[

P ey
aninvonyanan FERERMnmMIANTED

Talasund

MICROMOUSE

- 1 EALENE N Ty
- A y

; | ,
§ FT030518 ’

e v e re———

Tae

UL Y garf lvAna 38013294

.4 J
HIWDARNA IHﬂiZﬂ’Nuu‘ﬁ 38013300

a a c‘ay o 1 & =2 (3 Ty a dao a

YsggninusiiudunisvesmsAnmanmangassSyyienssuenanasiuda
awiimnIsNAeNimes
o A G y_ ¥ a’
amfuma Tulagnszsemnaungunmmanssih
L

~AY

, ' :
- Y

~ vz, 30518,

M, ;;au,ﬂl..?...‘.‘.:ﬂ:...?ﬁ.!

Unisfinyr 2540

]




Talnsuand

MICROMOUSE

Tag

UIANYY asrf Twana 38013294

ao o
HIYBARNA I‘Hmzmmu‘ﬁ 38013300

Sl (@
219178NUTNH

o o a
WA, TUANA uason

y

=) = ' A o ) =) LY =3
Wygrinusiifiudumilwssnsinuanmdngas ISy dsnssumani tudia

AVPFINTTUABUNAADS AIFINTINAITRS

anthuna TuTlagnszweunduigummisaiansz i

Tmsfinur 2540



,\,;-y’

Syyinusiinisfinm 2540
AN NN TNARBIAUADT
auzdmnssueman’ aniumalulatnsgveundudmammsaianse e
Foe lasand
( MICROMOUSE)
Aiai  uwane serle@na 38013294

o o/ Q"
UIYBAANA Inmsmmu'ﬁ 38013300

oA |2
219139NYTN¥

v & a
(WA UANA UAZ01)



2

Talasuend

ANYY garladina
a o n’ o
2ARNA TnasenNIUUN
Y] n’ a u’:i =
weLaudng  Neza1  919158nYdsae

Umseine 2540

UNARLD

Tassanwlnsand 18savituieduduuuumeunsfinumeduvueudsonsos
TaofiluTasnouInames 8051 Humirvdszanananan uazldldsunsunimn ¢ Tumsiou
Tilsunsuniumuiteddunisiem Taeldsneumoaesifugunladfiiunmundes defrded
18 T Tasand laurummesmeynsuvouniesneuiaune;  nMIsenUUUNATELMI
et urumnuumnain Tasindnnsfumidumeesaumnngadudu lfegaith
mneiduiiqe  Tao3idaliluTasundielfmnqgeswesmmuiteftugduuusesiumaniih
Frumomiudeidnsasrundifininsetndumdiduiga emiululamdeion
qméuﬁ'u"lﬂﬁaQﬂLﬂmmu’[ﬂUﬁszUzwnﬁﬁ"vuﬁqﬂuaﬂ%'nmﬁaUﬁqﬂ

wadt 180 Inssandise sei s s insdoulsunsunn ¢ dmiululns
aoulnsained 8051 uagl8Goudmminmuvesdanentmasy SnaladRamamauveailading

. 4
) ¥949 geRNTuaz e alag



MICROMOUSE

Somchai  Aungsuchotikul
Adisak Hotrapavanon
Assistance Professor Somsak Mitatha Advisor

1997

Abstract
The Micro mouse project is built to be prototype that can be used for studying about smart
robot. There is microcontroller 8051,used as Central Processing Unit (CPU) and C language
programming is added to control the working function. It can be transfromed to machine language and
sent to Micro mouse via serial port by using compiler. Work Testing area for Micromouse can be set
as maze so the Micro mouse will move from begining point to destination in all the way that possible
and fine the shortest way to arrive destination by itself. After that Micro mouse will move along that
way and take the shortest time .
From this project we have learnning about microcontroller 8051 and learn how to operate with
C language programming in a programming including other function in sofiware and hardware of

computer .
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12.1 faffridadetuueianealnsated
1.1 ﬁ»‘if‘l{‘f;’u read_switch
Header :mkit_io.h
Prototype : int read_switch(int sw)
Herfuszdeefibidugué Sjuvesainlu MCB gramualaofauds sw  afud
donadn Suiudearuihi o uasei lifimignna A1ved sw Ae 1 vie 2 awldsunsuezuans

§oRv1 « Switch 2 pressed” S1aIMAAH 2 gnnauaziaAIdBA2M “Switch 2 NOT pressed”f1 1414

QnnA

#include <i03x0.h>
#include <mkit_i0.h>

main() {
while (1) {
if (read_swtch(2)) printf(*\nSwitch 2 pressed **);
else printf(*“\nSwitch 2 NOT pressed”);
}
}

1.2 s trig
Header : mkit_io.h

Prototype : int trig(int sw)

o a o

o Y P oA 1q 9 o o LY o v
Hansuilszdanilildgqud Aaimuuvesa MCU Nigndmualaviuls sw ganadwusnisiGon

I 4 v
o

& Y so A aa Yo do Ao o Y a 1 A a
afagaievesilanduil F5msldianduil Hend init_trig) szavsgnizonnouTusuTsunsy
Ao sw inuihi 1 3o 2

[ 1 y 1 J /) (c:l o
#19019 : T15uns il vzuanInRNA19TE NI WYY read_switch() N trig()

#include,i03x0.h>
#include <mkit_io.h>
main () {
unsigned int x;
while (1) {
for (x=0;x=1==;x++) printf(“\nTesting %u”,x);

if(read_switch(2))printf(“\nSwitch 2 is detected using read_switch”)



if(trig(2)) printf(“\nSwitch 2 is detected using trig”);
printf(*\nAny key to continue”);

getch(); '
}

o
1.3 Wan¥u write_led
Header : mkit_io.h
Prototype : void write_led(char p)
v ¥y
Hafduil uansmvesdauys p luguuuved binery Tagld LED 8 &1 wuvesn MCU msuaas 1
nvosauls p  eSesmuddunnamenile (1) ludsdheiie (D8) & LED wwaiieAwesd
3:116 ud'nq’:d 1 yu(&t;‘yd c'q';‘_ I -
wiudanih 1 uazdudeimiuiu o neuldWsnvuiifeionfendu init_sensor() NEUNITNVLY

Tdsunsu
I 4 ] '
fao81e : Tsunsuiiuaasnah LED 1Tt 0x5A uaz 0xAS aaufiulilises o

#include <mkit_io.h>
main(0 {
unsigned int x;
init_sensor();
while (1) { .
write_sensor(0x5a);
for (x=0;x<20000;x-++);
write_sensor(0xa5);
for (x=0;x<20000,x++);
}

1.4 H9A%34 init_trig,init_timer
Header : mkit_io.h

Prototype : void init_trid(void),void init_timer(void)

) o v A o a o =y
Haridu init_trig 0 9211M35 setup Wereandoefuduyymesy uag SumefSwivesadn

o 1 A 2 1 9o o/ .
UUUDsA MCU T wassgnifonneuTuleuTysunsy FeezFonnouldileidu trig O



- mm

Qo

¢y L. . a o o o
Hafdu init_timer () 923MInseiAeil
9 . .
e setup ATTNEIDANABITENIN timer LAZ mnterrupt
o ¥ timer AWMV 0
9 a .
o 191 timer IFu9U
[} 4
r-1

oo v ' ' ! v d
Hartduil szdpagniFonnsumsdiouldsunsn uazAsuiiSonldeiau read_timerQ

#ree : g lufassu rig0) 1o read_timer()

1.5 Hariv reset_timer,read_timer
Header : mkit_io.h
Prototype : void reset_timer (void) , long unsigned read_timer (void)

o . o . 9 d ' d . YRR o
Fargu reset_timer() 92AAUTA1UD4 timer 1T 0 og1elsA timer Salingariem

=i i 1
o

o/ d 1 o g A P A ' A Yo do . o d& A
Tuszifiuaniuud a1t 1iSes o n1381uA1 timer 92 14WIATU read_timer() Wanauilogeaan
raauiiu microsecond

9
(Y

4 1] ]
awldsunsuilvznaasnaniuiuinaeusisullsunsy

#include <io3x0.h>
#include <mkit_io.h>

mian() {
clrser();
init_timer();
while (1) {
gotoxy(1,1);
printf(* %61 read_timer()/1000000L);

}

1.6 ﬂaﬁ%’u read_volt

Header : mkit_io.h

Prototype : unsigned int read_volt(void)

Herui s dasusessduus stuvsaumassiewiileu sy MCB

b 4
AIBUN : Iﬂiuﬂi‘uﬁ WUAPANAULTIAUVBIUNDY il'lﬂvlﬂ

#include <103x0.h>



#include <mkit_io.h>
main() {
clrser();
while (1) {
gotoxy(1,1);
printf{“%w” read_volt());
}

2.2.2 Hafdunaafudn

2.1 Weri¥ bit, set, clr

Header : bit.h

Protrotype : unsigned char bit(int p,unsigned char v)
void set(int p, unsigned char v)

void elr(int p, unsigned char v)

o v oAl 4 o | d A d
Fardu bie)) szerenn Lifueud o tin p vesdauds vidu 1 wazdhi o el o
P
& o u’& oy ¢ d 1 o
T set() twaiin p vosdus v Hetdu er ¢ tados Ity o 1 p vesduds v

14
ot 1 U 1 ol
A0 : Tdsunsuilozounuiiugiu 16

#include <io3x0.h>
#include <bit.h>
main() {
unsigned int a;
while (1) {
printf(“\nEnter a Hex : ”);
scanf(“%x,&a);
-if (bit(7,(unsigned char) a)) {
putbin(a);
printf(*\nBit 7 is set”);
clr(7,(unsigned char)a);
putbin(a);

10
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printf(*\nBit 7 is now clear”)

}
}
2.2 ﬂaﬁ%’u rotrd4, rotl4 '
Header bit.h
Prototype : void rotr4(unsigned char v)

void rotl4(unsigned char v)
Hersutlveidouiinuu nibbles vosdauls v e 1 ade dwautls v ifhi « abed
efgh “ vznaiiiu “ dabe hefg
At ordoudnuuy nibbles vosdauts v lmede 1 ade s v S « abed
efgh “ uvznaiiiu “ beda fghe
Tusunsudrdreiuansdanys Tnsdmuasndadudu 0xo4 gthvyluns usaznte

i o 4 3
Tumsdiou Suvzidoulamsunlaeldfadeu rot)

#include <bit.h>
#include <mkit_io.h>
#include ,i03x0.h>
main () {

unsigned char p=0x94;

while (1) {
putbin(p);
getch();
rotrd(p);
}

}

23 ﬁaﬁ%’u rotr8, rotl8
Header bit.h
Prototype : void rotr8 (unsigned char v)
void rotl8 (unsigned char v)
Aafdu rotrs O sxvmsideuiinvesduds v ldmenn dwals v Tauih

“abodefgh” wam daneziniiu “habedefg”
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0'1 o A o Qo o/ 1
AU rot1s O zhnmisdeuinvestinds v lumedns  dduds v el
“abedefgh” Waf banediauily “bedefgha”
awldsunsn duanszueasiulsTreliaFuduiauiiu ox94 lugtuuvveunug

' o o ¥ o 4 & o &
a01 Tuusazafavesiidaiuszgnideulimesdn duslafeidu rotr 80

#include <bit.h>
#include <mkit_i0.h>
#include <io3x0.h>
main() {

unsigned char p = 0x94;

while (1) {
putin(p);
getch(0;
rotr8(p);
}
}

J v 1] 1
2.2.3 Hansunanumanasyln

3.1 Haf v write_motor
Header : kmit_io.h
Prototype : void write_mptor (char cmd ,unsigned int tim)

¢& Aaw a d o g ¢ M a
W\iﬂ‘ﬁ“ﬂi%ﬂﬂ]ﬂf]“ﬂ'ﬁﬂl}u, NANN UAE ANULTI mg\iﬂlﬂﬂlﬂaﬁuamgi ATILTAN

o L o J y o [y o & ¢ a o Y
ﬂ\iﬂ‘lfu]lé’w']\ﬂu N@lﬂ@iﬂg'ﬂi‘luﬂ’]u'ﬁﬁ’]ﬂ’]ﬂuﬂﬂu‘llﬂmgﬂ’]ﬁ\iﬂgblﬂ ‘Vlﬁ‘VINﬂT‘rmﬂIﬂUﬂ’Juﬂﬁ

a o & Aw 1 A
emd TIwazBvRYDIRITinAe 11l
sdnovyuldhemh  Aevamuludhenh

De

FORWARD_FORWARD
FORWARD_REVERSE
FORWARD_STOP

De

9/ g 9/ kY o
adnevyu lldhemih devnmyunesnds

9/ 3 9/ 9
adnevyu Ui devameganyu

Y o 9y 9/ 9/
pdnevyunoonds  Aevnmyulddwmi

e e

REVERSE_FORWARD 4
REVERSE_REVERSE fodhomyuneenas  Aeunmyunesvnas
REVERSE_STOP Aodnomyunsends  Asvagavyu
STOP_FORWARD Aednevyaryu dovmau ludremi

STOP_REVERSE Aodnangaryu AovmMaUnENde
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STOP_STOP dadnengavyu dourmyanyu
4
DISABLE Wdvdnouazyn luivhau

o

o do ' { a & ¥ { 4 t ¥

Haridu  init_motor() vxRBIgNFonldneunezSulledduil Tusunsuitogdruneiios
o g Y o d ' [ a
minemesmuludrami s Tund miuszmsjuassmds 5 Juri dreanuda 2000 Taulasiun

fromail delidusgngauazgamefwngaitam

#include <mkit_io.h>

main() {
init_motor();
init_timer();
write_motor(FORWARD_FORWARD,2000);
delay(5000000L);
write_motor(REVERSE_REVERSE,2000);
delay(5000000L);
write_motor(STOP_STOP,2000);
delay(5000000L);
write_motor(DISABLE,2000);

}

J Al
3.2 Hanyu reset_step, read_step
Header : mkit_io
Prototype : void reset_step(void), unsigned int read_step(void)
A P o A o o o 1 0 a A o o LY A o o dv
e lsnnemeisumyu dnfuwzinumvesinumalindouly dnfuszgmivlises dntfull

{ o 79 9 d P Pz o lo yoo

emnsofisghimsiafes hilugudTaoldfeisu reset step)  uazsuvesamlintulfiu

t 9/ PE
ansoaman 14 1ael9Wansn read_step()
' ¥ o o * g o )
Tusunsudheanedl ssvluemesmpuludhnd 200 amd) aimiuseassndanjunes

1182200 a1l A2oa970159 2000 Ty TasIurdieeainl

#include <mkitl_io.h>
main() {
init_motor();

while (1) {
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reset_step();
motor(FORWARD_FORWARD,2000);
while (read_step() < 200);
reset_step();
motor(REVERSE _REVERSE,2000);
while (read_step() <200);
}
}

33 ﬁafﬁ;'u delay

Header : mkit_io.h

Prototype : void delay(unsigned long tim)

MunaIMsR e ldsunsy

3.4 Wafivu read_sensor
Header : mkit_io.h
Prototype : unsigned char read_sensor(int bnk)

Hefdudeaniuzvsusuwesung bank imunalaodauis bak Jeg 4 bank Ao bank 0 -3 Aeuld

e Ay o A, . ' PR
HefruiidoainaSonldierian init_sensor() AouTaazannsnldfedduilla

1 Y 1 1 d g 9/
Iﬂﬁllﬂiﬂ%’]\iﬁ%ﬁﬁ LD MUAIVDIUYULYD T INULRA O UATHTAINAVUNUIBLAL-LED

#include <io3x0.h>
#include <mkit_io.h>
main() {
unsigned char s;
clrscr();
while (1) {
read_sensor(0);
gotoxy(1,1);
putbin(s);
write_led(s);

}
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3.5 anvu profile
Header : mkit_io.h
Prototype : unsigned int profile(unsigned int *bf, unsigned int vi,unsigned int vf, unsigned int
stp)
o n:ly 9 [} a g J ° N + 4 o
PNPUH 92 AT AITLS LU VIFUTUTUIN Iﬂuﬂmﬂmmuﬁmﬂmsmumwuamamuﬂi

o d A& ¥ ¥ o . d Y o o
stp  Taeannsodmuan s usuaumeauds vi uazanu§idawalsaauls vi Henyu

e

[ A o g 1 o o
flazdammamudagamoleniuadse profile 9xgnadne uag ity 13 lums e Taelidauds br s

e

4 o g d v e Ve g A4 g a w A @ d q¥
b ] u‘na’LﬂUﬂ1m1miﬂmmazmtmm 1H1|ﬂ’nmi’lmmmtﬂm‘wmu lW@Lﬂuﬂ‘lﬂ'JTlJﬁ'ﬂﬁ

[

Harau write_motor()
' 1 4 ] ] 4 2 [] 4 o
auTdsunsudheasiiszadre profile Tasldasinmuidasudui lutennudqaiouazsin

Faa# 1000

#include <mkit_io.h>
main() {
int x;
unsigned int p[200]
profile(p,0,800,200);
init_motor();
reset_step();
while ((x=read_step()) <200) { write_motor(FORWARD_FORWARD,p[x]); }
while (read_step() <1000 ){ write_motor(FORWARD_FORWARD,p[199]); }
write_motor(STOP_STOP,1000);
delay(1000000L);
write_motor(DISABLE,1000);

}

3.6 Mlarid init_motor, init_sensor
Header : mkit_io.h

\
Prototype : void init_motor(void),void init_sensor(void)

o oo v oA o VoA . a do s A @ ¢

HanFumarilewgnimuanTudueese io port uazmMs Bumeiinifedsinsniunuuemes
o/ o 9 o do .

uaziuiwed Wadu init_motor() vedeaFunldnouNendu write_motor() 30 read_step) Iu

o o o o du . . o & ' 7o
Husufonudmivienyy init_sensor() §ufhideaSunldnsuiedsu read_sensor() L

write_led()
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3.7 Wafi ¥ write_motor ()
Header ; mkit_io.h

Prototype : unsigned char write_motor(void)

o ¥ v ' o o A VoA o
Henduilszdenraniuz oy tiuvewemesATugnaruguafidanansminnasvaey

4 :, ,
& Fagnrimua 13 Tuien s write_motor() ogudn
y v
Tusunsuilsgiif luTasandlalineun 5 Tuni dwemeiganga

#include <mkit_io.h>

turn_right() {
if (read_motor() == STOP_STOP) {
write_motor(FORWARD_REVERSE,2000);

delay(5000000L);
}

138 ﬁdt{f;’u load_profile
Header : mkit_io.h
Prototype : void load_profile(insigned int *buf, unsigned int stp)
Aafduiivzathe profile Tagvnisdeninuse c?aqﬂﬁ?wﬁu TaoTisunsueziSonly

Tusunsu « profgen.exe “ proﬁleﬁqmmw c?aqn‘[waﬂﬁumﬁ‘luﬂ151\1?;‘1%53111]5 buf §1uu
adtl gnimuaTaedauls stp

msldfaidu profile szeegnedialineuTasldTusunsn “profgen.exe” Feagluladn
183 “alphalbin® Asadrendausn Trdez 2QnUI5Y profile whsaihudulszaeulu project file
Fagnswsandhdauiunves stp sxdeafiaii lilmyiduinuvesandfisznimenls els?
G TusunTnesyimaade profile amnsadae’luie daadag profile

' 4 § 4’ 4 g
Tilsunsudeareiies Inan profilefignad1eliu TaoTisunsy profgenexe uazaamu§rgetiuiii

250 ae 1)

#include <mkit_io.h>

main() {
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unsigned spbuf[300];
unsigned int x;
load_profile(spbuf,250);
init_motor();

reset_step(;
while ((x=read_step()) <250) { write_motor(FORWARD_FORWARD,spbuf[x]); }

while (read_step() < 500 ){ write_motor(FORWARD_FORWARD,,spbuf[249]); }

write_motor(DISABLE,2000);

39 ﬁai{%’u init_move

Header : mkit_io.h

Protype : void_init_move(unsigned int atpsq,unsigned int stp90)
HesFuinamsudulumstmuasiSudy FeozldRei$u move) ung backtrack @1

utls stpsq Shisadmusdnuandidesntsdmiululasand Jumsindeuiily 1 9ee dauls

o o 19 o/ 4 ¥ v
stp90 szfvuadauvesamlidensdmiviulasand  iemsdeadeuazyegluiun

v

f1967 : Itg lufedrevesileridu move)

3.10 Hantu _move
Header : mkit_io.h
Prototype : _int_move(unsigned char *emd,unsigned char *wall)
hd Q'l y 4 g é ] o a i Q o 1 .
Hefduiszinfoululnssnddmiuniages  lifafemenidmualuiviesfignyau
o ¢ A 4 o o v & a d o ¢
Futs emd ArvaNyssiveImandeud Anyazdumvesgpaiufunezgrinytiluimes
4 4 o L y Y ¥iond
NgndTay wall Tuszaer 1 nhaugnasuag 0 o1 lugnaes
o & - ' ' 4 Y o
f1de emd awnsoidu FRONT,RIGHT,LEFT,BACK agwlangninile dnyssvesiume
Ll o g lﬂy
woglugdvewnuvesin amgduuudel
Front wall :bit 0 Right wall :bit 1
Left wall :bit2 Back wall :bit 3

i 4 ]
fothe : Tdsunsutiezd I lulnsendas

#include <mkit_io.h>

#include <bit.h>

30518
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main() {
unsigned char cmd,wall;
cmd =FONT;
_init_move(424, 190);
while (1trig(2));
if (_move(&cmd, &wallinfo)) { write_motor(DISABLE,1000); }
else if (1bit(LEFT,wallinfo)) cmd = LEFT;
else if (Ibit(FRONT,wallinfo)) cmd = FRONT;
else if (Ibit(RIGHT,wallinfo)) cmd =RIGHT;
else cmd = BACK;
}

3.11 Han¥s _backtrack
Header : mkit_io.h

Prototype : int_backtrack(unsigned char *pth)
: ; o4 . o 2
e szndoulnlasandlamduna Admuadagriin3laeliduns pom ihidad

o & g ' a [Y
JunuDvesezistFsszdoslituuumug Aefiemefiusseemaudiniudis ENDPATH (oxf)
P R Y
Hafduilozee 1 dvhaugndes
o ' i 4 o J' ] o
#0614 : Tsunsuiiseilflaulasandlallandumedigndmuae uda

#include <mkit_io.h>

main() {
unsigned char movetab[128]
_init_move(424,190);
while ({trig(2));
movetab[0] = FRONT;
movetab[1] = 4;
movetab[2] = RIGHT;
movetab[3] = 5;
movetab[4] = ENDPATH,;
_backtrack(movetab);

write_motor(DISABLE,1000);
}
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v a4 7

2.2.4 e vuinaafumafunudms

41 Waf#s sloverPath

header : m_slove.h

Prototype : unsigned char sloverPath(unsigned char *path,unsigmed char

*mptr,unsigned char st,unsigned char dir,unsigned char end)

d o Add o ° P v oy 4
mptr Lﬂumwmuaﬂymwmmtma Iﬂﬂﬂ\iﬂ‘lﬂl sloverpath AT INNATUNWNAITINUOY
L4 ° 1A e o 1 ~ o 4 °
'lnlﬂitmmmmtmumnéfu st "lﬂmm!.musuﬂmmu end ‘luwﬁ‘}’l'l\iﬁﬂ'lﬂuﬁlﬁﬂ dir tﬁam
@ o [ o n‘l’ Q o ] Y o/ PEY dvo
miim‘u%xﬁam‘wﬁ‘mmazizﬂsmwa\mxﬂmauu'lﬂ%ummtmumﬂmmu IﬁUﬂW‘l\iﬂ‘Huu“fl'l
d d [ o
AuTN9TAIA 0 NALN
Qs 1 4 Y ¢ o dy
ﬁ’JﬁJU'NNﬁ‘Vlvlﬂ AWINGUN : FRONT, 3, RIGHT, 5, LEFT, 7, ENDPATH

: 4
arumnennnaiae 1udhenth 3 9ee Tonievn s ges Tumedne 7 9e9 mimiusniulfaoy

Joynfio OxFF

#include <m_slover.h>

#include <mkit_io.h>

main() {
unsigned char pathtab[128];
unsigned char maze[256];
int i;
for (i=0;1<256;i++) maze[i] = 0;
for (i=0;i<16;i++) addwall(maze, i, WEST, 15);
for (i=0;i<16;i++) addwall(maze, 0xf=(1*0x10), NORTH, 15);
for (i=0;i<16;i++) addwall(maze, i*0x10,SOUNTH, 15);
for (i=0;i<16;i++) addwall(maze, 0xf0+,EAST, 15);
addwall(maze, 0, EAST, 15);
solverPath(pathtab,maze,0, NORTH,0x77);
for (i=0;pathtabli} != 0xff;i++)

printf(“Path[%d] = %x”, i, pathtab[i] );
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4.2 Nan¥u sloverCost
Header : m_slove.h
Prototype : usinged char sloverCost(unsigned char *mptr, unsigned char st, unsigned char dir,

unsigned chr end)

g o vsl [ ' a 1 § o 0 a
mptr i]zl‘l]UQ'J‘ldﬂlﬁ]Hﬁilﬂ\iﬁﬂ'ﬂﬁlzﬂ'lll“ﬂ\i Iﬂﬂﬁnmﬂ‘b‘ﬂ\iuiﬂﬁﬂTﬂuﬂIﬂU st AMUNUANA
. ° o 1 o o dv 9 ° LY 9 &
‘YI'NIﬂU dir LLﬁ$ﬂ'lﬂUﬂﬂ'lllﬂu\iﬂﬁ'lU‘Y]'NIﬂU end ﬂ\iﬂﬁ)"uu'ilzfﬁ'Nu'l'ﬂuﬂﬂ.lENﬂ'ﬁH'lLﬁUW'N“NQﬂ

] . 1 4
adalaoienidu sloverPath() A flsiduiidhanigndesezden 0 nduin

#include <m_slover.h>

#include <mkit_io.h>

#include <i03x0.h>

mian() {
unsigned char cost,pathtab(];
unsigned char maze[256];
int i;
for (i=0;1<256;i++) maze[i] = 0;
for (i=0;i<16;i++) addwall(maze, i, WWALL, 15);
for (i=0;i<16;i++) addwall(maze, 0xf=(i*0x10), NWALL, 15);
for (i=0;i<16:i++) addwall(maze, i*0x10,SWALL, 15);
for (i=0;i<16;i++) addwall(maze, 0xfO+,EWALL, 15);
addwall(maze, 0, EWALL, 15);
solverPath(pathtab,maze,0,NORTH,0x77);

printf(“The Cost = %x", i, pathtabli] );

}

4.3 Wantu addwall
Header : m_slover.h

Prototype : void addWall (unsigned char *mptr, unsigned char sq ,unsigned char dir, unsigned char

bd)
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o 4 A4 o A o A 4, . v oA, ¢
Hafsutlaedmsmusunessauiemansmualee dir vesesidmualay sq luseisd

d o o =i=l o 0 o
sefuAnyazveaiuwsNT lasdus mptr lavveuivavssvurnveauenaimua laeaauys
bd dMIVUIHAAIIIA 16 x 16 szfmualdial bd Hewidu 15 Anvaizvesiumeszgnld

Taoariau sloverPath() 1102 sloverCost()

feta : Wgaindaeealuileriau sloverPath();

4.4l delwall

Header : m_slover.h

Prototype : void delWall(unsigned char *mptr, unsigned char sq, unsigned char dir,unsigned char bd
)

[

s 4‘, o o a o . ] A o o
Hedguilagimsavfumeanifienisiidmualay dir v9eveanimualay sq Tuesisd

s ¥
s vdnuzvesiunsfiylaodunls mper Tasveuwavesvuiaveuvnafimualagiuls
bd dmiuu1nALIA 16 x 16 sz mualial bd fswidu 15 Anvuzvesiumessgnly

Tauari4u sloverPath() 11a2 sloverCost()
#include <m_slover.h>

#include <mkitc_io.h>
#include <io3x0.h>
main() {
unsigned char cost, pathtab[128];
unsigned char maze[256];
int 1;
for (i=0;i<256;i++) maze[i] = 0xff;
delwall(maze, 0, NORTH, 15);

printf(The maze infor = %x",maze[0]);

}

2.2.5 Han vunaanunssiasadumia
o

5.1 Hanvu draw_maze

Header : dmaze.h '

Prototype : void draw_maze (unsigned char *mz1,unsigned char *mz2 )
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Py n:y o o 9 9 q' v u’n:'z:y a
Aedduiisziinisnawene 2 suvumine  deyadeglussisdntlasiuds mzl uaz
9/ Qo ' b4 9 9 1 9 9
mz2 Y8YAYDIANYULVBIAWNIYDS mz] 12gn1a Pmedugroaiuees mz2 Qe Bneau
YUBINI19D

frote: Wgiedrevesilaridu dwall 0

5.2 Handu dwall
Header : dmaze.h
Prototype : void dwall (unsigned char wl, unsigned char co, int mz)

¥y
0 ]

cd A o & o o 4 Yy o P A o
W\‘iﬂ%uu ﬂgq']ﬂfnllwqcﬂ\iaﬂyﬁlg‘vgqu']quQZQﬂlﬂU‘lqt‘luﬂgllﬂi wl ﬂﬂ‘ul"u\i'ﬂ%lﬂﬂﬁq

[ o ° Av A
uls o 1Thuvenavesaauls mez JUuvvvesiumeliag

bit 0 LEAALHUNIMHrNilD
bit1 UAAIRILHINWNARZ IUBON
. o o 9

bit 2 ueraeimananala

bit 3t INNfng IUaAn
fmz=1 f‘hu‘wqﬂzqﬂ:nﬂuuwmnmmqé’mc%'w mz =2 f°n|.maﬂzqmmnuwmﬂmmqé’hwm
A ¥ o Sy ¥ Y 0 Y a oA
foveanthee  TUsunsudie19e AN UEILAZATUYI  YBLAVBIMIUMHINNAUNANUD

o ' a & {0 ]
uazldezidla uanednounsyneila FagnNANAUIMUS 0x34 (x =3,y =4)

#include <io3x0.h>
#include <dmaze.h>
#include <bit.h>
main() {

unsigned char omaze[256], cmaze[256],wall;
intc;
for (¢ = 0; c<256;c++) {

omazefc] = 0x00;
cmaze[c] = 0xfT;
}
draw_maze(omaze,cmaze);

set(NORTH,wall);
set(SOUTH,wall);
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clr(WEST,wall);
dwall(wall,0x34,1);
dwall(wall,0x34,2);
}

53 Waf¥u show
Header : dmaze.h
Prototype : void show (unsiged char *pth,unsigned char co,unsigned char dir, unsigned char

md)

3

] 4 ] ] ]
Harduilvzuanaduniignimualuszsffidlasd s pth vumhee dumaezisy
o ' doe o v A A . o b4 ° 9/
vn dumisidmualagdns co Audirmeidmuales dir Sussuaaudumalasimuals

md 1Ju SHOWN uagvmsaudunisiuaaseguumde lavdmuald md i HIDDEN

o o/ 4
ﬂ'llllﬂﬂlﬂill ‘UZLlﬁﬂﬂlﬁ’uWT\ilﬂulﬁ’uﬂTZIUW'I'J\iﬂﬂ“ﬂ'l\iﬁ"lﬂ%’lﬂﬁ]@\ﬂﬂﬁ"lﬂﬂ i za‘unuxﬁaﬁ

ad
ATINAAL
#include <103x0.h>

#include <dmaze.h>
main () {

unsigned char omaze[256], cmaze[256],path[128];
int c;
for (c=0;c<256;, c++); {
omaze = 0x00;
cmaze = oxff;
}
draw_maze(omaze,cmaze);
path[0] = FRONT;
path[1] =7;
path[2] = RIGHT;
path(3] =7;
path[4] = ENDPATH;
show(path,0x00,NORTH,SHOWN);
getch(;
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show(path,0xDD,NORTH,HIDDEN);

5.4 Waria init_smove
Header : dmaze.h
Prototype : void init_smove(void)

J o 4 ° 1A 0 t {0 v a
HarguilsggnimuaniTudu dumsveslulnsund fidwmia 0x00 mevirmile

@ L4
yanuglveslnTasandezgniauuinnanedudsvesnine

o (] o
#2881 : nand luReN$U smove()

5.5 e v smove
Header : dmaze.h
Prototype : int smove(unsigned char pth, unsigned char *wptr)

y

9/ o 0 ¥ o 4 0 (Y o/ a & °
Hesduiimimadeululasandsndumistlegiu Tdawfimmedegadmualy

y
e ued path A1wed path Aealiguyudsil

4

FRONT #sgnAmualiithi o
4

RIGHT #sgnfimualiiiu 1
4

BACK Fegnimualdiiu 2

é o
LEFT #agndmualiiiiu 3
4 A P 4 9/ 9 o 4 o ° o
Wemsndeuiveslulnsanduundinegndes  Tuszfvdnuuzvesdume  dmdy

aumistmituiivesszdTao mptr Soyavesvinnaozgnifiy i luozisd Foynvestumsiign
fu3eefiguuused

bit0  iHusumedumi

bit1  ifhufumemedum

bit2  Whudumanmedunds

. d o 9/
bit3  Wufuwameddne
¥
Wugzder 1 anhemgndes uazded 0 S1fldnaRd Esc  Tusunsudrenneiilulasandes

4 4 o v o o o ' o 1 4 ~(
wdeuRvnduiadogiulufsdumistalumeddie  TdsunsuilenidonTosiulnddoyaves

UTNNA .

#include <i03x0.h>

#include <dmaze.h>
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#include <bit.h>
main() {
unsigned char omaze[256], cmaze[256], pathtab[128], wall;
int ¢ '
for (c=0; c<256;c++) {
omaze = 0x00;
cmaze = 0x{T;
}
draw_maze(omaze, cmaze);
init_smove();
path[0] = LEFT;
smove(path,&wall);
printf(*\nwall = %x”,wall);
if (bit(FRONT,wall)) printf(*\nthere is a wall in front™);
if (bit(RIGHT,wall)) printf(“\nthere is a wall on right”);
if (bit(BACK,wall)) printf(“\nthere is a wall at back™);
if (bit(LEFT,wall)) printf(“Anthere is a wall on left”);
}

5.6 ﬁdf{%’u marksq, unmarksq
Header : dmaze.h
Prototype : void marksq(int mz, BYTE co)
void unmarksq(int mz,BYTE co)
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3.2.1 mstaenldneumoned  15114Ren ¥ reniuad lumsaeuwis An C51 184 Franklin
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Tagaeulndnnaniy ¢ TifuldeveslnlnsTisiweweinssga 805sumszmadoudaeniy C

sy iiaslumsinmui luasdeiioni liwenngen 1
SunoumsIfenneylmans deuldeiusedestmua PATH Aoy defl

PATH=C:\C51;C:\C51\BIN;
SET C51TMP=
SET C51INC=C:\C51\INC
SET C51LIB=C:\C51\LIB
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C51 XX.C (fievmsneumioihy XX.0BJ

151 XX.OBJ co(2000h) xd(8000k) nool 1ffufds LinklWd co uemmsaisn

Auvpalfa xd UBAIATAITNAUYBIDATA
OHS51XX  wilasTAauflu Intel Hex Format
nisnnld W8 XXHEX udh sgvmsdedeyarumanesieynsy i

¢

lulasund Tagluda luTnsundesfi Tdsunsusef umsd e eyanuf u13lumissaamsves

Tulasund )

3.2.2 MIauvesisntudee
e85

o du 1 dv
mMsiauvesiedsuaegues lulasend sl

(o a 1w ¢ ¢
1. ManvuAnneduvesanealnsames

1.1 1MMEaINZYBIRIN sUuyun131997u: char READ_SWITCH(char sw)
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W5ai nandeling sw Aol lumsasivaeuinihuain fafi 1 nie 2 A1 lA oz
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thi 1 &ranagnaa uaziilu 0 s laignna
L4 v oA W a o d 4 '
Tilsunsufiszastsmeuiaindainugana  A1adndafi 1 gonaMt LED wuaasnuiiu

0xFF 1
oM @2 2 gANA9ZLErAAT OXFO
#include “mouseh”
void main (void)
{ while(1)
{
WRITE_LED(0x00);
if (READ_SWITCH(1)) { WRITE_LED(0xFF); }
if (READ_SWITCH(2)) { WRITE_LED(0xF0); }

1.2 uamawadl LED saluuuns1§91u: void WRITE_LED(char p)

ueraeadandls p eonne LED huuuudia vuiadwau 8 da

y v ¥
Tusunsuilogianen 0x0F # LED 91miufueasn 0xFO

#include “mouse.h”
void main(void)
{
WRITE_LED(0x0F);
DELAY(300);
WRITE_LED(0xF0);
DELAY(300);

2. Hafvrinafuiin
2.1 wmin suuuuns 199U unsigned char BIT(int p,unsigned char v)

SET 1n zﬂuunmi dfau: unsigned char SET(int p,unsigned char v)

CLR in ;ﬂuuvmi LARIE unsigned char CLR(int p,unsigned char v)

g g 1 A q‘: [~ a 4 o
BIT Wumsdandmiuu o vie 1 Tavguin ivn p vesdwds v
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SET fhunsvinddeniing p vesdaus v iy 1 udrdesiiigimingussnin
cLR humsvnl¥indndi p vesdaus v fiaudiu 0 udadenit 18 minduesnun
Tolsunsuiiszuansusndiu o Saifiudansseaeuiin 0 vossaunls ch
weraedi 218 0x78 Fafhuddefindesond 1 vesdauys ch

) o P o o A o { o
neraen® 3 (T 0x7E Fadludrdeisaiing 2 veeduils ch

#include “mouse.h”

void main(void)

{ unsigned char ch;
ch= 0x7A;
WRITE_LED(BIT(0,ch)); DELAY(300);
WRITE_LED(CLR(1,ch));DELAY(300);
WRITE_LED(SET(0,ch)); DELAY(300);

22 @eudinlimadhayaas 4 in  galuvums1de: unsigned char ROTLA(unsigned

char v);
.& - - 9 . .
@esdinlinewnynaz 4 n  jUuuuns1Fen: unsigned char ROTR4(unsigned

char v);

] [ ) E 4 w
ROTI4 Hefsuilozifoudinuuy nibbles voeauls v 1unwdel ase ddwds vl ~
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“ abed efgh “ Nuvzna1wiiiu  dabe hefg «
[} 1 4 [} t 4
ROTR4 Asfdutiszifoudnuuy nibbles vosduds v 1imaun 1a59 freauds vith
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“ abed efgh * WUENAWILIU “ boda fghe
¥ o & [l I=Y 1 i 1 1 o d|
Tdsunsuiiseiimaidount 0x7A wuy 4 Inlagawsnldseinumiy oxes tums

4 a [ 1 A g d 4 =Y
Lﬁlﬁluﬂ‘}’l 'Vl'l\i‘lsf"lﬂ ﬂ"J'Nﬂ'l"?l 2 ns"lﬁtﬂu 0xB5 Lﬂunmﬁauuwmw'ﬂ

#include “mouse.h”
void main(void)
{ unsigned ch;
ch= 0x7A;
WRITE_LED(ROTLA(ch));DELAY(300);
WRITE_LED(ROTR4(ch)); DELAY(300);
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23 aeuiinhimedhayaaz 8m  gUuuun1s1$em: unsigned char ROTL8(unsigned

char v);
4‘! - - F . .
eudinhlmevnyaaz s in  juuvuns19em: unsigned char ROTR8(unsigned

char v);

fefdu ROTRS 0 szvhmsdeudinvesdautls v limeen ddauds v Seudlu
“abodefgh” WA |AAzAIY “habedefg”

fafsu ROTLS (0 sevhmsdeudinvesduds v lunwde Sdads v S
“sbodefgh” Wadt1aaszdnuiu “bodefgha”

Tdsunsuiiogimaidoust 0x7a wuw 8 imTasausniiideefiswviiy oxes Shns

. A ) ) .
Roudn nede a2 021t 0x3D Hlumsideuiinneen

#include “mouse.h”

void main(void)

{ unsigned ch;
ch= 0x7A;
WRITE_LED(ROTLS(ch)); DELAY(300);
WRITE_LED(ROTR8(ch)); DELAY(300);

b

24 fvuadumiathnng siliums e void SET_GOAL(void);
ﬁmuﬂﬁnmu\aﬂaw‘maTﬂmﬁai%’ﬂar‘f&?uﬁyuﬁ'asnﬂ:%”umiﬂﬂﬂu‘?'l 1 Faeefimsuaaeed
display Taofusdumnisluun X flenaliFern arezifGon likile 18miidesmsiinarud 2
sulfouumsdsmaminioun Y dlonaliiSeue mAsziasu liuudsamdeusun X e
181 Adeansudafinaiui 2 Snf Tulnsunduefudumisdaemeii Blufuds GOAL x
1Az GOAL Y e lunsdamuse 1y
Tolsunsat sgvnsiaasdmie goal vo4 Julasund

#include “mouse.h”
void main(void)

{ SET_GOAL(); }

3. Hanvubaadumsinaenln
3.1 fafude sauuums 1% 9 : void MOTOR(char x,char y)
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Aaugu MOTOR Iy llanifismauazaaiui¥asien A1 X = LEFT e RIGHT, f1 Y
= FORWARD ,REWARD,LO,MID_LO,MID_HI,HI,COMPENSATE (¥u MOTOR
(LEFT,FORWARD) delueinesdednadumi
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Tsunsudhsarsiisvdauameimeduendsdlddhon  dwududosengaduingay

g o & e g ¥ ¢ ' sy o A o 9
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#include “mouse.h”

void main(void)

{ MOTOR(MID_HI);
MOTOR(RIGHT,FORWARD);
DELAY(1000);

MOTOR(HI);
MOTOR(LEFT,REVERSE):
DELAY(1000);

3.2 Clear $13433 STEP mavyyuwesde  jUluun1s199mi: void RESET_STEP(void)

i vesmsuitounrmvesemesit 0 1 2 #2 19Tun1s lear frreuFosin
1YL step AMIMUVBINBIADT
Tsunnfsdelflulasnndeludonhienmidigeiu Tavnmudafgeiused
agfimaany vewewesaeduls STEP_HI_L iuaaivewwemesdne
#include “mouse.h”
void main(void)
{ RESET_STEP();
CAR(FORWARD);
if (STEP_HI L<1) { CAR(MID_LO);}
if (STEP_HI_L>1) { CAR(MID_HI);}
if( STEP_HI L>2) { CAR(HI);}
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3.3 91uA 19 192U STEP msnyuvesde 3 Yuwun1s1991u: unsigned int

READ_STEP(char p)

susriuanmyuveweines Tas o1 p sziihu A1 LEFT 3 RIGHT fio
suswesdedonieva a1y 16 Ta
Iﬂmnmﬁyﬂzuﬂmﬁmmﬂmﬂlﬂuﬁwmmmﬂﬁﬁﬁavnfh 300 wpuerasauiiu 1 ainiliien
11IANT1 300 azuansa 2 Srmaliisnnndt 600 sxitrasn 3
#include “mouse.h”
void main(void)
{ unsigned int i;
CAR(FORWARD);
CAR(MID_HI);
while (1)
{i=READ_STEP();
if (i < 300) { WRITE_LED(1); }
if (i > 300) { WRITE_LED(2); }
if 1 > 600) { WRITE _LED(3); }
}

3.4 nunm gﬂuuunﬁ"l%’mu : void DELAY (int num)
vunaINIIRuvesTdsunsy
3.5 DIUAOIHIUBAVUILDS gﬂuuumﬂ%'mu: char READ_SENSOR(void)

s umuwed Jilaniuzetie iy humazdumisvousumed slgwihianuzveusy

B3 8 T

Tsunsuiiszsumanauwes udnie lumasd LED Wasusiilouuneiauiwes
4 LED fuzfnnmisuaedaniy

#include “mouse.h”

void main(void)

{ while (1)

{ WRITE_LED(READ_SENSOR()); }
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3.6 BIUAIANHMIUNITOU] 31uuun3 1897 : char SENSOR(void)

81 SENSOR 17t 0/P 1fhugtuuusie 9 vessuma Taefiardeil 9 1 szuanefafium
Madmnifl 1) #3e1uT 0) I 2 wuaasdedumene@unthind 1) »5e1N% (0)dn 3 9
waad Aefumemednidhendl () wie'lill (0 WIS vaizAume1d 8 uuy (0-7) Rethudde 5
At s munsauiiiunsdudraazen Sriiantu 6 munanuidisunesdudenaznih

Tosunsudheanetiazsusdnyazdume  mimanismai loueasd LED
#include “mouse.h”
void main(void)
{ unsigned char ch;
while (1)
{ ch=SENSOR(;
WRITE_LED(ch);

3.7 nlaswdiams siluuuns 9 : void DIRECTION(char d)

Wanufrsoawmsde W e L, R, U P §lush DIRECTION 7 wiew'ly
AiiRiEe wu Srsnegfrmileudade DIRECTION®) firvsesnsziAnuihfiens Juan
Tolsunsudheaned sxdmualifemathifimmilonou des DIR Sfwidy o nimud
sgriAeudiemiaTagd1de DIRECTION(L) #i7wes DIR Aseluiash LED Safusz/denlyiSey
q13h 0,3,2,1,0,......
#include “mouse.h”
void main(void)
{ DIR = NORTH;
while (1) )
{
DIRECTION(L);
WRITE_LED(DIR);
DELAY(300);
}
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3.8 uassifiums UM 199 : char CONVERSE(char w)

; . . . : w ..
wasugduuutuwe iy lumeiirmide Wefuacluwiaum 72 Husidume
° ' A ] 't o 4 ' A Adn v oA @ o 9o
o fumsgtlmi  esnamsemmdunenatsassisnegludei lumieusuri iawnly
myumufiauldedinanasuglivusumeduimmisauenouienifugduuyiumne

4
nvufwmesgiinemun 15 1oy (0-14) 150 aug@nsneginldunzemumiuneld = 6 Ao

¥
o o

AUy
I ndrefudumdh dAweemefimmio 1dmdumaih =12
1 y 9o v ' o o3
Tdsunsadeandl 1188 muaiensvessalegitienuide wazan@liadumaii 6

Weismids CONVERSE  duflesvinmmifusdumeoglumaediemnile  51fez18adum

i 12

#include “mouse.h”

void main(void)

{ char ch;
DIR = SOUTH; WALL=6;
ch=CONVERSE(WALL);
WRITE_LED(ch);
for G;){}

39 nlAsumdumissa suiuumsldan : void CHG_POINT(void)

iasusdumiesn ( XY ) Tﬂumnﬂ%‘wémzaﬂmﬁﬁmaﬁm‘éa LAY LANINADDN
DISPLAY #ifinile X sz1nn 1 firtld X veau 1 fismeiusen Y 92190 1 fismeTusn Y azay 1
Tsunsadativeimuatimfimmadufiomie ungadumisveslulnsandey
X =0 uaz Y=0 nmhuieliideimilafife x=1.v=0 thanfiaeuansd LED
#inctude “mouse.h”
void main(void)
{ X=Y=0,
DIR =NORTH;
CHG_POINT()
WRITE_LED(X);
DELAY(300);
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WRITE_LED(Y);

3.10 AILANID suuuums e : void CAR(char f)

AruqusnI¥IauuLAe A1 f = FORWARD,REWARD,LO,MID_LO,MID_HI ,HLLEFT
3 y v
,RIGHT 19u CAR(LEFT) dal# lulasundiaeade CARED dal¥ lulasandld ailasa

dy o ga 9/ 9/ 1 o o
Tusunsudl sedaldlulnsunddelddramhaunsy 1 geaiufiszngn

#include “mouse.h”

void main(void)

{ CAR(MID_HD);
CAR(FORWARD)
while (END_B() =0) {}
CAR(STOP);
DELAY(300);

3.11 Yiums@eevesse ~ galuuumsldeu : void CARLIBATE(void)

= s 9 = Y o 9 9 1 4 a d 1
‘lfﬂl‘lftlﬂ’l'z’mtld‘llﬂﬂiﬂlﬂﬂmif)i]‘lm‘lml‘lfﬂ'i D190 YIHIYALTIADLIY 01TDUDUIVIINT S

9/
Ao
1 4 ] ) y [l
Tdsunsuitedeltemh Taomsaaiuselinsdsudveslulnsmnd Whehumady

g ¥ . Yo ¥ & 0 q ¥ En v
#1343 L‘Wi']3ﬂuuti‘m@@ﬂ@ﬂ‘]u“@1"uuﬂ')U ﬂ@ﬂzﬂ‘ﬂ"lﬂiuﬂﬁuu‘ﬂ‘]\ﬂu‘lﬂ

#include “mouse.h’™

void main(void)

{ CAR(FORWARD);
CAR(MID_HD);
while (1)
{ CARLIBATEQ); }
}

3.12 asemeumadwe ) juUuuunis 19w : char NEXT_BLOCK(char t)
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+ gimedieg 1 18inelivdess U dhufiemedely op i 10 1uuda nie 0 Fell
gl
Tsunsuiiazastreri ufermednunvesudent X=5,Y=5 1n0lludmTedith
Sengl8muiiu 0 luudreeiidnih 1 wavesTulsunsuiiosdhi o .

#include “mouse.h”

void main(void)

{ X=Y=5
while (1)
{
WRITE_LED(NEXT BLOCK(RIGHT));
}
}

3.13 mandeui sUuuun1s1997u : void MOVE_CAR(char d,char 1)

& A =Y d 0
dasalmeluamne (X) s mauszeems (Y) vien
1 [ b 4 1 4 )
Tdsunsnaedeld Tulasundaslidani s ooe miuszideiviuaaiely 3 gee on

FuBrvudadely 4 e
#include “mouse.h”
void main(void)
{ MOVE_CAR(NORTH,5);
MOVE_CAR(EAST,3);
MOVE_CAR(SOUTH4);

3.14 m3naswi 1 uden suuuuns4au: void

MOVE_BLOCK (void);

R A4 4 ) LY d [y a - a d A 1, '
ﬁ\?T”iﬂlﬂﬁeu‘ﬂvhJ”'N“u'] 1 UasfnuaInga %:nn’ﬁlﬂﬂﬂuuﬂﬁ\uﬂﬂﬂuﬂﬂ AU U

v9e3n XY seilavu luagsovzaesumdumeaan i luduls WALL
e < oA v Y o o o ad o v A
Tosunsudl sede W luTasandaeludmbidman 1 vdeon  mimiufsei@oiviudase

L4 22 p
Tddhend 2 udonmszlalnsFenfladsuil 2 a5e aimiululassndfoznga

#include “mouse.h”

void main(void)
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{ X=Y=0;
CAR(MID_HI);
CAR(FORWARD);
MOVE_BLOCKO);
CAR(RIGHT);
MOVE_BLOCK();
MOVE_BLOCK();
CAR(STOP);

3.15 msndaunedasl siuuums1$91u : void FAST RUN(char d,char u)

a 1 g a g o g
50929081057 limedier d1fhus i u ven
Y3 A g . 'S
Tsunsall sxdaldlulasandieludrambhdenamubage $1uau 4 vien udaden

& g4 Y Y d 4 4, o v 4 d g4 Y v
‘U'J'l'l]'lﬂ'l—l'l—lﬂ')\ivlﬂ‘in\iﬂu'lﬂ'JUﬂ'J'llllﬁ"JﬂfI\i‘Uu'l]'n'l-l'.]u 5 yasn l.l.ﬂ'Jl.ﬂU'J‘U']'W'lﬂuuﬂ'l\ivlﬂﬂn\iﬂu']

Y 4 4 &, o
mummquwumuau 6 Uann
#include “mouse.h”

void main(void)

{
CAR(FORWARD);
FAST_RUN(NORTH,4);
FAST_RUN(EAST,5);
FAST_RUN(SOUTH,6),
CAR(STOP);

4. vleandunetumafumsiionu
4.1 wilasmdumuiaenng sUuuun15 1999u; int ARR(char x,char y)

Tdhmsudasadumnis X,y vesaumluhuswumisvesens Svesauy o 9 XY
n’;’ - U [ 4 o oo o 4 9/ 0 (- | aay Y
wue Tasmsihum lueusdezfunuuiinideaaansodwdwmiaiuuw 2 5718 unsudag
J n’;‘ a o ! 1 J y ] { vd {
AMiuezdNBIfiuALs MAX X uag MAX_Y Susuuasusil seusdh 1aneziaen'lugae
y o 1 o 1 F=y o g 4
Tilsunsuilogyimautasi X uaz Y Widus1ssfneingas (x#16)+vy dniunad

18fiAumiiy 69 a9 ldvzuanasii LED
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#include “mouse.h”
void main(void)
{ while (1)
{ WRITE_LED(ARR4,5)); }

}

42 MARK juuuums1dam: void MARK_MAP(char x,char y)
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y o { 3 1 =1 o ' o A
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102 unmark VAWMU X=5 Y=4 BENNUTVBAWNUG XY 9I0IUI3192N15As 988 UI1UAeN

o 1 a !
ATUYAZAMLUQN unmark LAMTBEY TUATEINIYIIQN unmark ALED Aeguaasnt 0xFO

#include “mouse.h”
void main(void)
{X=Y=3;
MARK_MAP(X+1,Y);
UNMARK_MAP(X,Y+1);
if (NEXT_BLOCK(RIGHT) = 0) { WRITE_LED(0xF0);
if (NEXT_BLOCK(FRONT) == 0) { WRITE_LED(0x0F);

4.3 UNMARK a3l gUuuu3 1997u: void UNMARK_MAP(char x,char y)

o [ o 1 n’: oS a A - { n':
Aegsilvaims MARK aupuesdumuaiwiiu 0 Undaouisuduseinntiu o vuatia

auweguda
9179819910 M3 MARK U1

° b4 .
4.4 Tufinmifime 3Uuuun151991u: void WRITE_MAP(char x,char y,char w)
Fumsuaesdnvaedunadild (w) Wduadiiu I luimdsrsunouiiozfius
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Aunstineous fvpseruuvesdiumus xy 1Wuq
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#include “mouse.h”

void main(void) {
DIR = SOUTH;
WALL =7,
WRITE_MAP(X,Y,WALL);
ch=READ_MAP(X,Y);
WRITE_LED(ch);

4.5 swmmumsnnuadiesnn uuuun1319$91u: char READ_MAP(char x,char y)

1 Y o i g o 0 ] 3
gwumanyaveasumeiiny T3 lueusdvesaum o dumnis xy 1uq

o U s o t o
gAegnnfsiduTuRinafiume

4.6 udhumdamauen sUupuMs 199U : void PUSH._ WAY(char x,char y)

S mmMHamauan sUuwums e :void POP_WAY(void)
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#include “mouse.h”

void main(void)

{ char x,y;
x=3y=5;
PUSH_WAY(x,y);
WRITE_LED(G);
DELAY(1000);
x=6; y=2
PUSH_WAY(x,y);
WRITE_LED(G);
DELAY(1000);
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POP_WAY();
WRITE_LED(G);
DELAY(1000);

a d 3 .
4.1 seteyaludneniiames JUuuums 91y : void send_port(char ch)
P v Ay 9/ 19 a o ' g v Ay 14 9/
derndesnsizieengmiisensuiawes a1 ch iumindesnsuaama  H1ezln
! o 1 ° b4 ! o 4
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=7

#include “mouseh”

void main(void)

{ send_port(OxEE);
send_port(0x0B)
send_port(5);
send_port(7);
send_port(0);
send_port(OxEE);

i a w v v
5. ﬁaﬂﬁulﬂﬂaﬂﬂﬂ]ﬁﬂuﬂ“ﬂuﬂ]a

5.1 slove_path sUuuun s 199 : void slove_path(char x_start,

y_start,x_goal,y_goal,limit);
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i 4
MOVE_CAR I8 #i1 limit Wuiadsuiifuszozmegegavesmsfmianidhmuanuninumne

TUYDIVUIATUIN

g atr o 3 q a1 dao A
Tdsupsutl  sgauuAaALLWIODAIN MAtUAS snRINTY slove_path WOMINITM

d P g a Ay [Y A [ 4 g t 9 ] o d v
WUNNNAUNGA ATNAINALNIAD ﬂ'JmJi slove HUNUAUTUNN mumuﬂs count WINUA

. S @ g a o 3 [
snuudeyafiogluduls slove mimiufiszsinnisdenings 0,0 Tdfaga 5,5 udafeznga

#include “mouse.h”
void main(void)

{int i;

temp_box[0] = 2; temp_box[1] =1;
temp_box[4] = 3; temp_box[5] = 5; temp_box[6] = 6;

temp_box[16] =11;
temp_box[20] =9;
temp_box[32] = 8;
temp_box[36] =5;
temp_box[48] = 3;
temp_box[52] = 6;
temp_box[64] =11;
temp_box[68] = 15;

temp_box[80] =9;
temp_box[84] = 13;

slove_path(0,0,5,5,20);

for (i = 0;1 < count;i++)

temp_box[17] =5;
temp_box[21] =4;
temp_box[33] =2;
temp_box[37] =7,
temp_box[49] = 12;
temp_box[53] = lb;
temp_box[65] = 5;
temp_box[69] = 12;

temp_box[81] =4;
temp_box[85] = 1;

{ FAST_RUN(SLOVEIi],SLOVE[i+1]) }

CAR(STOP);
}

3.2.3 s et 3

temp_box[2] = 5; temp_box[3] = 6;

temp_box[18] =7;

temp_box[22] = 10;
temp_box[34] = 10;
temp_box[38] = 14;
temp_box[50] = 11;
temp_box[54] = 10;
temp_box[66] = 14;
temp_box[70] = 10;

temp_box[82] =9;
temp_box[86] = 12;

temp_box[19] = 14;

temp_box[35]=9;

temp_box[51] =5;

temp_box[67] = 1;

temp_box[83] =5;
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unsigned char xdata *PCTRL;
unsigned char xdata *PSENSOR;
unsigned char xdata ¥PDISPLAY;
unsigned char idata *SPEED_HI;
unsigned char idata *SPEED_LO;
unsigned char idata *STEP_HI_L;
unsigned char idata *STEP_LO_L;
unsigned char idata *STEP_HI_R;
unsigned char idata *STEP_LO_R;

#define HI  0xFE
#define MID_HI 0xFD
#define MID_LO 0xFC
#define LO  OxFB

#define FORWARD F'
#define REVERSE B
#define LEFT T
#define RIGHT R’
#define U_TURN U

#define COMPENSATE 'C'
#define CLEAR 'E'
#define STOP 'O’
#define DISABLE D'

#define NORTH 0x00
#define EAST 0x01

#define SOUTH 0x02
#define WEST 0x03

#define MAX_X 16
#define MAX_Y 16
#define MAX 256

v

H¥AWMUIUBA port 8255
FAUMUIUBY port SENSOR
¥R wwrUeues port DISPLAY
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static unsigned char xdata map[MAX];
static unsigned char xdata m[MAX];
static unsigned char xdata x[70],y[70];

int G,store[30];

char DIR;

char X,Y;

char SX,SY;

char WALL,;

char NEXT _WAY;

char GOAL_X,GOAL Y;

char box[256),temp_box[256];
char status[4],slove[30],slove2[30];

int count,value,finall,point;
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MARK_MAFP()

WRITE_MAF() K

PUSH_STACK( X,Y)
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Ow E (1)

@

freMmsvouTilsunsy
send_port(0xEE);
send_port(WALL);
send_port(X);
send_port(Y);
send_port(DIR);
send_port(OxEE);

2. UAAINIS SLOVE PATH ¥4 lulnsundg
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Tus Taneanis b muatuinaaeil

1 byte 1 byte 1 byte 1 byte 1 byte 1 byte 1 byte 1 byte
HEADER COUNT DIR 1 CNT 1 DIR 2 CNT2 | .oinnee. END
COUNT

HEADER , END delfafiueniudluls Inneavssnisuanadunievesiesiau
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DIR1 fio firn1svesyndi 1

COUNT 1 fle Suauvdenile’ly weesyaii 1

send_port(0xAA);
send_port(8);
send_port(0); send_port(3);
send_port(3); send_port(2);
send_port(2); send_port(1);
send_port(1); send_port(2);
send_port(0xAA);

3. usraerdiaugsiia

YVt o

[ v
Tus Tanoafusiimua 1350l

1 byte 1 byte 1 byte 1 byte 1 byte

1 byte
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HEADER DATA DATA DATA DATA

END

HEADER , END fio Ifaniueniniiulys lansavesnmsuansawiudsiauihy 0xDD

DATA Fusmid@ouannsadenmuaaing annsade

o a9y o do duyy
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' ] ] [] 14
HedunSonldfe Refd send port( DATA) AastumsiSonldiadisuil

AUNAIATIABINITOTATIVABUAIANILS  TOPNEXT WAY uasiersu SELECT WAY 1¢

annsadouTdsunsu188ed
send_port(0xDD);
send_port(TOP);
send_port(NEXT_WAY);
send_port(SELECT_WAY());
send_port(0xDD);
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#include “mouse.h”
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ORG 0000H
JMP START

P_COUNTER EQU 2000H

ORG 000BH
JMP MOTOR_LEFT

ORG 002BH
JMP MOTOR_RIGHT

MOTOR _LEFT: CLR EA

INC_L;

CLR TRO
CLR TF0
CPL P13
PUSH ACC
MOV THO0,07EH
MOV  TLO,07FH

INC 07DH ; count step_low value of left motor
MOV A, 07DH

CINE A,#00H,INC_1; count step_hi value of left motor
INC 07CH

POP ACC

SETB TRO

SETB EA

RETI

MOTOR_RIGHT: CLR EA

INC_2:

CLR 0CFH
CLR 0CAH
CPL P16
PUSH ACC

PUSH DPH

PUSH DPL

MOV DPTR #0FC02H

MOVX A,@DPTR

MOV  DPTR,#0EF00H

MOVX @DPTRA

INC 07BH ; count step_low value of right motor
MOV  A07BH

CINE A,#00H,INC_2

INC 07AH ; count step_hi value of right motor

POP DPL

POP DFPFH

POP ACC

SETB 0CAH

SETB EA

RETI
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START:
MOV P1,#0H
MOV  R2,#0FFH
WAIT: MOV  R3,#0FFH
DINZ R3,3
DINZ R2,WAIT

MOV  DPTR,#0F003H ; initial 8255
MOV  A#80H

MOVX @DPTRA

MOV  A#0AAH ; display to ready
MOV  DPTR,#0F000H

MOVX @DPTRA

MOV  A#FDH ; set baud rate = 9600
MOV TH1,A
MOV TL1,A

MOV  TMOD,#00100001B ; set timer/count 0,1 is mode 1
MOV THO,#0FDH

MOV  TLO,#00H

SETB EA ; set interupt active

CLR ET1

SETB TRI1

MOV  SCON,#01010000B

RERX  CLR ES
CLR TI
CLR R
RECEIVE: JB P3.2REC
JMP P_COUNTER
REC: JNB  RIRECEIVE

MOV ASBUF
CLR RI
CINE A#3AHRECEIVE ; check colon code

CALL DECODE_CH
MOV  R6A ; get counter

CALL DECODE_CH ; get hi_address
MOV DPHA

CALL DECODE_CH ; get lo_address
MOV DPLA

CALL DECODE_CH ; check end
CINE A, #1HREAD_DATA

JMP P_COUNTER

READ DATA: INC Ré6



READ_T: DINZ R6,READ ;get data from computer to ram
JMP CHECK_SUM
READ: CALL DECODE_CH
MOVX @DPTRA
INC DPL
MOV RSDPL
CINE RS #H,INC_DPH
INC DPH
INCDPH: JMP READ T

CHECK_SUM: CALL DECODE_CH
IMP RECEIVE

H REEEEEREREREE DECODE CHARECI'ER To l.mxAMAL kR khRE

; translate ascii is hexamal

DECODE_CH:
CLR R
JNB RLS
MOV  A,SBUF
CLR R
CALL DEC_CHAR
MOV R4A

JNB RL$
MOV  ASBUF
CLR R

CALL DEC_CHAR

MOV R3A
MOV AR4
SWAP A
ORL AR3
RET

DEC_CHAR:
CLR C
SUBB A#30H
MOV R2ZA
CLR C
SUBB  A,#HOAH
JC  EXIT_DEC
MOV  AR2
SUBB AMTH
RET

EXIT DEC: MOV AR2
RET
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tanclude<stdio.h>
#include<graphics.h>
#include<dos.h>

unsigned char wall,s_val,temp,stack,ch,ch2dir.final,empty;
short int s_count,count; ’

int x,y,ij,gd,gmx1,ylx2,y2box_y[16},box_x[16);
unsigned char *ch1[1],u,v;

void INITIAL_PORT();

void CHECK_DATA(void);

unsigned char GET_PORT();

char STATUS_PORTQ;

void RECIEVEQ);

void draw_slove(;

void write_listQ;

void time();

void reset_time();
unsigned char get_portQ;

" char ARR_N[17][17] = {
"DDDDDDDDCDDDDDDDD,
*DDDDDDDCCCDDDDDDD",
*DDDDDDCCCCCDDDDDD",
"DDDDDCCCCCCCDDDDD",
"DDDDCCCCCCCCCDDDD",
*DDDCCCCCCCCCCCDDD",
"DDCCCCCCCCCCCCCDD", *
"DCCCCCCCCCCCCCCCD”,
"CCCCCCCCCCCCCCCCCT,
*DDDDDCCCCCCCDDDDD",
"DDDDDCCCCCCCDDDDD",
"DDDDDCCCCCCCDDDDD",
*DDDDDCCCCCCCDDDDD",
*DDDDDCCCCCCCDDDDDR,
"DDDDDCCCCCCCDDDDDR,
*DDDDDCCCCCCCDDDDD",
"DDDDDCCCCCCCDDDDD,

char ARR_S[17](17] = {

*DDDDDCCCCCCCDDDID®,
*DDDDDCCCCCCCDDDDD",
*DDDDDCCCCCCCDDDDD",
"DDDDDCCCCCCCDDDDD",
"DDDDDCCCCCCCDDDDD”,
~DDDDDCCCCCCCDDDDD”,
"DDDDDCCCCCCCDDDDD",
"DDDDDCCCCCCCDDDDD",
"CCCCCCCCCCCCCeCee”,



*DCCCCCCCCCOCCCCCDT,
"DDCCCCCCCCCCCCCPD",
"DDDCCCCCCCCCCCDDD",
"DDDDCCCCCCCCCDDDD",
"DDDDDCCCCCCCDDDDD",
"DDDDDDCCCCCDDDDDD",
"DDDDDDDCCCDDDDDDD",
"DDDDDDDDCDDDDDDDD"};

char ARR_W[17][17] = {
"DDDDDDDDCDDDDDDDD",
"DDDDDDDCCDDDDDDDD",
"DDDDDDCCCDDDDDDDD”,
"DDDDDCCCCDDDDDDDD”,
"DDDDCCCCCDDDDDDDD",
"DDDCCCCCCCCCCCCCC”,
"DDCCCCCCCCCCCCCeeT,
"DCCCCCCCCCCCCCCCC™,
"COCCCCCCCCCoCceec™,
"DCCCCCCCCCCCCCCCC,
"DDCCCCCCCCCCCCCCCT,
"DDDCCCCCCCCCCCCCC™,
"DDDDCCCCCDDDDDDDD”,
"DDDDDCCCCDDDDDDDD",
"DDDDDDCCCDDDDDDDD",
"DDDDDDDCCDDDDDDDD,
“DDDDDDDDCDDDDDDDD™;
char ARR_E[17][17] = {

"DDDDDDDDCDDDDDDDD”,
*DDDDDDDDCCDDDDDDD",
"DDDDDDDDCCCDDDDDD",
"DDDDDDDDCCCCDDDDD”,
"DDDDDDDDCCCCCDDDD",
"CCCCCCCCCCCCCCDDDY,
"CCCCCCCCCCCCCCCDD”,
*CCOCCCCCCCCCCCCCD™,
"CCCCCCCCCCCCCCeec™,
"CCCCCCCCCCCCCCCCD™,
"COCCCCCCCCCCCCCDD”,
"CCCCCCCCCCCCCCDDDT,
"DDDDDDDDCCCCCDDDD",
"DDDDDDDDCCCCDDDDD",
"DDDDDDDDCCCDDDDDD",
"DDDDDDDDCCDDDDDDD”,
"DDDDDDDDCDDDDDDDD™;

main(

{
gd = VGA;
gm = VGAHL
initgraph(&gd,&gm," "%
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TR

gotoxy(59,5);
setfillstyle(1,7);
bar(0,0,639,479);
REC(1,1,639,479,8,15,1);
REC(5,5,450,435,15,8,1);
setfillstyle(1,3);
bar(30,10,430,410);
setcolor(15);
for(i=0;i<16;i++)
{ x1=i*25+30;x2 = x1+25;
for G=0;j<16;++)
{ yl=jo25+10;
y2 =yl+25;
rectangle(x1,y1,x2,y2);
box_x[15+] = y1;
}
box_yli] =x1;
}
for(i=0;i<16;i++)
{x1 = {*25+40;
yl =i*25;

switch(i)
{ case 0:ch1[0]="0";break; case 1 :ch1[0]="1";break;case 2:ch1[0]="2"break;

case 3:ch1[0]="3";break; case 4 :ch1[0]="4";break;case 5:ch1{0]="5";break;
case 6:ch1[0]="6";break; case 7 :ch1[0]="7"break;case 8:ch1[0]="8";break;
case 9:ch1[0]="9"break; case 10:ch1[0]="A";break;case 11:ch1[0]="B";break;
case 12:ch1[0]="C";break;case 13:ch1{0]="D";break;case 14:ch1{0]="E";break;
case 15:ch1[0]}="F";
}
setcolor(12);
settextstyle(0,0,1);
outtextxy(x1,418,*ch1);
setcolor(9);
outtextxy(15,395-y1,%ch1);
}
REC(5,440,635,475,15,8,1);
settextstyle(0,0,3); .
setcolor(0);
outtextxy(57,450,”PROGRAM STATUS REPORT "),
setcolor(13);
outtextxy(55,450,"PROGRAM STATUS REPORT ")
REC(455,5,635,40,15,8,1);
REC(455,45,635,435,15,8,1);
setfillstyle(0,9);
bar(460,10,630,35);
bar(460,50,630,400);

outport(0x3£8,67);
INITIAL_PORT(Q;
x = 0;y = 0;wall=2;

draw_box(wall);



reset_time(Q);

i=6

outport(0x318,j);

delay(1000);

gotoxy(0,0);

for G;)

{ s_val =get_portQ;
timeQ;
if ((s_val==0xEE) )
{ temp = 0;
while(terp i= 4)
{ get_port();
temp++;
switch(temp)
{
case 1: wall =s_val & 0x0f;break;
case 2:x =s_val & 0x0fbreak;
case3:y =s_val & Ox0f;break;
case 4 : dir =s_val & 0x0f;break;
}
if (temp == 4)
{ draw_box(wall);
draw_arr(box_y[y],box_x[x],dir);}

}
if ((s_val==0xAA) ) {draw_slove(;}
if ((s_val==0xDD)) {}

void reset_timeQ
{ union REGS regs;
regs.h.ah = 0x2d;
regs.x.dx = 0x00;
regs.x.cx = 0x00;
int86(0x21,&regs,&regs);
}
void time()
{ union REGS regs;
regs.h.ah = Ox2c;
int86(0x21,&regs,&regs);
gotoxy(59,2);
printf{("Time ~ %2d:%2d:%2d" regs.h.cl,regs.h.dh,regs.h.dl);
}
draw_arr(x,y,ch)
{char ij;
X = X+4;
y=y+4;
for (i=0;i<17;i++)
{ for(j=0;j<17;j++)
{if(ch ==0)
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break;

}

void write_listQ

{ unsigned char temp x,y;
temp = 90;

x = 59;y=4;

gotoxy(x,y);

while (temp < 255)

{ if (temp%s3 ) == 0) {y++;gotoxy(x.y); }
if(y==25){y=5;gotoxy(x,y);temp = temp/d; }
getchQ;
printf{("%3d " temp);
temp++;

}

unsigned char get_port()
{ char u;
if ( STATUS_PORT(Q&0x01)
{ s_val = inport(0x3(8);
u=90;
while (u == 0)
{if (STATUS_PORT(Q&0x40)
{u=1

outport(0x3(8,s_val);

}
}
return(s_val);
}
void CHECK_DATA(void)
{ if (STATUS_PORT( & 0x01)
{iflGET_PORT() == 0xAA)
{if (STATUS_PORT( & 0x01)
{iflGET_PORT() == 0xAA)
{if (STATUS_PORT( & 0x01)
{ wall = GET_PORT();
ifSTATUS_PORT( & 0x01)
{ dir = GET_PORT(;}

}
}
}
else if STATUS_PORT() & 0x01)
{ iNGET_PORT() == 0xEE)
{if (STATUS_PORTQ & 0x01)



}

{ ifGET_PORT( == 0xEE) {}
}
}
}

void INITIAL_PORTQ

{ union REGS regs;
regs.h.ak = 0x00;
rogs.h.al = 0xE3;
regs.x.dx = 0x00;
intB6(0x14,&regs, &regs);

}

char WRITE_PORT/{ch)

{ union REGS regs;
regs.h.ah = 0x01;
regs.h.al = ch;
regs.x.dx = 0x00;
int86(0x 14, &regs, &regs);

}

unsigned char GET_PORT(Q
{ union REGS regs;
regs.h.ah = 2;

regs.x.dx = 0x00;

int86(0x 14,&regs,&regs);
return(regs.h.ah);

char STATUS_PORT(Q
{ union REGS regs;
regs.h.ah = 0x03;
regs.x.dx = 0x00;
int86(0x14,&regs, &regs);
return(regs.h.ah);
}
void reset_time()
{ union REGS regs;
regs.h.ah = 0x2d;
regs.x.dx = 0x00;
regs.x.cx = 0x00;
intB6(0x21,&regs,&regs);
}
void timeQ
{ union REGS regs;
regs.h.ah = Ox2c;
int86(0x21,&regs,&regs);
gotoxy(59,2);

printf{("*Time %2d:%2d:%2d" regs.h.cl,regs.h.dh,regs.h.dl);



REC(X1,Y1,X2,Y2,ABN)

{int L

for(I=0;I<N;}++)

{ setcotor(A);
Hne(X1+LY1+1,X2-LY1+D);
line(X1+L,Y 141 X1+LY2-I);
setcolor(B);
line(X2-1,Y1+1,X2-1,Y2-D);
line(X1+1,Y2-1,X2-1,Y2-T);

}

}

draw_box(waller)
{ int wall;
wall = waller;
iffwall>=8) {wall = wall-8;del_box(8);}
iffwall>=4) {wall = wall-4;de]l_box(4);}
if{lwall>=2) {wall = wall-2;del_box(2);}
if{wail>=1) {wall = wall-1;del_box(1);}
)

de!_box(wal)
{

setfitistyle(1,0);

switch(wal)

{ case I:bar(box_y[yH1,box_x[xH1,box _ylyl+25,box_x[x}+24);break;
case 2ibar(box_y[y]+1,box_x[x],box_y[y}+24,box_x[x}+24);break;
case 4:bar(box_y[y),box_x[x}H1,box_y[y}+24,box_x[x}+24);break;
case 8:bar(box_y[y]+1,box_x[x}+1,box_y[y}+24,box_x[x}+25);break;

}

}

REC2(X1,Y1,X2,Y2,A.BN)

{ REC(X1,Y1,X2,Y2,A,BN);
X1 =X1+N+2;X2 = X2-N-2;
Y1 = YI+N+2,Y2 = Y2-N-2;
REC(X1,Y1,X2,Y2 B, AN);

}



#include <stdio.h>

#include <reg52.h> /* Define B0S2 registers */
unsigned char xdata *PCTRL;
unsigned char xdata *PSENSOR;
unsigned char xdata *PDISPLAY;
unsigned char idata *SPEED_HI;
unsigoed char idata *SPEED_LO;
unsigned charidata *STEP_HI_L;
unsigned charidata *STEP_LO_L;
unsigned charidata *STEP_HI_R;
unsigned char idata *STEP_LO_R;
#define HI  0xFE

#define MID_HI O0xFD

#define MID_LO O0xFC

#define LO  OxFB

#define FORWARD F

Hdefine REVERSE 'B'

#define LEFT T’

#define RIGHT R'

#define U TURN U

#define COMPENSATE 'C'
#define CLEAR E'

#define START 'S’

#define STOP 'O’

#dcfine DISABLE D'

#define NORTH 0x00

#define EAST 0x01

#define SOUTH 0x02

#define WEST 0x03

#define MAX X 16

Hdefine MAX_Y 16

#define MAX 256

static unsigned char xdata map[MAX];
static unsigned char xdata m{MAX];
static unsigned char xdata x[70],y[70];

int Gstore[30]; /* pointer of top of stack */
char DIR,X,Y,WALLNEXT_WAY,GOAL_X,GOAL_Y;
char box[256],temp_box{256],status{4],slove[30],slove2[30];

int count,value,finall,point;

unsigned char BIT(int p,unsigned char v});
unsigned char SET(int p,unsigned char v);
unsigned char CLR(int p,unsigned char v);
unsigned char ROTLA(unsigned char v);
unsigned char ROTR4(unsigned char v);
unsigned char ROTLB(unsigned char v);
unsigned char ROTRB(unsigned char v);

Tdsunsu mouseh

/* direction NORTH,EAST,SOUTH,WEST */



void SET_GOAL(void);

char SENSOR(void);

char READ_SWITCH(char sw);
char READ‘_SENSOR(void);

void WRITE_LED(char p);

void MARK_MAP(char x,char y);
void UNMARK_MAP(char x,char y);
void WRITE_MAP(char x,char y);
char READ_MAP(char x,char y);
void MOTOR(char x,char y);

void RESET_STEP(void);
unsigned int READ_STEP(char p);
void CAR(char f);

void CARLIBATE(void);

void MOVE_CAR(char d,char 1);
void END_B(void);

void MOVE_BLOCK(void);

void FAST_RUN(char d,charl);
char NEXT_BLOCK(char t); )
char SELECT_NEXT (void);

void DIRECTION(char d);

char CONVERSE(char w);

void CHG_POINT(void);

void DELAY(int num);

int ARR(char x,char y);

void send_port(char ch);

void delete_box(void);

void check_stack(int cnt);

void compress_box(void);

void slovepath(char x_start,y_start,x_goal,y_goal,direction,limit);
void slove_path(char x_start,y_start,x_goal,y_goal limit);

void calculate(int y1,y2,y3);

void check_stack(int cnt);

void swap(int count);

*/

void initial(void)
{ unsigned char temp,U;
char d;
DELAY(100);, P1 =0x00; T2CON =0x04; TRO =0, G =0
DIR =NORTH; /* start at direction north */
X  =0x00; /* START POINT OF MAP */
Y  =0x00; /® "eceemeeeneeee " ¥/
SPEED_HI = 0x7E;
SPEED_LO = 0x7F;
STEP_HI_L =0x7A; STEP_LO_L =0x7B; STEP_HI_R =0x7C; STEP_LO_R = 0x7D;
*SPEED_HI = MID_HL,  /* set start speed motor RIGHT */
*SPEED_LO = 0x00;
RCAP2H =MID_HI; /* set start speed motor LEFT */
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RCAP2L = 0x00;

P14 ~0; [E =0xA2

PCTRL = 0xF003; PSENSOR =0xF002; PDISPLAY =0xF000; *PCTRL = 0x89;
for(U=0;UsMAX;U+) { m[U]l=0; map{U]=0; box[U]=0; temp box[U]=0; }
for(U=0;U<70;U++)  {x[U]=y[U]=0;}

map[0] = 0x0d; box[0]=2; m[0]=1;

GOAL_X=GOAL_Y=0;

main();

} »

unsigned char ROTL8(unsigned char v)
{ if{v&0x80) fv=v<<l; v=v|0x01; }
else fvev<<]; v=v & 0xfe; }
return{v});

}

unsigned char ROTR8(unsigned char v)
{ if(v&0x01) {v=v>>1; v =v|0x80; }
else {vav>>1; v=v&0x7f; }

return(v);

unsigned char RO'TIA(unsigned char v)
{ iflv&0x80)
{ if{v&0x08) fv=v<<], v=v]0xll; }
else {v=v<<]; v=v]|0x10; v=v&O0xfe; }
}
else { ifflv&0x08) (v=v<<l; v=v&Oxef, v=v|0x0]; }
else {v=v<<l; v=v&Oxce; }
}
return(v);
}

unsigned char ROTR4(unsigned char v)
{ iftv&0x10)
{ iflv&0x01) {vev>>1; v=v|0x88; }
else {v=v>>1; v=v|0x80; v=v&O0xf7;}
}
else { iflv&0x01) {v=v>>1, vev&Ox7 v=v|0x08, }
else {v=v>>1, v=v&O0x77; }
}
return(v),

}

unsigned char SET(int p,unsigned char v)
{ iflp==0) {v=v[0x01; }
else iflp==1) (v =v|0x02; }
elso ifl(p==2) {v =v|0x04; }
else ifl(p==3) {v =v|0x08; }
else if(p==4) {v=v|0x10; }
else iflp==5) {v =v|0x20; }
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else iflp==6) {v =v|0x40; }
clse iffp==7) {v=v|0x80; }
return(v);

}

unsigned char CLR(int p,unsigned char v)
{ ilp==0) {v=v&oOxfe; }

else if(p==1) {v =v&0xfd; }

else if(p==2) {v=v&0xfb; }

else iffp==3) {v=v&0xf7; }

clse iffp==4) {v=v&0Oxef }

else if(p==5) {v =v&O0xdf }

else ifp==6) {v =v&Oxbf }

else if(p==7) {v=v&0x7f }

return(v);

unsigned char BIT(int p,unsigned char v)
{charb;
iflp==0) {b=v&0x01; }
elseifl(p==1) {b=v&0x02; }
else if(p==2) {b =v&0x04; }
clse if[p==3) {b=v&0x08; }
elseif(p==4) {b=v&0x10; }
else ifp==5) {b=v&0x20; }
else ifip==6) {b = v&0x40; }
elge if(p==7) {b = v&0x80; }
ib==0) {return(0); }
else { return(1); }

}

void WRITE_LED(char p){ *PDISPLAY = ~p; }

char READ_SWITCH(char sw)
{ ifGw==1)
{ IINTO==0)  {return(1); }
else { return(0); }
}
if sw==2)
{ itINT1==0) {rerum(l); }
else { return(0); }

char READ_SENSOR(void)
{ charc;
¢ = *PSENSOR;
retun{c);

char SENSOR(void)



{ cherLr,cs,w;

s = *PSENSOR; |=35 & O0xE0; r=s & 0x07; ¢ =5 & 0x10;

ifl&&c&&r) w=0x07;
elseif | && ¢) w = 0x06;
elseif 1 && 1)  w=0x05;
elseif (c &&r) w = 0x03;
else if )  w = 0x04;

elseif (¢) w =0x02;

elseif () w=0x01;

else if (s == 0x00)  w = 0x00;

return({w);

void MARK_MAP(char x,chary) { m[ARR(X,Y)]=1; }

void UNMARK_MAP(char x,char y) { m[ARR(X,Y)]=0; }

void WRITE_MAP(char x,char y)
{ charb.e;
b = CONVERSE(WALL);
map[ARRCX,Y)] = b;
e=-b;
e =e¢ & Ox0f,
temp_box[ARR(X,Y)] = ¢;
}

char READ_MAP(char x,char y)
{ charb;
b=map[ARR(X,Y)};

return(b);

void END_B(void)
{ chars,,b,e temp,FG,FG2;
FG=FG2=0;
while (FG2 == 0)
{ if((*STEP_HI_L==1)&&(*STEP_LO_L > 80) && (FG ==0))
{FG=1; WALL=SENSOR(); }
if ((FG == 1) && (*STEP_HI_L == 4) && (*STEP_LO_L > 0))
{ RESET_STEP(; FG2=1; CHG POINT(; }
else if (*PSENSOR & 0x10)
{ CARMID_LO), CHG_POINT(); r = *PSENSOR;
while ((r & 0x08) ==0)  {r=*PSENSOR; CARLIBATE(;}
RESET_STEP()
FG2=1;
}
clse if (FG == 1)
{ temp = SENSOR();

if (((temp&0x02)== 0) && (WALL != temp)) { RESET_STEP(;

}
CARLIBATE();

CHG_POINT();

FG2=1; }



void MOVE_CAR(char d char 1)
{ char t,j,temp;
while(d = DIR)
{ t=DIR-1;
if{t == OxFF) {t=0x03; }
if{t ==d)
{ DIRECTION(LEFT);
RCAP2L = 0x00;
*SPEED_LO = 0x00;
MOTOR(LEFT,REVERSE);
MOTOR(RIGHT,FORWARD);
MOTOR(LEFT,START);
MOTOR(RIGHT,START);
RESET_STEP();
temp = 0;
while(temp ==0) { if (*STEP_HI L ==0x01) { temp=1; } }
temp = 0;
*STEP_LO L =0;
while(temp ==0) { if (*STEP_LO_L==0xBB) { temp=1;} }
MOTOR(LEFT,STOP);
MOTOR(RIGHT,STOP);
RESET_STEP(Q;
}
elae {
DIRECTION(RIGHT);
RCAP2L = 0x00;
*SPEED_LO = 0x00;

MOTOR(LEFT FORWARD);
MOTOR(RIGHT,REVERSE);
MOTOR(LEFT,START);
MOTOR(RIGHT,START);
RESET_STEP();
temp = 0;
while(temp ==0) { if (*STEP_HI R==0x01) { temp=1; } }
temp =0;
*STEP_LO_R = 0;
while(temp ==0)  { if (*STEP_LO_R == 0xAA) { temp=1;} }
MOTOR(LEFT,STOP),
MOTOR(RIGHT,STOP);
RESET_STEFP(;
}
}
RESET_STEP();

fori=L;i<=Li++) { CAR(FORWARD); CAR(HI); END_B(; }
CAR(STOP),

unsigned int READ_STEP(char p)
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{ unsigned int v;
chart;
if (p == LEFT)

{ t="*STEP_HI L;
v=t<<§
t=*STEP_LO L;
v=v|t

}

if (p == RIGHT)

{ t="STEP_HI R;
vat<<y;
t="*STEP_LO_R;
vyt

}

retum(v);

void MOVE_BLOCK(void)
{ chars,,b.e,temp,FG,FG2;
FG=FG2=0;
CAR(FORWARD),
RESET_STEP(;
while (FG2 == 0)
{
if (*STEP_HI_L==1)&&(*STEP_LO_L > 80) &3 (FG == 0))
{FG=1; WALL=SENSOR(Q; }
if ((FG == 1) && (*STEP_HI L ==4)) =
{ CHG_POINTQ; RESET_STEPQ; FG2= L )
else if ("PSENSOR & 0x10)
{ CARMID_LO)
WALL = WALL | 0x02;
CHG_POINT(;
r = *PSENSOR;
while ((r & 0x08) ==0) {r= *PSENSOR;CARLIBATE();}
RESET_STEP();
FG2=1;
}
else if (FG == 1)
{ temp = SENSORQ);
if (((temp & 0x02)==0) && (WALL != temp))
{ RESET_STEP(;
CHG_POINT(;
FG2=1;
}
}
v
CARLIBATEQ;
}
CAR(STOP);
}

void CAR(char f)
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{ char temp;
PL4=1
if (f == FORWARD)
{ P1.5=0; P12=0; TR2=1; TRO=]; }
else if (f == STOP) .
{ TR2=TRO=0; }
clse if (f == DISABLE)
{PlL4=0; }
else if (f == LEFT)
{ DIRECTION(LEFT);
RCAP2L = 0x00;
*SPEED_LO = 0x00;
Pl 5=1;
P1.2=0;
TR2=TR0O=1;
RESET_STEP();
temp = 0;
while( temp ==0)
{ if (*STEP_HI_L == 0x01)
{temp=1; }
}
temp =0;
*STEP_LO L =0;
ift*SPEED_HI >= MID_HI)
{
while( temp ==0) { if (*STEP_LO_L == 0xC6) { temp=1;} }

}
else { while(temp==0) { if(*STEP_LO_L == 0xC6) { temp=1;} }
}

TR2=TRO =0;

}
else if (f == RIGHT)

{ DIRECTION(RIGHT);

RCAP2L = 0x00;

*SPEED_LO = 0x00;

P1.5=0;

Pl2-1;

TR2=TRO=1;

RESET_STEP();

temp = 0;
while(temp ==0) { if(*STEP_HI R == 0x01) {temp=1, } }

temp = 0;

*STEP_LO R=0;

if(*SPEED_HI >= MID_HI)

{ while( temp ==0) { if(*STEP_LO_R == 0xC6) { temp=1;}
}

else {
while(temp =~0) { if (*STEP_LO_R == 0xC§) { temp=1;} }

}
TR2=TRO =0;
}
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elsc if (f == U_TURN)
{ DIRECTION(U_TURN),
RCAPZL = 0x00;
*SPEED_LO = 0x00;
P15=1;
P1.2=0,
TR2=TRO~ ;
RESET_STEP();
temp =0;
while(temp ==0) { if (*STEP_HI R ==0x03) { temp=1; } }
temp =0;
*STEP_LO_R =0;
while(temp ==0)  { if (*STEP_LO_R==0xA8) { temp=1;} }
TR2 = TRO = 0;
RESET_STEP(;

}
elseif (f==LO) { RCAP2H=LO; *SPEED HI=LO; }

elseif (f==MID_LO)  { RCAP2H=MID_LO; *SPEED HI=MID LO; }
elseif f==MID_H)  { RCAP2H=MID_HL, *SPEED HI=MID_HL }
elseif (f==H) { RCAPZH=HL *SPEED HI~HL }

void CARLIBATE(void)
{ charg
g = *PSENSOR;

if (g & 0x20)li(g & 0x01))  { *SPEED_LO =0x00; MOTOR(LEFT,COMPENSATE);, )
else if (3.6 0x80)j{(g & 0x04)) { RCAP2L =0x00; MOTOR(RIGHT,COMPENSATE),  }
eise  { *SPEED_LO = 0x00; RCAP2L = 0x00; H

void RESET_STEP()
§ *STEPLOL=0; *STEP LO_R=0; *STEP HIL=0; *STEP_ HIR~=0; }

void MOTOR(char x,char y)
{ PL4-1

if (x == LEFT)

{if (y == FORWARD) P1.5=0; X
clsc if (y == REVERSE) PLS=1;
¢lse if (y == DISABLE) P1 4=0;
else if (y == LO) RCAP2H =LO;
else if (y == MID_LO) RCAP2H =MID_LO;
clseif(y==MID_H)  RCAP2H = MID_HI;
else if (y == HD) RCAP2H = HI;

else if (y == COMPENSATE)
{ if(RCAP2H >= MID_HI)
RCAP2L = 0xB0;
else RCAP2L = 0x60;

}
etse if (y == CLEAR) RCAP2L = 0x00;

]
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else if (y == START) TR2=1;
else if (y == STOP) TR2=0;
}
else if (x == RIGHT)
{ if (y == FORWARD) P1_2=0;
else if (y == REVERSE) Pl 2=1;
else if (y == DISABLE) Pl 4=0;
else if (y == LO) *SPEED_HI ~ LO;
elscif(y == MID_LO)  *SPEED_HI~MID_LO;
elsoif (y ==MID_HI)  *SPEED_HI~MID_HI
clsc if (y == HI) *SPEED_HI = HI,
else if (y == COMPENSATE)
{ if(*SPEED_HI>= MID_HI)
*SPEED_LO = 0xB0;
else *SPEED_LO = 0x60;

else if (y == CLEAR) *SPEED_LO = 0x00;
else if (y == START) TRO =1,
else if (y == STOP) TRO =0;
}

void CHG_POINT(
{
char d;
if DIR ==NORTH)  { X++;}
ifDIR == SOUTH)  {X~-;}
if(DR ==EAST)  {Y++;}
if(DIR == WEST) {Y-;}

int ARR(char x,char y)
{ int fc;
c=x*MAX Y; f=(c+y); retura(f);

char SELECT_NEXT(void)
{ char c,w;
int ij;
c=0;
w =map[ARR(X,Y)};
if (DIR == NORTH)
{ if (W & 0x04)==0)&&(m[ARR(X,Y-1)]==0))
{ NEXT_WAY = LEFT; c++; }
if (W & 0x02)==0)&&(m[ARR(X+1,Y)]==0))
{ NEXT_WAY = FORWARD; c++; }
it (((w & 0x01)==0)&&(m[ARR(X,Y+1)]==0))
{ NEXT_WAY = RIGHT; c++; }
}
else if (DIR == EAST)

10



{ if ((w & 0x02)==0)&&(m[ARR(X+1,Y)]==0))
{ NEXT_WAY = LEFT; c++; }
if (W & 0x01)==0)&8:(ra[ ARR(X, Y+1)]==0))
{ NEXT_WAY = FORWARD; c++; }
if (((w & 0x08)==0)&&(m[ARR(X-1,Y)]==0))
{NEXT_WAY = RIGHT; ct++; }

}
clse if (DIR == SOUTH)
{ if((w & 0x01)==0)&&(m[ARR(X,Y+1)]=%0))
{ NEXT_WAY = LEFT; c++; }
if ((w & 0x08)==0)&&(m[ARR(X-1,Y)]==0))
{ NEXT_WAY =~ FORWARD; c++; }
if (((w & 0x04)==0)&&(m[ARR(X,Y-1)]==0))
{ NEXT_WAY = RIGHT; c++; }
}
clse if (DIR == WEST)
{ if(((w & 0x08)==0)&&(m[ARR(X-1,Y)]==0))
{ NEXT_WAY = LEFT; c++; }
if (W & 0x04)==0)&&(m[ARR(X,Y-1)]==0))
{ NEXT_WAY = FORWARD; c++; }
if ((w & 0x02)==0)&8(m[ARR(X+1,Y)}==0))
{ NEXT_WAY = RIGHT; c++; }
}

return(c);

char NEXT_BLOCK (char t)
{ charn;
if (t == FORWARD)

{ if(DIR==NORTH) {n=m[ARRCX+1,Y}}; }
else if (DIR == EAST) {n =m[ARR(X,Y+1)]; }
else if (DIR == SOUTH) { n =m[ARR(X-1,Y)]; }
clse if (DIR == WEST)  {n =m[ARR(X,Y-1)); }

}

else if (t == LEFT)

{ if(DIR ==NORTH) {n =m[ARR(X,Y-1)]; }
else if (DIR == EAST) {n = m[ARR(X+1,Y)}; }
else if (DIR == SOUTH) { n = m[ARR(X,Y+1)}; }
else if (DIR == WEST) {n =m[ARR(X-1,Y)); }

}

else if (t == RIGHT)

{ if(DIR ==NORTH) {n=m[ARR(X,Y+1)]; }
else if (DIR == EAST) {n=m[ARR(X-1,Y)}; }
else if (DIR == SOUTH) {n = m[ARR(X,Y-1)]; }

else if (DIR == WEST) {n = m[ARR(X+1,Y)); }
}
return(n);
}
char CONVERSE(char w)
{

11
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if (w == 0x01)
{if (DIR == EAST)

. else if ( DIR == SOUTH)

else if ( DIR == WEST)
}

else if (w == 0x02)
{if (DIR == EAST)

else if (DIR == SOUTH)
clse if ( DIR == WEST)

}
clse if (w == 0x04)
{if ( DIR == EAST)

clse if ( DIR == SOUTH)
else if ( DIR == WEST)

}
else if (w == 0x05)
{if (DIR == EAST)

clse if ( DIR == SOUTH)
else if ( DIR == WEST)

}
else if (w == 0x03)
{if (DIR == EAST)

else if ( DIR == SOUTH)
else if ( DIR == WEST)

}
else if (w == 0x06)
{if (DIR == EAST)

else if ( DIR == SOUTH)
else if ( DIR == WEST)

}
else if (w == 0x07)
{if ( DIR == EAST)

¢lse if ( DIR == SOUTH)
else if ( DIR == WEST)

}

return(w);

void DIRECTION(char d)
{
if (d == LEFT)
{ DIR -= 0x01;
if (DIR == 0xFF)
}
else if (d == RIGHT)
{ DIR += 0x01;
if (DIR == 0x04)
}
else if (4 =~ U_TURN)
{ DIR +=0x02;

w = 0x08;
w = 0x04;
w = 0x02;

w = 0x01;
w = 0x08;
w = 0x04;

w = 0x02;
w =0x01;

w = 0x08;

w = 0x0A;
w = 0x05;
w = 0x0A;

w = 0x09;
w = 0x0C;
w = 0x06;

w = 0x03;
w = 0x09;
w = 0x0C;

w = 0x0B;
w = 0x0D;
w = 0x0E;

DIR = WEST;

DIR = NORTH;

12



if (DIR == 0x04) DIR = NORTH;
else if (DIR == 0x05) DIR = EAST;
}
/* *PDISPLAY = ~DIR; */
}
void DELAY(int num)
{ intij;
for(j=0;j <= num;j++)
{ for(i=0;i < 255;i++) {1}
}

void delete_box()
{ int ¥;
char wall,ch;
ch ="a';
while (ch =="a’)
{f ch="1Y
for (y=0;y<=255;y++)
{ wall = box[y];
if ({((y==0)|(y==point){|(y==final1)))
{ switch(walt)
{
case 1: box[y] = 0; box[y+1] = box{y+1] - 4; ch = 'a"break;
case 2 : box[y] = 0; box[y+16] = box[y+16] - 8; ch = 'a";break;
case 4 ; box[y] = 0; box[y-1] = box[y-1] - 1; ch = "a';break;
casc 8 : box[y] = 0; box[y-16] = box[y-16] - 2; ch = 'a’;break;

}

void compress_box()
{ char il,wallj2i3,flag;
int itemp_y,y;
delete_box();
for (y=0;y<=255;y++)
{ if(y1=0)&ly!=poin)&e&ly!=final &edely+ 11~final D&:&
(box[y]==9)&&(box([y+1]==12)&&(box[y-16]%2 == 1))
{ box{y] = box([y+1] =0;
box[y-16] = box[y-16] - 2;
box[y-15] = box[y-15] - 2;}
if ((y!=0)&&(y!=point)&&(y!=final 1)&&(y+1!=finall) &&
(box[yl==3)&&(box{y+1]==6)&&(box{y+16]%2 == 1))
{ box[y] = box[y+1] =0;
box[y+16] = box(y+16] - 8;
box[y+17] = box[y+17] - 8;}
if ((y!1=0)&&(y!=poinf)&&(box[y)==13)||(box[y]==15))

o
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{temp_y=y;
y =yl¢
it =0
wall =box(y];
while(wall==10)
{y=y-16;
i1+
wall=box[y};}
1f (wall==3)
{ y++;wall=box[y};i2 = 0;
while(wall==5)
{ y++;wall=box[yJ;i2++; }

if (wall==6)
{ y=y+16; wall=box[y];i3=0;
while(wall==10)
{ y=y+16;wall=box[y}i3++}
iffwall>11)
{
y =temp_y;
flag =T
for(i=0;i<=il;i++)
{y=y-16;
if{(y==point){|(y==final1))
{flag=F;}
}
for(i=0;i<=i2;i++)
{ y+ ifi¢y==point)||(y==tnall))
{flag = F;}
}
for(i=0;i<=i3-1;i++)
{y=y+16;
ifl(y==point)}|(y==final1))
{ flag ~'F}
}
iftflag ==T)
{
y =temp_y;
box[y}=box[y]-8;
for (i=0;i<=iL;i++) {y=y-16;box(y]= 0;}
box[y] = 0;
for (i=0;i<=i2;i++) { y++;box[y]=0;}
for (i=0;i<=i3-1;i++) { y= y+16;box[y]=0;}
box[y+16] = box[y+16]-8;
}
}
}
}
y =temp_y;
}

14
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delete_box();
}

void calculate(int y1,y2,y3)
{
short int templ,temp2,temp3,temp4;
char final_x.final_yx1,x2x3;
x1 = y1/16; y1=y1%16;
x2 = y2/16; y2=y2%16;
x3 = y3/16; y3=y3%16;
final_x = final1/16;
final_y = final1%16;

if (x1 < final_x) templ = final_x-x1; else ternpl =x1 - final_x;
if (y1 <final_y) temp2 = final_y-y1; clse temp2 =yl - final_y;
templ = templ + temp2;

if (x2 < final_x) temp2 = final_x-x2; else temp2 = x2 - final_x;
if (y2 < final_y) temp3 = final_y-y2; else temp3 = y2 - final_y,;

temp2 = temp2-+temp3;

if (x3 < final_x) temp3 = final_x-x3; else temp3 =x3 - final_x;
if (y3 < final_y) temp4 = final_y-y3; else tempd = y3 - final y;
temp3 = temp3 + temp4,;
if ((temp1 < temp2) && (temp]1 < temp3))
{ status[1] = 1; if (temp2 < temp3) { status[2] = 2; status[3] = 3; }
else { status{3] = 2; status2] = 3; }}
if ((temp2 < temp3) && (temp2 < temp1))
{ status[2] = 1; if (temp3 < tmp1) { status[3] = 2; status[1] =3; }
else { status[1] = 2; status[3] = 3; }}
if (temp3 < temp1) && (temp3 < temp2))
{ status[3] = 1; if (temp2 < temp1) { status[2] = 2; status[1] = 3;}
else { status[1] = 2; status[2] = 3;}}
if (temp1 > temp2) &&(temp2 == temp3)) { status[2] = 1; status[3] = 2;status[1] = 3;}
if ((terap2 > temp3) &&(temp3 == temp1)) { status[1] = 1; status[3] = 2;status[2] = 3;}

void check_stack(int cnt)
{ shortintijy,y1;
for (i=cnt-1;i>=0;i-)
{ for (j=cnt-2,j>=0;j--)

{ y=storeli];

y1 = store{j};
if@= if (y==y1) {countj=-1;} }
}
}
}
void swap()
{ inti;

if (value > count)

{ for (i=0;i<count;i++)  { slove[i]=slove2(i};}



value = count;

}

void slove_path(char x_start,y_startx_goal,y_goal,limit)
{ value = 100;
slovepath (x_start,y_startx_goal,y_goal, N limit);
swap(;
slovepath (x_start,y_start,x_goal,y_goal,'S" limit);
swap();
slovepath (x_start,y_start,x_goal,y_goal, "W limit);
swap();
slovepath (x_start,y_start,x_goal,y goal,’E'limit);
swap(;

count = value;

void slovepath(char x_start,y_start,x_goal,y_goal,direction,limit)
{ int iy,
char wall,dir;
char flag,c_w,c_way,status[4];
int step[20];
char temp,stack,ch,ch2,wdir{50],way_dir{50},dir_s[50},empty;
int yy[40),w[40],way[40],s_time,times;
int value,point,finall,goal start;
int s_count;
goal = (x_goal*16)+y_goal;
start = (x_start*16)+y_start;
if (goal != start)
{ finall = goal;
Y point = start;
for (i=0;i<256;i++)
{ box{i}=temp_box][i}; }
delete_box();
empty =Y,
dir = direction;
dir_s{0]=way_dir{0}=wdir{0] = direction;
s_count = s_time = 100;
times = count = 0;
y=start;
finall = goal;
while (count >=0)
{
status[1] = 1; status{2] = 2;status[3] = 3;
wall = box[y];
switch(dir)
{
case N':  switch(wall)
{
case 0 : y=y-16;dir>'S';break;
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case 1 : y++dir = 'E';break;

case 2 : y=y+16; break;

case 4 : y-;dir="W';break;
cage 5 : y++;dir~'E';break;
case 3 : y=y+16; break;

case 6 : y=y+16;break;

case 7 : y=y+16;break;

case 8 : y=y-16; dir = 'S';break;
case 9 : y++; dir = 'E';break;
case 10 : y=y+16; break;

case 11: stack ="Y";
calculate(y+1,y+16,300);

if (status{1] == 1)

{ store{count] = y+16;
dir_s[count] =di;
step{count] = times;
dir = B y++; }
if ( status(2] == 1)

{ store{count] = y+1;
dir_s{count] =E'
step[count] = times;
y=y+16;}

count++;break;

case 12 y--; dir = "W';break;
case 13 : stack =Y";
calculate(y+1,300,y-1);

if (status{1] == 1)

{ store[count] = y-1;
dir_s[count] ='W
step[count] = times;
dir = Ejy++}

if (status{3] == 1)

{ store{count] = y+1;
dir_s{count] ='EY
step[count] = times;
y-- dir ='W}
couat++;break;

case 14 : stack =Y,
caloulate(300,y+16,y-1);

if (status[2] == 1)

{ store[count] = y-1;
dir_s[count] =W
step[count] = times;
yy+16}
if (status{3] == 1)

store[couat] = y+16;
dir_s[count] ="N}
step{count] = times;

y=-; dir ="W5}

17
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count++;break;

case 15 stack ='Y";

calculate(y+1,y+16,y-1);

if (status[1] == 1)

{ store[count] = y-1;
dir_s[count] ="W
step{count] = times;
count++;
store{count] = y+16;
dir_s[count] ="N%
step{count] = times;

dir = E\y++;}

if (status[3] == 1)

{ store[count] = y+1;
dir_s[count] ="E’
step[count] = times;
count++;
store{count] = y+16;
dir_s[count) =N}
step[count] = times;
dir = "Wy}
if (status[2] == 1)

{ store[count] = y+1;
dir_s[count] ="EY
step[count] = times;"
count++;
store[count] = y-1;

dir_s{count] ='W

step{count] = times;

y=y+16;

case 'S':
case 0:
case 1:
case 2:
case 3:
caseq:
case 5:
case 6:
case 8 :
case 9:
case 12:
case 13:

case 7:

}count++;break; }break;

switch(wall) {
y=y+16; dir ='N';break;
y++;dir="E",break;
y=y+16; dir = N';break;
y++; dir = 'E';break;
y-= dir = "W, break;
y++; dir = 'E';break;
y-=; dir = "W break;
y=y-16;break;
y=y-16;break;
y--;dir="W';break;
y++;dir="E';break;
stack ='Y";

calculate(y+1,300,y-1);
if (status{1] == 1)

{ store[count] = y-1;

dir_s{count] ='W,

step[count] = times;

18
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dir ="E'y++;}
if (status{3] == 1)

{ store[count] = y+1;
dir_s[count] ='E';
step[count] = times;
dir ="W",y--; }count++;break;

case 10 : y=y-16;break;

case 11: stack ="Y
calculate(y+1,y-16,300);
if (status[1] == 1)

{ store[count] =y-1;
dir_s{count] ='S}
step{count] = times;
dir =B} y++ }
if (status[2] == 1)

{ store[count] = y+1;
dir_s{count] ='E'
step[count] = times;

y=y-16; }count++;break;

case 14 : stack=Y";
calculate(300,y-16,y-1);
if (status[3] == 1)
{store[count] = y-16;
dir_s[count] ='S'
step[count] =times;
y-+; dir = "W, Jelse
if (status{2] == 1)
{store[count] = y-1;
dir_s[count] =W,
step[count] = times;

dir = 'S';y=y-16; }count++;break;

case 15 : stack ="Y";
calculate(y+1,y-16,y-1);
if (status[1] == 1)
{store[count] = y-1;
dir_s{count] ="W;
step[count] = times;
count++;
store{count] = y-16;
dir_s[count] ='SY
step{count] = times;
dir = E\y++}
if (status[3] == 1)
{store[count] = y+1;
dir_s[count] ='E'
step[count] = times;
count++;
storef{count] = y-16;

dir_s[count] =S}
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step[count] = times;
dir = 'Wy-;}

if ( status{2] == 1)
{store[count] = y+1;
dir_s[count] ='E}
steplcount] = times;
count++;

store[count] = y-1;
dir_s{count] =W
step[count] = times;
y=y-16; }count++;break; }
break;

case 'E':  switch(wall) {
case 0: y--;dir="W';break;
case 2: y=y+16;dir="N";break;
case 1: y++break;
case 3: y++;break;
case 4: y-- dir = "W break;
case 5: y++;break;
case 6: y=y+16; dir = N';break;
cage 8: y=y-16; dir ='S';break;
case 9: y++;dir='E';break;
case 11: y++;dir="E',break;
case 7: stack ="Y";
calculate(y+1,y+16,300);
if(status[1] == 1)

{ store[count] = y+16;
dir_s[count] =N, step[count] = times;
y+}
if(status[2] == 1)

{store[count] = y+1;
dir_s[count] ="E'
step[count] = times;
dir =N;y=y+16;}

count++;break;

case 10 : y=y-16;dir="S"; break;
case 12: y=y-16;dir = 'S';break;
case 13: stack =Y’}
calculate(y+1,y-16,300);
if (statusf1] == 1)

{store[count] = y-16;
dir_s[count] ="}
step[count] = times;
y++}
if (status[2] == 1)

{store[count] = y+1;
dir_s{count] ="E"
step[count] = times;
dir ='S'y = y-16; }count++;break;
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case 14 stack = Y
calculate(y-16,y+16,300);
if (status(1] == 1)
{store[count] = y+16;
dir_s[count] = 'NY; step[count] = times;
dir = 'Sy=y-16;}
if (status[2] == 1)
{store[count] = y-16;
dir_s[count] ='S'; step[count] = times;

dir = N y=y+16; }count++;break;

case 15: stack = Y
calculate(y+1,y-16,y+16);
if (status[1] ==1)
{ store[count] = y-16;
dir_s[count] ='S}
step[count] = times;
count++,
store[count] = y+16;
dir_s[count] ='N;
step[count] = times;
y+}
if (status[2] == 1)
{ store[count] = y+1;
dir_s[count] ='E
step[count] = times;
count++;
store[count] = y+16;
dir_s[count] =N}
step[count] = times;
y=y-16; dir = 'S};}
if (status[3] == 1)
{ store[count] = y+1;
dir_s[count] ='E"
step[count] = times;
count++;
store[count] = y-16;
dir_s[count] ='S);
step[count] = times;
dir = 'N'; y=y+16; }count++;break;}
break;
case ‘W' ;  switch(wall) {
case 0 : y++;dir = 'E';break;
case 1: dir = 'E;y++; break;
case 2 ; dir = N, y=y+16;break;
case 3 : dir = N',y=y+16; break;
case 5: y--; break;
case 6 : y--; break;
case 4 ; y--; break;
case 10: y=y+16;dir="N';break;
case 14: y=y+16;dir='N";break;
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case 12: y--; break;

case 8 : y=y-16;dir="S';break;

case 7: stack ='Y"
calculate(y-1,y+16,300);
if (status{1] == 1)
{store{count] = y+16;
dir_s[count] =N\
step[count] = times;
¥}

if (status[2] == 1)
{store[count] = y-1;
dir_s[count] =W
step[count] = times;

dir =N, y=y+16; }count++;break;

case 9 : y=y-16;dir ='S';break;

case 11: stack = 'Y";
calculate(y+16,y-16,300);
if (status[1]==1)

{ store[count] = y-16;
dir_s[count] ='S}
step[count] = times;
y=y+16; dir = N3}
if (status{2] == 1)

{ store[count] = y+16;
dir_s[count] =Ny
step[count] = times;
y=y-16;dir = 'S'; }count++; break;

case 13: stack = "Y'
calculate(y-16,y-1,300);
if (status[1] == 1)

{ store[count] = y-1;
dir_s[count] =W,
step{count] = times;

dir="S';y=y-16;}
if (status[2] == 1)

{ store[count] = y-16;
dir_s[count] ='S'; step[count] =times;

y=-; Jcount++;break;

case 15: stack =Y}
calculate(y-1,y-16,y+16);
if (status[1] == 1)

{store[count] = y-16;
dir_s[count] ='S}
step[count] = times;
count++;
store[count] = y+16;

dir_s[count] =N stepfcount] = times;

¥}

22



if (status[2] == 1)

{ store[count] = y-1;
dir_s[count] ="W" step[count] = times;
count++;
store[count] = y+16;
dir_s[count] =N step[count] = times;
y=y-16;dir="S’;}

if (status[3] == 1)

{ store[count] = y-1;

dir_s[count] ='W, step[count] = times;
count++;

store[count] = y-16;

dir_s[count] ='S'; step{count] = times;
y=y+16;dir="N"; }count++; break; }break;

}
if (stack ==Y") {

check_stack(count); }

way[times] = y;
way_dir{times] = dir;
stack = N,

if ((times > limit) [|(times > s_time))
{

y = store[count-1];

dir = dir_s[count-1];

times = step[count-1};

way|[times] = y;

way_dir{times] = dir;

count--;

}

if ((y==final1)&&(times <= s_time))
{
for (i= O;i<=count-1;i++)
{yyli] = store[i];}
ch = ch2 = wdir{0];
c_w=c_way =0,
for (i=0;i<=times;i++)
{if(wdirli] =ch) {c_wi+; ch=wdidi];}
if (way_dirfi] != ch2) { c_way++; ch2 = way_dir{i}; }
}
if ((times< s_time}[(empty == "Ylllc_way <c_w)) {
for (i=0;i<=times;i++)
{
wli] = wayfi);
wdirli] = way_dir{i};
H

empty =N}
y = store[count-1];

s_time =times;
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s_couat = count;
count-=;
times = step[count];
way[times] = y;
dir = dir_s{count};
way_dir{times] = dir;
}
times++;
}
temp = wdir{0];
s_couat = count = 0;
wdir{s_time+1) = 'F;
for (i=0;i<=s_tire+L;i++)
{
if (wdir{i] == temp)
{ switch(wdir{i])

{ case 'N': dir = 0;break;
case 'E': dir = 1;break;
case 'S': dir = 2;break;
case 'W': dir = 3;break;
}
s_count++;

}

else {
slove2[count] = dir
slove2[count+1] = s_count;
count = count +2;
s_count = 0;
temp = wdir[i};

i

}

}

} else { count = 0;}

}

void send_port(char ch)
{ char u,v,temp;
u=0;
while (u == 0)
{if(TT==1)
{
SBUF = ch;
ve="TI=0;
while(v == 0)
{ifRI==1)
fv=1
u=l;
RI=0;
ch = SBUF;
*PDISPLAY = ~ch;
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void FAST_RUN(char d,char 1)
{ char t,i,8r,b,6,FG,FG2,temp;
while(d }= DIR)
{ t=DIR-1;
it == OxFF)
{t=0x03; }
ifit == )
{ DIRECTION(LEFT)
RCAP2L = 0x00;
*SPEED_LO = 0x00;
MOTOR(LEFT ,REVERSE),
MOTOR(RIGHT FORWARD);
MOTOR(LEFT,START);
MOTOR(RIGHT,START);
RESET_STEP(Q;
temp = 0;
while( temp ==0)
{ if (*STEP_HI_L == 0x01)
{temp=1; }
}
temp = 0;
*STEP_LO_L=0;
while( temp ==0)
{ if (*STEP_LO_L == 0xBB)
{ temp=1,}
}
MOTOR(LEFT,STOP);
MOTOR(RIGHT ,STOP);
RESET_STEP();
}
else §
DIRECTION(RIGHT);
RCAP2L = 0x00;
*SPEED_LO = 0x00;
MOTOR(LEFT, FORWARD);
MOTOR(RIGHT REVERSE);
MOTOR(LEFT,START);
MOTOR(RIGHT,START);
RESET_STEPQ;
temp = 0;
while( temp == 0)
{ if (*STEP_HI_R == 0x01)
{temp=1, }
}

temp = 0;
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{ switch(ARR_N(j](iD
{
case 'D": putpixel(i+x,j+y,0);break;
case 'C" putpixel(i+x j+y,14);break;

}
}
if (ch ==2)
{  switch(ARR_S[j]I[iD
{
case ‘D" putpixel(i+xj+y,0);break;
case 'C" putpixel(i+x j+y,14);break;
}
}
if(ch == 1)

{ switch(ARR_E[j][iD
{case D" putpixel(i+xj+y,0);break;
case 'C" putpixel(i+x j+y,14);break;

}
}
if(ch ==3)
{ switch(ARR_W[]i])
{
case ‘D" putpixel(i+x j+y,0);break;
case 'C" putpixel(i+x,j+y,14);break;
}
}

void draw_slove(
{ char temp,i,s X,y f;

temp =get_portQ & 0x0f;
while (get_portQ |= 0xAA)

{ for (i=3;i<temp;i++)

{ switch(i)
{ case 0 : s = get_port(Q;

for (j=0;j<s;j++)
{ y++draw_arr(box_y[x}+5,box_x[y}+5,N);}
break;

case 1: s = get_port();
for (j=0;5<s;j++)
{ x++;draw_arr(box_y[x]+5,box_x[y+5,E;}
break;

case 2: s = get_portQ;
for (j=0;<s;j++)
{ y~;draw_arr(box_y[x}+5,box_x[y}+5,'S);}
break;

case 3 ; s = get_port();
for (j=0;5<s;j++)
{ x--;draw_arr(box_y[x}H5,box_x[yH5,W);}
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*STEP_LO_R=0;
while( temp ==0)
{ if ("STEP_LO_R == 0xAA)
{ temp=1;}
}
MOTOR(LEFT,STOP);
MOTOR(RIGHT,STOP);
RESET_STEP(;
}
}
RESET_STEP();
for(i=1;i<=L;i++)
{ CAR(FORWARD),
ifli==1){ CAR(MID_HI);}
FG = FG2=0;
while (FG2 ==0)

if (*STEP_HI_L==1)&&(*STEP_LO_L > 80) && (FG ==0))
{ FG = 1, if(i==1){ CAR(HI);}
WALL=SENSOR(;

}
if ((FG == 1) && (*STEP_HI_L == 3) && (i ==1)) { CAR(MID_LO);}

if ( (FG == 1) && (*STEP_HI_L == 4) && (*STEP_LO_L > 0))
{ RESET_STEP(;
FG2 = ;CHG_POINTO);
}
cise if (*\PSENSOR & 0x10)
{ CARMID_LO)
CHG_POINTO;
r = *PSENSOR;
while ((r & 0x08) == 0)
{r = *PSENSOR;CARLIBATEQ; }
RESET_STEP(;
FG2=1;
}
eise if (FG == 1)
{ temp = SENSORQ;
if ( ((temp&0x02)== 0) && (WALL 1= temp))
{ RESET_STEP(;
CHG_POINTO(;
FG2=1;

CAR(STOP);
CARMID _LO);



void SET_GOAL(void)

{ char d;
GOAL_X=GOAL_Y=0;
d=0;

while(d == 0)

{if ONTO == 0) { GOAL_X++}
if(NT1==0) {d=1;}
iflGOAL_X==16){GOAL_X = 0;}
*PDISPLAY = ~GOAL_X;
DELAY(50);

d=0

while ( d==0)

{ ifINT1==1) {d = ;}}
*PDISPLAY = 0x0F;
DELAY(100);
d=0;
while(d == 0)

{if INTO == 0) { GOAL_Y++;}
if(NT1==0) {d=1;}
i{GOAL_Y==16){GOAL_Y =0;}

*PDISPLAY = ~GOAL_Y;
DELAY(50);
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L297/AID

STEPPER MOTOR CONTROLLERS

= NORMAL/MWAWE DRIVE
» HALF/FULL STEP MODES
u CLOCKWSE/ANTICLOCKWSE DIRECTION

' « SWMTCHMODE LOAD CURRENT REGULA-

TION
» PROGRAMMABLE LOAD CURRENT
» FEWEXTERNAL COMPONENTS |
= RESET INPUT & HOME OUTPUT
= ENABLE INPUT
= STEP-PULSE DOUBLER (L297A0only)

DESCRIPTION

The 1297/A/D Stepper Motor Controller IC gener-
ates four phase drive signals for two phase bipolar
and four phase unipolar step motors in microcom-
puter-controlied applications. The motor can be
driven in half step, normal and wawe drive modes
and on-chip PWM chopper circuits permit switch-
mode control of the current in the windings. A

DIP20 S020

ORDERING NUMBERS : 1L.297 - L297A (DIP20)
1.297D (S020)

feature of this device is that it requires only clock,
direction and mode input signals. Since the phase
are generated internally the burden on the micro-
processor, and the programmer, is greatly reduced.
Mounted in DIP20 and SO20 packages, the L297
can be used with monolithic bridge drives such as
the L298N or L293E, or with discrete transistors

ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply voltage 10 \
Vi Input signals 7 \'/
Piot Total power dissipation (Tams = 70°C) 1 W
Tag, Tj | Storage and junction temperature -40to + 150 °C

TWO PHASE BIPOLAR STEPPER MOTOR CONTROL CIRCUIT
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L297-1.297A-1.297D

PIN CONNECTION (L297)

BLOCK DIAGRAM (L297/L.297D)
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L297-L297A.297D

PIN CONNECTION (L297A)

1
OOUBLER
GNC
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A
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BLOCK DIAGRAM (L297A)
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THERMAL DATA
Symbol Parameter DIP20 | SO20| Unit
Rihj-amb Thermal resistance junction-ambiert 80 100 | °CW
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L297-1.297A-L297D

'PIN FUNCTIONS - L297/L297D

N° NAME FUNCTION

1 SYNC Output of the on-chip chopper oscillator.

The SYNC connections The SYNC connections of all L297s to be
synchronized are connected together and the oscillator
components are omitted on all but one. If an external clock
source is used it isinjected atthis terminal.

2 GND Ground connection.

3 HOME Open collector output that indicates when the L297 is in its initial
state (ABCD = 0101).

The transistor is open when this signalis active.

4 A Motor phase Adrive signal for power stage.

5 INH1 Active low inhibit control for driver stage of Aand B phases.
When a bipolar bridge is used this signal can be used to ensure
fast decay of load currentwhen a winding is de-energzed. Also
used by chopper to regulate load current if CONTROL input is low.

6 B Motor phase B drive signal for power stage.

7 Cc Motor phase C drive signal for power stage.

8 INH2 Active low inhibit control for drive stages of C and D phases.
Same functions as INH1.

9 D Motor phase D drive signal for power stage.

10 ENABLE Chip enable input. When low (inactive) INH1, INH2, A, B, Cand [
are brought low.

11 CONTROL Control input that defines action of chopper.

When low chopper acts on INH1 and INH2; when high chopper
acts on phase lines ABCD.

12 Vs 5V supply input.

13 SENS; Input for load current sense voltage from power stages of phases
CangD.

14 SENS, Input for load current sense voltage from power stages of phases
Aand B.

15 Vret Reference voltage for chopper circuit. A voltage applied to this pin
determines the peak load current.

An RC network (R to ¢, C to ground) connected to this terminal

16 OSsC determines the chopper rate. This terminal is connected to
groungd on all but one device in synchronized multi - L297
configurations. f= 1/0.69 RC

17 CWICCw Clockwise/counterclockwise direction control input.

Physical direction of motor rotation also depends on connection
of windings.

Synchronized internally therefore direction can be changed at any
time. .

18 CLOCK Step clock. An active low pulse on this input advances the motor
one increment. The step occurs on the rising edge of this signal.
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L297-L297A-1L.297D

PIN FUNCTIONS - L287/L.297D (continued)

No

NAME

FUNCTION

19

HALF/FULL

Halfffull step select input. When high selects half step operation,
when low selects full step operation. One-phase-on full step
mode s obtained by selecting FULL when the L297's translator i
at an even-numbered state.

Two-phase-on full step mode is set by selecting FULL when the
translator is at an odd numbered position. (The home position is
designate state 1).

20

RESET

Reset input. An active low pulse on this input restores the
translator to the home position (state 1, ABCD =0101).

PIN FUNCTIONS - L297A

Pin function of the L297A are identical to those of the L297/L.297D except for pins 1 and 11.

N° NAME FUNCTION
1 DOUBLER An RC network connected to this pin determines the delay
between an input clock pulse and the corresponding ghost pulse.
11 DIR-MEM Direction Memory. Inverted output of the direction flip flop. Open
collector output.

CIRCUIT OPERATION

The L297(A) is intended for use with a dual bridge
driver, quad darlington array or discrete power de-
vices in step motor driving applications. It receives
step clock, direction and mode signals from the
systems controller (usually a microcomputer chip)
and generates control signals for the power stage.

The principal functions are a translator, which gen-
erates the motor phase sequences, and a dual
PWM chopper circuit which regulates the current
in the motor windings. The translator generates
three different sequences, selected by the
HALF/FULL input. These are normal (two phases
energised), wave drive (one phase energised) and
half-step (alternately one phase energised/two
phases energised). Two inhibit signals are also
generated by the L297 in half step and wave drive
modes. These signals, which connect directly to the
L298'senableinputs, areintended to speed current
decay when a winding is de-energised. When the
L297 is used to drive a unipolar motor the chopper
acts on theselines.

Aninput called CONTROL determines whether the
chopper will act on the phase lines ABCD or the
inhibitlines INH1 and INH2. When the phase lines
are chopped the non-active phase line of each pair
(AB or CD) is activated (rather than interrupting the
line then active). In L297 + L298 configurations this
technique reduces dissipation in the load current
sense resistors.

A common on-chip oscillator drives the dual chop-
per. It supplies pulses at the chopper rate which set
the two flip-flops FF1 and FF2. When the currentin
a winding reaches the programmed peak value the
voltage across the senseresistor (connected toone
of the sense inputs SENS 1 or SENS2) equals Vyef
and the corresponding comparator resets its flip
flop, interrupting the drive current until the next
oscillator pulse arrives. The peak current for both
windings is programmed by a voltage divider on the
Vref input.

Ground noise problems in multiple configurations
can be avoided by synchronising the chopperoscil-
lators. This is done by connecting allthe SYNC pins
together, mounting the oscillator RC network on
one device only and grounding the OSC pin on all
other devices.

The L297A includes a pulse doubler on the step
clock line which is intended to simplify the imple-
mentation of multiple stepping. A ghost pulse is
generated automatically after each input pulse, de-
layed by the time 0.75 R4 Cq.

The RC network should be dimensioned to place
the ghost pulse roughly halfway between clock
pulses. if pin 1 (DOUBLER) is grounded the doubler
function is disabled.
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1297-L.297AL.297D

MOTOR DRIVING PHASE SEQUENCES

The L297's translator generates phase sequences Clockwise rotation is indicate; for anticlockwise ro-
for normal drive, wave drive and half step modes. tation the sequences are simply reversed RE
The state sequences and output waveforms for restores the translator to state 1, where ABCD =
these three modes are shown below. In all cases 0101.

the translator advances on the low to high transis-

tion of CLOCK.

HALF STEP MODE
Half step mode is selected by a high level on the HALF/FULL input.

001 1000 N e | 1
1010 . -ﬁ l—.ﬁ
0001 | 2 [_-%30010 c I_—_-l_ [——

oo [ {5 17]

HOME 0100 oOna

j
[
C
i
r

$-9041%

NORMAL DRIVE MODE

Normal drive mode (also called "two-phase-on” drive) is selected by a low level on the HALF/FULL input
when the translator is at an odd numbered state (1, 3, 5 or 7). In this mode the INH1 and INH2 outputs

remain high throughout.

100! E - wio A __r_—"L__l l B 1 . [—

o @ .

HOME

J
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L297-L297A-L297D

MOTOR DRIVING PHASE SEQUENCES (continued)

WAVE DRIVE MODE
Wave drive mode (also called "one-phase-on” drive) is selected by a low level on the HALF/FULL input
when the translator is at an even numbered state (2, 4, 6 or 8).

2000

' ELECTRICAL CHARACTERISTICS (Refer to the block diagram T amb = 25°C, Vs = 5V unless otherwise
specified)

Symbol Parameter Testconditions Min. Typ | Max.| Unit
Vs Supply voltage (pin 12) 475 7 \"
Is Quiescent supply current {pin 12) | Outputs floating 50 80 mA
Vi Input voltage Low 0.6 \"
{pin 11, 17, 18, 19, 20)
_ High 2 Vs
b input current Vi=L 100 pA
(pin 11, 17, 18,19, 20)
Vi=H 10 |, MA
Ven Enable input voltage (pin 10) Low 1.3
High 2 Vs \YJ
len Enable input current (pin 10) Ven= L 100 HA
en = H 10 ],lA
Vo Phase output voltage lo = 10mA Vou 0.4 A
(pins 4,6,7,9)
lb = 5mA Vou 39 \Y
Vinh Inhibit output voltage (pins 5, 8) b =10mA Vinh L 0.4 \Y%
lo = 5mA Vinh H 39 \Y)
Vsync | Sync Output Voltage b =5mA VsyNC H 33 \Y%
lo =5mA Vsyncv 0.8

L37 $55.THoMsoN 7112



L297-L297A-.297D

¥

ELECTRICAL CHARACTERISTICS (continued)

Symbol P;rameter Test conditions Min. Typ | Max.| Unit
koak Leakage current (pin 3, 11%) Vee=7V 1 pA
. Vsat Saturation voltage (pins 3, 11%) 1=5mA 0.4 \Y
Vos Comparators offset voltage Veer=1V 5 mV
(pins 13, 14, 15)
lo Comparator bias current -100 10 pA
(pins 13, 14, 15)
Vret Input reference voltage (pin 15) 0 3 \Y
tcx | Clock time 0.5 us
ts Set up time 1 ps
Hold time 4 ps
Reset time 1 us
E troik | Reset to clock delay 1 us
*L297A only
Figure 1.
o /
e
cwICCW
HALF STEP/
FULL STEP i 4
ﬁ-E—S_E—T 5-984%
. 'R tReLK
8/12
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L297-L297A-L297D

APPLICATION INFORMATION
TWO PHASE BIPOLAR STEPPER MOTOR CONTROL CIRCUIT
This circuit drives bipolar stepper motors with winding currents up to 2A. The diodes are fast 2A types.

3

Figure 2.

Qsv 38V
R
)
c 22K
33nF oLo
GND ot | oz] p3| oz
L] ose L] %
oW . 16 12 9 8 &
owiccw 1y o S 22
EOCK__J,, . |2 , I
HALFIFULL c 02
——19 7 0 3 STEPPER
— L1297 D L298N 03 MOTOR
ENABLE | o |INAE o ;1
v —
et i s rﬂ" 2 vy L
N3 13 1 1 1S os| oel o7 o8
|__.senser
SENSE 2
CONTROL HOME
SYNC. 5-9846/4
Rg Rgp2050
D1 toD8 = 2A FAST DIODES
Figure 3 : Synchronising L297s Figure 4 : Pulse doubler (L297A)
i Vg
_____ =075 R Co
- 11 3ka <R < 100K Rg |}
1
1 1 L297A
Ca
SYNC SYNC T
L297 L297
Vs osc 0sc ‘JEE_.-
12 16 16 b p—
5y R | Eroex | I U ]
O ' \
PULSE '
c ! DOUBLER
I. i ouTPUT
5-584711 : ' |
] $-%848
SGS-THOMSON 9/12
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L297-L297A-1.297D

DIP20 PACKAGE MECHANICAL DATA

oy 6 I

DI, mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
at 0.254 0.010
B 1.39 1.65 0.055 0.065
b 0.45 0.018
b1 0.25 0.010
D 254 1.000
E 8.5 0.335
e 2.54 0.100
e3 22.86 0.900
F 7.1 0.280
| 3.93 0.155
L 3.3 0.130
Z 1.34 0.053
-l -
- bt
| o
Z o Lz ! I
D
1 o 1 o s S I
)] 1
[T 8
1 ./

10/12
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L297-L297A1.297D

S$020 PACKAGE MECHANICAL DATA

mm inch
DIM.
MIN. TYP. MAX. MIN. TYP. MAX.
A 265 0.104
al 0.1 0.3 0.004 0.012
a2 245 0.096
b 0.35 0.49 0.014 0.019
b1 0.23 0.32 0.009 . 0.013
Cc 0.5 0.020
ct 45 (typ.)
D 126 13.0 0.496 0.512
E 10 10.65 0.394 0.419
e 1.27 0.050
el 11.43 0.450
F 7.4 76 0.291 0.299
L 0.5 1.27 0.020 0.050
M 0.75 0.030
S 8 (max.)
L
— ]
f_!
IO 4, W
bl e | |, % .;‘ J'.E
- E 1
-
OO0000000 L
20 11
|1 8
1 10
\ %)
goddgutuud

5"i SGS-THOMSON
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 46V

=« TOTALDC CURRENT UP TO4 A

 LOWSATURATION VOLTAGE

= OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit ina 15-
lead Multiwatt and PowerS0O20 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enableinputs are provided to
enable or disable the device independently ofthe in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

PowerS020

Multiwatt15s

DRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.}
L298P (PowerS020)

nection of an extemal sensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.

L].usa

ouTH oyt *Va w0one  OMP ouTs
2 3 I¢] 14
+¥%55
T : s
100nF ‘
1 (1o 4
1 2 3 4
In? Ins
o 3 — D —d p- L O
1H —4 [ o 4
In2 9 In3
o o3
A 5 EnB
O— n
1 [ —O
SENSE AO——¢ _L $——OSENSE 8 s-sesuz

May 1995
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L298

ABSOLUTE MAXIMUM RATINGS
, Symbol Parameter Value Unit
Vs Power Supply 50 \'
Vss Logic Supply Voltage 7 \'
" ViVen |Inputand Enable Voltage -03t07 \%
b Peak Output Current (each Channel)
— Non Repetitive (t= 10Qus) 3 A
—Repettive (80% on —20% off; tn = 10ms) 25 A
i —DC Operation 2 A
' Viens Sensing Voltage ~1102.3 \'
Piot Total Power Dissipation (Tase = 75°C) 25 w
Tetg, Tj | Storage and Junction Temperature —40to 150 °C
PIN CONNECTIONS (top view)
/ ll ~ s/ CURRENT SENSING B
14 3 OUTPUT4
‘$‘ B OUTPUT 3
12 > INPUT4
"nlE———> ENABLE 8
10 7773 INPUTS3
Multiwatt1ts @ ———>  LOGIC SUPPLY VOLTAGE Vgg
sl 3 GND
T INPUT 1
6§ 3 ENABLEA
sf— INPUT 1
4 "5 SUPPLY VOLTAGE Vg
_@_ s/ OUTPUT 2
2 OuTPUTH
\ |’ o~ ! R CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 D95IN240
4
GND ] 1 20 ] GND
SenseA ] 2 19 ] SenseB
NC. []3 18 ] NC.
out1 [ 4 17 ] Out4
Oou2 []s PowerSO20 16 [ out3
Vs 16 15 1 Input4
nput1 17 14 I Enable B
EnableA [T} 8 13 ] Input3
Input2 4 9 12 [ vss
GND [ 10 11 ] GND
D95IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rijcase | Thermal Resistance Junction-case Max - 3 °CIW
Rinpamb | Thermal Resistance Junction-ambient Max 13 (%) 35 °C/W

(*) Mounted on aluminum substrate

2/12
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L298

PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1;15 2,19 Sense A: Sense B | Between this pin and ground is connected the sense resistor to
control the current of the load.
2:3 4.5 QOut1; Out2 Outputs of the Bridge A; the cument that flows through the load
connected between these two pins is monitored at pin 1.
\ 4 6 Vs Supply Voltage for the Power Output Stages.
: A non-inductive 100nF capacitor must be connected between this
pin and ground.
57 7.9 Input 1; Input 2 TTL Compatible inputs of the Bridge A.
6:11 8:14 Enable A: Enable B | TTL Compatible Enable Input the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13: 14 16;17 Out 3; Out4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3,18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs =42V; Vss = 5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ.| Max.| Unit
Vs Supply Voltage (pin 4) Operative Condtion Vi#2.5 46 \Y
Vss |Logic Supply Voltage (pin 9) 4.5 5 7 Vv
Is Quiescent Supply Current (pin4) | Ven=H; k=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven=L Vi=X 4 mA
{ Iss Quiescent Current from Vss(pin9) |Ven=H; L=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven=1L Vi=X 6 mA
Vi Input Low Voltage -0.3 15 \")
(pins 5,7, 10, 12)
Vir  |input High Voltage 23 VSS \Y
(pins 5,7, 10,12)
L Low Voltage input Current Vi=L -10 HA
(pins 5,7, 10,12)
ln High Voltage Input Current Vi= HE Vgs 0.6V 30 100 pA
(pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage {pins 6, 11) ~-0.3 1.5 Vv
Vern, =H |Enable High Voltage (pins 6, 11) 23 Vss \
len=1L [Low Voltage Enable Cumrent Ven=L -10 HA
(pins 6, 11)
len=H ]High Voltage Enable Current Ven=H < Vss 0.6V 30 100 HA
- (pins 6, 11)
Vcesst(H) | Source Saturation Voltage JL=1A 1.35 1.7 \")
IL=2A 2 2.7 \
Vcesat(y | Sink Saturation Voltage L=1A (5) 1.2 1.6 Y
iL=2A (5) 1.7 2.3 \'
Vcesat | Total Drop kL=1A (5) 32 \Y
IL=2A (5) 4.9 \'
Vsens | Sensing Voltage (pins 1, 15) -1 (1) 2 Vv
3112
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L298

ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. | Typ.} Max.| Unit
Ti (V) |Source Cument Turn-off Delay 0.5Vito0.9% (2. (4) 1.5 us
T2 (M) |Source Current Fall Time 09 to0.11L  (2):(4) 0.2 us

‘ Ta (V) |Source Current Turn-on Delay 0.5Vito 0.1k  (2);(4) 2 us

. T¢ (V) |Source Current Rise Time 011 o091 (2):(4) 0.7 us
Ts (V) |Sink Current Tum-off Delay 05Vito 0.9k  (3):(4) 0.7 us

P T (V) |Sink Current Fall Time 09t to0.1lL  (3):(4) 0.25 us

b T7 (V) |Sink Current Tum-on Delay 0.5Vto0.9h (3):(4) 1.6 us
Ta (M) |[Sink Current Rise Time 0.1 to0.91.  (3);(4) 0.2 us
fc (V) |Commutation Frequency L=2A 25 40 KHz

Ty (Ven) |Source Current Turn-off Delay 0.5Vento0.9 L (2);(4) 3 us
T2 (Ven) |Source Current Fall Time 0.9 to0.1lL  (2);(4) 1 us

Ta (Ven) | Source Current Turn-on Delay 0.5Vento 0.1 L (2); (4) 0.3 us
T4 (Ven) |Source Current Rise Time 011 o099 (2):(4) 04 us
Ts5(Ven) |Sink Current Tum-off Delay 0.5Vent00.9L (3);(4) 2.2 us
Te (Ven) {Sink Current Fall Time 09 to0.1l. (3);(4) 0.35 us
T7 (Ven) | Sink Cumrent Tum-on Delay 0.5Vento0.9 L (3):(4) 0.25 us
Ta (Ven) |Sink Current Rise Time 0.1L to09k (3);(4) 0.1 us
fc (Ven) |Commutation Frequency L=2A 1 KHz

1) 1)Sensing voltage can be —1 V fort 50 psec; in steady state \ens minz-0.5V.

2) Seefig. 2.

3) Seefig. 4.

4) Theload must be a pure resistor.
) PIN 1 and PIN 15 connedted to GND.

Figure 1 : Typical Saturation Voltage'vs. Output

Current.
G~ 6413
VSaT
(v}
ety
=

24 ss H

20 L

1§ //’ a

12 =

08

0.4

o 04 08 12 16 20 24 lolA).

- [O7 Rl

Figure 2 : Switching Times Test Circuits.

INPUT

ENABLE

S-58%21

Note : ForiNPUT Switching, setEN=H
For ENABLE Switching, setiN=H




L298

Figure 3 : Source Current Delay Times vs. Input or Enable Switching.

L4
i
3 Imax(2A)
g0% —fF———-~- - ————— - — —
¢ 0% +————=" ——m e t
LT |2 . T3 T4
Vgn‘ (av)
50% $g————--==—===—==—— t
— —_——
5.505312

Note : For INPUT Switching, set EN=H
For ENABLE Switching, set IN=L
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L298

Sink Current Delay Times vs. Input 0V Enable Switching.

Figure5 :
lL f
Imax{2A)
90°% -

¥

0% - [
' >
] ¥ (4V)

50% -

[max(2A}

90% -

0% -

v}

0% (f-—m—m———————

) .
$-10667 g
Figure 6 : Bidirectional DC Motor Control.
F
Inputs Function
Ven=H C=H;D=L Turn Right
C=H:D=H Turn Left
! Cc=D Fast Motor Stop
5 Ven=1L C=X;b=C Free Running
Motor Stop
' 112 L298N L=Low H =High X = Don't care
' l ! Y O¥%n
TO CONTROL 13 s '
CﬂcqoﬁT -L _J— o
. ﬁr! Dt YO DA: 1A FAST RECOVERY DIDOE (try €200ns) -
.-
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L298

Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel4

and channel 2 with channel 3.

i Vs Vss
3 100nF 100 nfF
: .:—If—?,. ?’d o
ENABLE 6
o— & L 298 ours
o 5 ! : 1
& ? 7 i Il 3 ouT 2
u C—“
10 4!* 13
2 173
L
sl 1 1
38712 -L )
Rs

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298integrates two power outputstages(A; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
external resistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are In1; In2; EnAand In3 ; In4; EnB.
The In inputs setthe bridge state when The Eninput
is high : alow state ofthe Eninput inhibits the bridge.
Allthe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far fromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the |.C.

‘7_ 'suus-momn

Eachinput must be connectedto the source of the
driving signals by means of a very short path.

Turn-On and Tum-Off : Before to Turn-ON the Sup-
ply Voltage and before to Turn it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-

matic Diagram for which only one bridge is needed.

The external bridge of diodes D1 to D4 is made by

four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the

worst case of the load current.

The sense output voltage can be used to controlthe
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralieled configura-
tion can be chosen (See Fig.7).

An extemal bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped ; Shottky diodes would be preferred.

712




L298

This solution can drive until 3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

On Fig 8itis shown thedriving of a two phase bipolar by the1.C. L6506.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC 1L.297.

Fig 9 shows an example of P.C.B. designed for the
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
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Qsv v
o Rt « ?r' 100nF
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Ll | = 00nF Lo WA
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cwictw |2 6 ), [ s 4l;y
i ———ein . s 2
) SocX e Py L ?
MALFIFUCL c o2
—" ? bt 3 STEPPER
AESET 1297 0 L7908 Jo: MOTOR B
2 ) 2 n WINDINGS
oune | o[ FE_J }]
'5
Sl I Y sl n vy oL
wiy N 1 15

M=

SYNC,
il
S-50846/4

. VES12V@I=2A
D1toD8 = 2 A Fastdicdes { trr < 200 ns

Rs1 =Rs2=0.5Q
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L298

Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).

() GND

YNT
() HOME

o

CONTROL

) ENABLE
YREF

() Cw Folw

O GNED

T

Y O O
GHD V5 01 Q2

-

Q3 0y Y55 GND

Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.

Rr and Reense depend from the load current
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1
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L298

MULTIWATT45 (VERTICAL) PACKAGE MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 5 0.197
B 2.65 0.104
Cc 1.6 0.083
D 1 0.039
E 0.49 0.55 0.019 0.022
F 0.66 0.75 0.026 0.030
G 1.14 1.27 1.4 0.045 0.050 0.055
G1 17.57 17.78 17.91 0.692 0.700 0.705
H1 19.6 0.772
H2 20.2 0.795
L 221 226 0.870 0.890
L1 22 22.5 0.866 0.886
L2 17.65 18.1 0.695 0.713
L3 17.25 17.5 17.76 0.679 0.689 0.699
L4 10.3 10.7 10.9 0.406 0.421 0.429
L7 2.65 2.9 0.104 0.114
M 42 43 4.6 0.165 0.169 0.181
M1 45 5.08 5.3 0.177 0.200 0.209
S 1.9 26 0.075 0.102
. S1 1.9 2.6 0.075 0.102
Dia1 3.65 3.85 0.144 0.152
Hi

L]

"5

|
L2

L1
O
O
AN S

7

L3
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PowerS020 PACKAGE MECHANICAL DATA

i

{ .
DIM. mm inch
* MIN. TYP. MAX. MIN. TYP. MAX.
A 3.60 0.1417
al 0.10 0.30 0.0039 0.0118
a2 3.30 0.1289
' a3 0 0.10 0 0.0039
0.40 053 0.0157 0.0209
c 0.23 0.32 0.009 0.0126
D (1) 15.80 16.00 0.6220 0.6299
E 13.90 14.50 0.5472 0.570
e 1.27 0.050
e3 11.43 0.450
E1(1) 10.90 11.10 0.4291 0.437
E2 2.90 0.1141
. G 0 0.10 0 0.0039
h 1.10
R L 0.80 1.10 0.0314 0.0433
' N 10° (max.)
! S 8° (max.)
T | 100 | | | 03937 |
(1) "D and E1” do'nat indude mold flash or protrusions
- Mold fiash or protrusions shal notexceed 0.15mm (0.0067)
N N R—\
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