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ABSTRACT

Precise time synchronization among distributed infrastructure is essential for enhancing the performance of systems such as
wireless sensor networks, cellular base stations, and terrestrial navigation systems. Global Navigation Satellite System (GNSS)
time transfer is a widely used method for synchronizing remote receivers; however, due to communication or operational
constraints, it is often performed only intermittently at periodic intervals. During these intervals, clock offsets between
receivers may accumulate due to clock drift and can lead to degraded time synchronization accuracy. To address this issue,
this study evaluates and compares three clock drift modeling methods—moving average, polynomial fitting, and Kalman
filtering—for predicting and compensating clock offsets between GNSS receivers in the absence of continuous GNSS time
transfer. Both 2-state and 3-state Kalman filter models are considered to examine how the number of state variables affects
prediction performance. Experiments were conducted using real data collected from two GNSS receivers: one disciplined by
an external rubidium atomic clock and the other steered to GPST. The results show that when the GNSS time transfer interval
is less than 20 hours, the 2-state Kalman filter achieves the best performance, whereas the 3-state Kalman filter performs better
for longer intervals. These findings provide practical guidelines for selecting appropriate clock drift compensation strategies
and GNSS synchronization intervals based on timing accuracy requirements and system constraints.
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st A|ZF £7]9] %—X]% At A}3]Q] Theksh 7)& Q) g A9l HHH o 2 = Global Navigation Satellite System (GNSS)
7} or R o3 ASs}A| 2HE5)7] 95k Al @ A = slitolh A ZFH 4 (time transfer) 7]¥o] it} (Lewandowski et al. 1993,
o5 50, o] 5EAl AAFTH AAE A Y EL T} S S Lewandowski & Thomas 2002, De Lorenzo et al. 2010). o] H}A]
& FopollAle, #AM 7R Be RE 7H] AJZHE HEsHA| & 7} 7170l GNSS 4241715 A 2|5}k, GNSS 91 A& &
T8O BN Bt 52 50 AElA FAS ATE 5 ATt T 71Eo R &8st} 417] 7he] Az POIE 27 4 243}
(Sivrikaya & Yener 2004, Johannessen 2004, Kim & Seo 2023, = HRAlo|th tZA Q] L HRlo 2= = A7 2Eo R
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Fig. 1. Overview of the GPS time transfer between two remote receivers.
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Fig. 2. Block diagram of the experimental setup and data processing flow.
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Table 1. MSE comparison of each algorithm at a GPS time transfer interval
of 1 hour.

Algorithm Mean squared error (ns”)
Moving average 5313.02
Polynomial fitting 187.08
2-state Kalman filter 122.94
3-state Kalman filter 130.70

Fig. 3. (a) Predicted time difference between two receivers over time for
each modeling algorithm, (b) Difference of each algorithm with respect to
GPS common-view (CV) time transfer at 15-min intervals.
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Fig. 4. (a) MSE of each algorithm as a function of the GPS time transfer
interval, (b) Enlarged view of (a) for the interval range of 0-12 hours.
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