Summary of Timing Subcommittee Meeting of 35th CGSIC

Dr. Lewandowski, from the BIPM and timing subcommittee co-chair, opened with an introduction to the committee and the timing community needs for GPS.  He detailed the needs for comparisons of primary frequency standards that maintain parts in 10-15 stability at one day.  This need being solved with the possible use of GPS carrier-phase, Glonass P-code, Glonass and GPS C/A-code, and Two-Way Satellite Time Transfer methods.  He discussed the CCTF working group on TWSTFT and the IGS/BIPM Pilot Project for GPS Phase and Code measurements.  He also stressed the importance of having more than only one method (GPS common-view) for time and frequency comparisons, one important alternative being TWSTFT.

Lisa Nelson, from NIST and timing subcommittee co-chair, gave the Report from NIST.  She discussed some of the current work with Glonass and GPS Carrier-phase time transfer results.  There were problems with the Glonass receivers at the Y2k Rollover; however, they were resolved.  She also referenced results of a PTTI paper entitled “Comparison of Atomic Frequency Standards at NIST and PTB using GPS Carrier-phase” by L. Nelson, et. al., showing the results of using carrier-phase for frequency transfer at a transatlantic baseline.

Ron Beard from the Naval Research Laboratories spoke about new clocks for the GPS satellites.  They have self-diagnostic capabilities and improved short and long-term stability at one day.  Reproducibility and accuracy are key features on these new generations of clocks.  They are also working on digital cesium clocks.  NRL has a flight demonstration model that has 0.5 m clock error contribution, hoping for 10-20 cm with new clocks and an update interval of 3 hours.  He also spoke of some of the common clock architecture developments.  They are also working on linear trapped ion clocks and small hydrogen masers.  He also talked about the GPS Frequency Standards Working Group and their current technology program to produce flight demonstration models and testing without interrupting GPS.  

Question 1: Dr. Lewandowski asked about what Dr. Beard forecasted for 2010 with new satellites and clocks and what the GPS performance would be?

Answer 1: Dr. Beard responded that the contribution of new clocks to the uncertainty budget of navigation solution will be < 0.5 m.

Question 2:  Dr. Lewandowski asked if they plan to have cesium fountains in satellites in constellation?

Answer 2:  Dr. Beard replied that there are a number of people looking at it and might do a technology experiment looking at developing a demonstration model. They are currently talking with NIST about this.

Mihran Miranian then spoke about USNO GPS activities.  He introduced the current operations at USNO and also talked about their new TTR-12 12-channel all-in-view receivers that are based on the Turborogue 12-channel monitor receivers, which are modified for time transfer.  They have an improved external timing circuit and track non-standard code.  They also collect code and carrier-phase data and correct for SA and A-S.  They run them in keyed-mode and use them to monitor GPS time and the UTC correction.  They have observed improved measurement precision with SA on at 0.22 ns at one sigma and plus or minus 400 ps with simulated data.  The hope to make the receiver operational by late summer and have contracted for 4 more by December this year.  Their next generation will be SAASM compliant, hopefully by mid-2001.

Ed Powers gave a brief report of WAAS as a time transfer system.  They are currently performing an experiment with NRC in Ottawa, Canada.  He presented results from an ION paper from the January meeting this year.

Mihran Miranian then spoke about GPS NTP servers.  In 1995 they started transmitting time using NTP and one server in Washington, D.C.  They currently have 17 servers at universities and other laboratories.  The time in the servers is good to 1 microsecond and is at about 100 milliseconds once it gets to the user.  They get about 800 million hits per month and it is growing about 10% each month.  They have 3 VME input time sources: one GPS receiver and 2 masers.

Ken Senior gave a presentation on GPS carrier-phase.  He went through a brief introduction to TWSTFT, Common-view GPS and Carrier-phase GPS.  He talked about the GPS observables: pseudorange and carrier phase.  Carrier phase is 2 orders of magnitude quieter than the code data.  They filter and then solve for the clock estimates and process this in daily batches.  They have also been working on a distributed master clock, which is a subset of the IGS network.  It is an IGS distributed frequency scale.

Dr. Lewandowski talked about TWSTFT at BIPM.  They have moved from an ionosphere measuring system to the IGS map/model of the ionosphere.  He showed the UTC(PTB) and UTC(NIST) link that has an rms of 2 ns of the TWSTFT to Common-View GPS.  He stated that the TWSTFT data is better than the Common-view data because it is not limited by the time-transfer method for the averaging times of 5 days and longer.  He also discussed some of the new TWSTFT links being added in Europe and Asia.

Dr. Lewandowski continued with a presentation on Galileo and Glonass.  He stated that Glonass P-code can provide time transfer better than 1 ns with the hardware frequency biases removed for each Glonass frequency.  He showed the frequency stability, mod sigma y to be at 2 to 3 parts in 10-15 for averaging times of one day for one site Glonass P-code comparisons. He showed also time transfer between BIPM and UTC(USNO) using Glonass P-code, IGEX Glonass precise ephemerides and IGS ionospheric maps. Glonass P-code performance for this transatlantic link is slightly better than that of GPS C/A-code.  Further improvement of Glonass-P-code time transfer is possible by the use of Glonass P-code ionospheric measurements and better IGEX precise ephemerides. He then continued with a discussion of Galileo.  He said there would be a final decision on Galileo on December 15, 2000.  He recently attended the Geminus (Galileo European Multimodal Integrated Navigation User Service) Science and Timing Meeting in Brussels on January 27, 2000.  He presented some information discussed there about the reference frames and timing references that are currently in the discussion process.  He stated that the European time metrology community expects that Galileo will provide:  

· Initial traceability to TAI and UTC in real time, with at least 10 ns, improving to 3 ns within 10 years

· Legal time stamps

· Synchronization capability below 1 ns using dedicated communication channel for TWSTFT

· High chip rate

· Retroreflector for precise ranging of the satellites for high accuracy time and frequency transfer

