
Table 1 List of selected MGEX stations.
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Due to the influence of pseudo-range noise, traditional GNSS common view method is difficult to
improve the accuracy of time-frequency transfer. GNSS carrier phase precise point positioning
(PPP) time-frequency transfer has become a research hotspot because of its high accuracy. In this
paper, a time-frequency transfer model of GNSS carrier phase single difference (SD) and Integer
Single Difference (ISD) between any two ground stations is studied. In order to solve the problem
that the SD ambiguity cannot be fixed due to the influence of the phase biases at the receivers, a
method of SD ambiguity fixing is proposed, that is the SD ambiguity is fixed with the constraint of
the fixed double difference ambiguity among several stations and satellites. Here taking four time-
frequency links between pairs of ground stations, BRUX-OPMT (262.3km), BRUX-PTBB
(454.6km), BRUX-WTZR (637.7km) and BRUX-CEBR (1331.6km) as examples, the multi-GNSS
time-frequency transfer experiment of SD, ISD and PPP method is carried out. The results show
that the SD and PPP time-frequency transfer accuracy is equivalent, the stability of ISD is
improved compared with SD, and the difference RMS between epochs is less than 10 ps. High
precision carrier phase SD, ISD and PPP technology can be applied to the study of determining the
gravity potential based on time-frequency measurements.

Abstract Experiment analysis

• With ambiguity-fixed solution, the frequency stability in time-frequency transfer can reach sub-10–16 level after five days of average.

• Compared with the results of the SD with ambiguity float solution,  the short-term frequency stability in time-frequency transfer has no significant improvement, but the long-term frequency stability in time-
frequency transfer based on ISD is increased by 15.90 % on average.

Conclusions
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Ø GNSS Observation model

Ø Precise point positing (PPP ) model

Ø Single difference (SD) model

Ø
Ø Integer single difference (ISD) model

Methods

Table 2 Details of processing strategies.
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Table 4 Clock offset 
epoch difference at four 
time-frequency links for 
GPS, BDS2/BDS3, Galileo 
and GLONASS by SD 
solution from DOY 189 to 
193 in 2020 (ps)

Table 3 Improvement 
percentage of GPS, 
BDS2/BDS3 and Galileo 
ISD compared with SD 
time-frequency transfer 
MADEV from DOY 189 to 
193 in 2020 (%)

Fig. 1 MADEV of four time-frequency links for ISD and 
SD solution. (a) BRUX-OPMT k; (b) BRUX-PTBB; (c) 
BRUX-WTZR; (d) BRUX-CEBR.

Fig. 2 MADEV of four time-frequency links for PPP 
solution. (a) BRUX-OPMT k; (b) BRUX-PTBB; (c) 
BRUX-WTZR; (d) BRUX-CEBR.
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