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Why is the SLR tracking of GNSS important?ﬂ9
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Troposphere Delays -

«Classical» co-location on the ground using local ties
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Troposphere Delays -

Co-location in space: SLR observations to GNSS are needed
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SLR validation
of GPS orbits

Slide 4 Astronomical Institute University of Bern AIUB



Processing 20 years of SLR observations to GNSS satellites. 19th International

Workshop on Laser Ranging, October 27-31, 2014, Annapolis, Maryland, USA

Sosnica et al.:

RMS of SLR residuals to GPS - CODE repro2 orbits
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3-day orbit solutions (C02) perform better than the 1-day orbits (CF2),
especially in the earlier years.
After 2008 the process of the ageing of GPS satellites and of the ageing of the
reference frame (new stations and stations affetected by earthquakes) is visible.
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RMS of SLR residuals to GPS

SLR residuals to GPS-36
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The SLR mean residuals are clearly station-, satellite-, and time-
dependent (they depend on the equipment used at a SLR station).
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SLR validation
of GLONASS orbits
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RMS of SLR residuals to GLONASS

RMS of SLR Residuals [mm]

Slide 8

60

<

50

45

40

35

30

25

Dec 2010: 784

nd o
N

4 1 1 1

+ha £
LHIc 1

u

a
fall |
G

M| 0O
1 LUIN

I 1 I

|| Y S T T O T I T T T T S |

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

ther stations start tracking

100000

90000

80000

70000

60000

50000

40000

30000

20000

10000

0

Number of SLR observations

B GLONASS - CO2
GLONASS - CF2
-o-No obs - GLONASS

3-day orbit solutions (C02) perform much better than the 1-day orbits (CF2),
especially in the earlier years.
After 2010 the number of SLR observations to GLONASS increases rapidly.
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RMS of SLR residuals to GPS/GLONASS
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Types of GLONASS satellites
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1998-077A 1 Aluminium Irregular planar 396 2002 2002 1194

R0O3  2001-053B 1 Aluminium Hollow Greek Cross 124 2002 2007 38546

2004-0538 1 Aluminium Rectangular 112 2005 2013 23005

R18 2005-050A 3  Aluminium Rectangular 122 2011 1686

2006-062A 2 Aluminium Rectangular 122 2007 2013 48798

R20 2007-052B 3  Aluminium Rectangular 122 2013 5108

R13  2007-065A 2  Aluminium Rectangular 122 2013 5757

110 724 R18 3 Aluminium Rectangular 122 2013 17985 0.8 B2S

2008-067A 1 Aluminium Rectangular 122 2013 -18.5 28.4

2009-070A 1 Aluminium Rectangular 122 2010 2013 5781

ROS 2009-070C 1  Aluminium Rectangular 122 2010 2013 19813

R23  2010-007C 3  Aluminium Rectangular 122 2010 2013 13249

RO9  2010-041C 2 Rectangular 122 2011 2013 2856

R16  2010-041A Rectangular 122 2011 2013 8780

RO4  2011-055A 1 NO Rectangular 122 2011 2013 7204

128 RO3  2011-065A 1 Rectangular 122 2011 2013 7678 33.9

130 R17  2011-071A NO Rectangular 122 2011 2013 16738 -4.8 31.7
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Satellite Orbit
Modeling Issues
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Nighttime vs. Daytime Observations
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Difference between nighttime and daytime SLR residuals:

Problem of the stations or of the orbit modeling?
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GNSS orbit modeling

GNSS dynamic orbit parameters in reduced ECOM model:

D DO D DO + DZC cos 2Au + DZS sin2Au

X Xo + X cosu + Xg sinu X Xo + {X¢ cosAu + X sinAu}

Old empirical CODE mOdeI new CODE mOdel (one out of several options)
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Residuals [mm]

Bo [deg]

SLR observations to GLONASS : orbit modeling issues

The problem of the difference between nighttime and daytime SLR residuals
can be explained by satellite orbit modeling issues.

Residuals of SLR observations

Residuals of SLR observations
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For details see: D. Arnold, M. Meindl, G. Beutler, R. Dach, S.Schaer, S. Lutz, L. Prange, K. Sosnica,
L.Mervart, A. Jaggi (2014) CODE's new empirical orbit model for the International GNSS Service.

30 60 90
Mean -6.1 mm, RMS 32.7 mm, sigma 32.1 mm

180 210 240 270 300 330 360
Au [deg]

TB4 (new model)

120 150

Slide 15

Astronomical Institute University of Bern AIUB



Residuals [mm]

SLR observation to GPS:

orbit modeling issues

Residuals of SLR observations to GPS 35 and 36

Residuals of SLR observations to GPS 35 and 36
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For details see: D. Arnold, M. Meindl, G. Beutler, R. Dach, S.Schaer, S. Lutz, L. Prange, K. Sosnica,
L.Mervart, A. Jaggi (2014) CODE's new empirical orbit model for the International GNSS Service.
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SLR residuals depend on many
constituents, e.g., on:

(1) GNSS satellite type/block,
(2) shape and size of LRA, and
number of corner cubes in
LRAsS,

(3) LRA coating,

(4) equipment used at SLR
stations including laser and
detector types,

(5) (problems in) satellite
orbit modeling.

Summary

SLR observations of GNSS
satellites yield a remarkably
important tool in a sense of
the validation of GNSS orbits

and the assessment of
deficiencies in solar radiation
pressure modeling.
SLR tracking of GNSS is also
essential for the co-location
of the techniques of satellite
geodesy in space.

SLR confirmed that the
CODE's new empirical orbit
model with estimated twice-

per-revolution parameters
in D direction remarkably
reduces the spurious
behavior of most of
GLONASS satellites, and as a
results, substantially
improves GNSS solutions.




Thank you
for your attention
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CODE as the ILRS Associate Analysis Centers

Center for Orbit Determination in Europe (CODE)
Astronomical Institute, University of Bern (AIUB)

GNSS Quick-Look Residual Analysis Report
Center for Orbit Determination Remarks: — The quick-look residuals are referred to the SLRF2008.
in Europe (CODE hosted at AlUB) - Reflector offsets used are given in slrmail No.1483,
J

. ] . and as available on ILRS website.
is the ILRS Associate AnaIySIS - GPS satellites (if any) are indicated with the character 'G',
Center, which provides:

GLONASS satellites with the character 'R'.

- A character 'E' behind the PRN number indicates that the
satellite was observed during eclipse or within 30 min
after returning into sunlight.

Satellite orbit prediCtiOnS for — The SLR residuals are calculated w.r.t. official microwave
i i CODE rapid 3-day GNSS orbits.

all active GLONASS _Satel_lltes - For more information see slrmails No.1203 and 2223.

(and also GPS satellites if any

- : STATION 1D SAT START PASSAGE DUR  #0BS MEAN SID #0BS MEAN  SID

Of them IS aCt|VE), PRN yy/mm/dd hh:mm (min) GOOD (mm) (mm) BAD  (m) (m)
. . 1873 123375003 RI1 14/10/11 02:20 33 5 ~-170 5%
« GNSS Residual Analysis 1873 123375003 R21 14/10/11 02:34 22 4  -55 36
Reports, "e"_a comparison of 1886 123735001 RI1 14/10/11 01:14 72 4  -14 20
SLR observations w.r.t. CODE 1886 123735001 RI1 14/10/12 22:09 13 4 10 5
: : 1886 123735001 RI1 14/10/13 19:28 108 4 -4 2
microwave GNSS orbits. 1886 123735001 RI1 14/10/14 17:29 123 4 -3 11
Reports are generated on a 1886 123735001  R21 14/10/11 01:39 4 2 -11 16
: : 1886 123735001 R21 14/10/12 01:22 0 1 69 0
daily basis. 1886 123735001 RO5 14/10/11 16:58 19 5 83 11
1886 123735001 RI6 14/10/11 18:19 72 & 81 19
1886 123735001 RI6 14/10/12 17:28 8 3 80 3
1886 123735001 RI6 14/10/13 15:38 3 2 67 13
1886 123735001 RO6 14/10/11 18:43 3 2 97 4

1886 123735001 __R06_14/10/12 17:08 12 4 50 7
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Mean SLR residuals to GLONASS

SLR residuals to GLONASS-M 15

SLR station

The SLR residuals are clearly station-, satellite-, and time-dependent.
SLR obervations are also sensitive to orbit modeling issues.
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RMS of SLR residuals to GPS/GLONASS
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Fritsche M, So$nica K, Rodriguez-Solano C, Steigenberger P, Dietrich R, Dach R, Wang K, Hugentobler U,
Rothacher M (2014) Homogeneous reprocessing of GPS, GLONASS and SLR observations. Journal of Geodesy
88 (7), 625-642.
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