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Summary

USNO contributed rapid, ultra-rapid and tropospheric products to the IGS  during 2002.  The development of a new way to assign weights to satellite orbits, combining the orbits produced from different approaches, and the introduction of multiple data arc processing to the estimated part of the ultra-rapid solutions were major activities during 2002. The acquisition of a new HP Unix workstation allowed USNO to upgrade to GIPSY/OASIS 2.6, and  increase the number of sites processed in both the rapid and ultra-rapid  solutions.

Changes to Routine Analysis

Table 1 shows the changes to USNO's routine analysis in 2002.  The basic  strategy remained unchanged for the rapid solutions.  The most important  changes to the rapid solution strategy were made to the post-processing scripts.  Comparisons between the USNO rapid solutions and the preceeding IGS ultra-rapid combinations provide the accuracy codes for the sp3 orbit files.  In addition, the orbit files from two computers which use slightly different approaches, and different versions of GIPSY/OASIS, were merged using the accuracy codes to indicate appropriate weights.  Our use of GIPSY/OASIS 2.5 has a tendency to produce poor orbits for one or two satellites per solution with no indication of a problem in the formal errors.  The satellites with poor orbits were not necessarily the same on the two computers.  Therefore, merging orbits using appropriate weights could, and did, mitigate this problem.  GIPSY/OASIS 2.6  is a much improved product and produces far fewer poor orbits.

The initial strategy used for the estimated part of the ultra-rapid solutions was merely a scaled-down version of the strategy used for the rapid solutions.  In 2002, one computer was switched to multiple data arc processing.  This approach  achieves greater speed by processing data in three-hour arcs, thus permitting USNO to increase the number of sites used from 27 to 34.  The strategy used on the new HP Unix was to process a single solution with more sites rather than two sequential solutions with fewer sites.

Slabinski's modification of the CODE radiation force model continues to be used for the predicted part of the ultra-rapid orbits.  A satellite's parameter values which are used in the model are adjusted, as required, so that the model predictions match the observed secular perturbations to the GPS orbit.  Orbit prediction is difficult for certain older "problem" satellites because of an attitude control thruster firing every ~2 days which causes large deviations in the satellite position from the predicted  values.  These "problem" satellites have been given very low weight so that the typical 30 m RMS prediction error following a thruster firing makes a negligible contribution to the weighted RMS ultra-rapid prediction error.  Efforts to move the Ultra-rapid prediction software to the new workstation were frustrated by a FORTRAN compiler error that was not uncovered until year's end.

Table 2 lists the products that were submitted to the IGS in 2002.  For more  details regarding the computational strategy see the USNO Analysis Strategy  Summary at ftp://igscb.jpl.nasa.gov/igscb/center/analysis/usno.acn.  

Table 1:  Changes to rapid and ultra-rapid solutions. 

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

| 2002-01-03 | Implemented the use of comparisons of USNO orbits with IGS    |

|            | ultra-rapid combined orbits to set accuracy codes for rapid   |

|            | solutions.  Implemented the mergers of sp3 rapid orbit and    |

|            | Earth orientation parameter files from two different          |

|            | computers.                                                    |

|            |                                                               |

| 2002-01-16 | "Problem" satellites PRN 15, 17, 21, 23, and 29 were          |

|            | automatically assigned very low weight in ultra-rapid orbit   |

|            | files.                                                        |

|            |                                                               |

| 2002-01-20 | Implemented new <P1-C1> pseudorange bias values.              |

|            |                                                               |

| 2002-02-08 | The GIPSY program spx2eci was modified to include sub-daily   |

|            | terms in the Earth orientation parameters when transforming   |

|            | IGS determined Earth-fixed positions to inertial space for    |

|            | use in a trajectory fit for ultra-rapid predictions.          |

|            |                                                               |

| 2002-02-13 | Updated cc2noncc routine.                                     |

|            |                                                               |

| 2002-03-28 | Added 15 more sites for clock solutions using precise-point   |

|            | positioning.                                                  |

|            |                                                               

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

Table 1:  Changes to rapid and ultra-rapid solutions (Cont’d)

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

| 2002-03-14 | Implemented the use of comparisons of USNO orbits with IGS    |

|            | ultra-rapid combined orbits to set accuracy codes for ultra-  |

|            | rapid solutions.  Implemented the merging of sp3 ultra-rapid  |

|            | orbit and Earth orientation parameter files from two          |

|            | different computers.                                          |

|            |                                                               |

| 2002-06-26 | First submission of multiple data arc processing results in   |

|            | the estimated part of the ultra-rapid solutions.              |

|            |                                                               |

| 2002-06-18 | Full implentation of the use of secure shell for the          |

|            | transmission of ultra-rapid solutions to the IGS.             |

|            |                                                               |

| 2002-09-07 | First submission of rapid solution which contained results    |

|            | from the new workstation utilizing GIPSY/OASIS 2.6 and 40     |

|            | sites per solution.                                           |

|            |                                                               |

| 2002-10-02 | First submission of an ultra-rapid solution whose estimated   |

|            | part contained results from the new workstation utilizing     |

|            | GIPSY/OASIS 2.6 and 40 sites per solution.                    |

|            |                                                               |

| 2002-12-01 | Began submission of version 'c' of sp3 orbit files to the     |

|            | IGS.                                                          |

|            |                                                               |

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

 

Table 2:  USNO products provided to the IGS for GPS week/day wwww/d. 

File Name         Frequency       Contents

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

usnwwwwd.sp3       daily          Estimated GPS satellite positions and

                                  clock corrections at 15 minute intervals

usnwwwwd.erp       daily          Estimated Earth orientation parameters

usnwwwwd.clk       daily          Estimated satellite and receiver clock 

                                  corrections at 5 minute intervals

usuwwwwd.sp3       twice daily    Estimated GPS satellite positions and clock

                                  corrections for 24 hours + predicted 

                                  satellite positions and clock corrections

                                  for 24 hours at 15 minute intervals

usuwwwwd.erp       twice daily    Estimated and predicted values of Earth 

                                  orientation parameters

usuwwwwd.zpd       every three    Estimated total zenith tropospheric delay

                   hours          at 30 minute intervals

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

Performance

Statistics for the USNO rapid orbit and clock solutions are shown in Table 3.   The mean and median for the daily values of the weighted root mean square  (WRMS), median (MEDI) and clock root mean square (CLK RMS) taken from the IGS Rapid Combinations are given.  In addition, the mean and median for the number of receiver clocks per solution, and the number of days that submissions were successfully made are listed.  The numbers of receiver clocks per solution  for 2001 are reckoned from the introduction of precise-point positioning to augment the number of receiver clocks per rapid solution.  The average number of receiver clocks is 69.4 with a median of 75. The values in Table 3 shown significant improvement in all statistics.

Table 3:  Rapid solution statistics. 

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

|      |           GPS Orbits   Satellite  Number of  | Number of |

|      |          WRMS    MEDI   CLK RMS   clocks per |   days    |

|      |          (cm)    (cm)    (ns)      solution  | submitted |

|------|----------------------------------------------------------|

| 2001 |  mean     6.9     4.8    0.100       69.4    |    347    |

|      |  median   6       5      0.10        75      |           |

|      |                                              |           |

| 2002 |  mean     3.7     3.6    0.075       91.2    |    358    |

|      |  median   4       4      0.07        98      |           |

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

Statistics for the USNO ultra-rapid orbit and clock solutions are shown in  Table 4.  The mean and median for the daily values of the weighted root mean square (WRMS), median (MEDI) and clock root mean square (CLK RMS) taken from  the IGS ultra-rapid orbit comparisons are given.  In addition, the numbers of  successful twice-daily submissions are listed.  Note that the satellite clock statistics refer to the prediction performance, not observations of the clocks.  The values in Table 4 show significant improvement from 2001 to 2002 in the  quality of the orbit solutions, particularly in the WRMS.

Table 4:  Ultra-rapid solution statistics. 

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

|      |            GPS Orbits   Satellite |  Number of  |

|      |           WRMS    MEDI   CLK RMS  | twice-daily |

|      |           (cm)    (cm)    (ns)    | submissions |

|------|-----------------------------------|-------------|

| 2001 |  mean     45.1    18.9    5.356   |     641     |

|      |  median   31      17      4.88    |             |

|      |                                   |             |

| 2002 |  mean     21.1    13.8    5.196   |     650     |

|      |  median   15      13      4.63    |             |

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

