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BACKGND.C51 — Background task
External — var : timecount
func: -
Descript —

Ipragma CODE SYMBOLS DEBUG /* compiler options */

[* —> header file <«— */ 1IN

#include <STDIO.H>
#include <ABSACC.H>
tinclude "83C51FA.H"
#include "GLOBAL.H"
#include "PID.H"
#include "LCD.H"
#include "BACKGND.H"

/* —> variable defining <— */
/[* —> byte defining */
data unsigned char wd_flag; /* watchdog count out flag */
data unsigned char wd_count; /* watchdog count out counter */
[* —> bit type */
data bit evtimer_on, /* event time turn on flag */
bar_flag, /* display bar flag */
update, /* data need display flag */
fast_flag, /* keyboard fast flag */
ad_test, /* AID test flag */
donelsecl [/* specital key doing one time flag */
err_flag, [* error report require display */
swap_flag; /* display swapping flag */

/* —> structure type */
pstruct vtab[] = {
{"STATUS:", 4, " sv:"." Pv:"" DV:"," MV:", "%4d.%Id",
{RDWR,READ,READ,REA_IQ}," .{0'0'0"_(').}' {1000,1000,1000,1000}},

f' AT ARM". 4. " AT, Al Tr,. uu7'i J1H".

{RDWR,RDWR,RDWR,RDWR},' {0,0,0,0}! {1000,1000,1000,10(30},
{0,0,99.8,998,0,0,99.8,998}},

{"TUNING:", 3, " PB:"" T TD:"" BIl:", "%-6d",
{RDWR RDWR,RDWRRDWR}, {1,1,0,0}, {200,3600,1200,100},
{100,100,3600,3600,0,0,0,0}},

{" ENG:", 4, " TMIN " " T_MAX:","OP_CAL:","0OP_CAL:", "%-6d",
{ FDAWRSRDWRIRDWRIRDWR} , {0 ,070,0}, {3000,3000,3277,3277}}

b

/[* —> integer type */
int tmp[MAXDPAR]; /* temporary use for PID calculation */

main () {
data unsigned char i, j; /* general counter */
/* —> Single rounded main program <— */

95
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/* —> power on delay */
for(i=0; i<255; i++)
for(j=0; j <255; j++);
[* —> watchdog checking */
i f (wd_flag==WD_SET) {
if(++wd_count==COUNT_OUT_DAT) {
err_type = WATCHDOG,
err_set();
send_output();
update = OK; /* require display */
display_routine();
w hile(1);
}
}
61 6
wd_flag = wd_count = RESET;
/* —> initialized display */
init_lcd();
/[* —> Start-up time diagonostic <— */
[* —> 2k RAM checked */
STARTADD = 0x0;
ENDADD = 0x7ff;
if(xramchk()) {
err_type = NV_RAM
err_set();
update = OK;
display_routine();
while(1);

/* —> Non-Volatile event checking */
i f (nv_flag '=NONVOLATILED) {

init_max_engmode(); /* initialized RAM */
nv_fiag = NONVOLATILED; /* SET flag for next test */
}
else
restore_vtab(); /* restore last data */

/[* —> Input type checking */
if(SENSOR_TYPE > 6 ) {

T_Minl fLAG = READ;
TJIAxI FLAG = READ;
timnli = T_MAX_|

0;
timnl £ = tl MAxl £ = O;
else { /* input is sensor */
[* —> Check type of used sensor */
if(sens_buf = SENSOR TYPE) { /* Initialize parameters for the new
one */
init_max_engmode();
senslbuf = SENSOR TYPE;

}
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mode_change = cal_sens_parameter(); /* pre-calculate sensor
condition */

/[* —> Read sv source type (remote/local (P1B7)) */
LOCAL FLAG = (LOCAL_ )? RDWRREAD;

[* PID variable initilized */
/[* —> restore display buffer */
for (i=0 ; KMAXDPAR; i++)
tmpl[i] = vtabtSTATUS].parti].ipar;
/[* —> clear variables */

INTE = INTE.Il : O; /* Integral terra */
DER =DER1 =0; /* Difference term */
pv_|l = PVJF;

/[* —> Pre-calculate PID gain */
store_int2float(TUNING,vtab[TUNING].nparm,1.0);
raode_change = cal_coeff();

/[* —> Set display to data display */

ddisplay = DMODE CHANGE;

update = OK;

[* —> Timer setting */

init_timebase(); /* timebase (250 usee) */

init_event_timer(); /* event timer (1 sec) */

init_system _timer(); /* system timer (sampling timer) (0.1
sec) */

/[* —> Set general purpose variable */

i =0 /* counter reset */

/[* —> Rounded type main program <— */
do {
/[* —> User-input interface routine */
keyboard_routine();
[* —> User-output interface routine */
display_routine();
/* —> Convert user interface data to controller data */
switch (mode_change) {
case ALARm cHANGE
store_int2float(ALARM ,vtab[ALARM].nparm,0.1);
mode_change =-I;
brGak«
case TUNING_CHANGE
store_int2float(TUNING,vtab[TUNING].nparm,1.0);
mode_change = cal_coeff(); /* recalculate PID coefficient */
brsak«
case EMODE CHANGE
mode_change : cal_sens_parameter( );
break;

/* —> Run-time diagonostic <— */
/[* —> Check A/D */



*/

}
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if(ad_test) {
ad_test = NOK; /* protect interrupt function */
ad_min_val = READ _AD(MIN_CHAN);
adlmaxlval = REAdI aD(MAXICHAN);
if{lad_test) {
i f ((ad_min_val>=0x31b)&&(ad_min_val<=0x33b)) { /* check min */
if(ad_max_val<OxffO) { /* check max */

ad max_val =0; /* clear data */
++i; /* increment if error */
if(i==20) { /* displays message if arrive 20 counts
i=0;
err_type = AD_FAIL;
err_set()y
update = OK;
}
else { /* No max error */
1=0; /* clear counter */
err flag = RESET;
}
lise { /* min error */
ad_min_val = 0; /[* clear data */
++T; /* increment if error */
if(i==10) { /* display message if arrive 10 counts

err_type = AD_FAIL;
err_set();
update = OK;

}

}
}

} while (1);
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CALCOEF.C51 — Calculate PID
*/

Ipragma CODE SYMBOLS DEBUG

/[* —> header files <— */

#include "GLOBAL.H" /*
#include "PID.H" /*
#include "CALCOEF.H" /*

coefficient

/* compiler options */

global define */
controller define */
its header */

/* —> calculate difference coefficient */

unsigned char busy; /* flag */

unsigned char cal_coeff() {

float gamma; /[* gamma = Td/Ts */
unsigned char i; /* counter */

gamma = Td_F*(1.0/TS);

/[* —> save to their mirror storages at first */

for(i=0; i<4; i++)
pid_kd[i] = pid_k[il;

/* —> signal to the caller that busy */

busy = BUSY;

/* —> calculate PID gain */

KP = 100/PB_F;

Kl = 0.5*TS*KP/Ti_F;

KD1 = Kd_NUMERATOR/Kd_DENOMINATOR;
KD2 = Kd2~NUMERATOR/Kd~DENOMINATOR;
busy = NBUSY;

return -1;
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/*
DISPLAY.C51 — Display routine
*/
#pragma CODE SYMBOLS DEBUG /* compiler options */

[* —> header file <— */

¢include <STDIO.H> /* standard i/o */

¢include "83C51FA.H" /* CPU register definitions */
#include "GLOBAL.H" /* global define */

#include "PID.H" /[* controller define */
¢include "LCD.H" /* LCD display define */
¢include "DISPLAY.H" /* its header file */

/[* —> function declaration */
void alarm_echo(); [* concurrent alarm display on screen */
void display_error(); [/* error report */

[* —> variable definition */
[* —> alarm swapping in display control variable */
data bit ala_swap;
unsigned char ala_period_cnt;
[* —> bar variable */
unsigned char bhead[MAXBMODE]; /* bar header control variable */
/* —> error message buffer */
char *err_msg[4]- { " NV RAM fa il "1
" Watchdog count out",
/P Loose
- A/D fail

unsigned char err_t);pe; [* error type number */
unsigned char err_disp; /* display error if set */

display_routine() {

alarm_echo(); /* display user alarm */
iflupdate) {
if(err_flag) {
display_error(err_type);
errldisp = SET;
ddisplay = DPAR CHANGE;

else {
if(err_disp) {
err_disp = RESET;

PT.T?AP TITGIPT AV*

ddisplay = DMODE CHANGE;

13
i1 f (!Iswap_flag) { /* function "OS" */
DISPLAY_CONTROL(Oxc); /* turn off cursor */
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MOV_CURSOR(MAN_LOC); [* display auto/manual */
if(MAN_FLAG)
printf("MA:");

else
printf("AU:") ;
if(bar_flag) { /* bar display */
if(lbmode) { /[* prompt on row 2 */
bhead[0] = display_bar(bparl, ROV, bhead[0], INERT);
bhead[l] = display_bar(bpar2, ROAM2, bheadfl]. ACTIVE);
bhead[0] = display_bar(bparl, ROWl, bhead[0], ACTIVE);
bhead[l] = display_bar(bpar2, ROA2, bhead[l]. INERT);
}
else /* data and modified display */
display_data();
update = NOK;

else { /[* function "Disp" */
if(bar_flag) [/* bar display */
RESTORE BAR,;
else { /* data display */
SAVE BAR;
CLEAR DISPLAY;
ddisplay = DMODE CHANGE;

}
swap_flag = RESET;
}

void alarm_echo() {

MOV_CURSOR(ALA LOC); /* set to alarm warning position */
switch(P3!0xe7) { /* determine alarm event */
case SEVERE NORMAL:
case SEVERE ALARM:
i f (ala_swap)
printf(" ");

printf("**");
brGak«
case NORMAL ALARM:
printf( * ");
break;
default
printf(" ");
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void display_error(unsigned char err_nbr) {
MOV_CURSOrThOME);

printf(err_rosg[err_nbr]);

}
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DISPJ3AR.C51 — DISPLAY BAR ROUTINE

*/

#pragraa CODE SYMBOLS DEBUG /* compiler options */

/* —> header files <

¢include
¢include
¢include
¢include
¢include

<STDIO.H> | *
"LCD.H" /*
"GLOBAL.H" /*
"PID.H" /*

"DISP_BAR.H" /*

standard function call =/
user output display */
general declaration */
PID declaration */

its header */

[* —> variables defining <— */
static unsigned char barlbufferffMAXBARCELL] =
{" SV:

SV: "}

unsigned char display_bar(bpar, row, head flag, status)
unsigned char bpar; /* parameter counter */
unsigned char row;  /* th row to show */

unsignedchar head_flag;

/* head echoed flag =/

unsigned char status; /* row status =/

{

int

if(hea

ipar, /* parameter counter */
i; /* general counter */

d_flag)

/* bar name already echoed */

MOV CURSOR!row+OFFSET+7);

else {

[* bar name not echoed yet */

MOV_CURSOR(row+OFFSET+4);
printf("%3s"1l Vtab[STATUS].pchr[bpar]+4);

}
if(bpa

r 1= DV) {

ipar = (vtab[STATUS].par[bpar].ipar+5)/100;
i f (iparCO)

ipar = 0;
/* modified to 10% resolution */

for(i=0; i<=9; i++) {

i f

}

(ipar) {
putchar(BLACK);
--ipar;

else

}
putc

else {

putchar(’_");

har(0x20);

/* sending black cursor */

/* sending underscore */

ipar = vtab[STATUS],par[DV].ipar/200+6;
/* modified to 20% resolution */
i=1; i<=Il; i++) {

for(



i f (i==MID_REL)

putchar(’!’);
i f (i<MID_REL)
if (i>=ipar)
putchar(BLACK);
else
putchar();
else
if(i<=ipar)
putchar(BLACK);
else
putchar( ) ;
} }
MOV_CURSOR( row+OFFSET+3);
if(status)
putchar(’>");
else
putchar(’ ');
return ECHOED,

move_bar(unsigned char direction) {
data unsigned char i, j;

for(i=0; 1<NBR_ROW, i++)
for(j-0; j <NBR_COL; j++)
if(i) {
MOV_CURSOR(j+0x40);
if(direction)
bar_buffer[[*NBR_COL+j] =
61 6

rd_dat();

wr_dat(bar_buffer[i*NBR_COL+]j]);

MOV_CURSOR(j );

bar_buffer(i*NBR_COL+j] =
61S0

rd_dat();

wr_dat(bar_buffer[ i*NBR_COL+j]);
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/*

DISP_DAT.C51 — Display Data

%

#pragma CODE SYMBOLS DEBUG /* compiler options */
/* —> header files <— */
#include <STDIO.H> /* - standard output declaration header file
«include "83C51FA.H" /* - CPU type declaration */
«include "GLOBAL.H" /* - general declaration */
«include "PID.H" /* - PID declaration */
«include "LCD.H" /* - user display */
«include "DISP_DAT.H" /* - local declaration =/
display_data() {
int quotient, remainl;
switch (ddisplay) {
case DMODE CHANGE: /* mode message job */
MOV_CURSOR(STR_DMODE); /* echo mode =/
printf("%6s", vtab[dmode] Imchr);
case DPAR CHANGE: /* group message job */

MOV_CURSOR(STR_DPAR);
printf("%6s', vtab[dmode].pchr[dpar]);

case DDAT CHANGE: /= data message job */
MOV_CURSOR(STR_DPAR+7);
switch (dmode) { /* which mode to display =/
case TUNING: /* tuning mode */
printf(vtabfdmode].fchr, tmp[dpar]);
brG 8.k *
case ALARM: [* PID alarm */
case STATUS: [* its value */
quotient = tmp[dpar]/10;
remainl = tmp[dpar]%10;

if((tmp[dpar]>=-9)&&(tmp[dpar]<0))
printf(" -%Id.%Id", quotient,remainl);
else
printf(vtabfdmode].fchr, quotient, remainl);
brG ak!
case ENG /* ENGineering MODe */
switch (dpar) {
case TMIN :
case T MAX :
printf(vtabfdmode].fchr, tmpfdpar]);
break;
case OP 0 : /~ output offset */
printf("< 0%%>");
break;
case OP_100 : /* output span */
p rin tf("<100%%>") ;
break;
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}

break;

}

break;

}
ddisplay = RESET; /* reset display flag when already done */
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/*
GETKEY.C51 — get user key
note This file is used by printf function. So user should link
this program to used library at first. At this time use
C51L.LIB standard library.

epragma CODE SYMBOLS DEBUG /* compiler options */

/* —> header files <— */

¢include <reg51.h> [* CPU register define */
¢include <absacc.h> /* absolute address access */

edefine USER KEY XBYTE[0x8000]

extern bit user_keyboard;
extern get_user_key();

char _getkey () {
return USER KEY;
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J%

KEYBOARD.C51 — Keyboard service routine
External — var : timebase
func: -
Descript —
*/

#pragma CODE DEBUG SYMBOLS /* compiler options */

[* —> header files <— */

#include <STDIO.H> /* standard i/o defined */
linclude "83C51FAH" [/* CPU defined */
#include "GLOBAL.H" /* global defined */
linclude "PID.H" /* PID system defined =/
linclude "LCD.H" /* display defined */
linclude "KEYBOARD.H" /* keyboard defined */

/* control panel counter declaration */
[* data display */
data unsigned char dmodel /+*+ mode */
dpar, /* parameter */
/* bar display */
bmodel /* mode */
bparl, /* parameter for row 1 */
bpar2; /* parameter for row 2 */
/* engineering data display */

data unsigned char keybuf; /* keyboard buffer */

unsigned char ddisplay; /* display change */

unsigned char mode change; /* mode change determine by calcoef
*/

_[* mode move from tmp to vtab flag */
unsigned char cast_flaglMAXDMODE] = {CAST,CAST.CAST,CAST};

/[* function declaration */

keyboard _routine(); /* keyboard_routine */
void service_one_key(); /* key service */
void save_mode_tmp(void); /[* save tmp[] to vtab[] =/

void restore_mode_tmp(void); /* restore vtab[] to tmp[] */

unsigned char alarm_update(); /* update float data alarm */

void store_int2float(); /* store integer to floating point storage
* |

keyboard_routine() {
void service_one_key();

if{lupdate) {
if(_getkey() !'= NOPRESS) ({ [* if key is pressed */
keybuf = _getkey();
[* turn on timer if not yet */
if (levtimer_on) {
/* set next match to compare with timebase */
CCAP1L = CL+LOW T SFAST;



109

CCAPIH = CH+ (unsigned char) Cy+ HIG_T_SFAST,;

CCFlL = RESET; [* clear event timer interrupt flag */
CCAPML = 0x9; /* enable event timer interrupt */
evtimer_on=0N; /* timer flag on */

}
if(fast_flag &% (keybuf!=ISPARA)) { /* fast flag on & neglect PAR
key */

service_one_key(keybuf); /* service alternate function
of key */
update = OK;

}

else { /* determine release or nopress key */
[* getkey s till in keybuf */
i f (keybufl=NOPRESS) { /* release key */
service_one_key(keybuf);
keybuf = NOPRESS,

update = OK;
}
fast flag = donelsec = OFF;
evtimer_on = OFF; /[* reset event timer x/
CCAPML &=0xf6; /* reset PCA module 0 */
}
}
}
void service_one_key(unsigned char key) {
unsigned char i; /* general counter */
void save_mode_tmp(); /* save tmp[] when mode pressed =/

void restore_mode_tmp(); /* restore tmp[] when mode pressed */
switch(key) {

case ISAUTOMAN:
if(!fast_flag) { /* function "OS" */
if ((dmode!'=EMODE)&&('err_flag)) /* If not engineering mode */
MAN FLAG = "MAN_FLAG; /* swapp auto/manual flag */

MAN FLAG = RDWR, /* Mode ENG, lock to manual */

else { /* key function "Disp" */
keybuf = DUMMY;
if(!donelsec) { /* protect for doing one time only =/
if(lerr_flag) {
bar_flag = ~bar_flag;
if('bar_flag)
tmp[dpar] = vtab[dmode].par[dpar].ipar;
}

61SG

bar_flag = RESET;
swap_flag = SET; /* changing display */
donelsec = ON,
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}
}

case ISMODE:
if(!fast_flag) { [* function "M" */
if(!'bar_flag) { /* data display */
mode_change = draode; /* calculate old mode */
cast_flag[dmode] = CASTING; /* need cast to type float =/
save_mode_tmp(); /* save last mode */
if(lerr_flag) {
dmode = (++dmode<NDMODE)? dmode:0;

dpar = 0;

}
dmode = STATUS;
dpar = W;

restore_mode_tmp(); /* restore current mode */
ddisplay = DMODE CHANGE;

else [* bar display */
bmode = (++bmode<MAXBMODE)? bmode:0;

else { /[* function MENng" */
keybuf = DUMWY;
if (ldonelsec) {
H olaoP — awr
if(!'bar_flag)'{ /= data mode =/
mode_change = dmode;
save_mode_tmp( );
if(lerr_flag) {

dmode = EMODE;
dpar = 0;
}
dmode = STATUS;
dpar = MV;
restore_mode_tmp(); /* restore current mode */
MAN FHLAG = RDWR
ddisplay = DMODE CHANGE;
}
}
.
br Gk!
case ISPARA: /= function "p"*/
if(bar_flag) { /* bar display */
i f (!bmode)
bparl = (++bparl < MAXBPAR)? bparl:0;
G1SG

bpar2 = (++bpar2 < MAXBPAR)? bpar2:0;
bhead[bmode] = ECHO,



}

else { /* data mode */
dpar = (++dpar<vtab[dmode] .nparm)? dpar:0;
ddisplay = DPAR CHANGE; /* status on */
}
birGcik «
case ISUP /* function "Up" or "Down" =/

case ISDOWN

/* check range first for specified mode */

switch (dmode) {

case BMVODE

switch (dpar) {

MIN_TMAX_i

break;

MAX_TMIN_|

break;

tmp[T_MINJ;

tmp[T_MAX];

OPIICO:

vtab[EMODE].par[dpar].ipar
vtab[EMODE].par[dpar].fpar

break;

break;
case ALARM

tmp[dpar];
(float) tmp[dpar]*.01;

switch (dpar) {

MAX_ALJ
MIinl all i

break;

case AH :

MAX_AH |
MInl ahl i

break;
case HH

MIN_HH_|

break;
case LL

MAX_LL_|

break;

break;

= tmp[AH] ;
= tmp[LL]J;

tmp[HH];
tmp[AL];

tmp[AH];

tmp[AL];

}
/* Use these cases if data display AND its flag = RDAR */
i f (vtab[dmode].flag[dpar] & ('bar_flag)) {

if(key==ISUP)

tmp[dpar]

else
tmp[dpar]

(++tmp[dpar]>vtab[dmode],max[dpar])?
vtab[dmode].max[dpar] tmp[dpar];

(—tmpfdpar]<vtab[dmode].min[dpar])?
vtab[dmode].min[dpar] tmp[dpar];
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ddisplay = DDAT CHANGE;

break;

}
}

/* move tmp[] to table variables */
void save_mode_tmp() {
unsigned char i;

for(i=0; i<vtab[dmode].nparm; i++) /* save old mode */
iffvtab[dmode].flagti] = RDWR
vtab[dmode].par[i].ipar = tmp][i];
}

/* load trap[] with table variables */
void restore_mode_tmp(void) {
unsigned char i;

for(i=0; i<vtab[dmode].nparm; i++) /* load new mode */
tmpl[i] = vtab[dmode].par[i] .ipar;
}

void store_int2float(mode, num_para, multiplier)
unsigned char mode;
unsigned char num_para;
float multiplier;

unsigned char i;
for(i=0; i<num_para; i++)
vtab[mode].parJi].fpar = ((float)
vtabfmode].par[i].ipar)*m ultiplier;

}

void err_set() { /* error set global variables routine =/

err_flag = SET;
MAnl FLAG = RDWR
dmode = STATUS;

bar_flag = RESET;

/* —> check output set DIP switch */
MV_| = (OP..SET)? 0:1000;

tmp[3] = MV_I;
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1%
LCD.C51 — LCD display

Include LCDH — LCD declarations header file
Function: init_lcd (), wait(), wr_inst(), rd_inst(), wr_dat(), rd_dat()
note : before the operation to read or write the data port,user
should
set the instruction port (by using "wr_inst" function)
wliO1 hiOr
DD RAM address or OG RAM address.
*/

#pragraa CODE SYMBOLS DEBUG /* compiler options */

[* —> header files <— =/
#include <ABSACC.H> /* absolute address access */
#include "LCD.H" /* user display defined header */

void wr_inst();
void wr_dat();
unsigned char rd_inst();
unsignhed char rd_dat();

A initialized LCD routine 1
init_lcd() {
data unsigned char i,j;

LCd" i NST Wr'= 56; /* 8bit 2row 5xl0dot */
for(i=1; i<=100; i++);

I}DISPLAY_CONTROL(12); [* display on cursor off blink off */

CLEAR d7sPLAY; /= clear display =/

SET ENTRY(6); /* increment shift =/

SET_CGRAM(0);

for(i=0; <7, ++i)
WRTTTT

RETURN_HOME; ' /* return home */

/* busy waiting routine * |

while(LCD_INST_RD&0x80);

/* write instruction port */
void wr_inst(unsigned char inst_data) {

LCD_INST WR : inst_data;
}



/* read instruction port */
/*
unsigned char rd_inst() {
wait()]j
return LCD_INST RD;
}
*/
/* write data port */

void wr_dat(char c) {

1 cdmt_we = C;

/* read data port */
unsigned char rd_dat() {

wait();

return LCD_DAT_RD;

114
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/*
LINEAR.C51 — software linearlized function
*

/*
DIP switch define type of sensor location

Note for Thermocouple the value are

TYPEB 0x0
typel e Ox1
typel j 0x2
typel k 0x3
TVPP p Ox4
20 i 0x5
typel t 0x6
Note for Pt 100 RID the value are (spare)
DISABLE 0x8 ; disable sensor and use standard current

This means defined sequence of look-up table
should be followed this rule.

#pragma CODE SYMBOLS DEBUG
#include "83c51fa.h”
#include "pid.h"

/* look-up table define value =/
#define VALUE_X( ) sensor_table[n].value_x
#define VALUE~Y(n) sensor_table[ ].value_ y
#define SLOPE(N) sensor_table[ ].slope
#define OFFSET(n) sensor_table[n].offset

/* variable declaration x/
/* local type */
/= sensor buffer */
unsigned char sens_bufj
/* look-up table data structure */
typedef struct ({

float value_x; /* independent variable such as characteristic
voltage */
float value_y; /* dependent variable such as temperature */
float slope; /* linear equation slope */
float offset; /* linear equation offset */
}table; /* structure of sensor lookup table =*/
#include "linear.h" /* sensor look-up table */

/[* Offset of the first data of each sensor type, the first is 0. */
1% Type J} O T*/
code unsigned char lin_offset[]] = { 0, 9, 14, 18, 23, 29, 35};
/* Number of data of each sensor type. */
/* Type B, E, J, K, R, , T*/
code unsigned char lin_set[]] ={ 9, 5, 4, 5, 6, 6, b5}
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float gain; /* opamp gain */

float x_delta; /* max-rain of independent variable */

float x_max; /* max of X that give output of OpAmp 5 V */
float 27 /+ standard voltage offset */

float y range_100;

/* function declaration */
float find_x_value(float y_value);
float convert{float delta_ratio, float rain, float y);
float linear_and_convert(float x);
unsigned char cal_sens_pararaeter();

function convert — convert the sensor value to % of sensor value
argument
y : the value which w ill be converted
delta_ratio : 100/(max-min)
rain minimum value
call none
called linear_and_convert(), forground_routine() (module SYSTIME)
return %of full scale ofargument
*/
float convert(float delta_ratio, float min, float y) {
return delta_ratio*(y-min); /* convert to % of full scale */
}
S
function linear_and _convert - linearlize, deam plification and find
the corresponding sensor value from standard input voltage.
argument X ;digital value from input
variable
global gain
VALUE_X()
OFFSET()
local
return y P concnr XTa 1110
call convertd0 (module LINEAR)
called forground_routine() (module SYSTIME)
purpose Find the corresponding sensor value
*/

float linear_and_convert(float x) {
unsigned char ;
unsigned char offset;

offset = lin_offsetfSENSOR_TYPE];
X = (x-z)lgain; /* deam plification the input */
for(n=0; <lin_set[SENSOR_TYPE]; n++) [/* look-up table */
if(x > VALUE~X(offset+nT)
continue ;
else
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break;
return
convert(y_range_100,T_MIN_F,SLOPE(o ffse t+ n )*X+OFFSET(o ffset+n)) ;

}

/*
function cal_sens_parameter - calculate sensor parameter
argument  none
variable
global T_MIN_F - minimum value of Y (such as Temperature) defind
by user
T MAX F - maximum value of y
VALUE_Y() - maximum of Y of sensor table which is able to
use its linealized
equation.
OFFSET() - offset of sensor table equation
SLOPE() - slope of sensor table equation
x_max - maximum of independent variable which is
corresponded to T MAX F
x_delta - delta variable which is x_max-x_min
gain - opamp gain
z - standard voltage offset
y_range_100 - coefficient for calculate dependent variable
local - counter
offset - for sensor linearlized data array offset
call : none
called main (module BACKGND)
description : sensor parameters are x_min, op_gain_i, y_range_100.
These parameter
are calculated only once when turn on the controller for calculate
the range of the
sensor.
*/

unsigned char cal_sens_parameter() {
unsigned char ;
unsigned char offset;

vtab[ENG].par[ ].fpar = (float) vtab[ENG].par[ ].ipar*.01;
if(SENSOR_TYPE <= 6) {
for(n=0; <2; n++)
vtab[ENG].parfn].fpar = (float) vtab[ENG].par[n].ipar;

X_max = x_delta = find_x_value(T_MAX_F); /* find max value first
*/

x_delta -= find_x_value(T_MIN_F); /* next find min value and
make delta value */

gain = 3276.8/x_delta; /* OpAmp gain */

y range_100 = 100/(T_MAX_F-T_MIN_F); /* mitiplier of Y */

}

return -1;
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float find_x_value(float y_value) {
unsigned char ; /* general counter =/
unsigned char x_offset; /* offset of sensor table array =*/

x_offset = lin_offsetfSENSOR_TYPE];
=0
while(n<lin_set[SENSOR_TYPE]) {
if(y_value > VALUE_Y (x_offset+n)) {
++IT;
continue ;

else
break;

return (y_value-OFFSET(x_offset+n))/SLOPE(x_offset+n);

init_raax_engmode() {
T MAX F = VALUE_Y(lin_offse t[ SENSOR TYPE] +1in _se t[ SENSOR TYPE]-1);
MAX_TMAX | = MAX TMInl i = T.MAX_| = (int) T_MAX_F;
OP 0 F = 25;
OPIloll = 2500;
Opl i OO _F=16.384;
ol i ol i =1638;
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/*
PUTCHAR.C51 — Put a character to standard output

note this routine is used standard output routine. So it should be
linked to used

standard library at first, (now use C51L.lib)
*/
#pragraa CODE SYMBOLS DEBUG /* compiler option =/

/* —> header files <— */
#include <REG51.H> /* CPU register define */

extern void wr_dat(); /* user defined display function */

char putchar (char c¢) {
wr_dat(c); /* user defined routine */
return c;
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/*

SA12.C51 — 12 bits Successive Approximation
Include : SA12H — its header file
Descript

Specification using with 12 bits A/D, D/A hardware.
input standard voltage analog signal (1-5V)

output: modified digital data 0-4095 for (1-5V)
method:

first do 12 bits successive by CPU
next convert from 0-5V range to 1-5V range digital

data.
*
epragma CODE SYMBOLS DEBUG /* compiler options */

[* —> header files <— =y

e¢include "83C51FA.H" /* CPU register define */
¢include "GLOBAL.H" /* global define */
¢include "SA12.H" [* its header file */

/* —> variables define (not used in these module) */
unsigned ad_max_val; /* value from MAX CHAN */
unsigned ad_min_val; /* value from MIN_CHAN */

delayO {
data unsigned char i;

for(i=0; i<2; i++);

}
[* - 12 bits a/d successive approximation function -------------- */
unsigned sal2(unsigned char channel) {

data unsigned result;

/* mask bits, enable mux and clear MSB nibble */

result = 0;

P2 1= OxfO; /* clear mux to no value first */

delay();

P2 =0;

P2 j= channel; /* set channel */

PO = 0Ox0; /* reset PO and delay mux */

P2B7 = ON; /* turn on mux */

/+ successive approximation begin here =/

delay();

P2B3 = 1;

delay();

if(COMP)

P2B3 = 0O;

P2B2 = 1,

delay();

if(COMP)

P2B2 = O;
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if(COMP)

P2B1 = O;
P2BO = 1;
delay();
if(COMP)

P2BO = O;
POB7 = 1;
delay();
if(COMP)

POB7 = O;
POB6 = 1;
delay();
if(COMP)

POB6 = O;
POB5 = 1;
delay();
if(COMP)

POB5 = O;
POB4 = 1;
delay();
if(COMP)

POB4 = O;
POB3 = 1;
delay();
if(COMP)

POB3 = O;
POB2 = 1;
delay();
if(COMP)

POB2 = O;
POB1 = 1;
delay();
if(COMP)

POB1 = O;
POBO = 1;
delay();
if(COMP)

POBO = 0O;
result '= (P2 & Oxf);
result <<= 8;
result = PG
P2 '= PO = 255;
return result;
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SYSTIME.C51 — system timer (sampling timer)

*/

#pragma CODE SYMBOLS DEBUG /*

/* —> header files <— */
¢include <STDIO.H>
#include "83C51FA.H"
#include "LCD.H"

¢include "GLOBAL.H"
¢include "PID.H"

compiler options */

/* standard input output */
/* hardware header =/

/* display header */

/= global defining =/

/= PID defining */

¢include "SYSTIME.H" [* its header =/
/* - internal variable declaration */
/* — hardware control variable */

unsigned char
— PID variables =y

nv flag; /* NV RAM flag */

float PROP  /* PROPortional */
float INTE, INTE_1 /* INTEgral present and last event =/
float DER, DErli /* DERIivative present and last event
float sv_| /= Sv last event */
float pv_| /+ pv last event */
float dv_|I /+ dv last event */
float pid_k[4] /= PID gain array (kp,ki kdl,kd2) */
float pid_kd[4] /+ PID gain array mirror */
float k_templ[2] /+ PID gain tempory buffer transfer
*/

— general counter */

data unsigned char j; [+ counter =/
/* — Output buffer structure =*/

data union {

structf

unsigned char high; /* High nibble of 12 bits D/A */
unsigned char low; /* 8 bits left */

} bite; /* byte pattern format =/

int word; /* word pattern format */
} mv_out; /* name of the variable */

/* - internal function declaration */

void save_vtab();
void restore_vtab();

void init_system _timer();

void send_output();

forground_routine(void) interrupt 6 using 1 {

if(CCFO) {
EC = RESET:
QOFO = RESET:

/

* CCON.O PCA module O interrupt */

/* Disable PCA interrupt */
/* Clear Module 0's interrupt flag */
[* —> Turn on watchdog timer at first time */

122
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i f (( CCAPM4&OX7f )!=0x48)
CCAPWM = 0x48;
/[* —> set next match of watchdog timer */

wd_flag = WD RESET; /* reset watchdog flag */

CCAPAL = CL+LOW_ MATCH; /* load low and turn off comparator */
/* load high and turn on comparator */

CCAPAH = CH+(unsigned char) CY + HIG WMATCH,;

wd_flag = WD _SET; /* set watchdog flag */

/* —> set next_match of system timer */

PPAPHT 4= MATP.P*

CCAPCH += (unsigned’char) CY + HIG MATCH,;
/* —> Get PV */

/* linearlize and convert */
if(SENSOR_TYPE <= 6)

PV_F = linear_and_convert((float) GET_VAR(PV_CHAN));

PV_F = (convert(PV_RANGE100, PV_MIN, (float)
GET_VAR(PV_CHAN))*1.0 5);
if ((PV_F<=pv_I+0.4)&&(PV_F>=pv_1-0,4)) /* Rounding error */

(fa Is ie [« LOCAL*/
SV F = (float) SV_I1*0.1;
else /* REMOTE =/

SV_F = (convert(SV_RANGE100,SV_MIN, (float)
GET VAR(sV_CHAN))*1.0 5);
if ((SV_F<=sv_I|+0.4)&&(SV_F>=sv_1-0.4)) /+ Rounding error */

/* --> Calculate DV =/
DV F = (DIRECT_ )? SV_F-PV_F:PV_F-SV_F;
[* —> Check PV on range */
i f ((PV_F>=LL_F)&&(PV_F<=HH_F)) {
NO SEVERE ALARM = SET; /* no severe alarm =*/
i 17 (PV_F>-AL_F)&&(PV_F<=AH_F))
NO NORMAL ALARM = SET;

NO NORMAL ALARM = RESET;
ala_period_cnt = 0;

}

NO_SEVERE ALARM = RESET; /* severe alarm =/
if(++ala_period_cnt==5) {

ala_swap = Vvala_swap;

ala_period_cnt = 0;

}

/* —> Check miss of PV or sv ( input loose ) =/

i f ((PV_F>=-0.5)&&(PV_F<=100.5)&&(SV_F>=-0.5)&&(SV_F<=100.5)) {
errflag RESET;
ad_test OK; /* enable A/D test */

else {
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err_type = IP_LOOSE;

err SGt()

ad_test = NOK; /* Bypass A/D test */
/* —> calculate PROP at first */

PROP = (PID1_ )? (KP*PV_F) (KP*DV_F);

PROP = (PID1_ )? (KPD*PV_F) (KPD*DV_F);
/* —> Calculate MV =/

if(MAN_FLAG) { /* "OS" = "MA:"nual */
MV F = ((float) MV_D*0.1;
INTE = MV F - PROpT
else { /[* "OS" = "AU:"to */
INTE = INTE_1 + KI*(DV_F+dv_I);
DER = KDI*DER 1 + KD2*(PV_F-pv_I);
}
INTE = INTE_1 + KID*(DV_F+dv_l);
DER = KDID*DER 1 + KD2D*(PV~F-pv_I);
}
MV F = PROP+INTE+DER;
/* —> Check MV out of range */
if(MV_F < MV_MIN) { /= lower lim it =/
INTE = INTE_1 + MV_MIN-MV_F;
MV.F = MV_MIN;
}
if(MV.F > MV.MAX) { [* upper limit */
INTE = INTE_1 + MV_MAX-MV_F;
MV.F = MV_MAX
}

/* —> Send output to plant */
send_output();
/* --> Save STATUS variables */

i f (Vtab[STATUS]!flag[j ]==READ) {
vtab[STATUS].par[j] .ipar = (int) (vtab[STATUS].par[j].fpar*10);
tmp[j] = (l/dmode)? vtab[STATUS].partj].ipar tmp][j];
/* Not echo if display is not in status mode or bar display */

}

/* —> Save for next calculation */

sv_| = SV_F;

/* integral term =/
INTE_1 = INTE; /* save to INTn-1 =*/
dv_lI = DV_F; /* save to DVn-1 4/

/= difference term */



DER 1 : DER; /* save to DERn-1 */
pv_| = PV_F /* save to PVn-1 */
[* —> display the result if "M’ = "STATUS" */
i f (!dmode) {
ddisplay = DDAT_CHANGE;
update : OK;
}
GlS6
update = NOK;

i f (!mode_change) {
cast_fiag[STATUS] = CAST;
mode_change = -1;

/[* —> save all variables to their buffer */
save_vtab();

[* —> Enable PCA interrupt (all timer interrupt) */
EC = SET;

/* event timer routine */
if(CCFI) /* event timer interrupt */
PPI7L —ézrlq:r-

CCAPMI 4= 0xf6; /* disable event timer interrupt */
fast_flag = ON; /* turn of fast flag */

}
}
}

void send_output() { /* copy the current MWV to plant */
/[* —> modified MV on range ¢/
mv_out.word = (int) (OP_100_F*(MV_F+OP_0_F));
[* —> sent W */
P2 : mv_out.bite.high;
PO = mv_out.bite.low;
[* —> Activate holding circuit - on->off */
for(j=0; j<2; j++); [* DIA delay */

OUTEN : O;
for(j=0; J<10; j++); [* Holding circuit delay */
OUTEN C1;

void init_systera_timer() {
/* Set time base to timerO overflow */
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CH = 0;
CL = 1; [* Reset PCA time base counter */
[*  Module 0 in Software Timer mode .1 sec *|
* turn on comparator and matching condition */
/* - EOOMO CAPPO CAPNO MATO TOGO PAMD ECCFO */
CCAPMO : 0x49; [* 0 1 0 0 1 0 0 1 =/
/* initialized system timer Compare CAPture register pair */
CCAPOL = 0x90; /* write low byte with matching datalow(400) */
CCAPOH = 0x01; /* high(400) */
/* Module 4 in Watchdog timer mode .1 sec */
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/* turn on comparator and matching condition * |
/* ECOWM CAPP4 CAPNA MAT4 TOA PAMVM ECCF4 */
CCAPM = 0; /* 0 0 0 0 0 0 0 0o *
1* initialized watchdog Compare CAPture register pair %]
CCAPAL = O xff; /* reset watchdog timer to maximum %/
CCAPAH = Oxff ;
/* set PCA Counter Mode register %/
1* CIDL WDTE - CPS1 CPSO ECF Vv
aGMD = 0x44; /* 0 1 0 0 0 1 0 0 *
[* Turn on PCA interrupt \VJ
EC = ON; /* 1E.6 (IE=0xA8, IE.6=0xAE) * |
/* Turn on global interrupt */
EA = ON; /* 1E.7 (IE=0xA8, IE.7=0xAF) *|
1* Turn on PCA timer *|
xR = ON, /* CCON.6 (CCON=0xD8, CCON.6=0OxDE) *|

void save_vtab() {
unsigned char i,j;

for(i=0; KMAXDMODE; i++) {
for(j-0; J<MAXDPAR; j++) {
if(i=-STATUS)
vtabs[STATUS].flag [j] = vtab[STATUS].fla g [j];
vtabsfil.mintj] = vtab/[i].min[j];
vtabs[i].max[j] = vtab[i].max[j];
vtabs|[i].par[J].fpar = vtab[i].partj].fpar;
vtabsti].par[j].ipar = vtab[i].partd].ipar;
}
}
}

void restore_vtab() {
unsigned char i,j;

for (i=0 4 i<MAXDMODE; i++) {
for(j=0; j<MAXDPAR; j++) {
if(i==STATUS)
vtab[STATUS].fla g tj] = vtabs[STATUS].fla g tj];

vtab[i].mintj] = vtabs[i].mintj];
vtab[i].max[j] = vtabsti].maxtj];
vtabti].partj].fpar = vtabsti],partj]efpar;
vtabti].partj].ipar = vtabsti].partd].ipar;
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%
TIMEBASE.C51 — PCA timebase initialization
*/
#pragma CODE SYMBOLS DEBUG /* compiler options *|

[* —> header files <— */
#include "83C51FA.H" [* crpu register define */
#include "GLOBAL.H" global define */

—_—
*

void init_timebase(void) { /* hardware dependent */

™D = 2; /* set timer 0 to 8 bit auto-reload */
THO = 6; /* 250 usee set */
ETO = 0; /* disable timer O interrupt */
TRO = ON; /* turn on timer 0 */
/*
function init_event_timer - Initialized event timer
description
pattern of CCAPML - PCA Module Compare/CAPture register module 1
b it 71 6 1. 5 1 4 1t 3 1 2 1 11 o i
name « 1 ECOML!CCAPP1! CAPN1! MATL ! TOG1 | PAML ! ECCF1 !
set 0! 1 10 ! 0 i 0 i 0o ! 0 i 0 [
note
bit 6 - enable comparator function
bit 3 - matching condition switch disable at first
bit 0 - module 1 interrupt disable at first
*/

void init_event_timer(void) {
CCAPML = 0x40i
}
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/*
XRAMCHK.C51 — RAM test program prevents crashes

Function . xramchk();

argument pass by register
R4:R5 = start address
R6:R7 = end address
(bankO selceted)

Called main

return 0O no error

1 pattern Ox55 (even bits set) test error

2 ! pattern Oxaa (odd bits set) test error

3 walking ones test error

4  memory range test error

descript Test external RAM. Argument are passed at the internal RAM

location by variable "startadd" and "endadd".
*/
#pragma CODE SYMBOLS DEBUG /* compiler options */

[* —> header files <— */

#include "83C51FA.H" [* CPU register define */
#include <ABSACC.H> /* absolute address access */
#include "PID.H" /* controller define */
#include "XRAMCHK.H" /* its header file */
unsigned char xramchk() {
data unsigned = [* address counter o/
data unsigned char tmp; /[* temporary storage */
data unsigned char bumper; [* start address bumper */
data unsigned char shift; /* variable for walking ones test */
data unsigned char err; [* error report *

/* at first no error */
bumper = XBYTE[ STARTADD]; [* bump start address before test */
XBYTE[STARTADD] = BUMpJ jAT; /* Ox5a is bump data */
for(i-STARTADD+1; i<=ENDADD; i++) {

tmp = XBYTE][]; /* save data */
XBYTE[ i ] =EVEN_DAT;
i f (XBYTE[ i ] ==EVEN_DAT) {
XBYTE[1 ]-ODD_DAT;
i f (XBYTE[i ]=-ODD_DAT) {
shift = 1;
while(shift) {
XBYTE[i]=shift;
if(XBYTE[i]==shift) {
shift <<=1,;
continue;

else {
err = 3;
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break;
}
}
}
else
err = 2;
else

XBYTE[i] = tmp; [* return its data */
if(err)

break;
else

continue;

/* test first byte */
. if('terr) /* if not error test first byte - else bypass this process

i f (XBYTE[STARTADD]!=BUMP_DAT)

XBYTE[ STARTADD] = bumper;
return err;

}



/*

1FA.H — PDI! rptflctpro rlpr 1firfll 1nn
Declaration Register for 83C51FA, 83C51FB, 83C51FC
device
*/
/*
Device list
ROMless
1. 80C51FA

EPROM version
1. 87C51FA — 8k
2. 87C51FB — 16k
3. 87C51FC — 32k

*/

/* BYTE Registers =/

sfr PO 0x80 /* 0 */

sfr SP 0x81 /*

sfr DPL 0x82 /* * [
sfr DPH 0x83 /=

sfr POON Oox87 /*
sfr TOON 0Ox88 /*
sfr TMOD 0x89 [*

sfr TLO oxsA % 0 Low byte */
sfr TL1 oxsB 1% 1 Low byte */
sfr THO oxsc 1% 0 High byte */
sfr THL 0x8D /*
sfr Pl 0x90 /*

sfr SOON 0x98 /*
sfr SBUF 0x99 /*

sfr P2 oxAO  [* 2 %/
357 = OXA8 [*
sPr OxA9 /*

OBO /* port 3 */
0xB8 /* Interrupt Priority register */

0xB9 /*

sfr T2CON  OxC8 /* 2 CONtrol register */

sfr T2MOD  OxC9 /* Control Register */
OxCA /* 2 CAPture Register low byte */
OxCB /* 2 CAPture Register high byte */
OxCC 2 Low byte */
OxCD /= 2 High byte */
ODO =+
0xD8 /=
O0xD9 /=

sfr CCAPMO= OXDA /* 0 Compare/CAPture Register */
ODB /* 1 Compare/CAPture Register */
ODC  /* 2 Compare/CAPture Register *|

sfr CCAPM3= ODD /* 3 Compare/CAPture Register */

sfr CCAPMA= OXDE /* 4 Compare/CAPture Register */

sfr ACC = OEO /*

sfr CL = OxE9 /=
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sfr
sfr
sfr
sfr
sfr
sfr
sfr
sfr
sfr
sfr
sfr
sfr

/*

/*

shit
shit
shit
shit
shit
shit
shit
shit

CCAPOL=
CCAP1L=
CCAP2L=
CCAP3L=
CCAP4L=
B =
H =
CCAPOH=
CCAP1H=
CCAP2H=
CCAP3H=
CCAPAH=

OxEA;
OxEB;
OXEC;
OXED;
OXEE;
OxFO;
OxF9;
OxFA;
OxFB;
OxFC;
OxFD;
OXFE;

BIT Registers

TOON  *
TF1
TR1
TFO
TRO
IE1
IT1
IEO
ITO

/* RO */

shit
shit
shit
sbhit
shit
shit
shit
shit

/*
shit

POB7
POB6
POB5
POB4
POB3
POB2
POB1
PCBO

SON *
MO

reset */

shit
shit
shit
shit
shit
shit
shit
shit

FE
SM
Swe
REN
B8
RB8
TI
RI

* PlL */

sbit
shit
shit
shit
shit
sbit
shit

P1B7
CEX4
P1B6
CEX3
P1B5
CEX2
P1B4

/

~

Ox8F;
Ox8E;
0x8D;
0x8C;
Ox8B;
Ox8A;
0x89;
0x88;

0x87
0x86
0x85
0x84
0x83
0x82
0x81
0x80

Ox9F;

Ox9F;
Ox9E;
0x9D;
0x9C;
Ox9B;
Ox9A,
0x99;
0x98;

0x97;
0x97;
0x96:;
0x96:;
0x95;
0x95;
0x94,

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

PCA Compare/CAPture value module 0 Low byte
PCA Compare/CAPture value module 1 Low byte
PCA Compare/CAPture value module 2 Low byte
PCA Compare/CAPture value module 3 Low byte
PCA Compare/CAPture value module 4 Low byte
register B */

PCA Count value High byte */

PCA Compare/CAPture value module 0 Low byte
PCA Compare/CAPture value module 1 Low byte
PCA Compare/CAPture value module 2 Low byte
PCA Compare/CAPture value module 3 Low byte
PCA Compare/CAPture value module 4 Low byte

*/

/*

/*

/*

/* Timer 1 overFlow flag */

/* Timer 1 Run control */
/* Timer 0 overFlow flag */
/* Timer O Run control * [

/* External interrupt 1 */
/* Interrupt 1 type control
/* External interrupt 0 */

/* Interrupt O type control bit */

/* Serial port Mode bit specifier 0 when

bit */

/* Framraing Error when PCON.6 is set */

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

Serial port Mode bit specifier 1 */
multiprocessor communication enable */
Received ENable */

9th bit Transmitted for mode 2 & 3 */
SCON.2 */

Transmit interrupt flag */

Receive interrupt flag */

External I/o for Compare/Capture Module

External I/o for Compare/Capture Module

External 1I/o for Compare/Capture Module

*/
*/
*/
*/
*/

*/
*/
*/
*/
*/



shit
shit
shit
sbhit
shit
shit
shit

CEX1
P1B3
CEXO
P1B2
ECI

P1B1
T2EX

Direction

sbit
sbit

1* P2

shit
shit
shit
shit
sbhit
shit
sbhit
shit

/*

shit
shit
shit
sbhit
shit
shit
shit
shit

/*

shit
shit
sbhit
sbhit
shit
sbhit
sbhit
/*

shit
shit
shit
shit
shit
shit
shit
shit
shit
shit
shit

IE

[P

P3

P1BO
T2

*/
P2B7
P2B6
P2B5
P2B4
P2B3
pP2B2
P2B1
P2B0

EA
EC
ET2
ES
ET1
EX1
ETO
EXO

PPC
PT2
PS

PT1
PX1
PTO
PXO

P3B7
RD
P3B6
VR
P3B5
Tl
P3B4
TO
P3B3
INTI
P3B2

*/

*/

*/

0
0
0
0
0
0
0

x94;
x93;
x93;
x92;
x92;
x91;
x91;

Control

0
0

x90;
x90;

/*

/*

/*

| *
*/

OXA7'y
OxA6 y
OxA5 |
OxA4 1

OxA9
OxA8

OxBD
OxBC
OxBB
OxBA
0xB9
OxB8

OxB7
OxB7
0OxB6
OxB6
0xB5
OxB5
0xB4
0xB4
0xB3
0xB3
0xB2
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External 1/o0 for Compare/Capture Module
External 1/o0 for Compare/Capture Module
External Count Input to the PCA */

Timer/Counter 2 Capture/Reload Trigger

External Count Input to Timer/Counter 2

[* Enable All (global enable) */
[* PCA Enable */

/* Timer 2 Enable */

[* Serial port Enable */

/* Timer 1 Enable */

/* external 1 Enable */

/* Timer O Enable */

/* external 0 Enable */

[* bit 7 for future use */
/* PCA Priority *

[* Timer 2 Priority */

[* Serial port Priority */
[* Timer 1 Priority */

/* external 1 Priority */
/* Timer 0 Priority */

/* external 0 Priority */

/* ReaD pin */
[* WRite pin */
[* Timer 1 pin */
/* Timer 0 pin */

[* external INTerrupt 1 pin */



/*
/*

/*

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

external INTerrupt 0 pin =/

serial Transmit Data pin */

serial Receive Data pin

Timer 2 overflow Flag */

\%

Timer 2 External Flag */

Receive ClLocK flag */
Transmit CLocK flag */

Timer 2 external ENable flag =*/

Timer 2 Run control */

Counter/Timer 2 select */

Capture/Reload flag */

/* GOON PCA Counter Control Register */

sbit INTO = 0xB2;
shit P3B0O = OxBO,
shbit XD = OxBI;
sbhit P3B1 = OxBI;
shit RD = OxBO,
[* T200N =/

sbit TF2 = OxCF;
sbit EXF2 = OxCE;
sbit RCLK = OxCD;
sbit TCLK = OxCC,
sbit EXEN2 = OxCB;
sbit TR2 - OxCA;
sbit CT2 = 0xC9;
sbit CP_RL2= 0xCS8;
sbit CF = OxDF;
shit R OxDE;
shit CCH4 : OxXDC
sbit CCF3 - OxDB;
sbhit CCR2 OxDA;
sbit CCFL  : OxD9;
sbit QOFO = 0xD8;
[* P3N */

sbit CY OxD7 4
sbit AC : OxD6;
sbit FO = OxD5;
*/

shit RS1 = 0xD4;
sbit RO = 0xD3;
sbit ov 0xD2 ;
sbit P : ODO;

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

/*
/*
1%

/%
/*
/*
| *
[m

Counter overflow Flag */
Run Control bit */

bit 5 for future use &/
Module 4 interrupt Flag
Module 3 interrupt Flag
Module 2 interrupt Flag
Module 1 interrupt Flag
Module O interrupt Flag

CarrY flag */
Auxiliary Carry flag */

*/
*/
*/
*/
*/
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Flag O avialable to the user for general purpose

Register bank Selector bit 1 */
Register bank Selector bit 0 */

bit 2 for future use */
over flow flag */
Parity flag */
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global.h — global variable declaration

*/

/* string
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

*/

#define
#define

o

efining */

@ﬁi§9i9

WD SET
wdl reset
NONVOLATILED
CHANGE
NOCHANGE
MANUAL
AUTO
TEST
TESTED
ACTIVE
INERT

FOOROQOONOROOQOROROR
< A S
=% o1 o1

N O
o
a1

255

/*

/*
/*

/*

/*
/*
/*

byte defining */

for active bar */

for head of bar */

convert integer variable to float

variable writeable status */
READ only */
ReaD/WRite */
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/*
PID.H — Controller declaration file
*/

/[* —> global define <— */
/* - enviroment defining */

#define MAXBVCDE 2 /* max. bar display */
#define MAXBPAR 4 /[* max. bar display */
#define MAXDPAR 4 /* max. data-display parameter */
#define MAXDMCDE 4 /* max. data-display mode */
¢define NDMCDE 3 /* number of data-mode mode */
¢define BMCDE 3 /* first number of engineering mode */
: - mode member defining %/

sdefine STATUS 0 /* input parameter */

¢define ALARM 1 /* theirs high/low limit define */
edefine TUNING 2 /* PID parameter */

edefine ENG 3 /* output condition */

/* - changing in data-display elements */
¢define DMODE CHANGE 1
#define DPAR CHANGE 2
#define DDAtl cHANGE 3

/* - mode member changing status */
edefine STATUS CHANGE O
#define ALARM CHANGE 1
#define TUNING CHANGE 2
#define EMOCDECHANGE 3

PID symbols declaration */
/* — status V
/% ---- mode member */

edefine  sv 0
edefine Pv 1
edefine Dv 2
edefine W 3
/* -— varible */

/* floating point storage */
¢define SV F vtab[STATUS].par[sv].fpar
edefine pvl £ Vtab[STATUS].par[PV].fpar
edefine  avl f vtab[STATUS].par[DV].fpar
edefine  mvl f Vtab[STATUS]. par[MV]. fpar
/* integer storage */
edefine  SV_I vtab[STATUS].par[sv].ipar
+define pvli vtab[STATUS].par[PV].ipar
odefine Dv~ vtab[STATUS].par[DV].ipar
edefine Mvli vtab[STATUS]. par[MV].ipar
/* max, min defining Vv
¢define MVIMAX 100
edefine W_MIN 0

[* --- flag =*/

edefine LOCAL HAG vtab[STATUS].flag[sV] /* remote/local
*/
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edefine  MAN FLAG vtab[STATUS]. flag[MV] /* auto/manual
*/

[* — alarm */

/* mode members */
edefine AL 0
edefine  AH 1
edefine LL 2
edefine  HH 3

/* variable */
/* floating point */
edefine AL F Vtab[ALARM].par[AL].fpar
edefine  ahl f vtab[ALARM]. partAH]sfpar
¢define HTf vtab[ALARM].par[LL].fpar
edefine  hhl f vtab[ALARM].par[HH]. fpar
/* integer */
edefine  AL_I vtab[ALARM].par[AL]. ipar
edefine  ahli vtab[ALARM]. par[AH]. ipar
¢define LL~I vtab[ALARM].par[LL].ipar
edefine  hhl i vtab[ALARM].par[HH]. ipar
/* max, min */
edefine MAX AL | vtab[ALARM],max[AL]
edefine  min! al _i vtab[ALARM]. min[AL]
edefine  maxl ahl i vtab[ALARM]. max[AH]
edefine  minl ahl i vtab[ALARM].min[AH]
edefine  maxl 1iTi vtab[ALARM]. max[LL]
edefine  MIN~HH_| vtab[ALARM],min[HH]

/* — output, */
edefine  NO NORMAL ALARM P3B4 /* cpu port
edefine ncT severel. ALARM P3B3 /* cpu port

/* — tuning */

/* ——-—-mode members */
¢define PB 0
odefine  TI 1
¢define D 2
¢define BI 3

/* --—-- variable */
/* floating point */
edefine PB F vtab[TUNING]1par[PB]. fpar
edefine  TilF vtab[TUNING].par[TI]. fpar
edefine  Td~F vtabITUNING].par[TD]. fpar
edefine  BIAS F vtabITUNING].par[BI]. fpar
/* integer */
¢define PB_I vtab[TUNING].par[PB].ipar
eodefine  Ti_l VtabITUNING].par[TI].ipar
edefine  Tdll VtabITUNING].pariTD].ipar
edefine  BIAS_|I vtab[TUNING].par[Bl].ipar

/* — engineering */

[ * -—-mode members */
¢define T MIN 0
edefine ¢l max 1
edefine op_o 2
edefine  OP 100 3



[* - variable */
/* floating point */

#define T_MIN_F Vtab[ENG] . par[T_MIN]. fpar
#define tl max| Vtab[ENG] .parttl mAX]. fpar
#define OP O F vtab[ENG]. par[OP_0].fpar
#define op! ioo_f vtab[ENG].par[OP_100] .fpar
/* integer */

#define T_MIN_I Vtab[ENG].par[T_MIN].ipar
#define tl maxl i vtabtENG].partilMAX].ipar
edefine op_o | vtabtENG].par[OP_0]. ipar
#define opl i50 i vtabtENG],par[OP_100] .ipar

/* min,max */

edefine MAX_TMIN | VtabtENG].max[T_MIN]
edefine minl tminl i vtabtENG].min[T_MIN]
edefine max| tmaxl i vtabtENG]. max[T_MAX]
edefine minT tmax| i  VtabtENG].mintTIMAX]
edefine T MIN_FLAG VtabtENG],flag[T_MIN]
edefine tl maxl flag VtabtENG].flagtTIMAX]

/* - PID terms gain defining */
/* variables declared in module SYSTIME */

odefine  KP pid_k[O] /* proportional gain */
edefine Kl pid_Kkfl] /* integral gain */

odefine KDL pid_k[2] /* derivative gain 1 */
edefine KD2 pid_k[3] [* derivative gain 2 */

/* mirror of PID gain */

odefine KPD pid_kd[0O] /* proportional gain */
odefine  KID  pid_kd][l] /* integral gain */
¢define KDID pid_kd[2] /* derivative gain 1 */
edefine KD2D pid_kd[3] /* derivative gain 2 */

/* hardware dependent defining */
/[* - input multiplexer (dg508) */

edefine  MAX_CHAN 0x00 /* 5 V input channel */
edefine  minl chan 0x10 /* 1 V input channel */
edefine PV_CHAN 0x20 /* PV input */
edefine  SvicHAN 0x30 /* sv input */

odefine  GET_VAR(chan) sal2(chan)
¢define READ_AD(chan) sal2(chan)

/* - PID status DIP switch defining */
/* - Controller set */

odefine LOCAL P1B7 [* PL.7%*/
#define  DIRECT_ P1B6 [* P1.6*/
#define PID1_ P1B5 [* P1.5*/
/[* - QOutput set when error */

#define  OP_SET P1B4 /* Pl1.4 */

/* - PID select sensor switch defining */
edefine  SENSORITYPE (PI&OxOf) /* PI1.3 - Pl.o */
/* - error defining */
#define  COUNT_OUT DAT 150 /* watchdog fault counter */
[* — error type defining */
#define NV .RAM 0
#define  WATGHDOG 1



138

#define IP_LOOSE 2
edefine  Adl fAIL 3
/* - keyboard message defining */
/* modified if hardware are modified */

¢define ISAUTOVIAN Oxef /* bitDA4, AUTOkey is pressed */

edefine ISMODE Oxf7 /* bitDA3, MODEkey is pressed */

edefine | SPARA Oxfb /* bit DA2, PARameter key is pressed */

¢define [SUP Oxfd /* bit DAI, UP key is pressed */

edefine  ISDOAN Oxfe /* DbitDAO, DOANkey is pressed */

odefine  ISMODEPARA Oxf3 /* DbitDA2 & DA3, MXDE & PAR are
pressed */

/* - external RAM check range defining */
edefine STARTADD DWORD[Ox4] /* start address passing location
*/
edefine ENDADD DWORD[Ox6]  /* end address passing location */
/* note include <absacc.h> first */
/*
— PID variable table —
This structure is used by
Files PID.C51
KEYBOARD.C51
*/
typedef struct {
char *mchr; /* mode message for display */
unsigned char nparm; /* number of parameter of mode */
char *pchriMAXDPAR]; /* parameter message for display */

char *fchr; /* data format */
unsigned char flagIMAXDPAR]; /* it’'s flag */
int mMintMAXDPAR]; [* its minimum */
int max[MAXDPAR]; [* its maximum */
struct {

float fpar;

int ipar;
} par[MAXDPARY]; /* its value */

} pstruct; /* PID structure */

tvnpHpf GLr*]est" f
unsigned char flagIMAXDPAR];

int  mintMAXDPAR]; /* minimum */
int  max[MAXDPARY]; /* maximum */
struct {
float fpar,;
int ipar;
} par[MAXDPAR]; [* its value */
} p_shadow;

/* external structure

format extern struct_type var_name; comment_module_name
*/

extern pstruct vtab[]; /* backgnd */

extern p_shadow vtabs[]; /* keyboard */
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BACKGND.H — Header file of Background task

Purpose: Main function
Call
variable - see external variable
function - see external function
Called
none

Description

This module is the main module which irapleraentes the background

routine of the controller.

It calls many functions which are in other

modules and also implements the way to control user-interface,
hardware

checking (A/D, NV RAM) and PID coefficients calculation,

see more:
user-interface concept
hardware_checking
PID coefficients calculation

- external variable */

extern char *err_msg;
extern float INTE;
extern float INTE_1;
extern float DER:
extern float DER 1;
extern float sv_I;
extern float pvlil;
extern float dv_I;
extern unsigned char nv_flag;
extern unsigned char ddisplay;
extern unsigned char mode _change;
extern p_shadow vtabs|];
extern unsigned char cast flag[],
extern unsigned char err_type;
extern unsigned char sens buf»
extern unsigned ad_max_val;
extern unsigned ad_min_val,
- external function =/

extern unsigned char cal_coeff();
extern display_routine(); /*
extern init_lcd(); /*
extern wr_inst(); /*
extern cal_sens_parameter(); /*
extern init_max_engmode(); /*
extern keyboard_routine(); /*
extern store_int2float(); /*
extern err_set(); /*
extern unsigned sal2(); /*
extern init_system _timer(); /*

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

display
systime
systime
systime
systime
systime
systime
systime */
systime */
keyboard*/
keyboard */
keyboard */
keyboard */
keyboard */
linear */
sal2 */
sal2 */

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

1% cal_coef */
display */
led */
led */
linear */
linear */
keyboard */
keyboard */
keyboard */
sal2 */
systime */



extern
extern
extern
extern
extern

restore_vtab(); /*

send_output(); /*
init_timebase(); /*
init_event_timer(); 1*

unsigned char xramchk(); /*

systime */
systime */
timebase */
timebase */
xramchk */
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/*

0//CALCOEF.H — PID calculate coefficients header file
0

/* —> enviroment defining */

#define  ALPHA 0.2 /* filter coefficient (1/10 to 1/3) xy
#define TS 0.1 /* sampling time interval (100 msec) */

#define  Kd DENOMINATOR  (2*ALPHA*gamma+l)
#define  Kd NUMERATOR  (2*ALPHA*gamma-I)
#define Ko2JISUMERATOR  2*gamma*KP

/*

EXTERNAL VARIABLE

format : extern variable_type variable_name; comment_from_module
*/

extern pstruct vtabl[]; /* backgnd */
extern float pid_k[4]; /* systime */
extern float pid_kd[4]; /* systime */
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/*
DISPLAY.H — Display routine header file

FUNCTION display_routine()
CALL . display_bar(), display_data()
CALLED : main()
EX.var : unsigned char bparl,bpar2
unsigned char barl_head _flag,bar2_head flag
bit update,bar_flag
LOCAL none
DESCRIPTION
This module display the message by sending to the standard output
(LCD). By synchronize with module keyboard the "update" is used to
signal the display to do the routine. If the job s done,the

"update"
is reset.
The routine of the function is done by determining the "bar_flag"
for
. display bar or the data. The "barl head flag” and "bar2_head flag"
is
used in bar mode, (see more detail in "disp_bar" module).
4/
/* local defining 4/
edefine ROML 0 /* LCD 1st row first address */
edefine ROA2 0x40 /4 2nd row first address 4/
odefine ALAILOC O /4 ALArm display location 4/

edefine MANMLOC 0x40 /* auto/MANual display location 4/

/4 alarm constant defining 4/
edefine SEVERE ALARM Oxf7
edefine NORVAII aLARM Oxef
edefine SEVERel nORVAL  Oxe7

/4 external function
format  [func_type] func_name(); comment_module_name

*/

extern display_bar(); /* disp_ba.r 4/
extern display_data(); /4 disp_dat */
extern wr_inst(); /* led */
extern wr_dat(); /* led */
extern move_bar(); /* led */

/* external variable
format var_type var_name; comment module name

\%

extern bit update; /* backgnd */
extern bit bar_flag; /* backgnd */
extern bit fast flag, /* backgnd */
extern bit err_flag; /* backgnd */
extern bit swap_flag; /* backgnd 4/

extern unsigned char ddisplay; /* keyboard 4/
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extern data unsigned char bparl; /* keyboard */
extern data unsigned char bpar2; /* keyboard */
extern data unsigned char bmode; /* keyboard */



144

/*
DISPIBAR.H — DISPLAY BAR HEADER
*/

/[* —> LCD message defining */
[* —> LCD bar cell character address */
#define BLACK 0 /* character generated in GG RAMof LCD
*/
[* - LCD 2 rows 20 characters/row */
fdefine ROWOHSET  0x40 /* absolute first location */
Idefine MID_REL 6 /* relative middle position */
#define OFFSET 0 /* 1st location to display in eachrow

#define MAXBARCELL 40
/*  EXTERNAL VARIABLE

format extern var_type var_name; comment_module_name
*]
extern pstruct vtab[]; /* backgnd */
extern data unsigned char bmode; /* keyboard */
extern unsigned char adisplay; /* keyboard */

extern unsigned charbarl_head flag; /* display */

extern unsigned charbar2 _head flag; /4display */
/* - external function

format extern func_type func_name; comraent module name

*/

extern void wr_inst(); /4 led */

extern void wr_dat(); [* led */

extern unsigned char rd _dat(); /* led */



145

i)
DISP_DAT.H — Display data header file

FUNCTION : display_data(), report_error()

Call printf() - for sending formatted message to the standard o/p
put_char() - for sending ascii character to the standard o/p
wr_inst() - for controlling the display (LCD)
wr_dat() - for echo the character to the display

Called display()

EX.var

- pstruct vtabl[]

- int tmp(]

- unsigned char dmode,dpar,ddisplay
Local var:

int display_data.quotient Iremainl
sfr report_error.PCON,EA
Description
The module is for display the variables value. The format is as
follow
mode
group: value

/* local defining */

#define STR_DMXE 4 /* - string of mode position */
#define str![dpar 0x44 /* - string of parameter position */
#define str'[man 0x40 /* - string of auto indicator position

*/

/* external variable declaration
format extern var_type var name; comment module name

*/

PY'hprti GDsldp+ vhfl.vi | /* backgnd */
extern int tmp[MAXDPAR]; /* backgnd */
extern bit fast_flag; /* backgnd 4/

extern data unsigned char dmode; /* keyboard */
extern data unsigned char dpar; /* keyboard */
extern unsigned char ddisplay; /* keyboard */

/* external function declaration
format : extern func_type func_name; comment module name
*

extern wr_inst();
extern wr_dat();
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/*
KEYBOARD.H — keyboard header file
*/

[* —> local define message <— */
[* - timer message */

/* — Start of FAST key time (1 sec = 4000 counts) */
#define HIG_T_SFAST OxOf /* high byte of 4000 */
#define LOWijrIsFAST OO /* low byte of 4000 */

/* - keyboard status message */

sdefine NOPRESS 255 /* NO key PRESS status */
¢define RELEASE 255 /* the same meaning as NOPRESS */
edefine DUMWY 0 /* keyboard dummy do nothing */

/* external variable
format : extern var_type var_name; comment_module_name
*/

extern int tmp[MAXDPAR]; /* backgnd */
extern pstruct vtab[]; /* backgnd v
extern bit fast_flag; ,~ backgnd */
extern bit evtimer_on; /* backgnd v
extern bit update ; /+ backgnd */
extern bit bar_flag; /* backgnd */
extern bit err_flag; /* backgnd */
extern bit swap_flag; /* backgnd */
extern bit input_cal; /* backgnd */
extern bit donelsec; /* backgnd X/
extern unsigned char bhead[]; /% display X/

/* external function
format  extern [func_type] func_name; comment_module_name
*/

extern move_bar(); /* dips_bar */
extern void wr_inst(); /* led */
extern cal_sens_parm(); [* linear */

/* internal variable declaration */
p_shadow vtabs[4];
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LCD.H —
4/

LCD display header file

/* —> LCD global defining <— 4/

/4 - port defining 4/
edefine LCD_INST_WR XBYTE[0x8004] /4 instruction port write 4/
#define  LCdZiNStZrD XBYTE[0x8006] /4 instruction port read 4/
#define  LCdZdAT_WR XBYTEEOx8005] /4 data port write 4/
#define LCdZdatZrD XBYTE[0x8007] /4 data port read 4/
/4 - message defining 4/
#define HOME 0 /4 first location of dd ram
4/
/4 - LCD type defining 4/
e¢define NBR_ROW 2 /4 for 2 rows 20 characters
4/
edefine NBR_COL 20
/* - function defining 4/
/[* — general defined 4/
¢define CLEAR_DISPLAY wr_inst(l) /4 clear display 4/

¢define DISPLAY_CONTROL(word) wr_inst(word) /* display control

e¢define MOV_CURSOR(location) wr_inst(location!0x80)
/4 same meaning*/

¢define RETURN_HOME wr_inst(2) /4 cursor return home
4/

edefine SHIFT_CURSOR_RIGHT wr inst(20) /4 shift cursor right
4/

edefine SHIFT_CURSOR_LEFT wr_inst(16) /4 shift cursor left 4/

e¢define SET_CGRAM (address) wr_inst(address !0x40) /4 set eg ram
address 4/

edefine SET_DDRAM (address) wr_inst(address !10x80)

¢define SEtZeNTRY(mode) wr_inst(mode) /* entry mode set
4/

edefine SET_FUNCTION(mode) wr_inst(mode) /* function mode
set 4/

/4 set dd ram address

4/

edefine SHIFTIDISPLAYJLEFT wr_inst(24) /4 shift address
counter 1

le ft position 4/

edefine SHIFT_DI PLAY_RIGHT wr_inst(28) /4 shift address

counter 1
right position 4/

edefine WRITE_CG(data) wr_dat(data)

¢define READ_CG(data) rd_dat(data)

¢define WRITE_DD(data) wr_dat(data)

¢define READ_DD(data) rd_dat(data)

/[* — for 2 rows 20 columns LCD only 4/
edefine SAVE_BAR move_bar(1)
edefine RESTORE_BAR move_bar(0)



/*

LINEAR.H — Sensor data table

*/

/*

voltage temp slope
(V) (deg.c)

*/

code table sensor_table[] = {
/* Type B linearlizing data */
2.2000E-04, 220, 6.783919598E+05,
6.1400E-04, 355, 3.426395939E+05,
1.1920E-03, 490, 2 .335640138E+05,
1.9120E-03, 620, 1.805555556E+05,
2.7820E-03, 750, 1.494252874E+05,
4 .1260E-03, 920, 1.264880952E+05,
5.6800E-03, 1090, 1.093951094E+05,
7.7360E-03, 1290, 9.727626459E+04,
1.3585E-02, 1800, 8.719439220E+04,
/* Type E linearlizing data */
7.3390E-03, 115, 1.566970977E+04,
1.2314E-02, 185, 1.407035176E+04,
2.2989E-02, 325, 1.311475410E+04,
5.2711E-02, 695, 1.244869121E+04,
7.6358E-02, 1000, 1.289804203E+04
/* Type J linearlizing data */
1.1887E-02, 220, 1.850761336E+04,
2 .9358E-02, 535, 1.802987808E+04,
3.5764E-02, 645, 1.717140181E+04,
4 .2922E-02, 760, 1.606594021E+04,
/* Type K linearlizing data xf
1.7453E-02, 425, 2.435111442E+04,
3.1007E-02, 745, 2.360926664E+04,
3.8122E-02, 920, 2 .459592410E+04,
4 .7171E-02, 1155, 2 .596972041E+04,
5.4807E-02, 1370, 2.815610267E+04,
/[*Type R linearlizing data */
6.8500E-04, 115, 1.678832117E+05,
2.0640E-03, 265, 1.087744743E+05,
4 5800E-03, 510, 9.737678855E+04,
7 .4600E-03, 760, 8.680555556E+04,
1.0503E-02, 1000, 7 .886953664E+04,
2.1006E-02, 1760, 7.236027802E+04,
/* Type linearlizing Hata */
4 .6700E-04, 75, 1.605995717E+05,
1.4400E-03, 200, 1.284686536E+05,
3.7430E-03, 450, 1.085540599E+05,
6.2740E-03, 700, 9.877518767E+04
9.4700E-03, 990, 9.07 3842303E+04,
1.8612E-02, 1760, 8.422664625E+04,

/* Type T linearlizing data */

2.6430E-03, 64,

2.421490730E+04,

offset

71,
145,
212,
275,
334,
398,
469,
537,
615,

0,
12,
241
39,
15,

6,
31,
70,

0,

13,
-18,
-70,
-173,

0,
40,
64,

112,
172,
240,

0,
15,
44,
80,

131,
192,
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5.7120E-083, 130,
9.5530E-03, 205,
1.4261E-02, 290,
2.0869E-02, 400,

/*
/*

PtIOO RTD (spare)
Standard current

*
*/

2.150537634E+04,
1.952616506E+04,
1.805437553E+04,
1.664648910E+04,

18,
33,
53,

149
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/*
SA12.H — 12 b it Successive Approximation header file
module SA12
function : unsigned sal2(), void delay()
Description : This file is user defined for his hardware. The hardware
is

for 8 channel analog Multiplexer which device name is DG508.
Note channel decoded by msb nibble bit 6,5,4
o

#define COMP P3B2 /* comparator result bit */



/*

|*
/*

SYSTIME.H — system timer “sampling timer) header file
Defining information */

- output enable bit */

edefine OUTEN P3B5

- matching data defining for system timer (module 0 of PCA) */
edefine LOW _MATCH 0x90 /* low (400) */
edefine higl match 0x01 /* high((400) */

- matching data defining for watchdog timer (module 4 of PCA)
edefine LOW_WMATCH 0x91 /* low(401) */
edefine HIGIJIMATCH Oxo1 /* high(401) */

- digital value converted to % constant */

edefine SV_RANGE100 0.030517578

edefine pvl rangeioo 0.030517578

edefine svl min 819.2

edefine PVJ4IN 819.2

- % min and max value of D/A */

edefine min_val 0x32a

edefine MAXIVAL O x fff

- error flag */

edefine LOOSE_ERROR loose_flag

- variable declaration */

extern data unsigned char wd_flag; /* backgnd */
extern data b it bar_flag; /* backgnd */
extern data b it fast_flag; /* backgnd */
extern data bt ad_test; /* backgnd */
extern data b it update; /* backgnd */
extern data b it err_flag; /* backgnd */
extern int trap[MAXDPAR]; /* backgnd */
extern unsigned char busy; /* calcoef */
extern b it ala_swap; /* display */
extern unsigned char ala_period_cnt; /* display */
extern char *err_msg[]l; /* display */
extern unsigned char err_type; /* display */
extern data unsigned char dmode; /* keyboard */
extern data unsigned char dpar; /* keyboard */
extern unsigned char ddisplay; /* keyboard */
extern data unsigned char keybuf; /* keyboard */
extern unsigned char ddisplay; /* keyboard */
extern p_shadow vtabs[]; /* keyboard */
extern unsigned char cast_flag[]; /* keyboard */
extern unsigned char mode_change; /* keyboard */
- function declaration */

extern void err_set(); /* keyboard */
extern float linear_and_convert(); /* linear */
extern float convert(); /* linear */
extern unsigned sal2(); /* sal2 */

INFORMATION

*/
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Function init_jsystem _timer ();

Initilized the system timer to 100 msec (scantime)
hardware dependent

Generate an interrupt in software every 100 msec

O scillator frequency = 12 MHz

PCA clock input = 250 usee
clock source = timer 0 auto reload mode
clock output from module 0 of PCA

Calculate reload value for compare registers
100 msec

= 400 counts

250 usec/count
Used registers

CMOD — PCA Counter MODe register

CCON — PCA Counter CONtrol register

CCAPMO — PCA Compare/CAPture Module register

CH:CL — PCA 16-bits timebase set value register
NOTE

Modify init_system _timer(), forground_routine() for
different hardware.

*/

Function : forground_routine();

Type : interrupt service routine
using interrupt no. 6 of MCS-51 hardware
and register blankl

Job PID calculation

Local variable:
unsigned char j; - general counter
float prop; - propor tional term
union mv_out; - output buffer structure

Description

*/

the



/*
XRAMCHK.H — E xternal
*/

tdefine EVEN_DAT 0x55
#define ODD_DAT Oxaa
Idefine BUMP_DAT Ox5a

RAM check header file

/*
/*
/*

even bits test

pattern

odd bits test pattern

bumping pattern

*/

*/
*/
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— Compact Digital PID Controller make file

This file is used for developping the all PID software.

methods are compile, link, use ICE and also compile PAL software

When use this file the command is
MAKE BACK comraand_line

MAKE'back MAKEBACK
Compiling, linking and make the software output

definitions

83C51FA.H GLOBAL.H PID.H LCD.H KEYBOARD.H SA12.H CALCOEF.H\
DISPLAY.H DISP_BAR.H DISP_DAT.H BACKGND.H REGSIF.INC SYSTIME.H\
XRAMCHK.H LINEAR.H

timebase.obj keyboard.obj sal2.o0bj calcoef.obj\

display.obj disp_bar.obj disp_dat.obj backgnd.obj systime.obj\
xramchk.obj linear.obj led.obj startup.obj

#default rules with special target (.SUFFIXES)
.SUFFIXES: .obj .c51 .a51

#dependency and command lines
MAKEBACK $(0BJS)
L51 @ backgnd.I51

OHS51
COPY
COPY

copy

ICE

backgnd

backgnd ..\ice51fx
backgnd.m51 ..\ice51fx
backgnd.hex ..\ice51fx

cd..\iceb51fx

i51fx

cd ..\source

TEST

cd..\ice51fx

icts 1

fx

cd ..\source

PALASM

cd \palasm?2
palasm
cd \yong\source

SDT
cd \o
dra ft

rcad\sdt

cd \yong\source

PCB

cd \orcad\pch

peb

cd \yong\source



#default rules

c51 $*.c51 LARGE PAGELENGTH(60)
plmist *

a51 $*1lab1 PAGELENGTH(60)
plmist $*

$(0BJ )  $(INCS)
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Title

P attern
Revision
Author

Company

CHIP
-
/IRD
;11 ]-2

AUTO DAO

/WR

Y_PAL
Y~PAL.pds

riyong LERTKULVANICH

Electronic Design Laboratory, Chula, BKR.

PALI PAL16L8

3 4 5 b 7 8 9
ALE  A15 A2 DOWN uP PAR MODE
13 14 15 16 17 18 19
DAl  DA2 DA3 DA4 NC E IMCE

Pin description

Input

/RD CPU ReaD

/WR CPU WRite

ALE Address Latch Enable

A15 CPU address MSB b it

A2 CPU address bit 2

DOWN DOWN key read b it

upP UP key read bt

PAR PARameter key read b it
MODE MODE key read b it

AUTO AUTO/manual key read b it
Output

DA[0..3] — DIP switch input data to CPU
E led Enable signal

IMCE — Memory Chip Enable and i/o select
EQUATIONS

E = (RD+WR)*A15*A2

IMCE = A15

IMCE.TRST ALE

DAO = DOWN

DAI =UP

DA2 = PAR

DA3 = MODE

DA4 = AUTO

;Tristate command

DAO.TRST = RD*/A2*A15 ;High z when /RD=1 ,A2 =1 or A15
DA1.TRST = RD*/A2*A1l5

DA2.TRST = RD*/A2*A1l5

DA3.TRST = RD*/A2*A15

DA4.TRST = RD*/A2*A1l5

SIMULATION

TRACE_ON /WR /RD ALE Al5 A2 E /MCE DAO DOWN

SETF

FOR J
BEGIN

/WR /RD /ALE /A15/A2 DOWN UP PARMODE AUTO
= 3 TO 8 DO ; TEST DOWN INPUT

157

10
GND

20

vcc



SETF RD

END
FOR J = 3 TO 8 DO
BEGIN
SETF RD
END
SETF /WR RD A1l5
SETF /WR RD Al15
SETF /WR RD /A15
SETF /WR RD /A15
SETF WR /RD A1l5
SETF WR /RD  A15
SETF WR /RD /A15
SETF WR /RD /A15
SETF /A15
SETF /A15
SETF A15
SETF Al5
SETF /WR /RD ALE

TRACE OFF

Al5 /A2 DOWN

Al15 /A2 /DOWN

: TEST E
IA2
A2
IA2
A2
IA2
A2
IA 2
A2
© TEST IMCE
IALE
ALE
IALE
ALE
Al5 A2 inactive all
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