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Summary:

USNO contributed rapid, predicted, ultra-rapid and tropospheric products 

to the IGS during 2000 and 2001.  The classical predicted GPS orbit products 

were supplanted in 2000 by the development of newer ultra-rapid products,

which have much lower latency and therefore better accuracy for real-time

uses.  The development of clock products for the ground tracking receivers

(in addition to the previous satellite clocks) and of the ultra-rapid 

products were major activities during this period.  The use of JPL's

GIPSY/OASIS 2.5 was continued for all products and our HP Unix workstations 

were upgraded from the model J5000 to J5600.

Changes to Routine Analysis:

Table 1 shows the changes to USNO's routine analysis in 2000 - 2001.  The basic 

strategy remained unchanged.  The most important of the changes were the  

introduction of the ultra-rapid products, the termination of the predicted 

orbits, the addition of estimates for the tracking receiver clocks (as well as 

satellite clocks) in RINEX format, the introduction of the tropospheric product

which is submitted every three hours, and the introduction of ambiguity

resolution to the rapid solutions.  

The ultra-rapid orbit consists of estimated and predicted parts.  Theoretically

each part spans 24 hours.  The strategy used for the estimated part is merely 

a scaled-down version of the strategy used for the rapid solutions.  The number

of sites used was reduced from 34 to 27 to fit within the shorter latency.

In addition, the time constraint did not allow USNO to wait for the last hour

of data to arrive before starting a solution.  The estimated part of USNO's

ultra-rapid product therefore spans at most 23 hours.  By the end of 2001 the

predicted part was based on a trajectory fit to a 3-day span of orbit position

data.  IGS rapid and ultra-rapid combination results are used as the input

data to the trajectory fit.  A Springer-type fit is used which solves for 

six orbital elements plus two corrections to the CODE 1998 solar radiation

force model (SRF).  A cubic function of time is added to the predictions in a

2-hour smoothing interval following the end of the estimated orbit to remove 

any discontinuity in position and slope between the estimated and predicted 

parts.

Table 2 lists the products that are currently submitted to the IGS.  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. 

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

| 2000-01-21 | Changed data decimation from 7.5 minutes to 5 minutes.        |

|            | Began submitting clock solutions in RINEX format (for         |

|            | tracking receivers as well as GPS satellites).                |

|            |                                                               |

| 2000-03-18 | Upgraded HP workstation (TOS) from J5000 to J5600.            |

|            |                                                               |

| 2000-03-19 | Upgraded HP workstation (EOS) from J5000 to J5600.            |

|            |                                                               |

| 2000-03-30 | The first day USNO was included in the IGS ultra-rapid        |

|            | combination.                                                  |

|            |                                                               |

| 2000-04-10 | Began phase ambiguity resolution in rapid solutions.          |

|            |                                                               |

| 2000-04-14 | Started using JGM3.12X12 Earth gravity field for predicted    |

|            | part of the ultra-rapid solutions.                            |

|            |                                                               |

| 2000-05-02 | Selective availability of GPS satellite signal ended.         |

|            |                                                               |

| 2000-05-12 | Began including estimated satellite clock biases in the       |

|            | ultra-rapid orbit files submitted to the IGS.                 |

|            |                                                               |

| 2000-05-23 | Increased number sites used in rapid solutions from 33 to 34. |

|            |                                                               |

| 2000-06-04 | Switched from ITRF97 to IGS realization of ITRF97 (IGS97)     |

| 
     | using a subset of the 51 fiducial sites.                      |

|            |                                                               |

| 2000-06-18 | Implemented new <P1-C1> pseudorange bias values.              |

|            |                                                               |

| 2000-06-23 | The algorithm used to detect satellite thruster firings and   |

|            | eliminate data prior to the firing was modified.  The         |

|            | algorithm was still prone to false detections.                |

|            |                                                               |

| 2000-06-27 | The accuracy codes of ultra-rapid orbits were set as follows: |

|            | eclipsing satellites = 5, "problem" satellites = 5,           |

|            | satellites with post-thruster-firing data spans < 1.5 days    | 

|            | = 4, all other satellites = 2.                                | 

|            |                                                               |

| 2000-07-19 | Modified ultra-rapid prediction software so that along-track  |

|            | accelerations can be determined for satellites with data      |

|            | spans less than 4 days in cases where a large correction is   |

|            | required.                                                     |

|            |                                                               |

| 2000-07-26 | Began including satellite clock predictions in ultra-rapid    |

|            | solutions.                                                    |

|            |                                                               |

| 2000-12-10 | Terminated rapid predicted orbit submissions.                 |

|            |                                                               |

| 2001-02-15 | Ultra-rapid prediction analysis for the SRF started           |

|            | accounting for penumbral darkening.                           |

|            |                                                               |

| 2001-03-07 | An error was fixed that prevented an empirical constant       |

|            | along-track correction to the CODE 1998 SRF model from being  |

|            | applied during Earth eclipse.                                 |

|            |                                                               |

| 2001-05-16 | Began the automated use of teqc to make preprocessing checks  |

| 
     | of data quality.                                              |

|            |                                                               |

| 2001-06-17 | Changed the method of handling the EOP sub-daily terms.       |

|            |                                                               |

| 2001-08-08 | Began augmenting rapid solution clock files using precise-    |

|            | point positioning.                                            |

|            |                                                               |

| 2001-09-16 | The ultra-rapid prediction strategy was changed to use an     |

|            | extrapolation of a Springer-type trajectory fit to only a     |

|            | 3-day orbit data span (instead of a 6-day span).  The fit     |

|            | orbit solved for six orbital elements plus two corrections to |

|            | the CODE 1998 SRF model.  The use of the USNO ultra-rapid     |

|            | estimated orbits in the fit was discontinued.                 |

|            |                                                               |

| 2001-09-24 | Began submitting tropospheric delays to GeoForschungsZentrum  |

| 
     | (GFZ) in support of the Troposphere Working Group.            |

|            |                                                               |

| 2001-09-28 | In the CODE 1998 SRF model, the ultra-rapid orbit predictions |

|            | started using an improved expression for the Z axis term      |

|            | amplitude for Block IIR satellites.                           |

|            |                                                               |

| 2001-11-03 | Began assigning a lower weight (accuracy code = 6) to         |

|            | satellites whose predictions showed large differences when    |

|            | when compared to the USNO ultra-rapid estimated orbits.       |

|            |                                                               |

| 2001-11-14 | The accuracy codes of some problem satellites were increased  |

|            | from 5 to 6.                                                  |

|            |                                                               |

| 2001-11-20 | In the CODE 1998 SRF model, the ultra-rapid orbit predictions |

|            | started using an improved expression for the Z axis term      |

|            | amplitude during eclipse season for Block IIA satellites.     |

|            |                                                               |

| 2001-12-02 | Adopted IGS00 realization of ITRF2000 using a subset of the   |

|            | 54 fiducial sites.                                            |

|            |                                                               |

| 2001-12-22 | The smoothing span used to remove discontinuities in position |

|            | and slope from the estimated and predicted portions of the    |

|            | ultra-rapid orbit solutions was decreased from 3 to 2 hours.  |

|            |                                                               |

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

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





  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 number of days that submissions

were successfully made are listed.  Since the introduction of precise-point 

positioning to augment the number of receiver clocks in the rapid solutions,

the average number of receiver clocks is 69.4 with a median of 75. The WRMS

did not show much change from 2000 to 2001.  The MEDI and CLK RMS did improve

some.  Hardware problems at USNO (power outages, network problems and a disk 

failure) were the primary cause for the decrease in the number of successful

submissions in 2001.

Table 3:  Rapid solution statistics. 

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

|      |           GPS Orbits   Satellite | Number of |

|      |          WRMS    MEDI   CLK RMS  |   Days    |

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

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

| 2000 |  mean     7.0     5.7    0.163   |    360    |

|      |  median   6       6      0.20    |           |

|      |                                  |           |

| 2001 |  mean     6.9     4.8    0.100   |    347    |

|      |  median   6       5      0.10    |           |

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

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.  The values for the year 2000

begin on 5 November when the IGS comparisons first became available.  Note 

that the satellite clock statistics refer to the prediction performance, not

observations of the clocks.  The values in Table 4 show no significant changes

from 2000 to 2001.

Table 4:  Ultra-rapid solution statistics. 

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

|      |            GPS Orbits   Satellite |  Number of  |

|      |           WRMS    MEDI   CLK RMS  | twice-daily |

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

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

| 2000 |  mean     48.5    19.8    6.726   |     102     |

|      |  median   33      19      5.79    |             |

|      |                                   |             |

| 2001 |  mean     45.1    18.9    5.356   |     641     |

|      |  median   31      17      4.88    |             |

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

