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Main activities 

•  Official ILRS orbit delivery: 
•  The combine products are weekly delivered starting 

from March 2016 
•  All ACs are contributing to LAGEOS orbits.  
•  DGFI and GFZ are not contributing to ETALON orbits 
•  The quality assessment was presented at the AWG 

meeting in Matera 

•  Bias Pilot Project 



ILRS orbits at data centers 

ftp://cddis.gsfc.nasa.gov/pub/slr/products/orbits/ 
ftp://edc.dgfi.tum.de/pub/slr/products/orbits/ 
 



ILRS orbits summary from ASI CC 



ILRS orbits summary from ASI CC 



Available Bias PP time series 

ASI , DGFI, JCET NSGF 
AC Date of submission 

ASI 2 March 2016  
(resubmission on 14 April 2016 - minor issues) 

DGFI 31 March 2016 

GFZ 18 April 2016 

JCET 1 April 2016 

NSGF 15 April 2016 

Actually the check performed on ASI solution 



Core Sites 
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Greenbelt 7105

Quincy 7109
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Haleakala 7210

Changchun 7237
Arequipa 7403
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Zimmerwald 7810
Zimmerwald 7810
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Riyad 7832

Wettzell 7834
Grasse 7835

Potsdam 7836
Shanghai 7837

Graz 7839
Herstmonceux 7840

Potsdam 7841
Mt Stromlo 7849

Arequipa 7907
Matera (SAO) 7939

Matera (MLRO) 7941
Wettzell 8834



McDonald 



Yarragadee 



Comparison with standard ASC biases 

MATE 

HERS 



Station Time ASC Bias L L1 L2 

7840 
02:032:00000 
07:042:00000 -0,009 -0,0106 -0,0112 -0,0094 

7941 
07:053:00000 
07:187:39600 -0,028 -0,0265 -0,0262 -0,0243 

7941 
07:187:39600 
07:241:28800 -0,022 -0,0105 -0,0128 -0,0098 

7941 
07:242:00000 
07:295:50400 -0,025 -0,0146 -0,0135 -0,0147 

Comparison with standard ASC biases 



McDonald coordinates 
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Yarragadee coordinates 
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EOP w.r.t. USNO 

Standard 
L12 bias 
Common bias 



Standard 
L12 bias 
Common bias 

EOP w.r.t. USNO: weekly mean 



Standard 
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Common bias 

TX w.r.t. SLRF2008 
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Common bias 

TY w.r.t. SLRF2008 



Standard 
L12 bias 
Common bias 

TZ w.r.t. SLRF2008 



SCALE w.r.t. SLRF2008 

Standard 
L12 bias 
Common bias 



Standard 
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3D coordinate residual WRMS  

All sites 

Core sites 
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Solution variance factor 



Monument Peak  

Standard 
L12 bias 
Common bias 



Changchun  

Standard 
L12 bias 
Common bias 



Mt. Stromlo  

Standard 
L12 bias 
Common bias 



Riyadh 

Standard 
L12 bias 
Common bias 



Herstmonceux 

Standard 
L12 bias 
Common bias 



Wettzell 

Standard 
L12 bias 
Common bias 



Matera coordinates 

Standard 
L12 bias 
Common bias 



SINEX format: multiple wavelength and no direct correspondence with sites with 
different PT codes in the SOLUTION/ESTIMATE block 
7810 SOLN 2 for wvl 846  
7405 SOLN 2 for wvl 847 

Format Issue 

+BIAS/EPOCHS                                                                    !
*CODE PT SOLN T _DATA_START_ __DATA_END__ _MEAN_EPOCH_                          !
 1831 L1    1 R 05:017:16134 05:018:11408 05:017:62700    !
 1831 L2    1 R 05:018:13033 05:018:13597 05:018:13315                          !
 7405 L1    2 R 05:017:76988 05:017:78003 05:017:77496                          !
 7405 L2    2 R 05:018:08386 05:019:30271 05:019:02930                          !
 7810 L1    2 R 05:016:19778 05:022:68676 05:018:39532                          !
 7810 L2    2 R 05:016:11027 05:022:45538 05:017:48197                          !
 ................................                                       !
!
+SOLUTION/ESTIMATE                                                              !
*INDEX _TYPE_ CODE PT SOLN _REF_EPOCH__ UNIT S '__ESTIMATED VALUE____ __STD_DEV_!
     1 RBIAS  1831 L1    1 05:017:62700 m    2 0.163319098038446E+00 .370439E-01!
     2 RBIAS  1831 L2    1 05:018:13315 m    2 0.153068393363257E+00 .386664E-01!
     3 RBIAS  7405 L1    2 05:017:77496 m    2 0.249763868855504E-01 .493191E-02!
     4 RBIAS  7405 L2    2 05:019:02930 m    2 0.158990843744622E-01 .458641E-02!
     5 RBIAS  7810 L1    2 05:018:39532 m    2 -.181429871702343E-01 .133180E-02!
     6 RBIAS  7810 L2    2 05:017:48197 m    2 -.129832927545893E-01 .143155E-02!
..................!
   110 STAX   7810  B    1 05:019:43200 m    2 0.433128308108095E+07 .709719E-01!
!



- Correlation analysis 
- Same test using a scaled a priori TRF e.g. apply 1 ppb 
scale to SLRF2008 considering only the case of separate 
biases for L1 and L2 

- Check of the AC time series 
- AC Combination 
 

Next steps 

Question: 
How can we use the bias time series?  



Handling of the post-seismic deformation 
model

Rolf Koenig, Karl Hans Neumayer



ILRS ASC-meeting, Vienna, April 22, 2016

Questions to the post-seismic deformation 
model

• Add or subtract the deformations?
– From ftp://itrf.ign.fr/pub/itrf/itrf2014/ITRF2014-PSD-model-eqs-IGN.pdf:

ftp://itrf.ign.fr/pub/itrf/itrf2014/ITRF2014-PSD-model-eqs-IGN.pdf


ILRS ASC-meeting, Vienna, April 22, 2016

Questions to the post-seismic deformation 
model

• Add or subtract the deformations (cont.)?
– From psd-example.f:



ILRS ASC-meeting, Vienna, April 22, 2016

Questions to the post-seismic deformation 
model

• t in Eq. (2)?
– Holds for all times, even before earthquake?
– Needs to be larger than earthquake time?



ILRS ASC-meeting, Vienna, April 22, 2016

Questions to the post-seismic deformation 
model

• How to accumulate the deformations?
– Example 7110 Monument Peak
– Excerpt from psdmodel.dat :



ILRS ASC-meeting, Vienna, April 22, 2016

Questions to the post-seismic deformation 
model

• Per interval inbetween earthquakes?



ILRS ASC-meeting, Vienna, April 22, 2016

Questions to the post-seismic deformation 
model

• Per interval, continuing at the deformation left by the previous interval?



ILRS ASC-meeting, Vienna, April 22, 2016

Questions to the post-seismic deformation 
model

• Accumulating through all history?



Handling of quarantine stations

Rolf Koenig, Margarita Vei



ILRS ASC-meeting, Vienna, April 22, 2016

Quarantine station data at AC
• We need an official, up-to-date file at ILRS for an automated update of our 

daily and weekly operations to avoid usage of quarantine data or to allow 
approved, previously quarantined data



ILRS ASC-meeting, Vienna, April 22, 2016

Quarantine station data at AC
• Currently available files (besides emails):

– http://ilrs.gsfc.nasa.gov/network/site_procedures/station_upgrade_status.
html



ILRS ASC-meeting, Vienna, April 22, 2016

Quarantine station data at AC
• Currently available files (besides emails), cont.:

– http://edc.dgfi.tum.de/en/stations/



ILRS ASC-meeting, Vienna, April 22, 2016

Quarantine station data at AC
• Currently available files (besides emails), cont.:

– http://ilrs.dgfi.tum.de/fileadmin/data_handling/ILRS_Data_Handling_File.s
nx



The	  JCET	  AC/CC	  &	  Systema1cs	  Monitoring	  PP	  
Report	  to	  the	  ILRS	  ASC	  

	  
April	  22,	  2016	  

	  
E.	  C.	  Pavlis,	  M.	  Kuzmicz-‐Cieslak	  and	  D.	  König,	  	  



JCET	  Ac1vi1es	  Since	  Matera	  Mee1ng	  

u  Examined	  the	  final	  release	  of	  ITRF2014	  and	  iden:fied	  some	  
discrepancies	  in	  the	  dates	  used	  for	  the	  PSD	  (final	  release)	  and	  our	  
“Discon:nui:es	  File”	  
	  -‐	  We	  need	  to	  harmonize	  these	  to	  be	  sure	  we	  all	  apply	  the	  PSD	  to	  the	  
same	  sta1on	  posi1ons	  

	   	   	  	  
u  The	  orbital	  files	  (SP3c)	  combina:on	  process	  restarted	  

	  -‐	  We	  provide	  rou1nely	  weekly	  combina1on	  of	  the	  submiRed	  SP3c	  files	  
from	  all	  ACs	  
	  -‐	  We	  s1ll	  need	  to	  work	  on	  genera1ng	  a	  summary	  file	  with	  the	  sta1s1cs	  
of	  the	  combina1on	  and	  other	  figures	  of	  merit	  for	  the	  input	  series	  
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Sta1on	  Discon1nui1es	  File	  for	  ITRF2014	  
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As	  shown	  in	  Matera	  Edited	  version	  based	  on	  ZA	  PSD	  model	  
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LAGEOS	  SP3c	  	  ∆POSITION:	  ILRS	  (b—a)	  
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ILRS	  (b-‐a)	  Orbit	  Differences	  over	  a	  2-‐week	  Period	  
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ILRS%Orbital%Product%Archive%@%CDDIS%

9p://cddis.gsfc.nasa.gov/pub/slr/products/test/4risonly%

PRESENT%(TEST%PHASE):%

OPERATIONAL%PHASE:%

9p://cddis.gsfc.nasa.gov/pub/slr/products/orbits%

lageos1% lageos2% etalon1% etalon2%

yymmdd% yymmdd% yymmdd% yymmdd%

ILRS	  Orbital	  Product	  Archives	  
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ILRS	  Orbital	  Product	  Archives	  (cont.)	  
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File%organizaOon%within%the%archive:%

•  At%the%top%level:%

–  “README”%files%from%each%AC%and%CC,%e.g.:%
•  README_AC.asi,%README_AC.bkg,%etc.%

•  README_CC.ilrsa,%README_CC.ilrsb%

%

•  The%README_AC.xxx%files%should%be%based%on%the%descripOon%
of%the%analysis%which%each%AC%includes%in%their%POS+EOP%
SINEX,%with%appropriate%addiOons/modificaOons%

•  The%README_CC.xxx%files%should%describe%the%combinaOon%
process%followed%by%the%“xxx”%CC.%

9p://cddis.gsfc.nasa.gov/pub/slr/products/orbits%



ILRS	  Orbital	  Product	  Archives	  (cont.)	  
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Combined%Orbit%file%info:%

•  The%combined%orbit%SP3%files%will%replace%the%four%comment%
records%with%standard%content%that%will%follow%the%scheme:%

%

/*%“ilrsa.orb.yymmdd.v#,sp3”,%Reference%TRF:%SLRF2008%
/*%%Input%orbits:%ASI%v#,%BKG%v#,%…..%%%%%%%%%%%%%%%%%%%
/*%%%%%%%%%%%%%%%%%%%%%%%%%%%%JCET%v#,%NSGF%v#%
/*%CombinaOon%details%in%README_CC.ilrsa%



ILRS	  Orbital	  Product	  Archives:	  Status	  
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CDDIS	  

EDC	  

ESA	  Documenta:on	  	  
NOT	  available	  in	  EDC	  !!!	  



Monitoring	  SLR	  Systema:cs	  PP	  

u AC-‐contributed	  series	  that	  we	  received	  so	  far:	  	  
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Analysis	  Center	   Date	  of	  Submission	  
ASI	   March	  2,	  2016	  

DGFI	   March	  31,	  2016	  

JCET	   April	  1,	  2016	  

NSGF	   April	  15,	  2016	  

GFZ	  (ONLY	  v200)	   April	  18,	  2016	  



PP	  Results:	  Yarragadee	  (7090)	  
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JCET	  

DGFI	  
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PP	  Results:	  Herstmonceux	  (7840)	  
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PP	  Results:	  Monument	  Peak	  (7110)	  
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PP	  Results:	  Matera	  (7941)	  
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Website	  of	  Data	  Base	  with	  PP	  Results	  
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Website	  of	  Data	  Base	  with	  PP	  Results	  
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Yarragadee	  (7090)	  

Herstmonceux	  (7840)	  

ASI	  -‐	  JCET	   ASI	  -‐	  NSGF	  

ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  



Comparison	  of	  PP	  Results	  -‐	  1	  
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Comparison	  of	  PP	  Results	  -‐	  2	  
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Comparison	  of	  PP	  Results	  -‐	  3	  
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Comparison	  of	  PP	  Results	  -‐	  4	  
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Mul:-‐year	  JCET	  Solu:ons	  

u  Four	  mul1-‐year	  solu1ons	  generated	  with	  the	  JCET	  
NEQs	  (ONE	  Epoch	  site	  posi1ons	  and	  veloci1es	  fixed	  to	  
a	  priori):	  
–  Separate	  and	  joint	  LAGEOS	  1	  &	  2	  systema1c	  errors	  
es1mates	  (i.e.	  just	  like	  official	  PP	  versions	  v200	  &	  v210)	  

–  Systema1c	  errors	  adjusted:	  
•  Once	  per	  each	  week	  over	  the	  four	  years	  
•  Constant	  error	  for	  each	  sta1on	  for	  the	  en1re	  4-‐year	  period	  

u  The	  above	  resulted	  in	  four	  different	  “TRF”	  es1mates	  
and	  system	  errors	  

u  The	  impact	  of	  the	  different	  approaches	  on	  the	  origin	  
and	  scale	  of	  the	  TRF	  were	  assessed	  (wrt	  SLRF2008)	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  



JCET	  Mul1-‐year	  Es1mates	  (weekly	  errors)	  
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JCET	  M-‐year	  Results:	  Yarragadee	  (7090)	  
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JCET	  M-‐year	  Results:	  Monument	  Peak	  (7110)	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  



JCET	  M-‐year	  Results:	  Matera	  (7941)	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  



JCET	  M-‐year	  Results:	  Herstmonceux	  (7840)	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  



JCET	  Mul1-‐year	  Es1mates	  (single	  error)	  

Erricos	  C.	  Pavlis	  	  04/22/2016	  
ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  

Yarragadee	  (7090)	  

Matera	  (7941)	  

Monument	  Peak	  (7110)	  

Herstmonceux	  (7840)	  



Herstmonceux	  (7840)	  
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Matera	  (7941)	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  



Impact	  on	  TRF	  Origin	  &	  Scale	  

Sta:s:c	   Separate	  Error	  Es:mate	  for	  L1	  &	  L2	   Single	  Error	  Es:mate	  for	  L1	  &	  L2	  

Component	  
[mm]	   ∆X	   ∆Y	   ∆Z	   ∆h	   Ds

ppb
	   ∆X	   ∆Y	   ∆Z	   ∆h	   Dsppb	  

Mean	  ∆XYZ	   -‐1.13	   +1.90	   +0.42	   +2.24	   +0.35	   -‐1.71	   +2.08	   +1.57	   +2.75	   +0.43	  

∆XYZ	  
ScaRer	   5.11	   5.77	   4.15	   7.29	   5.85	   5.51	   4.41	   7.25	  

Average	  
σ	   0.71	   0.74	   0.75	   1.07	   0.17	   0.70	   0.73	   0.77	   1.08	   0.17	  

Mean	  ∆XYZ	   -‐1.31	   +1.20	   -‐0.29	   +0.73	   +0.11	   -‐1.75	   +1.06	   +0.54	   +0.82	   +0.13	  

∆XYZ	  
ScaRer	   6.32	   6.12	   7.16	   9.47	   7.03	   5.93	   7.14	   9.42	  

Average	  
σ	   1.39	   1.45	   1.52	   2.16	   0.34	   0.86	   0.90	   0.94	   1.34	   0.21	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  
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JCET	  Mul:-‐year	  Solu:ons	  Summary	  

u While	  the	  weekly	  error	  es1mates	  look	  very	  much	  
like	  those	  obtained	  under	  the	  official	  PP	  plan	  
(where	  we	  are	  adjus1ng	  the	  sta1ons	  each	  week),	  
their	  scaRer	  looks	  smaller	  in	  this	  solu1on	  (where	  
we	  adjusted	  the	  sta1ons	  at	  one	  epoch)	  

	  
u When	  a	  single	  error	  for	  all	  four	  years	  is	  es1mated,	  
for	  each	  system,	  the	  es1mate	  is	  close	  to	  the	  mean	  
of	  the	  weekly	  results,	  but	  the	  sta1s1cs	  of	  the	  
sta1on	  posi1ons	  (especially	  their	  height	  h!)	  worsen	  
significantly,	  as	  they	  absorb	  non-‐accommodated	  
error.	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  



Summary	  

	  
u  Upon	  comple1ng	  this	  PP	  we	  should	  move	  to	  the	  next	  phase:	  

–  Adop1ng	  a	  standard	  procedure	  for	  con1nuous	  monitoring	  of	  system	  errors	  
–  Making	  the	  results	  publicly	  available	  in	  a	  self-‐explanatory	  manner	  and	  

communica1ng	  these	  to	  the	  sta1ons	  in	  order	  to	  take	  appropriate	  ac1on	  

u  This	  is	  a	  long-‐term	  project,	  overseen	  by	  Analysts,	  Engineers,	  
Network	  Managers	  and	  the	  ILRS	  CB	  that	  comprise	  the	  newly	  
established	  Quality	  Control	  Board	  (QCB)	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	  



Visualiza1on	  of	  ILRS	  Systems	  &	  Technique	  Analysis	  Products	  –	  VISTA-‐Pro©	  
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Visualiza1on	  of	  ILRS	  Systems	  &	  Technique	  Analysis	  Products	  –	  VISTA-‐Pro©	  
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Visualiza1on	  of	  ILRS	  Systems	  &	  Technique	  Analysis	  Products	  –	  VISTA-‐Pro©	  

Erricos	  C.	  Pavlis	  	  04/22/2016	   ILRS	  ASC,	  EGU	  2016,	  Vienna,	  Austria	  	   37	  



	  	  	  	  	  	  	  	  	  	  	  Rapid	  ice	  mel1ng	  drives	  Earth's	  pole	  to	  the	  east	  
	  

J.	  L.	  Chen1,	  C.	  R.	  Wilson1,2,	  J.	  C.	  Ries1,	  B.	  D.	  Tapley1	  
DOI:	  10.1002/grl.50552	  
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	  	  	  	  	  	  	  	  	  	  Climate-‐driven	  Polar	  Mo1on:	  2003-‐2015	  	  
	  

S.	  Adhikari	  &	  Erik	  R.	  Ivins	  

JPL	  
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	  	  	  	  	  	  	  	  	  	  Climate-‐driven	  Polar	  Mo1on:	  2003-‐2015	  	  
	  

S.	  Adhikari	  &	  Erik	  R.	  Ivins	  /JPL	  
Sci.	  Adv.	  2016;2:e1501693	  8	  April	  2016	  	  
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Bias remains positive through laser upgrade to KHz in 2002
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Stanford counter -> Event timer 2007
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Statistics – observatories 2015  

Normal points  2014      2015 
APOLLO   212  236 
McDonald    --      2 
Grasse   430  249 
Matera       6    22 
In total   648  509 

2013 2014 

2015 



Status, perspective at the LLR sites 

§  McDonald – 2 LLR tracks in 2015, after complete gap in 
2014 

§  Matera - lunar tracking increased a little bit 

§  APOLLO - good coverage of all reflectors 

§  Grasse -  good performance, also infrared data;  
 new: provision of LLR data with some screening options 

§  Wettzell, Hartebeesthoek - systems prepared 



Statistics – retro-reflectors 2015  

Normal points  2014     2015 
Apollo 11   118    82 
Apollo 14   111    81 
Apollo 15   361  292 
Lunokhod 1         40    35 
Lunokhod 2         18    19 
In total   648  509 

2014 2013 

2015 



 1970 - 2015: 21,273 normal points  

Number of normal points 



Weighted annual residuals 

 annual wrms values  



Major LLR-related activities 

§  6 LLR analysis centers: JPL (USA); CFA (USA); POLAC 
(France); IfE (Germany); INFN (Italy); SOKENDAI (Japan) 

 - with different focus (relativity, lunar interior, etc.) 

 - ongoing improvement  of LLR modelling, s/w packages 

§  Some funding of LLR projects at IfE, Germany and at other 
institutions 



Comparisons with established 
ephemerides (e.g., DE430) 
in terms of relative deviations in 
heliocentric or geocentric 
distances. 
 

Ephemeris with refined asteroid modeling 

situation after extension situation before extension 

Δr              in m  for IFE (old/new) 
 
in case of Saturn, Uranus, Neptune, Pluto. 

Sun 
Planet 

after extension 

Δr            and  ||Δr          || in km  
 
. 

Earth 
Planet 

Earth 
Planet 

Δr for Mars ||Δr|| for Mars 

Δr for Jupiter ||Δr|| for Jupiter 

new 

old 

Saturn 

Uranus 

before extension 

Neptune 

Pluto 



MASS RING EFFECTS – MOON 
heliocentric dr  (11+AR)-(11)   (11+AR+TR)-(11)   (11+AR+TR)-(11+AR) 
geocentric dr  (11+AR)-(11)   (11+AR+TR)-(11)   (11+AR+TR)-(11+AR) 
spatial Δr  (11+AR)-(11)   (11+AR+TR)-(11)   (11+AR+TR)-(11+AR) 
ALL VALUES IN METERS 
 

Sun-Moon distance 

Earth-Moon distance 



Enhanced interaction of Moon and planets  
§  Max. effect on lunar orbit and positions on the lunar surface 

(planets as point masses act on the Moon modelled up to degree/
order 2, for Sun up to degree/order 3) 

§  Effect of Venus on Euler angles (scaled with RMoon) and coordinate 
differences of network EulXΔ



Major LLR-related activities 

§  6 LLR analysis centers: JPL (USA); CFA (USA); POLAC 
(France); IfE (Germany); INFN (Italy); SOKENDAI (Japan) 

 - with different focus (relativity, lunar interior, etc.) 

 - ongoing improvement  of LLR modelling, s/w packages 

§  Some funding of LLR projects at IfE, Germany and at other 
institutions 

§  Simulation of impact of new LLR sites and/or reflectors with 
various options – new study in preparation with D. Currie 

§  Update of LLR part on ILRS website delayed 



Simulation – effect of new reflectors 

§  Only with current reflectors 
-  improvement ~ factor 10 (15 years) 

§  including 3 new reflectors 
-  further improvement by factor 2-3 

Ġ/G 
Reflector 
position 



Final remarks 

§  LLR is a unique tool for testing general relativity, e.g. 

-  Equivalence principle 

-  Yukawa test 

-  Gravitational constant 

§  LLR is an excellent technique for studying the Earth-Moon  
system and contributing to GGOS objectives 

§  Further LLR sites on Earth or new reflectors on the Moon 
would clearly improve the results for many LLR parameters 

§  Good results are only possible because of fantastic long-
term lunar tracking by observatories (> 46 years of data) 
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Statistics – retro-reflectors and observatories  

Time span 1970-2015 
 
 
 

… and a few lunar  
     tracks from 

•  Orroral 
•  Wettzell 

 
 
 

now about 21,273 LLR normal points 
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NSGF AC

• Gravity field estimation ready in development branch, but proper output in SINEX 

format not implemented yet

• Bias PP series 2005-2008 delivered

• Switch to ITRF2014-like branch for operational product relatively easy in theory (*)

• Investigation on Etalon RB and connection with CoM

2

(*) Experience suggests here be dragons
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Bias PP

• Series v200 and v210 for 2005-2008 delivered, computed 2000-2015, no bias 

corrections from data handling file applied 

• No major differences between the L1 and L2 RB estimates

• Values for combined bias estimates mostly lie in between those from the 

separate solutions

• RB issues in data handling file correctly identified

• Quite small changes in coordinates between v200 and v210

• Significant scale change in both series wrt standard solution, in the direction of 

reducing the scale difference wrt VLBI

3
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Bias PP

15

standard RB L1 & L2 RB LC

scale wrt 
ITRF2014

scale wrt 
ITRF2014

Δs wrt 
standard 

sol

scale wrt 
ITRF2014

Δs wrt 
standard sol

2000-2014 0.32 -0.45 0.77 -0.57 0.87

2005-2008 0.44 -0.45 0.89 -0.56 1.00
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• Produced solutions for 2000-2014 with Etalon and LAGEOS RB estimation

• For stations with sufficient Etalon NP data results are surprisingly good

• Subtracting estimated biases for both satellites should get rid of potential station 

errors and reveal either modeling deficiencies or CoM inaccuracies

• Analysis reveals cm-level problems in many stations, especially high return rate 

ones 

RB/CoM Etalon

17
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• Most likely to be a CoM modeling issue

• CoM values computed from simulated detected distributions and target response 

impulse functions from a range of laser widths, total system noise, return rate 

and lower return energy threshold settings

• Return rate differences might only explain part of the problem

• Insufficient knowledge about system features and behavior makes it hard to 

improve current CoM estimates for high energy stations
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Questions/thoughts?

20
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