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ISSUES DISCUSSED

The attendees were first presented with an initial set of issues and severa specific questions that related to
these issues. The first issue was systems of interest. The primary interests were in GPS and Two-Way
Satellite Time and Frequency Transfer (TWSTFT). Two methods of calibration, absolute and relative,
were identified, and examples of each were discussed. The limiting factors that affect calibrations in-
cluded the instrumentation, cables, environment, and stability. The importance of the verification of a
calibration through a time transfer closure to a truth source or agreement with an additional independent
measurement was discussed. Last, some consideration was given to what future improvements would
affect calibration capabilities.

CALIBRATION METHODS

Two calibration methods were discussed, absolute and relative. In an absolute calibration, the delays in
the time transfer instrumentation are discretely measured with the accuracy intrinsic to the calibration
eguipment or measurement. In arelative caibration, a reference time transfer system is used side-by-side
with the subject system to perform measurement comparisons between the two systems. Considerations
when performing either type of calibration include maintaining conditions identical to the normal operat-
ing conditions of the equipment to be calibrated. Frequency, signal level, and environment are some of
the factors. In the absolute calibration method, a test signal generator is used to inject a reference signa
into the equipment to be calibrated. The generation of this reference signal must be as accurate as the
desired result of the calibration. Also, the reference signal must be consistent a provide repeatability in
the measurements. In the relative calibration method, the reference time transfer system must be stable at
the desired accuracy level during the period of the calibration.

GPS RECEIVER CALIBRATION

The factors that affect a GPS receiver calibration were discussed. The precise position of the receiver
antenna represented in the GPS reference frame is important. All cable delays from the antenna to the
receiver input must be measured and taken into account. The receiver should be tested to determine if
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delays change with signal power level variation. The GPS signal normally varies afew dB over each sat-
ellite’svisibility. Also, it may be difficult to create exact conditions of the satellite signal with areference
test signal used in an absolute calibration. Some multi-channel receivers are susceptible to inter-channel
biases. Any cdibration should be able to test for this by comparing the delay of a reference signal
through the path of each channel. It was discussed that past calibration campaigns were performed only
at primary timing standards laboratories and that other users should be included. Examples of absolute
and relative GPS receiver calibrations were discussed as provided in Figures 1 and 2, and references were
given.

TWSTFT CALIBRATION

The two methods of calibration as applied to TWSTFT were discussed. The absolute method uses a satel-
lite simulator to generate a calibration reference signal. The relative method uses a portable earth station
to compare measurements side-by-side with the TWSTFT system to be calibrated. The factors that affect
calibration that were discussed include cable impedance mismatching, transmit power dependency, chip-
rate dependency, and weather and temperature dependency. The frequency of calibrations was suggested
to be at least yearly, and in some precise applications there have been systems that are calibrated continu-
ously. The stability and accuracy of the instrumentation, cables, and connectors are aso factors that af-
fect the calibration. Examples of absolute and relative calibrations of TWSTFT systems were discussed
as shown in Figures 3 and 4, and references were provided that apply to TWSTFT calibration issues.

ADDITIONAL TOPICS

Severa additional topics were discussed concerning the future of calibrations and other issues that should
be considered. It was suggested that the replacement of coax cables with fiber optics would enable im-
provements in calibration accuracy in the future. There are time transfer users of GLONASS who remain
active and require calibrations. It is of interest that calibrations of this system be made available to this
community. It was suggested that the use of WAAS / EGNOS should be considered for intercontinental
common-view time transfer applications. Also, it was suggested that a proposal be made to use calibra-
tion campaigns as supplementary comparisons between laboratories at the Working Group meeting,
which will be held before the Consultative Committee on Time and Frequency meeting in April 2004.
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Example of absolute calibration
(GPS RXx)
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Example of relative calibration
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Example of absolute calibration
(TWSTFT)
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Figure 3.

Example of TWSTFT Calibration (GSTB V1)
between IEN (E-PTS) and PTB
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