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'The purpose of this paper is to study the accuracy and
precision of GPS time transfer, when using measured
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3. TEST OF ACCURACY

. All closure experiments reported in this paper use the three
links between the Paris Observatory (OP), the National
‘Institute of Standards and Technology in Boulder, Colorado
(NIST), and the Communications Research Laboratory in
Tokyo (CRL). The GPS data taken at the three sites
- correspond to the International schedule issued by the
Bureau International des Polds et Mesures for the
establishment of TAlL Each link is computed independently
using the common-view method, the results being passed
through a low-pass filter with a cut-off period of about
three days. The scatter of the unflitered data points relative
to the filtered ones provides an estimation of the short term
‘measurement noise. The filtered data are then interpolated
to one point per day, and these daily values for the three
links are summed to provide one estimatlon of the closure
per each day

At each site ionospheric delay measurements are performed
by dedicated dual-frequency codeless GPS receivers. These
measurements
correction to the raw time-transfer data. A correction for
precise ephemerides is also computed for all the data points.
In the foliowing "raw data” means comunon-view data
without corrections (other than those transmitted by the
satellites), while "corrected data" refers to data to which
have been applied the corrections for ionospheric
measurements and precise ephemerides.

In the ideal case, where there is no measurement noise and
no systematic error of any kind, the sum of the three time
links, although they are completely independent from one
another, must be zero. In the real world there Iis
measurement noise, in the time measurements themselves,
and in the ionospheric delay measurements. In addition
systematic errors are probably present in the ionospheric
measurements. Errors in the relative positions of stations
and satellites will also cause systematic effects. In the next
sections, we consider this particular point in more detall.
Finally, ailthough the closure procedure provides a
cancellation of calibration errors, it is still possible that
short term variations of the calibrations cause systematic
effects due to the regularity of the observing schedule over
durations of months.
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The station coordinates on the one hand, and the satellite
coordinates on the other, are two realizations of a
terrestrial reference frame, which can be totally
independent. In a first approach, one can state that a
realization by a set of station coordinates is a geometric
one, while a realization by the ephemerides of satellites is a
dynamic one. In general, apart from local effects, the
differences between two realizations of a terrestrial
reference frame can be represented by a 7-parameter
transformation which includes a translation of the origin 3
parameters), a scale factor (1 parameter), and a global
'rotaﬂonofthonxu(ﬂpomntm) - '
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geometry of our network is quite particular, wlthmtlom.t

about the same latitude, regularly spaced in lonﬁtudc.nnd
with each station observing towards the east

are used to oompute the ionospheric

- about gzero.

and towards the west for the other. This geometry has the
important consequence that the closure is, to first order,

‘relatively insensitive to a global transformation between the

frame of the station coordinates and that of the
ephemerides, with one exception: a global rotation about the
Z axis (the axis of the poles) fully affects the closure. This
can be seen in figure 1, which represents the effect of such a
rotation on one link. In this case, the link computed as H(A)-
H(B) has a higher numerical value for the geometry A'B’
than for the geometry AB. As the geometry of all three links
is equivalent regarding a rotation about the Z axis, the
effect of such a rotation on the closure is three times its
effect on one link. The deviation from closure Is estimated to

be about 1 ns per 0.004" of rotation about the Z axis (Such a
rotation represents about 40 cm at satellite level).
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3.3 Effect of an error ir >
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In addition to a global difference decribed in the previous
gsection, an error in the coordinates of one station can be
viewed as a local difference that affects the time links in

which this station participates. However, due to the more or

less constant geometry of the observations (due east for one

link, due west for the other), the effect of an error in the
coordinates of one station is a constant misclosure. Based
on the geometry of the network, table 1 lists the average
effect of errors in station coordinates on the closure.
Incidentally one can verify (by summing the values in each
column of table 1) that the effect of a global translation, fe.
an error of the same value in a coordinate for all stations, Is

TABLE 1: Misclosure/ns caused by 1 metre of error for each.

station coordinate
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The closure has been computed for three periods of Yl

presented in four groups.

The first represents an extensive study that has W
conducted over the 393 days from 1990 June 16 (MJD &

prosense July 13 Ny m) Th‘ results h.' ﬁ_ ‘h ,,

between mid-1990 and end-1992. To account for W
ephemerides avaiisble at different times, 'the results’ few
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The second is included In the first, but consists in a 3-week

period early in 1991 where a global geodetic experiment
named GIG'91 (Ref. 8) was conducted. This ran from 1991
January 22 (MJD 48278) to February 13 (MJD 48300).
Available ephemerides for this period .were of DMA origin,

together with a set produced by the JPL from the GIG'91
data. _

The third group covers a 2-week period at the beginning of
the operation of the IGS network in the summer of 1992. It

starts on July 5 (MJD48808) and ends on July 17
(MJD 48820). Available ephemerides were the ones from the
DMA and the NGS, with others from the IGS centres CODE,
ESA, JPL and SIO (others were available from IGS, but have
not been considered in this analysis).

The fourth group covers a 4-week period of operation of the
IGS network in the autumn of 1992. It runs from October 13
(MJD 48908) to November 7 (MJD 48033). Ephemerides from
DMA and CODE were used in this analysis.

In each case the same processing scheme was applied,
following the description in section 3.1. Figures 2 to 11
present the daily values of the deviation from closure
obtained. The resuits from raw data are shown in figures 2,
4, 6 and 10 for groups 1 to 4, respectively. The results for
corrected data are given in figures 3 and 5 for groups 1 and

2, figures 7 to 9 for group 3, and figure 11 for group 4.
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FIGURE 2: mmmmwmmop
NIST and CRL with non-corrected data.
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FIGURES Deviation from closure around the world via OP,
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delay and precise ephemerides from DMA (open circlss) or
JPL (filled circles).

4.2 Diss

The precision of the time transfer, and thus the effect of
ephemerides on it, can be estimated from the scatter of the
difference between unfiitered and filtered data, as stated in
section 3.1. This procedure ylelds values that range from
3 ns to 6 ns, depending on the length of the link and on the
ephemerides used. The best result (2.4 ns) is for the OP-NIST
link (the shortest one) using the JPL ephemerides of the
GIG'91 campaign. Such values are estimates of the precision
of one -single lsm meuummt. Givm tlut there is




It is evident from the figures that, in general, results using 30
~ different ephemerides follow the same pattern with a more
or less constant offset of a few nanoseconds (The sole
exception to this is the result with NGS ephemerides
obtained in the first few days of the series shown in figure
7). This behavior can be related directly to a global rotation
between the frames of the ephemerides, as explained In
section 3.2. To check this, we have determined the best-
fitting 7-parameter transformation between several of our

satellite ephemerides.

From this, for example, it is found that the transformation
from CODE to DMA, computed for 7 days during the July 92
period and 7 days during the November 92 period, consists
mainly of a scale factor of 5x10®, which has almost no effect
on the closure, and of a rotltlon of -0.015" about the Z axis,
which exactly accounts for the offset of 4 ns between the . 819 816 ' s
results with CODE and DMA ephemerides (figures 7-8 and . . < ‘ 820 -
11). Incidentally, the scale factor is certainly due to CODE - MJD-48000 - '

and DMA using different vailues for the gravitational
constant GM of the Earth. In a similar analysis, it is found FIGURE 8: mﬂmmm&ommw
that the transformation from the GIG'91 JPL ephemerides to NIST and CRL with data corrected for measured §
the DMA ones consists also in the same scale factor, and a MMMMMOODE(mM‘PF
rotation about the Z axis of -0.013". This accounts for the  ESA (flled circles).
offset clearly present between the two resuits of figure 5.
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FIGURE 6: mmmmmmmw
NIST and CRL with non-corrected data.
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delay and precise ephemerides from JPL (open
SIO (flled circles).




