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Abstract 

An overview is given of precise frequency and time transfer methods available to UK users. 
The use of the GPS common-view method to provide time and frequency links, traceable to 
national standards, is examined. The development of a new GPS common-view receiver is 
described along with NPL's new GPS common-view service. Methods used to characterize and 
validate these GPS common-view links are discussed. 

INTRODUCTION 
The common view of GPS satellites [l] has for many years been used by primary timing laboratories as a 
high accuracy method of both frequency and time transfer. The method is particularly suitable for 
comparing the atomic clocks that contribute to International Atomic Time (TAI). The cost of the GPS 
hardware is, however, relatively high, which has restricted its uptake by other users within the UK. 
Inexpensive GPS receiver engines, suitable for high accuracy time and frequency applications, appeared in 
the market.in the mid-1990s and have now been used to produce less expensive GPS common-view 
receivers [2]. NPL has contributed both to the development of less expensive receivers, and in parallel has 
developed a UK-based GPS common-view frequency and time transfer service. The new service will 
enable UK users to obtain time and frequency transfers traceable to national standards, at an uncertainty 
previously only available to primary timing laboratories. 

FREQUENCY AND TIME TRANSFER METHODS AVAILABLE TO 
HIGH-ACCURACY UK USERS 

The frequency and time transfer options available to UK users requiring the lowest uncertainties has been 
somewhat limited. Portable atomic clocks used as transfer standards will provide a high accuracy 
calibration with uncertainties better than 20 ns. Unfortunately, this form of calibration provides only a 
"spot" measurement, and regular expensive recalibrations are required. UK terrestrial standard frequency 
and time signals, for example MSF 60kHz and Droitwich 198kHz, are often used as sources of precise 
frequency and time. These standard frequency and time transmissions offer continuous frequency signals 
traceable to UTC (NPL). Normalized frequency uncertainties of lxlO-'* and lxlO-" for an averaging time 
(7) of 1 day are obtainable with the MSF and Droitwich transmissions respectively. 

The Global Positioning System (GPS) signals may be used directly as a standard frequency and time 
reference. GPS-Disciplined Oscillators provide convenient high-accuracy real-time laboratory reference 
standards [2] with a potential frequency uncertainty of a few parts in l O I 3  over an averaging time (7) of 1 
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processed on a weekly basis. NPL will provide data, plots, statistics, and detailed reports. Although the 
service is primarily designed with the TFS/NPL common-view receiver, NPL will process data from any 
receiver output in the CGGTTS format [3]. 

The setting up and operation of a GPS common-view installation may be considered in four parts: 

a) Initial characterization and calibration of the GPS common-view receiver 

This is usually performed at NPL. A differential receiver delay calibration is performed against NPL’s 
reference GPS common-view receiver. In addition, extensive measurements are made of the receiver’s 
performance characteristics. These characteristics are then used as a “benchmark” against which to 
compare the receiver’s performance when operating at a user’s laboratory. Examples of the initial 
characterization of a TFS receiver are shown in Figures 1 and 2. 

b) Installation and validation of the new GPS common-view link 

The installation of a GPS common-view receiver is relatively straightforward and may easily be undertaken 
by the user. A key principle is to validate as much as possible of the new GPS common-view link using 
regularly obtained GPS common-view data rather than measurements made specifically for validation 
purposes. The initial characterization measurements are repeated at the user’s laboratory, from which the 
performance of the receiver in its new operating environment may be evaluated. 

c) Routine operation and performance validation of the GPS common-view link 

GPS common-view data are forwarded to NPL on a daily basis. NPL applies a series of validation tests in 
its data processing that will confirm the integrity of the GPS common-view measurements during routine 
operation. 

d) Regular re-calibration of the GPS receiver’s time offset 

Frequency transfer measurements do not require the calibration of the user’s GPS receiver. Regular 
recalibrations of the receiver are, however, required for time measurement. The duration between re- 
calibrations will depend on the measurement uncertainty required. There are two recalibration methods. 
The user’s com&on-view receiver may be sent to NPL. Alternatively, NPL may send a second common- 
view GPS receiver to the user’s laboratory as a transfer standard. The latter method has the advantage that 
the user’s receiver remains operational during the recalibration process. 

The use of WL‘s GPS common-view service to perform frequency transfers between a passive hydrogen 
maser at Quartzlock, Totnes, Devon, and UTC (NPL), a baseline of approximately 300 km, is shown in 
Figure 3. The underlying rate of the Quartzlock maser may clearly be observed from the plots. The short- 
term scatter on Figure 3 is due to noise on the GPS common-view link and is similar to the scatter obtained 
on the benchmark common-clock common-view measurements shown in Figure 1. Plots of LoglO(o,) 
against Loglo(z) determined from the mean of each epoch’s individual satellite time-transfer measurements 
are shown in Figure 4. These results are very encouraging for, at averaging times greater than 1000 s, 
frequency transfer measurements are being made with a precision better than 1 nanosecond. This 
illustrates the potential of NPL’s GPS common-view service for making sub-nanosecond precision 
frequency and time transfers to customers within the UK. The values of ox were, however, noticeably 
higher than those obtained from the common-clock measurements shown in Figure 2, showing that some 
additional noise has been added through the use of an extended baseline. Plots of Loglo(Mod oy) against 
Loglo(z) show that frequency transfers with a stability better than lx10-14 for an averaging time (z) of 1 day 
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relatively small. In contrast, there is a far greater scatter in the DFM values obtained on successive epochs 
of the same day. This repeating daily pattern is a clear indicator of code multipath. 

CONCLUSIONS 

NPL and Time and Frequency Solutions have jointly developed a new GPS common-view receiver. NPL 
has launched a new GPS common-view frequency and time transfer service that will provide both lower 
uncertainties and higher integrity than is possible from time and frequency transfer methods previously 
available within the UK. NPL has developed techniques for optimizing validating the performance of the 
GPS common-view links using only the regularly recorded GPS common-view measurements. 

ACKNOWLEDGMENTS 

The authors thank Nigel Helsby and Simon Eavery at Time and Frequency Solutions, Clive Green and 
Lucy Martin at Quartzlock, and John Murray at the National Metrology Laboratory, Dublin, for their 
contributions to the work. This work has been funded by the National Measurement System Directorate of 
the Department of Trade and Industry under contract GBBIUC/017/000. 

REFERENCES 

[l] W. Lewandowski and C. Thomas, 1991, “GPS Time transfer, ” Proceedings of the IEEE, 79,991- 
1000. 

[2] J. A. Davis and J. M. Furlong, 1997, “Report on the study to determine the suitability of GPS 
Disciplined Oscillators as time and frequency standards traceable to the UK national time scale, 
UTC (NPL), ” NPL Report no. CTM1, October 1997. 

[3] D. W. Allan and C. Thomas, 1994, “Technical directive for the standardization of GPS time receiver 
sojhure, ” Metrologia 31,67-79. 

110 




