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Development of the Portable Moxibustion Cauterizer Controller

Do Kim

Department of Electrical Engineering
Grraduate School of Industry

Pukyong National University

ABSTRACT

Electronic moxibustion cauterizer comes with power wealth and a
moxihustion mainframe generation of heat pad and is becoming basic
configuration with drug pad.

All various products were developed in a use form of the power or
a pad form of a 5iSul part after it was developed by Pukvong
National University  JoBongGwan  professor,  and  the  electronic
moxibustion became @ commercialization.

The existing computer loading older brother used onlv the internal
power of PC, but did research and development with portability in
order to do PC moxibustion for business use while using the external
power through this study.

It s for 3t Is convenient, and characteristics of moxibustion
cauterize hold temperature control with a PTC  ceramic  heating
clement, and a tube contains a moxa-cssence lotion, and it is clean,
and a mamtenance to have been able to do a component of a
medicine for a long term in custody and the hygienic side.

While PC work rulers do business by this study, far-infrared and a
component of a4 mugwort promote the blood circulation in neck, a
shoulder, an arm, pain back time for symptoms to be comparatively

slight of a wrist part and a preventive dimension,



It was done a nutritious component during oxvgen in order to
reach by the peripheral nervous syvstem and oils and fats always did

health, but did research and development in order to become help.
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PC/ADP MEDICAL

TARGET - AT9054433

CLOCK - 4MHz RESONATOR

COMPILER - IAR

///////////////////////////////////////////////////////////

#include <i04433.h>
#include <macros.h>
#include <ina%0.h>
#include <pch>
#include <beep.h>

flash char FND_FONTI] = { 0x88, OxBE, 0xC4, 0xA4, 0xB2, OxAl, 0x81,

0xBC, 0x80, 0xA0 };
char FND_RAMI4);
char fnd = 0;

char fndblank;

char FND;

flash char TEMP_FONT[ = {0, 38 4l 43, 45, 47, 49
flash char HUGE_TABLE[] = ( 0, 15, 10,
/flash int TEMP_TABLE[ = {0, 200, 150, 102, 74, 63, 45 %
flash int TEMP_TABLE[ = 0, 220, 200, 180, 150, 100, 80 );

//#define SHORT_VALUE 430 //2.1A
sdefine MIN_VOLTAGE 164 //8V
#define LEAK_VALUE 30 //150mA
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#deline NONE_PTC 20 //100mA
i#define TOLERANCE 22 Jidiode drop voltage
#define OVER_PTC 225 //1.1A at lmin

#define PER 138

long VOLTAGE;

int SHORT_CURRENT, SHORT_VOLTAGE, RESISTOR = 57; //5.70hm
int VOLT_CNT: //voltage drop check time, 30scc at 12V, lsec at 32V

#HI 0
=xxx ERROR DEFINE s
ERROR 1 - PTC OVERLOAD
ERROR 3 - PTC LEAK
ERROR 6 - LOW VOLTAGE ERROR
ERROR 8 - PTC CONNECT ERROR
ERROR 16 PTC OVER
i
#endif

#define ERROR_CNT 20
#define SHORT_CNT 2

#define MAX_AD_CITANNEIL 2
char ad_chan = 0 //A/D channel
char ad _enable = 1.

char ad_end = O; //AD ¥ g ghst
int CHAN_AD, VOLT_AD:
#define CHAN O

#define VOLT 1

//parametmer
char optime; //operating time((} 7 40)

char oplevels /foperating level{l = 6)
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unsigned int delaytimer:

cxiorn 1t beep_time;

char blank_cnt,
char powerflag = 0,
char stopflag = 0,
char errorflag = 0

char poweroffflag — 0;

char errorbecp =
char endbeep — 0;

char errordisp = 0;

char ptestatus = 0, /70 - off, 1 - on
char ptchugetime;
char pteent,

char detectenable;

char overloadent.
char leakent;

char connectent:
char lowvoltent:

int dropvoltent,

char offtime = 0O

char overtimer,

#define KEY_DELAY 3
char powerkey, levelkey, timckey:

char powerkeyvent, levelkevent, timckevent:
void sleeplunsigned int t)

{
while(--t) _WDR();
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void delay(unsigned int t)
{
delaytimer = G

while(delaytimer? _WDR();

char msectimer;

int seclimer;

char mintimer;

interrupt [TIMERO_OVF_vect} void main_timer{void)
{

static char tmrllent = 0;

TONTO - -4 //256usec * 4 = 1.024dmsec

if (++tmrOcnt > 4)

!
i

tmrOent = 05

PORTC |+ 0x3C;

_NOP(};

FND &= 0x80;

END [+ (FND_RAMI{nd]&0x71);
PORTD - FND;

if (fnd —= )
PORTC &= 0x1C;
4 fnd;

}

else if {(fnd - 1)
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PORTC & (Ox3B:

tifnd;
}
clse if (fnd -= 2)
{
PORTC &= 0xUF.
t+ind;
}
else
{

/key read
if (HUPINB & 0x08))

{
il {(++powerkevent >- KEY_DELAY)
{
powerkevent -
powerkey = 1:
'
t
clse
{

powerkev - ()
powerkeyent = (;

H

il ((PINB & 0x10))
{
il (++levelkevent >= KEY _DELAY)
{
levelkevent = O

levelkey = 1;
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clse
levelkey = (0.
levelkevent — 0,

}

if ({PINB & 0x20))

{

if C+timekevent > KEY_DELAY)
1

timekevent - O
timekey = 1
}
}

clse
{

timekey = (;

timekeyent = (),

PORTC &= (0x37;
tnd = 0,

if (vimscctimer >= 10) //10msec
{

msectimer ~ 0

if {delaytimer) - - delavtimer:

if {beep_time) —-heep_time:

if (optime)

!
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Had conversion

error

drop error

)
clse
{
}
{
{
SEEE
oK

if (ad_enable)

ade_start();

if (VOLT_AD < MIN_VOLTAGE) /ow voltage

if (~+lowvoltent > - ERROR_CNT)
crrorflag = 6;
}
else if (VOLT_AD < SHORT_VOLTAGE) //voltage

if ¢rdropvoltent »= VOLT CNT)

errorflag = |;

lowvoltent — 0;

dropvoltent = O

it (ptestatus =+ | && !detectenahle) //pte on status

if (Ipteent)

if (CHAN_AD >- NONE _PTC} /PTC7} &4 4t

errorflag — &;
}
clse
{
if (CHAN_AD < NONE_PTC) /1TCY H45 wd
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errorflag -~ &
else if (CHAN_AD <- TEMP_TABLEloplevel])
J/stop

{
PORTB &= OxFE: //PTC off
FND &= 0x71%

PORTD = FNIX
plestatus = 0; //not operating

overloadent = 0;

detectenable 1,

)
}

if (CHAN_AD >- SIIORT_CURRENT) /foverload error
{
if (++overloadent >+ SHORT_CNT)
crrorflag 1.

plchugetime = HUGE_TABLE[oplevel]:

}
else 1f (ptestatus ~+ 0 && Idetectenable) //ptel off status
{
il Uptchugetime)
{
PORTB |- 0x01; //PTC on
END [= 0x80;
PORTD = FNI:;
ptchugetime = HUGE_TABILE[oplevell;
ptestatus - 15 /operating
detectenable = I,
}
clse
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//-—ptchugetimel0];
if (CHAN_AD >- LEAK_VALULE) //leak error
{
if (++leakent >~ ERROR_CNT)

errorflag = 3,

leakent = O

if (powerflag -= 1)

{
if (1isectimer >= 976) //1 sec
{

sectimer = (;

if (loptime} //timer blank
{
if (Mfndblank)
{
(ndblank — 1:

if {(lerrorflag)

{
time_display(optime);
level_display(oplevel);
endbeep = 1

}

clse

{
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it (errordisp)
time_display(errorflag);
clse
time_display(BAR);
level_display (ERRY;

errorheep = 1;

'
h
else
{
fndblank - 0;
time_displav(OFF);
level_display (OFF);
!

if (“+blank_cnt >= 60) /189 3- A5 £F8

poweroffflag = 1,
Spower_olf();
fipowerflag = 2,

)

clse //operating

{

il (ptchugetime)  -ptchugetime;

il (detectenable) --—detectenable;

il (overtimer)
{
--overtimer:
1f Uloverlimer) //pte over detect
{
if {(CHAN_AD >- OVER_PTC) /PTC7}
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errorflag = 10;

if (vrmntimer > 60) /71 min
{

mintimer - (J;
- —oplime;

time_displayv(optime);

if Uoptime)

{
stopflag = |
[ndblank - 1;

if {offtime) --olftime;

interrupt [ADC veet] void ADC_interrupt (void)
{
static long adlMAX_AD CHANNEL];
static char ent!MAX_AD_CHANNEL];

if {ad_chan —— CHAN)
{
adlCITAN] = ADC;

it Crrent[CHTAN] > 3)
{
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CHAN_AD - adlCHANVent|CHANY;
ent[CHAN] = 0;
adlCHAN] = 0;

}
)
else 1f {ad_chan — VOLT)
{

adlVOLT] +- ADC;

if Corent VOLT] >= 3)

{
VOLT_AD - (adl VOLT/ent [ VOLT )
TOLERANCE;
cnt[VOLT) = O
adfVOLTI = ¢;
}

i (vtad_chan >= MAX_AD_CIHANNEL)

ad_chan - O

ad_end - O

void adc_cnabletvoid)
{

ad_enable -~ 1;

void ade_disablelvoid)
{

ad_enable — 0
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void ade_start{void)

{
if (lad_end)
{
ADMUX  ad_chan:
ADCSR = 0xC8;
ad_end — I,
}
}

void initialize{void)

{
PORTB - 0x3A;
PORTC = 0x1C;
PORTD =

DDRB = 0x07:
DDRC = 0x3C;
DDRD =~ OxFFH;

ACSR - Ox8;  //comparator disable

ADMUX - 0x00; //ADCO select
ADCSR = 0x85; //ADC enable, CK/32

TCCRO = 0x05; //CK/1024 = 256usec
TCNTO = -4, //2%6usec * 4 = 1.024msec
TIMSK = 0x02: //TMRO overtlow enahle

/MCUCR = 0x20; //sleep enable, LOW level interrupt

I'ND = 07T

powerkey ~ O
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levelkey = 05

limekey = (1

WDTCR = 0x0E; //watchdog cnabhle

vaid time_display(char time)

{

if (time — OFF)

{
FND_RAMI[O] = OxFF,
FND_RAM[1] - OxFF;

'

else if (time -= BAR)

{
FND_RAMIO| = 0xF7;
FND_RAMI1] = 0xF7,

}

clse

{
if (time < 10)
FND_RAMI0] - OxFF;
clse
FND_RAMI0] = FND_FONT!time/10];

FND_RAMI[1] = FND_FONT[time%10];

;
j

vord level_display(char level)
1
if (Jevel == OFF)
{
FND_RAMIZ] - OxI'T;
FND_RAMI3] - OxFT.
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H
else if (level = BATR)

{
FND_RAN[2] = OxF7:
FND_RAMI[3} = 0xF7;
H
else 1if (Jevel - = ERR)
{
FND_RAMI2] - 0xCl;
FND_RAMI[3] = FND_FONTIL;
}
clse
i
if Ulevel)
FND_RAM[2] - OxFF;
clse
FND_RAMI|2] - FND_FONTITEMP_FONT[level/10];
FND_RAMI3] = FND_FONTITEMP_FONT(level]%10];
}

void power_on(void)
i
power_on_beep():
powerflag -~ 1,
optime = 10;

oplevel = 35

start();

void start(void)
!

1
i

PORTE &- OxFE; //PTC off
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SPORTC &+ Ox3F;

time_display (optime);

level_displavioplevel);

FND |- 0x80;
PORTD - TND;
delay(30);
FND &= Ox7I
PORTI  FNID;
delayv(30);
FND = 0x80;
PORTID = ENIY;
delay(30);
FND &+ 0x7F;
PORTD - FNI;
delay(30);

msectimer ()
sectimer = (L
mintimer =
blank_cnt - O

pichugetime 5 1 offtime;

overtimer = 60 + ptchugetime;

plestatus -~ 05

crrordisp = 0

errorflag = O
overloadent = 0
leakent - O;
connectent - 0
lowvoltent = O

dropvaoltent = 0
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ple_scarch():

Jstart_beept);

void pte_scarchivoid)
{

int adv:

detectenable - 1,

Avoltage test
if (VOL'T_AD < MIN VOLTAGE) /Vlow voltage error

{
crrorflag — 6
return,

}

else

{

VOLTAGE — Gong)VOLT_AD=*100;

SHORT_CURRENT - VOLTAGE/RESISTOR;
SHORT_CURRENT : SHORT_CURRENT -
HSHORT_CURRENT*PER)/100); //percentage of max current

VOLTAGE /- 100

VOLTAGE =- 488,

VOLTAGE /- 1000;

VOLT_CNT = ((320- VOLTAGE)*350)/20: //drop check time

SHORT_VOLTAGE - ((VOLTAGE=77)*10)/488; //77% drop
check

J/pte search
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PORTE |- 0x01; /TTC on
AEND |- 0x&0:
Z/PORTD - FND;
delay (30);
adv = CHAN_AID,
il tadv > SHORT_CURRENT?) //overload

{
PORTB &= OxFE: /PTC off
errorflag = 15
refurn;

'

else if (adv <0 NONE_PTC)

{
pteent - O
pte_none_beepl}

}

clse

{
pleent = 1,

}

PORTB &- OxFE, /PTC off
JEND & OxTF;

APORTD - NIy
delay (50);

detectenable = 0;

void power_off(void)

!
FND_RAMI[O] = FND_RAMI1] - FND_RAMI[2] - FND_RAMI3] = OxFF;

powerflag — 0
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stop();

void stop(voud)
{
PORTB &~ OxFE: //PTC off
FND &= Ox7I:
PORTD = FND,

optime — 0;
blank_cent - O

detectenable = 1

offime = 30;
J/stop_beep();

vord main{void)
{
mmitialize();

initiahize_beep();

J/power_off();
FND_RAMIO] = FND_RAM[1] = FND_RAMI2] = FND RAMI3] - 0xFF;
powerflag - 0;
PORTE &~ OxFE; //PTC off
FND &= 0x7F;
PORTD = FND;
optime = (;
blank_cnt = 0

detectenable = 1,

enable_interrupt(;
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while( 1)
{
_WDR();

if (powerflag —— 1)

{
if (stopflag)
{
end();
stopflag = O
'

if (crrorflag)
{

error():

crrorflag = O;

if (poweroffflag)
{
poweroffflag - 0;

power_off();

if (levelkey)
{

level_up_beep();

if (++oplevel >= 7)

oplevel = 1.
if (‘oplevel)

{
PORTB &~ OxFE; /PTC off
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I'ND &- Ox7F,
PORTD = IFND;

level_display(oplevel);
ptchugetime = HUGE_TABLEloplevell;
delay{1(),

if (timekey)

{
il (Toptime) //start
{

optime = 10;
start_heep();
start();

}

else if (optime < 31)

{
optime += 10;
time_up_beep();

}

eise 1if (optime == 40) //stop

{
optime = ()
stopO);
stop_beep();

}

clse

{
optime = 40;
time_up_beep();

b
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time_displayloptime);
delay (10}

if (powerkey)

{
power_off_heen();
power_off();
delav(10);
}
}
else 1f (powerflag - O
i
if (powerkev}
{
power_on();
delav(10);
f
}

void end(void)
{

char ent - 3;
stop(h
while(1)

{

_WDRO):

if (powerkey || timekey || levelkey)

hreak:
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il (endbeep)

{
end_heepl);
endbeep —
ent—-> Zheep 33 A @
if (lent)
brealk;
}

vord error{void)
{
long td - O

stop();
while(1)
{

_WDRO);

if (powerkey)

{
power_off_been():
power_off();
hreak;

I

if (timckey)
{
while(timekey)
{
_WDRU);
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if trrid > 300000)

{
id - O
time_display{errorflag);
errordisp = 1;

;

}
clse td O

il {errorheep)
{
error_beep();

crrorbeep — (O
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