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Project 8-bit A/D Converter (PCF8591) Application for Soil Humidity
Measurement and Control.
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ABSTRACT
An 8-bit A/D Converter (PCF8591) Application for Soil Humidity Measurement and
Control project is created, a simple Soil Humidity Measurement and Control device.
This project used 8-bit A/D Converter (PCF8591) on a microcontroller board, 4 A/D
ports are used to take the voltage and send to MCU processor PS9CS1RD2BN, to 8255 ports for
driving indicators or other devices. A software in C programming language is used and embedded

in the MCU.
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oy MAHUIN U

Source Code

fk Talaa
7 rntiamoc

Description  8-bit A/D Converter (PCF8591) Application for Soil Humidity Measurement and
—  Control - - - -
Hardware START-C51+80il Humidity Measurement Circuit

MCU,Clack 89CS1RD2,11.0592Mhz (X2)

Compiler  Keil CA51v5.1
Program by S.Pakdeckacw && M.Ratlana
¥ K
#include <reg51.h>
#include <absacc.h>
#include <assert.h>
#include <ctype.li>
#include <intrins.h>
#include <math.h>

fiinclude <setjmp.h>

#include <stdarg.h>

#include <stddef h>
#include <stdio.h>

#include <stdlib.h>

#include <string.h>

/********** I/O PORT **********/

fidefine SEGM  XBYTE [0xd000] i T-segment
#define KEYI XBYTE [0xe000] /I Key-input,Dip-switch

#define DIGT XBYTE [0x{000) /f Digit,BL,485con,sound, user-led
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’I********** 8255 ****3*****/

#define USRA XBYTE [0x9000] // 8255 user

#define USRB XBYTE [0x9001]

#define USRC XBYTE [0x9002]

#define USRP XBYTE [0x9003]

'W** Izc *ﬁ*******/

sbit IPSCL =P115; // 12C 1/O Bit

sbit IPSDA =Pl"6;

sbit ADO=P3"2;
sbit ADI1=P3"3;
sbit AD2=P3"4;

shit AD3 =P3"5;

[Rxxxrreres INT-RAM WORKING AREA #3### %k txxx/

bit KEYFAG; /! key press flag

\ unsigned char L[4]; /] Level Buffer
unsigned char DISBUF[6];  display bulfer (reserve for 6 digit)
unsigned char HEXBUF[3]; /! hex buffer

- unsignedchar DIGMEM; ~ //DIGT port buffer

/******#*** BASIC FUNCTION **********/

/************ DEL AY ************l

void dmsec (unsigned int count) /{ mSec Delay

{



53

unsigned int i; // Keil CA51 (x2)
while (count)

{

i = 230; while (i>0) i--;

count--;

unsigned char code SEGTAB[16] = {0x3F,0x06,0x5B,0x4F 0x66,0x6D,0x7D,0x07,
0x7F,0x6F,0x77,0x7C,0x39,0x5E,0x79,0x71};

/I standard segment code

unsigned char htosx (unsigned char hex) // change hex to segment

{

return (SEGTAB|hex]);

void htos (void)

{
DISBUF[0] = htosx ((HEXBUF[0] & 0xf0) >>4); // change hex to segment
DISBUF[1] = htosx (HEXBUF[0] & 0x0f); /1 hex[3] to disbuf[6]

DISBUF(2] = htosx ((HEXBUF[1] & 0xf0) >> 4);

‘DISBUF[3] = htosx (HEXBUF[1] & Ox0D);
DISBUF[4] = htosx (HEXBUF[2] & 0xf0) >> 4);

DISBUF[5] = htosx (HEXBUF[2] & 0x0f);

unsigned char code KEYTAB(] = {0x70,0x71,0x72,0x73, // for all 20 key table



0xb0,0xb1,0xb2,0xb3,
0xd0,0xd1,0xd2,0xd3,
0xe0,0xel,0xe2,0xe3,

0x74,0xb4,0xd4,0xed };
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unsigned char scan (void) // scan display & get key

{

unsigned char 1,],X;

bit pressok;
pressok = 0;
for (i=0;i<=5:i++)
{
DIGMEM = (DIGMEM & 0x1f0) | i; // out digit

DIGT = DIGMEM,;

SEGM = DISBUF[i]; // out segment
for (j=0;j<=200j++); /l delay
SEGM = 0;
x = KEYI&0x0f; // check key
if (x!=0x0f)
) {
pressok = [;
if (KEYFAQG) // new press

x=(x<<4)|i
for (j=0;j<=19;j++)

{

if (x==KEYTABI[j])



KEYFAG = [;

return (j);
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if (Ipressok) KEYFAG =0;

/'No any key press , clear KEYFAG (release)

return (0xff);

void ipdel (void)
{
_nop_ 0
_nop_ ();
_nop_ ();
_nop_ ();
_nop_ (%
_nop_ (};
! _nop_ ();

_nop_ ();

/1'12C delay

{

IPSCL = 1,

ipdel ();




void ipclow (void) /1 12C clock low
{

IPSCL =0;

56

ipdel ();

void ipstart (void) /I start condition
{

IPSDA = 1;

IPSCL = 1;

IPSDA = 0;

ipdel ();

IPSCL = 0;

IPSDA = 1;

void ipstop (void) /I stop condition
I {
IPSDA = 0;

IPSCL = 1;

———— e——————

IPSDA = 1;

bit ipwrbyte (unsigned dat) /I write one byte

{
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unsigned char i; / return 0 = ok
bit outbit; /f return 1 = error
for (i=1;1<=8;i++)

{

outbit = dat & 0x80;

IPSDA = outbit; .

dat =dat << 1;

1pchigh ();

ipclow ();
}
IPSDA = 1;
ipchigh ();
outbit = IPSDA;
ipclow ();

return (outbit);

unsigned char iprdbyte () /f read last byte
{

unsigned char i,dat;

bit inbit;

dat=0;

for (i=Li<=8ji++) — ==

{
ipchigh ();
inbit = IPSDA;

dat =dat << 1;

dat = dat | inbit;



ipclow ();

}

IPSDA = 1;

ipchigh ();
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ipclow ();

return (dat);

unsigned char ipad (unsigned char addr,ch)
{

unsigned char dat;

bit err;

ipstart (); [l *¥¥*® get control *F***
addr = ((addr << 1) & 0x0¢) | 0x90;
err = ipwrbyte (addr);
if (lerr)

{

ipwrbyte (0x40 | ch); /1 control byte
ipstop ();
oy dmsec (1);
[ ¥¥%¥ veqd afd ****

ipstart ();

addr = addr | Ox1; /f change r/w

¥ A 5 [ |

/I read A/D

~ear=ipwrbyte (addr);

if ('err) dat = iprdbyte ();

}

ipstop ();

return (dat);
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unsigned char slpad(unsigned char a) //select level humidity

{

unsigned char x;

DISBUF[0] = 0x77,; /f display Ad[channel]

DISBUF[1] = O0x5e;

DISBUF[2] = SEGTAB[a];

DISBUF[3] = 0;

DISBUF[4] = 0;

DISBUF[5] = 0;

while(((x=scan())>0x3)||(x==0));//wait press key 1-3
DISBUF[5] = htosx(x & 0x0f); /display press key
while(scan()!=0x12); /fwait press key ENT

return(x); /freturn number level

unsigned char compare(unsigned char x) = //compare level humidity and voltage
{
T unsigned char voltcomp;
switch(x)

{

= — case 0x1: voltcomp = 0x50; break;
case 0x2: voltcomp = 0xAQ; break;

case 0x3: voltcomp = Oxfe; break;

}

return(voltcomp); //return voltage compare



unsigned char x;

do

unsigned char error(void) { //display when key press not Ad 0-3
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{
DISBUF[0] = 0x54; //display nO USE .

DISBUF[1] = 0x3f;

DISBUF[2] = 0;

DISBUF[3] = 0x3e;
DISBUEF[4] = 0x6d;

DISBUF[5] = 0x79;

while((x=scan())==0xf0);

return (x);

}
|
void leduse(void) Mdisplay led && 8255
{
ipad(0,0); Ifport 0

oy ADO = (ipad(0,0)=0)? 0:1;
ipad(0,1); Hpori |

AD1 = (ipad(0,1)>0)? 0:1;

E— ] ({174 p— = lport2

AD?2 = (ipad(0,2)>0)? 0:1;
ipad(0,3); /lport 3

AD3 = (ipad(0,3)>0)? 0:1;




void porta(void) {
unsigned char x0;
ipad(0,0);

x0=ipad(0,0);
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switch (USRA){

case 0x00:

if((x0O<compare(L[0]))&&(x0>0)) USRA=0x01;

case 0x01:

if((x0>=compare(L[0]))& &(x0>0)) USRA=0x00;

else if (x0<=0) USRA=0x00;

void portb(void) {
unsigned char x1;
ipad(0,1);
x1=ipad(0,1);
switch (USRB){
case 0x00:
if{(x1<compare(L[1]))&&(x1>0)) USRB=0x01;
case 0x01:

if((x1>=compare(L[1]))&&(x1>0))USRB=0x00;

—else if (x1<=0) USRB=0x00;

void porte(void) {



unsigned char x2,x3;

ipad(0,2);

x2=ipad(0,2);
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ipad(0,3);

x3=ipad(0,3);

if (x2>0&&x3>0){
switch (USRC){
case 0x00:
if((x3<compare(L.[3])) & & (x2<compare(L[2])))
USRC=0x81;
else if((x3<compare(L[3]))&&(x2>=compare(L[2])))
USRC=0x380;
else if{(x3>=compare(L[3]))&&(x2<compare(L[2])))
USRC=0x01;
case 0x01:
if((x3<compare(L[3]))&&(x2<compare(L.[2])))
USRC=0x81;
else if((x3<compare(L[3]))&&(x2>=compare(L[2])))
USRC=0x80;
else if((x3>=compare(L[3]))&&(x2>=compare(L[2])))
USRC=0x00;
case 0x80:
if((x3>=compare(L[3]))&&(x2<compare(L[2])))
USRC=0x01;
else if((x3>=compare(L[3]))&&(x2>=compare(L[2]))) — =
- USRC=0x00; — ————— e = — ———
else if{(x3<compare(L[3]))&&(x2<compare(L[2])))
USRC=0x81;
case 0x81:

USRC=0x01,

if((x3>=compare(L[3]))&&(x2<compare(L(2]))))
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else if((x3>=compare(L[3]))&&(x2>=compare(L[2])))
USRC=0x00;

else if(x3<compare(L[3]))&&(x2>=compare(L[2])))
USRC=0x80;

}

eise if ((x2>0)&8_c(x3<:0)){

Sl TICRONL
SWILITTUSIRNCU Y

case 0x00:

if(x2<compare(L[2])) ~ USRC=0x01;
case Ox01:

if(x2>=compare(L[2])) USRC= 0x00;
case 0x380:

if(x2<compare(L[2])) = USRC= 0x01;
case 0x81:

if(x2<compare(L[2])) = USRC= 0x00;

v else if (x2<=0&&x3>0){
switch (USRC){

case 0x00:

— if(x3<compare(L[3])) USRC=0x80; ——

case 0x01:
if(x3>=compare(L[3])) USRC= 0x80;

case 0x80:

if(x3<compare(L[3])) USRC= 0x00;

case 0x81:



if(x3<compare(L[3]))

USRC= 0x00;
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else USRC=0x00;

void drive8255(void)

{
porta();
portb();
porte();
}

void start(void)

{

do

{

DISBUF[0] = 0x38; // Display LE 1-3 wait press key (Level)

DISBUF[1] = 0x79;

DISBUF[2] = 0;

\TODTIET

DISBUF[3] = 0x06;

DISBUF[4] = 0x40;

DISBUEF[S5] = 0x4f;

while (scan ()!=0x12);



unsigned char display(unsigned char 1,p) //display when runing program

{

unsigned char x;
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do

ipad(0,p);

if (ipad(0,p)>0)

{

HEXBUEF[2] = ipad (0,p);

htos ();

}

else

{

DISBUF[4] = 0x40;
DISBUF[5] = 0x40;
¥

DISBUF[0] = 0x77;

DISBUEF[1] = 0x5e;

Ifcheck using A/D port

/f display voltage using port

/! display voltage not using port (--)

Hdisplay A/D

DISBUF[2] = SEGTAB(p]|0x80; //display number port

DISBUE([3] = (ipad(0,p)=>0)? (htosx(l & 0x01)[0x80):0x40; //display level humidity

leduse();

//led on when using port

—drive8255();
}
while ((x=scan ())==0xff);

return (x); // return next port display




void run(void)
{
unsigned char x,i;

USRP=0x80;
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for(i=0;i<4;i++) // check using port and input level humidity port
= = {_ — — = = - = - = = =—— —————— =
ipad(0,i);
(ipad(0,0)>0)
{
L[i]=slpad(i);
}
else
L[il#1;
}
for(i=0;i<4;i++) /lcheck first port used for display on 7-segment
{
ipad(0,i);
if(ipad(0,i)=0)
{
x = display(L[i],i);break;
j
}
while(1) /lcheck press key and display on 7-segment,led,8255 port
{
- switch(x)

{



case 0x0: x = display(L[0],0); break;
case 0x1: x = display(L[1],1); break;
case 0x2: x = display(L[2],2); break;

case GA3 = di{;pi&}l(‘ (3] ”:)', break:

/lpress key 0
/Ipress key 1
/Ipress key 2

//press key 3
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AT e )

default:x = error(); /Ipress other key

—-—

void main()

{
start();

run();
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