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Ultra-High Precision Time Transfer Based on Fiber Frequency Transfer
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Abstract A high-precision time transfer method based on fiber frequency transfer is proposed to achieve higher stability of
time transfer. On the premise of ensuring the uncertainty of time transfer, the proposed method can achieve the fiber time
transfer with high stability and good uncertainty considering the high stability of fiber frequency transfer. On the basis of
the fiber time and frequency transfer, the highly stable 1PPS (one pulse per second) time signal is regenerated using the
frequency signal transmitted from the fiber frequency transfer system. Then, the regenerated 1PPS time signal tracks the
1PPS time signal transmitted by the fiber time transfer system, which renders the regenerated 1PPS time signal good
stability and uncertainty simultaneously. The time transfer data measured by fiber links are used to conduct simulation
experiments to verify the feasibility of the proposed method. The results indicate that under the proposed method, the fiber
time transfer stability reaches 0.5 ps@1 s and 0.09 ps@10* s. The experiment device for the fiber time and frequency
transfer is employed to perform a test on a fiber link of 500 km, and the result demonstrates that the high-precision time
transfer can be achieved by the proposed method, with the stability of 2.5 ps@1 s and 0. 9 ps@10° s, and the uncertainty of
6.4 ps.
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Fig. 2 Simulation results of time transfer system based on fiber frequency transfer. (a) Time difference; (b) TDEV
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Table 1 Uncertainty analysis of high-precision time transfer

based on fiber frequency transfer

Error /
Error source
ps
Measurement error of time transfer 3.0
Measurement error of regeneration 2.0
Device system delay error 2.5

Optical fiber dispersion coefficient measurement error 4.5

Laser wavelength error 1.4
Combined standard uncertainty 6.4
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