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/*
Filename:
FileDesc:
Esophagus
Compiler:
Model:

CommandLine:
machine cycle (8051,

machine cycle (89c51rd2)

¥/

#include <8051 .h>
#include <math.h>
#include <stdio.h>
#include <conio.h>
#include <intrpt.h>

typedef unsigned char
typedef unsigned int
typedef unsigned long

|tale

Data Logger for pH Value in a Human

AVCS51.EXE v1.216

SMALL

AVC51.EXE pH.c
89C52)
AVC51 .EXE -d:CLKé6 pH.c

byte:
word;
dword;

/* No operation define */

#ifdef CLK6
#define nop

#else
#define nop
#endif

/* LCD define */
#define LCD_DATA
#define LCD_RS
#define LCD_RW
#define LCD_E

/* EEPROM define */

#define EEPROM_TOTCAP
#define EEPROM_CFGCAP
#define EEPROM_STDCAP
#define EEPROM_DATCAP
fidefine EEPROM_ADRSTD
ffidefine EEPROM_ADRDATA
#define EEPROM_ADRRATE

#define EEPROM_SCL
#define EEPROM_SDA

/* Keypad define */
#define KP_DATA
#define KP_DA
#define KP_KEYNONE
#define KP_KEYUP
#define KP_KEYDOWN
#define KP_KEYENTER
#define KP_KEYLIGHT
#define KP_KEYFOOD
#define KP_KEYSLEEP
#define KP_KEYETC

asmiEE Fneops =ty
asm(” nop ”)

asmiEEsnepE )

(P2)

(PO_BITS.B5)
(PO_BITS.B6)
(PO_BITS.B7)

(32768)

(1)

(60)

(32707)

(0)

(60)

(32767)
(P3_BITS.B6)
(P3_BITS.B7)

(PO & 0x0f)
(P3_BITS.B2)
(0xff)
(0x0a)
(0x0b)
(0x08)
(0x09)
(0x06)
(0x07)
(0x00)

\
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#define
#define
#define
#define
#define

KP_KEYVOMIT
KP_KEYCCUGH
KP_KEYHURT
KPDisInt()
KPEnInt()

/* BA/D define */

#define
#define
#define
#define
#define
#define

ADC_DATA
ADC_START
ADC_SEL

(0x01)
(0x02)
(0x03)
EX0 =0
EX0 =1

(Pt}
(P3_BITS.BS)
(P3_BITS.B3)

ADC_CH1
ADC_CH?
ADC_CH3

/* Light define */

#define
#define
#define

LIGHT
LightOn()
LightOff()

/* CPU low power mode */

#define
#define

#define
#define
#idefine
#define
#define
#define
#define

union |

} cur_status,

CPUIdle()
CPUDown ()

STD_PH1
STD_PH2
STD_PH3
DEF_RATE
MIN_RATE
MAX_RATE
MAX_RAW_PH

byte value;

struct |
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned
unsigned

} bits:

byte key_buf:

byte samp_rate:
byte light_time;
byte measure_time;
word eeprom_addr;
bit unsigned measure_flag:

extern bit unsigned ustatus:

static byte lcd_addr{4]

(0}
(1}
(2)

(PO_BITS.B4)

LIGHT =
LIGHT

PCON

PCON

(1.07)
{(7.01)

(9)
{5)
(n

(99)

(191)

b7:
b6 :
bs:
b4 :
b3:
b2:
bi1:
kO:

S T S

1
0

I= 0x01
I= 0x02

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

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

= {0x80,

reserve */
reserve */
hurt */
cough */
vomit */
ete, */
sleep */
food */

old_status; /* user’'s status */

keypad buffer */

sampling rate */

light’'s time */

measure’'s time */

eeprom’'s address pointer */
measure’'s flag */

vart’s status */

0xc0, 0x90, 0xd0}:

/* Millisecond delay time (11.0592 MHz) */

void mdelay(register word d)

register byte i;

{

96



while(d--)
#ifdef CLK6

for(i 0, i < 226; i++);
#else

for(i = 0; 1 < 113; i++):
#endif

}

/* Delay time about 54 * d usec */
void delay(register word d) |
#ifdef CLK®6

register word i = d;

while(i--);
#endif

while(d--):
}

/* Get digit of number */
byte GetDigit(register word num) {
register byte dig = 1;

while({num = {(int)(num / 10)}))
dig++:

return dig;

)

/* Put CPU to power down mode */
void CPUSleep({void) |
if((!measure_time) && (!light_time))
CPUDown () ;
}

/* Write a number to df function */
void WriteNum(register word num, byte digit. void (*df)(char}) |
#define MAXDIG 5§

register byte 1i;

char buf[MAXDIG];

register char *bp = &buf[MAXDIG - 1}:

/* check digit */

if(tdigit)

digit = GetDigit(num):
else if(digit > MAXDIG)

digit = MAXDIG;

/* convert number to string */

for(i = 0; i < digit; i++) |
*bp-- = (num % 10) + '0";
num /= 10;

}

/* write number */
for{(i = 0; i < digit: i++)
df{*++bp) ;




/* Write a instrution to lcd */
void LCDWriteInst(byte inst) {
LCD_DATA = inst;

LCD_RS = 0:
LCD_RW = 0;
LCD_E = 0;
LCD_E = 1; delay(25);
LCD_E = 0; delay(100);

}

/* Write a data to led */
void LCDWriteData(byte data) |
LCD_DATA = data;

LCD_RS = 1;
LCD_RW = 0;
LCD_E = 0;
LCD_E = 1. delay(25);
LCD_E = 0. delay(100);

}

/* Move a cursor to (x,y) position */

void LCDGotoXY(byte ceol. byte row) |
LCDWriteInst{(lcd_addrirow & 0x03] + (col & Ox0f));

}

/* Write a string to lcd at (x,y) position */
void LCDWriteStr{byte col, byte row, register char *s) |
LCDGotoXY(cel, row):

/* write a string */
while(*s)
LCDWriteData{*s++);

}

/* Write a number to lcd at (x.y) position */

volid LCDWriteNum(byte col, byte row, word num., byte dig) |
LCDGotoXY(col, row);
WriteNum(num, dig, LCDWriteData);

}

/* Write a string to lcd at center of a line */
void LCDCenterLine(byte line, register char *str) |
char buf{17]:
register byte len = 0;

/* copy and check a string */
while({(*str) && (len < 16)}

buf[len++] = *str++;
bufl(len] = "\0";

/* make even */
len = (len + 1) & Oxfe:

/* write string */
LCDWriteStr(8 - (len >> 1), line, buf);
}

/* Initialize lcd module */



void LCDInit{void) {

LCDWriteInst (0x38);
LCDWritelInst(0x0c);
LCDWriteInst{(0x01);

}

/* function set */
/* display on/off */
/* clear lcd */

/* Timer interrupt function */
void interrupt TimerInt(void) {

if(measure_time)

measure_time- - ;

if(light_time) |

if(1(--light_time))
LightOff () ;

!

/* Initialize timer */
void TimerInit(void) |

set_vector(TIMERO,

vector */

TRO = 0;
TMOD &= 0xf0;
TMOD 1= 0x06;
THO = 0xc4;
TLO = THO:
ETO = 1;
TRO = 1;

}

/* Initialize uart */
void UartInit(void) {
TR1 = 0;
TMOD &= Ox0f;
TMOD |I= 0x20;
#ifdef CLK6

TH1 = 0xfa;
#else

TH1 = Oxfd:
#endif

TL1 = TH1;

PCON iI= 0xBO;

SCON = 0x52;

TR1 = 1;

ustatus = 1;

}

/* Keypad check keypress */

byte KPKeypress{void) |

byte key = key_buf;

delay(3000);

/*
/*
/*
/*

/*
/*

/*
/*
/*

/¥
/*
/*

/*
/*

TimerInt) ; /* set timer0 interrupt

disable timerQ */

clear mode of timerQ */
timer0 auto-relcad mode */
about 1 Hz counter */

enable timer0 interrupt */
enable timerQ */

disable timer1 */
clear mode of timer1 */
timer? auto-reload mode */

about 19200 baud at 11.0592MHz */
about 19200 baud at 11.0592MHz */
enable double baud rate */

mode 1, receiver enable */
enable timert */

key buf = KP_KEYNONE; /* clear keypad buffer */

return key.
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/* Read key was pressed
byte KPReadKey(void) {

from keypad */

register byte key:

/* wait until keypress */
while({key = KPKeypress()) == KP_KEYNONE)
CPUSleep():

return key;

}

/* Keypad interrupt function */
void interrupt KeypadInt({void) ({

key_buf = KP_DATA; /* save a key */

/* light and status key */

if(measure_flag)

{

switch(KPKeypress()) |{

case KP_KEYLIGHT:
LightOn{};
light_time = 3;
break:

case KP_XKEYHURT:
LightOn();
light_time = 1;

cur_status.bits.b5
break:

case KP_KEYCOUGH:
LightOn{):
light_time = 1;

cur_status.bits.bd
break;

case KP_KEYVOMIT:
LightOn():
light_time = 1;

cur_status.bits.b3
break;

case KP_KEYETC:
LightOn(}:
light_time = 1;

cur_status.bits.b?2
break:

case KP_KEYSLEEP:
LightOn(};
light_time = 1;

cur_status.bits.bl
LCDGoteXY (13, 0):

lcur_status.bits.bi:

100



if(cur_status.bits.bl}

else

break;

LCBbWriteData(’'s5");

LCDWriteData(”

case KP_KEYFOOD:
LightOn(};
light_time = 1;

cur_status.bits.b0 = lcur_status.bits.b0;

LCDGotoXY (14, 0):
if(cur_status.bits.b0)
LCDWriteData( 'E’};

else

break:

}

LCDWriteData(’

/* Initialize interrupt for keypad */

void KeypadInit(void) |

set_vector(EXTIO, KeypadInt):

EX0 =
IEO
ITO
EX0 =

)

/* eeprom start condition */
void EEPROMStart(void) {
EEPROM_SDA = t; nop:

EEPROM_SCL = 1; nop;
EEPROM_SDA = 0: nop:
EEPROM_SCL = 0; nop:

}

/* eeprom stop condition */

volid EEPROMStop(void) |
EEPROM_SDA = 0; nop;
EEPRCM_SCL = 1; nop:
EEPROM_SDA 1, nop:

i

/* Send data to eeprom */

void EEPROMSendByte(byte data)

register byte 1., ack:

do {

/* send each bit */
for(i = 0; i < B: i++) |
if({data << 1) & 0x80)

else

nop;

EEPROM_SDA = 1;

EEPROM_SDA = 0;

")

")

0; /* disable external interruptQ */
0; /* clear interrupt0 flag */

1; /* interrupt0 edge detect */

1; /* enable external interrupt0 */

101



}
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EEPROM_SCL = 1; nop:
EEPRCM_SCL = 0; nop:
1

/* read acknowledge */
EEPRCM_SCL = 1. nop:;
ack = EEPROM_SDA;
EEPROM_SCL = 0; nop:

} while{ack):

/* Write data to eeprom */
void EEPROMWriteData(word addr., byte data) |

not busy */

*/
*/

EEPROMStart(); /* start condition */
EEPRCMSendByte(0xal); /* wait until EEPROM
EEPROMSendByte( (addr >> 8) & Oxff); /* send address high
EEPROM3SendByte(addr & Oxff); /* send address low
EEPROMSendByte(data); /* send data */
EEPROMStop(): /* stop condition */
delay(300); /* delay for write

circle time */

}

/* Read data from eeprom */
byte EEPROMReadData(word addr)

register byte i, data = 0;

not busy */

x/
*/

EEPROMStart(); /* start condition */
EEPROMSendByte(0xal); /* wait until EEPROM
EEPROMSendByte( (addr >> 8) & Oxff); /* send address high
EEPROMSendByte(addr & Oxff}: /* send address low

EEPROMStart(): /* start condition */
EEPROMSendByte(0Oxal): /* device address */

/* recive each bit */

for(i = 0; i < 8; i++) |
EEPROM_SCL = 1; nop;
data = (data << 1) | EEPROM_SDA:
EEPROM_SCL = 0; nop.

}

/* no acknowledge respond */

EEPROM_SCL = 1; nop;

EEPROM_SCL = 0; nop:

EEPROMStop():

delay(300); /* delay for write circle time */

return data;
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/* Read data from a/d */
byte ADCReadData{byte channel) {
if(channel == ADC_CH1)
ADC_SEL = 0;

else

ADC_SEL = 1;
nop;
ADC_START = 0; nop:
ADC_START = 1; nop:
ADC_START = 0: delay(10}:

return ADC_DATA;
i

/* Show pH value */

void ShowPH{(byte col. byte row. double ph) {
byte numi, num2;

if(ph < 0.0)

ph = 0.0;
else if(ph > 14.0)
ph = 14.0;

num! = (byte)floor{ph);
num2 = {(byte)floor{{double)(ph - (double)numl) * 10.0);
if(num2 »>= 10) |

numil++;

num2 -= 10;

}

LCDWriteNum{col, row., numl, 2);
LCDWriteNum{(col + 3, row, num2, 1);

}

/* Calibrate standard pH */
void Calibrate(double std_ph) {
byte i, data;
byte num = (byte)floor(std_ph}:
byte den (byte) ({byte) ({std_ph - num) * 100.0) % 100):

LCDWriteInst(0x01);
LCDCenterLine(0, "CALIBRATION pH"):;
LCDWriteNum({6., 1. num, 1}
LCDWriteStx(7., 1, ~."):
LCDWriteNum(8, 1, den. 2);
LCDCenterLine(3, "press enter key”):
if(KPReadKey() != KP_KEYENTER)
return:

LCDWriteInst(0x01);
LCDCenterLine(0, "CALIBRATE pH"):
LCDWriteNum(6., 1, num, 1);
LCDWriteStr(7., 1. ".7);
LCDWriteNum(8, 1, den, 2);
LCDWriteStr(0., 2, "Electrodel =7);
LCDWriteStr(0. 3. "Electrode2 ="):



for(i = 0; i < 10; i++) |
/* electrode #1 */
data = ADCReadData(ADC_CH1):;
LCDWriteNum(13, 2. data., 3);
EEPROMWriteData{eeprom_addr++., data):

/¥ electrode #2 */

data = ADCReadData(ADC_CH2);
LCDWriteNum(13. 3. data. 3);
EEPROMWriteData(eeprom_addr++. data):

/* wait for next calibraticn */
measure_time = samp_rate;
while(measure_time}
CPUIdle(); /* put CPU to idle mode */

/* Menu measurement */
void Measure(void) |

byte i, j, data:
double mal[2]., ba[2], mb(2]. bb(2]), avr[2][3]:
word addr_end = EEPRCM_TOTCAP - EEPROM_CFGCAP - 3.

samp_rate = EEPROMReadData{EEPROM_ADRRATE) ;
read sampling rate from eeprom */

cur_status.value = 0; /* clear current status */

old_status.value = 0; /* clear old status */

/* show title */

LCDWriteInst(0x01}):

LCDCenterLine(0, “MEASUREMENT pH"):
LCDWriteStr(0. 1, “SAMPLING RATE"):
LCDWriteNum(14, 1. samp_rate. 2):
LCDCenterLine{3, “press enter key"):
while{KPReadKey{() '= KP_KEYENTER}:

/* average calibrate pH value */
eeprom_addr = EEPROM_ADRSTD;
for(i = 0; 1 < 3; i++) |
avr[01(i] = 0.0;
avr[(1]1ii] = 0.0;
fortj = 0; 3 < 10; j++) |

avr[0}fi] += EEPROMReadData(eeprom_addr++):
avr[1]{i]) += EEPROMReadData{eeprom_addr++):

}

avr[0)[{i] /= 10.0;

avr(11{i] /= 10.0;
}

/* calculate pH equation: pH = {(m * raw_data) + b */
for(i = 0; i < 2; i++) |
mafi] = {double) (STD_PH2 - STD_PH1) / (avrl(il[1]

avr{il[0]):

(double)STD_PHZ - (avr[i][1} * mafil):
(double) {STD_PH3 - STD_PH2?) / (avrli}[2]

bafi]}
mb[i]

avy(il[11):

bb{i} (double}STD_PHZ - (avr[i)[1]) * mbl[il):

/*
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(i3] *
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}

/* show measure message */
LCDWriteInst(0x01):;

LCDWriteStr(0, 0, "MEASURE pH [ 17):
LCDWriteStr(0, 2, "Electrodel= 00.0");
LCDWriteStr(0, 3, "Electrode?2= 00.07);

/* measurement loop */
measure_flag = 1;
eeprom_addr = EEPROM_ADRDATA;
while(eeprom_addr <= addr_end} {
/* electrode */
for(i = 0; i < 2; i++) {
data = ADCReadData(i):
if(data » MAX_RAW_PH)
data = MAX_RAW_PH;

if(floor{(double)data * 100.0) <= floorf(avr

100.0))
ShowPH(12, 2 + i, ((double)data * ma

[(11) + balil);

else
ShowPH(12, 2 + i, ({double)data * mb

{i]) + bblil);

EEPRCMWriteData(eeprom_addr++. data):
H

/* status */
if(cur_status.value '= old_status.value) |
EEPROMWriteData(eeprom_addr++,

cur_status.value | (MAX_RAW_PH + 1)}

}

/* Menu

cur_status.value &= 0x03;
old_status.value cur_status.value;

It

)

/* wait for next measure */
measure_time = samp_rate:
while(measure_time)
CPUIdle(); /* put CPU to idle mode */
}

measure_flag = 0.

/* measurement complete */
LCDWriteInst(0x01};
LCDCenterLine(1, "MEASURE"):;
LCDCenterline(2., "COMPLETED”);
while (KPReadKey({) != KP_KEYENTER):

upload data */

void Upload(void} {

word count = 0;

byte col = 0, data = Oxff, status = 0;

word addr_end = EEPROM_TQTCAP - EEPROM_CFGCAP - 3;
double div = (double)EEPRCM_ADRRATE / 100.0 * 6.25;
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/* show title */
LCDWriteInst(0x01);

LCDhCenterLine(0., "TRANSFER DATA"):
LCDCenterLine(t, "BAUD RATE 19200"):
LCDCenterLine(3. "press enter key”);
while(KPReadKey{)} != KP_KEYENTER):

/* show transfer message */
LCDWriteInst{(0x01t);
LCDCenterLine(0, “TRANSFER DATA"):
LCDWriteStr(0, 2, "Progress:”):

putch(0x0c); /* clear terminal screen */

/* 111 Do not modify this messages. The software will detect
this messages to start receive data !!! */

puts{“inData Logger for pH Value in a Human Esophagus”);

puts(“in Ei\t E2\t Flag"}:

£ I T B R LR R

/* upload loop */
eeprom_addr = EEPROM_ADRSTD:
while(eeprom_addr <= addr_end) {
/* electrode 1 */
if(data > MAX_RAW_PH)
data = EEPROMReadData(eeprom_addr++)
WriteNum({data, 3. putch);
putch{"\t’);

/* electrode 2 */

data = EEPROMReadData{eeprom_addr++);
WriteNum(data., 3., putch):
putch(’'\t’):

/* status */
data = Oxff;
if(eeprom_addr > EEPROM_ADRDATA) |
data = EEPROMReadData(eeprom_addr++) ;
if(data > MAX_RAW_PH) |{
status = data & 0x03;
WriteNum{data & O0x3f, 3., putch);

else
WriteNum(status, 3., putch}:
}
putch{’'\yn’);
LCDWriteNum(11, 2, ++count. 5); /* show current line
of data */
if((byte)(eeprom_addr / div) > col) {
LCDGotoXY(col++., 3):
LCDWriteData(Ox£ff); /* show current progress
*/

}
}
putch(26); /* end of data */
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/* transfer complete */

LCDWriteInst(0x01);

LCDCenterLine(1, “TRANSFER");

LCDCenterLine(2, “COMPLETED"):

while(KPReadKey() != KP_KEYENTER):
}

/* Menu setup */
void Setup(void) {
byte key:

/* read sampling rate from eeprom */
samp_rate = EEPROMReadData(EEPROM_ADRRATE) ;
if(samp_rate > MAX RATE)

samp_rate = DEF_RATE;

/* get sampling rate */
LCDWriteInst(0x01);
LCDCenterLine{0, "SAMPLING RATE");
LCDWriteStr(6, 2, "{ 1"):
LCDWriteInst(0x0e);
do |
LCDWriteNum(7, 2, samp_rate, 2);
LCDGotoXY (8, 2).

key = KPReadKey():
if(key == KP_KEYUP) {
if(++samp_rate > MAX_RATE)
samp_rate = MIN_RATE:
}
else if{key == KP_KEYDOWN) |{
if(--samp_rate < MIN_RATE)
samp_rate = MAX_RATE:
}
) while{key != KP_KEYENTER};
LCDWriteInst (0x0c):

EEPROMWriteData(EEPROM_ADRRATE, samp_rate); /* write sampling
to eeprom */

/* calibration standard pH */

eeprom_addr = EEPROM_ADRSTD:

Calibrate(STD_PH1): /* calibrate standard pH #1 */
eeprom_addr = EEPROM_ADRSTD + 20;
Calibrate(STD_PH2): /* calibrate standard pH #2 */
eeprom_addr = EEPROM_ADRSTD + 40;
Calibrate{STD_PH3); /* calibrate standard pH #3 */

/* setup complete */

LCDWriteInst{0x01});

LCDCenterLine{(1, “SETUP"):

LCDCenterLine(2, "COMPLETED"}:

while(KPReadKey() != KP_KEYENTER)
}

void main(veoid) |
byte key. choice = 0;



/* initial variables */

ustatus = 0;
measure_flag = 0;

key_buf = KP_KEYNONE:
/* initial peripherals */
di(});

LightQf£f():

LCDInit();

UVartInitc{}:
TimerInit(};
KeypadInit{);
ei();

/* show title */

LCDWritelInst(0x01});

LCDCenterLine(1, *DATA LOGGER"):
LCDCenterLine(2, "PSU-NECTEC"):
delay(60000); delay(60000); delay(60000});

/* main loop */

for(.:) |
/* show menu */
LCDWriteInst{0x01};
LCDCenterLine(0, "MENU");

/* select menu */

do {
LCDWriteStr{(0, 1, " MEASUREMENT");
LCDWriteStr(0, 2, * UPLOAD DATA");
LCDWriteStr(0., 3, * SETUP");
LCDGotoXY (0., choice + 1)
LCDWriteData{0x7e);
key = KPReadKey():
if(key == KP_KEYUP)
choice = (choice + 2) % 3;
else if(key == KP_KEYDOWN)
choice = (choice + 1) % 3:
} while(key != KP_KEYENTER};

/* check menu */

if(choice == 0}

Measure(): /* measurement */
else if{cheoice == 1)

Upload(): /* upload data */
else if(choice == 2)

Setup(); /* setup */
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ABSTRACT

This research proposes the development of Ambulatory
esophageal pH monitoring. This equipment assists the doctor

to determine the pH values in the esophageal for diagnosis
the Gastroesophageal reflux. The system consists of 2 parts.
The first one is the hardware for measuring and logging the
pH value In the esophageal and record the events which
occur in the period of measuring such as sleeping and eating
atc. The second part is the analysis software which runs on
the PC, This software is used for receiving the data from the
first part via RS232 port and analysis the data to determine
the parameters thal the doctor can use it for diagnosis. The
results showed that with the simulation data the hardware
part and software part could record and determine correctly
the ph values and parameters. The measurement in the
volunteers was investigated by comparing with the Medtronic
Ambulatory Esophageal pH Monitoring (a commercial
equipment). The measurement results from the volunteers
showed that the pattern of the pH values from our prolotype
and a commercial were similar and the reflux were found at
the same period.
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Data Logger for pH Value in a Human Esophaqus
Acid reflux
Duration 19:30:25
Episodas 0
Long episodes (>= 5 min) 0
Longest episode 00:00:00
Time pH < 4.00 00:00:00
% lime pH< 4,00 0.00
Episode/hour 0.00
Long episode/hour 0.00
Reflux area 0.00
Symptom index (painful} 0.00
Symptom index (cough) 0.00
Symptom index (vomit) 0.00
Symptom index (misc.) 0.00
Symptom index (all) 0.00
Alkaline refhux
Duration 19:30:25
Episodes 4
Long episodes (>= 5 min) 2
Longest episode 09:14:45
Time pH>» B.00 11:11:35
% time pH» 8.00 57.38
Episode/hour 010
Long episode/hour 0.10
Reflux area 62619.62
Symptom index (painful) 50.00
Symplom index (cough) 50.00
Symptom index (vomit) 0.00
Symptom index (misc.) 0.00
Symptom index (all) 28.57
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