A Galileo-Based Pseudolite System for Improving GNSS Time Transfer
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o The quality of ties between space geodetic techniques is one of the major limiting factors for the quality of the International Terrestrial reference frame
o We tie SLR, VLBI and GNSS rigidly together, utilizing an actively stabilized delay compensation.

o We establish a station fiducial marker and add phase stability (Clock Ties) in order to remove systematic errors.

o To integrate this local time coherence to GNSS we transmit a pseudolite signal from this station fiducial target.
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Achieved long-term stability of the optical two-way delay compensation To mitigate transmitter biases and drifts, the transmitted pseudolite signal is
1.5 . . . . precisely synchronized with the reference clock. A feedback loop is formed by

mixing the transmitted signal with a pCal reference signal derived from the clock,
this signal appears as precisely generated synchronization tones in the E1 band.
| Timing stability _ The demodulator estimates the phase difference, which is then used to adjust the
L. ., transmitter so that the transmitted (code and carrier) phase remains aligned with
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The pseudolite transmits a valid blank Galileo I/NAV Spare word at unoccupied
7 E1BC PRN EZ20, this signal can be received by conventional GNSS receivers
together with other satellites.
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wn T in the RINEX file. The plot shows a short time segment where the receiver clock
L | A drift is negligible, and both the transmitter and receiver are synchronized to the

— same reference clock. The pseudolite transmits identical phase after it resets.
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capabillities. _ _ _
To verify the concept, we incorporated a tunable delay line before the GNSS

receiver. Adding the pseudolite signal coupled before the calibrated delay, we can
subtract the delay of the delay line in the RINEX data. The receiver can then
determine the additional delay in order of picoseconds. (A fourth-order polynomial
fit was subtracted from the E1 satellite carrier phase data to remove the dominant
orbit-induced trend, leaving the residual errors for visualization.)

Thanks to our previous work, we will be able to apply GNSS clock comparison
to the VLBI instrument and unify the GNSS-VLBI analyses. \We expect these
results to improve the combination of GNSS and VLBI.
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