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Abstract 

 
We compare the frequency transfer precision between VLBI and GPS carrier phase using IVS and IGS 

observation data in order to confirm the potential of VLBI time and frequency transfer. The results of the 
VLBI frequency transfer show that the stability follows a 1/tau law very closely. And that shows the 
stability has reached about 2 x 10-11 at 1 sec. In this study, the results show that VLBI frequency transfer 
is more stable than GPS on the same baseline and same period. These results show that geodetic VLBI 
technique has the potential for precise frequency transfer. 

 
1. Introduction 
   

Modern cold-atom-based frequency standards have already archived the uncertainty of 10-15 at 
a few days. Moreover cold-atom-based optical clocks have the potential to realize the 
uncertainty on a 10-16 to 10-17 level after a few hours (Takamoto et al., 2005). On the other hand, 
time transfer precision of two-way satellite time and frequency transfer and GPS carrier phase 
experiments have reached the 10-10@1sec level (Ray and Senior, 2005 etc.). In order to compare 
such modern standards by these time transfer techniques, it is necessary to average over long 
periods. Since these techniques are not sufficient to compare next standards improvements of 
high precision time transfer techniques are strongly desired. 
 Very Long Baseline Interferometry (VLBI) is one of the space geodetic techniques measures 
the arrival time delays between multiple stations utilizing radio signals from distant celestial 
radio sources. In the usual geodetic VLBI analysis, clock offsets and their rates of change at 
each station are estimated with respect to a selected reference station. The averaged formal error 
(1 sigma) of the clock offsets is typically about 20 picoseconds when analyzing geodetic VLBI 
experiments which are regularly conducted by the International VLBI Service for Geodesy and 
Astrometry (IVS). This precision is nearly one order better than other techniques like GPS or 
two-way satellite time transfer. It is feasible to use geodetic VLBI for comparison of primary 
frequency standards when radio telescopes are deployed at time and frequency laboratories. For 
this purpose, we have started to develop a compact and transportable VLBI system (Ishii et al., 



2007). 
 To confirm the potential of the current VLBI time and frequency transfer aiming at the 
practical use in the future, we have compared the results of the VLBI and GPS carrier phase 
frequency transfer using Kashima-Koganei baseline (Takiguchi et al., 2007). That study showed 
that VLBI is more stable than GPS between 2000 seconds to 6000 seconds. In this study, we 
mainly compared VLBI and GPS carrier phase frequency transfer using data from the IVS and 
the International GNSS Service (IGS) by the same purpose.  
 
 
2. The comparison experiments between VLBI and GPS carrier phase 

 

 
Figure 1. Map of IVS and IGS stations in Europe. 

 
 We checked the ability of time transfer of VLBI and GPS carrier phase using IVS and IGS 
data. We selected two stations (Onsala, Wettzell) which belong to IVS and IGS network. These 
two stations have in common that at each site VLBI and GPS are sharing the hydrogen maser 
(Figure 1). Table 1 shows a list of the data used for this study. The IVS has 12 kinds of regular 
sessions, and IVS conducts about 180 sessions every year. We selected R1 session which is 
conducted at every Monday. This session is dedicated to provide weekly EOP results. Basically, 
R1 sessions are observed 24 hours, starting from UTC 17 o'clock. From the pool of available 
session, we analyzed those 23 sessions in which both Wettzell and Onsala stations had 
participated. As for GPS, we analyzed 2 day's data including the IVS session. We didn't use site 
"wtzr" after the receiver was changed in January, 2008, since it's stability was not good.  

The details of the analysis of VLBI and GPS are listed as follows: 
 

VLBI 
 Software : CALC/SOLVE 
 Strategy 

GPS 
 Software : GIPSY-OASIS II 
 Strategy : Precise Point Positioning (PPP)  



 multi baseline 
 S/X ionosphere-free linear 

combination 
 reference station: Wettzell 

 estimate 
 station coordinates 
 atmospheric delay / 1h 
 clock offset / 1h 
 

 clock offset + postfit residual / scan 

 

 estimate 
 station coordinates 
 atmospheric delay / 5min 
 clock offset / 5min 

 
 
 
 Time Difference 

 clock offset A – clock offset B 
 

Table 1. The lists of the data used for this study. 

 
 

   Figure 2 shows one of the VLBI results of clock offsets (R1274 session). The lower plot of 
Figure 2 shows the formal errors, which have been estimated using clock offsets every 1 hour. 
This figure shows you that the formal errors were almost 20ps or less. Table 2 shows averaged 
formal errors for each session. The averaged formal errors (1 sigma) of the estimated clock 
offsets at Onsala station referred to Wettzell station was 15ps. 



 
Figure 2. Time series of the clock offsets (upper) and the formal error (lower) at Onsala station referred 

to Wettzell station. 
 
Table 2. The lists of formal errors at each session. 

 

 
 Figure 3 shows that the time series of the clock difference between Onsala and Wettzell 
(session R1274) calculated from GPS and VLBI respectively (upper part: after subtracting an 
average, middle part: after removing a linear trend, lower part: the differences between GPS and 
VLBI). Due to the code noise, the clock offsets of the GPS solutions show discontinuities at the 
day boundaries. The averaged over all session’s day boundary discontinuity was 94ps. The 
lower part of Figure 3 is the difference between GPS and VLBI clock offsets showing a good 
agreement within ±200ps. 



 
Figure 3. Time series of the clock difference (upper part: after subtracting an average, middle part: after 

removing a linear trend, lower part: the differences between GPS and VLBI) calculated from GPS (blue) 
and VLBI (red) respectively.  

 

Figure 4 illustrates the frequency stability of clock difference as obtained from VLBI and GPS. 
The short terms stability of GPS carrier phase seems to be slightly better than those from VLBI 
for averaging periods up to 103s. However, VLBI is more stable at averaging periods longer 
than 103s in any sessions (Figure 5). Also, Figure 5 shows that the stability of VLBI is 
surpassing the stability of atomic fountain at 103s or more. In general, the VLBI frequency 
transfer stability follows a 1/tau law very close when averaging up to 104s. And that shows that 
the stability has reached about 2 x 10-11 (20ps) at 1 sec (Figure 5). 

 
Figure 4. Modified Allan deviation of VLBI and GPS carrier phase results from R1274 session. 



 
Figure 5. Modified Allan deviation of VLBI and GPS carrier phase results from all sessions. 
 
3. Conclusion 
 
 To compare the results of VLBI and GPS (carrier phase) frequency transfer, we have analyzed 
IVS and IGS data. The results of the VLBI frequency transfer show that the stability follows a 
1/tau law very closely (phase noise dominant). And that shows the stability has reached about 2 
x 10-11 (20ps) at 1 sec. In this study, the results show that VLBI frequency transfer is more 
stable than GPS on the same baseline and same period. These results show that geodetic VLBI 
technique has the potential for precise frequency transfer. 

Figure 6 shows the future image of the time transfer by the compact VLBI system and high 
speed networks. 

 
Figure 6. Future image of the time transfer by the compact VLBI system and high speed networks. 
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