlLaw([l] = Pl + P2 - P3
F e SEND VELOCITY COMMAND TO SPEED CONTROL ===w=====w===m 1/

VELOCITY_OUT {controllaw(l],convert.velM2C); //send command to Speed Control
//oﬁ00.octitttotoooﬁﬁotﬁtt.«&t.'a -

samplingTime = samplingTime + info.sampling;//update new time

L display to screen 1/
prea_time = clock(};
if( { (pres_time - prev_time)/CLK_TCK} >= 0.05 }
{
clrser();
printf("\n k errorPos controlLaw errorRadian ")

for(j = 0; 3<=18; j++)
{

gotoxy(1,5+3}s

printf{"%3d 6,41 $6.4f $2.4f
®,display k[j],display errorPos[j],display controllaw{j],filAngle[1]);//errorAngle(k]};
}

prev_time = clock(};
display k([ 0] = display_k{1];
display k[ 1] display_k{2], .
display k[ 2] display_k[3};
display_k[ 3] display_k[4];
display_k[ 4] display_k[51;
display k[ 5] display k{6];
display k[ 6] display k(7]
display k[ 7} display k[8]);
display k[ 8] display k[9];
display k[ 9] display_k[10];
display_k[10] display_k[11];
display_k([11] display_k[12};
display_k(12) display_k([13];
display_k{13] display kil4]:
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display_k{14]
display k[15]
display k[16]
display k[17]
display k([18]
display k[19]

display_errorPos(0]
display errorPos[1]
display_errorPos(2]
display errorPos[3]
display errorPos[4]
display_errorPos[5]
display errorPos(6)
display_errorPos[7)
display_errorPos(8)
display errorPos(9]
display errorPos{10]
display_errorPos{11)
display_errorPos[12)
display_errorPos(13)
display_errorPos[14]
display errorPos[15]
display errorPos[16]
display errorPos(17]
display_errorPos[18]
display_errorPos[19]

display controllaw{0]
display_controllaw(1]
display_controlLaw[2]
display_controlLaw([3]
display controllaw[4]
display_controllaw[5]
display_controlLaw[6]
display_controllaw[7]
display_controlLaw[8]
display_controllaw(9)
display_controllaw[10]
display controlLaw[1l]
display_controllaw([12]
display controllaw(13]
display controlLaw([14]
display_controlLaw([15]
display controllaw([16]
display controlLlaw(17]
display_controlLaw{18]
display_controlLaw{19]

SN N KN NEANN RO NRNN YR

display k(15];
display k[16];
display k[17];
display k[18];
display_k[19);
k;

display_errorPos[1];
display errorPos(2];
display_errocrPos{3];
display errorPos({];
display errorPos(5];
display_errorPos[6]s
display errorPos(7};
display errorPos(8};
display_errorPos[9];
display errorPos([10];
display_errorPos(11};
display_erroxPos(12];
display errorPos[13];
display_errorPos[14];
display errorPos[15];
display_errorPos[16];
display errorPos(17];
display_errorPos{18];
display_errorPos[19);
errorPos[1];

display controltaw{l];
display controllaw[2];
display controllaw({3];
display_controllaw([4];
display_controlLaw($];
display controllLaw(6];
display_controlLaw[7]);
display_controllaw[8];
display_controllaw(8];
display_centrolLaw[10];
display_controlLaw(11]);
display controllaw[12];
display controlLaw[13];
display_controlLaw[14]);
display_controllaw[1S];
display_controlLaw(16];
display_controlLaw[17];
display controlLaw[18];
display controlLaw(19];
controlLaw{1l];

/) mmmmemmm— e ROTATE DATA
realAngle[3] - realAngle(2);
filAngle(3] = filAngle[2]:

/7

realAngle(2]) - realAngle[l];

£ilAngle(2] = £ilAngle[1]

realPos[2] = realPos([1];

realDifPos[2} = realDifPos(1];

[ ~mm e e CHECK OUT ===-====mm==—mmmom—momm 1t
) <= 0.002) //check errorPos

if{ fabs{errorPos[1l}
{

}
else

{
}

if(fabs (difAngle(1]} <= 0,001)
{

else

pos_check_stop = 1;

pos_check_stop = 0;

dif_ang_check_stop = 1;

dif_ang_check stop = 0;

!
1£( fabs{filAngle[1l]) <= 0.04 }
{

else

if(
{

)
else

{
)

if( (set_point_check_stop==1) || (bioskey(1l})
{

else

{pos_check_stop==1) && {ang_check_stop==1)&& (dif_ang_check_stop==1) }

ang_check_stop = 1;

ang_check_stop = 0;

set_point_check_stop = 1;

set_point_check_stop = 0;

EXIT = 1;

EXIT = 0;

//check difAngle

}

1/

144

Jwhile (EXIT == 0}; //END CONTROL LOOP

VELOCITY_OUT (0, convert.velM2C);

INIT_LM629 ()

//elxser();

end = clock(): //read clock when end routine

time = {long) ({{end-startProcess}/CLK_TCK)*1000000);

//gotoxy (X~6,Y):

printf{"\nThis Process use time = %10.0ld microsec ",time);
14

printf("\n\nPress any key to quit program .");

getch();
}//End Of Program

float READ_DATA{void)
{

struct angle_type

Jdata;

float
float
float

angle;

volt;

ratio;
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FILE *potentio_file;

potentio_file = fopen{POTENTIO_FILE, "rb");
fread{&data, sizeof (struct angle type},1,potentio_file};
fclose(potentio_file);

clrscr();

textcolor(7);
printf("84.4f degrees = %4.4f volt \n{ratio = %4.4f / %4.4f = %4.4f)",data.angle, data.volt, data.angle, data.volt,

data.ratio )

return data.ratio;

Conv_type OPEN_CONVERT_DATA(void)
{

Conv_type convert;

FILE *data_file;
data_file = fopen(ConvertFile, "rb");

fread(&convert, sizeof{struct Conv_type},1,data_file};
fclose{data_file);

return convert;
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VERSIONZ.CPP

E /== mceee STANDARD HEADER FILES
#include<dos.h>
‘; #include<conio.h>
#include<stdio.h>
#include<time.h>
#include<math.h>
#include <bios.h>
E #include <stdlib.h>
#include <process.h>

OUR HEADER FILE 4
§ #include "c:\b427\tc\include\adc.h”

#include “"c:\b427\tc\include\c_test2.h”

E Vi «~ DEFINE CONSTANT MACRO -~ =1/
E #define PERIOD 0.1
#define LOW1l 2500 //value to load to conuter2 8253
4 #define LOW2 2500
#define PI 3.14159265359
#define X 16
#define ¥ 5
#define MAXDATA 600
M fidefine crane M "c:\\data\\m\\p.n" //m file for running in matlab
f #define crane_ang M
#define Kf_source
#define POTENTIO_FILE  “c:\\data\\potentio.dat? //response data file
struct feedBackGain
{
float angle;
float difAngle;
. float pos;
float difPos;

float difDifPos;
i

typedef struct{

float xMax;
float yMax;
float sampling;
char *heading;

//Max Time Operation (sec)
//Set Point Position (cm)
//Sampling Peried (sec)

//Heading of Graph (string}

//Label of X Axis (string)
//Label of Y Axis (string}

char *xLabel;
char *ylabel;
JgraphInfo;
typedef structl
float secPpix;
¥ int pixPsampling;
}scaleX;
typedef struct|
float cmPpix:
lscaley;
typedef struct(
scaleX x;
scaleY y;
JaxisScale;

struct Conv_type

float posC2M;
float velM2C;
Jconvert;

int Stop = 1;

float READ_DATA(void);

Conv_type OPEN_CONVERT_DATA (void);
void main{void)

DEFINE VARIABLE
clrsex();
//Conv_type convert;

E //convert
convert.posC2M

} convert.velM2C
printf(”"\nposC2M =
printf("\nvelM2C =
getch{);

OPEN_CONVERT DATA(}:
= 3.236455E-5;
691176.5593;
*,convert,posC2M) s
",convert.velM2C};

-
L34
L34

word adc;
int mode = PACER;
! int base = 0x200;
int ch = 12;
counterRegister counter;
float offset;
float volt2angle = 7.5;///READ_DATA();
printf{”"\nvolt2angle = 84.4f",volt2angle};
] getch(};

//select PACER Mode to use as Sampling Time of Process
//select addreas H220 to use as BASE Address
//select channel 12 to use

graphInfo info;

axisScale scale;

float maxDistance = 1.0;

float samplingTime,maxTime=€0.0;

//3et Maximum Value In Y-Axis of Graph
//Set Magtimum Value In X-Axis of Graph

int k = 0;
long time = 0;
long startProcess = 0, startloop = 0, end = 0;

E float velocity = 0.0;
float loadPos;
double radian;

// Page 139
float P1[MAXDATA], P2 [MAXDATA],P3 [MAXDATA];

FILE
FILE
FILE
FILE

*datafile;
*data_M;
*data_ang M;
*KE_files

float
float

volt (MAXDATA) , realAngle [MAXDATA], realPos [MAXDATA] ;
realDifAngle [MAXDATA), realDifPos [MAXDATA] , realDi£Di fPos [MAXDATA] ;

pos [MAXDATA], angle[MAXDATA];
difPos [MAXDATA], di£D1i fPos [MAXDATA] , di fAngle [MAXDATA] ;
controlLaw[MAXDATA] ;

E float
float
float

float
float
¥ ‘float
float

£1,£2,£3,€4,£5;

Ko(7](4],L{7])(41:

G(N(7),H7) (3]

errorPos {MAXDATA], errorAngle {MAXDATA] ;
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float ePos[MAXDATA), eAngle [MAXDATA] ;

float filAngle[MAXDATA];
float al{5]), bl(5]),a2[5], b2[5),a3([5], b3[5),a4[5], b4[5],a5[5}, bS(S]),a6(5), b6(5);

float angleRef = 0.0; //5et Value of ANGLE REFERENCE

-= INTIAL FEEDBACK GAIN ----wv-eescemcccacnao 17
~- CALCULATE FORM Q = diag{[100 1 10000 100 10]), R = diang{{100 100]) see Example in chaper 5

feedBackGain Kf;

Kf_file = fopen(Kf_source,”"rb™);
fread(&4Kf, sizeof (struct feedBackGain),l,Kf_file );
fclose(KEf_file);
clrscr();
printf({"\nKf.angle
printf("\nKf.dlfAngle
printf("\nKf.pos
printf{"\nKf.difPos
printf("\nKf.difDifPos

84.4£f",Kf.angle};

%4.4£°,KE.difAngle) s
%4.4f",Kf.pos};
%4.4£",KE.difPos);
%4.4f", Kf.ditDifPos);

getch(}s
clrscri)s
P At receive destination peint
float posRef;// = 1.0; //Set Value of POSITION REFERENCE

char y n_e = 'n';
do

(
//clrscoi);
/77

printf("\n Enter distance : w. ")
gotoxy(18,2);

scanf("8%£", sposRef};

printf{"\n diastance = 34.4f (Yes/No/Exit)",posRef);
cscanf{"%c”, &y _n_e};

if( (y_n_e=='e’) || {y n_e=="E'} }
(
exit(1l);
}
clrscri{);
Jwhile{ (y n_el='y’)&&{y_n_e!='Y'} };

1/ 4

float display_errorPos(20] = { 0,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0);
int display k[20] =( 0,0,0,0,0,0,0,0,0,0,0,90,0,6,9,0,0,0,0,0) ;
float display_controllaw{20) = ({ 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}
int j = 0;

long count = 0;

float rad = 0;

float ang = 0;

[ START PROGRAM 1/
clrscr();
-Set Info of graph —--------—-c--we /7
info.xMax = maxTime;
info.yMax = maxDistance;
info.sampling = PERIOD;

info.heading "Response of Load Poasition ";
// PAGE 140
info.xLabel = "Time (sec)";
info.ylLabel = "Distance(cm)";
samplingTime = info.sampling;

=== INITIAL DATA 1/
for{k=0; k<MAXDATA; k++)
{

volt{k] = 0; //Votage Reading frome ADC On PCL-714 Card
realAngle(k] = 0; //Real Angle Value Converse from Voltage
realPos[k] = 0; //Real Position Value Reading from LM629

realDifAngle(k] = 0; //Value Compute On Physics Relation
realDifPos (k] = 0; //Value Compute On Physics Relation
realDifDifPos{k] = 0; //Value Compute On Physics Relation

angle[k] = 0; //Value After Measurement Update
difAngle[k] = 0; //Value After Measurement Update

pos(k] = 0; //value After Measurement Update

difPos([k] = 0; //Value After Measurement Update
difDifPos(k] = 0; //Value After Measurement Update
controlLaw{k] = 0; //Control Law

errorPos{k] = 0;
errorAngle[k] = 0;

eAngle{k] = 0; //xealAngle-estimateAngle

filAngle[k] = 0; //Angle Vale That has Filtered from Band Pass Filter
1
// PAGE 141

- BAND-PASS FILTER FOR FILTER NOISE FORM ANGLE —-=~~~//

al{l]=1.0000;a1([2]=0.03095a1[3)= -0.9691;
b1{1]=0.9845;b1{2)=0.0000;b1[3]= ~0.9845;

counter=COUNTER_REGISTER(PERIOD*1000000);

- INITIAL LM629 11
INIT_LM629() s //initial 1m629
clrscr{);

SET_PID_FILTER(50,7,28,20000 };
SET_ACCELERATION OUT (0x10F);//0X100F);

[ INITIAL 8253 COUNTER ---: 1t
SET_COUNTER (base, countar); //load sampling time and start counting
startProcess = clock{); //read start Process clock
startLoop = startProcess; //read start Loop clock
/7 START LOOP CONTROL /7
clrscri);
gotoxy({l,3);
printf{" k errorPos (k] controlLaw(k] ang®};
k =0

cleck_t prev_time, pres_time;
prev_time = clock(};

- READ ANGLE FROM ADC 1/
k++;
TRIG (mode, base, ch, counter, k) ; //select channel and trig ADC to read data
adc = READ_ADC (base}; //wait for reading value from ADC when reach sampling time

//PAGE 143
volt(k) = ({{adc.high*256)+adc.low)-8192);
volt(k] = {volt[k]*10)/16384; //converse data to voltage value
if(k==l) offset = volt[l]);
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FILTER ANGLE BEFORE COMPUTE

volt[k] = volt(k] - offset;
({volt{k]*volt2angle)*2*PI)/360;

realAngle(k]) =

Af (km=1)
{

//automatic adjust offset
//from voltage to “radian"

filAngle{k] = bl(1l]*realAngle[k];

}
if (k==2)
{

filAngle(k]) = bl[l])*realAngle{k] + bl[2]*realAngle{k-1] - al(2)*filAngle{k-1];

]
if((k!=1)ak(k!=2))
{

filAngle[k]=bl[1)]*realAngle(k]+bl(2)*realAngle(k-1] + bl{3]*realAngle(k-2]~

al(2)*filAngle(k-1)-al[3]*filAngle(k-2];

7 2

7

display to screen

READ POSITION FROM LM62%9
realPos[k] = READ_REAL_POS{convert.posC2M);

SEND VELOCITY COMMAND TO SPEED CONTROL
VELOCITY_OUT (controllaw(k],convert.velM2C};

= 0;

STATE ESTIMATOR CALCULUS DifAngle DifPos DifDifPos FROM PHYSICS RELATION FOR LOR

realDifPos[k]=(realPos[k] - realPos([k-1]}/info.sampling;
realDifDifPos(k]=(realDifPos{k]-~realDifPos{k-1])/info.sampling;
realDifAngle[k) = (realAngle[k]-realAngle(k-1})/info.sampling;

L€ (k==1)
{
realDifPos[k]
realDifDifPos(k]= 0;
realDifAngle[k]) = 0;
}
else
{
)
if (k==2)
{
realDifDifPos[k] = 0;
}
else

{

//tead real position from 1m629

realDifDifPos(k] = (realDifPos[k] - realDifPos[k-1))/info.sampling;

}

errorAngle(k] = angleRef - filAngle(k]:
- realPos(k];

errorPos (k] = posRef

-- COMPUTE CONTROL LAW (VELOCITY COMMAND) -~
—-- ESTIMATE STATE FROM PHYSICS RELATION --

£2 = realDifAngle[k]*Kf.difAngle;
£3 = realDifPos{k]*Kf.difPos;

£4 = realDifDifPos[k]*Kf.difDifPos;
Pl(k] = Kf,angle*errorAngle(k];

P2[k] = Kf.pos*errorPos(k}];

P3[k] = £2+4£3+£4;

//controllaw{k] = [
controllaw(k] =

‘samplingTime = samplingTime + info.sampling;//update new time

pres_time = clock(};

1f¢
{

(

clrsexr() s
printf("\n k

for() = 0; j<=19; 3++)
{

gotoxy{l,5+3);
printf{”%3d

{pres_time - prev_time}/CLK _TCK)

>= 0.05

distance

%6.4f

17
)

controlLaw

86.4f

",display k[j],display_errorPos(3j],display_controlLaw(j],filAngle(k]);//errorAngle{k}};
]

prev_time = clock{}s
display_k{ 0]
display k{ 1]
display_ k[ 2)
display k[ 3)
display_k[ 4)
display k[ 5]
display k[ 6]
display k[ 7]
display k( 8]
display k[ 9]
display_k([10]
display k(11]
display k{l2]
display k{13]
display k{14]
display_k[15]
display_Xx[16]
display k(17]
display k(18]
display k(19)
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display errorPos[0]
display errorPos[l]
display_errorPos[2]
display_errorPos[3)
display_errorPos(4])
display errorPos[S)
display_errorPos[6]
display errorPos(7]
display_errorPos(8)
display_errorPos[9])
display_errorPos[10]
display_errorPos(11}
display_errorPos(12}]
display_exrorPos(13)
display_errorPos(14)
display_errorPos{15]
display_errorPos[16)
display errorPos[17)
display errorPos(18)
display errorPos(19)

display_controlLaw{0]
display_controllaw(l]
display_controllaw{2]
display controllLaw(3)
display_controllLaw([4]
display_controllaw(S)
display controllaw[6)
display controllaw[7]
display:cantrollmw[ 8]

display k{1l;
display_k{2];
display k(3);
display_k[4];
display_k(5];
display k(6]
display k(7];
display k[8];
display k([9];
display k[10];
display_k([11];
display k[12];
display_k(13]),
display k([14};
display k[15};
display_k(16);
display k(17};
display_k[18);
display_k{19];

display_errorPos{l]);
display_errorPos{2]s
display_errorPos(3];
display_errozPos(4];
display_errorPos[5];
display errorPos[6];
display_errorPos{7};
display_errorPos[8};
display errorPos(9);
display errorPos[10];
display_errorPos(11];
display errorPos[12];
display_errorPos(13];
display errorPos(14];
display errorPos(15]:
display_errorPos[16]);
display errorPos{17]:
display_errorPos{18};
display_errorPos{19]);

errorfos[k];

display controllaw(l];
display controlLaw(2};
display_controlLaw(3];
display controllaw(4];
display_controlLaw([5];
display_controllaw[6];
diaplay_controlLaw{7];
display_controlLaw[8];
display_controlLaw[9};

radian

%2.4f

"y

(Kf.angle*errorAngle(k]}) + (Kf.pos*errorPos(k))-(£2+£3+£4)
P1{k] + P2(k] - B3[k]

//send command to Speed Control

)
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display_controlLaw(9]

display controlLaw{10}
display_controllaw{1l])
display controllaw(12]
display controllaw(13)
display_controlLaw[14]
display controllLaw(15]
display_controlLaw(16}
display_controllaw({17)
display_controlLaw({18)

display controllaw(10];
display_controllaw(1l]y
display_controllaw(12];
display_controllaw(13];
display_controllaw(14];
display controlLaw[15];
display_controlLaw[16];
display_controlLaw(17];
display_controllaw(18];
display _controlLaw[18];

display_controlLaw{19] controllaw(k];

1/

Jwhile(samplingTime < maxTime); //END CONTROL LOOP
VELQCITY_OUT {0, convert.velM2C);
INIT_LM639() ;

clrscr();
end = clock(}s //read clock when end routine

time = (long) {((end-startProcess}/CLK_TCK)*1000000);
gotoxy(X-6,Y);
printf("This Process use time = 310.0ld microsec ",time};

-- WRITE POSITION M-FILE 124

data_M = fopen(crane M, "wt+");

fprintf(data_M,"\nx = ["};
for(k = 0; k < MAXDATA; k++)
{
fprintf{data_M, "\n ¥3d",k};

)
fprintf(data_M,"\n);");

fprintf{data_M,"\ny = ["};
for{k = 0; k < MAXDATA; k++)

{
fprintf(data_M,"\n %4.6f",posRef - errorPos[k] );

)
fprintf{data_M,"\n];"};

fprintf{data_M, "\nplot{x,y, 'b*);");

fprintf({data_M, "\naxis ([ 0.0, 250.0, 0.0, 1.2}11%)s
fprintf(data_M, "\ntitle('Real position');"};

fprintf{data_M, "\nylabel{'Distance { m ]1');");

fprintf({data M, "\nxlabel('Time [sec]');");

fclose (data M) //close file

--------------- WRITE ANGLE M~FILE /7

data_ang_M = fopen(crane_ang_M, "wt+");

fprintf(data_ang M, "\nx = ["};
for{k = 0; k < MAXDATA; k++)
{
fprintf{data_ang_M,"\n %3d",k);
]
fprintf(data_ang M, "\nl;"}:
fprintf(data_ang M,"\ny = [");
for(k = 0; k < MAXDATA; Kk++)
(

]

fprintf(data_ang M, "\n %4.6f",realAngle(k]);

fprintf(data_ang M, "\n};"};

fprintf(data_ang_M,"\nplot{x,y,'b'};");

fprintf(data_ang_ M, "\naxis{([ 0.0, 250.0, ~0.2, 0.21):™;
fprintf(data_ang M, "\ntitle{"Real angle'};");
fprintf(data_ang_M, "\nylabel ('Angle [ radian ]');"):

fprintf(data_ang M, "\nxlabel{'Time [ sec ]'):"};
felose({data_ang M),

gotoxy{15,22),
printf("Writing data to file is ready. \n");

gotoxy(15,24) s
printf ("Press any key to quit program .");
getch(};

}//Bnd Of Program

float READ_DATA(void)

{

struct angle_type
(

float angle;

float volt;

float ratio;
}data;

FILE *potentio_file;

potentio_file = fopen(POTENTIO_FILE, "rb™};
fread(&data, sizeof (struct angle_type),l,potentic_file),
fclose(potentio_file);

clrscr();
textcolor{7);

printf{"84.4f degrees = %4.4f volt \n(ratio = %4.4f / %4.4f = %4.4f)",data.angle, data.volt, data.angle, data.volt,

data.ratio )

}

return data.ratio;

Conv_type OPEN_CONVERT_DATA{void)
{

Conv_type convert;

FILE *data_file;

data_file - fopen(ConvertFile, "rb");
fread(&convert, sizeof(struct Conv_type},1,data_file);
fclose{data_file);

return convert;

112
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VERSION3.CPP

[} mmmmmm e STANDARD HEADER FILES ——--—-=-—===---=----= 11
#includec<dos.h>

#include<conio.h>

#include<stdio.h>

#include<time.h>

#include<math.h>

#include <bios.h>

#include <stdlib.h>

#include <process.h>

/7= OUR HEADER FILE 17
#include "c:\b427\tc\includeladc.h"
#include "c:\b427\tc\include\c_test2.h"

DEFINE CONSTANT MACRO ~=---=—-=====-——-——coo- 17
#idefine PERIOD 0.1
#define LOW1 2500 //value to load to conuter2 8253

fidefine LOW2 2500
#define PI 3.14159265359
#define X 16

fidefine Y 5

#define MAXDATA 4

fidefine cranefile “c:\\data\\N42.dat" //response data file

#idefine crane M "ec:\\data\\m\\p.m" //m file for running in matlab
#define crane_ang M “c:\\data\\m\\a.m"

fidefine Kf_source  “c:\\data\\Kf.dat"

#define POTENTIO FILE  “c:\\data\\potentio.dat" //response data file
struct feedBackGain

{

float angle;

float difAngle;

float pos;

float difPos;

float difDifPos;
1T}

typedef struct{

float xMax; //Max Time Operation (sec)
float yMax; //set Point Position (cm)
float sampling; //S5ampling Peried (sec)

char *heading; //Heading of Graph (string}
char *xLabel; //Label of X Axis (string)
char *yLabel; //Label of Y Axis (string)

}graphInfo;
typedef struct{
float aecPpix;
int pixPsampling;
}scaleX;
typedef struct!
float cmPpix;
)scaleY;
typedef struct|
scaleX x;
scaleY y;
}axisScale;
struct Conv_type
{
float posC2M;
float velM2C;
1K

int Stop = 1;

float READ_DATA(void);
Conv_type OPEN_CONVERT_DATA{void);
void main{void)

Jlmmmm e DEFINE VARIABLE ———=———--==s=memocoac 17
clrscri};
Conv_type convert;
//convert - OPEN_CONVERT_DATA() ;
convert.posC2M = 3.236455E~5;
convert.velM2C - 691176.5596;
printf{"\nposC2M = %e ",convert.posC2M) ;
printf{"\nvelM2C = $34 ",convert.velM2C);
getch(};
word adc;
int mode = PACER; //select PACER Mode to use as Sampling Time of Process
int base = 0x200; //select address H220 to use as BASE Address
int ch = 12; //select channel 12 to use

counterRegister counter;

float offset;

float volt2angle = 7.5;//READ_DATA(); //value converse frome voltage to angle in degree
printf{"\nvolt2angle = %4.4f",volt2angle);

getch();

graphInfo info;
axisScale scale;

float maxDistance = 1.0; //5et Maximum Value In Y-Axis of Graph
float samplingTime,maxTime=60.0; //8et Maximum Value In X-Axis of Graph
int k = 0;

long time = 0;
long atartProcess = 0, startloop = 0, end = 0;

float veleocity = 0.0;
float loadPos;
double radian;

// Page 139
float P1,P2,P3;

FILE *datafile;
FILE *data_M;
FILE *data_ang_M:
FILE *Kf_file;

float volt[MAXDATA], realAngle [MAXDATA],realPos [MAXDATA];
float realDifAngle[MAXDATA],realDifPos[MAXDATA], realDifDifPos (MAXDATA];

float pos[MAXDATA], angle[MAXDATA]:
float difPos[MAXDATA),difDifPos (MAXDATA],difAngle [MAXDATA] ¢
float controlLaw{MAXDATA];

feedBackGain Kf;
//float £1[MAXDATA), £2[MAXDATA], £3[MAXDATA}, £4 [MAXDATA], £5 [MAXDATA] ;
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float f1,f£2,£3,£4,£5;

float Ko{7)[4],L{7](4),

float G(7){71,H(7)[3]);

float errorPos[MAXDATA],errorAngle {[MAXDATA];

float estimAngle[MAXDATA),estimPos [MAXDATA], estimDifAngle {MAXDATA];
float estimDifPos[MAXDATA],estimDifDifPos [MAXDATA]}
. float ePos{MAXDATA}, eAngle [MAXDATA);

float filAngle(MAXDATA]: .
float al(5], bl([5],a2[5), b2[5],a3(5), b3[5),ad4[5), b4[5],a515], b5(5),a6(5], b6[5]);

float angleRef = 0.0; //Set Value of ANGLE REFERENCE

INTIAL FEEDBACK GAIN -=--==—-=-o-o—cmoeoee 1/
CALCULATE FORM Q = diag{[100 1 10000 100 10])), R = diang([100 100)} see Example in chaper 5

Kf_file = fopen(Kf_source,”rb");

fread(&Kf, sizeof (struct feedBackGain),1,Kf_file );

clrscri};

printf(”"\nKf.angle = %4.4f",Kf.angle};
printf ("\nKf.difAngle %4.4£" Kf.difAngle);
printf (*\nKf.pos $4.4f",Kf.pos);
printf ("\nKf.difPos t4.4£",Kf.difPos);
printf{"\nKf.difDifPos %4.4£",Kf.difDifPos);
getch{);

clrscr(};

fclose(Kf_file);

e receive destination peint 7
float posRef;// = 1.0; //Set Value of POSITION REFERENCE
char y n_e = 'n';
do
{
//clescr(}y
17

printf("\n Enter distance : m."};
gotoxy(18,2);

scanf ("$£", &iposRef) ;

printf{"\n distance = %4.4f (Yes/No/Exit)",posRef);
cscanf("%c”, &y_n_e);

if( (y_n_e=='e') || {y n_e=='E') }
{
exit(1};

)

clrscr()s
Jwhile( (y_n_e!='y')&&(y_n_e!='Y') };
//getchi}; .

1/ /7

float display errorPos[20] = { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0};
int display k[20) = { 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0} 4
float display controllaw(20) = { ¢,0,0,0,0,90,0,0,90,0,0,9,0,0,0,0,0,0,0,0);
int j = 0;

long count = 0;
float rad = 0;
float ang = 0;

e et START PROGRAM 7
clrscr():

//----Set Info of graph -----==---=-=—===-- 17
info.xMax maxTime;

=
info.yMax = maxDistance;

info.sampling = PERIOD;

info.heading = "Response of Load Position “;

// PAGE 140
info.xLabel = "Time (sec)”;
info.yLabel = "Diatance{cm}”;
samplingTime = info.sampling;

flmmm= INITIAL DATA /!
for(k=0; k<MAXDATA; ki+)
{

volt[k) = 07 //Votage Reading frome ADC On PCL-714 Card
realAngle(k] = 0; //Real Angle Value Conversa from Voltage
realPos[k] = 0; //Real Position Value Reading from LM629

realDifAngle(k] = 0; //Value Compute On Physics Relation
realDifPos[k] = 0; //Value Compute On Physics Relation
realDifDifPos (k) = 0; //Value Compute On Physics Relation

angle(k] = 0; //Value After Measurement Update
difAnglefk] = 0; //Value After Measurement Update
pos[k] = 0; //value After Measurement Update
difPos[k] = 0; //Value After Measurement Update
difDifPos(k] = 0 //Value After Measurement Update
estimAngle{k) = 0; //Value Before Measurement Update
estimPos(k) = 0; //Value Before Measurement Update
estimDifAngle(k] = 0; //value Before Measurement Update
estimDifPos[k] = 0; //value Before Measurement Update
estimDifDifPos(k] = 0; //Value Before Measurement Update
controlLaw({k] = 0; //Control Law

errorPos{k] = 05
errorAnglefk] = 0;

ePos(k] = 0; //realPos-estimatePos
eAngle[k] = 0; //realAngle-estimateAngle
filAngle(k] = 0; //Angle Vale That has Filtered from Band Pass Filter

)
// PAGE 141

BAND-PASS FILTER FOR FILTER NOISE FORM ANGLE ----//
alf1)=1.0000;a1[2)=0.0309;a1[3]~ ~0.9691;
bl[1)=0.9845;b1[2)=0.0000;b1[3]= ~0.8645;

counter=COUNTER_REGISTER{PERIOD*1000000) ;

INITIAL LM629 7/
INIT_LM629{); //initial 1m629

eclrserl);

SET_PID_FILTER(50,7,28,20000 };
SET_ACCELERATION_OUT (0x10F);//0X100F) ;

F A INITIAL 8253 COUNTER 74
SET_COUNTER (base, counter); //load sampling time and start counting
startProcess = clock(}; //read start Process clock
startLoop = atartProcess; //read start Loop clock
1/ START LOOP CONTROL 11
clrscri};
gotoxy{l,3);
printf(" k errorPos(k] controllaw(k] ang"};
k= 0;

clock_t prev_time, pres_time;
prev_time = clock()s
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[ FIND OFFSET VOLTAGE —---=m-===m=mmmmmmmm 17
TRIG(mode,base, ch,counter, k}; //select channel and trig ADC to read data
adc = READ_ADC (base}; //wait for reading value from ADC when reach sampling time

offset = ({{adc.high*256)+adc.low)-8192);
offset = (offset*10)/16384;

char begin stepl = 1;
char begin step2 = 0;
char pos_check_stop

char ang_check_stop

char set_point_check_stop

//converse data to voltage value

[ ]
cooo

17

al{3)*filAngle[3];

}
—-=-== READ POSITION FROM LM629 -

char EXIT

124 /7

do

{

[ Attt READ ANGLE FROM ADC 11/
k++;
TRIG{mode,base, ch, counter,k}; //select channel and trig ADC to read data
adc = READ_ADC(base); //vwait for reading value from ADC when reach sampling time
volt[1l] = ({(adc.high*256)+adc.low)-8192);
volt[1l] = ({volt[1]*10}/16384; //converse data to voltage value
volt[l] = volt[1l] - offset; //automatic adjust offset
realAngle{l] = ({volt[l]*volt2angle)*2*PI}/360; //from voltage to "radian”

FILTER ANGLE BEFORE COMPUTE ~----------r-cw-cwen 177

if(begin_step2e=l)

{
filAngle(1] = bl[1l)*realAngle(l] + bl[2]*realAngle(2] - al[2]*filAngle[2];
begin_stepl = 0;

1

1f(begin_stepl==1}

{
filAngle[l] = bl[1l]*realAngle[1];
begin_step2 = 1;

}

if( (begin_stepl = 0)&&(begin_step2 = 0} )

{

filAngle([1]=bl[1] *realAngle[1] +bl([2] *realAngle{2] + bl[3]*realAngle[3}-al[2]*filAngle[2}-

realPos(1] = READ_REAL POS{convert.posC2M); //read real position from lm62%

—-=== STATE ESTIMATOR CALCULUS DifAngle DifPos DifDifPos FROM PHYSICS RELATION FOR LQR ==---- 117

if (begin stepl == 1)
{

realDifPos|[1] =0
realDifDifPos[0]= 07
realDifAngle(0] = 0;

else

realDifPos[l]={realPos[1l] - realPos[2])/info.sampling;

realDifDifPos[l])=({realDifPos(1]-realDifPos[2))/info.sampling;
realDifAngle{1l] = (realAngle(l]-realAngle(2])/info.sampling;
¥
errorAngle{l] = angleRef - filAngle(l];

errorPos(1] = posRef -~ realPos(1];
-~ COMPUTE CONTROL LAW (VELOCITY COMMAND) - -7l
~- ESTIMATE STATE FROM PHYSICS RELATION -~~~ Al

£2 = realDifAngle[1]*Kf.difAngle;
£3 = realDifPos[1]*Kf.difPos;:

f4 = realDifDifPos[1]*KE.difDifPos;
Pl = Kf.angle*errorAngle(l];

P2 = Kf.pos*errorPos(1];

P3 = f2+£3+4£4;

controllaw[l] =

P1 + P2 - 23

J e SEND VELOCITY COMMAND TO SPEED CONTROL ==-====m=mm=nx 1/

VA T T T

VELOCITY OUT (controllaw(1],convert.velM2C);

//send command to Speed Control

samplingTime = samplingTime + info.sampling;//update new time

R display to screen

/7
pres_time = clock()s
i€( ( (pres_time - prev_time)/CLK_TCK} >= 0.05 )
{
clrscr();
printf("\n k errorPos controlLaw errorRadian "};

for(j = 0; j<=19; 3++)
{

gotoxy(l,5+3);

printf("%3d

",display k(3] ,display errorPos[j],display_controllLaw(3], filAngle(1]);//errorAngle{k]};
)

prev_time = clock(};
display k[ 0] -

display k[ 5]
display_k[ 6]
display k[ 7]
display k[ 8]

$6.4¢ $6.4f $2.4¢

display k{1}];
display_k{2]s
display k[3}]:
display k[4];
display_k(5]s
display k(6];
display_k(7}:
display %[8];
display k{9]:
display_k[10);
display k[11]);
display k(12);
display_k{13];
display k{14]:

display_k[14] display_k[15];
display_k(15] display k{16):
display k[16] display k{17);
display k[17] display_k(18];

displa

display_k[19] k2

display_k(19]);

display_errorPos[0] = display_errorPos(l);
display_errorPos(1) - display errorPos(2);
display errorPos(2] = display_errorPos{3);
display_errorPos (3] - display errorPos(4);
display_errorPos(4]) - display_errorPos(S]7
display_errorPos(5] = display_errorPos(6];
display_errozPos(6) - display_errorPos(7);
display_errorPoa(7] - display_errorPos(8];
display_errorPos[8] - display_errorPos(9);
display_errorPos(9]) - display_errorPos(10];
display_errorPos(10] - display_errorPos(11];
display_errorPos[11] = display errorPos(12];
display_errorPos[12] - display errorPos[13];
display errorPos(13] - display_errorPoa[14];
display_errorPos(14] = display_errorPos(15);
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display_errorPos[15]
display_errorPos[16]
display errorPos[17]
display_errorPos(18)
display_errorPos(19)

display controlLaw(0]
display_controlLaw(1]
display_controlLaw(2]
display_controlLaw(3]
display controlLaw(4)
display controlLaw(5]
display_controllaw([6]
display_controlLaw(7)
display controllaw([8)
display controlLaw([8]
display_controlLaw([10]
display controllaw(11)
display controllaw(12]
display_controlLaw[13])
display_controllaw[14)
display_controllaw([15]
display controlLaw[16]
display controllaw(17)
display_controllLaw(18]
display_controlLaw(19)

display_errorPes[16);
display errorPos(17);
display errorPos(18]1;
display_errorPos(19];
errorPos(l]:

display_controlLaw(l];
display_controllaw(2];
display controllaw[3};
display_controllaw(4];
display controlLaw(5];
display controlLaw(6];
display_controllaw(?]);
display_controlLaw[8};
display controlLaw(9]);
display_controlLaw[10]};
display_controllawi1l];
display controllaw{12};
display controllaw(13];
display_controllaw[14);
display_controlLaw[15]):
display_controllaw[16];
display_controlLaw[17];
display controllaw[18];
display controlLaw[19];
controlLaw([l]:

R ROTATE DATA /7
realAngle(3} = realAngle[2);
£ilAngle(3) - filAangle{2];
realAngle(2) = realAngle[l1];
filAngle(2] = filAngle(1];"
realPos[2] = realPos([1];
realDifPos{2] = realDifPos([1];
R CHECK OUT -m==—mrcwe=mmmmm—cmmmm e 1/
if{ bioskey(l) )
{
EXIT = 1;
}
else
{
EXIT = 0;

/7

Jwhile {EXIT == 0); //END CONTROL LOOP
VELOCITY OUT{0,convert.velM2C);
INIT_LM629();
clrscri}s
end = clock(); //read clock when end routine
time = (long) {{(end-startProcess)/CLK_TCK)]*1000000);
gotoxy (X-6,Y);
printf("This Process use time = %10.0ld microsec ",time);
124

printf{"\n\nPress any key to quit program .");

getch{};
)//End Of Program

float READ_DATA(void)
(

struct angle_type
{

Jdata;

float angle;s
float volt;
float ratioc;

FILE *potentio file;
potentio_file = fopen{

fread{sdata,slzeof {struct angle_type), 1,potentio_file);

fclose (potentio_file};

clrscr();

textcolor(7);

printf(”%4.4¢f degrees = $4.4f volt

data,ratio );

return data.ratio;

)

Conv_type OPEN_CONVERT_DATA (void)
{

Conv_type convert;
FILE *data_file;

data_file

fread(aconvert, sizeof{struct Conv_type),1l,data_file};

fclose(data_file};

return convert;

POTENTIO_FILE, “rb");

fopen(ConvertFile,"rb"};

\n{ratio = %4.4f / %4.4f = 34,.4f)",data.angle, data.volt, data.angle, data.volt,

116
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DISTANCE.CPP

#include <dos.h>
#include <conio.h>
#include <stdio.h>
#include <process.h>
#include <stdlib.h>
#include <bios.h>
#include <math.h>

#include <c_test2.h>
#define ConvertFile "c:\\data\\Convert.dat"

struct Conv_type

{
float posC2M;
float velM2Cy

Jconvert;

vold SET_DISTANCE(void);
void CALCULATE_CONVERTS_PARAMETER{long count);
void WRITE_CONVERTS_PARAMETER_TO_FILE (Conv_type convert);

void main{void}
{

char key;

clrscr{);

printf("This program use for set distance.\n"):
printf{"SET DISTANCE (y/n}) : "}:

cacanf ("%c", skey) s

awitch (key)

{

case 'Y' : SET_DISTANCE(};
break;

case 'y’ : SET_DISTANCE();
break:

}//end main{)
void SET_DISTANCE{void)
{

long count = 0;
clrscr{);
printf("\n Enter for set home position ."});
INIT_LM629{);
clrscr();
printf{"\nl METER = "};
do
(
count = READ_REAL_POS_COUNT() ;
gotoxy(11,2);
printf(" $1d", count);
delay (20},
Jwhile(!bioskey{l)};
CALCULATE_CONVERTS_PARAMETER (count) ;
}

void CALCULATE_CONVERTS_PARAMETER(long count)
(

Conv_type convert;

convert.posC2M = pow{count,-1);

float a = count*341.333333E-6;
convert.velM2C = 65536%a;

WRITE_CONVERTS_PARAMETER_TO_FILE (convert);
1

void WRITE_CONVERTS_PARAMETER_TO_FILE(Conv_type convert)
{

FILE *Convert_Parameter File;

Convert_Parameter File = fopen(ConvertFile, "wt+");

fwrite {&convert, aizeof (struct Conv_type),l,Convert_Parameter File);
fclose {Convert_Parameter File);

printf{"\nposC2M = be ", convert.posC2M) ;
printf("\nvelM2C = (34 ",convert,velM2C) ;

printf({"\n Write convertion parameter to file c:\\data\\CONVERT.DAT "};
getch();
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Angle.cpp

--------- STANDARD HEADER FILES ==-~==-r==-===-n==n-==//

#include<dos.h>
#include<conio.h>
#include<stdio.h>
#include<time .h>
#include<math.h>
#include <bios.h>
#include <stdlib.h>
#include <process.h>

P — OUR HEADER FILE "

#include "

b427\tc\include\adc.h”

#incltide "c:\b427\tc\include\C_test.h"

[ lomer—mnmannnn DEFINE CONSTANT MACRO ~====-smcseocccsone——on 7

#define PERIOD 0.1

#define LOW1 2500 //value to load to conuter2 8253

#define LOW2 2500

fidefine PI 3.14159265359

#define X 16

#define Y 5

#define MAXDATA 4

#define POTENTIO FILE  "c:\\data\\potentio.dat" //response data file

typedef struct{
float xMax; //Max Time Operation {sec)
float yMax; //Set Point Position {cm)
float sampling: //Sampling Period (zec)
char *heading; //Heading of Graph (string)
char *xLabel; //Label of ¥ Axis (string)
char *yLabel; //Label of Y Axis ({string)

}graphInfo;

void CHANGE_RATIO(void);
void WRITE_DATA{float angle, float volt, float ratio};
float READ_DATA({void);

void main{void)

-------------- DEFINE VARIABLE —------—==-——----=oo//

float volt2angle;

volt2angle = READ DATA():

printf(“\nvolt2angle = $£",volt2angle);

getch(};

word adcy

int mode = PACER; //select PACER Mode to use as Sampling Time of Process
int base = 0x200; //select address H200 to use as BASE Address

int ch = 12; //select channel 12 to use

counterRegister counter;

float offset;

graphInfo info;

float maxDistance = 1.0; //5et Maximum Value In Y-Axis of Graph
float samplingTime,maxTime=60.0; //Set Maximum Value In X-Axis of Graph
int k = 0;

long time = 0

long startProcess = 0, startLoop = 0, end = 0;

float velocity = 0.0;

float loadPos;

double radianj;

float P1,P2,P3;

FILE *datafile;

FILE *data M;

FILE *data_ang M;

FILE *Kf_file;

float volt[MAXDATA], realAngle [MAXDATA];
float realDifAngle[MAXDATA];

float angle[MAXDATA];
float difAngle{MAXDATA];

float errorAngle [MAXDATA]}

float estimAngle[MAXDATA),estimDifAngle [MAXDATA] ;
float eAngle{MAXDATA):

float filAngle{MAXDATA];
float al{5], bl[5],a2[5]), b2(5],a3(5], bI[5]),ad4(5]), b4(5]),a5(5), bS[S5),a6{5), b6[S];

float angleRef = 0.0; //Set Value of ANGLE REFERENCE

------- recelve destination point 1
getch{); !

float display filangle([20]
int display_k[20])

float display_angle[20]
float display degree[20]
float display v(20)

int 3=0;

float rad = 0;

float ang = 0y

@ FE NNy
ooo00
oeope
PYeees
epe®
PYeees
PR
Peeees
Preees
Shoss
PyeRes
Pyeees
RERERY

--------- START PROGRAM /1t

elrser{);

//~=~~Set Info of graph ------------——--- /7
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info.xMax = maxTime;

info,yMax = maxDistance;

info.sampling = PERIOD;

info.heading = "Response of Load Position ®;

info.xLabel = "Time (sec)";
info.ylLabel = "Distance(cm)";
samplingTime = info.sampling;

1/
clrscr();

printf("\nPress any keys to continue. "};

printf("\nIf you want to change this setting value PRESS \"C\". ");
char key = getch{);

switch (key)

(

case 'C' : CHANGE_RATIO(};
break;

case 'c' : CHANGE_RATIO();
break:
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/=== INITIAL DATA /1

for(k=0; k<MAXDATA; k++)

(
volt([k] = 0; //Votage Reading frome ADC On PCL-714 Card
realAngle(k] = 0; //Real Angle Value Converse from Voltage
realDifAngle(k] = 0; //value Compute On Physics Relation
angle(k] = 0; //Value After Measurement Update
difAngle[k] = O; //Value After Measurement Update
estimAngle{k] = 0; //Value Before Measurement Update

estimDifAngle(k] = 0; //Value Befors Measurement Update
errorAngle(k] = 0;

eAngle(k] = 0; //realAngle-estimateAngle
filAngle[k} = 0; //Angle Vale That has Filtered from Band Pass Filter
]
J e L BAND-PASS FILTER FOR FILTER NOISE FORM ANGLE ----//

al[1]=1.0000;a1(2]=0.0309;al(3]~ ~0.96%1;
bi(1}=0.9845;b1(2]=0.00007b1{3]= -0.9945;

counter=COUNTER_REGISTER(PERIOD*1000000) ;

/] wmmmm e INITIAL 1M629 17
INIT_LM629(); //initial 1m629
clrascr()s
- INITIAL 8253 COUNTER 1/
SET_COUNTER(base, counter); //load sampling time and start counting
startProcess = clock{)s //read start Process clock
startLoop = startProcess; //read start Loop clock

11 START LOOP CONTROL
clrscr();
gotoxy(1,3)
printf (" k ang”)
k = 0;

clock_t prev_time, pres_time;
prev_time = clock(}):

e FIND OFFSET VOLTAGE --—------=—-=--=--ou /7
TRIG (mode,base, ch, counter, k}; //select channel and trig ADC to read data
adc = READ_ADC(base); //wait for reading value from ADC when reach sampling time

offset = {{{adc.high*256)+adc.low}-B192);
offset = (offset*10)/16384; //converse data to voltage value
char begin_stepl = 1;
char begin_step2 = 0;
/7

14
do
{
I mmmmpnmm READ ANGLE FROM ADC /1
k+g
TRIG (mode,base, ch, counter, k) ; //select channel and trig ADC to read data
ade = READ_ADC{base); //walt for reading value from ADC when reach sampling time
volt(1l] = ({{adc.high*256)+adc.low)~-8192};
volt(l] = (voltl1)*10)/16384; //converse data to voltage value
volt{l] = volt[l] - offsat; //automatic adjust offset
realAngle(1l] = {{volt[l]*velt2Zangle}*2*PI)/360; //from voltage to "radian"
P FILTER ANGLE BEFORE COMPUTE --=-=-======mm 1"
if{begin_step2==1)
(
filAngle[l) = bl{l)*realAngle{l] + bl[2]*realAngle[2] - al[2)*filAngle[2];
begin_stepl = 0;
1
i1f (begin_steplw=1}
{
filAngle[l] = bl[l}*realhngle[l]);
begin_step2 = 1;
}
if{ (begin_stepl = 0)i&&(begin_step2 = 0) }
{
filAngle[1l]=bl[1])*realAngle(l])+bl{2]*realAngle[2] + bl{3]*realAngle(3]-al(2])*filAngle(2]-
al(3)*filAngle(3];
}
/) mmmmmmmm oo STATE ESTIMATOR CALCULUS DifAngle DifPos DifDifPos FROM PHYSICS RELATION FOR LQR w-=w=~ 77
if(begin_stepl == 1}
(
realDifAngle[0] = 0;
}
elss
realDifAngle[l] = (realAngle(l]~realAngle{2])/info.sampling;
}
errorAngle(l) = angleRef - filAngle[1l];
samplingTime = samplingTime + info.sampling;//update new time
Jlmmmm e e e display to screen /!
pres_time = clock();
1£( T (pres_time - prev_time) /CLK_TCK) >= 0.05 )
{
clrsce();
gotoxy(0,0);
printf("\n\n k radian degree volt®)s

for(j = 0; 3<=13; j++)
{

gotoxy(1,5+3);
printf{"83d 86.4f $6.4¢€ 4.4
",display k[j],display_filangle[}],display degree[j], display_v{1)};//errorAngle(k]);
H

prev_time = clock(};

display k[ 0]
display k( 1]
display k[ 2]
display_k{ 3]
display k[ 4]
display k[ 5]
display k[ 6]
display k{ 7]
display k[ 8]
display k[ 9)
display_k(10)
display_k[11]
display k[12]
display_k(13}
display k[14]
display_k(15]
display k[16])
display_k[17}
display k(18]
display k[19]

display k(1]
display k(2]
display k(3]
diaplay_k{41,
display k(5]
display k(6]
display k(7]
display_ki8};
display_k(9]
display k([10];
display_k(11]);
display k[12];
display k[13];
display_k[14];
display k[15],
display k[16];
display k[17];
display k([18];
display k[19];
ks
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display_filangle{ 0]
display_filangle[ 1)
display_filangle{ 2]
display filangle[ 3]
display_filangle[ 4]
display filangle[ 5]
display filangle[ 6]
display_filangle[ 7]
display_filangle[ 8]
display_filangle( 9]
display filangle{10]
display_filangle{1l]
display_filangle([12]
display filangle(13)
display filangle[14]
display filangle[15]
display filangle(16]
display_filangle([17]
display_filangle{18]
display_filangle(19)

display filangle[l];
display filangle(2];
display filangle(3];
display_filangle[4];
display_filangle[5];
display_filangle[6];
display filangle([7];
display filangle[8];
display filangle(9);
display filangle(10];
display_filangle{11);
display_filangle[12];
display_filangle(13]);
display_filangle(14];
display_filangle(15]);
display filangle(16];
display_filangle[17);
display_filangle[18];
display_ filangle{19];
filAngle(1);

display degree( 0]
display degree[ 1)
display_degree[ 2]
display_degree[ 3]
display degree{ 4]
display degree[ 5]
display degree[ 6]
display _degree( 7)
display_degree[ 8]
display_degree{ 9)
display degree(10)
display degree(11]
display degree[12]
display degree[13]
display_degree[14]
display_degree[15]
display_degree[16]
display degree[17]
display_degree[18]
display_degree(19)

display v[ 0]
display v[ 1]
display_v[ 2]
display v[ 3]
display v[ 4]
display v[ S]
display vl 6]
display v[ 7]
display v( €]
display v([ 9]
display_v(10)
display_v{11]
display v([12])
display v[13])
display_v[14)
display v[15]
display v[16]
display_v{17}
display v(18]

display_degree{l];
display_degree[2];
display_degree(3];
display_degree(4];
display_degree[5];
display_degree[6);
display degree[7];
display degree(8]:
display degree[9]);
display_degree[10];
display_degree([11];
display_degree(12);
display_degree[13];
display_degree{14];
display_degree(15];
display_degree[16];
display_degree[17];
display degree[18};
diaplny:deqree (19},
(£ilAngle[1}*180)/PI

display vi{l];
display_vi{21;
display vi3];
display v[4];
display v[51;
display v[6];
display v(7);
display v([8];
display_v[9];
display v[10];
display v(11];
display_v{12});
display v([13];
display_v[14);
display v(15];
display_v(16];
display v[17]);
display v(18],
display v([19):

display v[19] volt(1];
1
//========—ccoe-oci ROTATE DATA /7
realAngle[3) - realAngle{2);
£ilangle (3] - £ilAngle(2);
realAngle(2] - realAngle[1};
fiiAngle[2] = filAngle(1]:
1/ 1/
}while(!bioskey{l)}s //END CONTROL LOOP
end = clock{(); //read clock when end routine
time = {long) ({(end-startProcess)/CLK_TCK) *1000000};
printf{"\nThis Process use time = %10.0ld microsac ",time);
/"
printf("\n\nPress any key to quit program ."};
getch()s
}//End Of Program
vold CHANGE_RATIO(void)
{
float angle,volt,ratio;
clrseri);
gotoxy (5,8}
printf(" Enter ANGLE(degree} and VOLT");
gotoxy (5,10} ;
printf (" ANGLE : degree - VOLT") s
gotoxy(13,10};
scanf ("%f", dangle};
gotoxy(36,10);
scanf ("8f", &volt);
ratio = angle/volt;
gotoxy(5,12);
printf (" RATIO = %f",ratio);
textattr(Ox84); // 1000 0100
gotoxy(5,14);
cprintf (" Are you sure? (Yes/No) : ™)
textcolor(7);
char key = getchi{}s
clrscr(}s
switch(key)
{
case 'Y' : WRITE_DATA(angle,volt, ratio))
reak;
case 'y' : WRITE_DATA(angle,velt,ratio);
reak;
default : gotoxy(5,14);
printf("OK no any setting. "t
getch{);
break;

void WRITE_DATA(float angle, float volt, float ratio)
{
struct angle_type
float angle;

float volt;
float ratio;
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jdata;

data.angle = angle;
data.,volt = volt;
data.ratio = ratio;

FILE *potentio_file;
potentio_file = fopen{POTENTIO_FILE, "wb+"};

furite(&data,sizeof(struct angle_type),l,potentio_file);
fclose (potentio_file);
]

float READ_DATA(void)

{
struct angle_type
{

float angle;
float volt;

float ratio;
}data;

FILE *potentio_file;
potentio_file = fopen(POTENTIO_FILE, "rb"};

fread({idata,sizeof({struct angle_type),1,potentio_file);
fclose(potentio_file);

clzscr(}s
textcolor{7);
printf("%4.4f degrees = ¥4.4f volt

\n{ratio = %4.4f / %4.4f = %4,4f)",data.angle, data.volt, data.angle, data.volt,
data.ratio };

return data.ratio;
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SETLM629.CPP

#include
#include
#include
#include
#include
#include

#define

<conio.h>
<dos.h>
<stdio.h>
<bios.h>
<process.h>
<stdlib.h>

pid_head  "c:\\b427\\tc\\include\\629pid.h"

void WRITE_TO_FILE(long P,long I,long D,long IL ,long MAX_ACC);
void main{void)

LooP:

long P,I,D,IL,MAX_ACC;
char ch;

clracx{};
printf("\nEnter PID in DEC. "};
gotoxy(5,5);
textcolor{7};
cprintf("p = ");
gotoxy(5,7)+
cprintf("I = "};
gotoxy(5,9);
cprintf("D = "};
gotexy(5,11};

cprintf ("IL = "};
gotoxy(S,13});

cprintf ("MAX_ACC = “};

gotoxy (10,5} ;

scanf ("81d”, &P},
gotoxy(10,7);
scanf("$1d", &I},
gotoxy(10,9);
scanf{"%1d",&D);
gotoxy(10,11)

scanf ("%1d", &IL) ;
gotoxy{15,13);

scanf (“#1d", &MAX_ACC) ;

printf(“\n Set PID with...");
printf{"\n P = $1d",P);
printf{"\n I = $ld",I);
printf{"\n D = %1d",D};
printf{"\n IL = %1d“,IL);
printf{"\n MAX ACC = §1d",MAX_ACC}:
printf("\n Yes/No {y/n) : "};
ch = bioskey(0);
switch{ch)
{
case 'y' : WRITE_TO_FILE(?,I,D,IL,MAX ACC);
break;
case 'Y' : WRITE_TO_FILE(P,I,D,IL,MAX_ACC};
break)
case 'n' : exit(0);
break;
case 'N' : exit(0);
break;
Vi
goto LOOP;

void WRITE_TO_FILE{long P, long I, long D, long IL, long MAX_ACC)
{

JMAX_ACC) 7

FILE *PID_File;
PID_File = fopen(pid_head, "wt+"};

fprintf(PID_File, "#idefine P %ld \n#idefine I 81d \n#idefine D

fclose (PID_File);

exit(0);

$1d \n#define IL

#ld\n#define MAX_ACC

%ld ",?,I1,D,1L
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STEPTEST.CPP

. #include<dos.h>
#include<conio.h>
#include<stdio.h>
#include<time.h>
#include<math.h>
#include <bios.h>
#include <stdlib.h>
#include <process.h>

#define MAXDATA 18
#define PERIOD 0.1

#define crane_ M  "c:\\data\\m\\c_goto2.m" //m file for running in matlab

)= eaene OUR HEADER FILE 1/
#include<c_test2.h>

void main(void)

{

Conv_type convert;

convert = OPEN_CONVERT_DATA({);
float m_distance = 0.0;

long c_distance;

float velo;

long c_position:

float m_position = 0.0;

clock_t start_T, end_T:
float m pl;
float m_p2;
float Ts = PERIOD;

float a,b,c.d,e;

float m_velo([MAXDATA);
float atep time[MAXDATA]:
float total_time = 0.0;

FILE *data_M;

clrscr();

et RECEIVE DISTANCE IN METER /1
INIT_LM629(};
clrscri{);
gotoxy(2,4);
printf("\nEnter velocity :
gotoxy(18,5);
scanf ("$£", évelo};
//printf("m_distance = %4.6f",m distance);
//getch();

//mmmmmmemm INITIALIZATION 1/
INIT_LM629{);
//mao++
SET_PID_FILTER(S5,5,285,240 );
SET”ACCELERATION_OUT {0x500)
step_time{0} = 0.0;

/e CONVERT DISTANCE FROM M 2 C 2
c_distance = m_distance*convert.posM2C;

(m/sec)™);

VELOCITY_OUT (velo*1,1); //start motion.
clescr();

e DETECT POSITION FOR STOP 1/
start T = clock{)s

c_position = READ REAL POS_COUNT();
m_position = c_position*convert.posC2M;
m_pl = m_position;

/7 LOOP
for(int k=0; k<MAXDATA; k++)
{

1/

do
{
end T = clock();
}while( (end T ~ start T}/CLK TCK < Ts );
Ts ~ (end_T - start_T)/CLK_TCK;
m_p2 = (float}READ_REAL_POS_COUNT () *convert.posC2M;

m_velo[k] = (m_p2 - m _pl}/Ta;
total_time = total_time + Ts;
step_time (k] = total_time;

s = PERIOD;

c_position = READ REAL POS_COUNT();
m _position = c_position*convert.posC2M;
m pl = m_position;

start_T = clock(};
printf{"\n step_time[83d] = #3.3f m _position = 84.4f m_velo = #4.4f

}//end for
//STOP{) 3
TURN_OFF_MOTOR()

/f=mmmmmmme WRITE M-FILE 1/
data_M = fopen(crane M, "wt+");

fprintf{data M, "\nx = (");
for(k = 0; k < MAXDATA; k++)
{
fprintf{data_M,"\n 3$4.6£f",step_time(k]);

}
fprintf(data_M,"\n];");

fprintf{data M,"\ny = [");
for(k = 0; k < MAXDATA; k++)
{
fprintf(data_M,"\n %4.6£",m_velo(k] ),

)
fprintf(data_M,"\n};");
fprintf(data_M, "\nplotix,y,'w'};"};

fprintf(data_M, "\nhold;");
fprintf(data M,"\nz = (");
for(k = 0; k < MAXDATA; k++)
(
fprintf(data_M,"\n ¥4.6£",1.0};
]
fprintf (data_M,"\n};");
fprintf (data_M, "\nplot(x,2,'g'):"}s
fprintf(data_M, "\ngrid;");

", k,step_time[k],m _position,m_velolk});
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]

fclose{data M); //close file

printf{"\n\nWriting data to file is ready. \n"};

printf{"\nPress any key to quit program .");

printf{™\n total time = $4.4f",total_time};
getch(};
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C TEST2.H

4if Tdefined(_ c_TEST H__}

#define

c_TEST_H

// 1M629 ADDRESS PORT

#define
#define

#define

#define
fidefine
#idefine
fidefine
#define
#define
#define
fdefine

#define

fidefine
#define
#define
fidefine
#define
fidefine
fidefine
#define

//command code for 1m629 define

#define
#define
#define
#define
#define
#define
#define
fidefine
fidefine
#define
fidefine
#define
#define
#define
fdefine
#define

#define

//old kp=28.5 //propertion gain in metre

//0ld kd=3.6 //derivative gain in metre

ADDR_COM 0x300 //address for write command and read status flag

ADDR_DATA 0x301 //address for read and write data

veloCorrectFact 0.9 //correct factor for convert to
//actial velocity

kpConvert 256 //mao-> 0.307 //kp={256*40/33287) *Kp

kiConvert 2.8 //mac-> 0.027 //ki=(6553

kdConvert 750000 //mao->901.25

kp 3.48 //mao-> 28.5

ki 4.43 //mao-> 345.7 //integration gain in metre

kd 0.68 //mao-> 3.6

il 50000 //integration limit

filterCommand  O0x001lF //kp, ki, kd well be loaded

InitMaxAccCommand 0x1820
12

maxVelocity

= 0001 1000 0010 0000

maxAcceleration

posCormand

forwVeloCommand
rewVeloCommand
stopMotorCommand
turn_off_motor
resetBreakCommand

RESET
DFH
SIP
LPEI
MSKI
RSTI
LFIL
UDF
LTRI
STT
SBPA
RDSIGS
RDDP
RDRP
RDDV
RDRV

0x00
0x02
0x03
0x1B
0x1cC
0x1D
0x1E
0204
Ox1F
0x01
0x20
ox0C
0x08
0x0A
0x07
0x0B

//trajectory control word a 18 hex

//HB program forward direction

//velocity mode, acceleration
//will be loaded

//position mode ACC VELO position will be loaded and it 's absclute

1000.0 //in m/s

32760 //in m/s~2

0x002A

0x1808 //forward direction velocity will be loaded
0x0808 //reward direction velocity will be loaded
0x0200 //stop motor abruptly trajectory

0x0100 // turn off Motor ([Output Zero Drive} command
0x0000 //reset all interrupt

//reset the 1m629 data n
//define home data n
//set index position data n

//load position error for interrupt data 2

//mask interrupts data 2
//reset interrupts data 2
//funtion load parameter of
//update filter parameter
//load trajectory

//start trajectory

//set break point absolute
//read signal register
//read desired position
//read real position
//read desired velocity
//read real velocity

ConvertFile "c:\\data\\Convert.dat"

/* PROTOTYPE */
//--->Big function
vold INIT_LM629 {void);

void VELOCITY_OUT(float,float);

float READ REAL_POS({float);

//--->Sub function

void WAITBUSY (void);
vold WRITE_COM{unsigned char);
void WRITE_DATA_BYTE (unsigned char);

vold WRITE_DATA_2BYTES {int);

void WRITE_DATA_4BYTES{unsigned long):

void WRITE_DATA_WORD(int);

void HRITE_DATA_ZWORDS(unsigned long) s
unsigned char READ_DATA_BYTE({void);

int READ_DATA_2BYTES {void);
long READ_DATA_4BYTES (void);
//-=-> NEW FUNCTION
void EXIT_PROGRAM{void);
void STOP(void};
void TURN_OFF_MOTOR(void);
void SET_PID_FILTER(unsigned int, unsigned int, unsigned int, unsigned int);
vold SET_ACCELERATION_OUT (unsigned long);

long READ_REAL POS_COUNT {veid};

//===amazax=/* FUNCTION */:
long READ_REAL_POS_COUNT (void)

{

//initial 1m628%

filter to 1m629

//send velocity command to 1m629

//read real position

//wait if 1m629 busies

/write command to 1m629

//write data 1 byte to 1m629

//write data 2 bytes to 1lm629

//write data 4 bytes to lm629

//write word data ONLY FILTER DATA

//vwrite 2 words data ONLY TRAJECTORY DATA
//read data from lm629

//read 2 BYTEs data from 1mé25
//tead 4 BYTEs daata from 1m629

WRITE_COM (RDRP) }
return READ_DATA_4BYTES(}; //read real position

void WAITBUSY(}//1
{

¥

14

//read read position

//COMMAND CODE

while(0x01 & inp(ADDR_COM}); //wait util busy flag is zero

void WRITE_COM{unsigned char comm}//2
{

1

WAITBUSY ()

outp (ADDR_COM, comm) ;

vold WRITE_DATA_BYTE(unsigned char data)//3
{

)

WAITBUSY () s
outp (ADDR_DATA, data)

void WRITE_DATA_2BYTES(int data)//4
{

char *temp;

temp={char *)&data;

WAITBUSY{);
outp (ADDR_DATA, * (temp+1));
WAITBUSY(};
outp (ADDR_DATA, * (temp} } ;

void WRITE_DATA_4BYTES (unsigned long data)//5
(

char *temp;

temp=(char *)&data;

WAITBUSY ()3
outp (ADDR_DATA, * (temp+3) )','
WAITBUSY (7
outp (ADDR_DATA, * {temp+2) };
WAITBUSY ()
outp(ADDR_DATA, * {temp+l));
WAITBUSY ()
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outp {ADDR_DATA, *temp) ;
1

void WRITE_DATA_WORD(int data)}//6
{

char *temp;
temps= {char *)&data;
WAITBUSY{);
outp (ADDR_DATA, * (temp+l1});
outp {ADDR_DATA, * (temp) ),

}

void WRITE_DATA_2WORDS (unsigned long data}//7
{

char *temp;
temp=(char *}é&data;
WAITBUSY();
outp (ADDR_DATA, * (temp+3) )
outp (ADDR_DATA, * (temp+2) }
WAITBUSY();
outp (ADDR_DATA, * (temp+1));
outp {ADDR_DATA, *temp) ;

}

unsigned char READ DATA BYTE{void)//8
{

WAITBUSY();

return inp (ADDR_DATA);
}

int READ_DATA_2BYTES (void) /9

{
char templ[l}:
int *temp2;
WAITBUSY(}s
templ(1l}=inp (ADDR_DATA) ;
WAITBUSY():
templ[0]=inp (ADDR_DATA) ;
temp2={int *)templ;
return *temp2;

}

long READ_DATA_4BYTES (void)// 10
{

chaz templ[3]:
long *temp2;
WAITBUSY ()¢
templ(3]=inp {ADDR_DATA) ;
WAITBUSY (),
templ[2]~inp (ADDR_DATA);
WAITBUSY{):
templ(1])=inp (ADDR_DATA};
WAITBUSY();
templ[0]=inp (ADDR_DATA) ;
temp2={long *)templ;
return *temp2;

)

void INIT_LM629(void)//12
{
int status;

printf ("\n>>CONTROL CRANE PROGRAM NOW ACTIVE "};

WRITE_COM(RESET) 1 //reset command code

printf ("\n>>INITIAL LM629 NO.1 NOW PASS "};
WRITE_COM (DFH) ; //define home command
WRITE_COM(SIP); //set index position command

printf ("\n>>INITIAL LM62% NO.2 NOW PASS “);

void VELOCITY_OUT(float velocity, float velM2C)
{
long velo:

IAd if (velocity>maxvVelocity)
velocity=maxVelocity;

it (velocity>maxVelocity)
velocity=maxVelocity;
*/
velo={long) (velocity*veloCorrectFact*velM2C);
1f (velo>=0) //forward direction
{
WRITE_COM(LTRJ) ; //load trajectory command code
WRITE_DATA_WORD ( forwVeloCormand} §
WRITE_DATA_2WORDS ( (unsigned longj}velo};
WRITE_COM(STT) ;

}
if (velo<0) //reward direction
{

velo=velo* (~1);

WRITE_COM(LTRJ); //1load trajectory command code
WRITE_DATA WORD{rewVeloCommand);

WRITE_DATA_2WORDS ( {unsigned long)velo}:

WRITE_COM (STT) ;

float READ REAL POS{fleat posC2M) //read read position
{

WRITE_COM(RDRP) ; //COMMAND CODE

return {float)READ DATA 4BYTES () *posC2M; //read real position
H

1/ 24
void EXIT_PROGRAM{void)

{
STOP(}:
INIT_LM629();
exit(l);

}

void STOP (void)
(

WRITE_COM(LTRJ) ;

WRITE_DATA_WORD (stopMotorCommand) ;//  // 0000 0111 0000 0000
WRITE_COM(STT) 2

WRITE_COM(RSTI);

WRITE_DATA_2BYTES (resetBreakCommand) ;

1

vold TURN_OFF_MOTOR(void)
{



]

el

WRITE_COM{LTRJ) ;

WRITE_DATA_WORD(turn_off_motor}; // 0000 0111 0000 0000
WRITE_COM(STT) ;

WRITE_COM(RSTI);

WRITE_DATA_2BYTES (resetBreakCommand) ;

void SET_PID_FILTER(unsigned int Kp, unsigned int Ki, unsigned int Kd, unsigned int Il)
{

WRITE_COM(LFIL) //send command code.
WRITE_DATA_WORD(filterCommand) s //Kp, Ki, Kd will be loaded.
WRITE_DATA_WORD (Kp) s //Kp parameter
WRITE_DATA_WORD{Ki); //Ki parameter
WRITE_DATA_WORD (Kd) ; //Xd parameter

WRITE_DATA WORD(I1); //T1 parameter

WRITE_COM({UDF) s //update filter parameter

}

void SET_ACCELERATION_OUT (unsigned long Acc)

{
WRITE_COM(LTRJ) ; //COMMAND CODE
WRITE_DATA_WORD{InitMaxAccCommand) ; //load trjectory control ward

//velocity mode acceleration

//will be loaded

WRITE_DATA_2WORDS {Acc) ;

WRITE_COM({STT) ;

12

/"

fendif
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ADC.H

#define

#Lf ldefined{ _ ADC H_ )

#include <conio.h>
#include <math.h>
#include <time.h>

//Define Constant Value

#define
#define
#define
#define
typedef
{

}word;
typedef
{

BASE 0%200
CRH 12
TRIGGER 1
PACER 2
struct

char high;
char low;

struct
//word c0

word cl;
word €2;

}counterRegister;

/7

-Prototype of Functl

> 14 bits Analog to Digital Conversion (for PCL 714 card)

//select ADC chanel

// 1 word = high byte + low byte

//counter 0 not use
//counter 1
//counter 2

counterRegister COUNTER_REGISTER({unsigned long period);

void SET_COUNTER({int base,counterRegister counter);
void TRIG(int mode, int base, int channel, counterRegister period, unsigned int k);

word READ_ADC{int base);
counterRagister READ COUNTER({int base);

-------- Function

counterRegister COUNTER _REGISTER(unsigned long period)
{

void SET_COUNTER{int base, counterRegister counter}
{

}

unsigned int high = 0;
unsigned int low = 2;
gister H

low = {int)sqrt(period);
high= (period*2)/low;
counter.cl.high = high/256;
counter.cl.low = high$256;
counter.c2.high = low/256;
counter.c2.low = lowd256;

return counter;

outp (base+3, 0x74);

outp (base+l, counter.cl.low);
outp (base+l,counter.cl.high);
outp (base+3, 0xB4) ;

outp (base+2,counter.c2.low};
outp (base+2, counter.c2.high);

counterRegister READ COUNTER(int base)
{

counterRegister count;

//Read data from counter

//time=(count.cl.high*256+count.cl.low)* (count.c2.high*256+count.c2.1low);

outp (base+3,64);

count.cl.low =inp (base+l};
count.cl.high  =inp(base+l};
outp (base+3,152);
count.c2.low =inp{base+2);
count.c2.high =inp (base+2);

//write counter data to screen

1

gotoxy(20,15);

printf("COUNTERl = %d ",count.cl.low};

gotoxy (20,17,

//test

printf ("COUNTER1 = %¢ ™, count.cl.high}; //test

gotoxy(20,19);

printf{"COUNTER2 = %d ", count.c2.low);

gotoxry(20,21);

//test

printf{"COUNTER2 = %d ",count.c2.high); //test

return county

word READ ADC(int base}
{

word data;
do

{

//walt for complete conversion
data.high = inp(base+5);

Jwhile{data.high >= 64};
data.low = inp(base+d);

//--->>>MRO

124 printf("\n adc = 8% 8% ",data.high, data.low);

void TRIG{int mode, int base, int channel, counterRegister period, unsigned int k)
{

}
#endif

return data;

outp (base+10, channel) s
outp(base+ll,mode) ;

Py

el
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February 1996

-NNational Semiconductor

DS26LS31C/DS26LS31M-Quad High
Speed Differential Line Driver

General Description Features

The DS26LS31 is a quad differential line driver designed for ~ ® Output skew—2.0 ns typlcal

digital data transmission over balanced lines. The = Input to output delay-—10 ns typical

DS26LS31 meets all the requirements of E!A Standard m Operation from single 5V supply

RS-422 and Federal Standard 1020. It is designed to pro- g Qutputs won't load line when Vo = OV

vide unipolar differential drive to twisted-pair or parallel-wire g Eaur line drivers in one package for maximum package
transmission lines. density

The circult provides an enable and disable function common Qutput short-circuit protection

to all four drivers. The DS26LS31 features TRI-STATE® Complementary outputs

outputs and logically ANDed complementary outputs. The u Meets the re
quirements of EIA Standard RS-422
inputs are all LS compatible and are all one unit load. u Pin compatible with AM26L.531

W Avallable In military and commercial temperature range

Logic and Connection Diagrams

ENABLE  ENABLE INPUT D INPUT C INPUT 8 INPUT A
GND Vee OUTPUT 0 UTPUT OUTPUT OUYPUT DUTPUT ] UTPUT BUTPUT OUTPUY
D1 c2 ct

TL/F/5778-1

Dual-In-Line Package

B & I
INPUT A — LA
3 15
cHaNnEL A [T !
UTRUTS| 3| 1
] CHANNEL D
enasLe— EENGL
[ 12
CHANNEL B ENgHTE
ouTPuTs | 8| 11
. CHARNEL ¢
o—1 10 [ outPuTs
3 8
GND— L nruTC
TUF/STI8-2
Top View

Order Number DS26L.S31CJ, DS26LS31CM,
DS26LS31CN or DS26LS31MJ
See NS Package Number J16A, M16A 01 N16A

1 For Complete Military 883 Speclfications, see RETS Data Sheet.
Order Number DS26L.S31MJ/883 or DS26LS31MW/883
See NS Package J16A or W16A

 TRI-STATE® is a reg of National C

#1006 Nation Semiconductor Comonation  TL/F/5778 RRD-BIOM3E/Printed In U. 8. A, hitp://www.national.com
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'
Absolute Maximum Ratings (Note 1) Operating Conditions
It Milltary/Aerospace specified devices are required, Min Max Units
please contact the Natlonal Semiconductor Sales Supply Voltage, Vg
Office/Distributors for avallabliity and specifications. DSZGL§g1M 4.5 55255 v
Supply Voltage v . DSZGLt 1 . 4.75 . \
emperature, Ta
Input Voitaga w DS26LS31M -85 +125 e
Output Voltage 5.5V DS26LS31 0 +70 C
Output Voltage (Power OFF) -0.25t0 6V
Maximum Power Dissipation® at 25°C
Cavity Package 1509 mW
Molded DIP Package 1476 mW
SO Package 1051 mW
*Derate cavity package 10.1 mW/*C above 25°C; darate molded DIP pack-
age 11.9 mW/°C above 25°C; derate SO package 8.41 mW/'C above
25°C.
Electrical Characteristics (Notes2,3and 4)
Symbol Parameter Conditions Min Typ Max Units
VoH Output High Voltage loq = —20 mA 25 A
VoL Output Low Voltage loL = 20mA 0.5 \
Vid Input High Voltage 2.0 \
ViL Input Low Voltage 0.8 \
e Input Low Current Vin = 0.4V —40 —200 A
Ity Input High Current Vin = 2.7V 20 <A
] Input Reverse Current ViN=7V 0.1 mA
lo TRI-STATE Output Current Vo = 2.5V 20 *A
Vo = 0.5V —20 A
Ve Input Clamp Voltage In = —18mA =15 v
Isc Output Short-Circuit Current | -30 —-150 mA
lcc Power Supply Current All Outputs Disabled a5 0 mA
or Active
Switching Characteristics vee = 5v, 74 = 25°C
Symbol Parameter Conditions Min Typ Max Units
teLH Input to Output Cp = 30pF 10 15 ns
tPHL Input to Output Cp = 30 pF 10 15 ns
Skew QOutput to Output CL = 30pF 2.0 6.0 ns
Wz Enable to Output Cp = 10 pF, 82 Open 15 © 35 ns
thz Enable to Output Cp = 10 pF, S1 Open 15 25 ns
tz2L Enable to Output Cy = 30pF, S2 Open 20 30 ns
t7H Enable to Output Cy, = 30 pF, 81 Open 20 30 ns
Note 1: “Absolute Maximum Ratings” are those values beyond which the salety of the device cannot be guaranteed. They are not meant to imply that the devices
should be operated at these limits. The tables of “Electrical Characteristics” provide conditions for actual device operation.
Note 2: Unless otherwise spacified min/max limits apply across the —55°C 1o + 125°C temperature range for the DS726LS31M and across the 0°C to +70°C
range for the DS26LS31. Al typicals are given for Voo = 6V and Ta = 25°C.
* Note 3: All currents into device pins are positive; all currents out of device pins are negative. All voltages are refy d to ground unless otherwise specified.
Note 4: Only one output at a time should be shorted.
' hitp://www.national.com Y
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Typical Performance Characteristics
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AC Test Circuit and Switching Time Waveforms

TEST
o
1
FROM OUTPUT ,___%
UNDER TEST

€1 (INCLUDES

L -

S
PROBE AND JiG
CAPACITANCE) l 1

Vee

Note: S1 and S2 of load circuit are closed except where shown.
FIGURE 1. AC Test Circuit

v
INPUT l N
7 13V s
& - LK PHL
ouTPUT 1.3v
DUTPOT 13v
tpRL — LY
TL/FIS778-4

{f= 1MHzZ, t, < 15ns, {y S 6ns
FIGURE 2. Propagation Delays

Typical Applications

Two-Wire Balanced System, RS-422

ENABLE

DATA
1/4 0S26L531

*Ry is optional aithough highly

TL/FISTIB-3
ENABLE DISABLE
ENABLE INpUT Y - \
= N
tpz2L
tpL2 — 0.5v
ouTPUT
52 OPEN 13V jch
Vot )
{ TVon !
OUTPU
S10PEN 13v A\ =
0sv
PZH
TUF/STI8-5
f=1MHzt, < 15ns, 4y < 6ns
FIGURE 3. Enable and Disable Times
1/4 DS26L832
P
>0 DATA
3 il QUTPUT
- TU/F/5778-6

ded to reduce refl
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Receivers

General Description

The DS26LS32 and DS26LS32A are quad ditferential lina
receivers designed to meet the RS-422, RS-423 and Feder-
al Standards 1020 and 1030 for balanced and unbalanced
digital data transmission.

The DS26L832 and DS26LS32A have an input sensitivity of
200 mV over the input voltage range of %7V and the
DS261.S33 and DS26LS33A have an input sensitivity of
500 mV over the input voltage range of %15V,

Both the DS26LS32A and DS26LS33A differ in function
from the popular DS26LS32 and DS26LS33 in that input

{ pull-up and pull-down resistors are included which prevent

output oscillation on unused channels.

Each version provides an enable and disable function com-
mon to all four receivers and features TRI-STATE® outputs
with 8 mA sink capability. Constructed using low power
Schottky processing, these devices are available over the
full military and commerical operating temperature ranges.

NNational Semiconductor '

January 1996

DS26LS32C/DS26LS32M/DS26LS32AC/DS26L.S33C/
DS26LS33M/DS26LS33AC Quad Differential Line

Features

m High differential or common-mode input voltage ranges
of 7V on the DS26LS32 and DS26L.S32A and +15V
on the DS26L.533 and DS261.533A

® 0.2V sensitivity over the input voltage range on the
DS26LS32 and DS26LS32A, +0.5V sensitivity on the
DS26L.833 and DS26LS33A

m DS26LS32 and DS26LS32A meet all requirements of
RS-422 and RS-423

W 6k minimum input impedance

M 100 mV input hysteresis on the DS26LS32 and
DS26LS32A, 200 mV on the DS26LS33 and
DS26L.833A

® Operation from a single 5V supply

m TRI-STATE outputs, with choice of complementary out-
put enables for receiving directly onto a data bus

Y auI [ejuaJoId PEND,

Logic Diagram

ERABLE ENABLE INDZ INDY

Imez INcY

Y HHER

INB2 MR ll‘! INM

ﬂlﬂ'ﬂn o

Connection Diagram

Dual-In-Line Package

d U e
— o VCC
WRUTS A [ ) ]gﬁ. 15
= INPUTS B
outruT A =L -2-]
egum—'@ L2, oureut 5
ouTPUT 0 1 12, enamre
e L oureut 0
weutse! ]%‘ 1
2 AL
. o B ] INPUTS D
GND — =
TU/F/5255-2
Top View
TRI-STATE® Is a of Nationat c

OI.ITPUT <

DI.H’FUT 8 Dlﬂﬂll‘ A

TL/F/5256-1
Truth Table
ENABLE | ENABLE . Input Output
0 1 X Hi-Z
See Vip 2 V1 (Max) 1
Note Below Vip < Vyy (Min) 0

HI-Z = TRI-STATE

Note: Input conditions may be any combination not defined for ENABLE
and ENABLE.

Order Number DS26L.532CM, DS26LS32CN,
DS26LS32MJ, DS26LS32ACM, DS26LS32ACN,
DS26LS33CN, DS261.S33MJ or DS26LS33ACN
See NS Package Number J16A, M16A or N16A

For Complete Military 883 Specifications,
See RETS Data Sheet.
Order Number DS26L.S32MJ/883, DS26LS32MW /883,
DS26LS33MJ/883, DS26LS33MW/883
See NS Package Number J16A or W16A

©1996 Nationa! Semiconductor Corporation TL/F/5255

RRD-B30M36/Printedin L. S. A.

hitp://www.national.com
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.| Absolute Maximum Ratings (ote 1)

If Milltary/Aerospace speclfied devices are required, Storage Temperature Range —65°Cto +165°C
please contact the Natlonal Semlconductor Sales Lead Temperature (Soldering, 4 seconds) 260°C
I Office/Distributors for avallabllity and specifications.
i | SupplyVoltage v Operating Conditions
Common-Mode Range :|: 25V Min Max Units
| Differential Input Voltage +25V Supply Voltage, (Vec)
Enable Voltage v ?MsuszsszM. DS26L833M 4.5 55 v
|| Outputsink Current §0mA DS26LS32C,DS26LS33C 475 525  V
Maximum Power Dissipation® at 25°C DS26LS32AC, DS26LS33AC
) Cavity Package 1433 mW (COML)
Molded Dip Package 1362 mw Temperature, (Ta)
SO Package DS261.832 1002 mW . _ .
: DS26LS32A 1051 mW I(DMSli)6L832M. DS26LS33M 55 +125 (3
*Derate cavily package 9.6 mW/*C above 25°C; derate molded DIP package . .
10.9 mW/*C sbove 25°C. ) DS26L832C, DS26LS33C 0 +70 C
" | Derate SO Package 8.01 mW/C for DS26LS32 DS26LS32AC, DS26LS33AC
8.41 mW/*C for DS26LS32A (CoML)

Electrical Characteristics overthe operating temperature range unless otherwise specified (Notes 2, 3 and 4)

l Symbol Parameter Conditions Min | Typ Max | Units
o] v Differential Input Vout = Vou | DS26L.532, DS26L.832A, 7V < Vey < +7V | —0.2| +007| o2 v
i Voltage orVoL DS26L833, DS26LS33A, —15V < Vo +15V | —0.5| z014] 05 | v
| RN Input Resistance —15V < Vg £ -+ 15V (One Input AC GND) 6.0 8.5 kQ
; In Input Current (Under | Viy = 15V, Other Input —15V < Viy < + 15V 23 | ma
Test) Vin = ~15V, Other Input ~15V £ Viy < + 15V —28 | mA
VoH Output High Voltage | Voo = MIN, AViy = 1V, Commercial 2.7 4.2 v
VENABLE = 0.8V, lon = =440 pA | pptary 25 | a2 v
| vou Output Low Voltage | Veg = Min, AVjy = ~—1V, lop=4mA 0.4 v
{ ‘ VENABLE = 0.8V loL = 8mA 045 | V
i Vi Enable Low Voltage Y 0.8 v
| Vig Enable High Voltage 2.0 \Y
H v Enable Clamp Voo = Min, iy = ~18mA —15 v
Voltage
o OFF-State (High | Voo = Max Vo = 2.4V 20 | paA
i Impedance) Output
Current Vo = 0.4V -20 | pA
I, Enable Low Current | Viy = 0.4V —0.36| mA
iy Enable High Current | Viy = 2.7V 20 pA
Isc Output Short-Circuit | Vo = 0V, Vgg = Max, AViy = 1V 15 -85 | mA
Current
lcc Power Supply Voo = Max, All Viy = GND, DS26L.832, DS26L.S32A 52 70 mA
Curmrent Outputs Disabled DS26L.533, DS26LS33A 57 | 80 | mA
Hy Input High Current | Vyy = 5.5V 100 | pA
: Vuyvst | Input Hysteresis Ta = 25°C, Voo = 5V, DS26L832, DS26S532A 100 mv
Vem = 0V DS26LS33, DS26LS33A 200 mv
: Note 1: “Absolute Maximum Ratings™ are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devico
should ba operated at these limits. The table of “Electrical Ch provides conditions for actual device operation,
Note 2: All currents into device pins are shown as positive, all currents out of device pins are shown as neg aX voltages are refi d to ground, unless

otherwise specified. All values shown as max or min are 30 classified on absoluts valua basis.
Note 3: All typical values are Voo = 5V, Ta = 25'C.
Note 4: Only ons output at a time should be ghorted.

http://www.national.com
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Switching Characteristics vec = 5v,7a = 25°C

DS26L.S32/DS26LS33 DS26LS32A/DS26LS33A
Symbol Parameter Conditions - Units
Min Typ Max Min Typ Max
teLH input to Output CL = 15pF 17 25 23 35 ns
toHL 17 25 23 35 ns
tz ENABLE to Output | Cy = 5pF 20 30 15 30 ns
thz 15 22 20 25 ns
tzL ENABLE to Output | C = 15pF 15 22 14 22 ns
tzH 15 22 15 22 ns
AC Test Circuit and Switching Time Waveforms
Load Test Clrcult for TRI-STATE Outputs
TEST
POINT A
? x
FROM OUTPUT
UNDER TEST
Sm TBOR
€y INCLUDES
PRUTE AND.0G o8
CAPACITANCE
I o
S N TL/F/5255-3
Propagation Delay (Notes 1 and 3) Enable and Disable Times (Notes 2 and 3)
Vou ! v —7—(
OUTAUT 13V ENABL 13v
4 weot A el A W
PLH 1PHL - 12t 2
28V QUTPUT " Em osv
OPPOSITE PHASE -~
INPUT TRANSITION | Wy uomtgl VoL ‘uv % ’1Ct a
i wo ez {
TL/F/5255-4 outeur VoM Z_u__l—j—
Note 1: Diagram shown for ENABLE low. NOAMALLY 1 0""7 CF-L;V
Note 2: §1 and S2 of load circult are closed except where shown. HIGH gy 0sv
Note 3: Puise generator for all pulses: Rate = 1.0 MHz; Zg = 50(}; 4, < 6ns; {§ < 6.0 ns. TL/F/5255-5
Typical Applications
Two-Wire Balanced Interface—RS-422
ENABLE ~
1/4 DS26L8324
OATA t outrur
1/4 DS26L831
- - TLIF/5255-6
Single Wire with Driver Ground Reference—RS-423
1/4 0S3831
DATA 1/4 DS2615224
—L?—o DATA
_I_ OUTPUT
- TL/F/5255-7
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Physlical Dimensions inches (miimsters)
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Ceramic Dual-In-Line Package (J)
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2164 (REV L)

Order Number DS26LS32MJ, DS26LS33MJ, DS26L.S32MJ/883 or DS26L.S33MJ/883

NS Package Number J16A
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Small Quttine Package (M)

Order Number DS26LS32CM or DS26LS32ACM

NS Package Number M16A
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Physical Dimensions inches (milimeters) (Continued)
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NIGA (REV E)
Molded Dual-In-Line Package (N)
Order Number DS26LS32CN, DS26LS32ACN, DS26LS33CN or DS26LS33ACN
NS Package Number N16A
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