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ABSTRACT

Dual frequency carrier-phase and code measurements from geodetic like GPS receivers are a promising tool for frequency and time transfer. To use them for time transfer, one must be able to report their measurement to an external reference and to calibrate all electrical delays. After having carried out the calibration of one such receiver of Ashtech Z12-T type, we plan to differentially calibrate all similar receivers located in time and frequency metrology laboratories. The procedure for the differential calibration is presented and preliminary results of the first calibration trip are presented.
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1. INTRODUCTION
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Time comparisons are usually carried out with GPS time receivers using C/A code measurements. A few number of these receivers have had their electrical delays absolutely calibrated with an uncertainty of a few nanoseconds. By differential measurements of receivers operated side by side, it has been possible to calibrate over the years most of the receivers operating in time laboratories worldwide so that time comparisons used e.g. for TAI are expected to be accurate to within a few nanoseconds. Such an exercise of differential calibration is also being carried out for multi-channel code receivers. Recently the use of dual frequency carrier-phase and code measurements from geodetic like receivers has emerged as an outstanding tool for frequency comparisons [Refs 1,2]. In order to be used also for time comparisons, such receivers should be calibrated to obtain the absolute values of the electrical delays.

The outline of the paper is the following: First we define in section 2 what we consider the internal time reference of the Ashtech Z12-T receiver and we recall the results of the absolute calibration of the BIPM unit. Then we present in section 3 the procedure to perform the differential calibration of two such receivers by operating them side by side. We finally show in section 4 the preliminary results of the first measurements of a calibration trip initiated by the BIPM.

2. CALIBRATION OF THE BIPM’s ASHTECH Z12-T RECEIVER

The Ashtech Z12-T receiver performs pseudo-range and carrier phase measurements which are referred to an “internal reference”. This reference is derived from an externally provided 20 MHz signal. An important modification of the Z12-T version with respect to the Z12 is that an externally provided 1-PPS signal allows the receiver to unambiguously choose one particular cycle of the 20 MHz to form the internal reference, therefore providing repeatability of this reference in case of any interruption of the tracking or operation of the receiver. According to the Ashtech documentation, we define the internal clock as the input 20 MHz inverted and delayed by 15.8 ns. For receivers equipped with a 20 MHz output, the internal clock should coincide with this signal, advanced by 2.4 ns. The internal reference is then defined as the first positive zero crossing of the internal clock following the 1-PPS in signal [Ref. 3]. 

The offset between the internal reference and the 1-PPS signal entering the receiver is here denoted XO and is to be measured at each change in the set-up of the receiver. To do so, we direct the 1-PPS and the 20 MHz signals on two channels of a digital oscilloscope where the 1-PPS signal triggers the data acquisition. By direct measurement on the oscilloscope display (Figure 1), it is possible to determine the relative phase of the two signals with an uncertainty of a few hundred ps. It is reminded that, for proper operation of the receiver, XO may not be arbitrary fixed but must take a defined value (within a range of about +/- 5 ns). The oscilloscope display also allows to check the proper configuration of the signals (see an example in Figure 1). 

Figure 1: Oscilloscope display of the measurement of the relative phase of the rising zero-crossing of the 20 MHz (after inversion), and of the 1-PPS (at 1 V) input signals. The delay XO is obtained by adding 15.8 ns to this measurement.

Having defined the internal reference, it is possible to define the receiver delays, noted here XRi for frequency i, that are to be determined by absolute calibration, as described in [Ref. 4]. Other delays to be determined are the antenna internal delays, noted here XSi for frequency i, and those of the cables between the antenna and the receiver. When necessary, we distinguish the antenna cable itself, which delay is noted here XC, from the set of splitter and short cable linking the splitter to the receiver, which delay is noted here XD. Figure 2 provides a description of the different delays in the typical set-up. The values that have been determined for the BIPM Ashtech Z12-T and its TSA antenna [see details in Ref. 4] are shown in Table 1.
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Figure 2: Definition of the different delays used in the typical set-up of the BIPM Ashtech Z12-T.
Delay
L1 value / ns
L2 delay / ns

Receiver internal XR
281.1 ± 0.6
295.4 ±  0.7

Short cable XC
5.1
Id.

Antenna cable XD
200.6
Id.

TSA antenna XS
30.7 ±  2.0
23.7 ±  2.0

Ashtech antenna XS
23.6 ±  2.0
25.1 ±  2.0

Table 1: Summary of the delay values for elements of the BIPM Ashtech Z12-T (from [Ref. 4] except for the Ashtech antenna). Total cabling uncertainty is estimated to be 0.5 ns.
In addition to this complete absolute calibration, a number of partial and differential calibrations have been performed. First, two differential methods have been used to provide the value of XR1 - XR2 : one is by using a GPS simulator, though an uncalibrated one; another is by using a GPS receiver from the USNO for which the difference between the L1 and L2 delays had been previously determined. Both results are consistent with the results in Table 1. Then the total system had been differentially calibrated at the L1 frequency with respect to a classical time receiver [Ref. 5], also yielding a value for XR1 + XS1 consistent with those in Table 1. In addition, the original Ashtech antenna has been differentially calibrated at the BIPM with respect to the TSA antenna, the values of the delays are also indicated in Table 1. The uncertainties in Table 1 are from [Ref. 4], where a detailed discussion of the uncertainty sources may be found. It concludes that the one-sigma uncertainty of the delay of the total system is 2.5 ns.

3. A PROCEDURE FOR THE DIFFERENTIAL CALIBRATION OF Z12-T RECEIVERS

Having laid out the definitions in the preceding section, it is straightforward to define a procedure to carry out the differential calibration of all components of a receiver like the Z12-T, of the same type. It consists of three steps

a) Relating the internal reference to the laboratory reference: The procedure is that described in section 2. It should be carried out at the beginning and the end of the experiment for the two Z12-T systems. An uncertainty of a few hundred ps should be attained, after checking that the result is independent of the settings of the oscilloscope used.

b) Measure the difference between the total delays (internal + antenna) of the two systems: For that measurement, the two systems are set-up independently (‘short-baseline’ configuration), with the 20-MHz in and 1-PPS in for the two systems derived from the same reference. The difference in the measured pseudo-ranges at frequency i yields, after taking into account the geometric term due to the different positions of the two antennas, the difference in XRi + XSi + XC + XD - XO - XP between the two receivers. Thus the values of XRi + XSi for the receiver under calibration are determined.

c) Measure the difference between the internal delays of the two systems: For that measurement, the two systems are fed by the same antenna (‘zero-baseline’ configuration), with the 20-MHz in and 1-PPS in for the two systems derived from the same reference. The difference in the measured pseudo-ranges at frequency i directly yields the difference in XRi + XC + XD - XO - XP between the two receivers, and therefore the value of XRi for the receiver under calibration. The values of its antenna delays XSi are then obtained by simple difference.

With one day of data, the differential calibration may easily be performed with an uncertainty of 100 ps. The dominant uncertainty is likely to be the sensitivity of the equipment (the travelling receiver as well as the receiver under calibration) to the temperature. It is advised to maintain these equipment in a temperature controlled room and to avoid temperature variations larger than one degree.

4. A FIRST INTERNATIONAL CALIBRATION CAMPAIGN

An international calibration campaign aiming at calibrating Ashtech type receivers in metrology time and frequency laboratories has been initiated by the BIPM. The first trip concerns the METAS (Bern, Switzerland), the BNM-LPTF (Paris, France), the USNO (Washington DC, USA), the NPL (Teddington, UK), the ORB (Brussels, Belgium), the CNES (Toulouse, France), the CRL (Koganei, Japan). As often as is practicable during the trip, the travelling Z12-T receiver (noted BIPC) is installed at the BIPM where it is checked against another “geodetic like” receiver which also provides access to its internal reference, and which is kept in stable conditions. A number of classical time transfer receivers are also available at the BIPM for cross-check. Preliminary results from the first two stages, conducted in February 2001 at METAS and in March 2001 at the BNM-LPTF are presented here.

As examples let us consider the calibration of the systems WAB1 at METAS and LPTF at the BNM-LPTF. Figure 3 shows the variations in the differenced delay WAB1-BIPC for the total systems (short-baseline configuration) for one day of measurements, after removing the mean values indicated in the figure. The data has been processed with the Bernese software [Ref. 6] to account for the geometrical effect of the short baseline. The mean value for each frequency i is just the differences in XRi + XSi + XC + XD - XO - XP between the two receivers, from which one determines the values of XRi + XSi for the receiver under calibration. The variations of order 200 ps amplitude are thought to be due to the travelling receiver because the local receiver is kept in a temperature-controlled chamber. Figure 4 shows similar data for LPTF-BIPC; the variations are again consistent with expected environmental effects.

[image: image2.wmf]
Figure 3: Differenced delay between the two systems WAB1-BIPC (short-baseline configuration), after removing the indicated mean values.
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Figure 4: Differenced delay between the two systems LPTF–BIPC (short-baseline configuration), after removing the indicated mean values.

From the analysis of the differenced data, we determine that the uncertainty in the differenced delay is of order a few hundred ps and is dominated by environmental effects. We therefore conclude that the uncertainty in the delays of the system under calibration is of order that of the calibrating system, i.e. 1 ns for the internal delay, 2 ns for the antenna and 2.5 ns for the total system (one sigma). It is to be noted, however, that impedance mismatch between the antenna preamplifier and the receiver is a potential source of error which could have a non negligible effect [Ref. 4].

5. CONCLUSION

Having performed the absolute calibration of an Ashtech Z12-T GPS receiver for the two frequencies, we define a procedure to carry out the differential calibration of similar equipment in metrology laboratories. We started a first calibration trip in which seven laboratories will be visited. Preliminary results from the first two stages indicate that the procedure should provide an uncertainty in line with that of the absolute calibration i.e. of order 1 ns for the internal delay of the receiver and 2.5 ns for the delay of the total system.
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