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TIME SYNCHRONIZATION VIA THE TRANSIT SATELLITE
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ABSTRACT

Time signals emlitted from Transit satellites
have been received by the NACODE type receiver
sinc2 1674 at Mizusawa, Japan (station 027).

By using these time signals, we can make a time
comparlison between the International Latitude
Observatory of Mizusawa (ILOM) and USNO. To
complete time comparison by thls method, many
ccrrections are, however, necessary such as
propagation delays, a recelver delay, effects

of relative motion of satellites, effects of the
lonosphere and so on. Propagation delays are
calculated from the preclse ephemerlis of the
satellite (30190) supplied by the Topographic
Center of DMA. The recelver delay 1is measured

by supplying a simulated sigral to the spacc
near the recelving antenna. Effects of the
ionosphere n the propagation delays may be the
order of one microsecond. Standard deviations of
each pass are estimated to be =*15.5 micro-
seconds for the data UTC(ILOM)-UTC(USNO) obtained
in December 1976.

Time comparisons by the Loran-C system between
ILOM and USNO are referred for a check of the
Transit satelllite timing method.

INTRODUCTION

Timing experiments via satellites have been carriled

out many times since 1962 (Blair 1974). In Japan also,
experiments of time synchronizations between the Radilo
Research Labolatories (RRL) and the U.S.Naval Observatory
(USNO) were carried out ir. 1965 and 1975 with accuraciles
of cne microsecond and 10 nanosecond's order respectively
(Frequency Standard Section and Kashima Branch 1967,
Yamamoto et al. 1976). These experiments were made in the
two way method and attained to the very high accuracy.
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Thls method 1s, hcwever, much expensive and 1s not conven-
ient for *he frequent measurements.

Although the measurements via the Transit satelllte (Navy
Navigation Satellite) have relatively low accuracies as
compared with the two way methed, this method has the
advantage that time comparison can usually be made twice

a day &l moderate expence. The Navy Navigation Satellites
have been tracked by the TRANET I type recelving system
since late 1974, and time information data in punched paper
tape are availlable since 1976. In this repcrt, timing
analysis and various corrections which are necessary to
derive time differences vetween UTC(ILOM) and UTC(USNO) are
presented by using the data obtained in 1976. Time synchro-
nization via Loran-C system w. .1 be referred to examine the
conslistency of these two methods.

QUTLINE OF COMPARISON SYSTEM

Satellite trackings by measuring doppler shifts have ™een
made with the rubldium oscillator as a frequency stanaard
at the station 027. Time and frequency comparisons have
been made between the rubidium atomic clock and UTC(ILOM)
which is maintained by a cesium atomic clock, At the same
time, satellite timing pulses are monitored by UTC(USNO)
and the results are published regularly. Then, time diffe.-
ences between UTC(ILOM) and UTC(USNO) can be derived by
uslng these data.

/_' Satellite \

TRANET I

Station Clock UTC(USNO) |

[Rubidium Clock]
[urc(trom)

N.W.Pacific
Loran-C Chain

K\\\\1Monitoring Station

Flg. ~Cimplified block diagram cf the
tim=2 comparlson system.

Flying Clock]
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On the other hand, Loran-C signals of the Northwest Facifilc
chaln are recelved at ILOM regularly with standard devia-
tions of .ess than 0.) microseconds. This chain (SS3) is
monltored by flying clocn from USNCO. Thus we have another
method of time comrarisons between UTC(ILOM) and UTC(USNO).
An outline of nur time comparison system is shown 1n Fig. 1.

The TRANET I <ystem receiver amplifies and demoduliates

signals from satellites, and demodulated signals are fed to :
the time burst detectcr which discriminates the satellite .
time marks. Time interval between this flduclal time mark

and the station clock 1s measurea to ore microsecond.

CORRECTIONS FOR PROPAGATION DET.AY, RECEIVER DELAY, AND
RELATIVE MOTION OF SATELLITE

As the orbltal elements of satellites are not decoded by

the TRANET I system recelver, propagacion delays from satel-
lites to the receiving antenna are calculated by using the
data of Cartesian cocrdlnates of the satellite 30190 which
are supplied by the Topographic Center of DMA. Flg. 2 shows
an example of propagation delays in v~cuum spac= which were
calculated by the precirce ephereris or the satellite 30190.

Receiver delays are measured by transmitting a simulated
signal into a space near the recelving antenna ~t few days
interval. During the period before Novembe, 28, 1976, the
AF type of tracking recelver was used and adjustments of IF
circult were made s. as to give a constant delay in the
receiver. Thereafter the IF phase-lock tracking rec *Jver
was used and only measurements of recelver delay w e made
without frequent adjustments. Delay time of the IF phase-
lcek tracking receiver is shown in Fig. 3.

Delays of time signails emitted from satellites can be cal-
culated according to the Lorent. trar.-formation. But clas-
sical treatmen® 1is suffictent, ..~ rie radial velocity ot
satellites (v) relative to the statiun fixed on the Earth
is very small against the light velocity (c). Then time
delay caused by the motion of satellite relative to the
t:ocking station 1s estimated as

(v/c) - (propagation time) < 0.7 us

Time delay of this kind 1s corrected, alth»ougn this i.
small.
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Fig. 2-An example of propagation delays in
vacuum sSpace which were calculated from the
precise ephemeris of the satellite 30I190.
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RESULTS

Time differences between the satellite 30190 and the station
clock are shown in Fig. U, where the corrections for propa-
gation delay, receiver delay, and motion of satellite men-
tioned above are made.
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Fig. 4-Emission time of the satellite 30190
observed by the station clock (rubidium
atomic clock).

In this calculation, receiver delays are corrected by three
constant values in the three periods, respectively, as fol-
lows;

775702 us before 23 January 1976,
775763 us until 28 November 1976,
775966 us after 28 November 1976,

where system delay of 775434 microseconds and 406 Hz cir-
cult delay are included.

The raw data included some extremely deviated values, and
these data were rejected by a fixed range filter to pass
only thre data which were in the range from 0 to 350 micro-
seconds. The refined data were proved to have the standard
deviations of #19 microseconds. The above measurements were
made with the station clock ¢f which deviations were about
+1.5 microseconds.

In order to estimate the intrinslc error of the clock
comparison via satelllte, we tried to remove all the
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errors of the station clock and satellite-borne clock (see
Fig. 5, and receiver delay only for the period after
November 28, 1976.
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Fig. 5-~Time differences between satellite- .
borne clock (30190) and UTC(USNO). This

graph was plotted from the data in Transit
Satellite Report, Series 17 which was published
by the U.S.Naval Observatory.

The final form of clock comparison was reduced to UTC(ILOM)
~UTC(USNO) (see Fig. 6). These twc time scales are main-
tained by the cesium clocks and fluctuations in UTC(ILOM)-
UTC(USNO) can be ascribed to timing error aroused by the
satellite timing system. Results are summarized below with
standard deviations in microseconds;

Station Clock - Sat.(30190) +19
Sat.(30190) - UTC(USNO) +12
UTC(ILOM) - Station Clock + 1.5
Recelver Delay 14
UTC(ILOM) - UTC(USNO) +15.5

Standard deviations were reduced from *1%usto 215.5us,
showing that only slight improvements were attained. This
may due to instability of the receiver delay and/or to
inaprropriate correction of satellite clock.
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“ig. 6~UTC(ILOM) - UTC(USNQO) via Transit
satellite 30190.

TIME SYNCHRONIZATION VIA LORAN-C SIGNAL

The Northwest Pacific Loran-C chain is available in the
vicinity of Japan. Most institutes 1n Japan have been
rece.ving the master station Iwo-jima with the standard
deviation of less than *0.lus. Recelver delay can be meas-
ured with sufficient accuracies, but propagation time seems
to be hard to estimate with high accuracies. Propagation
time from Iwo-jima to the monitoring station of the chain
(Fuchu) was once determined by USNO as U4070.0us from a
calculation combined with a transportation experiment with
an atomic clock. RRL when it was in Midori-cho, Koganei-
shi, Japan had calculated the propagation time based on
above value as 4122.5us. On the other hand, time synchro-
nization between RRL and ILOM has been made with the aid of
a portable clock as well as Loran-C receptions. The differ-
ence of propagation times between these two stations and
the Iwo-jima station was determined as 1192.4:+0.2Uus by
five clock transportation experiments. Then, propagation
time from Iwo-Jima to ILOM was obtained as 5314.9us.

Thus, the quantity of UTC(ILOM) - UTC(USNO) is derived from
the Loran-C receptions and the data "Daily Phase Values,
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Series 4" which 1s published by USNO (see Fig. 7). By com-
paring these values with the one obtained by satellite tim-
ing signals, it was found that there is a discrepancy of
about 35us.
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Fig. 7-UTC(ILOM) -~ UTC(USNO) via Loran-C.

DISCUSSION

The 1lonospheric effect c¢cn radio wave propagatlion was not
corrected in the above results. The order of the effects

on propagation delay will be estimated here. As the receiv-
ing frenuency is 400MHz, geomagnetic fileld and collision

of elecirons with neutral gas can well be nenlected. Then
the op*ical length (t) 1s calculated according to the
formula tv = Snds, where the integration must be done along
the propagation path and n 1s the refractive index which is
in relation with the plasma frequency (fp) and the operat-
ing frequency (f) as n? = 1-(fp/f)2. The plasma frequency
is related with electron density (N) as fp? = B0.6N in MKS
unit system. Then the optical length can be estimated from
the equation t = f(1-80.6N/f2/2)ds by using a model lono-
sphere (Tsuchiya 1976) for the N(h) profile. A numerical
calculation was made for the satellite which is on observ-
er's zenith, ylelding 0.lus arnd 0.05us in daytime and
nighttime respectively. The distance to the satellite which
is on the horizon will be four times as large as the one
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when a satellite is on the zenith. So, maximum propagation
delay may amount to O.4us and 0.2us, respectively.

On the other hand, the mean value of station clock - satel-
lite was obtained as U48.95 #1.39us and 48.70 #1.7T7us for

the daytime and nighttime period, respectively. That is,
reception error is above the ilonospheric effect, so we can
find no significant differences in lonospheric effect be-
tween daytime propagation and nighttime one from the above
results. Nevertheless we may sufely say that the lonospheric
effect produces no errors larger than one mlcrosecond when
the solar activity is moderate.

At TRANET stations only the data which are obtained when the

( satellite is near to the closest approach (C.A.) are used
for time synchronization purpose. All the data that fall in
the range from Ous to 350us were used, in our case. Depend-
ency of delay time of timing signals upon the doppler shift
of satelllte were examined for each datum point in whole
passes obtained in 1976 (see Fig. 8).
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Station Clock - Sat.(30190)

Doppler Sifts in units of 10

Fig. 8-Station clock - Satellite 30190
which was observed every two minutes.
The absclissa is taken as Doppler shift
in units of 107%. Average value is shown
by large : ircles.

Scattering of data are relatively small near C.A., and

furthermore there 1is a tendency that received signals ad-
vance by about 1l0us for pre-C.A. perilod and vice versa for
pest-C.A., period. This tendency does not differ distinctly
whether the reception was made during daytime or nighttime
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periods. The physical explanation of this tendency is left
unsolved even if we take Into consideration the tropospheric
refraction effects, since these are the order of one micro-
second at most.

CONCLUDING REMARKS

A timing experiment via the Navy Navigation Satellite for
the year of 1976 was shown. Our time comparison has shown
that fluctuations of the obtained data have the standard
deviation of + 16 us . This is almost the same order as the
reported values by Hunt and Cashion (1978) and Cashion et
al. (1978). But there is a discrepancy of 35ps as compared
with the data obtalned by the Loran-C reception. There might
be some problems in delay time measurement. Furthermore,
fluctuations in timing pulses mayv be pretty large, since the
band width of the receiver 1s narrow.
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QUESTIONS AND ANSWERS

MR. LAUREN RUEGER, Johns Hopkins University, Applied Physice Lab:

Before I open this paper for comments from the audience, I would
like to make a couple of comments myself. The first is that the
small shift he saw in this last curve is characteristic of what we
observed in the tracking loop characteristics of the VCO. He was
using a fairly early mcdel Nikode-type receiver that has a fairly
simple transfer function for the tracking loop. The lags in that
would give him the 10 microseconds I think he is observing.

The second comment is that during 1977, following this data,
we did an experiment in making time transfers between the U.S. Naval
Observatory and the National Bureau of Standard. in which we had
very carefully calibrated the receiver delay, to a resolution of
10 nanoseconds. And in wusing that, we discovered, buried in
the data that we now provide through Bulletin 17, a possi-
bility of a 50 microsecond bias because of the uncertainty of the
receiver delay.

If you take the 50 microseconds from this source and the 35
microsecond discrepancy this man found, they are in the same dir-
ection and compensating. His data is really within his experirental
error. We should tell him someday.
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