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The IGS/BIPM Pilot Project to Study Accurate Time and Frequency

Comparisons using GPS Phase and Code Measurements is sponsored

jointly with the Bureau International des Poids et Mesures (BIPM).

The project has been underway since early 1998, with the main 

goal being to investigate and develop operational strategies to

exploit geodetic GPS methods for improved global availability of

accurate time and frequency comparisons.

The respective roles of the IGS and BIPM are complementary and

mutually beneficial.  The IGS brings a global GPS tracking network,

standards for continuously operating geodetic, dual-frequency

receivers, an efficient data delivery system, and state-of-the-art

data analysis groups, methods, and products.  The BIPM and the

timing laboratories contribute expertise in high-accuracy

metrological standards and measurements, timing calibration methods,

algorithms for maintaining stable time scales, and formation and

dissemination of UTC.

Recent activites generally fall into the following areas:

* Consultative Committee for Time and Frequency (CCTF) -- At its

15th meeting, held 20-21 June 2001 at the BIPM (Sèvres, France),

the CCTF adopted Recommendation 2 (2001) which supports the Pilot

Project and encourages full participation by the timing labs

contributing to UTC.

* Deployment of GPS receivers -- The IGS network currently consists

of about 300 permanent, continuously operating tracking stations

globally distributed.  Of these, external frequency standards are

used at ~40 with H-masers, ~25 with cesium clocks, and ~15 with

rubidium clocks; the remainder use internal crystal oscillators.

Table 1 lists the IGS stations currently located at timing labs.

Six are new: KGN0 (Koganei, Japan), MIZU (Mizusawa, Japan), OPMT

(Paris, France), PTBB (Braunschweig, Germany), TWTF (Taoyuan,

Taiwan), and WTZA (Wettzell, Germany).

* Common-view files from RINEX data -- Pascale Defraigne (ORB) has

developed a procedure to use RINEX data from geodetic GPS receivers

to form CGGTTS-format common-view observation files, the current

standard for international time comparisons.  This method aims to

permit common-view time links using calibrated geodetic receivers

to be introduced into BIPM's UTC computation.

* GPS data analysis -- The IGS implemented a new method developed

by Jan Kouba (NRCanada) and Tim Springer (AIUB) to combine satellite

and receiver clock estimates from the Analysis Centers (up to six).

The clock values are sampled at 5-minute intervals and exchanged

using the clock RINEX format, starting with GPS week 1086 (29 October

2000).  Figure 1 shows the locations of the stations included in the

IGS clock products.

* New IGS time scale -- A new internally realized time scale was

developed by Ken Senior (USNO) to improve the stability of the IGS

clock products, which are otherwise limited at about 1 day and

longer by the large instablity of GPS time.  The consistency of the

original IGS clock and orbit products is fully preserved in the new

re-referenced clocks, which were released on 15 August 2001.

Official adoption of the new time scale by the IGS is expected in

the near future.

* Clock "densification" -- It was agreed that Analysis Centers may

augment their IGS submissions by using the precise point positioning

method to determine clocks for receivers not used in their orbit

solutions.  In this way it is expected that all stations equipped

with external frequency standards, especially all timing labs, can

be included in the IGS clock products.

* Assessment of accuracy & precision -- Jim Ray and Ken Senior have

studied the realigned IGS clock products for 30 receivers and found

that the time transfer performances vary greatly, depending on a

variety of local station factors.  In the best cases, the timing

transfer accuracy is consistent with the formal errors, but the

quality can sometimes be an order of magnitude worse.

* GPS clock predictions -- Three Analysis Centers (USNO, GFZ, and ESA)

provide predictions of the GPS satellite clocks.  These were combined

and added to the IGS Ultra-rapid products, together with the orbit

predictions, starting in 2000.  The twice-daily clock predictions are

only about 25% better than the broadcast clocks due to the stochastic

nature of the satellite clock variations.  However, more frequent

Ultra-rapid updates can significantly improve the clock prediction

performance for real-time users.

* Instrumental delays -- Gérard Petit (BIPM) and others have developed

and demonstrated techniques to calibrate the instrumental biases of

the Ashtech Z-XII3T receiver, in both absolute and relative modes.

In 2001 the BIPM began a campaign to circulate an absolutely calibrated

Ashtech receiver to differentially measure the biases of similar

receivers deployed at timing labs.

* Comparison studies -- Efforts continue to compare geodetic timing

results with simultaneous, independent measurements using the

common-view and two-way satellite techniques.

* Future -- It is expected that the Pilot Project will transition to

permanent operational status within the IGS by the end of 2002.  A

longer period will be required to evaluate the usefulness of the IGS

clock products in the work of the BIPM.

Table 1.  IGS Stations Located at BIPM Timing Laboratories (March 2002)

-------------------------------------------------------------------

IGS   Time   GPS               Frequency

Site  Lab    Receiver          Standard   City

----  -----  ----------------  ---------  -------------------------

AMC2  AMC *  AOA SNR-12 ACT    H-maser    Colorado Springs, CO, USA 

BOR1  AOS    AOA TurboRogue    cesium     Borowiec, Poland 

BRUS  ORB    Ashtech Z-XII3T   H-maser    Brussels, Belgium 

KGN0  CRL *  Ashtech Z-XII3    cesium     Koganei, Japan 

MDVO  IMVP   Trimble 4000SSE   H-maser    Mendeleevo, Russia 

MIZU  NAO    AOA Benchmark     cesium     Mizusawa, Japan 

NPLD  NPL *  Ashtech Z-XII3T   H-maser    Teddington, UK 

NRC1  NRC *  AOA SNR-12 ACT    H-maser    Ottawa, Canada 

NRC2  NRC *  AOA SNR-8100 ACT  H-maser    Ottawa, Canada 

OBE2  DLR    AOA SNR-8000 ACT  rubidium   Oberpfaffenhofen, Germany 

OPMT  OP     Ashtech Z-XII3T   H-maser    Paris, France 

PENC  SGO    Trimble 4000SSE   rubidium   Penc, Hungary 

PTBB  PTB *  AOA TurboRogue    H-maser    Braunschweig, Germany 

SFER  ROA *  Trimble 4000SSI   cesium     San Fernando, Spain 

SPT0  SP     JPS Legacy        cesium     Boras, Sweden 

TLSE  CNES   AOA TurboRogue    cesium     Toulouse, France 

TWTF  TL *   Ashtech Z-XII3T   cesium     Taoyuan, Taiwan 

USNO  USNO*  AOA SNR-12 ACT    H-maser    Washington, DC, USA 

WTZA  IFAG   Ashtech Z-XII3T   H-maser    Wettzell, Germany 

WTZR  IFAG   AOA SNR-8000 ACT  H-maser    Wettzell, Germany

------------------------------------------------------------------- 

* participates in two-way satellite time transfer operations 

Figure 1.  Geographical distribution of IGS stations included in the

IGS combined clock products (March 2002).  The larger, colored symbols

denote stations equipped with external frequency standards: H-masers

(red), cesiums (yellow), rubidiums (blue).  The smaller black dots

indicate stations using internal crystals.  IGS stations colocated at

timing labs are shown as stars.

