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Synchronized clock using al-in-view GPS (Global Positioning System) carrier phase observationswith self-calibration
in holdover mode is presented. In order to estimate the frequency offset of the remote clock with respect to the primary
clock, both clocks are connected to the Ashtech GPS receivers, G-12, respectively. However, G-12 isnot designed for time
and frequency applications. It has no interface port for external oscillators. Therefore, the quartz oscillators of G-12 are
replaced. Through DDS (Direct Digital Synthesizer), the external clocks are connected to G-12. By performing the
carrier-phase single-difference (differences between two receivers), time-difference (differences between two epochs) and
wei ghting-least-sgquare estimation, we can precisely estimate the frequency offset of remote clock with respect to the
primary clock. The frequency offset and its change with respect to time are then fed into the controller, which automatically
issues acommand to keep frequency accuracy within an acceptable range. Through a D/A converter, the remote clock then
can be steered to synchronize with the master clock. Whilethe remote OCX O (Oven-Controlled Crystal Oscillator) clock i
synchronized with the primary clock, the associaed information regarding its aging and temperature sensitivity is computed
and recorded. During the learning period data is collected and processed so that coefficients of afour degrees polynomial
are computed. This polynomia characterizes the OCXO's aging and thermal sensitivity. Oncethe GPS signal isinterrupted,
the remote clock then entersthe holdover mode. In this mode, the corrections of aging and thermal sensitivity are applied to
the oscillator. Therefore, the frequency accuracy isimproved under the absence of GPS signals.

We have conducted several experiments and obtained some excellent results. The accuracy of the remote OCXO clock
can beimproved from about 8?7107° to afew partsin 10* in the normal mode, while about 5?2107 in the holdover
mode for average time of one day. Experimental results show that our system is sound in the practical applicationsin the
telecommunication network, the calibration of the frequency and the instrument for calibration laboratories. Since our
method can trace the remote frequency to the national standard.




