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Abstract
Time and frequency (T&F) transfer using the Global Navigation Satellite System (GNSS) code and carrier phase observations is a
popular technique for precise clock comparison. GNSS data processing based on precise point positioning (PPP), which is the stan-
dard technique for geodetic applications, allows highly precise T&F comparisons between remote clocks. The PPP least-squares
solutions showed improved in stability relative to traditional GPS time synchronization methods such as the common view GPS,
reaching few parts in 10~'° at averaging times of one day [1]. In the PPP processing, the station position, atmospheric propagation
delay, and a receiver clock offset are simultaneously estimated. In addition, the PPP time transfer processing requires precise satel-
lite clocks and orbits, which are provided by the International GNSS Service. Thus, to perform the near real-time comparison of
UTC(k)’ s using GNSS, evaluation of the uncertainties of the unknown parameters and the data quality of satellite clocks and orbits
is important. The aim of this study is to investigate the suitable processing strategy to determine the precise differences between
remote clocks. We have installed GNSS stations at the Koganei Headquarters of the National Institute of Information and Commu-
nications Technology (NICT), the Okinawa Electromagnetic Technology Center, the Kashima Space Technology Center, and two
LF standard T&F transmission facilities. Signals from frequency standards, i.e., active hydrogen masers or cesium atomic clocks,
are directly supplied to the GNSS receivers at these stations. The GNSS data sets are processed using C5++ software [3]. The
International GNSS Service (IGS) provides precise GNSS orbit products and clock solutions via IGS Analysis Centers. We carried
out comparisons of T&F processing using each orbit solution. Currently, the IGS final orbit and clock solutions have accuracies
better than 2.5 cm and 75 ps, respectively and the IGS rapid solutions (IGR) have similar quality [4], [6]. This implies that the T&F
stability using final solutions is almost identical to that using the IGR solutions. The near real-time parts of the Ultra-rapids (IGU)
have an accuracy of ~ 3.0 cm, while the real-time parts have an accuracy of about 5 cm. Thus, the T&F stability result using
the IGU is worse less than the both IGS final and IGR results. We also carried out a comparison of PPP clock estimates based on
three modern ocean tide models [7]~[9]. The results of frequency stability analysis are identical for each model. Finally, in order
to evaluate the atmospheric correction methods, we compared frequency stabilities based on three different atmospheric correction
methods (GMF2 [11], GMF2 with linear gradient estimation [12], VMF1 [13] with linear gradient estimation) and ray-tracing esti-
mation [10]. According to the present result of analyzed GNSS data sets, during summer season of 2013, the stability of the each

link using four atmospheric correction methods is almost identical.
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Figure 1 ~Schematic image of GNSS PPP time transfer.
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Figure 2 Station location used for this study.
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Figure

Modified Allan Deviation

_A/Iodified Allan Deviation of the KS34 — SEPB link using GPS/PPP
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Figure 4 Modified Allan Deviation of the time link between Koganei(KGN2) and Oki-

nawa(OKN1) applied by the modern mapping functions and ray tracing tool. Data
period: two weeks Sep. 5th - 12th, 2013



