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Lunar Laser Ranging: Recent activities of POLAC

Contents

Overview of POLAC history and activities.

POLAC recent activities:
@ Support for LLR observers:
@ Improvements of “Prediction and Validation” tools
@ Validation of LLR Observations by e-mail
@ Support for LLR DATA users:

@ Critical analyse of an extended LLR data gathering.

POLAC projects.




Overview of POLAC history activities.

Paris Observatory Lunar Analysis Center (since 1996)

In SyRTE division of Paris Observatory

@ Current members: S. Bouquillon & C. Le Poncin-Lafitte
@ Founding members: J. Chapront, M. Chapront-Touzé & G. Francou

@ Main collaborators: H. Manche(IMCCE), J-M Torre(OCA), D. Feraudy(0CA)
C. Lhotka(Roma University)

Specificities of this service:

= LLR data reduction based on two semi-analytical Lunar theories:
% ELP(Ephéméride Lunaire Parisienne) J.Chapront & M.Chapront-Touzé

% The Lunar Libration Theory developed by M.Moons
- Implications with EOP-PC and ICRS-PC (products centers of IERS)
- Close Cooperation with the Grasse Station(MeO).

- Collaboration (since 2006) with the group in charge of the development of
INPOP (Intégration Numérique Planétaire de 1'Observatoire de Paris)

- Recent interactions with the Team “Theory & Metrology” of SyRTE divison of
Paris Observatory




http://polac.obspm.fr/PaV/




Improvement of “Prediction & Validation” Tools
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Paris Observatory Lunar Analysis Center

Version 1.1 : 10 September 2013

' Validation of past LLR Observations

' Prediction for future LLR Observations

" HELP || HOME |

Developed by : C. Barache, S. Bouquillon, T. Carlucci, F. Deleflie, D. Feraudy, G. Francou, H. Manche, E. Samain, J-M. Torre & W. Zerhouni
Acknowledgments to Randall Ricklefs & to Pierre Tessandier for their helps.
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Paris Observatory Lunar Analysis Center
Version 1.1 : 11'" September 2013
 Prediction for future LLR Observations | Validation of past LLR Observations
HELP || HOME
Developed by : C. Barache, S. Bouquillon, T. Carlucci, F. Deleflie, D. Feraudy, G. Francou, H. Manche, E. Samain, J-M. Torre & W. Zerhouni
Acknowledgments to Randall Ricklefs & to Pierre Tessandier for their helps.
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Pointing towards the Moon.
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Paris Observatory Lunar Analysis Center

Prediction for future LLR Observations :

Pressure (hPa) :
Humidity (%) :
Wavelength (nm) :

| Default values |

| HELP || HOME |

Ep]leBI‘ldES : ELP96 © ELPMPP02 LLR SERVICE / PREDICTION - Ref : ELP96 #1101.00 FIT IERSO2CEP
Sites : | GRASSE | ¢ | site . GRASSE
Target : APOLLO 15
Targets : ‘APOLLO 15 < | Pressure : 852.5 milliBar
- Temperature : 7.1 degrees Celsius
. - Humidity 32.0 %
Year : |&| Wavelength : ©.532 micrometers
Month : | = | RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : |14 c| / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : |0 Cl 00001 2011/02/14 19:00:00 55606 63400.0 -48399786.632 336508507.319 140355
GO 08002 2011/62/14 19:30:00 55606 70200.8 -49638668.317 336128805.761 140054
Second : |0 Al —_— 08003 2011/02/14 20:00:00 55606 72000.0 -50867763.566@ 335819574.259 139751 |
* hd 00004 2011/02/14 20:30:00 55606 73800.0 -52097430.508 335581263.446 139443
= 00005 2011/082/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
Step : | 30 (min) | 2 | #0006 2011/02/14 21:30:00 55606 77400.0 -54500581.666 335312304.810 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [z0 2| 80088 2011/02/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
0@009 2011/62/14 23:00:00 55606 B2800.8 -5B8604878.1685 335375234.105 137854
(P prE——— 00018 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) ¢ | 00011 2011/62/15 00:00:00 55607 0.0 -61540941,355 335658713.016
m

| Default (852.5) % |

| Default (32) | ¢ |

Download Prediction with cpf format (right click and save as ...)

| Default (532) | 2 |

Download Prediction with tpf format (right click and save as ...)

Current Predictions Repositories :| CPF || TPF |

Critics and suggestions are welcome ( polac.contact at obspm.fr )

Terminé
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Paris Observatory Lunar Analysis Center
P .
Prediction for future LLR Observations :
Ephemerides : ELP96 © ELPMPP02 LLR SERVICE / PREDICTION - Ref : ELP96 #1101.00 FIT IERSO2CEP
Sites : |GRASSE  [¢ | Site : GRASSE
) . Target : APOLLO 15
Targets : ‘APOLLO 15 < | Pressure : 852.5 milliBar
— Temperature : 7.1 degrees Celsius
. ETTEIED Humidity 32.0 %
Year : |&| Wavelength : ©.532 micrometers
Month : [2 [2] RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : | 14| 2 | / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : [oe] | | 00001 2011/02/14 19:00:00 55606 68400.0 -48309786.632 336508507.319 140355
GO 90002 2011/82/14 19:30:00 55606 70200.0 -49638668.317 336128885.761 140054
Second : fo]zs] —— #0003  2011/062/14 20:00:00 55606 72000.0 -50867763.560 335819574.259 139751 |
: hd 00004 2011/02/14 20:30:00 55606 73800.0 -52007430.508 335581263.446 130443
) . §O0O5S 2011/82/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
Step : | 30 (min) | & | #0006 2011/02/14 21:30:00 55606 77400.0 -54509581.666 335312394.819 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [20 [z 90008 2011/082/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
—_— #0009 2011/02/14 23:00:00 55606 82800.0 -58604878.105 335375234.105 137854
- =TT 00010 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) ¢ | 06011 2011/62/15 08:00:08 55607 0.0 -561540941.365 335658713.010
m
Pressure (hPa) : | Default (852.5)| 2 |
Humidity (%) : | Default (32) ¢ | Download Prediction with cpf format (right click and save as ...)
Wavelength (nm) : | Default (532) | 2 | Download Prediction with tpf format (right click and save as ...)
| Default values |
|£| |%| Current Predictions Repositories :| CPF || TPF |
Critics and suggesticlﬁs are welcome ( polac.contact at obspm.fr)
y - -
Termine
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Paris Observatory Lunar Analysis Center

Prediction for future LLR Observations :

Ephemendes : ELP96 © ELPMPP02 LLR SERVICE / PREDICTION - Ref : ELP96 #1101.00 FIT IERSO2CEP
Sites : | GRASSE |2 | site . GRASSE
Target : APOLLO 15
Targets : ‘APOLLO 15 < | Pressure : 852.5 milliBar
- Temperature : 7.1 degrees Celsius
. - Humidity 32.0 %
Year : |&| Wavelength : ©.532 micrometers
Month : | = | RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : |14 c| / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : |O Cl 00001 2011/02/14 19:00:00 55606 63400.0 -48399786.632 336508507.319 140355
GO 08002 2011/62/14 19:30:00 55606 70200.8 -49638668.317 336128805.761 140054
Second : |0 Al —_— 08003 2011/02/14 20:00:00 55606 72000.0 -50867763.566@ 335819574.259 139751 |
* P 00004 2011/02/14 20:30:00 55606 73800.0 -52097430.508 335581263.446 139443
= 00005 2011/082/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
Step : | 30 (min) | 2 | #0006 2011/02/14 21:30:00 55606 77400.0 -54500581.666 335312304.810 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [z0 2| 80088 2011/02/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
0@009 2011/62/14 23:00:00 55606 B2800.8 -5B8604878.1685 335375234.105 137854
(P prE——— 00018 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) ¢ | 00011 2011/62/15 00:00:00 55607 0.0 -61540941,355 335658713.016
m

Pressure (hPa) : | Default (852.5) % |

Humidity (%) : | Default (32) | ¢ | Download Prediction with cpf format (right click and save as ...)

Wavelength (nm) : | Default (532) | ¢ | Download Prediction with tpf format (right click and save as ...)

| Default values |

|£| |%| Current Predictions Repositories :| CPF || TPF |

Critics and suggestions are welcome ( polac.contact at obspm.fr )

Terminé
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Paris Observatory Lunar Analysis Center
P .
Prediction for future LLR Observations :
Ephemerides : ELP96 © ELPMPP02 LLR SERVICE / PREDICTION - Ref : ELP96 #1101.00 FIT IERSO2CEP
Sites : |GRASSE  [¢ | Site : GRASSE
) . Target : APOLLO 15
Targets : ‘APOLLO 15 < | Pressure : 852.5 milliBar
— Temperature : 7.1 degrees Celsius
. ETTEIED Humidity 32.0 %
Year : |&| Wavelength : ©.532 micrometers
Month : [2 [2] RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : | 14| 2 | / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : [oe] | | 00001 2011/02/14 19:00:00 55606 68400.0 -48309786.632 336508507.319 140355
GO 90002 2011/82/14 19:30:00 55606 70200.0 -49638668.317 336128885.761 140054
Second : fo]zs] —— #0003  2011/062/14 20:00:00 55606 72000.0 -50867763.560 335819574.259 139751 |
: hd 00004 2011/02/14 20:30:00 55606 73800.0 -52007430.508 335581263.446 130443
) . §O0O5S 2011/82/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
Step : | 30 (min) | & | #0006 2011/02/14 21:30:00 55606 77400.0 -54509581.666 335312394.819 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [20 [z 90008 2011/082/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
—_— #0009 2011/02/14 23:00:00 55606 82800.0 -58604878.105 335375234.105 137854
- =TT 00010 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) ¢ | 06011 2011/62/15 08:00:08 55607 0.0 -561540941.365 335658713.010
m
Pressure (hPa) : | Default (852.5)| 2 |
Humidity (%) : | Default (32) ¢ | Download Prediction with cpf format (right click and save as ...)
Wavelength (nm) : | Default (532) | 2 | Download Prediction with tpf format (right click and save as ...)
| Default values |
|£| |%| Current Predictions Repositories :| CPF || TPF |
Critics and suggesticlﬁs are welcome ( polac.contact at obspm.fr)
y - -
Termine
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Paris Observatory Lunar Analysis Center

Prediction for future LLR Observations :

ELP96 © ELPMPP0O2 LLR Stations M

1.00 FIT IERSOZCEP

Ephemerides :

I Sites : | GRASSE ¢ | site : GRASSE
Target : APOLLO 15
Targets : ‘APOLLO 15 < | Pressure : 852.5 milliBar
- Temperature : 7.1 degrees Celsius
. - Humidity T 32,0 %
Year : |&| Wavelength : ©.532 micrometers
Month : |2 |z RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : |14 c| / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : |0 Cl 00001 2011/02/14 19:00:00 55606 63400.0 -48399786.632 336508507.319 140355
GO 08002 2011/62/14 19:30:00 55606 70200.8 -49638668.317 336128805.761 140054
Second : |0 Al 08003 2011/02/14 20:00:00 55606 72000.0 -50867763.566@ 335819574.259 139751 |
* P 00004 2011/02/14 20:30:00 55606 73800.0 -52097430.508 335581263.446 139443
—— 00005 2011/082/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
Step : | 30 (min) | 2 | #0006 2011/02/14 21:30:00 55606 77400.0 -54500581.666 335312304.810 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [z0 2| 80088 2011/02/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
— 0@009 2011/62/14 23:00:00 55606 B2800.8 -5B8604878.1685 335375234.105 137854
(P prE——— 00018 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) ¢ | 00011 2011/62/15 00:00:00 55607 0.0 -61540941,355 335658713.016
m
Pressure (hPa) : | Default (852.5) % |
Humidity (%) : | Default (32)| 2 | Download Prediction with cpf format (right click and save as ...)
Wavelength (nm) : | Default (532) | 2 | Download Prediction with tpf format (right click and save as ...)

| Default values |

|£| |%| Current Predictions Repositories :| CPF || TPF |

Critics and suggestions are welcome ( polac.contact at obspm.fr )

Terminé
| |21 [bouquillon@pcboud... || [BERN2011 - Naviga... || [1s51_2011.0dp - Op... || & [Courrier entrant - M... || i@ Mozilla Firefox | [JSR2010 - Navigate... || [*lIr_residuals_1990... || Residuals.png-4.0 (R... | | @ @




Pointing towards the Moon.

» sites currently available in the web interface

Wettzell, Germany




Pointing towards the

» sites currently available in the web interface

SLR Telescope
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Paris Observatory Lunar Analysis Center
P .
Prediction for future LLR Observations :
Ephemerides : ELP96 C ELPMPPO2 I arg EtS 1.00 FIT TERSO2CEP
Sites : | GRASSE | ¢ | Site - GRASSE
Target : APOLLO 15
I Targets : ‘APOLLO 15 < | Pressure : 852.5 milliBar
Temperature : 7.1 degrees Celsius
. - Humidity 32.0 %
Year : |&| Wavelength : ©.532 micrometers
Month : [2 |2] RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : |14 c| / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : o |z 00001 2011/02/14 19:00:00 55606 68400.0 -48309786.632 336508507.319 140355
GO 90002 2011/82/14 19:30:00 55606 70200.0 -49638668.317 336128885.761 140054
Second : fo]zs] —— #0003  2011/062/14 20:00:00 55606 72000.0 -50867763.560 335819574.259 139751 |
: PR 00004 2011/02/14 20:30:00 55606 73800.0 -52007430.508 335581263.446 130443
. §O0O5S 2011/82/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
Step : | 30 (min) |3 | #0006 2011/02/14 21:30:00 55606 77400.0 -54509581.666 335312394.819 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [20 [z 90008 2011/082/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
#0009 2011/02/14 23:00:00 55606 82800.0 -58604878.105 335375234.105 137854
- =TT 00010 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) ¢ | 00011 2011/62/15 09:00:08 55607 0.0 -561540941.365 335658713.010
m
Pressure (hPa) : | Default (852.5) % |
Humidity (%) : | Default (32)| ¢ | Download Prediction with cpf format (right click and save as ...)
Wavelength (nm) : | Default (532) | 2 | Download Prediction with tpf format (right click and save as ...)
| Default values |
|£| |%| Current Predictions Repositories :| CPF || TPF |
Critics and suggestions are welcome ( polac.contact at obspm.fr )

Terminé

[JSR2010 - Navigate... || [*lIr_residuals_1990... || Residuals.png-4.0 (R... |

| |21 [bouquillon@pcboud... || [BERN2011 - Naviga... | [1s51_2011.0dp - Op... || & [Courrier entrant - M... || i@ Mozilla Firefox || @ @




Pointing towards the Moon.

» Reflectors and Craters currently available in the web interface

Banaroft- 2
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Pointing towards the Moon.

€3 Applications Raccourcis Systéme ® E @ @ L] e = lun. 7 févr, 19:31
@ SE)E]
Fichier Edition Affichage Historique Marque-pages Outils Aide
o v & o [@ http://polac.obspm.fr/PaviindexPred.html v] l-‘]v la mediterranee paris "“él @V
ElcCourriel~ [EjMeteo~ [EjDicov [EjAstrov Reservations i)Pagesjaunes []Cinemav~ [EjCartes~ e Les Roches-La Ma... [@|MissionCNRS [ZTransport~ [ENarav
|@] http:/jpolac....ndexPred.html 3 | Wl faciliter - Dictionnaire Fran... £ | |@] http://polac....ndexPred.html 3¢ \ % ~
. . = = T . Qo
e uhce- Lunar Laser Ranging Service () osswor 5
Paris Observatory Lunar Analysis Center
P .
Prediction for future LLR Observations :
[T Ephomerides ————— T ¢ Ephemeris & prediction model
Sites : |GRASSE  [¢ | Site : GRASSE
) . Target : APOLLO 15
Targets : ‘APOLLO 15 < | Pressure : 852.5 milliBar
— Temperature : 7.1 degrees Celsius
. - Humidity T 32,0 %
Year : |&| Wavelength : ©.532 micrometers
Month : [2 [2] RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : | 14| 2 | / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : [oe] | | 00001 2011/02/14 19:00:00 55606 68400.0 -48309786.632 336508507.319 140355
GO 90002 2011/82/14 19:30:00 55606 70200.0 -49638668.317 336128885.761 140054
Second : o 2] #0003  2011/062/14 20:00:00 55606 72000.0 -50867763.560 335819574.259 139751 |
: PR 00004 2011/02/14 20:30:00 55606 73800.0 -52007430.508 335581263.446 130443
. §O0O5S 2011/82/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
Step : | 30 (min) | & | #0006 2011/02/14 21:30:00 55606 77400.0 -54509581.666 335312394.819 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [20 [z 90008 2011/082/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
—_— #0009 2011/02/14 23:00:00 55606 82800.0 -58604878.105 335375234.105 137854
- =TT 00010 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) ¢ | 06011 2011/62/15 08:00:08 55607 0.0 -561540941.365 335658713.010
m
Pressure (hPa) : | Default (852.5)| 2 |
Humidity (%) : | Default (32) ¢ | Download Prediction with cpf format (right click and save as ...)
Wavelength (nm) : | Default (532) | 2 | Download Prediction with tpf format (right click and save as ...)
| Default values |
|£| |%| Current Predictions Repositories :| CPF || TPF |
Critics and suggestions are welcome ( polac.contact at obspm.fr )
Terminé
| |21 [bouquillon@pcboud... || [BERN2011 - Naviga... || [1s51_2011.0dp - Op... || & [Courrier entrant - M... || i@ Mozilla Firefox | [JSR2010 - Navigate... || [*lIr_residuals_1990... || Residuals.png-4.0 (R... | | @ @




Pointing towards the Moon.

» |_unar solutions & reduction models available to compute predictions:

ELP96: itis an improved version of the analytical solution of the Moon ELP2000-82B (Chapront-
Touzé M. & Chapront J., 1988, 1997). The numerical ephemeris DE245 (JPL) is used for the motion
of the Earth-Moon barycenter and for numerical complements to the lunar librations and orbital
motion. Initially, the lunar coordinates given by this solution are referred to the dynamical mean
ecliptic of the date. The change to the equatorial frame of the Celestial Ephemeris Pole (J2000) is
carried out by analytical expressions of the precession-nutation. This solution is fitted to the Lunar
Laser Ranging observations made from 1972 until 2010 (Chapront J. & Francou G., 2002)

ELPMPPO2: The main differences from the previous solution 'ELP96' is the use of the new
planetary perturbations MPPO1 (Bidart, 2001). The numerical ephemeris DE405 is used for the
motion of the Earth-Moon barycenter and for numerical complements to the lunar librations and
orbital motion. This solution is fitted to the Lunar Laser Ranging observations made from 20/08/1969
until 30/05/2013. The initial positions of station are given in ITRF 2008 and the transformation
between terrestrial reference frame and celestial reference frame is done with the help of SOFA
routines (consistent with IERS Conventions 2003)

New Ephemeris and New Reduction Model

Bidart,P., 2001, A&A,366,351B.

Chapront-Touzé, M., Chapront, J., 1988, A&A, 190, 342.

Chapront-Touzeé, M., Chapront, J., 1996, Celest.Mech., 66, 31.
Chapront-Touzeé, M., Chapront, J., Francou, G., 1997, Celest.Mech., 66, 31.
Chapront, J., Chapront-Tousé, M., Francou G., 2002, A&A, 387, 700.




Pointing towards the Moon.
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@

HEE

Fichier Edition Affichage Historique Marque-pages Outils Aide

V] l-‘]v la mediterranee paris

@] @~

§e v (& iy [@ http://polac.obspm.fr/Pav/indexPred.htmil
ElcCourriel~ [EjMeteo~ [EjDicov [EjAstrov Reservations i)Pagesjaunes []Cinemav~ [EjCartes~ e Les Roches-La Ma... [@|MissionCNRS [ZTransport~ [ENarav

|@] http:/jpolac....ndexPred.html 3 | Wl faciliter - Dictionnaire Fran... £ ||§| http://polac....ndexPred.html 3¢ | &

Q
AZUr

e uhce- Lunar Laser Ranging Service ) osswewie

Paris Observatory Lunar Analysis Center

Prediction for future LLR Observations :

Ephemendes : ELP96 © ELPMPP02 LLR SERVICE / PREDICTION - Ref : ELP96 #1101.00 FIT IERSO2CEP
Sites : | GRASSE |2 | site . GRASSE
Target : APOLLO 15
Targets : ‘APOLLO 15 < | Pressure : 852.5 milliBar
- Temperature : 7.1 degrees Celsius
. - Humidity 32.0 %
Year : |&| Wavelength : ©.532 micrometers
Month : | = | RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : |14 c| / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : |O Cl 00001 2011/02/14 19:00:00 55606 63400.0 -48399786.632 336508507.319 140355
GO 08002 2011/62/14 19:30:00 55606 70200.8 -49638668.317 336128805.761 140054
Second : |0 Al —_— 08003 2011/02/14 20:00:00 55606 72000.0 -50867763.566@ 335819574.259 139751 |
* P 00004 2011/02/14 20:30:00 55606 73800.0 -52097430.508 335581263.446 139443
= 00005 2011/082/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
Step : | 30 (min) | 2 | #0006 2011/02/14 21:30:00 55606 77400.0 -54500581.666 335312304.810 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [z0 2| 80088 2011/02/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
0@009 2011/62/14 23:00:00 55606 B2800.8 -5B8604878.1685 335375234.105 137854
(P prE——— 00018 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) ¢ | 00011 2011/62/15 00:00:00 55607 0.0 -61540941,355 335658713.016
m

Pressure (hPa) : | Default (852.5) % |

Humidity (%) : | Default (32) | ¢ | Download Prediction with cpf format (right click and save as ...)

Wavelength (nm) : | Default (532) | ¢ | Download Prediction with tpf format (right click and save as ...)

| Default values |

|£| |%| Current Predictions Repositories :| CPF || TPF |

Critics and suggestions are welcome ( polac.contact at obspm.fr )

Terminé

[JSR2010 - Navigate...

| |21 [bouquillon@pcboud... || [BERN2011 - Naviga... | [1s51_2011.0dp - Op... || & [Courrier entrant - M... || i@ Mozilla Firefox ||

Results area




Pointing towards the Moon.

ﬁ Applications Raccourcis Systeéme @ E @ @ ﬁ- o o == lun. 7 févr, 19:31
@ BEE
Fichier Edition Affichage Historiqgue Marque-pages Outils Aide

o vy & o [I§| http://polac.cbspm.fr/PaViindexPred.html V] 2§~ la mediterranee paris "‘g,l v

EdCourriel~ [E]Meteov [EJDicov [EjAstrov Reservations i)Pagesjaunes [EjCinemav [EjCartesv fre Les Roches - La Ma... [@]|MissionCNRS [EjTransportv [EjNarav

[@] http:ffpolac....ndexPred.html 3 | W) faciliter - Dictionnaire Fran... 3 | (@ http:/polac....ndexPred.html 3 | %

e idcs- Lunar Laser Ranging Service () osmwer 7
Paris Observatory Lunar Analysis Center

Prediction for future LLR Observations :

PreVIeW area: LLR SERVICE / PREDICTION - Ref : ELP96 #1101.00 FIT IERS02CEP B

Site : GRASSE
Target : APOLLO 15
Pressure : 852.5 milliBar

In this area, a preview of the prediction oy s o ceslue

Wavelength : 0.532 micrometers

requeSted by the uSer Of this Web RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) :
interface is displayed. The format of this \ J Rectangulor courtinstes %, ¥, 2 in the Equstoriat Frane 22000 (neter) 1 |

/ Right Ascension (degree) / Declination (degree) / Azimuth (degree} /
/ Zenith Distance (degree) / Refraction (degree) /

prediction iS a. format We developed / Light Time for the reflectors (second) /
recently and that we named TPF (for | Go ot Boiroyis 1% e o

00003 2011/02/14 20:00:00 55606 72000.

Topocentnc Pred|Ct|0n Format) #0004 2011/02/14 20:30:00 55606 73800.0 -52007430.508 335581263.446 130443

00005 2011/02/14 21:00:00 55606 75600. -53337996.916 335412058.492 139132

-48399786.632 336508507.319 140355
-49638668.317 336128805.761 140054
-50867763.560 335819574.259 139751 |

00007 2011/02/14 22:00:00 55606 79200. -55891919.877 335275997.045 138500

-57224194.616 335298940.477 138179

¢}
¢
0
0
0
00006 2011,/02/14 21:30:00 55606 77400.0 -545099581.666 335312394.819 138818
5}
L&}
o
¢
0

P - - 00008 2011/02/14 22:30:00 55606 81000.
80009 2011/82/14 23:00:00 55606 82800.0 -58604878.105 335375234.105 137854
. S 80010 2011/82/14 23:30:00 55606 84600.0 -60B41585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) < | 00011 2011/62/15 00:00:08 55607 ‘ 0.0 -61540941.365 335658713.016 1371%19
i 7]
Pressure (hPa) : | Default (852.5) | ¢ |
Humidity (%) : | Default (32) | ¢ | Download Prediction with cpf format (right click and save as ...)
Wavelength (nm) : | Default (532) 2 | Download Prediction with tpf format (right click and save as ...)
| Default values |
|ﬂ| |ﬂ| Current Predictions Repositories : | CPF || TPF |
Critics and suggestions are welcome ( polac.contact at obspm.fr )
Terminé
[ =] [bouquillon@pcboug... || - [BERN2011 - Naviga... || = [ISSI 2011.0dp - Op... || & [Courrier entrant - M... |[ @ Mozilla Firefox | - [ISR2010 - Navigate... || — [*lIr_residuals_1990... |  Residuals.png-4.0 (R... | | @ Eﬁ




Pointing towards the Moon.
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@

HEE

Fichier Edition Affichage Historique Marque-pages Outils Aide

a @~

& v @& a [I§| http://polac.obspm.fr/Pav/indexPred.html v] l-‘]v la mediterranee paris
ElcCourriel~ [EjMeteo~ [EjDicov [EjAstrov Reservations i)Pagesjaunes []Cinemav~ [EjCartes~ e Les Roches-La Ma... [@|MissionCNRS [ZTransport~ [ENarav

|@] http:/jpolac....ndexPred.html 3 | Wl faciliter - Dictionnaire Fran... £ ||§| http://polac....ndexPred.html ¢ | &

\‘@vatmre

#ce- Lunar Laser Ranging Service () osmeor

Paris Observatory Lunar Analysis Center

Prediction for future LLR Observations :

. @ e
Ephemendes * © ELP96 © ELPMPP02 LLR SERVICE / PREDICTION - Ref : ELP96 #1101.00 FIT IERSO2CEP
Sites : | GRASSE |2 | site . GRASSE
Target : APOLLO 15
Targets : ‘APOLLO 15 |2 | Pressure : 852.5 milliBar
- Temperature : 7.1 degrees Celsius
. STl Humidity 32.0 %
Year : |&| Wavelength : ©.532 micrometers
Month : [2 2] RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : i
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT|
Day : |14 c| / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
— / Right Ascension (degree} / Declination (degree) / Azimuth (degree) /
- / Zenith Distance (degree) / Refraction (degree) /
Hour : | 18 2 | / Light Time for the reflectors (second) /
Minute : |0 Cl 00001 2011/02/14 19:00:00 55606 63400.0 -48399786.632 336508507.319 140355
I GO 08002 2011/62/14 19:30:00 55606 70200.8 -49638668.317 336128805.761 140054
Second : |0 °| _ 08003 2011/02/14 20:00:00 55606 72000.0 -50867763.566@ 335819574.259 139751 |
el 00004 2011/02/14 20:30:00 55606 73800.0 -52097430.508 335581263.446 139443
00005 2011/082/14 21:00:00 55606 75600.0 -53337996.916 335412958.492 139132
SRR ‘ "‘M 08006 2011/02/14 21:30:00 55606 77400.0 -54509581.666 335312394.819 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
- - - 00008 2011/082/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
Area for downloadlng predlctlon - 80809 2011/82/14 23:00:00 55606 82800.0 -58604878.105 335375234.105 137854
= 08018 2011/082/14 23 55606 84600.0 -60041585.158 335497823.668 137525
00011 2011/82/15 060 55607 0.8 -61540941.365 335658713.010 13'."1’9:4‘8
1 >

Download Prediction with cpf format (right click and save as ...)

In this area, the prediction requested can be
downloaded under TPF or CPF format.

Download Prediction with tpf format (right click and save as ...)

|£| |%| Current Predictions Repositories :| CPF || TPF |

Critics and suggestions are welcome ( polac.contact at obspm.fr )

Terminé

= [bouquillon@pcboug... || [BERN2011 - Naviga... | [1551_2011.0dp - Op... | ¢ [Courrier entrant- M... || @ Mozilla Firefox || [JSR2010 - Navigate... | [*lIr_residuals_1990... |
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Pointing towards the Moon
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v (& o I [8] | http://polac.obspm.fr/PaV/indexPred.htmi
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Current pI'EdICtIOnS rep03|tor|es

Download Prediction with tpf format (right click and save as ...

)

EdCourriel~ [E]Meteov [EJDicov [EjAstrov Reservations i)Pagesjaunes [EjCinemav [EjCartesv fre Les Roches - La Ma... [@]|MissionCNRS [EjTransportv [EjNarav
[@] http:ffpolac....ndexPred.html 3 | W) faciliter - Dictionnaire Fran... 3 | (@ http:/polac....ndexPred.html 3 | % ~
1 vatoire JATE L L R i S i 5y O ire o
- A unar Laser Ranging >ervice @) Jbsenvatoire 7
Paris Observatory Lunar Analysis Center
s g .
Prediction for future LLR Observations :
i ' < ELPMPPO2 I
Ephemendes ¥ ELP96 C LLR SERVICE / PREDICTION Ref : ELP96 #1101.00 FIT IERSOZCEP
Sites : | GRAssE |2 | site . GRASSE
Target : APOLLO 15
Targets : |APOLLO15 || Pressure  : 852.5 milliBar
. Temperature : 7.1 degrees Celsius
. ~ Humidity 32.0 %
Year : |%| Wavelength : 8.532 micrometers
Month : [2 |2] RESULTS TPF (TOPOCENTRIC PREDICTION FORMAT) : 3
/ Number / Date / Time (UTC) / Modified Julian Date at @h / Seconds of Day (UT]|
Day : [14]2] / Rectangular coordinates X, ¥, Z in the Equatorial Frame 12000 (meter) /
/ Right Ascension (degree) / Declination (degree) / Azimuth (degree} /
= / Zenith Distance (degree) / Refraction (degree) /
Hour : [19/2] / Light Time for the reflectors (second) /
Minute : o 2] BOO01 2011/82/14 19:00:00 55606 63400.0 -48399786.632 336508507.319 140355
GO 00002 2011/02/14 19:30:00 55606 70200.0 -49638668.317 336128805.761 140054
Second : |0 °| _ 00003 2011/02/14 20:00:00 55606 72000.0 -50867763.560 335819574.259 139751
* 00004 2011/02/14 20:30:00 55606 73800.0 -520097430.508 335581263.446 139443
———— 00005 2011,/02/14 21:00:00 55606 75600.0 -53337996.916 335412058.492 139132
Step : | 30 (min) | & | BO006 2011/02/14 21:30:00 55606 77400.0 -54509581.666 335312394.819 138818
00007 2011/02/14 22:00:00 55606 79200.0 -55891919.877 335275997.045 138500
Number of Points : [20 |2 §O008 2011/02/14 22:30:00 55606 81000.0 -57224194.616 335298940.477 138179
— §OO0Y 2011/02/14 23:00:00 55606 82800.0 -58604878.105 335375234.105 137854
o . ﬁ 00010 2011/02/14 23:30:00 55606 84600.0 -60041585.158 335497823.668 137525
Temperature (°C) : | Default (7.1) < | 80011 2011/02/15 08:00:00 55607 : 0.0 -61540941.365 335658713.016 1371%19
i )l
Iln 3 I3 m P L
Download Prediction with cpf format (right click and save as ...)

In this area, daily predictions are available under
CPF or TPF format for all the lunar targets. They
are computed for 3 days since the current date
with a step of 30 min and they are updated each
day at 10:30am (Paris Local time) just after the
EOP dally solution produced by IERS EOP product

LI5S0 2011, E up

- Naviga...

-

Current Predictions Repositories : | CPF || TPF |
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.. || @ Mozilla Firefox I
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Example of Prediction done with this tool:

First Detection of Lunokhod 1 with MeO
Night 19%/20" of March 2013

* LLR NP Residuals obtained during the night
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Observations provided by J.M. Torre & D. Feraudy




Example of Prediction done with this tool:

First Detection of Lunokhod 1 with MeO
Night 19%/20" of March 2013

* LLR NP Residuals obtained during the night

&

N ' "Ei ot
” x
£ =2 . mAXV
" ¢ ' With this prediction tool ¢ AXIV
- 3 AX
_‘é ) E ) AL
»

5
& .

-6 EE

, No use of this prediction tool

13:12 14:24 15:36 16:48 18:00 19:12 20:24 21:36 22:48

Hours

Observations provided by J.M. Torre & D. Feraudy
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"Pase ice- Lunar Laser Ranging Service () osmerre aar
Paris Observatory Lunar Analysis Center
Version 1.1 : 11'" September 2013
 Prediction for future LLR Observations | Validation of past LLR Observations
HELP || HOME
Developed by : C. Barache, S. Bouquillon, T. Carlucci, F. Deleflie, D. Feraudy, G. Francou, H. Manche, E. Samain, J-M. Torre & W. Zerhouni
Acknowledgments to Randall Ricklefs & to Pierre Tessandier for their helps.
Terminé
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Validation of LLR normal Points.
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Paris Observatory Lunar Analysis Center
. . .
Validation of past LLR Observations :
Ephemerides : O ELP96 ELPMPP02 C INPOP10e =
LLR SERVICE / RESIDUALS - Ref : ELP96 #1101.80 FIT IERSO2CEP
Format : MINI © CSTG © CRD
00001 1987/16/12 23h 31m 1754869161 Lunakhod 2 Grasse -0.043 m  -0.284 ns
00002 1987/16/12 23h 50m 0458732587 Lunakhod 2 Grasse 0.043 m 0.290 ns
Please, enter your LLR normal points in the area below : dooos 1987/10/13 olh 43n 1ouosandaz Lumsked 7 Gracse olewn olba ne
5110871012233117486016126297157660087401918 6 085201185 85380 50 0 5328a P lQST;lB:“]E D2h 1om 3900002193 Lunokhod 2 Grosee omim oe3m ne
5119871012235004873258726280567766329401010 4 07608 35 85300 5072 5320a 00006 19877/10/13 62h 32m 5256264323  Lunakhod 2 Grasse ooaam  -g.294 ne
5119871013011307053117126217460840300401910 9 05709 67 B5380 5255 5320a 00007 19877/10/13 @3h 20m 0757861056 Lunakhod 2  Grasse 0133 m -0.886 ne
5119871013014819685043226197305667075401910 9 05409 60 B5380 5255 5320a 00008 1987/10/13 @3h 40m 5558262811 Lunakhod 2  Grasse o1 m 1133 ne
5119871013021550008215326184811743533401910 12 05805100 B5380 5055 5320a 00000 1987/10/13 23h 52m 2157638104 Lunakhod 2  Grasse 0,826 m 0175 ne |2
5119871013023252626434326178753673865401916 5 07100 18 B5380 5055 5320a 00010 1087710714 O1h 17m 11:8957469 Lungkhod 2  Grosee o0 n  -055n |
51198710130320877865105626168512771693401916 7 06006 36 B5380 5055 5320a 00011 1987/10/14 84h 47m 3421722828  Lungkhod 2 Grocee o134 _0.29% ne
5119871013034055826281126167279062366401910 6 06401 21 85380 5055 5320a 00012 1987/10/17 04h 09m 0151112443 Apollo 15  Gracee 0 935 m 0637 ne
5119871813235221763810426539151442183401910 6 5300 42 85700 10053 5320a 00013 1987/10/17 04h 30m 4754253015  Apollo 15  Grasse 0 128 m 0 856 ne
5119871014041711895746926365501080764401010 3 6100450 B5700 0658 5320a BO014 1987/10/17 65h 02m 2053378607 Apolln 15  Grasse 0 099 m 0 662 ne
5110871014044734172282426363465928185401010 19 5100120 85700 7975 5320a [~ BO015 1987/10/17 6sh 34m 5050082027 Apollo 15  Grasse 0 085 m 0570 ne
( | 80016 1987/16/18 03h 12m 1454013468 Apollo 15  Grasse -0.042 m  -0.283 ns
80017 1987/16/18 03h 34m 4651977089 Apollo 15  Grasse 9.110 m 0.733 ns
00018 1987/16/18 03h 47m 2951821324 Apollo 15  Grasse 0.090 m 0.604 ns
90019 1987/16/18 03h 59m 5458007994  Lunakhod 2 Grasse 9.072 m 0.479 ns
00020 1987/16/18 04h 21m 5052436003 Apollo 15  Grasse 0.075 m 0.498 ns ||
|_ Clear | Normal Points : 08028
valid : 00020
| Generate an exemple of LLR Normal Points file with format MINI | Wrong (**)  : 00e@a Limit:  1.008 m
| Generate an exemple of LLR Normal Points file with format CSTG | 0-C) graphics interface
|' Generate an exemple of LLR Mormal Points file with format CRD |
HELP | [ HOME |
Critics and suggestions are welcome ( polac.contact at obspm.fr )
""NEW"" This LLR Data Validation Service is now available by e-MAIL. ""NEW""
Terming
[ =] [bouquillon@pcboug... || - [BERN2011 - Naviga... || = [ISSI 2011.0dp - Op... || & [Courrier entrant - M... |[ @ Mozilla Firefox |l - [SR2010- Navigate... || — [*lr_residuals_1990... |  Residuals.png-4.0 (R... | |@ &




Validation of LLR normal Points.

ﬁApplltatmns Raccourcis Systéme @ E @ @ ﬁ o= g‘ lun. 7 féwr, 19:32
@ BIEE
Fichier Edition Affichage Historiqgue Marque-pages Outils Aide
o vy & o [@ http://polac.obspm.fr/PaViindexValid.html V] 2§~ la mediterranee paris "C‘g,l @v
ElCourrielv [EjMeteov [ElDicov [EJAstrov Reservations i)Pagesjaunes [EjCinemav [EjCartesv fre Les Roches - La Ma... [@]|MissionCNRS [EjTransportv [EjNarav
[@] http://polac....ndexPred.html 3¢ | Wl faciliter - Dictionnaire Fran... |@http:h'polac.ol_.dexvalid.html b4 \ %+ v
. . = = ; (3.]
" .
\@vmm #c2- Lunar Laser Ranging Service () Osswesie o
Paris Observatory Lunar Analysis Center
. . .
Validation of past LLR Observations :
Ephemerides : O ELP96 ELPMPP02 C INPOP10e I
LLR SERVICE / RESIDUALS - Ref : ELP96 #1101.80 FIT IERSO2CEP
Format : MINI O CSTG O CRD
#0001 1987/18/12 23h 31m 1754869161 Lunakhod 2  Grasse -0.043 m  -0.284 ns
00002 1987/18/12 23h 50m 0458732587 Lunakhod 2 Grasse 8.043 m 0.290 ns
Please, enter your LLR normal points in the area below : #0003 1987/18/13 0lh 13m 0750531171 Lunakhod 2 Grasse -0.017 m  -0.115 ns
5110871012233117486916126207157660987401918 6 05201105 85300 50 0 5320a e :g:;ﬁgﬂ; g;: B mg:pg: 7 fresse o el
5119871012235004873258726280567766329401910 4 07608 35 85300 5072 5320a 08006 1987/10/13 B2h 32m 5256264343 Lunakhod 2  Grasse oeadm -0 294 ne
5119871013011307053117126217469840300401910 9 05709 67 85300 5255 5320a 08007 1987/10/13 B3h 20m 757861056 Lunakhod 2  Grasse 8133 m -5.886 ne
5119871013014819685043226197305667975401910 9 05409 60 85300 5255 5320a 08008 1087/10/13 03h 40m 5558262811 Lunakhod 2  Grasse 9178 n  -1.133 ns
5119871013021559908215326184811743533401910 12 05805100 85300 5055 5320a 08000 1987/10/13 23h 52m 2157638104 Lunakhod 2 Grasse 0.626 m 0175 ns |2
51198710130232526264343261768753673865401910 5 07100 18 85300 5055 5320a 08016 1087/16/14 04h 17m 1158057469 Lunakhod 2 Grasse oesam  -2.53 e |
5119871013032007786105626168512771693401910 7 06006 36 85300 5055 5320a 88011 1987/10/14 04h 47m 341722824 Lunakhod 2 Grasse o134 m @804 ne
5119871013034055826281126167279062366401910 6 06401 21 85300 5055 5320a 00012 1987/10/17 ©4h 09m 9151112433 Apollo 15  Grasse 0,895 n 0637 ne
5119871013235221763810426539151442103401910 6 5300 42 85700 10053 5320a 00013 1387/10/17 ©64h 3om 4734253015 Apollo 15  Grasse 0128 m 0 956 ne
5119871014041711895746926365501980764401910 3 6100450 85700 09658 5320a 00012 1987/10/17 05h 02m 2953328607 Apollo 15  Grasse 0 699 m 0 682 ne
[5119871014044734172282426363465928185401910 19 5100120 85700 7975 5320a [~] 00015 1987/10/17 05h 34m 5050082027 Apollo 15  Grasse 0 085 m 0,578 ns
#0016 1987/18/18 03h 12m 1454013468 Apollo 15  Grasse -0.842 m  -0.283 ns
#0017 1987/18/18 03h 34m 4651977089 Apollo 15  Grasse 8.110 m 0.733 ns
#0018 1987/18/18 03h 47m 2951821324 Apollo 15  Grasse 8.090 m 0.604 ns
#0019 1987/18/18 03h 59m 5458907994 Lunakhod 2 Grasse 8.072 m 0.479 ns
#0020 1987/18/18 04h 21m 50852436903 Apollo 15  Grasse 8.075 m 0.498 ns ||
|_ Clear | Normal Points : 00028
valid : 00020
| Generate an exemple of LLR Normal Points file with format MINI | Wrong (***)  : 00880 Limit:  1.000 m
| Generate an exemple of LLR Normal Points file with format CSTG | 0-C) graphics interface

| Generate an exemple of LLR Normal Points file with format CRD |

| HELP || HOME |

Critics and suggestions are welpome ( polac.contact at obspm.fr )

""NEW"" This LLR Data Validatiyn Service is now available by e-MAIL. ""NEW""

Submission area

Terming

| =] [bouguillon@pcboug... || [BERN2011 - Naviga... | [1SSI_2011.0dp - Op... [[ &) [Courrier entrant - M... [[ i@ Mozilla Firefox I[ [JSR2010 - Navigate... | [#lIr_residuals_1990... | Residuals.png-4.0 (R... |
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Validation of LLR normal Points.

ﬁ Applications Raccourcis Systeéme @ E @ @ ﬁ o o == lun. 7 févr, 19:32
@ BEE
Fichier Edition Affichage Historiqgue Marque-pages Outils Aide

(G0 vy & o [@ http://polac.obspm.fr/PaViindexValid.html V] 2§~ la mediterranee paris

EdCourriel~ [E]Meteov [EJDicov [EjAstrov Reservations i)Pagesjaunes [EjCinemav [EjCartesv fre Les Roches - La Ma... [@]|MissionCNRS [EjTransportv [EjNarav

[@) http:/jpolac....ndexPred.html 3 | W) faciliter - Dictionnaire Fran... 3 | [¢] http://polac.o...dexvalid.html 3 | % v

e idcs- Lunar Laser Ranging Service () osmwer 7

Paris Observatory Lunar Analysis Center

. . .
Validation of past LLR Observations :
Ephemerides : O ELP96 ELPMPP02 O INPOP10e -
LLR SERVICE / RESIDUALS - Ref : ELP96 #1181.80 FIT IERSD2CEP
Format : MINI O CSTG O CRD
00001 1987/10/12 23h 3Im 1754869161 Lunakhod 2  Grasse -0.043 m  -0.284 ns
00002 1987/10/12 23h 50m 0458732587 Lunakhod 2 Grasse 0.043 m  0.290 ns
Please, enter your LLR normal points in the area below : 00003 1987/10/13 0lh 13m 0750531171 Lunakhod 2  Grasse 9.017 m  -0.115 ns
5110871012233117486016126297157660087401918 6 085201185 85380 50 0 5328a e :g:;;}gi}; g;: B ti?g:pg: 7 fresse o el
5119871012235004873258726280567766329401910 4 07608 35 85300 5072 5320a B000% 1087710/13 021 32m 2206264343  Lunakhod 2 Gracee oaam oaaame
5119871013011307053117126217450840300401910 9 05709 67 85300 5255 5320a 80007 1087710/13 03h 20m 07o7661056  Lunakhod 2  Grocee i laEas e
5119871013014819685043226197305667975401910 0 05409 60 85300 5255 5320a 00008 1087710713 03h 40m 5508262817  Lunakhod 2 Gracee ehom il
5119871013021550908215326184811743533401910 12 05805100 85300 5055 5320a 00000 1087710713 23h 52m 2107638104  Lunakhod 2 Grocee R
5119871013023252626434326176753673865401910 5 67100 18 85300 5055 53208 00010 1987710711 041 17m 1108937489 Lunokhed 2 Grocee opmom aTsae
5119871013032007785105626168512771693401910 7 B6006 36 85380 5055 53208 00011 1987710714 04h 47m 3401720824  Lunckhod 2 Grocee ol Taiaaame
5119871013034055826281126167279062366401910 6 06401 21 85300 5055 53208 60912 1987/10/17 64h Oom B151112443 Apollo 15  Grasse oo M oiear ne
5119871013235221763810426539151442103401910 6 5300 42 85700 10853 53203 60013 1987/10/17 h 3om 4754253015 Apollo 15 Grasse e e e
5119871014041711895746926365591980764401910 3 5100450 85700 9658 5320a 00914 1987/10/1/ O3h 02m 2023528607 Apollo 15 Crosee Dpee m oees e
5119871014044734172282426363465928185401910 19 5100120 85700 7975 5320 ~ 00915 1987/10/1/ oh 34m 5020082027 Apollo 15 crose Doge m oo
00016 1987/18/18 ©3h 12m 1454013468 Apollo 15  Grasse -9.042 m  -0.283 ns
00017 1987/10/18 ©3h 34m 4651977689 Apollo 15  Grasse 0.110 m  0.733 ns
00018 1987/10/18 ©3h 47m 2051821324 Apollo 15  Grasse 0.000 m  0.604 ns
00019 1987/10/18 ©3h 50m 5458907994 Lunakhod 2 Grasse 0.072m  0.479 ns
— 00020 1987/18/18 ©4h 21m 5052436903 Apollo 15  Grasse 0.075 m  0.498 ns ||
|ﬂ| Normal Points : 00828
valid © 08020
| Generate an exemple of LLR Normal Points file with format MINI | Wrong (***)  : 0pega Limit:  1.008 m

| Generate an exemple of LLR Normal Points file with format CSTG | 0-C) graphics interface

| Generate an exemple of LLR Normal Points file with format CRD |

[ HELP || HOME |

Critics and suggestions are welcome ( polac.contact at obspm.fr )

""NEW"" This LLR Data Validation Service is now available by e-MAIL. ""NEW""

- Results area

[ /= [bouquillon@pcboug... || - [BERN2011 - Naviga... | =i [ISSI_2011.0dp - Op... | & [Courrier entrant - M... H: @ Mozilla Firefox |l = [SR2010- Navigate... | — [*lIr_resid




Validation of LLR normal Points.

ﬁApplltatmns Raccourcis Systéme @ E @ @ ﬁ o= g‘ lun. 7 féwr, 19:32
@ BIEE
Fichier Edition Affichage Historiqgue Marque-pages Outils Aide
o vy & o [@ http://polac.obspm.fr/PaViindexValid.html V] 2§~ la mediterranee paris "C‘g,l @v
ElCourrielv [EjMeteov [ElDicov [EJAstrov Reservations i)Pagesjaunes [EjCinemav [EjCartesv fre Les Roches - La Ma... [@]|MissionCNRS [EjTransportv [EjNarav
[@] http://polac....ndexPred.html 3¢ | Wl faciliter - Dictionnaire Fran... |@http:h'polac.ol_.dexvalid.html b4 \ %+ v
. . = = ; (3.]
" .
\@vmm #c2- Lunar Laser Ranging Service () Osswesie o
Paris Observatory Lunar Analysis Center
. . .
Validation of past LLR Observations :
Ephemerides : O ELP96 ELPMPP02 C INPOP10e I
LLR SERVICE / RESIDUALS - Ref : ELP96 #1101.80 FIT IERSO2CEP
Format : MINI O CSTG O CRD
#0001 1987/18/12 23h 31m 1754869161 Lunakhod 2  Grasse -0.043 m  -0.284 ns
00002 1987/18/12 23h 50m 0458732587 Lunakhod 2 Grasse 8.043 m 0.290 ns
Please, enter your LLR normal points in the area below : #0003 1987/18/13 0lh 13m 0750531171 Lunakhod 2 Grasse -0.017 m  -0.115 ns
5110871012233117486916126207157660987401918 6 05201105 85300 50 0 5320a e :g:;ﬁgﬂ; g;: B mg:pg: 7 fresse o el
5119871012235004873258726280567766329401910 4 07608 35 85300 5072 5320a 08006 1987/10/13 B2h 32m 5256264343 Lunakhod 2  Grasse oeadm -0 294 ne
5119871013011307053117126217469840300401910 9 05709 67 85300 5255 5320a 08007 1987/10/13 B3h 20m 757861056 Lunakhod 2  Grasse 8133 m -5.886 ne
5119871013014819685043226197305667975401910 9 05409 60 85300 5255 5320a 08008 1087/10/13 03h 40m 5558262811 Lunakhod 2  Grasse 9178 n  -1.133 ns
5119871013021559908215326184811743533401910 12 05805100 85300 5055 5320a 08000 1987/10/13 23h 52m 2157638104 Lunakhod 2 Grasse 0.626 m 0175 ns |2
51198710130232526264343261768753673865401910 5 07100 18 85300 5055 5320a 08016 1087/16/14 04h 17m 1158057469 Lunakhod 2 Grasse oesam  -2.53 e |
5119871013032007786105626168512771693401910 7 06006 36 85300 5055 5320a 88011 1987/10/14 04h 47m 341722824 Lunakhod 2 Grasse o134 m @804 ne
5119871013034055826281126167279062366401910 6 06401 21 85300 5055 5320a 00012 1987/10/17 ©4h 09m 9151112433 Apollo 15  Grasse 0,895 n 0637 ne
5119871013235221763810426539151442103401910 6 5300 42 85700 10053 5320a 00013 1387/10/17 ©64h 3om 4734253015 Apollo 15  Grasse 0128 m 0 956 ne
5119871014041711895746926365501980764401910 3 6100450 85700 09658 5320a 00012 1987/10/17 05h 02m 2953328607 Apollo 15  Grasse 0 699 m 0 682 ne
[5119871014044734172282426363465928185401910 19 5100120 85700 7975 5320a [~] 00015 1987/10/17 05h 34m 5050082027 Apollo 15  Grasse 0 085 m 0,578 ns
#0016 1987/18/18 03h 12m 1454013468 Apollo 15  Grasse -0.842 m  -0.283 ns
#0017 1987/18/18 03h 34m 4651977089 Apollo 15  Grasse 8.110 m 0.733 ns
#0018 1987/18/18 03h 47m 2951821324 Apollo 15  Grasse 8.090 m 0.604 ns
#0019 1987/18/18 03h 59m 5458907994 Lunakhod 2 Grasse 8.072 m 0.479 ns
#0020 1987/18/18 04h 21m 50852436903 Apollo 15  Grasse 8.075 m 0.498 ns ||
|_ Clear | Normal Points : 00028
valid : 00020
| Generate an exemple of LLR Normal Points file with format MINI | Wrong (***)  : 00880 Limit:  1.000 m
| Generate an exemple of LLR Normal Points file with format CSTG | 0-C) graphics interface

| Generate an exemple of LLR Normal Points file with format CRD |

| HELP || HOME |

Critics and suggestions are welqome ( polac.contact at obspm.fr )

""NEW"" This LLR Data Validatidn Service is now available by e-MAIL. ""NEW""

Submission area

Terming

| =] [bouguillon@pcboug... || [BERN2011 - Naviga... | [1SSI_2011.0dp - Op... [[ &) [Courrier entrant - M... [[ i@ Mozilla Firefox I[ [JSR2010 - Navigate... | [#lIr_residuals_1990... | Residuals.png-4.0 (R... | E
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Validation of LLR normal Points.

ﬁApplitatians Raccourcis Systéme @

H 9

n. 7 févr, 19:32

Bod & |

=

@)
[}

HEE

Fichier Edition Affichage Historiqgue Marque-pages Outils Aide

(Go v

EdCourriel~ [E]Meteov [EJDicov [EjAstrov

[@] http:ffpolac....ndexPred.html 3 | W) faciliter - Dictionnaire Fran... 3 | (@ http:/polac.o...dexvalid.html 2 | %

\‘@vmcﬁre

(& iy I (8] http://polac.obspm . fr/PaV/indexValid.html

V] 2§~ la mediterranee paris

Reservations

i)Pagesjaunes [E]Cinemav [EjCartesv

fre Les Roches - La Ma... [@]MissionCNRS [EjTransportv  [ENarav

Paris Observatory Lunar Analysis Center

#c2- Lunar Laser Ranging Service () Ot ]

Validation of past LLR Observations :

Ephemerides : O ELP96 @ ELPMPPO2

Format : ® MINI © CSTG

© CRD

O INPOP10e

Please, enter your LLR normal points in the

area below :

5119871012233117486916126297157660987401910
5119871012235004873258726280567766329401910
5119871013011307053117126217469840300401910
5119871013014819685043226197305667975401910
5119871013021559908215326184811743533401910
5119871013023252626434326178753673865401910
51198710130320087786105626168512771693401910
5119871013034055826281126167279062366401910
5119871013235221763810426539151442103401910
5119871014041711895746926365591980764401910
5119871014044734172282426363465928185401910

652011685
67608 35
05709 67
05400 60
05805100
07100 18
06006 36
06401 21
5300 42
6100450
5100120

DWW O~ U 00 o

1

85300 50 0
85300 5072
85300 5255
853008 5255
85300 5055
85300 5055
85300 5055
85300 5055
85700 10053
85700 9658
85700 7975

5320a
5320a
5320a
5320a
5320a
5320a
5320a
5320a
5320a
5320a
5320a

Terming

GO

| clear |

| Generate an exemple of LLR Normal Points file with format MINI |

| Generate an exemple of LLR Normal Points file with format CSTG |

| Generate an exemple of LLR Normal Points file with format CRD |

[ HELP || HOME |

LLR SERVICE / RESIDUALS - Ref : ELP96 #1101.00 FIT IERSBZCEP

00001 1987/16/12 23h 31m 1754869161 Lunakhod 2 Grasse -0.843 m -0.284 ns
00002 1987/10/12 23h 50m 0458732587 Lunakhod 2 Grasse 0.043 m 0.290 ns
00003 1987/10/13 @lh 13m 8750531171 Lunakhod 2 Grasse -0.017 m -0.115 ns

2 Grasse -0.007 m -0.049 ns

#0604 1987/10/13 01h 48m 1956850432  Lunakhod
00005 1987/10/ i —

00006 1987/10/

= wrodlUser’s data capture area :

<\ 00609 1987/10/
00010 1987/10/

11 1987/16/
0e0 987/10/
00013

wos wood e user makes a copy of his own file of

08015 1987/18/ . . .
no wanod LLR observations and then pastes it into
00018 19a7/10/

w0 10704 thiS garea for submission and validation.

Normal Points :
Valid :

Wrong (***)  : 08060 Limit:  1.800 m

(O-C) graphics interface

Critics and suggestions are welcome ( polac.contact at obspm.fr )

""NEW"" This LLR Data Validation Service is now available by e-MAIL. ""NEW""

| =] [bouquillon@pcboug... | - [BERN2011 - Naviga... |

[15S1_2011.0dp - Op... | & [Courrier entrant- M... || @ Mozilla Firefox | - [SR2010 - Navigate... || [*lIr_residuals_1990... | Residuals.png-4.0 (R... | @ &




Validation of LLR normal Points.

ﬁ Applications Raccourcis Systeéme @ E @ @ ﬁ o o == lun. 7 févr, 19:32
@ BEE
Fichier Edition Affichage Historiqgue Marque-pages Outils Aide

(G0 vy & o [@ http://polac.obspm.fr/PaViindexValid.html V] 2§~ la mediterranee paris

EdCourriel~ [E]Meteov [EJDicov [EjAstrov Reservations i)Pagesjaunes [EjCinemav [EjCartesv fre Les Roches - La Ma... [@]|MissionCNRS [EjTransportv [EjNarav

[@] http:ffpolac....ndexPred.html 3 | W) faciliter - Dictionnaire Fran... 3 | (@ http:/polac.o...dexvalid.html 2 | %

e idcs- Lunar Laser Ranging Service () osmwer 7
Paris Observatory Lunar Analysis Center

Validation of past LLR Observations :

Ephemerides : O ELP96 ELPMPP02 O INPOP10e -
LLR SERVICE / RESIDUALS - Ref : ELP96 #1181.80 FIT IERSD2CEP
Format : MINI O CSTG O CRD
00001 1987/10/12 23h 3Im 1754869161 Lunakhod 2  Grasse -0.043 m  -0.284 ns
00002 1987/10/12 23h 50m 0458732587 Lunakhod 2 Grasse 0.043 m  0.290 ns
Please, enter your LLR normal points in the area below : 00003 1987/10/13 0lh 13m 0750531171 Lunakhod 2  Grasse 9.017 m  -0.115 ns
5110871012233117486016126297157660087401918 6 085201185 85380 50 0 5328a e :g:;;}gi}; g;: B ti?g:pg: 7 fresse o el
5119871012235004873258726280567766329401910 4 07608 35 85300 5072 5320a B000% 1087710/13 021 32m 2206264343  Lunakhod 2 Gracee oaam oaaame
5119871013011307053117126217450840300401910 9 05709 67 85300 5255 5320a 80007 1087710/13 03h 20m 07o7661056  Lunakhod 2  Grocee i laEas e
5119871013014819685043226197305667975401910 0 05409 60 85300 5255 5320a 00008 1087710713 03h 40m 5508262817  Lunakhod 2 Gracee ehom il
5119871013021550908215326184811743533401910 12 05805100 85300 5055 5320a 00000 1087710713 23h 52m 2107638104  Lunakhod 2 Grocee R
5119871013023252626434326176753673865401910 5 67100 18 85300 5055 53208 00010 1987710711 041 17m 1108937489 Lunokhed 2 Grocee opmom aTsae
5119871013032007785105626168512771693401910 7 B6006 36 85380 5055 53208 00011 1987710714 04h 47m 3401720824  Lunckhod 2 Grocee ol Taiaaame
5119871013034055826281126167279062366401910 6 06401 21 85300 5055 53208 60912 1987/10/17 64h Oom B151112443 Apollo 15  Grasse oo M oiear ne
5119871013235221763810426539151442103401910 6 5300 42 85700 10853 53203 60013 1987/10/17 h 3om 4754253015 Apollo 15 Grasse e e e
5119871014041711895746926365591980764401910 3 5100450 85700 9658 5320a 00914 1987/10/1/ O3h 02m 2023528607 Apollo 15 Crosee Dpee m oees e
5119871014044734172282426363465928185401910 19 5100120 85700 7975 5320 ~ 00915 1987/10/1/ oh 34m 5020082027 Apollo 15 crose Doge m oo
00016 1987/18/18 ©3h 12m 1454013468 Apollo 15  Grasse -9.042 m  -0.283 ns
00017 1987/10/18 ©3h 34m 4651977689 Apollo 15  Grasse 0.110 m  0.733 ns
00018 1987/10/18 ©3h 47m 2051821324 Apollo 15  Grasse 0.000 m  0.604 ns
00019 1987/10/18 ©3h 50m 5458907994 Lunakhod 2 Grasse 0.072m  0.479 ns
— 00020 1987/18/18 ©4h 21m 5052436903 Apollo 15  Grasse 0.075 m  0.498 ns ||
|ﬂ| Normal Points : 00828
valid © 08020
| Generate an exemple of LLR Normal Points file with format MINI | Wrong (***)  : 0pega Limit:  1.008 m

| Generate an exemple of LLR Normal Points file with format CSTG | 0-C) graphics interface

| Generate an exemple of LLR Normal Points file with format CRD |

[ HELP || HOME |

""NEW"" This LLR Data Validation Service is now available by e-MAIL. ""NEW""

Sample of Data Submission with
Critics and suggestions are welcome ( polac.contact at obspm.fr ) M I N I, CSTG Or CRD format.

Terming

[ /= [bouquillon@pcboug... || - [BERN2011 - Naviga... | =i [ISSI_2011.0dp - Op... | & [Courrier entrant - M... H: @ Mozilla Firefox |l - [SR2010- Navigate... || — [*lr_residuals_1990... |  Residuals.png-4.0 (R... |

@
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Validation of LLR normal Points.

ﬁ Applications Raccourcis Systeéme @ E @ @ ﬁ o o == lun. 7 févr, 19:32
@ BEE
Fichier Edition Affichage Historiqgue Marque-pages Outils Aide

(G0 vy & o [@ http://polac.obspm.fr/PaViindexValid.html V] 2§~ la mediterranee paris 'Q‘,l @v
EdCourriel~ [E]Meteov [EJDicov [EjAstrov Reservations i)Pagesjaunes [EjCinemav [EjCartesv fre Les Roches - La Ma... [@]|MissionCNRS [EjTransportv [EjNarav

[@] http:ffpolac....ndexPred.html 3 | W) faciliter - Dictionnaire Fran... 3 | (@ http:/polac.o...dexvalid.html 2 | % ~

e idcs- Lunar Laser Ranging Service () osmwer 7

Paris Observatory Lunar Analysis Center

Validation of past LLR Observations :

— Available Lunar solutions

|' Generate an exemple of LLR Mormal Points file with format CRD |

| HELP || HOME |

Ephemerides : O ELP96 ELPMPP02 O INPOP10e -
LLR TIT TEnoooeer
Format : MINI C CSTG O CRD
00001 1987/18/12 23h 31m 1754369161 Lunakhod 2  Grasse -0.043 m  -0.284 ns
00002 1987/18/12 23h 50m 0458732587 Lunakhod 2  Grasse 0.043m  0.290 ns
Please, enter your LLR normal points in the area below : 00003 1987/18/13 0lh 13m 0750531171 Lunakhod 2  Grasse -0.017 m  -0.115 ns
5110871012233117486016126297157660087401918 6 085201185 85380 50 0 5328a e :g:;ﬁgﬂ; g;: B mg:pg: 7 fresse o el
5110871012235004873258726280567766320401910 4 07608 35 85308 5072 5320a DOOBE 1987/10/13 D2h 3om 5206264323  Lunakhod 2  Grocee onasm 0.2 ne
5110871013011307053117126217469840300401910 O 05700 67 85308 5255 5320a D007 1957/10/13 B3h 20m 0757861056 Lunakhod 2  Groces o133 m -6.886 ne
5119871013014819685043226197305667975401910 O 05400 60 85300 5255 5320a 000GE 1957/10/13 B3h 40m 5506262817 Lunakhod 2 Groces o170 m 1173 ne
5119871013021559908215326184811743533401910 12 05805100 85308 5055 5320a 00009 1957/10/13 23h 52m 2157635104 Lunakhod 2 Groses 0026 m 175 ne =
5119871013023252626434326178753673865401910 5 67100 18 85300 5055 5320a 00010 1037/10/14 01h 17m 1108057469 Lunakhod 2  Groces o080 m 0.5 ne
5119871013032007786105626168512771693401910 7 AG00G 36 85308 5055 5320a 00011 10837/10/14 03h 47m 3101732824 Lunakhod 2  Grocee o154 m 0,39 ne
5110871013034055826281126167279062366401910 6 06401 21 85308 5055 5320a 00012 1987/10/17 0dh 0Om 0151112443 Apoilo 15  Grocee 0095 m 0.637 ne
5110871013235221763810426539151442103401910 6 5300 42 85708 10053 5320a 00813 1987/10/17 0dh 30m 4794753015  apollo 15  oracee 0128 m 0.8 ne
5110871014041711895746926365591080764401910 3 6100450 85708 09658 5320a 00014 1987/16/17 B5h 02m 2953378607 Apollo 15  Grasse 0899 M ©.662 ne
[5119871614044734172282426363465928185401910 13 5100120 5700 7975 5326 [ 00015 1987/16/17 G5h 34m 5050082027 Apollo 15 Grasse 0085 M 0.578 ne
00016 1987/18/18 03h 12m 1454013468 Apollo 15  Grasse -0.042 m  -0.283 ns
00017 1987,/18/18 03h 34m 4651977689 Apollo 15  Grasse 0.1106m  0.733 ns
00018 1987/18/18 03h 47m 2051821324 Apollo 15  Grasse 0.090 m  0.604 ns
00010 1987/18/18 03h 59m 5458007994 Lunakhod 2  Grasse 0.072 m  0.479 ns
— 00020 1987/18/18 04h 21m 5052436903 Apollo 15  Grasse 0.075 m  0.498 ns |
|_ Clear | Normal Points : 00028
valid : 00020
| Generate an exemple of LLR Normal Points file with format MINI | Wrong (**)  : 00e@a Limit:  1.008 m
| Generate an exemple of LLR Normal Points file with format CSTG | 0-C) graphics interface

Critics and suggestions are welcome ( polac.contact at obspm.fr )

""NEW"" This LLR Data Validation Service is now available by e-MAIL. ""NEW""

Terming

[ /= [bouquillon@pcboug... || - [BERN2011 - Naviga... | =i [ISSI_2011.0dp - Op... | & [Courrier entrant - M... || @ Mozilla Firefox |l - [SR2010- Navigate... || — [*lr_residuals_1990... |  Residuals.png-4.0 (R... |
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Validation of LLR normal Points.

» Lunar solutions & reduction models available to compute Validation :

ELP96 & ELPMPP02: same Ephemeris and Reduction Model than the ones used in the
prediction tool.

INPOP10e:ltis the latest version of the planetary and lunar ephemeris INPOP, developed at the
Observatory of Paris (IMCCE). This numerical solution is fitted on both planetary and LLR
observations. It is available at http://www.imcce.fr/inpop, and is used to estimate new initial conditions
and librations parameters as well as tests for inner Moon (Fienga et al., 2008, 2009,2011).

The LLR observations are reduced with a model consistent with IERS Conventions 2003, including
tectonic plate motion, solid tides effects, ocean and atmospheric loading, polar tide, relativistic light
deviation and tropospheric time delay.

Fienga, A., et al., 2008, A&A, 477, 315.
Fienga, A., et al., 2009, A&A, 507, 1675.
Fienga, A., et al., 2011, Celest.Mech., 111, 363.

New Ephemeris and New Reduction Model




Validation of LLR normal Points.

Mozilla Firefox

Fichier Edition Affichage Historigue Marque-pages Outils Aide

4‘ e ?@ ﬂ [@ http://polac.obspm fr/PaV/indexValid .html |V] [V
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LUNAR LASER RANGING SERVICE

Paris Obervatory Lunar Analysis Center

Validation of past LLR Observations :

Ephemerides : O ELP96 @ ELPMPP02 O INPOP10e 000P6 1010 3 20000116 1B84600, 3949065 2.4017942374030s 0.0049m 0. 0325ns [4]
00007 1910 2 20000116 185710.3422887 2.4010547531250s 0.0233m  0.1557ns
. . . 90008 1910 3 20000116 190851.0404788 2.40096531972605 ©0.0183m  0.1223ns
Format : © MINI © CSTG © CRD 90009 1910 3 20000116 192754,9054263 2.4004875736110s 0.0162m O, 0681ns
90010 1010 2 20000116 193906.0778061 2.3999873773040s 0.0176m  0.1174ns
. . #0011 1010 2 20000116 200235.6093546 2.3998015859340s ©0.0376m  O.2465ns
Please, enter your LLR normal points in the area below : 0001z 1910 3 20000116 201306,5335845 2.4001330005080s 0.008Om 0. 0536ns
99999 90013 1910 3 20000116 203823.8612687 2.4004048179700s ©.0177m  0.1181ns m
0000103000137845 78015320001 6425400063001942764103991391 90014 1910 2 20000116 2051050878678 2.40033637242205 0.0079m  O.0526ns
731186731431513503242 7640000359 08732271005500260223000 90015 1010 3 20000116 210122.1450114 2.4009348195420s ©.0025m  0.0167ns
99999 90016 1910 3 20000116 221121.6229576 2.4840937863280s -0.0096m -0.0602ns
000010300014708024195320- 000174 700000002202463104 725071 00017 71112 3 20000117 072108.2244945 2.4012100681630s 0.311lm  2.0757ns
0662408623234908 0668918200004 7308099279864 500050260394 90018 1910 3 20000117 182653.4376673 2.3781317753030s -0.0052m -0.0347ns
99999 90019 1910 3 20000117 185124.3903713 2.3764394383790s 0.0046m  0©.0309ns
0000163000157845 78015320001 6429900063002242764103901351 00020 1910 2 20000117 190642,4202007 2,3752609587180s  0.0072m  0.0478ns
751151309259436075570206000035008 7682744 0630074 0221500
99999 Normal Points : 20 obs.
0000103000157845780153200016433300003002272764103621261 - valid © 19 obs.
Wrong (*##%) 1 obs. Limit: ©.750 m
G O Reflector 2 : 5 obs. Bias: 0.019 m St.dev.: 0.011 m
0.124 ns 0.073 ns
Reflector 3 : 14 obs. Bias: 0,032 m St.dev.: 0,079 m
- 9,211 ns 0.529 ns
Global : 19 obs. Bias: 0.028 m St.dev.: 0.069 m
0.188 ns 0.457 ns .
[ Generate an exemple of LLR Normal Points file with format MINI l -]
[ Generate an exemple of LLR Normal Points file with format CSTG ]

(0-C) graphics interface

Critics and suggestions are welcome ( polac.contact at obspm.fr)

""NEW"" This LLR Data Validation Service is now available by e-MAIIL.. ""NEW""

— Results area




Validation of LLR normal Points.

Mozilla Firefox

Fichier Edition Affichage Historigue Marque-pages Outils Aide
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LUNAR LASER RANGING SERVICE

Paris Obervatory Lunar Analysis Center

Validation of past LLR Observations :

Ephemerides : O ELP96 © ELPMPP02 O INPOP10e 90006 1010 3 20000116 1B4600.3949065 2.4017942374030s 0.0040m  O.0325ns [«]
00007 1010 2 20000116 185710.3422887 2.4010547531250s 0.0233m  0.1557ns
00008 1910 3 20000116 190851.0404788 2.4009653197260s 0.0183m  0.1223ns
Format : © MINI © CSTG © CRD 90009 1910 3 20000116 192754,9054263 2.4004875736110s 0.0162m O, 0681ns
0OALO 1010 2 20000116 193906.0778061 2.399987377340s 0.0176m  0.1174ns
. . @0011 1010 2 20000116 200235.6093546 2.3998015859340s 0.0370m  0.2465ns
Please, enter your LLR normal points in the area below : 0001z 1910 3 20000116 201306,5335845 2.4001330005080s 0.008Om 0. 0536ns
99999 ©0013 1010 3 20000116 203823.8612687 2.4084048179700s 0.0177m  0.1181ns m
0000103000137845780153200016425400003001942764103991391 00014 1910 2 20000116 205105.0878678 2.4003363724220s 0.0079m  0.0526ns
7311B6731431513503242764 0000399 08732271005500260223000 ©0A15 1010 3 20000116 210122.1450114 2.4009348195420s 0.0025m  0.B167ns
99393 @0016 1910 3 20000116 221121.6229576 2.4840937863280s -0.0090m - 0.0602ns
0B0010300014708024195320- H00174 700000002202463104 725071 ©0017 71112 3 20000117 072108.2244945 2.4012100681630s 0.311lm  2.8757ns
066240862323490806689152000047308099279804500050260394 @0018 1010 3 20000117 182653.4376673 2.3781317753030s -0.0052m -0.0347ns
99399 00019 1910 3 20000117 185124.3003713 2.3764394383790s 0.0046m  0.0309ns
0000103000157845780153200016420900003002242764103901351 00020 1910 2 20000117 190642.4202007 2.3752609587180s  0.0072m  0.8478ns
7511513002594360755702 06000039008 7682744 0630074 0221500 = — =
LIl decialboints 20 obs.
: 19 obs.
R It f I-d t- . | B 1 obs. Limit: 0.7
esu S 0 va I a Ion process' 2 5 obs. Bias: 019 m St.dev.: 0.011m
0.124 ns 0.073 ns
3 : 14 obs. Bias: 0,032 m St.dev.: 0,079 m
8.211 ns 0.529 ns
The lines in this area are the results of validation process for o.28 0  Stdev: 00w
0.188 ns 0.457 ns

each submitted LLR observation.

Each line contains :

@ Number of processed observation according to submission order,

@ Station ID,

@ Reflector Number,

@ Date,

@ Time,

@ Observed round-trip light time in second,

@ (Observed light time - Computed light time) in meter,

@ (Observed light time - Computed light time) in nanosecond.




Validation of LLR normal Points.

Mozilla Firefox

Fichier Edition Affichage Historigue Marque-pages Outils Aide

‘4‘ e ?@ ﬂ [@ http://polac.obspm fr/PaV/indexValid .html |V] [V
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LUNAR LASER RANGING SERVICE

Paris Obervatory Lunar Analysis Center

Validation of past LLR Observations :

Ephemerides : O ELP96 ® ELPMPP02 O INPOP10e 00006 1910 3 20000116 184600.3949065 2.4017942374030s 0.0049m  0.0325ns [«
00007 1910 2 20000116 185710.3422887 2.4010547531250s ©0.0233m  ©.1557ns
~ - ~ 00008 1910 3 20000116 190851.0404788 2.4009653197260s ©0.0183m  0.1223ns
Format : © MINI © CSTG © CRD 90009 1910 3 20000116 192754,9054263 2.4004875736110s 0.0162m O, 0681ns
E0PLO 1910 2 20000116 193906.0778061 2.3999873773040s 0.0176m  0.1174ns
. . E0OL1 1910 2 20000116 200235.6093546 2.3998015859340s 0.0370m  0.2465ns
Please, enter your LLR normal points in the area below : 0001z 1910 3 20000116 201306,5335845 2.4001330005080s 0.008Om 0. 0536ns
99999 = 00013 1910 3 20000116 203823.8612687 2.4084048179700s ©0.0177m  ©.1181ns ]
00OD103000137845 780153 20001642540000300194 2764103991391 O00l4 1910 2 20000116 205105.0878678 2,4003363724220s 0.0079m  ©.0526ns
731186731431513503242764000039 908732271 005500260223000 1=l E0P15 1910 3 20000116 210122.1450114 2.4009348195420s 0.0025m  0.0167ns
93999 E0PL6 1910 3 20000116 221121.6229576 2.4B40937863280s -0.0030m -0.0602ns
00PR10300014708024195320- HO0174700000002202463104725071 E0OL7 71112 3 20000117 072108.2244945 2.4012100681630s 0.311lm  2.0757ns
0662408623 23490806689152000047308099279804500050260394 0018 1910 3 20000117 182653.4376673 2.3781317753930s -0.0052m  -0.0347ns
99999 OO0L9 1910 3 20000117 185124,3903713 2,3764394383790s 0.0046m  ©.0309ns
000010300015784576015320001642990000300224 2764103901351 00020 1910 2 20000117 190642,4202007 2.3752609587180s 0.0072m  0.0478ns
751151309 4560 (206000038008 FA8 274406300740 O
Normal Points : 20 obs.
|~ | valid : 19 obs.
St t- t- It N [ Wrong (*##%) 1 obs. Limit: 0.750 m
a IS Ic resu S' Reflector 2 : 5 obs. Bias: 0.019 m St.dev.: 0.011 m
0.124 ns 0.073 ns
Reflector 3 : 14 obs. Bias: 0,032 m St.dev.: 0,079 m
9.211 ns 0.529 ns
This area gives for the LLR observations Gobal i 190bs.  Bias 0.0 Stdev: 00%w
0.188 ns 0.457 ns .
selected by the user the bias and the standard -
deviation of the residuals for all the retro- (0-C) graphics interface
reflectors and for each one of them.

FrEET T

Critics and suggestions are welcome ( polac.contact at obspm.fr )

""NEW"" This LLR Data Validation Service is now available by e-MAIL. ""NEW""

Termine




Validation of LLR normal Points.

Mozilla Firefox

Fichier Editiog Affichage Historiqgue Margue-pages Outils Aide
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Courriel Met, Di Asti R ti 4)Pag Ci Cart free Les Roches - La M MissionCNRS [ Transport
Paris Obervatory Lunar Analysis Center
Validation of past LLR Observations :
Ephemerides : O ELP96 ®@ ELPMPP02 O INPOP10e ' — . . T
Apollo =TV
Format : O MINI @ CSTG © CRD fam
0.3
Please, enter your LLR normal points in the area below :
39999 B o2
00001030001 37545 78015320001 6425400003001942764103991391 2 ae
7311867314315135032427 64000033905 732271 605560260223060 "
99999 . +
000010300014705024195320-000174700000002202463104725071 E e
0662408623 1820000473080992795045 00050260334 s e
99993 L
000010300015 7845 78015320001 6429900003002242764103901351 'I
7511513092594360755 70206000039008765274406300740221500 e + +
99999 -
000010300015 7845 78015320001 6433300003002272764103621 261 z "r
-, @85 b = N
GO
a 18 2 3n an 5 L) 78 an o 18m
hour s
G ra hS of resid uals [ Sites : Reflectors : X-axis unit : Y-axis unit :
p " [GRasse | #| [AIREFLECTORS #| [HOURS 3| [Ns (round-trip) | %]

Date of First Observations : 2000/01/13_20:18

Residuals are displayed according to the sites, (0-C) numerical results
the reflectors, the time and residuals units.

Critics and suggestions are welcome ( polac.contact at obspm.fr)

""NEW"" This LLR Data Validation Service is now available by e-MAIL. ""NEW""



Reduction of All LLR normal Points since 1984
carry out with this interface:

0-C plots for two different models: INPOPl0e and ELPMPPO2

INPOP10e and - residuals in cm
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Reduction of All LLR normal Points since 1984
carry out with this interface:

O-C Statistics for INPOPl10Oe & ELPMPPOZ2 models

INPOP10e and : RMS of residuals in cm
Stations (periods) INPOP10e
GRASSE (1984-1986) 15, 89
GRASSE (1987-1995) 6,35
GRASSE (1995-2012) 4,01
MLRS2 (1985-1996) 4,71
MLRS2 (1996-2012) 5,59
Apollo (2006-2012) 5,22




polac.processing at obspm.fr




Validation of LLR Observations by e-mail

E-mail Format Example for the Submission of LLR
Observations to Validate:

TO : polac.processing at obspm.fr
Subject : ##LLR-VALIDATION##

DISPLAYOMC=1

DISPLAYOBS=1

DISPLAYPLOT=1

DISPLAYSTAT=1

EPHEM=1

FORMAT=1

IDOBS=MINI 01 17Nov1987

STARTOBS

5119871017053450008202726457869244256301910 9 6000 56 86100 10591 5320a
5119871018031214401346826524391650493301910 18 4800160 87700 12020 5320a
5119871018033446197708926495002457698301910 7 6900140 86400 7684 5320a
5119871018034729182132426478835321705301910 18 4800121 86400 7684 5320a
5119871018035954890799426478807146132401910 15 5000171 86400 5794 5320a
5119871018042150243690326437079172454301910 51 3700320 86400 6970 5320a
ENDOBS

Mandatory keywords in red




Validation of LLR Observations by e-mail

Mozilla Firefox

Fichier Edition Affichage Historigue Marque-pages Outils Aide
‘4‘ e ?@ ﬂ [@ http://polac.obspm fr/PaV/indexValid .html |V] [V hd
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Paris Obervatory Lunar Analysis Center
. . .
Validation of past LLR Observations :
Ephemerides : O ELP96 @ ELPMPP02 O INPOP10e 00006 1010 3 20000116 1B4600.3940065 2.4017942374030s 0.0040m  0.0325ns [+]
00007 1910 2 20000116 185710.3422887 2.4010547531250s ©.0233m  0.1557ns
. - . D0DBE 1910 3 20000116 190851, 0404788 2.4009653197260s  ©.0183m  0.1223ns
Format : © MINI © CSTG © CRD 90009 1910 3 20000116 192754,9054263 2.4004875736110s 0.0162m O, 0681ns
00010 1910 2 20000116 193906.0778061 2.3999873773040s 0.0176m  0.1174ns
Pl t LLR 1 points in th bel A 00Ol 1010 2 20000116 200235 6093546 2.3998015859340s ©.0370m 0. 2465ns
ease, enter your normal points In the area below : 0001z 1910 3 20000116 201306.5335845 2.400L330005080s 0.00BOm  0.B536ns ||
99999 00013 1910 3 20000116 2038238612687 2.4004048179700s ©.0177m  ©0.1181ns
DOOBLO3000137845780153200016425400003001942764103991391 D0pl4 1910 2 20000116 205105.0878678 2.4003363724220s 0.0079m 0. 0526ns
731186731431513503242764 000039908 732271 005500260223000 00015 1910 3 20000116 210122.1450114 2.4009348195420s  0.0025m 0. 0167ns
99999 00016 1910 3 20000116 221121.6229576 2.4040037863280s -0.0090m -0.0662ns
0OOBLO300014708024195320- 0001 74700000002202463104 725071 00pl7 71112 3 20000117 0721082244945 2.4012100681630s  ©.31llm  2.0757ns
D6624086232349080668918200004 73080992798 04500050260394 D0Dl8 1910 3 20000117 182653.4376673 2.3781317753030s -0.0052m -0.0347ns
99999 D0Pl9 1910 3 20000117 185124,3903713 2.3764394383790s 0.0046m 0. 0309ns
0000103000157845780153200016429900003002242764103901351 00020 1910 2 20000117 1906424202007 2.3752609587180s 0.0072m 0. 0478ns
751151309258436075570206000039008 7682744 0630074 0221500
99999 Normal Points : 20 obs.
0ODOLO3000157845780153200016433300003002272764103621261 - valid : 19 obs,
Wrong (*##%) 1 obs. Limit: ©.750 m
G O Reflector 2 : 5 obs. Bias: 0.019 m St.dev.: 0.011 m
0.124 ns 0.073 ns
Reflector 3 : 14 obs. Bias: 0,032 m St.dev.: 0,079 m
- 0.211 ns 0.529 ns
Global : 19 obs. Bias: 0.028 m St.dev.: 0.069 m
0.188 ns 0.457 ns .
[ Generate an exemple of LLR Normal Points file with format MINI l -]
[ Generate an exemple of LLR Normal Points file with format CSTG ] ) i
(0-C) graphics interface
Critics and suggestions are welcome ( polac.contact at obspm.fr)
. . . . . . -
""NEW"" This LLR Data Validation Service is now available by e-MAIIL.. ""NEW"" l Detal IS abOUt e mall
Submissi
Termingé




ftp://polac.obspm.fr/pub/LLR_Observations/




critical analysis of an extended LLR data
gathering

LLR Data Sources:

@ Archive POLAC
@ Archive of Grasse laser station (Observatoire de la COte d'Azur, MéO)
@ Archive of APOLLO laser station (Apache Point Observatory Lunar Laser-ranging Operation)

@ ILRS DataBase
¥ GSFC (Goddard Space Flight Center)

¥ DGFI (Deutsches Geodatisches Forshung Institut)

LLR Data Formats.:

@ ZN Original Format, COSPAR Working Group 1, (Mulholland, 1971)

@ MINI Mini Normal Point Record, NASA Management/Operations Working Group on LLR,
(COSPAR Information Bulletin No. 108, April, 1987.)

@ CSTG Coordination of Space Techniques for Geodesy and Geodynamics,
ILRS Normal Point Format since March 1997

@ CRD Consolidated Laser Ranging Data Format,ILRS Normal Point Format since 2009,
(R.L. Ricklefs, C.J. Moore, October 2009).
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gathering

analysis of an extended LLR data

Formats & Sources:

1MINI Archi APOLLO
McDonald (2 .7m, MLRS1 , MLRS2) ehive
Haleakala S ] S—
5 CRD DataBase DGFI
Grasse(Rubis,Yag,MéO) H—q—ﬂr 4 CSTG
Matera
Apache Point Observatory
= S5E “Gempeges ST | CRD
—_— e e e e e i CSTG}
DataBase GSFC
{ MINI
{ ZN
1 C8TG )
}B.rch:l.ve OCA
41 MINI
S P WS S——— R MINI}M 'z 6
chive LAC
| —— { ZN
1970 197z 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 201
Years
Distribution of All LLR Observations per Archive Center & per Format



critical analysis of an extended LLR data
gathering

Main Steps of LLR Data gathering and Critical analysis Method:

First Step: DATA NORMALIZATION

FOR EACH DATABASE.:
@ Split LLR data by LLR station and by format
@ Check the consistency of each data (values, format nomenclature, etc.)

Example:

Original data: 134677492928470346965323000010508792282625000560222200
Error for format of Humidity => correction 250 -> 025 :

Modified data: 134677492928470346965323000010508792282602500560222200

@ Erase redundant data (only strictly identical Normal Points)

@ Change the data format in the LLR standard Format "MINI"
@ Check this new file consistency
@ Sort Chronologically

@ For each Normal Point keep a trace of Original Archive and Format

Example:
\5 201305131633071529333266516406199301 1910 42 1949 16 87344 13556 5321 0673 \DGFI-CRD

Normal Point in “MINI” format —— Archive and Format Name




critical analysis of an extended LLR data
gathering

Main Steps of LLR Data gathering and Critical analysis Method:

Second Step: ERASE DATA WITH RESIDUALS LARGER THAN 100 METERS

Third Step: IDENTIFICATION OF DATA DUPLICATIONS AND SELECTION

METHOD FOR IDENTIFICATION OF DATA DUPLICATIONS:

@ 2 Normal Points are considered as data duplications if there 1is
a temporal overlap Larger than 20% of the sum of their half-duration.

overlap

<

D2 = Duration of NP2

» time

T2
Test : sign of [ (T2-T1) - (D1/2 +D2/2)*0.8 ]

@ If LLR Normal point duration 1is not given, we fix it to 3 minutes.

METHOD OF DATA SELECTION IN CASE OF DUPLICATION:

@ The selection of one observation in case of duplication is based
on the criteria listed below:
@ The Residual [0-C] (weight = 2)
# The Echoes Number (weight = 1)
@ The Uncertainty (weight = 1)
@ The Signal to Noise Ratio (weight = 1)
« The duration (weight = 1).



critical analysis of an extended LLR data
gathering

Main Steps of LLR Data gathering and Critical analysis Method:

Third Step : IDENTIFICATION OF DATA DUPLICATIONS AND SELECTION

1000

900

800

700

Date difference Lt

with next LLR data
(s)

1988 1990 1992 1994 1996 41998 2000 2002 2004 2006 2008 2010 2012 2014
Date

This plot shows for each LLR data gathering for the MLRS2 station, the observation date in X axis and
the date difference with the next data in second in Y axis with data duplications.



critical analysis of an extended LLR data
gathering

Main Steps of LLR Data gathering and Critical analysis Method:

Second Step : IDENTIFICATION OF DATA DUPLICATIONS AND SELECTION

1000

900

800 -

700

Date difference
with next LLR data
(s)

400

300

200

100

0
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Date

This plot shows for each LLR data gathering for the MLRS2 station, the observation date in X axis and
the date difference with the next data in second in Y axis with no data duplications.



critical analysis of an extended LLR data

gathering

LLR Resulting Data Set:

ftp://polac.obspm.fr/pub/1_11lr_analysis/2_1lr_residuals/observationsUpdate/

@ DATA SETS OF LLR OBSERVATIONS BY STATION AND PERIOD

L R R AR R R O

@ DATA SETS FOR ALL THE LLR
+ TOTALOBS6913.DAT :
+ TOTALOBS6913.xml :
+ TOTALSUP6913.DAT :

+ TOTALDBL6913.DAT :

OMCD6985.
OMCD8388.
OMCD8813.
OGRA8486 .
OGRA8705.
OGRA0913.
OHAL8490.
OMATO0313.
OAP00612.

DAT :
DAT :
DAT :
DAT :
DAT :
DAT :
DAT :
DAT :
DAT :

3604
631
3653
1188
8324
654
770
83
1564

Grasse
McDonald
Matera

Haleakala

Apollo
Total

Observations
observations
observations
observations
observations
observations
observations
observations
observations

OBSERVATIONS

103
305
3
0]
0]
411

(20/08/1969 -
(02/08/1983 -
(29/02/1988 -
(07/04/1984 -
(22/01/1987 -
(11/11/2009 -
(13/11/1984 -
(22/02/2003 -
(07/04/2006 -

FROM 1969 AUGUST 20 TO 2013 MAY 30
Valid Observations (20471) (Format MINI)
Valid Observations (20471) (Format VOTABLE)
Observations with residuals > 100m

DUPLIACATED DATA (28615)

30/06/1985)
27/01/1988)
20/03/2013)
12/06/1986)
30/07/2005)
20/05/2013)
30/08/1990)
05/03/2013)
28/08/2012)



ftp://polac.obspm.fr/pub/1_llr_analysis/2_llr_residuals/observationsUpdate/

Planed improvements.

For Prediction Tool

@ add some helpful information for reflectors (as their libration angle,
their sun illumination, etc.)

For Validation Tool

@ Implementation of other lunar solutions or other reduction processes:
* JPL lunar solution (DE421)
« FESG/IFE Lunar solution
o 7
=> Useful for unification of LLR observation reduction process
=> Useful for comparison of different lunar solutions

@ Improvement of speed of PaV Tools when using ELP
(by using a tabulated version of ELP Ephemeris instead of Poissons Series) DONE

@ Separate for the interface user the choice of Reduction Model to the
choice of the Moon Ephemeris

For LLR Data Set

@ Regularly update this data set
@ Method Improvement for the Identification of LLR Data duplications
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Extra slides



critical analysis of an extended LLR data

gathering

Formats & Sources:

3523

3981
e

166

2553

170

2198
2073

2282

1970

1986 1988

1872 1974 1976 1978 1880 1982 1984

McDonald .

1990 15992 1994 1986 15998 2000 2002 2004 2006 2008 2010 2012

Years

Tel. 2.7m "McDonald MLRSL

Distribution of McDonald LLR Observations per Archive Center & per Format

McDonald MLRS2

1MINI Archive APOLLO

{1 CRD
{CSTG

DataBase DGFI

1 CRD
1 CSTG
{1 MINI
1 ZN

DataBase GSFC

1 MINI
1 ZN

Archive POLAC



critical analysis of an extended LLR data
gathering

Formats & Sources:

1MINI Archive APOLLO

M G- DataBase DGFI

N S M 0 R D 3581 s o  CSTG

- - CRD

T ST T - 00 @0 o N CSTG
2938 DataBase GSFC
1 MINI
| 2N
3176
B375
8441 | 622
s T S P s T 7 B S T s - oo @t ommame | MT NI
1188 Archive POLAC
T {1 ZN

1870 1672 1674 1976 1578 1980 1682 19584 1586 1988 1940 1992 1654 1995 1998 2000 2002 2004 2006 2008 2010 2012
Years

! | I ] —
.Grﬂsse Grasse MEOQ

Rubis Yag

Distribution of Grasse LLR Observations per Archive Center & per Format
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Formats & Sources:

1MINI Archive APOLLO

41 CRD
{1 CSTG

DataBase DGFI

1 CRD
1 CSTG
1 MINI
1 ZN

DataBase GSFC

771
CEEED SRS

1MINI
1ZN

Archive POLAC

1 1 1 1 I 1 1
1970 1972 1974 1976 1978 1980 l19g2

1 L | L 1 | L 1 I I L | I L 1
15984 1986 1988 1980 1492 15994 1995 1588 2000 2002 2004 2006 2008 2010 2012 201
Years
L ]
| | | |
Haleakala

Distribution of Haleakala LLR Observations per Archive Center & per Format
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Formats & Sources:

1MINI Archive APOLLO

- 602-.. {CRD

DataBase DGFI
[ = ® 38 s @ oo |CSTG

+ o sesmme | CRD

L s 32 s @ e {CSTG
DataBase GSFC
1MINI
|1 ZN
{1 MINT
. Archive POLAC

1970 1972 1674 1876 1678 1880 1682 19584 1986 1588 1950 1992 1994 1956 1998 2000 2002 2004 2006 2008 2010 2012
Years

Matera

Distribution of Matera LLR Observations per Archive Center & per Format



critical analysis of an extended LLR data
gathering

Formats & Sources:

1573
1MINI Archive APOLLO

643
SEE— {1 CRD

DataBase DGFI
{1 CSTG

L 1 CRD
1 C8TG

1 MINI
1 ZN

DataBase GSFC

1MINI
1 ZN

Archive POLAC

1970 1972 1674 1975 1978 16980 1982 1984 1686 1988 1940 1992 1654 1955 1998 2000 2002 2004 2006 2008 2010 2012
Years L

Apache Point
Observatory

Distribution of APOLLO LLR Observations per Archive Center & per Format



LLR RESIDUALS LLR RESIDUALS
FESGIFE - Hannover (L Biskupek) SYRTEIPOLAC - Paris (5. Bougillon)
B1SD Norrml Poinis - Maan @ -0017 em - S, Dev, 647 em W150 Mormal Points - Mean 0,14 ¢cm - Sdt Dev,  LBlem

-15 - z -5
% A5
pL] 18 10 1083 1904 1005 1006 1907 1088 10 i ] A 1000 W 1962 1903 1951 1% 1956 1T 1908 1808 oo Folii]
LLR RESIDUALS LLR RESIDUALS
IMCCEIADS - Paris [H, Manche) JPL - Pasadena (1. William s)
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k] b ]
5 F -}
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