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DATA PROCESSING OF PRECISE COMPARISON ON FREQUENCY AND TIME
BY MEANS OF MICROCOMPUTER

Kenichi YUNOKI, Kiyotada KAWABATA, Yoshifumi OGATA, Chikara MINAMITAKE
and Hironari KUSAKABE

Satellite Systems will play a particular important role in the future. Therefore we
are concerned with the comparison of frequency and time of TV signals either via satel-
lite or near-ground level between two remotely located pieces of equipment,

In this system, the microcomputer ( NEC PC- 8001 ) widely used is equipped with
its I/0 devices. Separate interfaces were made for the phase comparator, the counter,

and the timer,
made,

And their respective programs concerning frequency and time were also

By making use of those interfaces and programs we can deal with speedily input
data itself from the phase comparator, the counter, and the timer in agreement with

output form,

It was found from the output data of the microcomputer that the standard frequency
deviation is of the order of 10~'* and the accuracy of the time comparison is almost less

than 100 nano-seconds,
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Thomas C. Bartee : DIGITAL COMPUTER

FUNDAMENTALS, P.407~410 (1981)
,McGRAW-HILL

<{$&g>

*aww FREQENCY COMPARISON-2 sonik

20 CLEAR 2000
30 DIM A(120)
40 DIM A$(120)
30 GOSUB 1000
40 GOSUB 2000
70 GQSUB 3000
30 GOSUB 4000
90 GOSUB S000

PRINT "’A’F~ 9 AN VIFAN4L"

IF INKEY$="A" THEN 120 ELSE 110
PRINT "VY2%4n4v"

QUT &HAS, &H93

QUT &HA7,&HIB

QUT &HAB: ¥HI3

FOR I=i TO 120

A=INP (&HAL) AND &HS

IF A=0 THEN 170 ELSE 190
A1=INP(&HAL) AND &HE

IF A1=0 THEN 210 ELSE 190

Ba (INP (&HA&) ' AND &HF0) /16

IF B=0 THEN 230 ELSE 170

B1=INP (&HA4) AND &HF

IF B1=0 THEN 250 ELSE 170

B2= ( (INP (XHAS) AND %HFO) /714) +4H30
B3a (INP(XHAT) AND &%HF) +&H3O0

B4= ( (INP(XHA4) AND &HFO) /16) +%H30
BS= (INP (&HA4) AND &HF) +4H30

QUT &HAA, &HO

QUT &AHAA, &H1O

C=INP(&HAR) AND &H1

IF C=0 THEN 330 ELSE 310

D= INF (MHAS)

E=INP(&HA9) AND %HF

E1=Ew256

E2=D+E1

E3=100%(E2/409%)

A(1)=E3

B$=CHR® (B4) +CHRS (BS) +CHRS (&H3A) +CHRS (B2) +CHR'S (B3)
D$=STRS (ES)
Cs=Bs+CHRS (4&H20) +CHRS (XH20) +Ds

AS (1) =Cs

FPRINT Cs
XmZ00+15%] : YmS00+1 QwWES: BGOSUR 2800
Wa3: GOSUR S200

WeO: GOSUB 3300

W=t GOSUB 2400
X2300+15m] Y=SQ0+1 OXES: GOSUB 22300
NEXT -3

X=300: Y=S00: GOSUR S800

GOSUB 9200

PRINT"PRINTZR ON Y/N 2"

IF INKEYS$a"Y" THEN 40 EL3E S70
FOR M=1 TO 120

LPRINT AS (M)

NEXT M

END

1000 X=500:Y=SQ0:GOSUR S200

1010 U=1iVmi501W=121 G0SUR 9100
1020 X=500tY=S00:B0SUB 8300

1030 U=Q:V=100:Wm10: GOSUB 9100
1040 X=5Q0tY=SQ0:GOSUR 200

1050 RETURN

2000 FOR I=1 TO 10

2010 X=S00! YmS00+100#] : GOSUB 8800
2020 X=23001Y=T00+100#I1G0SUR 8700
2030 NEXT I

2040 X=500tY=S00:GASUB $300

2050 FOR J=i TO 12

6)

7

2060
2070
2080
2090
2100
3000
3010
3020
3030
3040
3050
3060
3070
3080

3100
3110
3120
3130
3140
3150
3160
3170
3130

4000
4010
4020
4030
3040
4030
4040
4070
4020
40370
4100
4110
4120
4130
$000
$010
S020
F030
2040
S0S0
2000
3100
3200
3300
2400
2500
2600
3700
3800
3900
2000
2100
200
2300

JOHN B. PEATMAN : MICROCOMPUTER

—BASED DESIGN, P.202~205 (1981),
McGRAW-HILL

HE O BRANERAMIERESSE BBM55
F£10 A8

B fh: FLEYa vELSLEAS BS6
F£7A8

X=S00+1F0wJ: YuS001 GOSUB 3300
X=S00+150%Jt Y= 3001 30SUB 3700
NEXT J

XuS001 Y500t GOSUR &S00
RETURN

X=492: Y=4S50: GOSUR SR00Q
W=41GOSUB 3200

W01 GOSUR 3300

I$="Q"1GOSUR 3600

FOR =0 TO 2
Xm3@H+4TOw] 1 Ym4NO: GASLEB S300
W=41GOSUE @200

W=Q1 30SUB 3300

AmIO+30m]

Z9m3TRS (A) 1 30SUIR 2600

NEXT I

Xw224641 YRl 501 GOSUR 2800

Z9=" 120" 1BOSUR 2600

Xmi850! Y=400t S0SUE $200
W=S1G0SUB $200

W=0: GOSUR S300
Zs="TIME(MINITE) "1 30SLIB 3500
X=S00t YeS00: GOSUR 3300
RETURN

E300
X=460: Y=423:1 GOSUR 2300
I$="0" 1 GOIUR 3600
X=428: Y=983:GOSUB 200
Z$="50" 1 GOSUB 2400
X=390:Y=1483: GOSUER 2S00
Z3="100":GOSUR 2600
X=340: Y=700: GOSUB 2200
W=S: GOSUR 3200
W=1:G0SUB 3300
Z3a"PHASE DIFPERENCE (X) " :1503UB 2400
X=500: Y=S00: GOSUR 2300
RETURN
X=500: Y=1700: GOSUR 2300
Wa?7:GOSUB 2200
W=0t GOSUR 2300
Z8a "wikFREQUENCY COMPARISONwuowt § GASUIB 3600
X=a%00: Y=a500: GOSUR 83200
RETURN
LPRINT "L":WIRETURN
LPRINT “B":W:RETURN
LPRINT "S":W:RETURN
LPRINT "Q":W:RETURN
LPRINT "N":W:RETURN
LPRINT "J"3W:RETURN
LPRINT "P"3:Z$:RETURN
LPRINT “D"3INT(X)2","s INT(Y):RETURN
LPRINT “M"pINT(X)3:". "3 INT(Y):RETURN
LPRINT "I"3INT(X):","; INT(Y):tRETURN
LPRINT "R"pINT(X):","$INT(Y):RETURN
LPRINT “X"#INT(U) 2", "t INT(V) 32", "3 INT (W) : RETURN
LPRINT "“H":RETURN
END

K10 RAFEHLER 7o s I L



24 BERBRXEFIZHEWREKE H 255 (1983)

10 #ww TIME COMPARISON s 2000 X=500:Y=500:GOSUB 8800

20 CLEAR 300, & AFFF 2010 U=1:V=130:W=12:G0SUB 9100

30 DEFUSRO=&HC200 2020 X=500:Y=500:GOSUB 8800

40 G0SUB 1000 2030 U=0:V=200:W=4:GOSUB 9100

SO PRINT"?A’F~ I AN VIFANAL" 2040 X=500:Y=500:GOSUB 83800

&40 IF INKEY$="A" THEN 70 ELSE 40 2050 RETURN *

70 N=0 3000 X=492:Y=450:GOSUB 8300

30 I=1 3010 W=4:GOSUB 5200

90 J=0 3020 W=0:GOSUB 8300

100 A=USRO (0) 3030 Z$="0":GOSUB 3600

110 B=PEEK (&HCS20+.J) 3040 FOR I=0 TO 2

120 IF B=13 THEN 140 EL3E 130 3050 X=885+4S0%I:Y=450:G0SUB 2200
130 POKE %HBOOO+N+J, B 3060 W=4:GOSUB 5200

140 J=J+1 3070 W=0:GOSUB 8300

150 GOTO 110 3080 A=30+30%I

160 POKE HBOOO+N+J, &HZ0 3090 Z$=STRS (A) : GOSUB 3600

170 J=J+1 3100 NEXT 1

180 IF J>21 THEN 190 ELSE 140 3110 X=2264:Y=450:G0SUB 8800

190 NaN+25 3120 Z$="120":GOSUR 8600

200 I=I+1 3130 X=1850:Y=400:GOSUB 2800

210 IF I>123 THEN 220 EL3E 70 3140 W=S:GOSUB 8200

220 LPRINT"TIME INTERVAL DATA" 3150 W=0:GOSUB 8300

230 LPRINT"DATE: 1932- - ( ) NHK-( UNIT:SEC" 3160 Z$="TIME(SEC) ":GOSUB 8600

240 LPRINT"WEATHER: TEMP: STOP PULSE: " 3170 X=500: Y=500: GOSUB 8800

250 LPRINT 3180 RETURN

260 T=1 4000 FOR J=0 TO 4

270 3=1 4010 X=385: Y=483+200%J: GOSUB 8800
280 L=0 4020 W=4:GOSUB S200

290 FOR M=0 TO 21 4030 W=0:GOSUB 3300

300 C=PEEK (XHBOOO+L +M) 4040 B=10%J

310 LPRINT CHRS(C) 4080 Z$=STR$ (B) : GOSUB 5600,

320 NEXT M 4060 NEXT J

330 IF T=3+5 THEN 370 ELSE 540 4070 X=400: Y=900:GOSUB 3300

340 LPRINT" "3 4080 W=3:GOSUB 5200

350 T=T+1 4090 W=1:GOSUB £300

360 IF T>123 THEN 430 ELSE 210 4100 Z$="DATA(MSEC) ":GASUB 2400
370 LPRINT" “ 4110 X=500:Y=S00:GUSUB 3300

380 T=T+1 4120 RETURN

370 S=3+1

400 IF T>123 THEN 430 ELSE 410

410 L=L+2S

420 GOTO 290

430 PRINT"MIPLOT ON (Y/N) 2"

440 IF INKEYS="Y" THEN 430 ELSE IF INKEYS="N" THEN 660 5000 FOR P=1 TO 4

450 GOSUB 2000 ELSE 440 5010 X=500: Y=500+200%P: GOSUB 8800
460 GOSUR 3000 . S020 X=2300: Y=S00+200+P:G0SUB 8700
470 50SUB 4000 5030 NEXT P

480 GOSUB S000 5040 X=500: Y=500:G0SUB 8800

490 GOSUB 46000 S050 FOR Q=1 TO 12

500 S=0 5060 X=500+150%Q: Y=500: GOSUB 8300
S10 FOR P=0 TO 120 5070 X=500+150%Q: Y=1300:GOSUR S700
520 C$=CHRS (XH20) 5080 NEXT @

S30 FOR T=0 TO 11 5090 X=500: Y=S500:GOSUB 3800

5S40 C=PEEK (&HBOOA+S+T) $100 RETURN

S50 C$=C$+CHRS (C) 46000 X=5S00:Y=1500:GOSUB 3300

560 NEXT T 6010 W=7:GOSUR 8200

S70 D=VAL (Cs) 6020 W=0:GOSUB 8300

S80 E=2%(10°4)%D 6030 Zg="sook TIME COMPARISON ##k2130SUB 8600
590 X=S00+1S#P: Y=500+E: G0SUB 3S00 6040 X=500: Y=500:GOSUB 8300

400 W=3:30SUB 2200 6050 RETURN

£10°W=2:530SUB 3400 3000 LPRINT “L":W:RETURN

620 $=3+25 3100 LPRINT “B";W:RETURN

430 NEXT P 3200 LPRINT “S";W:RETURN

5640 X=500: Y=500: GOSUB 3800 2300 LPRINT "Q";W:RETURN

630 GOSUB 9200 3400 LPRINT “N":W:RETURN

460 QUT %HAS. SHIB 8500 LPRINT “J";W:RETURN

470 END 3600 LPRINT “P";Z$:RETURN

1000 FOR P=0 TO %HAS 3700 LPRINT "D"; INT(X)5", "3 INT(Y):RETURN
1010 READ M$:POKE SHC200+P, VAL ("&H"+M$) 3800 LPRINT “M"; INT(X): ", "; INT(Y):RETURN
1020 NEXT P 3900 LPRINT “I";INT(X)3","; INT(Y):RETURN
1030 DATA 3E, 93.D3,A3, 35, 7B, D3, A7, DB, Al 000 LPRINT “R“3s INT(X)3",": INT(Y):RETURN
1040 DATA Eé.02,CA- 02,02, DB, AL, E6, 08, C2 7100 LPRINT "X“: INT(U)5", "3 INT(V); ", "5 INT (W) : RETURN
1050 DATA OF, C2. 21, 29, C3» 04, 0A, 3E, 00, D3 9200 LPRINT “H":RETURN

1060 DATA A2, 3E,30,D3,A2, DB, A2, E6, 08,02 7500 END

1070 DATA 23,C2.3E,00,D3,A2: DB, AQ, 2F, 77

1080 DATA 3E,20.D3,A2.DB.AZ, &, 03, CA, 36

1090 DATA 2, 3E.00,D35,A2, 7E, 23, 90, 02, 1F

1100 DATA C2, DB, Aé» 325 10, C3, 06, OF , AQ, C& ° S
1110 DATA 30,32,27,C3,3A, 10,C3. O, FO, AL X11—-1 BHABER7Ta7 74
1120 DATA D, 00,3, 32, 26 C3»DB» AS, 325 11

1130 DATA C3:A0,C6»30: 52, 24,C3, 3R, 11,C3

1140 DATA A1,CD, 00, C3, 32, 23,C3, DB, A4, 32

1150 DATA 12,(3,A0,Cé. 30,32, 21,03, 3R, 12

1160 DATA 13, A1,LD, 00, C3, 32, 20, C3, 3E, 5A

1170 DATA 32,22,C3, 32, 25, C3, 38, 20, 52, 28

1180 DATA C3, 21,20, C3, 06:0A, 7E. CD, As» 40

1190 DATA Z3,90.C2,9C,C2,C9

1200 FOR 2=0 TQ &

1210 READ N$:POKE &HCIO0+R, VAL ("&H" +N$)

1220 NEXT @

1230 DATA OF.OF . OF,0F, 26,30, C%

1240

RETUURN
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D000 SEFS
D002: D3AZ
D004 : 3E9B
D00&: DSA7
D0OZ: DBAL
DOOA: E408
DOOC: CAOSDO
DOOF : DBA1
DO11:E608
DO13: C20FDO
DO16:2129D1
D019:060A
DO1B: 3E00
DO1D: D3A2
DO1F:3ES0
D021 : D3A2
DO23: DBA2
D02S5:EL08
D027:C22300
DO2A: SE0Q
DO2C: D3AZ
DO2E: DBAO

DO36: DBAZ
BO32: E602

DO4E: A0
DO4F : CA3Q

DOS1:3227D1
A10D1

DOS
DOS7:0QEFOQ

A, 73H
(0A3H) ; A
A, 7BH
(QA7H) , A
A, (0ALH)
2H
Z,0D008H
A, (0ALH)
SH

NZ, ODOOFH
HL,0D12%H
B, 0OAH

A OH
(0A2ZH) » A
A, 30H
(0AZH) - A
As (QA2ZH)
3H

NZ, ODO23H
A, OH
(0A2H) > A
A, (OAOH)

(HL) - A

A, 20H
(0A2H) - A
A, (0OAZH)
3H
Z,0D034H
A OH
(OAZH) » A
A: (HL)

HL

B
NZ.0DO1FH
A, (0OA&H)
(OD110H) > A
B, OFH

B

A, 30H
(OD127H) - A
A, (OD110H)
C:QOFOH

né=

DNS9: Al

DOSA: CDOOD1

DOSD: 3224D1

D040 : DBAS

D062:3211D1
0

DOIC: 7E
DOD: CDA&LAN

11— 2 BHLBAEERR 7077 A

RRCA
RRCA
RRCA
RRCA
ADD
RET

c

0OD10OH
(OD126H) - A
A, (OASH)
(OD111H) A
B

A SO0H
(OD124H) A
A:; (OD111H)

c

OD100H
(OD123H) »A
A, (OA4H)
(OD112H) , A
B

A, 30H
(OD121H) - A
A, (OD112H)
c

0OD100OH
(OD120H) , A
A, 3AH
(OD122H) - A
(OD1ZSH) - A
A 20H
(OD1Z22H) - A
HL, OD120H
B, OAH

A (HL)
40A6H

HL

B
NZ, 0ODOYCH

A, 30H

o

o o

2
.
0
2
>

zo




