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Overview

There has been a slow trend of increasing agreement between the aposterior navigation products (SP3
Ephemeris) produced by the Radio Frequency (RF) community and the Satellite Laser Ranging (SLR)
measurements. However, there still remain differences which can not be explained. This paper summarizes
the location of the tray of corner cube reflectors on the Global Positioning System (GPS) 35 and 36 satellites,
demonstrates the seasonally systematic residual differences in the line of sight measurements, shows the
utility of the nearly simultaneous SLR measurements, and summarizes the potential sources of the remaining
discrepancy. Until these are resolved, it is believed that the remaining structure is being needlessly absorbed
into the clock estimates and remains one of the largest terms in the user error budget [1, 2]. Recent
attempts to demonstrate the fidelity of the RF signal and earth dynamic models as shown in References
[3, 4, 5, 6, 7, 8, 9] demonstrate the impact of International Earth Rotation Service (IERS) conventions
adoption amongst the various RF production processes [10]. The systematic differences between adopted,
realized and recommended [11, 12] practices are making noticeable differences in the improvement of these
RF based products as measured by the sparse but accurate SLR measurements.

Introduction - Overall Statistics

Table 1 is a summary of the agreement between the RF Navigation products (IGS, JPL, CODE, NGS),
which are a representative subset of the International Global Navigation Satellite System (GNSS) Service
(IGS) contributions as computed from the available SLR measurements. All of these were obtained from
the Crustal Dynamics Data Information System (CDDIS) and span the Modified Julian Days (MJD) 53600
thru 54302, so as to reflect the most current and accurate products available. The data in the table were
constructed using batches of 50 days where the SP3 formatted trajectories have been converted to the Naval
Research Laboratory (NRL) internal format and moved to the UTC timescale. The SLR normal-points
(converted to Merit2 for convenience) are then used to generate the residuals and the assorted conditions
of the measurement using the LASEROMC software. The output is then screened at the 0.10 meter level
for the tabulation. Nominal Local-Vertical-Local-Horizontal (LVLH) attitude for the satellites is assumed
and new estimates of the optical reflection point were used. Details and remaining uncertainty for the SV
retroreflector locations are shown in the section T̈RAY LOCATION”. The majority of the SLR station
positions are from the ITRF2000 [13], while those not available were corrected using short arc fits to Laser
Geodynamics Satellite (LAGEOS) fits with core ITRF2000 located stations. Also, hybrid weights on the sites
were used with the process documented[14] for NRL’s SLR based reference catalog. No ocean or atmospheric
loading affects on site displacement were implemented in the residuals computed for this paper, however some
comments on this issue are included.
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source GPS35 mean GPS35 rms GPS35 GPS36 mean GPS36 rms GPS36
meters meters samples meters meters samples

IGS -0.0160 0.0244 8418 -0.0139 0.0266 7071
JPL -0.0159 0.0279 8377 -0.0166 0.0289 6960
CODE -0.0225 0.0236 8457 -0.0221 0.0268 7071
NGS -0.0129 0.0261 8339 -0.0056 0.0278 7009

Table 1: Summary of the one way range comparison between RF Navigation Products and the SLR Mea-
surements spanning MJD 53600 through 54302 (Aug 18 2005 - July 21 2007).

Both the Center for Orbit Determination in Europe (CODE) and the Jet Propulsion Laboratory (JPL)
routinely compare their RF based ephemeris with the SLR measurements [53, 52]. The JPL results are
graphical reported and are not directly numerically compareable. The CODE produces a daily report G̈NSS
Quick-Look Residual Analysis Report” measuring the agreement from their rapid navigation product and the
SLR measurements. The tabular pass averages from these reports were compared to the statistics shown in
Table 1. The differences found were related to the editing criteria (0.01 meters and 10 point normal-points)
and RF product computation latency (Rapid vs Final). A fair comparison using the first half of year 2006 [15]
to compare the CODE Final ephemeris with the SLR measurements resulted in a mean difference of 0.009
meters and 0.005 meters on GPS 35 and 36, with standard deviations differing by less than 0.0020 meters.
This comparison was made prior to the (August 2006) changes to the operational residual software at CODE
marking a very notable improvement in the routinely reported agreement of the SLR and GPS techniques.
Updates to these comparisons now that a longer timeseries has been sampled could be performed.

Shown in Figure 1 is the timeseries of the NRL generated residuals with a very clear and systematic
residual pattern. This is a unusually long and densely supported SLR tracking interval for a fourteen day
interval in early 2004. The conventional way to describe the location of the satellite in the orbit plane as a
function of solar season is a useful way to map these residuals to a correlation argument. The nomenclature
requires a reference angle (omega) such that orbit midnight is -90 degrees and noon is +90 degree with the
two other cardinal points being at equator crossings. Examination of the recent dataset shows this pattern
(see Figure 2 and 3) where the argument is the reference angle omega. An additional unrelated residual
pattern occurs during the midnight region during the eclipsing season when the attitude yaw turn occurs.

The correlation with solar season does vary with time, and can further be explained by breaking the
dataset into beta prime intervals. The estimation of function with the form Amplitude * sin (omega +
phase) + bias was performed over several intervals. This technique was first performed over January 2000
thru August 2004, where the coefficients were estimated. These are also included for comparison. These are
illustrated in Figure 4 and summarized for each producer and shown in Table 2 and 3 for the interval [53600
to 53945] and a longer series from the original estimation. The final ephemeris from the IGS, JPL, CODE
and US National Geodetic Survey (NGS) were included to show the variablity of the various production
organizations. These were chosen to make direct comparison to other analysis and to illustrate systematic
differences among the IGS. The overall mean is naturally zero for functions of this form, with remaining
RMS of 0.0156 and 0.0182 meters for GPS 35 and 36 when no eclipse season data are assessed.

The dataset which has been observed after the estimation interval has been used assess the stability of
these values. The residuals when this function is fitted to the IGS GPS35 data result in mean 0.0055 with
RMS 0.0237 meters and for the IGS GPS36 data result in mean 0.0099 with RMS 0.0207 meters suggesting
a non stationary process.

This functional form is hoped to be used by others to explain this systematic difference. Unlike trying to
use the sparse SLR measurements, this continuous form of the signal should be usable by the RF navigation
and clock community. Recent (Sept 2006) S̈LR mail #1493” [16] suggest that Chapter 7 of the ”IERS
Conventions on Displacement of reference points” has clarification of implementation ambiguity which may
be measurable by these techniques.
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Figure 1: SLR residuals for GPS 35 and 36 from two weeks in January 2004 as a function of seconds of day
for the IGS final and JPL final ephemeris
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Figure 2: SLR residuals as a function of orbit angle (degrees) with each series shifted by 0.10 meters for
clarity for GPS35 from (53600 .. 54302).
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Figure 3: SLR residuals as a function of orbit angle (degrees) with each series shifted by 0.10 meters for
clarity for GPS35 from (53600 .. 54302).
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source beta prime amplitude phase bias
igs.35 2000-2004 bin 60 to 80 0.0074 0.0 -0.0116
igs.35 2000-2004 bin 40 to 60 0.0124 0.0 -0.0105
igs.35 2000-2004 bin 20 to 40 0.0248 0.0 -0.0118
igs.35 2000-2004 bin 0 to 20 0.0254 0.0 -0.0144
igs.35 2000-2004 bin -20 to 0 0.0410 0.0 -0.0148
igs.35 2000-2004 bin -40 to -20 0.0289 0.0 -0.0159
igs.35 2000-2004 bin -60 to -40 0.0144 0.0 -0.0174
igs.35 2000-2004 bin -80 to -60 0.0032 0.0 -0.0186
igs.35 bin 40 to 75 0.0104 +7.0271 -0.0021
ngs.35 bin 40 to 75 0.0179 +15.4451 +0.0023
cod.35 bin 40 to 75 0.0098 +56.2677 -0.0133
jpl.35 bin 40 to 75 0.0130 -4.8904 -0.0031
igs.35 bin 18 to 40 0.0315 -38.4293 -0.0183
ngs.35 bin 18 to 40 -0.0286 +92.7933 -0.0261
cod.35 bin 18 to 40 0.0167 -29.2622 -0.0217
jpl.35 bin 18 to 40 -0.0400 -153.0384 -0.0110
igs.35 bin -18 to 18 0.0340 +2.7838 -0.0096
ngs.35 bin -18 to 18 0.0042 +49.0682 -0.0107
cod.35 bin -18 to 18 0.0269 +13.9674 -0.0148
jpl.35 bin -18 to 18 0.0422 -10.4575 -0.0087
igs.35 bin -40 to -18 0.0329 -7.4427 -0.0138
ngs.35 bin -40 to -18 0.0184 -6.2864 -0.0098
cod.35 bin -40 to -18 0.0282 -0.99086 -0.0233
jpl.35 bin -40 to -18 0.0281 -17.9124 -0.0127
igs.35 bin -75 to -40 0.0081 -54.5623 -0.0177
ngs.35 bin -75 to -40 0.0093 -48.3175 -0.0185
cod.35 bin -75 to -40 -0.0036 +58.6303 -0.0300
jpl.35 bin -75 to -40 -0.0071 +100.1055 -0.0107

Table 2: GPS 35 Coefficients of Trend Estimates (MJD spanning [53600..53945]).
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source beta prime amplitude phase bias
igs.36 2000-2204 bin 60 to 80 0.0072 0.0 -0.0001
igs.36 2000-2204 bin 40 to 60 0.0121 0.0 -0.0055
igs.36 2000-2204 bin 20 to 40 0.0571 0.0 +0.0069
igs.36 2000-2204 bin 0 to 20 0.0416 0.0 -0.0002
igs.36 2000-2204 bin -20 to 0 0.0521 0.0 -0.0095
igs.36 2000-2204 bin -40 to -20 0.0211 0.0 -0.0109
igs.36 2000-2204 bin -60 to -40 0.0186 0.0 -0.0076
igs.36 2000-2204 bin -80 to -60 0.0125 0.0 +0.0035
igs.36 bin 40 to 75 0.0177 +18.4231 +0.0039
ngs.36 bin 40 to 75 0.0225 +18.2467 +0.0119
cod.36 bin 40 to 75 0.0183 +38.0816 -0.0157
jpl.36 bin 40 to 75 0.0159 -11.0143 -0.0056
igs.36 bin 18 to 40 0.0413 +2.8798 -0.0090
ngs.36 bin 18 to 40 0.0098 +18.3495 -0.0064
cod.36 bin 18 to 40 0.0468 +14.8089 -0.0131
jpl.36 bin 18 to 40 0.0422 -9.0613 -0.0055
igs.36 bin -18 to 18 0.0474 +1.8604 -0.0066
ngs.36 bin -18 to 18 0.0101 +29.8247 -0.0025
cod.36 bin -18 to 18 0.0438 +4.1314 -0.0175
jpl.36 bin -18 to 18 0.0569 -4.8448 -0.0066
igs.36 bin -40 to -18 0.0331 -14.2031 -0.0129
ngs.36 bin -40 to -18 0.0104 -13.3274 -0.0029
cod.36 bin -40 to -18 -0.0142 +167.1574 -0.0188
jpl.36 bin -40 to -18 -0.0276 +149.6552 -0.0123
igs.36 bin -75 to -40 0.0185 -25.1984 -0.0040
ngs.36 bin -75 to -40 -0.0247 +144.2488 -0.0005
cod.36 bin -75 to -40 -0.0154 +151.4861 -0.0160
jpl.36 bin -75 to -40 -0.0150 +124.3346 -0.0058

Table 3: GPS36 Coefficients of Trend Estimates (MJD spanning [53600..53945]).
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Tray Location

The documentation supporting the tie between the optical reflection plane and the satellite center of mass
was revisited. The additional clarification of the flight stack of materials and the details from the Westpac
retroreflector holders permits the computation of optical reflection point with respect to several items’
center of mass. The mass properties documentation does have a detail item, which has been used by the
community [17] up until now. This has been in error due to the naming convention of the components.
The mass properties documents were examined with information shown [18, 19, 20] in the Figures 5 and 6.
There was an additional adapter plate installed as shown in Figures 5 and 6. The Z component locations
spanning the vicinity [1631..1701.04 millimeters ] are measured in the SV frame for a number of mechanical
components of interest and are shown in Figure 5. Current estimates of the center of mass of the the SV in
this frame are (0.0,0.0,1013.6) and (0.0,0.0,1011.3) for GPS 35 and 36 respectively, with an uncertainty of
3 mm for the Z component. These figures have measurements which have been augmented by the addition
detail of the corner cube holder shown in the Westpac documentation [21]. There are many measurements
which indicate that these are identical to those used as documented in [22], with the exception of the vertex
dimensional tolerance being symmetric on the GPS tray, and asymmetric on the Westpac corner cubes which
are bounded by a millimeter.

The computed distances from the Fixation Plane (mounting surface) and the vertex were computed in
[22] to be the 7.1 millimeters for normal and 5.8 for 13 degrees incidence (20 degrees SLR observing site
elevation). Another method of the computation is to start from the SV location of the MLI film. This
location, and the mechanical distances to the aperture of the corner cubes can be computed (-24.0 + 37.0
-1.5 - 18.93 * 1.4607 = -16.15). Thus the optical reflection plane is closer to the CM of the SV than the
CM of the tray and is 7.84 mm from the mounting surface. This is assuming that the CM of the tray is 24
millimeters from the mounting surface.

The new recommended values for the geometric center of the tray and the optical reflection plane (862.58,
-524.51, 669.5 mm) for GPS35 and (862.58, -524.51, 671.7 mm) for GPS36 at normal incidence. The difference
is the tabular center of mass locations in the respective body frame. Any systematic azimuth dependence
on the incident angle should average out in the normal point formation process.

This value should be adjusted for incidence angle and potentially signal strength and pulse width con-
siderations.
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Figure 7: Simultaneous SLR observations illustrate differing behavior in the IGS contributors for GPS 35.

Near Simultaneous Observations

The orbit errors of these satellites (which are slowly varying) can be assessed over intervals of a half hour
without loss in significance. Knowing that much of this error is at the one cycle per revolution [24] we
can observe 3 percent of the amplitude ( 10/360 * 12 hrs) in this interval. This is the same underlying
assumption behind the use of normal points by the SLR community instead of the raw full rate observations,
but extended in duration to strengthen the available dataset. The archives of data were assessed from
1993:309 thru 2007:213 for GPS35 and 1994:114 thru 2007:217 (year:day of year). Any measurement which
has been reported was included for a total of 43 sites and 48372 normal point observations for GPS35 and
42 sites and 40261 normal point observations for GPS36, spanning the 5018 and 4853 day interval. The
times when three or more sites reported normal points in the same 30 minute interval are shown in summary
form in Table 4. Details of these are shown in Appendix Table 6, 7, 8 and 9. These tables have ILRS pad
identifiers followed by the number of raw points included in the five minute normal points for the interval.
The 2006 study includes some of these nearly simultaneous observations where there are 0.1 meter biases
included in Figure 7 and 8 to illustrate that there is remaining structure among the individual navigation
solutions under assessment.

The very nature of a geometric solution would suggest that all the modeling would have the residuals
exceedingly tiny. However, in this is not the case. The data represents a set for directly scoring the
improvement in the RF models.
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Figure 8: Simultaneous SLR observations illustrate differing behavior in the IGS contributors for GPS 36.

Site 35 events 36 events
7210 13 7
7080 12 2
7110 10 10
7884 4 1
7109 1 0
7105 3 7
7918 0 9
7839 68 59
8834 48 25
7840 40 35
7810 39 42
7832 38 39
7845 26 20
1864 3 6
7941 8 8
1884 2 0
7835 2 3
7841 1 1
7811 2 0
1893 0 2
1873 0 1

Table 4: Occurrences by site for simultaneous ranging dataset.



Aug-2007

Aug-2007

13

Accuracy Budget

The overall potential for errors is shown in Table 5. Given the established one cycle per revolution difference
between the navigation products and the SLR measurements, it should not be a surprise that orbits which
fit the SLR measurements (typical precision is under 8 mm RMS over weeks) will not agree with the RF
solutions. A simple radial bias of 0.020 meters will map to orbit differences with magnitude 0.05 radial, 0.37
intrack, 0.42 crosstrack or 0.57 meters RMS [26]. Much of the contributions in Table 5 are specific to the
NRL Optical Test Facility, which is tied to GGAO [25] and the official WGS84 [26, 27] through the DoD
and IGS GPS receivers at the US Naval Observatory (USNO). However the errors could be generalized for
the ILRS SLR systems on the global scale with likely tighter tolerances. Most of the terms characterize
the Line of Sight (LOS) from the ground observatory and the satellite. Assessments of the Atmospheric
and Ocean Loading are rough estimates [28, 29]. The bulk of the SLR measurements have been made at
elevations greater than 45 degrees, and the improvements in the Pavlis et al [30] will be small, but the 12
degree statistic is shown to upperbound any summary.

Nonconservative Force modeling has received periodic investigation[31, 24, 41, 37, 32, 33, 15, 34, 38], and
steady improvement for the bulk of the operational life of this mission. The strength in the SLR measurement
and the ability to fit weeks [42, 43] or months [17] with reasonable agreement with independent data arcs
(fit vs predicts) suggest there remain improvment in the modeling with the RF observations. Longer arcs
or more dense datasets could confirm this, however the repeat overflight geometry and the tendency for
observations only high in elevation (a function of the current retro array small cross section) are leaving
untapped capability of the SLR network.

Future Work

While the mission to date dataset for GPS 35 and 36 is sparse compared with that of the RF receivers,
there is sufficient confidence in the results and direct evidence of overall quality of the RF solutions and the
evidence of systematic ephemeris and modeling errors. There is also tremendous value to the independent
orbit determination in having the overflight geometry fall between and not directly over the site (as is the
case for GPS36 where GGAO can see both the eastern and western over flights, when Maui tracked thru
the midnight turn, and when YARRAGADEE and MT. Stromlo can see both sides of the noon turn) when
there is a fixed repeat ground track.

Investigations into the multi discipline technique can be explored using the removal of the sinusoidal
residual pattern shown here during the orbit determination process over longer arcs when processing RF
only solutions. Additionally, the coordinated gathering on all the GNSS mission of nearly simultaneous
data will make the exploitation and analysis of future datasets more readily useful in bringing the RF and
Laser community measurements into agreement in hopes of better understanding the clocks and the Earth
dynamics.
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ERROR SOURCE CONTRIBUTIONS Component LOS Range Impact Note
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SLR GROUND STATION
SLR System Delay Uncertainty LOS 10 mm RMS detectable on

calibration targets
SLR Meteorological Data Uncertainty LOS 0.7 mm 0.1 mBar, 0.2 deg K,

10 percent at 20 deg
Telescope Location LOS max 6.0 mm site position
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WGS84/ITRF at USNO
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ENVIRONMENTAL
Troposphere Model Bias LOS < 2.3 mm at 1064 nm
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20 degrees elevation averaged by np process
Ionospheric Model LOS 0.0 mm zero at optical wavelengths
Geocenter Motion LOS 10 mm maximum site position

Table 5: Error sources for the navigation product accuracy assessment
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Appendix - Simultaneous Observations

Tables 6, 7, 8, 9 are those intervals of less than 30 minutes with geometric solutions. The number of fullrate
points in each normal point are included.
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MJD Site1 Site2 Site3 Site4
49332.4458 7080 29 7210 11 7105 6
49332.4561 7080 14 7210 6 7105 4
49332.4626 7080 34 7210 4 7110 160 7105 1
49332.4775 7080 4 7210 11 7110 209
49332.4881 7080 2 7210 11 7110 214
49987.5084 7080 10 7210 2 7110 23
50014.4875 7080 161 7109 1 7110 97
50386.3802 7080 4 7210 3 7884 297
50386.3897 7080 94 7210 10 7884 136
50398.4785 7210 1 7110 17 7884 53
50398.4802 7210 5 7110 1 7884 69
50426.3168 7080 118 7210 11 7110 7
50430.3517 7080 113 7210 19 7110 30
50430.3546 7080 1 7210 6 7110 3
50692.9775 7839 49 7840 45 1884 24
50692.9877 7839 84 7840 137 1884 33
50707.9475 7839 25 7840 22 8834 171
50707.9668 7839 17 7840 15 8834 350
51376.9752 7839 14 7840 55 7810 33
51384.9723 7839 5 8834 266 7810 13
51384.9809 7839 11 8834 223 7810 4
51388.9883 7839 56 8834 53 7811 8
51388.9953 7839 101 8834 11 7810 22
51389.9477 7839 75 8834 128 7810 26
51389.954 7839 119 8834 175 7810 7
51389.9645 7839 22 8834 94 7810 40
51438.8944 7840 23 1864 60 7845 626
51715.0279 7839 125 7840 50 7835 17
51715.0387 7839 8 7840 38 8834 20
51715.0505 7839 107 7840 36 8834 121
51717.0496 7839 10 8834 73 7810 15
51717.0608 7839 5 8834 122 7810 18
51766.8954 7839 73 7840 77 8834 99
51780.9471 7840 11 8834 83 1864 4
52105.9567 7840 9 7845 262 7835 260
52117.9265 7839 6 7840 8 7810 6
52117.9364 7839 20 7840 34 7810 3
52128.8728 7839 27 7810 54 7845 351
52135.8838 7839 149 7840 14 7810 55
52135.8936 7839 27 7810 69 7845 294
52455.9774 7839 27 7832 919 7845 152
52455.9834 7839 12 7832 32 7845 113
52487.912 7839 15 7840 17 7810 11
52548.7492 7839 7 1864 92 7832 224
52792.0532 8834 79 7832 392 7841 14
52813.9467 7840 31 7832 37 7845 1072
52813.9569 7840 78 7832 169 7845 839
52814.9216 7840 20 7810 40 7845 253
52820.9285 7839 32 7840 170 7845 216
52820.9681 7839 20 7840 6 7845 92
52826.9673 7840 35 7832 161 7845 263
52826.9731 7840 41 7832 10 7845 302
52827.9145 7840 45 7832 351 7845 158

Table 6: Nearly Simultaneous ranging for GPS 35 (part 1 of 2). Column entries are ILRS identifier and
number of raw points in the normalpoint
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MJD Site1 Site2 Site3 Site4
52827.9236 7840 39 7832 104 7845 20
52829.9148 7840 37 7810 24 7845 520
52829.9237 7840 31 7810 11 7845 11
52838.9468 7839 42 7810 4 7845 340
52845.9044 7839 32 8834 14 7832 352
52845.9112 7839 44 8834 41 7832 268
52854.8642 7839 35 7832 240 7845 269
52854.8735 7839 8 7832 275 7845 151
52855.8517 7839 27 7832 476 7845 127
52855.8626 7839 6 7832 657 7845 134
52870.7893 8834 109 7832 238 7845 398
52870.7993 8834 97 7832 630 7845 63
52877.78 7839 54 7832 400 7845 575
52877.7854 7839 6 7832 236 7845 349
53186.9285 7839 509 8834 75 7810 10 7941 478
53186.9451 7839 105 8834 6 7941 12
53204.862 7839 298 8834 80 7832 110 7941 893
53204.8652 8834 15 7832 139 7941 329
53539.9162 7839 835 7840 34 7832 37 7810 6
53539.9319 7839 120 7840 20 7832 13
53542.9465 7839 371 7832 10 7810 63
53625.6501 7839 426 7832 86 7810 25
53639.6456 7839 899 7832 554 7810 10
53846.9704 7840 17 8834 9 7810 3
53893.8935 7839 176 8834 77 7941 25
53893.8978 7839 307 7840 51 8834 317 7810 9
53897.8277 7839 1291 8834 30 7810 8
53897.9135 7839 1157 8834 19 7832 24
53898.9265 7839 234 7840 22 8834 19 7832 17
53983.6505 8834 143 7832 6 7810 46
54171.0927 8834 68 7832 154 7810 44
54171.0942 7840 63 7832 17 7810 12
54199.9983 7839 107 8834 132 7810 47
54202.0146 7839 110 8834 65 7810 7
54202.0308 7839 1168 8834 113 7810 15
54202.036 7839 2852 8834 21 7810 7
54207.0178 7839 1213 8834 30 7810 7
54207.0259 7839 457 8834 55 7810 18
54207.0406 7839 591 8834 26 7810 15
54207.9564 7839 596 7840 49 7941 25
54210.9371 7839 594 7840 86 7941 57
54210.946 7839 850 7810 38 7941 347
54211.0181 7839 814 8834 6 7832 21 7810 6
54212.9777 7839 1091 8834 98 7832 9
54212.9885 7839 801 7840 19 8834 6 7832 43
54217.9971 7839 374 8834 67 7832 6
54221.9883 7840 28 8834 104 7832 67
54222.9772 7839 342 7840 11 8834 180
54222.9871 7839 543 7840 9 8834 41
54239.9353 7839 153 7840 12 8834 52
54240.9274 8834 22 7832 10 7811 3

Table 7: Nearly Simultaneous ranging for GPS 35 (part 2 of 2)
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MJD Site1 Site2 Site3 Site4
50398.5226 7110 479 7210 11 7884 101
50412.4882 7105 109 7210 3 7918 5
50412.4947 7105 50 7210 4 7918 29
50414.4679 7110 20 7210 3 7918 1
50414.4761 7110 1 7210 8 7918 6
50414.4872 7105 44 7110 1 7918 16
50414.5083 7105 141 7110 100 7918 649
50414.5189 7105 134 7110 73 7918 164
50414.5289 7105 12 7110 82 7918 67
50414.539 7105 323 7110 63 7918 68
50436.4171 7080 222 7110 11 7210 2
50436.4271 7080 87 7110 85 7210 2
51164.7274 8834 94 7839 21 7845 1478
51164.7364 8834 55 7839 257 7845 1122 7810 36
51184.7287 1864 15 7840 58 7839 26
51193.6764 1864 35 7839 5 7845 162
51389.0904 8834 112 7839 28 7810 49
51389.097 8834 118 7839 27 7810 52
51508.7798 8834 3 7839 12 7835 61
51767.0299 7840 43 7839 11 7845 221
51777.0296 7840 20 7839 17 7835 66
51809.9253 7839 23 7835 54 7845 417
51833.8638 8834 43 7840 6 7839 8
52184.8903 7839 18 7845 37 7810 35
52190.831 7839 20 1893 1 7845 486
52190.8375 7839 16 1893 7 7845 72
52217.7584 7840 17 7839 13 7845 315
52548.8488 8834 98 7839 42 7845 326
52597.7482 7839 6 7845 247 7832 115
52826.0418 7840 69 7839 55 7832 5
52826.9938 7840 100 7839 21 7845 178
52839.0298 7840 63 7839 47 7832 262
52839.0404 7840 47 7839 45 7832 122
52839.061 7840 42 7839 38 7832 771
52839.0679 7840 12 7845 19 7832 438
52854.9775 7839 82 7845 359 7832 374
52857.9876 7840 15 7839 68 7841 14
52858.9139 7840 74 7839 64 7845 70
52860.9144 7840 97 7839 27 7810 30
52862.9986 8834 66 7840 6 7839 6
52878.885 7839 56 7845 50 7810 5
52886.9216 7840 10 7839 24 7845 252

Table 8: Nearly Simultaneous ranging for GPS 36 (part 1 of 2)
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MJD Site1 Site2 Site3 Site4
52894.884 7840 30 7832 604 7941 112
52894.8899 7840 18 7832 507 7941 47
52899.8518 7840 30 7810 55 7941 318
52899.8626 7840 42 7810 39 7941 388
52905.8413 7840 35 7845 551 7832 306
52924.7518 7832 18 7941 70 1873 1
53177.0706 7840 23 7832 95 7941 232
53256.7858 7839 250 7810 4 7832 69
53256.8322 7839 530 7845 173 7810 19
53256.8355 7839 566 7845 31 7810 29
53283.7064 7839 972 7810 8 7832 129
53540.0511 7840 61 7810 74 7832 7
53544.9313 8834 11 7840 128 7810 32
53554.9569 7839 942 7810 15 7832 10
53554.9633 7839 815 7810 8 7832 15
53554.9772 7839 2947 7810 6 7941 9
53567.9373 7840 43 7810 8 7832 12
53587.9149 7840 93 7839 473 7832 443
53590.8838 7839 241 7810 26 7832 66
53610.8526 7840 51 7810 6 7832 210
53610.8613 7840 101 7810 8 7832 24
53636.7228 8834 5 7839 341 7810 12
53653.6683 8834 6 7810 42 7832 53
53669.6959 1864 22 7810 24 7832 229
53669.6983 1864 10 7810 14 7832 44
53672.6912 1864 51 7810 4 7832 42
53912.9462 7839 154 7810 6 7832 189
53912.9552 7839 857 7810 10 7832 55
53918.9427 1864 2 8834 111 7810 5
53920.9462 8834 23 7840 56 7832 182
53920.9488 8834 83 7840 49 7832 92
53932.8974 7840 24 7839 219 7810 46
53933.9462 7840 65 7839 440 7832 419
53933.9567 7839 1111 7810 3 7832 422
53933.9626 7839 888 7810 5 7832 191
53934.9156 8834 154 7840 61 7810 13
53940.9149 7839 1452 7810 6 7832 296
53963.8165 8834 78 7839 300 7832 85
54054.5715 8834 56 7839 493 7810 9
54054.5816 8834 56 7839 926 7810 77
54054.5923 8834 45 7839 229 7810 44 7237 4
54211.1082 8834 63 7840 16 7839 190
54223.0226 8834 20 7840 25 7839 423
54239.0612 7839 345 7810 20 7832 219
54239.9988 8834 33 7839 1032 7832 19
54240.0151 7839 514 7810 6 7832 46
54240.0297 8834 94 7839 237 7810 14
54240.0413 8834 37 7839 292 7810 6
54294.8629 8834 37 7839 544 7810 44
54294.8934 7839 283 7832 87 7941 11

Table 9: Nearly Simultaneous ranging for GPS 36 (part 2 of 2)


