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Tokyo Astronomical Observatory (TAO) has started a regular recep- 
rion of the Global Positioning System (GPS) timing signals for the 
purpose of a precise international time comparison. A test oper- 
ation of the CPS receiver was performed from September 1982 to 
January 1983 and achieved. good accuracy in time comparisons. 
During the test nm, a clock comparison was made by a USNO portable 
clock team and it was compared with the GPS reception. The 
difference between the comparisons was less than the error in 
the portable clock comparison. Since April 1983, regular recep- 
tion of GPS signals has continued and the results in the GPS 
time error, IlTC(TA0) -GPS, are transmitted every week on the 
General I.lectric (GE) Mark TI1 system. By this means, the 
cesium clocks in the asian region will be related to TAI with 
better accuracies. 

The asian cesi~ml clocks have been excluded from the contribution to the In- 
ternational Atomic Timescale (TAI) because of their poor links to the clocks 
in the other areas such as I.urope, United States, and Canada. Loran C sta- 
tions jn the Northwest Pacific chain are so distant that the tirne-keeping 
organizations in the asian region cannot receive ground waves of the J,oran C 
signals Kith sufficient accuracy. Tne Global Positioning System (GPS) is 
considered to be one of the most promising m thods for time transfers on a 
worldwide basis at the ten-nanosecond level.? Regular time transfers by the 
CFS hill make it possible for the asian clocks to contribute information into 
the TAT. 

Tokyo A.;tronon~ical Observatoy ('FAO) performed a test operation of a GPS 
timing signal receivcr and acllieved good accuracy in time comparisons 
with the 1J.S. Kaval (lbse~.vator)r (IJSNO) . Thxring the test operation, a clock 
comparison was rnade hy a IISNC? portable clock team and the result was com- 
pared with the one by the GPS time comparison, After the test run, some 
trouble-shooting and revisions were made on our recciver to increase the 
reliability of conrinuous operation. From April 1983, regular receptions 
of the (IPS sipals t5ere started and the results are transmitted every week 
on thc General J lectric (GE) $lark I11 system. 

This paper \<ill ileal mainly r i i th  thc results of time comparisons iiith IJSNO by 
c;ps. 



The GPS receiver used at TAO is a Stanford Telecommunications Inc. (STI) 
Time Transfer System Model 502 [TTS 502),  for which a detailed description 
was given at the thirteenth annual W I  meeting.3 The system automatically 
acquires and tracks the L 1  carrier and C/A code of GPS satellites according 
to a schedule which is initially set up by us. The system then processes 
the received data to calculate satellite position, satellite clock correc- 
tion and propagation time between the satellite and the receiving station 
which includes corrections for ionospheric, tropospheric, and relativistic 
delays, and gives "time error" of the local clock referred to the GPS time. 

Through an RS-232C port, all necessary information for calculation of the 
time error, obtained from the received data, are output to external periph- 
erals; a printer and a recording system in our case. l'he real time record- 
ing system for GPS data is realized on a general-purpose minicomputer. All 
the data output from the receiver are recorded in a file of the minicomputer 
and are then transmitted to a large computer, by which they are processed 
and analyzed. 

GPS DATA TRANSMISSION 

We regularly transmit the results of GPS time transfers by two modes: 
Weekly data exchanges are made through a GE Mark I11 file in a format agreed 
upon, and monthly data are published in a printed form. Examples are shown 
in Figure 1 and 2. The former contains almost all of the measurements made 
at TAO and the latter does one measurement of good quality for each space 
vehicle (SV) each day, generally, a measurement at larger elevation is 
chosen. 

We receive the GPS data of the other organizations on the GE Mark 111. The 
data are stored in certain files on the large computer and are used in 
mutual time comparisons. 

CLOCK COMPARISONS WITH USNO 

Figure 3 shows the time differences , UTC (TAO) -GPS and IJTC (USNO) -GPS, which 
were obtained by the GPS receptions. It covers the data in the period of 
half a year. Zigzag runnings appear in both the curves and are conside-red 
mainly due to the operational changes in the r*ate of the GPS time. 

In order to see the time differences between USNO and TAO, the behavior 
of the GPS time against the UTC(USN0) is approximated tentatively by a 
broken line, denoted as REF(t) , and both of the values UTC(TA0) -GPS and 
IJTC (USNO) -GPS are corrected (subtracted) by the quantity REF (t) . The 
results are shown in Figure 4. The upper curve, UTC(TA0)-GPS-REF(t), 
approximates UTC (TAO) -LTC (USNO) and the lower curve, UTC (USNO) -GPS- REF (t) , 
shows the errors of the approximation, as well as transmission/receiving 
errors in the GPS clock link. 



l'ne former curve i s  comparable \ z i t 1 1  t h a t  in  I'igur-e 5 ,  \\hich shors.; 
UTC ITAOI -lTTC CUSNO1 obtained from the  CPS receptions i n  a comnon vieail mode, 4 

where the  data  of the same LS. were measured by both observatories x i t h i n  
4 minutes. The values of IJTC (TAO) -UTC (USNO) in the first half  of the  data 
period a r c  r e l a t i ve ly  scat tered mostly 1)cc:iuse of small sampl ing nm13ers 
( l c s s  than 10) of the  r~leasuremcnt:: a t  both o~ c i ther  si t c .  Small but clcar 
frequent). d r i f t  was found in t l ~ c  IAC? clock heforc the ? s t  of October 1983, 
when the  nlastcr clock ,-it 1,ICl Tias replaced. 

1S1esc three  f igures  sho~s~ tha t  t11c time comparison bet~been 'I'llU and  USNO hy 
C;PS i s  achieved, roughly speaking, to an accurac?, o f  les,.; than 50 11s. 

I ,A t e s t  operation of the (;PS rcccives* a:as pcrfonned from September 1982 t o  
January 1983 as mentioned before. 

l i gu re  h show t h e  residuals o! a l lncar .  r:,t tl:~'u~i~:i- appr-oximnt~ly Three 
months ' data ,  IlTC [T,IU) -rlF)S, r~h i  L 11 \\ere 0bt:iined from ?:he reception of SV# 5 
during tlre t c s t  run. F ~ T  a coixparison, the corresponding data of the  LTSXO, 
UTC(USN0)-GPS, a rc  show11 ir, the sanlc rndnnel-. I'SNC d a t a  approximately once 
a day a r c  taken fro111 the IISNO publication,  Scrir..; 4. ?-A0 data arc plo t ted  
twice a day, wl.ccn the  s i q a l s  from the 9- 01 the subsequent passes are  
received. T t  i s  c l ea r ly  seen ill the f l ~ w r e  that  the values of LTC('17AO)- 

I The conditions i n  the a l t cn l a t e  ~tle:tsurcmcnt~; .ire t?uite d i f f e r en t .  In our 

I :mount. Differences of thc cle\~ati.on ;ind of the local  solar  tjme rriay 
cause e r rors  i r r  thc  e s t i n~a t  iol; c ! ~n'opagat ion delag.5, cspccla l ly  o I 
ionospheric delay. Figure T shor.:s rab (every i; seconds) data  of Il'TC(TA0) 
-GPS during continuous tracking (about 6 Ilours:) oT the  same X. 
F1 ~ ~ r a i - i n n  nf t h p  , S I T  and t h p  :qn~jl i p d  jnnosnher*ir. corrections are  a l so  sllowy~ 

I Time (JST) . From thc  f igure ,  cor re la t  ion 4s not as obvious hetween the  
var ia t ion  of the  time clif ference data and the  h o v e  mentioned conditions. 

Frrors i n  the  estimation 01 saTeli i t c  posi t ion frorr the transmitted ephem- 
e r i s  niay be another possible cause of the 1-a]-intions as was po ln tcd  out by 
Klepczynski . 

I data may be Lseful t o  in1pro1.e the  GPS t i n ;  l inks  t o  the accuracy of 1 0  ns.  

COMPARISON WITII A PC TIhk TRAUSFFF, 

During the  t e s t  operation, a IJSNI) 1 )o~- ta l~ lc  Clock (PC7 t e a l  nladc a clock 
comparison between the  ITSNO and thc 'I,\G, T a b l e  1 :;hows the r e su l t s  of 
comparison of the PC t r i p  and thc '1PS tirnc transfers . Llifference of 113 ns 
(average) between the  Gl'S and I)( lietern; inar ions for In:' (USNO) -1UC (TA0) is 



not significant, because the PC time determination has an uncertainty of 
170 ns as was reported by IJSNO. From this comparison, we h o w  that the 
values of time comparisons by GPS seem to be better than or at least 
comparable with the PC results. As a matter of course we must check the 
existance of systematic differences between the two time determinations 
for every subsequent PC trip. 

GPS capability for international time transfers is established with ax1 
accuracy better than fifty nanoseconds. By regular operation of the GI5 
receiver at Tokyo Astronomical Observatory, the asian cesium clocks, which 
are connected to TAO through a Loran C chain, w i l l  contributc information 
to the International Atomic Timescale (TAI) very soon. This will be an 
epoch-making event in the history of TAI. 

Further improvement in the accuracy of the time transfer may be expected by 
studies of the cause of data variations. 
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Date 
1983 M J D  

10 1 45608 
2 45609 
3 45610 
4 45611 
5 65612 
6 45613 
7 45614 
8 45615 
9 45616 
10 45617 

Internationai P r e c i s e  T i m e  Comparison 

a t  Tokyo Astronomical Observatory 

( U T C C T A O  M C )  - Signal) 

M C - G P S  U T *  M C - G P S  U T *  MC-GPS UT* 
2.359(112900) 2.33L(173000) 2.354(071700) 
2.325(112500) 2.313(1726001 2.362(071300) 
2.339(112100) 2.307(172200) 2.351(070900) 
2.36L(111700) 2.285(171800) 2.327(070500) 
2.322(111300) 2.288.:71400) 2.307(070100) 
2.276(110900) 2.291(171LOO) 2.321(065700) 
2.311(110500) 2.284(171000) 2.322(065300) 
2.295(110100) 2.241(170600) 2.302 (064900) 
2.323(1057001 2.262(170200) 2.326(061500) 
2.301(105300) 2.266(165800) 2.297(064100) 

NO.  83- 4 

I 

1 - - __ , ^  

FIGURE 2 A MONTHLY P I J B L I C A T l O N  ON TAO GPS nATA 
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Residuals of a linear: fit 

r 

- 50 - - - -  
- I /  

0 SV Elevation I unosplleric ns 
80 - delay- 80 

F I G U R E  7 RAW DATA OF UTC ( T A O )  -GPS ( 6  HOURS T R A C K I N G )  




