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Abstract

A color-subcarrier in a TV signal via a broadcasting satellite is expected to be an effective
medium for future frequency dissemination. The difficulty inherent in use of the broadcasting
satellite is a Doppler shift due to the drift around the geostationary orbit. Therefore, it is
important to measure the Doppler shift of the color-subcarrier precisely and to establish a
technique which cancels the effect.

This paper describes the configuration of a semi-automatic Doppler shift measurement
system using the GP-IB (General Purpose Interface Bus). The system records the phase dif-
ference between a color-subcarrier and a reference signal generated from a rubidium frequency
standard. The frequency of the color-subcarrier is compared precisely with that of the reference
signal by measuring the phase shift versus time.

Then, this paper describes the accuracy of the rubidium frequency standard in the
measurement system. Finally, it is reported that the measurement system revealed satis-
factory performance.
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10 REM Program X RCFMVS %

20 ! Broadcasting Satellite Color-subcarrier Fregquency Measurement

30 ! Program Version S

A0 )\ A Phase Difference between ES-Color-subcarrier and Hokudai-Rb-Qutput
50 tis Measured, (Phase in deg.)

60 ON INT #9,10 GOSUR Measurement 11 Interruption Setting Up 111

70 CONTROL MASK 93128 11t Interruption Setting Up 111

80 CARD ENARLE 9 Tit Interruption Setting Up 11!

?0 !

400 OPTION BASE i

110 DIM RC400) ) - - -
120 SHORT Mtout(100)
130 INTEGER Flag

140 t

150 Ch$="8" I Channel 4 of the A/D Converter is Employed.

160 GOSUR A_d_adjust ! Zero and Gain Adjustment of A/D Converter. L
i70 GOSUBR P_p_value | Vector Voltmeter Outputs: +iB0 to Requ/ -180 to Regl

i80 GOSUR Clock_check! Adjustment of the Real Time Clock.

190 Check=(Regu~Reql)/3 ,

200  INPUT "Measurement Interval (Ti) ? (sec)”,Ti

210  INPUT "Sampling Number (Ns) ? Choose from 41,21,341,44.",Ns

220  PRINT LINC3),"Program X ECFMUS %!

230 PRINT USING Fmt_S;Ti,Ns,Regu,Regl

240 Fmt 5 IMAGE /2X,"Measurement Interval (Ti)",DDDD," sec Sampling Number”,
DDD/2X, "Regu(+180deg)=",DDD, 3X, "Regl (~41803=",DDDD

250 T=,1X(Ns-1)

260 INPUT "Approximate Measuring Time ? (Hours,Minutes)” ,H_m,M_m

270  Mes_time=H_mX3600+M_m%60 !! Approximate Measuring Time [sec]

280 Mtaces=0

298  INPUT “File Name 72" ,Mtfn$

300 Word=1i00 1!! Number of Words for ONE Record. 11t

318 Ryte=4%Word

320 Rec=INT(Mes_time/(TikWord))+4 1! The File has Rec (records).

330 CREATE Mtfn%,Rec,Ryte

340 PRINT " File name ";Mtfn$;" Rec ";Rec;” Ryte ";Byte

350 ASSIGN Mtfn$é TO #i

FEDB 1 1l e e o o i 1l

370 INPUT “Beginning Time of the Measurement 7?7 Year ,Month,Date,Hour,Minute,Seco

nd",Yr ,Mo,Dt,Hr ,Mn,Sc

380 GOSUR Set_time_3 | Betting up the Final Time of Measurment,

390 !

400 PRINT USING Fet_80;Yr,Mo,Dt,Hr ,Mn,Sc,Dtf,Hrf,Mnf,8cf

450 Fmt_80: IMAGE /2X,4D,X,2D,2X,"from *,2D,X,R22,X,22,%X,2Z,2X,"to0 ",2D,X,RZ,X,
2Z,X,2Z

420  INPUT "Would You Like to Have Phase Quiputs ? Y or N",Debug$

430 IF Debug®="N" THEN Main_20

440 PRINT USING Fmt_40

450 Fmt_40: IMAGE //5%X,"Year Mo Dt Hr Mn Sc Phase (dag)"/

460 Main_206: '

470 ENABLE

480 Flag=-1 1! When Flag=0, Program is Ready for Termination.

4920 K=1i

500 PRINT #i;Yr,Mo,Dt,Hr ,Mn,8¢,Dtf,Hrf,Mnf,8cf,Ti,Ns,Requ,Regl

548 GOSUR Set_time 2 I Setting up the Real Time Clock (Match Mode)
520 !

530 !

540 Dummy: | Dummy Sectien is Waiting for the Interruption.

550 DISP "Flag=";Flag;" K=";K;" Mtaces=";Mtaces;" (";Phase;"deg)"
560 Idd=0

S70 Idd=Idd

580 GOTO Dummy

590 !

6060

GA0 1 RORAORAKKROK K K oK K K oK K K K 3K K 3 KK AROK K 30ROK oK 0K K 30K 7K K SOK K 3K 0K 3K 0K K K oK 3K 0K KK KOK SOKR K KOKOK OO K 0K %K
820 ¥ PRERARE TREFTIVRLRRATILR TRRRRRRRE _
630 A_d_adjust: I Zero/Gain Adjustment of A/D Converter (HP%93134)

646 INPUT "Would You Like to Adjust the A/D Converter 72 Y or N",Ans%$

650 IF Ans$="N" THEN RETURN

660 DISP "Pull All Input Jacks on the Rear Pannel., Then Press the CONT Key.®
670 PAUSE
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680
ey, "
690
700
710
720
730
740
750
760
770
780
Key .
790
800
840
820
830
840
850
860
870
880
890
200
910
920
930
240
950
960
970
280
990
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A_0: DISP "Move the CAL Switch to ‘0’ Poesition., Then Press the CONT K
PAUSE
A_i: GOSUE A_d_conv_ 14

DISP "a&/D Conv. Output is "j;Reg;"(must be 0)."

WAIT 5000

INPUT "Do You Need Adjustment ? Y/N",Ans$

IF Ans$="N" THEN A_2

DISP "Adjust the Front Pannel Zaro Control. Then Press the CONT Key"
PAUSE

GOTO A_14
A 2: DISP "Move the CAL Switch to ‘-1’ Position. Then Press the CONT

PAUSE
A_4: GOSUR A_d_conv_ 4

Reg=Reg/4000

DISPF "A/D Converter Output is"j;Reg;"(must be -1)"

WALT 5000

INPUT "Do You Need Adjustment 7 Y/N",Ans$

IF Ans$="N" THEN GOTO A_3

DISP "Adjust the Front Pannel Gain Control. Then Press the CONT Key."
PAUSE

GCOTO A_4
A_3: INPUT "Would You Like to Go back to Zero Adjugtment Y or N",Ans%
IF Ans$="Y" THEN A_0

DISP “"Connect the Jacks. Then Press the CONT Key."

PAUSE

RETURN
!

!
b RORROKROK K KOHOKOK B A HOK K KK HOK SR KHOK K KK 0K 33Kk 3K 3 3 K K KK 3 KOHOK K 3 OK K K KKK 5 KK AOKOKR K ROK K R Kok Kok
!

A d_conv_4: 1
DUTPUT 707;"H"&Chsa"A"

1000 WATT 1

1010 OUTPUT 707;"J"

1020 Hu=READEIN(707)

1030 H1=READRIN(707)

1040 IF Eu>3 THEN A_cc

1050 Reg=Buk256+H1

1068 RETURN

1070 A_ce: Reg=-((255-Eu)X256+(256-R1))
1080 RETURN

1090 1

1100 !

£EA0 1 ORRAKRAORAOKAAK AR KKK AOK KKK KK 3K K KK KR KK KK KKK KKK 5RO K KK KKK KK HOKOKOK KKK HOKK KK KK
11420 ¢

430 P_p_value: | +1i80 deg to Regu / -480 deg to Regl

4440 DISP "Move the Phase Meter Offset to ‘+i807. Then Press the CONT Key"
1150 PAUSE

1160 GOSUR A_d_conv_1i

5370 Regu=Reg ! +480 deg to Regu.

1480 DISP “"Move the Phase Meter Offset to “—-4807. Then Press the CONT Key”
1190 PAUSE

1200 GOSUR A_d_conv_ 1

1230 Regl=Reg | -480 deg to Regl.

1220 DISP “"Move back the Phase Meter to 707, Then Press the CONT Key"

1230 PAUSE

1240 DISP "Regu(+iB0deg)=";Requ;” Reql(~-i80deg)=";Regl;" Press the CONT Key

"

1250 PAUSE
1260 DISP "Sat up the System. Then, Press the CONT Key.”
1270 PAUSE
1280 RETURN

1290
1300 !
A0 U sokokokokok kR KK K 3K KK KK K K 3K KK 3K K KK KK JKOK 5K 3K K 3K 3K K 30K 30K 30K KK 3K 30K 3K K 30K 3OK HOK KK SKOKKK K K IOK KK KOk
1320 1
1338 Clock_check: ! Check of the Real Time Clock HPPB035A.
!

1340
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1350
1360
1370
1380
1390
1400
1440
1420
1430
1440
1450
1460
1470
1480
1490
i500
1510
1520
1530
1540
1550
iS40
1870
1580
1590
1600
1640
1620
1630
1640
1650
1660
1670
1680
1690
1700
1740
1720
1730
740
1750
1760
1770
1780
1790
1800
i8410
1820
1830
1840
1850
1860
1870
1880
1890
i%00
1940
1920
1930
940
1950
1960
1970
1980
i990
2000
2010
2020
2030
2040
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DISP "Here, We Check the Real Time Clock. Press the CONT Key."

PAUSE

OUTPUT 9;"R"

ENTER 9;Time$

DISP "The Real Time Clock Said It is "jTimes;".*

WAIT S000

INPUT "Is the Real Time Clock Alright ?2 Y or N ",Ans%

IF Ans$="Y" THEN RETURN

DISP "Set up the Real Time Clock Correctly, Then, Press the CONT Key."
PAUSE

RETURN

1

1

1 RORSKOR KKK K 3KOK 30K 3K K 33K 3K K 5K 3K 3K 3K oK 3K 3K 30K 3K 3K 303K 30K 300K 3K 5K 3K K 3K 0K 33K 30K 30K 3K 380K K 5K 30K 30K 30K 30K 30K K oK 30K 3 K 0k 3K K
i

Measurement: | Here, We Take Ns Phase-Data Every 200 m sec.
REEP

OUTPUT 707;"H"&Ch$&"G"

WAIT 4

oOuTPUT 767"
FOR I=i TO Ns
Bu=READRIN(707)
B1=READRIN(707)
IF Bu>3 THEN M _14
R(I)=RBuX%256+E1

GOTO M 2
M_ it R(II=(Bu-255)X256+R1-256

M_2iNEXT I
i

FOR I=2 TO Ns ! Rejectioen of Phase—Jump Data.
IF ABRS(R(L)-R(I))>Chaeck THEN M_3

NEXT I

W=R (1) !
FOR I=2 TO Ns !
W=W+R(T) i
NEXT I t
Phagse=-180+360%(W/Ns~Regl)/(Requ~-Reqgl)

GOTO M 4

M_3: Phase=-999

M_4: !

IF Debug$="N" THEN M_20

PRINT USING Fmt_20;Yr,Mo,Dt,Hr,Mn,8c,Phase

Fmt_20: IMAGE SX,4D,X,2D,X,2D,X,2Z,X,2Z,X,RZ,4X,8DDD.D

M_20: !

Mtout(K)=Phase

IF K=Word THEN M_é6

K=K+1i

GOTO M_S

M_6: GOSUER Mt _out PLEEL kxk MT OUT kxkx 1ittd

M_S: GOSUR Set_time_4 ! Dt,Hr,Mn and Sc are Updated.

GOSUE Set_time 2 | Hrb,HMnb and Scb are Updated.

IF (Dt>=DtFf) AND (Hrd>=Hrf) AND (Mn)>=Mnf) AND (8Sc)>=8cf) THEN Flag=0
CARD ENARBLE 9 111

RETURN

]

Phase Jitter is Reduced by Averaging.

1
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Set_time_1: | Here, Dt,Hr,Mn AND Sc are Updated,
Se=8c+Ti

I=0

Sti_1: IF Sc<60 THEN Sti 2

Sc=8c~60

I=l+4

GOTO Sti_4

Gt 21 Mn=Mn+I

IF Mn<60 THEN RETURN

Mn=Mn~60

Hr=Hr+1 Lit We Assume Tid60%60 (ihr) holds,

IF Hr<(24 THEN RETURN
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2050 Hr=Hr-24
2060 Dt=Dt+i
20670 RETURN
2080 !
2090 !
2E00 1 R AR KK KK KK KK KKK KK K MK K K 3 K 3K oK K KK KK KK 3K JOK SKOK 30K 30K XK K 3K 3K KK oK 3K 5K 35K KK KKK KKK K KKKk KKK
2140 !
2420 Bet _time_2: ! Here, Hrb,Mnb and Scb are Updated.
24386 Scb=8c~T
2440 Mnb=Mn
2150 Hrb=Hr
2160 IF Scbd>=0 THEN St2_1
2470 8cb=8cb+60
2480 Mnb=Mnb-1{
2490 IF Mnb>=0 THEN St2_1{
2200 Mnb=Mnb+60
2250 Hrb=Hrb-1i
2220 IF Hrb)>=0 THEN 512_1
2230 Hrb=Hrb+24
2240 8t2_4: ! Betting up the Real Time Clock (Match Mode)
2250 OUTPUT 93 "UiH,Ui=04" °
2260 0DUTPUT 9 USING "3A,3(2Z)";"UiM",Hrb,Mnb,8ch
2270 OUTPUT 9;"ULG"
22880 RETURN
2290 !
2300 !
2340 1 KKK KK KKK A HOKRIOKOKHOK K KK KK KR JOK KK KKK SKOK KKK 3K K K OK oK K KK KKK KK S OK K HOK KKK KK KKK KKKk K K
2320 !
2330 Mt_out: ! Phase Data are Stored on a Magnetic Tape Here.
2340 Mtaces=Mtacest+i ‘
2350 IF Flag=0 THEN Mt_out_1
2360 PRINT #4i;Mtout(X)
2370 K=i
2380 RETURN
2390 Mt _out_4: ' A Final Record.
2400 PRINT #1i;Mtout (k) ,END
2410 ASSIGN X TO #4 !!! The File is Closed, 1!
2420 OUTPUT 9;"R"
2430 ENTER 9;Mo_£f,Dt_+f ,Hr _ff,Mn_+§Ff,8c_+F
2440 PRINT * Final Time Date ";Dt_Fff;" Vi Hr _#Ff3"h"iMn_FfF;"m";86c _FF;"s"
2450 PRINT LINCiL)," File Name X";Mtfn$;"x Mtaces(# of Accesses)="jMtaces,LIN
(iy," ¥ Word(Words/Record)=";Word
2460 STOP
2470 !
2480 !
2420 1 AR HOK KKK KK KKK K 5K KK 0K 30K 5 KK KK K 3K KK K OK 3K 3K 3K KK 3K KK 35 K 3K K K 3K K 3K K 3 KOK K 30K KKK KOK KOk X
2500 !
25410 Bet_time_3J: ! ! Approximate Final Time of Measurement is Set up Here.
2520 f 1 (Dtf,Hrf ,Mnf,S5ct)
2530 DtFf=Dt
2540 Hrf=Hr+H_m
2550 Mnf=Mn+M_m
2560 Scf=8c
2570 Lw=0
2580 St3_4: IF Mnf{60 THEN $13_2R2
2590 Mnf=Mnf-60
2600 Lw=lwti
2640 GOTO St3_4
2620 8t3_2: Hrf=Hrf+lLw
2630 Lw=0
2640 S5t3_3: IF Hrf<{24 THEN 5t3_4
2650 Hrf=Hrf-24
2660 Lw=lwti
2670 GOTO 8t3_3
2680 St3_4: Dtf=Dtf+lLuw
2690 RETURN
2700 END



