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BOWLING SYSTEM

Surasit Aungsuseewong -
Anuwat Anusakpitaya
Somyot Chunnapiyar Advisor

1988
Abstract

- This thesis presents the application of microprocessor control

to the Bowling System. The system control by microprocessor and a part

of sensors replace last system. The new system isn't import system from

abroad and cheap. This idea can be use to develop this system for the any
v

system. The operation system is method smaller si%e, error free operation,

greater flexibility and adaptability.
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O/P PORT
O/P PORT

O/P PORT
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CHECK BIT 0 = 1
PORT #EO0, #E

READ PORT #E0, #E1 -
PORT #E2, #E3 -
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COUNT SCORE FLOW CHART

READ
PORT #EO0, #E2
BIT 6 = 1

COBNT = COUNT + 1

READ
PORT #E0, #E2
BIT Z = 1

COUNT = COUNT + 1

N = 7 READ
PORT #E1, #E3

OUTPUT -



ADDRESS

0000
0002
0004
0006
0008
000A
000C
000E
0010
0013
0015
0017
0019
001B
001D
0020
0023
0025
0027
0029
002B

00ze

_43_

:PROGRAM CONTROL SYSTEM:

OBJ CODE

3E

D3

3E

D3

3E

D3

DB

CB

C4

DB

D3

DB

D3

DB

CB

C4

DB

D3

DB

D3

C3

76

07

40

2E

40

cD

cc

EO

47

50

EO

E4

El

E5

E2

47

60

E2

E6

E3

E7

oc

00

00

00

MNEMONIC

LD A, 07
OUT (40H), A

LD A, 2E

OUT (40H), A

LD, CD -
OUT (CCH), A
IN A, (EOR)
BIT 0, A
CALL NZ, 0050
IN A, (EON)

OUT (E4H), A

IN A, (E1H)
OUT (ESH), A
IN A, (E2H)
BIT 0, A
CALL NZ, 0060
IN A, (E2H)
_OUT (E6H), A
IN A, (E3H)
OUT (E7H), A
JP 000C

HALT

COMMENT

: control CTC

2400 H
z

: control 8251

command word



Ll

ADDRESS OBJ CCDE MNEMONIC COMMENT
0050 3E 00 LD A, 00

0052 CD 70 00 CALL 0070

0055 CD 90 00 CALL 0090

10058 ) coazg_oq;:: CALL 0070 o
005B co RET

0060 3E FF LD A, FF

0062 CD 70 00 CALL 0070  _ _ . . _

0065 CD DO 00 CALL 00DO \

0068 CD 70 00 CALL 0070

-006B C9 - RET

0070 D3 C4 | L Y N e d - I |
0072 3E 15 LD A, 15

0074 D3 cC OUT (CCH), A

0076 DB CC IN (CCH), A ]
0078 CB 47 BIT 0, A

007A €3 72 00 JP Z, 0072

007D Cco RET

o«



ADDRESS

0090

0093

0095

0097

009a

00sc

009F .

ooal

00A3

00A6

00a8

00AB

00AD

00B0O

00B2

00B5

00B7

00BA

00BC

00BF

00cC1

00c4

00C6

00cCs

00ca

OBJ CODE

21

DB

CB

Cc4

CB

C4

DB

CB

C4

CB

C4

CB

30

EO

77

20

F

20

El

47

20

4F

20

57

C4720

CB

C4

CB

c4

CB

c4

C4

CB

7E

co9

5F

20

67

20

6F

71

20

7F

4 20

01

01

01

01

01

01

01

01

01

(e
vy

c1

~45-

MNOMONIC COMMENT

A%

LD HL, 0130
IN A, (EOH)
BIT 6, A
CALL NZ, 0120

BIT 7, A B

CALL NZ, 0120

IN A, (E1H)

BIT 0, A .

CALL Nz, 0120

BIT 1, A

CALL Nz, 0120

BIT 2, A
-CALL N2, 0120

BIT 3, A

CALL NZ, 0120

BIT 4, A

CALL Nz, 0120

BIT 5, A

CALL NZ, 0120
" BIT 6, A

CALL NZ, 0120

BIT 7, A

CALL NZ, 0120
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ADDERSS OBJ CODE MNCMONIC COMMENT
00D0 21 30 ot LD HL, 0130

00D3 DB E2 IN A, (E2H)

00D5 CB 77 BIT 6, X

00D7 c4 20 01 CALL NZ, 0120 T
o&m— CB 7F o “gm‘f,; N i -
00DC C4 20 01 CALL N2, 0120

00EO DB E3 IN A, (E3H)

00E2 CB 47 BIT 0, A

00E4 c4 20 01 CALL Nz, 0120 -«

00E7 CB 4F BIT 1, A

00E9 c4 20 01 CALL.NZ, 0120

00EC cB 57 BIT 2, A y \\
00EF CS$ 20 01 CALL NZ, 0120

00F2 CB SF k LTV B A RA =

00F4 c4 20 01 CALL Nz, 0120

00F7 CB 67 BIT 4, A

009F Cc4 20 01 CALL NZ, 0120

00FC CB 6F BIT 5, A

00FE C4 20 01 CALL Nz, 0120

0101 CB 77 BIT 6, A —— : - T
0103 Cc4 20 01 CALL NZ, 0120 '
0196 CB 7F BIT 7, A

0108 c4a 20 01 CALL NZ, 0120

010B 7E LD A, (HL)

01 0C CS RET



ADDERSS

0120

0121

0130
0131
0132
0133
0134
0135
0136
0137
0138
0139

0140

OBJ CODE

c9

30

31

32

33

34

35

36

37

38

39

41

—47-

MNUMONIC COMMENT

INC HL

RET

30, S

31

33
34 . -
35
36
37
38
39

41
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program projects9; <{new} .
var  1i,d,a,b,c,d,e,p,q:integer;
score:arrayl[@..19,1..2] of integers
x:arrayl1..2,1..18,1..23 of integer;
procedure comm3(d:integer); {program to receive data by microprocessor}
var
status sbytes;

procedure setlcomparameters;

begin
port.[($3fb] :=%$87; {set, 8 bit word,2 stop bit,
no parity. bit}
port[$3f9]1 :=$00; {set, Data Rate}
port($3f81 :=%60; {12070 bps}

port($#3fbl :=%$67;

end;

procedure receive;'
begin
status :=poirtl[$3f8];
for i := 8 to B do
begin
status :=%00;
vhile (status=$08) do
begin
status :=port[$3fd];
status :=status and $01;
end;
x[i,J,d3:=port.C£3f8];
end;

end;

begin



setJcomparameter;
receives;

end;

procedure table;
.var x1,¥y1,x2,y2:integer;
procedure box(x1l,y1,x2,y2:integer);
var X,y:integer;
BEGIN !
window(1,1,890,25);
gotoxy(x1,y1);
write(chr(213));
for x:=x1+1 to x2-1 do write(chr(285));
write(chr(184));
for y:=yi+1 to y2-1 do
begin
gotoxy(x1,y)s
write(chr«179))s
end;
for y:=yi+1 to y2-1 do
begin
x1:=43
gotoxy(x1+11,¥)3
write(chr(179));
X1:=x1+163
‘ while x1<66 do
begin
gotoxy (x1,y)s

¢ write(chr(179));
X1:=x1453
end;

gotoxy (x146,y)3
write(chr(179));



end;
xX1:=43;
gotoxy(x1l,y2);
vrite(chr(212));
for x:=x1+1 to x2-1 do write(chr(285));
write(chr(i9e));
gotoxy(S,y1+4);
window(x1+1,y1+1,%x2-1,22);

end;

procedure pause;

var a:chars;
begin
repeat
begin 1

read (kbd,a);write(a)s
end;
until ord(a)=32

end s

begin {main}
clrscrs;
gotoxy(7,4);
writeln(’namel i 2 3 4
box(4,2,76,10);
gotoxy(3,5);
pause;
gotoxy(3,14);
writeln(’name2 1 2 3 4
box(4,14,76,22);
gotoxy(3,5)s
window(1,1,80,25);

pauses;
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gotoxy (17,533

end;

procedure strikel(var a:integer);
begin
got.oxy ((5%j)+12,p)3
case a of
1 : begin
write(’e10’);
a:=at+l;
if xCi, (3-1),134xCi, (j-1),21=1@8 then
begin
scorelj-1,1):=scorelj-2,13+20;
gotoxy ((5%(j-1)+12),Q) 5
write(scorelj-1,13);
end
else
begin
xCi,J,231:=0;
end;
end;
2 : begin
at=a+ls;
if xri,Jj,13=10 then
begin
write(’e10’);
scorelj-1,il:=scorelj-2,11+208;
gotoxy ((5%(j-1)+12),Q);
write(scorefj-1,il);
end
else
begin

write(x(i,3,13,°77)3



read(kbd,x(i,3,27);{ comm3(2)3}
write(xCi,Jj,21); .
score[j—l,i]:=score[j—2,i]+1ﬁ+x[i,j,1?+x[i,j,2];
gotoxy ((5%(j-1)+12),qQ);
write(scorelJj-1,11);
end;
end;
- else;
end;

end;

procedure sparel(var b:integer);
begin
if b=2 then
begin ]
if xCi, (j-1),13+xLi, (j-1),23=18 then,
begin
scorelj-1,1J):=scorelj-2,1i1+18+x[i,J,13;
if xri, (j-1),13=106 then
scorelj-1,il:=scorefj-1,il+xCi, J,2];
goboxy ((5%(j-1)+12),q)3
write(scorelj-1,1i1);
end;
end
else
begin
b:=b+1;
end;

end;

procedure abcil(¢i,Jjsinteger);
begin
read(kbd,x[i,J,1]); { comm3(1)3}



if a=2 then strikel(a);
if x[i,J,13=1@ then strikel(a)
else
begin
if a<>3 then
begin

gotoxy ((5%3)+12,p) ;3
vrite(xfi,j,11,7/7);
read(kbd,xl[i,j,21); { comm3(2);}
write(x[i,J,23); =
end; -
if a>2 then
begin
a:=1;
if xCi,(j-1),11=19 then
begin
scorelj-1,1l:=scorelj-2,i1+18+xC1,J,13+x[i,J,2];
gotoxy ((5%(j-1))+12,q);
write(scoré[j-l,ij);
gnd;
end;
if b>2 then sparel(b);
if x=[i,J,134x0i,3,231=18 then sparei(b)
else .
begin
if X[i?(j—l),l]+x[i,(d—1),2]=10 then
begin
sparel(b);
scorelj,iJ:=scorelj-1,i14x[i,J,11+x[i,J,2];
gsotoxy ((5%J)+12,qQ);
write(score[j,ij);
end

else



begin
scorelj, il:=scorelj-1,i3+x[i,J,1]+xCi,J,23;
goloxy ((5%j)+12,q);
write(score[j,ij;;
end;
end; .
end;
end;
rocedure strike2(var c:integer);
begin
gotoxy ((5+3)+12,p) 3
case c of
1 : begin
vrite(’e107); ' .
ci=c+1s;
if xCi, (j-1),13+xCi, (J-1),21=10 then
begin
scorelj-1,1iJ:=scorelj-2,13+20;
gotoxy ( (5%(j-1)+12),q);
write(scorelj-1,11);
)
end
else
begin |

x[i,3,2]:=0;

»

end;

oy



write(scorelj-1,i1);
‘end
else
begin
write(xfi,Jj,13,’/");
read(kbd,xli,J,21); { comm3(2)3;}
write(xli, j,22);
scorelj~1,1l:=scorelj-2,il+1@+x[1,J, 13+x[1,3,21;
gotoxy ((5%(j-1Y+12),q);
write(scorelj-1,i1)s
end;
end;
else;

end;

end; \\\

|

procedure spareZ(var e:integer);
begin
if e=2 then
begin .
if xCi, (j-1),134xLi, (j-1),21=18 then
begin
scorelj-1, il:=scorelj-2,il+10+xC[i,J, 133
if xCi, (j-1),13=10 then
scorelj-1,iJ:=scorelj-1,13+x[i, Jj,23;
gotoxy ((5%(j-1)+12),q) s
write(scorelj-1,11);
end; .
end .
else
begin
et=e+ls;

end;



nd;

rocedure abc2(i,Jj:integer);
begin
read(kbd,x[i;3,13); { comm3(1);}
if c=2 then strike2(c);
if x[i,3,1J=10 then strike2(c)
else
begin
if c<>3 then
begin .
gotoxy ((5%3)+12,p) 3

write(xfi,j,13,/%);

read(kbd,x[i,J,21); { comm3(2);)

write(x[i, j,21);
end;
if ¢>2 then
begin

c:=1

we

if xCi, (j-1),131=16 then

begin

score[j—l,i]:=score[j—2;iJ+1®+x[i,j,1J+xti,j,2];

gotoxy ((5%(j-1))+12,Q);
writ;(scoretj—l,i]);
end;
end;

if e>2 then spare2(e);

if xri,3J,13+xCi,J,231=18 then spare2(e)

else

begin

if xCi, (j-1),134xCi, (j~1),21=18 then

begin

spare2(e);



scorelj,il:=scorelj-1,i3+xCi,J,1]+xCi,J,2];
gotoxy ((5%j)+12,q);
write(scorelj,i1);
end B
else .
begin
scorelj,ild:=scorelj-1,1J+x[i,J,13+x[1,J,2];
gotoxy ((5%3)+12,q) 3
write(scorelj,i1);
end; :
end;
end;

end;

BEGIN {#:kMATNsdk}
clrscr;
tables

a:=1;

"
ve

o

-

1
c:=1
e:=1;
scorel@,il:=0; }
For j:=1 to 1# do
begin

For i:=1 to 2 do

begin
if i=1 then



p:=17; q:=19;
abc2(i,J)s
end;
if j=12 then
begin
scorelj,il:=scorelj-1,11+x[1,J,13+x[1,J, 235
gotoxy ((5%3)+12,Q) 3
write(scorelj,1]);
gotoxy (5% (j+1)+14,q);
write(scorelj,il); -
sound (1988) 3
delay(1089);
nosound;
end;
end;

end;
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MRD360
MRD370

NPN SILICON HIGH SENSITIVITY
PHOTODARLINGTON TRANSISTORS

Mounting

e Switching Times —
t; @ I = 1.0 mA peak
1§ @ ! = 1.0 mA peak

e Sensitive Throughout Visible and Neat Infrared Spectra!
Range for Wider Application

‘e Externat Base for Added Control

= 15 us (Typ) — MRD370
= 40 ps {Typ) — MRD370

... designed for application in industria! inspection, processing
and control, counters, sohers; switching and logic circuit or any
design requiring very high radiation sensitivity at low light levels,

o Popular TO-18 Type Hermetic Package for Easy Handling and

e Minimum Light Current 12 mA at H = 0.5 mwicm?2 (MRD360)

PHOTODARLINGTON
TRANSISTORS
NPN SILICON

40 VOLTS

250 MILLIWATTS

@,

MAXIMUM RATINGS (T4 = 25°C unless otherwise noted!.

Rating (Note 1) Symbo! Vatue Unit
Collector-Emitter Voliage Vceo 40 Volts
Emitter-Base Voliage 4 VeBO 10 Volts
Collector-Base Voltage Veso 50 Volts
Light Current I 250 mA
Total Device Dissipation @ T = 25°C Pp 250 mwW

Derate above 25°C : 1.43 mw/oC
Operating and Si1otage Junction ToTsg [6510 +200 °c
Temperawure Range »

FIGURE 1 — LIGHT CURRENT versus IRRADIANCE
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.
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.:}ﬂ.,

SEATING I
PLANE '/
|
I/

NCTES-

bl mad 2]

E

STYLE1:
PiN 1, EWITTER
2. BASE
3. COLLECTOR

1. LEADS WITHIN 213 mm {005} RADIUS
OF TRUE POSITION AT SEATING
PLANE, AT MAXIMUM MATERIAL

CONDITION

2 Pih JINTERNALLY CONKECTED TO

CASE,

MILLIMETERS

INCHES
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MRD360, MRD370

STATIC ELECTRICAL CHARACTERISTICS (Ta 25°C uniets otherwist noted.}

Cheractetinic Symbol Min Typ Msx Unh
Cotlector Dark Current [1o3 Lo} - 10 100 nA
(VCE= 10V, H®0) Tg= 25°C
Collector-Base Braaksown Voltage V(BRICBO s0 100 - Volts
e = 100 pA)
Collsctor-Emitter Braskdown Voltage VIBARICEO 40 80 - Volu
ic = 100 pA)
Emitter-Base Breskdown Vo tage VIBRIEBO 10 158 - Volts
{ig = 100 BA)
OPTICAL CHARACTERISTICS (T4 = 259C unless otherwnie noted.)
Chatscteristic i Device Type | Symbol Min Typ Max Unit
Light Current W ! mA
Vee =50V, R = 10 Ohmg {Note 1) MRD360 . 12 20 -
MRDIV0 3.0 10 -
Cotiector-Emitter Ssturation Voltage VCElsst) 06 1.0 Vols
fi = 10mA. H = 2 mW/em< st 2870°K) -
Pnoto Current Rise Time (Note 2) (R = 100 ohms MRD360 1 - 1% 100 v
L = 1.0 mA pesk} MRD3J70 -~ 185 100
Photo Cusrent Fall Time (Notw 2) (R = 100 ohms MRD360 y - 65 150 us
1 = 1.0 mA pesk) MAD370 - 40 150
A}
NOTES:

1. Redistion flux demity (H) squal 10 0.5 mWicm? emitted from
8 tungsten source 818 color tTemperature of 27B0°K.

2. For unssturated resp time radistion is pro-
vided by pulsed GaAs {gallium-srsanide} light-emitting diode
(A = 0.9 pm) with 3 pulse width eque! 10 o1 grests! than 500
microseconds {see Figure 61 1 = 1.0 mA pesk.
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MRD360, MRD370

r

FIGURE 7 —- CONSTANT ENERGY SPECTRAL RESPONSE FIGURE 8 — ANGULAR RESPONSE
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William Barden , Jr. " Z-80 Microcohputer Design Projerts
Howard W. Sams & Co.,Inc., 1980
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