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•  Staff: 
–  OCA/Geoazur: F. Deleflie, O. Laurain, P. Exertier, B. de Saint-Jean 
–  IGN/LAREG: D. Coulot 

•  Software: 
–  GINS/DYNAMO (CNES/GRGS) 
–  MATLO (IGN/LAREG/OCA/GRGS) 

•  Operational activities: 
–  For ILRS: Weekly, and now daily, submissions 

•  pos+eop 
•  based on LA1+LA2 

–  For GRGS internal validation and combinations: Weekly arcs 
•  Accounting as well for loading effects 
•  Additionnaly: Gravity field time series 

•  Other activities: 
–  Reanalyses, over long periods of time 
–  Specific projects: T2L2, calibration/validation altimetric measurements 
–  Other satellites: STA, STE, AJI, ET1 & 2, JAS1 and JAS2 



•  Beginning of 2009: Reassessment of internal procedures, and 
environment GRGS files 
–  Eccentricities 
–  Biases 
–  Corrections to be applied by ACs 

•  Operational submissions: 
–  Weekly « v20 »: ok 
–  Daily « v120 »: ok 

•  Specific studies: 
–  Historical data: pb with old format (MERIT2) 
–  New stations in operation: Golosiiv, Grasse, Burnie (see hereafter) 
–  Gravity field estimation: to be discussed 

•  Next steps: 
–  SP3c format: almost ready, (ORBEX ?) 
–  ET1, ET2 
–  Implementation of the CRD format: OK for T2L2 data, work in 

progress for Gins/Matlo.   





All stations 

Core stations 





•  Done: weekly 3D-position  for the station, 1 range bias for LA1&2 over the 
period 

•  To be done: one 3D-position for the station over the period, 1 range bias 
per week for the satellites 

 

Estimation epoch  
(JJ 1950) 

Correction to a priori 
X-value (cm) 

 
Y-value (cm) 

 
Z-value (cm) 

Nb of 
NP 

21479.442165  0.1614 (±1.9126)  0.6710 (± 2.1930) 1.9763 (±2.2536) 54 
21485.841062 4.7525 (±2.2356)  2.2960 (±2.7115) 1.9813(±2.4958) 31 
21498.716706  -1.1665 (±1.5087)  0.3279 (±1.2767) -0.8799 (±1.8335) 133 
21506.231237  -3.9819 (±2.3491) 1.5547 (±1.5789) -4.6702(± 2.1510) 50 
21513.026388  -10.0416 (±8.7184) 0.7537 (±2.7115) 14.561 (±3.5480) 12 
21523.835923  4.293 (±3.3401)  2.1454 (±4.7418) 5.4103 (± 3.8702) 12 
21528.937161  4.5857 (±2.7219)  10.6279 (±4.1660) 12.4439 (±2.9875) 14 
21561.814345  -121.2363 (±5.0564) 0.5466 (±2.4895) 56.7890(±3.3133) 13 
21632.046286  -1.9699 (±10.9994) 0.5217 (±6.0220) 15.1424(±4.8986) 15 
 

Satellite bias 
 
 

 
 
Correction to a priori 
value (cm) 

 
 
+/- (cm) 

 
 
Nb of NP 

LA1 1.103530      1.746424 227 
LA2 0.636086 1.861462 107 
 



•  Preanalysis of ILRS contribution to ITRF2008 
•  Stability of daily solution 
•  Gravity field time series: lumped coeff ? 
•  NP formula and rules… 
•  Impact of atmospheric effects and ECMWF files 
•  Weekly bias report ? 
•  Other satellites signatures 
•  Possible impact of DPOD2005 ? 



ILRS DAILY EOP vs. NEOS 

Comparisons from B. Luzum/USNO-NEOS 



RMS wrt NEOS 

Weekly 170 µas 

Daily 196 µas 



RMS wrt NEOS 

Weekly 171 µas 

Daily 187 µas 



RMS wrt NEOS 

Weekly 40 µts 

Daily 68 µts 



Validating the new 
CRD data format 
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Tests performed 

• Tested data submitted by MLRS in CRD and ILRS NP format for 

the past few months 

• We convert the CRD data back to a quasi-ILRS FR format, which 

is directly readable by our analysis s/w (GEODYN)  

–  All quantities were converted using the CRD precision 

–  Met data are used without interpolation 

DF & P WG meeting, Vienna, Austria, April 20, 2009



3 

CRD to ILRS FR (MERIT2) 

DF & P WG meeting, Vienna, Austria, April 20, 2009
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ILRS NP to ILRS FR-X 

DF & P WG meeting, Vienna, Austria, April 20, 2009

FR from ILRS QL NP file below: 

FR-X from CRD NP file above: 
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 LAGEOS 1 & 2 Examples 

DF & P WG meeting, Vienna, Austria, April 20, 2009
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 E-1, Starlette, & Ajisai Examples 

DF & P WG meeting, Vienna, Austria, April 20, 2009
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Summary 

DF & P WG meeting, Vienna, Austria, April 20, 2009
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Outline

• Introduction of our work as ILRS
Associate Analysis Center

• Foundation of China continental
environment monitor network and the
role of SLR

• Present status and results
• Conclusions
• Future development
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Introduction of our work as ILRS Associate Analysis Center
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Introduction of our work as ILRS Associate Analysis Center
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Introduction of our work as ILRS Associate Analysis Center
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Introduction of our work as ILRS Associate Analysis Center

This result was
obtained by SLR
site coordinates. I
think it is not a
good means to
determine the mass
center variety due
to less SLR sites
and its coordinate
precise and its
distribution status
in the world.
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Introduction of our work as ILRS Associate Analysis Center

These two tables
show the results
of the mobile SLR
site coordinates
and their
velocities.

Single solution
error:3-4 cm

Several solution
error: < 2cm
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Introduction of our work as ILRS Associate Analysis Center

The results from different techniques are
consistent in some degree and can check system
error of each other.

The comparison of velocity from different techniques such as
VLBI,SLR and GPS （ unit: m/yr）

-0.00140.0320-0.0148ITRF2000
0.001030.03217-0.01484GPS
-0.001170.03185-0.01397SLR
-0.002420.03172-0.01433VLBI

verticaleastnorthvelocity
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Foundation of China continental environment monitor network
and the role of SLR

• Introduction of China continental environment monitor
network

» 260 real time continuous GNSS sites
» 1000 or so regional GNSS sites
» 3 VLBI sites upgrade or reconstruction
» 5 SLR sites (Beijing, Shanghai, Changchun, Wuhan, Kunming)
and 2 mobile SLR sites upgrade or reconstruction
Including establishment of day ranging observation system,

KHz ranging laser and control system, meteorological
parameters recorder system etc…(Prof. YangFumin is
responsible for all those sites)

» InSAR data, gravity data, leveling data…

All data are used to monitor the environment
variety including crustal deformation, atmosphere
monitor, ionosphere monitor and so on.
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Foundation of China continental environment monitor
network and the role of SLR

• the role of SLR in this network
» The establishment of reference frame especially the
determination of the mass center of the earth and the scale. It
can provide a good frame with other techniques for crustal
deformation.

» Orbit determination. There are many satellites with laser
reflectors. So it can provide the orbit of satellites and also can be
a tool to evaluate the orbit results of GNSS.

» Site coordinate and velocity. Although there are not so much
SLR sites in the world it maybe can check some system errors in
GNSS by collocation sites.

» EOP. GPS_EOP,VLBI_EOP,How about SLR_EOP?
» Gravity field.
» Some other parameters……

So, we need set up software to process SLR data to finish those
functions.
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Applying the international SLR data and our work as
the ILRS Associate Analysis Center and based on our
present software, we improve the quick process of SLR
data and add the special functions of SLR, and also
make the results visual and make the whole process
monitored. And also we carry out the auto-processing
and will carry out the results share.

SLR data processing software

SLR data
PostPr ocessi ng

SLR dat a aut o - pro ces si ng sof twa re

SLR data QuickProcess ing
and anal ysi s soft ware

SLR long ti me
seri ers anal ysi s
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SLR data QuickProcessing and analysis

The functions of this part are：
• Carry out rapid week solution to give quick
residual analysis report.

• Evaluate those time and range biases and look for
possible problem and then send the warning
information to some SLR sites

• Provide rapid orbit and EOP
• Output MERIT-II format SLR data
• Map some results



Pg 13 of 28 Shanghai Astronomical ObservatorySHAO

SLR data PostProcessing

The functions of this part are：
• Long arc precise orbit determination. The residual is sub
cm; (Are there a uniform SLR orbit determination results
such as GPS sp3 format? It is easy for us to compare our
results with others one.)

• Precise EOP determination. The accuracy of pole motion is
better than 0.4mas and that of LOD is better than 0.35ms
under the comparison with results from IERS bulletin C,
VLBI and GPS ;

• The determination of mass center of the earth.
• Site coordinates determination. Its formal error is better
than 2 cm. The results are compared with those of the
collocation GPS sites.

• Output of SINEX SLR solution
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SLR long time series analysis

The functions of this part are：
• Obtain site coordinate and velocity at some epoch
by processing long term SLR SINEX solutions.
The epoch coordinate and its velocity accuracy has
got 5mm and

• Obtain the consistent mass center variety of the
earth by long term analysis of the mass center
coordinate series.

• Provide the satellite orbit of GNSS under enough
SLR observation to some GNSS satellites or
evaluate the GNSS orbit results by residuals.
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The data and control flow chart of the whole
SLR data auto-processing system

X21

SLR long time
series
analysis

X12
SLR

QuickPeocessing

SLR
PostProcessing

X01，X02
X30-X32

X10
X11

X22

X01
X02
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X01
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SLR data
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schedule
control

启动

启动

控制流

数据流

控制模块

处理模块

图例
SLR data
processing
parameters
config control

X03配置

X03配置

启动

配置

X01、告警信息；
X02、日志信息；
X03、配置文件；

X10、SLR原始数据文件；
X11、测站气象文件；
X12、预处理后的MERIT－II格式文件

X20、残差文件；
X21、SINEX格式解文件；
X22、初始轨道根数;
X23、精密EOP文件
X24、测站坐标文件
X25、定轨结果文件report
X26、精密轨道产品；
X27、地球质心坐标文件；

X30、ITRF框架下测站坐标速度文件；
X31、激光比对结果文件；
X32、地球质心变化序列文件

X13、快速轨道产品；
X14、快速EOP文件；
X15、快速分析残差文件；
X16、质量评估报告；
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Present status and results of our SLR work

•SLR data QuickProcessing and Post Processing have
been finished but the results are still not
automatically mapped.
•The results of PostProcessing are still in
evaluation.
•SLR long time series analysis still need code and
debug.
Although the software works well to GPS daily

solution it doesn’t work to SLR month solution. So, a
good SLR velocity can not be obtained.
The SLR orbit evaluation have been worked and it

works very well to the evaluation of COMPASS orbit.
The mass center variety need be reprocessed after

coordinate estimation.
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Present status and results of our SLR work
• QuickProcessing:Rang Bias and Time Bias series. There are a
warning information to 1864 site due to too much data deleted.
(Passes with range bias above 10cm or with time bias above
0.05ms or residuals above 10 cm are deleted)
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Present status and results of our SLR work
PostProcessing:Residual series.
Estimate methods: The site coordinates of 7105 and 7210 are fixed; other site coordinates are
estimated; RTN, Cd, Rad and EOP are estimated in one per 3 days.
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Present status and results of our SLR work
PostProcessing: Residual results
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31 sites :only 19 sites show good observation!
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Present status and results of our SLR work
PostProcessing: Comparison of residual rms between
CSR and SHH
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Present status and results of our SLR work
PostProcessing: The comparison of Site coordinate
series with GFZ.
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Present status and results of our SLR work
PostProcessing: The comparison of site coordinate
estimate error given by GFZ and SHH.SHH:1-2cm error;
GFZ:10-30cm error direction error is especially
big(40cm or so). Maybe GFZ solution is more loose.
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Present status and results of our SLR work
PostProcessing: LOD comparison with C04:
Mean=-0.002ms; Std=±0.377ms
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Present status and results of our SLR work
PostProcessing: PM comparison in X direction with
C04: Mean=0.136mas; Std=±0.585mas. There are some
data gap especially less data at 7105 and 7210
between doy 200 and 300 in 2004.
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Present status and results of our SLR work
PostProcessing: PM comparison in Y direction
with C04: Mean=-0.073mas; Std=±0.477mas
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Conclusions
• SLR data auto-processing is very necessary for long-term
study and analysis of site coordinate, EOP, satellite orbit
evaluation, system error and mass center variety. It can also
give a warning information to SLR sites so that they can find
the problem and solve it.

• A uniform SLR orbit format is needed to compare our results
with those from other techniques or other analysis center. SP3
orbit format is good?

• Reference frame unification is important for us to get uniform
and consistent velocity and coordinate at reference epoch.
Because the SLR sites are not so much it needs some good,
stable and long-term SLR sites to control the reference frame.
Once there are only few good sites the reference frame is
unstable. The results are terrible! The accuracy falls down
quickly.
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Future development
There are more problems to study or discuss:
2) Loose solution or constrained solution is better to SLR data

processing? Week solution or longer arc length solution is better?
3) How to get better and consistent mass center variety of the earth?

This is one of the SLR’s special characters. We should apply it
very well!

4) More observations are possible? Day observation system or kHz
system could significantly improve observation number? Maybe
more channels observation possible? We need an observation list
at first so that we can give more observation to some interesting
satellites and satisfy for our study needs.

5) Gravity coefficients and tide parameters could be estimated well
under not much data? Only 30 SLR sites and some still show few
observation!

6) Check the consistence of our software with ILRS and IERS
standards and update some modes and constants.
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