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 We present a procedure to contribute to TAI
without a time receiver, but using any geodetic
GPS receiver driven by an external frequency.
The CCTF files are generated from the RINEX
observation files (1-second or 30-second sampling
rate). We apply this procedure succesfully on
different types of geodetic receivers. The validity
of the method is demonstrated from the
comparison of the results with colocated time
receivers. The clock resets which commonly
occur in geodetic receivers are accounted for by
monitoring with a time interval counter the 1pps
out signal of the receiver.
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The International Atomic Time scale (TAI) is
computed by the Bureau International des Poids et
Mesures (BIPM) from a set of atomic clocks
distributed in about 40 time laboratories over the
world. In order to perform the link between the
different clocks, the time labs are equipped with
time receivers, which observe the GPS satellites
following the international tracking schedules
distributed by the BIPM. The time receivers are
connected to the 1 pps (pulse per second) signal
delivered by UTC(k) (local realization of UTC in
the laboratory 'k', to which all the clocks of the
laboratory are reported). An internal software
analyses the C/A-code data during each 13-min
track and computes (UTC(k)-GPS time) at the
midpoint of the track, following a given procedure
[1]. These clock offsets are collected in a well-
determined format, called CCTF (defined by the
Consultative Committee for Time and
Frequency). For the computation of TAI, the
BIPM computes the differences between the
CCTF files (the so-called 'common-view' method)
in order to get the time comparisons between the
different UTC(k)'s. For that reason, the realization
of TAI is only valid if all the time receivers

involved apply exactly the same observing and
analysis procedure for generating the CCTF files.

One of the goals of the IGS-BIPM pilot project
[2] is to establish a link between the IGS clock
combinations (satellite and receiver clock offsets
[3]) and TAI. In a recent study [4], we have
shown that it is possible to generate CCTF files
from geodetic receivers using the RINEX
observation and broadcast navigation files. In this
previous paper, we used data from the Ashtech
ZXII-T receiver installed at the Royal
Observatory of Belgium (ORB). This receiver has
the advantage of allowing continuous time
transfer: the internal oscillator has been
disconnected and an external clock frequency is
used to steer the receiver. Moreover, the receiver
synchronizes its internal 1pps on the 1pps signal
provided by the external clock, so that its internal
timing is directly a mirror of the external clock
which can be chosen as UTC(k). When comparing
the RINEX-based CCTF results obtained from the
ZXII-T receiver with the CCTF results generated
by a colocated time receiver (R100-30T from 3S-
Navigation), we obtained satellite-dependent
residuals for which the origin was unclear. We
test here the procedure using two other geodetic
receivers colocated with time receivers: a Javad
Legacy at NPL (National Physical Laboratory,
London) and an AOA TTR12 in USNO (US
Naval Observatory, Washington). Contrary to the
Ashtech ZXII-T, these receivers do not accept a 1
pps in, so that a Time Interval Counter (TIC) is
necessary to compute the clock offsets between
the receiver clock (1 pps out) and the external
clock corresponding to UTC(k).  These time
interval measurements are necessary to correct for
the occasional clock jumps, and as shown in this
paper, must also be used to correct the data for the
temperature-dependent effects on the receiver
clock.
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The values of ’UTC(k)-GPS time’ given in the
CCTF files result from a well-defined analysis
procedure [1] based on the use of raw single
frequency GPS C/A-code data taken at a 1-second
sampling rate. However, within the IGS, the
standard sampling interval is 30 second. If these
geodetic receivers would be used to contribute to
TAI, we need to define a procedure, similar to the
CCTF convention, but using the 30-second data.
In the CCTF conventions the 780 pseudo-range
data of each staellite track are separated into 52
blocks of 15 data points.  In each of the blocks the
1-second data are smoothed using a quadratic
polynomial. The rest of the procedure (corrections
for geometric distance, ionospheric effects,
tropospheric effects, satellite clock offsets etc.) is
applied on the 52 points corresponding to the
values of the quadratic fits at the midpoints of the
blocks. The final results correspond to the value at
the midpoint of the 13-minute track using a linear
fit applied to the 52 corrected points.
In order to use the 30-second RINEX files, we
chose to apply a linear fit directly to the 26 points
corresponding to the 13-min track (after having
corrected for the effects mentioned here above
and given in the CCTF conventions). Figure 1
shows the comparison between the pseudo-CCTF
results so obtained and those obtained from the 1-
second RINEX files following strictly the CCTF
conventions. The data used are 1-second RINEX
files generated by the receiver Ashtech ZXII-T of
Brussels, on which we performed a decimation in
order to get the corresponding 30-second RINEX
files. The residuals between both approaches are
smaller than 0.3 ns, well below the precision of
the time transfer by common view with the C/A
code (4 ns, [5]). This result indicates that the 30-
second data from IGS receivers can be used as is,
certainly now that SA has been removed.
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. Comparison between the CCTF results

’UTC(ORB)-GPS time’ obtained with the use of 1-
second and 30-second RINEX files from the receiver
Ashtech ZXII-T from Brussels.
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When comparing the CCTF results provided by a
time receiver and those obtained from the
RINEX-CCTF procedure, some large differences
(up to 20 ns) can appear. This is due to the
ionospheric corrections. The ionospheric
parameters (αi, βi) used in the Klobuchar model
and broadcast with the navigation message are
modified during the day, and the time receivers
use them in real time as they are broadcast. The
RINEX navigation files, on the other hand, are
produced once per day, and hence the ionospheric
model is computed with the same set of
parameters for the whole day. So, occasionally
these parameters are different from the ones
which are broadcast and used by the time receiver.
Furthermore, the ionospheric model parameters in
RINEX navigation file headers translated from
several receiver-dependent formats are bogus
(TEQC bug report,
http://www.unavco.ucar.edu/software/teqc/bugs.ht
ml) and can then give rise to unrealistic results, as
shown in Figure 5 where the two boxes indicate
periods of bad ionospheric parameters in the
RINEX navigation files of BKG (European
Regional IGS Data Center).
For these reasons, when comparing the CCTF
results provided by a time receiver and those
obtained from RINEX-CCTF procedure, the same
ionospheric corrections are used in both data sets.
Note also that if the ionospheric corrections are
replaced by an IGS ionosphere model, this no-
coincidence of the Klobuchar parameters will not
affect the TAI computation.
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The RINEX-CCTF procedure has firstly been
applied to the 30-second RINEX files from a
Javad Legacy receiver installed at NPL and
compared to those generated by two time
receivers in NPL: an AOA TTR5A and an NPL-
TFS. Figure 2 shows the residuals between the
RINEX-based CCTF results and the time receiver
CCTF results. The noise level (rms of 3.6 ns for
the comparison between the Javad and the multi-
channel time receiver NPL-TFS) of these
residuals is the same as the noise level of the
residuals between the CCTF data generated by the
two time receivers. This demonstrates that the use
of geodetic receivers for time transfer to TAI,
using the RINEX-CCTF procedure, is totally
justified. Furthermore, as shown in Figure 3, there
are no satellite-dependent biases as it was the case



3

when comparing the RINEX-based CCTF results
of an Ashtech ZXII-T with a R100-30T from 3S-
Navigation [4]. So, as already suspected in [4],
these biases were probably due to some satellite-
dependent corrections which are applied in the
R100-30T software and which differ from the
CCTF conventions.
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 Residuals between the RINEX-based CCTF

results of the receiver Javad Legacy and the NPL time
receivers CCTF results.
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 Same as Figure 2 but plotted for several

satellites separately.

A second test has been performed with an AOA
TTR12 receiver installed in USNO. This receiver
provides both RINEX files and ‘pseudo-CCTF’
files, i.e. clock offsets between the external clock
and GPS time, computed for the satellites and
epochs appearing in the BIPM tracking schedules,
but not exactly in the same way as indicated in the
CCTF conventions. We took two days of data and
compared the RINEX-based CCTF files with the
results provided by the receiver. As the TTR12
receiver uses measured ionosphere instead of
modelled, we corrected for this difference in the
comparison. As shown in Figure 4, the noise level
of the residuals has the expected amplitude (RMS
of 2.5 ns) but there are satellite-dependent biases

mainly due to the fact that the TTR12 computes
the time offsets using the P1 code rather than the
C/A code.
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  Residuals between the RINEX-based CCTF

results of the receiver AOA TTR12 and the ’pseudo-
CCTF’ results generated by the receiver, after
correcting  for the differences in ionospheric models.

An important point to consider when using
geodetic receivers for time transfer to TAI is the
correction for clock jumps which can occur in
geodetic receivers. The recurrence of such jumps
depends on the receiver type. As an example, we
applied the RINEX-CCTF procedure to one
month of data collected by different kinds of
receivers involved in the IGS and driven with
hydrogen masers. As shown in Figure 5, some
receivers reset their internal clock frequently so
that a strict monitoring of their 1pps out is needed
to allow a continuous time transfer within the
frame of TAI.

��� �P���S�
 �P�  CCTF results ’receiver clock - GPS time’ for

several receivers involved in IGS.

There are several possible methods to determine
the jumps: a first one consists in using the CCTF
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results and computing the difference between the
clock offset before and after the jump, but the
precision of this method is limited by the noise of
the C/A code (4 ns) and the small number of data
(due to the limited number of 13-minute tracks).
A second procedure consists in monitoring the
receiver 1pps out by a comparison with the 1pps
signal provided by the atomic clock used to drive
the receiver. This monitoring must be done with a
Time Interval Counter (TIC). We tested this
method on data of a receiver Rogue SNR12
installed in Brussels, driven by the frequency of
UTC(ORB), and for which we artificially
generated a clock jump by resetting the receiver.
The receiver 1pps out was connected to a TIC
(Stanford SR-620) and monitored with respect to
the reference clock UTC(ORB). The jump was
determined with an estimated error of +/- 24 ps,
well inside the precision of the time transfer to
TAI. This correction can then be applied to the
CCTF results. The receiver clock jumps can also
be determined using a global analysis of GPS
codes and phases using the IGS precise
ephemerides. Our analysis estimated the precision
of the clock jump determination as about 15 ps.

As a last remark, note that in order to know the
absolute values for the time transfer, we have to
measure the receiver clock offset at an initial
epoch, accounting for all cable delays receiver
hardware delay (which can be determined by a
differential calibration using a calibrated time
receiver, as proposed in [6]). Then the receiver
1pps must be monitored in order to correct for any
subsequent jumps.
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Figure 6 shows the clock offsets between the
Brussels’ Rogue SNR12 receiver clock 1pps out
and UTC(ORB). While the receiver is driven by
the 5 Mhz frequency of UTC(ORB), the signal
does not scatter randomly around a constant, but
presents some variations. These variations are
weakly correlated with the temperature variations
in the lab. It can be seen that the large temperature
variation of about 5 degree leads to a receiver
clock variation of about 2 ns, i.e. nearly at the
level of the precision of the time transfer to TAI.
However, some other variations in the 1 pps out
signal cannot be explained by temperature
sensitivity, and their origin is still unclear. This
variability of receiver clock is not a problem for
the time receivers because their internal software

corrects for the clock offsets between the receiver
clock and the 1pps signal coming from the
external clock. For geodetic receivers, since we
want to have the exact value of the offset between
the external clock and the GPS time, it is thus
necessary to correct the RINEX-based CCTF
results for the clock offsets between the receiver
clock and the external clock as measured by the
TIC.
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 (top) Time interval measurements of 1pps

out - UTC(ORB) for the receiver Rogue SNR12 of
Brussels driven by UTC(ORB); (bottom) temperature
variations in the time lab.
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We have demonstrated that the software
developed in [4] to generate the CCTF files can be
applied to any geodetic receiver driven by an
external frequency and having an output signal of
the internal clock 1pps. The exact procedure
corresponding to the CCTF conventions requires
the use of 1-second RINEX files. We modified
this procedure in order to use the standard 30
second-RINEX file, and showed that the
differences between the CCTF results of both
approaches are below 0.3 ns, well inside the
precision of the common-view time transfer used
for TAI (4 ns). So, the 30-second data from IGS
receivers can be used as is for time transfer to
TAI.
We also pointed out the necessity to monitor this
1pps out in order to correct for the clock jumps
and for the variations with respect to the external
clock used to drive the receiver. These variations
are certainly receiver-dependent, but their origin
of is not yet fully explained. This will be the
subject of a further study.
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