
  

 

 

 

 

 

Proceedings of the 16
th

 

International Workshop on 

Laser Ranging 

 

 
SLR ï the Next Generation 

 

 

Volume 1 

 

 

 

 

 

 

 

 
October 13-17, 2008 

PoznaŒ, Poland 

 
 



 

 iii 

Book Title 

Proceedings of the 16
th
 International Workshop on Laser Ranging 

October 2008, PoznaŒ, Poland  

Volume 1 

 

Publisher 

Space Research Centre, Polish Academy of Sciences 

ul. Bartycka 18A 

00-716 Warszawa 

Poland 

Tel: +48 22 840 3766 

Fax: +48 22 840 3131 

 

Published 

December 2009 

 

Printer  

Drukarnia OŜwiatowa 

ul. Gğogowska 149 

60-313 PoznaŒ 

drukoswiat@neostrada.pl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Edited by  

 Stanisğaw Schillak 
 

 

 

 

 

 



 

 iv 

SPONSORS 

 
European Office of Aerospace Research and Development 

 

                           
We wish to thank the following for their contribution to the success of this conference: 

European Office of Aerospace Research and Development, Air Force Office of Scientific 

Research, United States Air Force Research Laboratory <http://www.london.af.mil>. 
 

 

          Polish Academy of Sciences, Committee on Space Research  

http://www.kbkis.pan.pl/ 
 

 
 

 

IBB Andersia Hotel http://www.andersiahotel.pl/ 
Host of the Workshop 

 

 
 

  

Kompania Piwowarska SA http://www.kp.pl/en 
Kompania Piwowarska (KP), the best brews of beer 

Making Beer, Making Friends 

 
 

 

http://www.andersiahotel.pl/


 

 v 

16th Internat ional Workshop on Laser Ranging 

PoznaŒ, Poland 

13-17 October 2008 

ORGANIZATION  

Theme:   ñSLR ï the Next Generationò 

Venue:  IBB Andersia Hotel 

 

 

Program Committee 
 

Dr. Graham Appleby  NERC Space Geodesy Facility, UK 

Dr. John Degnan  Sigma Space Corporation, USA 

Prof. Yang Fumin  Shanghai Astronomical Observatory, Chinese Academy of 

Sciences 

Dr. Ben Greene  Electro Optic Systems Pty Ltd, Australia   

  

Astronomical Institute, University of Bern, Switzerland 

 

Dr. Georg Kirchner  Austrian Academy of Sciences 

Dr. Toshimichi Otsubo  Hitotsubashi University, Japan 

Dr. Erricos Pavlis  Joint Center for Earth System Technology/Goddard  

Space Flight Center NASA, USA 

Dr. Michael Pearlman  Harvard-Smithsonian Center for Astrophysics, USA 

Dr. Stanisğaw Schillak  Space Research Centre, Polish Academy of Sciences 

 

 

Honorary Organizing Committee 
 

Dr. Marek Banaszkiewicz Director of the Space Research Centre, 

Polish Academy of Sciences 

Member of the Presidium of the Polish Academy of 

Sciences, Chairman of the Committee on Geodesy, 

Polish Academy of Sciences 

Prof. Hieronim Hurnik Astronomical Observatory, A.Mickiewicz University  

Dr. Jan Kazimierz Ğatka Space Research Centre, Polish Academy of Sciences 

Prof. Jan Wňglarz President of the PoznaŒ Branch of the Polish Academy 

of Sciences 

Prof. Piotr WolaŒski Chairman of the Committee on Space Research, Polish 

Academy of Sciences 

Prof. Janusz B. ZieliŒski Member of the COSPAR Bureau, Space Research 

Centre, Polish Academy of Sciences 

 

 

 

Prof. Lubomir Wğodzimierz Baran  

Prof. Werner Gurtner 



 

 vi 

 

Local Organizing Committee 
 

Dr. Stanisğaw Schillak (Head LOC) Space Research Centre, Polish Academy of Science  

Prof. Aleksander BrzeziŒski   Space Research Centre, Polish Academy of Science 

Prof. Edwin Wnuk   Astronomical Observatory, A.Mickiewicz University 

Dr. Michael Pearlman Director, ILRS Central Bureau, Harvard-Smithsonian 

Center for Astrophysics 

Carey Noll   Secretary, ILRS Central Bureau, NASA 

Alicja GŃsiorowska   Astronomical Observatory, A.Mickiewicz University 

Dr. Justyna Goğňbiewska   Astronomical Observatory, A.Mickiewicz University 

Roman Hirsch   Astronomical Observatory, A.Mickiewicz University 

Dr. Paweğ Lejba   Space Research Centre, Polish Academy of Science 

Piotr Michağek   Space Research Centre, Polish Academy of Science 

Franciszek Nowak   Space Research Centre, Polish Academy of Science 

Danuta Schillak   Space Research Centre, Polish Academy of Science 

 

 
Session Chairs 
 

Opening Ceremony      Stanisğaw Schillak 

Scientific Achievements, 

Applications and Future Requirements (1
st
)  Zuheir Altamimi, Steve Klosko 

Scientific Achievements, 

Applications and Future Requirements (2
nd

)  Richard Gross, Aleksander BrzeziŒski 

The role of Satellite Laser Ranging in  

Global Geodetic Observing System   Erricos Pavlis, Horst Mueller 

Network and Station Performance   Vincenza Luceri, Mark Torrence 

Lunar and Interplanetary Laser Ranging  Juergen Mueller, Tom Murphy 

High Repetition-rate Systems   Georg Kirchner, Jan McGarry 

Lasers, Detectors and Timers    Ivan Prochazka, Yuri Artyukh 

Software and Automation     Randall Ricklefs 

New and Upgraded Stations, Extended Facilities Francis Pierron, Stanisğaw Schillak 

Operational Issues and New Missions  Michael Pearlman, Ben Greene 

Targets, Signatures and Biases   Graham Appleby, Toshimichi Otsubo 

Advanced Systems and Techniques:  

Transponders, Altimeters, and Time Transfer John Degnan, Ulrich Schreiber 

Closing Session      Michael Pearlman 

 

 

 

Editorial Committee 
 

Stanisğaw Schillak, Paweğ Lejba, Stanisğaw ZapaŜnik and Session Chairs 

 

 

 



 

 vii 

PROGRAM 

 
Saturday, October 11 

 ILRS Working Group Meetings 

17:00 Data Formats and Procedures Working Group meeting  

 

Sunday, October 12 

9:00 - 17:00 Analysis Working Group meeting  

19:00 Program Committee Meeting  

17:00 - 21:00 On-Site Registration  

 

Monday, October 13 

8:00 - 9:00 On-Site Registration  

9:00 - 10:00 Welcome/Introduction  

10:30 - 12:30 
Scientific Achievements, Applications and Future Requirements 

(first session) 

14:00 - 16:00 
Scientific Achievements, Applications and Future Requirements 

(second session) 

16:30 - 18:00 
Scientific Achievements, Applications and Future Requirements 

(second session) (continued) 

19:00 Reception at Andersia hotel  

 

Tuesday, October 14 

8:00 - 9:20 
The role of Satellite Laser Ranging in the Global Geodetic 

Observing System 

9:20 - 10:05 Network and Station Performance  

10:30 - 12:15 Network and Station Performance(continued)  

13:45 - 16:05 Lunar and Interplanetary Laser Ranging 

16:30 - 18:00 Transponder Working Group - LRO meeting  

18:30 Trip to Borowiec Observatory, Reception  

 

Wednesday, October 15 

8:30 - 10:00 High repetition-rate systems  

10:30 - 12:00 High repetition-rate systems (continued) 

12:00 - 12:30 Lasers, Detectors, and Timers 

12:30 - 13:00 Signal Processing WG meeting  

14:00 - 15:30 Lasers, Detectors, and Timers (continued) 

15:30 - 16:00 Software and Automation 

16:30 - 18:00 Software and Automation (continued) 

19:00 ILRS Governing Board Meeting  

 

 

 



 

 viii 

Thursday, October 16 

8:30 - 10:00 New and Upgraded Stations, Extended Facilities  

10:30 - 10:55 New and Upgraded Stations, Extended Facilities (continued)  

10:55 - 12:30 Operational Issues and New Missions 

14:00 - 15:00 Operational Issues and New Missions (continued) 

14:00 - 15:00 Targets, Signatures and Biases 

16:28 - 16:45 Targets, Signatures and Biases (continued) 

16:45 - 18:15 
Advanced Systems and Techniques: Transponders, Altimeters, and 

Time Transfer 

19:00 Banquet  

Friday, October 17 

8:30 - 10:00 
Advanced Systems and Techniques: Transponders, Altimeters, and 

Time Transfer (continued) 

10:30 - 13:00 ILRS General Assembly 

 Workshop Summary, Resolutions, Closure 

15:00 Tour around PoznaŒ City  

 

Saturday, October 18 

8:00 Excursion to ToruŒ City, place Nicolaus Copernicus birth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



 

 ix 

TABLE OF CONTENTS  

 
 

Sponsors 
 

iv 

 

Organization 
 

v 

Program 

 
vii  

Table of contents 

 
ix 

Werner Gurtner Obituary  

   Gerhard Beutler, Michael Pearlman 

 

1 

Foreword 

   Stanisğaw Schillak, Edwin Wnuk, Michael Pearlman, Carey Noll 
 

3 

Workshop Summary 
   Michael Pearlman 

4 

 

Scientific Achievements, Applications and Future Requirements  

(first session) 

 
Summary 

   Steve Klosko 
 

 

 

 

 

9 

 

Laser Ranging Contributions to Earth Rotation Studies 
   Richard Gross 

 

10 

Geocenter Motion: Causes and Modeling Approaches 

   Erricos C. Pavlis, Magdalena KuŦmicz-CieŜlak 

 

16 

The International Terrestrial Reference Frame - Latest Developments 
   Horst Mueller 

 

27 

Status of ITRF Development and SLR contribution 

   Zuheir Altamimi 

 

35 

Determination of the SLR station coordinates and velocities on the basis of laser  

observations of low satellites 
   Paweğ  Lejba, Stanisğaw Schillak 

 

43 

Temporal variations of the Earthôs gravity field derived from SLR data over a long  

period of time 

   Florent Deleflie, Olivier Laurain, Dominique Feraudy, Jean-Michel  Lemoine 
 

53 

A 33 Year Time History of the Earth Dynamic Oblateness changes from SLR data 
   Minkang Cheng, Byron D. Tapley 

60 



 

 x 

ICESat, GRACE, and Time Varying Gravity: SLR Contributions and Applications 

   S. B. Luthcke, D. D. Rowlands, F. G. Lemoine, H. J. Zwally, S. M. Klosko,  
   D. S. Chinn, J. J. McCarthy, T. A. Williams 

 

61 

 

Scientific Achievements, Applications and Future Requirements 

(second session) 

 

 

Use of SLR Observations to improve Galileo GIOVE-B Orbit and Clock Determination 

   I. Hidalgo, A. Mozo, P. Navarro, R. P²riz, D. Navarro-Reyes 
 

71 

Orbit Determination of LRO at the Moon 
   David E. Smith, Maria T. Zuber, Frank G. Lemoine, Mark H. Torrence,  

   Erwan Mazarico 

 

85 

Comparison and Combination of SLR Solutions Including Gravity Field Coefficients  

and Range Biases 
   N. Panafidina, M. Rothacher, D. Thaller 

 

86 

Measurment of Anomalous Angle of Deviation of Light During Satellite Laser Ranging 

   Yuriy V. Ignatenko, Vladimir M. Tryapitsyn, Andriy A. Makeyev, Igor Yu. Ignatenko 

 

92 

Overview of the Science Results from ICESat 

   B. E. Schutz, H. J. Zwally 
  

97 

Planetary Laser Altimetry; Past and Present 

   David E. Smith, Maria T. Zuber 

 

98 

Volatile Exchange on Mars 

   Maria T. Zuber, David E. Smith 
 

99 

Lunar Laser Ranging - A Science Tool for Geodesy and General Relativity 
   Juergen Mueller 

 

100 

Lunar Core and Mantle. What Does LLR See? 

   James G. Williams, Dale H. Boggs 

 

101 

Creation of the New Industry-standard Space Test of Laser Retroreflectors for GNSS, 

Fundamental Physics and Space Geodety: the ĂSCF-Testò 
   S. Dell'Agnello, G. O. Delle Monache, D. G. Currie, R. Vittori et al. 

 

121 

Confirming the Frame-Dragging Effect with Satellite Laser Ranging 

   John C. Ries, Richard J. Eanes, Michael M. Watkins 

 

128 

Status of the LARES Experiment for Accurate Measurements of Earth Gravitomagnetism 

   Ignazio Ciufolini, Antonio Paolozzi, Erricos Pavlis 
 

129 

Accurate atmospheric correction of two-frequency SLR observations 

   Dudy D. Wijaya, Fritz K. Brunner 
130 

  



 

 xi 

Evaluation of PPN parameter Gamma as a test of General Relativity using SLR data 

   Ludwig Combrinck 
 

137 

Preparing the Bernese GPS Software for the analysis of SLR observations to geodetic  

satellites 

   D. Thaller, M. Mareyen, R. Dach, W. Gurtner, G. Beutler, B. Richter, J. Ihde 

 

143 

The methods of converting observation data of SLR between two nearby stations 
   Viktor Pap, Mykhaylo Medvedsky 

 

148 

Estimation of the elastic Earth parameters k2 and k3 from the SLR technique 

   Milena Rutkowska, Marcin Jagoda 

 

154 

 

The role of Satellite Laser Ranging in the Global Geodetic Observing 

System 

 

 

Summary 
   Erricos Pavlis, Horst Mueller 

 

The Contribution of Laser Ranging to the Global Geodetic Observing System 

   Richard Gross 
 

160 

 

 

161 

Quality Assessment of the ILRS EOP 'DAILY' Product 
   C. Sciarretta, V. Luceri, G. Bianco 

 

162 

ESOC IGS, IDS, and ILRS (Re-) Processing 

   Tim Springer, Michiel Otten, Nacho Romero, John Dow, R. Zandbergen 

 

169 

The comparison of the station coordinates between SLR and GPS 
   Stanisğaw Schillak, Marek Lehmann 

 

176 

SLR and the Next Generation Global Geodetic Networks  

   Erricos C. Pavlis, Magdalena KuŦmicz-CieŜlak 

 

183 

SLR, GNSS, VLBI, and DORIS Networks: ILRS+IGS+IVS+IDS 

   Carey Noll 
 

190 

The Virtual Observatory in Geodesy and Earth's Sciences: The French activities 
   Florent Deleflie, S®bastien Lambert, Pierre Exertier, A.-M. Gontier, C. Barache,  

   X. Collileux, J. Berthier, O. Laurain, D. Coulot 

 

193 

 

Network and Station Performance 

 

 

Summary 

   Vincenza Luceri, Mark Torrence 

 
 

199 

 

 

 



 

 xii 

Multi -Satellite Daily Bias Report: How to Read and Handle it 

   Toshimichi Otsubo, Mihoko Kobayashi, Tadahiro Gotoh, Toshihiro Kubo-oka 
  

200 

Assessment of SLR observation performance using LAGEOS data 

   Gang ZHAO, You ZHAO, Mingguo SUN, Huanhuan YU 

 

204 

Attempts to separate apparent observational range bias from true geodetic signals 

   Graham Appleby, Matthew Wilkinson, Vincenza Luceri, Philip Gibbs, Victoria Smith 
 

210 

Sub-centimeter SLR precision with the SLRF2005/LPOD2005 network 
   N.P. Zelensky, F.G. Lemoine, D.D. Rowlands, S.B. Luthcke, D.S. Chinn, J.W. Beall, 

  B.D. Beckley, S.M. Klosko, P. Willis, V. Luceri 

 

215 

NGSLR Performance in High and Low Energy Operation 

   Peter Dunn, Christopher Clarke, Mark Torrence 
 

223 

Development of quality control tools for the MLRO 
   G. Bianco, V. Luceri, D. Iacovone 

 

228 

Challenges of the TerraSAR/TanDEM-X formation 

   Krzysztof Snopek, Ludwig Grunwaldt, Rolf Koenig 

 

229 

Improved Modeling Approaches Towards the mm SLR 

   E.C. Pavlis, M. KuŦmicz-CieŜlak, P. M. Hinkey 
 

233 

TRF datum and ILRS network geometry 

   V. Luceri, G. Bianco, C. Sciarretta, M. Virelli 

 

241 

Assessing Tracking Performance of High Satellites at Mt Stromlo SLR Station 

   Christopher Moore 
 

246 

 

Lunar and Interplanetary Laser Ranging  

  

 

Summary 

   Juergen Mueller, Tom Murphy 

 
Millimeter Laser Ranging to the Moon: a comprehensive theoretical model for advanced  

data analysis 

   Sergei Kopeikin 

 

253 

 

 

254 

APOLLO: Two Years of Science Data 

   T. W. Murphy, E. G. Adelberger, J. B. R. Battat, C. D. Hoyle, R. J. McMillan, 
   E. L. Michelsen, C. W. Stubbs, H. E. Swanson 

 

264 

Relativity and Earth Orientation Parameters from Lunar Laser Ranging 

   Liliane Biskupek, J¿rgen M¿ller 

 

270 

 
 

 

 



 

 xiii 

A Lunar Laser Ranging Array for NASAôs Manned Landings, The International  

Lunar Network and the Proposed ASI Lunar Mission MAGIA 
   D. G. Currie, S. Dell'Agnello, G. O. Delle Monache, T.Murphy, R. Vittori et al 

 

277 

Laser Ranging to the Lunar Reconnaissance Orbiter: a Global Network Effort 

   Jan McGarry, Ronald Zellar, Greg Neumann, Carey Noll, Mark Torrence, Julie Horvath,  

   Christopher Clarke, Randall Ricklefs, Anthony  Mallama, Mike Pearlman  
 

284 

Pre-Launch Testing of NGSLR Ranging to LRO 

   Anthony Mallama, Jan McGarry, Tom Zagwodzki, Jack Cheek, Christopher Clarke 

 

289 

Laser Ranging (LR) Lunar Reconnaissance Orbiter (LRO) Data Flow and Scheduling  

   Christopher Clarke, Julie Horvath, Jan McGarry, Carey Noll, David Carter,  
   Mark Torrence, Greg Neumann 

 

295 

LRO Operations at the MLRS 

   Jerry R. Wiant, Randall L. Ricklefs, Peter J. Shelus 

 

298 

One-Way Ranging to the Planets 

   Maria T. Zuber, David E. Smith 
 

301 

The contribution of LLR data to the estimation of the celestial pole coordinates 
   Wassila Zerhouni, Nicole Capitaine, Gerard Francou 

 

302 

Analysis and prediction of altimetric sea level variations during El Ni¶o, La Ni¶o and  

normal conditions 

   Tomasz Niedzielski, Wieslaw Kosek 
 

305 

NASA NGSLR Precise (~ 1ns) Transmit Epoch Timing to On-Station Time  
Reference for LRO Transponder Support 

   Thomas Varghese, Jan McGarry, Thomas Zagwodzki 

 

311 

 

High repetition-rate systems 

 

 

Summary 
   Georg Kirchner, Jan McGarry 

 

Development of Any Frequency Fire Rate SLR Control System 
   Cunbo FAN, Xue DONG, Xingwei HAN, You ZHAO 

 

312 

 

 

313 

The Experiment of kHz Laser Ranging with Nanosecond Pulses at Shanghai SLR 

   Zhang Zhongping, Yang Fumin, Chen Juping, Zhang Haifeng, Wu Zhibo, Qin Si,  

   Li Pu 
 

 

318 

 

NGSLR: Sharing Eye-safe Kilohertz SLR with Transponder Ranging 
   Jan McGarry, Thomas Zagwodzki, Tom Varghese, John Degnan, Donald Patterson,  

   John Cheek, Christopher Clarke, Anthony Mann, Peter Dunn, Randall Ricklefs,  

  Anthony Mallama 

326 

 

 
 



 

 xiv 

Transmitter Point-Ahead using Dual Risley Prisms: Theory and Experiment 

   John Degnan, Jan McGarry, Thomas Zagwodzki, Thomas Varghese 
 

332 

Impact of Receiver Deadtime on Photon-Counting  SLR and Altimetry during Daylight 

Operations 

   John Degnan 

 

339 

High speed Pockels Cell shutter and the Herstmonceux MCP-PMT detector 
   Matthew Wilkinson 

 

347 

The New 100-Hz Laser System in Zimmerwald: Concept, installation and First Experiences 

   Werner Gurtner, Eugen Pop, Johannes Utzinger 

 

350 

16 years of LAGEOS-2 Spin Data-from launch to present 

   Daniel Kucharski, Georg Kirchner, Franz Koidl 
 

358 

kHz Single-Photon Ranging: A Precise Tool to Retrieve Optical Response of Satellites 
   Toshimichi Otsubo, Philip Gibbs, Graham M Appleby 

 

365 

Millimeter Ranging to Centimeter Targets 

   Georg Kirchner, Daniel Kucharski, Franz Koidl 

 

370 

Graz kHz SLR LIDAR: First Results 

   Georg Kirchner, Franz Koidl, Daniel Kucharski 
 

373 

Medium Resolution Digital Event Timer and Range Gate Generator in Graz FPGA Card 

   Farhat Iqbal, Franz Koidl, Georg Kirchner 

 

376 

Development of the Electronic Circuit in High Frequency SLR Based on FPGA 

   Chong CHEN, Cunbo FAN, Zhenwei LI, You ZHAO 
 

383 

Pulse repetition rate optimization in SLR stations to provide minimum systematic error of 
ranging 

   Mikhail A.Sadovnikov 

 

390 

 

Lasers, Detectors, and Timers 

 

 

Summary 
   Ivan Prochazka, Yuri Artyukh 

 

Advances of High-precision Riga Event Timers 

   Yu. Artyukh, V. Bespalko, E. Boole, V. Vedin 
 

397 

 

 

398 

 

Advances of multi kHz repetition rate picosecond laser system for satellite laser ranging 

   Heinz Huber, Michael Schmidt, Sandra Zoppel  

 

404 

Compact Event Timing and Laser Fire Control Device for One Way Laser Ranging 

   Jan Kodet, Ivan Prochazka 
405 

  



 

 xv 

Photon counting detectors for future laser time transfer missions 

   Ivan Prochazka, Josef Blazej 
 

411 

Potentialities of Common-used TDC Chips for High-speed Event Timer Design 

   E. Boole, V. Vedin 

 

417 

Progress in sub-picosecond timing system development 

   Ivan Prochazka, Petr Panek 
 

423 

Fast Switching Pockels Cell Driver for SLR Laser System 
   Josef Koelbl, Michael Froeschl, Adam Seedsman, Yue Gao, Murray Dawson 

 

429 

Production of narrow band holographic selectors for SLR 

   V.D. Shargorodsky, A.P. Popov, Yu.L. Korzinin, A.V. Veniaminov, V.L. Moshkov  

 

435 

Dye Cell used in Active-Passive Laser Oscillator replaced with a Cr
+4

:YAG crystal  

Saturable Absorber for NASA SLR Stations 
   T. Oldham, H. Donovan, M. Blount, J. Horvath, O. Brogdon, D. McCollums, D.Carter, 

   C.Emerson 

 

442 

Applications of Riga Event Timer at Shanghai SLR Station 

   Zhang Zhongping, Yang Fumin, Zhang Haifeng, Wu Zhibo, Chen Juping, Yuri Artyukh 
 

447 

 

Software and Automation 

 

 

Summary 

   Randall Ricklefs 

 
Automation - Recent Progress at Mt Stromlo SLR Station 

   Christopher Moore 

 

454 

 

 

455 

New concepts in control systems for SLR with remotely accessible, autonomous process cells 

   Alexander Neidhardt, Martin Ettl, Pierre Lauber, Andreas Leidig, Reiner Dassing,  
   Matthias M¿hlbauer, Christian Plºtz 

 

456 

A Method of SLR Data Atomatic Preprocessing 

   Ding Jian, Qu Feng, Wei Zhibin 

 

462 

SLR station Riga Software Upgrade 

   Kalvis Salminsh 
 

466 

On the Generation of SLR Output Files at Mt Stromlo 
   Christopher J. Moore 

 

471 

Implementing the new ILRS CRD data format 

   Magdalena KuŦmicz-CieŜlak, Erricos C. Pavlis 

 

478 



 

 xvi 

The new pointing model of telescope based on tracking data 

   Mykhaylo Medvedsky, Viktor Pap  

 

483 

 

New and Upgraded Stations, Extended Facilities 

 

 

Summary 

   Francis Pierron, Stanisğaw Schillak 

 
Upgrading Plan of the Chinese SLR Network 

   Yang Fumin, Wu Bin, Zhang Zhongping, Guo Tangyong, Zhao You, Qu Feng,  

   Xiong Yaoheng 
 

489 

 

 

490 

Status and Progress of ARGO 
   Jong Uk Park, Hyung-Chul Lim, Yoon-Kyung Seo, Young-Su Kim, Jang-Hyun Park,   

   Young Su Son, Yong Ki Kim 

 

492 

The Requirements for ARGO Operation System 

   Yoon-Kyung Seo, Hyung-Chul Lim, In-Kwan Park, Hong-Suh Yim, Jong-Uk Park 
 

496 

MEO : The New French Lunar Laser Ranging Station 
   Etienne Samain, Abdel Abchiche, Dominique Albanese, Nicolas Geyskens, Gilles 

   Buchholtz, Aur®lien Drean, Julien Dufour, J®r¹me Eysseric, Pierre Exertier,  

   Francis Pierron, Monique Pierron, Gr®goire Martinot Lagarde, Jocelyn Paris,  
   Jean-Marie Torre, Herv® Viot 

 

503 

The upgrading of the Borowiec SLR station 

   Stanisğaw Schillak, Jacek Bartoszak, Piotr Michağek  

 

509 

Herstmonceux: towards kHz ranging and multi-technique status 

   Graham Appleby, David Benham, Philip Gibbs, Christopher Potter,  
   Robert Sherwood, Toby Shoobridge, Vicki Smith, Matthew Wilkinson 

 

515 

 

Ftlrs : Past and currents missions, upgrade for future 

   M. Pierron, F. Pierron, M. Furia, J.M. Torre, P. Bonnefoud, P. Exetier, E. Samain and  

  Grasse Laser Staff, R. Coleman, C. Watson, P. Tregoning, J. Zhang  

 

519 

Ukrainian SLR network 
   Olga Bolotina, Mykhaylo Medvedsky, Viktor Pap 

 

522 

About Current Status of Katzively SLR Station 

   Andriy A. Makeyev 

 

524 

Progress in Changchun SLR 
   You ZHAO, Cunbo FAN, Xinwei HAN, Gang ZHAO, Ziang ZHANG, Xue DONG,  

   H.T. ZHANG, J.Y. SHI 

 

525 

First SLR Operation in Korea using TROS, Chinese Transportable Ranging Observation  

System 
   Hyung-Chul Lim, Guo Tangyong, Wang Peiyuan, Hyeon-Seok Jeon, Yoon-Kyung Seo, 

   Jong-Uk Park, Zou Tong 

531 



 

 xvii 

Actuality and futurity of San Juan SLR Station 

   W. Liu, Y. Han, E. Actis, E. Alonso, R. Podesta, A.A. Gonzalez, A.M.Pacheco, L. Zhao, 
   C. Liu, Z. Yin 

 

535 

Field maintenence of the SLR telescope at TIGO 

   B. Sierk, S. Riepl, M. Avendano, A. Fernandez, V. Moera, C. Guaitiao, R. Castillo 

 

538 

State of the SLR in Russia 
   V. B. Burmistrov, V.D. Glotov, N.N. Parkhomenko, M.A. Sadovnikov,  

  V.D. Shargorodsky,  V.P. Vasiliev 

 

544 

 

Operational Issues and New Missions 

 

 

Summary 

   Michael Pearlman, Ben Greene 
 

An overview of ESA's upcoming missions equipped with SLR 

   Michiel Otten, Tim A. Springer, Daniel Navarro-Reyes, Pierre Femenias,  
   Pierrik Vuilleumier, Rune Floberhagen, Mark Drinkwater, Roger Haagmans,  

   Berthyl Duesmann, John Dow 

 

549 

 

 

550 

Applications of the Precision Expandable Radar Calibration Target (PERCS) to Laser  

Imaging and Tracking Systems 
   Paul A. Bernhardt, Andy Nichols, Linda Thomas, Mark Davis, Ray Burris,  

   Chuck Hoberman, Matt Davis 

 

551 

SLR Return Analysis for SOHLA-1 

   Takahiro Inoue, Shinichi Nakamura, Ryo Nakamura, Keisuke Yoshihara,  
   Hiroo Kunimori, Toshimichi Otsubo 

 

556 

SLR Return Analysis for Astro-G 

   Ryo Nakamura, Takahiro Inoue, Shinichi Nakamura, Keisuke Yoshihara,  

   Hiroshi Takeuchi, Hiroo Kunimori, Toshimichi Otsubo 
 

561 

Satellite Laser Ranging Tracking through the Years 
   Carey Noll 

 

567 

ILRS Web Site Update: Using the ILRS Web Site to Monitor Performance 

   Carey Noll, Mark Torrence 

 

571 

The Atmospheric Neutral Density Experiment (ANDE)   

   A. Nicholas, T. Finne, I. Galysh,M. Davis, L. Thomas, L. Healy 
 

576 

Considerations for an Optical Link for the ACES Mission 

   Ulrich Schreiber, Ivan Prochazka 

 

582 

Aircraft Illumination Avoidance Using Infrared and Radio Detection 

   T. W. Murphy, W. Coles, C. D. Hoyle, K. Kassabian, J. Melser,  
   H. E. Swanson, J. Tu, A. White 

 

590 



 

 xviii 

Implementing the Consolidated laser Ranging Data (CRD) Format throughout the ILRS 

Network 
   Randall Ricklefs, Carey Noll, Julie Horvath, Oscar Brogdon, Erricos Pavlis 

 

596 

Moblas 8 Return to Operations 

   Scott Wetzel, Howard Donovan, Julie Horvath, Dennis McCollums, Thomas Oldham, 

   Alice Nelson, Don Patterson, Mike Henick 
 

603 

 

Targets, Signatures and Biases 

 

 

Summary 

   Graham Appleby, Toshimichi Otsubo 

 
Signal Strength  

   David Arnold 

 

604 

 

 

605 

Effects of Ranging in Circular Polarization 

   John Luck, Chris Moore 
 

609 

Laser Retro-reflector Arrays on the Compass Satellites 
   Yang Fumin, Chen Wanzhen, Wang Yuanming, Li Pu 

 

617 

SLR Coverage Analysis for STSAT-2 

   Kyunghee Kim, Sang-Hyun Lee, Jun Ho Lee, Jonghan Jin, Noh Hoon Myung 

 

623 

Optical Response Simulation for ASTRO-G Laser Reflector Array 
   Toshimichi Otsubo, Mihoko Kobayashi, Hiroo Kunimori, Shinichi Nakamura, 

   Hiroshi Takeuchi 

 

628 

Laser Retroreflector Array Development for STSAT-2 

   Kyunghee Kim, Sang-Hyun Lee, Jun Ho Lee, Jonghan Jin, Noh Hoon Myung 
 

634 

 

Advanced Systems and Techniques: Transponders, Altimeters, and 

Time Transfer 

 

 

Summary 

   John Degnan, Ulrich Schreiber 

 

Engineering process of SLR for LEO orbiters 
   M. Abele, J. Balodis, M. Caunite, I. Janpaule, A. Rubans, G. Silabriedis, A. Zarinsjh 

640 

 

 

641 

 
BepiColombo Laser Altimeter Simulator 

   U. Schreiber, M. Hiener, H. Michaelis 

 

 

644 

Globally Contiguous, High Resolution Topographic Mapping of Planets and Moons 

via Photon-Counting  
   John Degnan 

 

657 



 

 xix 

Altimetry and Transponder Ground Simulation Experiment 

   U. Schreiber, M. Hiener, B. Holzapfel, N. Brandl, H. Michaelis, K.H. Haufe,  
    

663 

Testing Fundamental Gravity via Laser Ranging to Phobos 

   T. W. Murphy, J. Degnan, W. Farr, W. Folkner, A. Girerd, H. Hemmati, S. G. Turyshev,  

   J. G. Williams 

 

675 

Time Transfer by Laser Link - T2L2: First data 
   E. Samain, Ph. Guillemot, P. Exertier, D. Albanese, P. Berio, O. Laurain, F. Para,  

   J. Paris, J.-M. Torre, H. Viot, P. Vrancken, I. Petitbon, S. Leon 

 

682 

Preliminary Results of the Laser Time Transfer (LTT) Project 

   Yang Fumin, Huang Peicheng, Zhang Zhongping, Chen Wanzhen, Zhang Haifeng, 
   Wang Yuanming, Meng Wendong, Wang Jie, Zou Guangnan, Liao Ying,  

   Wang Luyuan, Ivan Prochazka, Zhao You, Fan Cunbo, Han Xingwei 

 

690 

Preliminary Results of Laser Ranging to Un-cooperative Targets at Shanghai SLR Station 

   Yang Fumin, Zhang Zhongping, Chen Juping, Chen Wanzhen, Wu Zhibo,  

   Zhang Haifeng, Ivan Prochazka 
 

695 

One Way System Calibration Techniques 

   Toby Shoobridge, David Benham 

 

700 

New achievements in the simulator of photon counting planetary altimeter 

   Josef Blazej, Ivan Prochazka 
 

707 

Workshop Participants 

 
Group Photo 

713 

 

719 

 

 

 

 

 

 



Proceedings of the 16th International Workshop on Laser Ranging 

 1 

Obituary  

 

WERNER GURTNER, 1949 ï 2009 

 

Professor, Astronomical Institute of Bern 

Chair of the ILRS Governing Board 

 

Passed away, 24 October 2009 
 

 

 

It is with deep sadness that the ILRS community 

learned of the death of Prof. Dr. Werner Gurtner from 

cancer on October 24, 2009 shortly after his sixtieth 

birthday. 

 

Werner Gurtner completed his studies in Surveying 

Engineering in 1973 at the Institute of Geodesy and 

Photogrammetry of the ETH in Zurich, Switzerland. 

From 1974 to 1979 he was a research assistant and 

Ph.D. candidate with Prof. Max Schuerer, who was a 

lecturer at the ETH in addition to his position as 

director of the AIUB. Wernerôs Ph.D. thesis, partly 

written in Bern, resulted in a well-known reference, 

the ñGeoid of Switzerlandò using astrometric 

observations. 

 

 

Werner started his official employment with the 

AIUB in January 1980. As early as 1978, at the ETH, 

he started work on the new Zimmerwald observatory, 

dedicated to Satellite Laser Ranging (SLR) and in 

1987 he became the director of the Zimmerwald Fundamental Observatory. Between 1992 

and 1996 he led the AIUB team, which planned and realized the new SLR and astrometry 

telescope in Zimmerwald. In collaboration with the Canton of Bern, the University of Bern, 

the Swiss National Science Foundation, and the Swiss Federal Office of Topography, the one-

meter combined SLR and astrometry telescope was deployed at Zimmerwald and became one 

of the essential pillars of the International Laser Ranging Service (ILRS). With this same 

energy, Werner organized the upgrade of the observatory during 2005-2008. This upgrade 

included a new laser capable of performing dual-color measurements as well as supporting 

future one-way ranging and transponder experiments. The Zimmerwald Observatory as 

established by Werner is recognized now as one of the foremost stations in the global space 

geodesy community from the scientific, technical, and administrative points of view. 

 

During the 1980ôs Werner also worked on the team that successfully developed what would 

eventually be known as the Bernese GPS Software package. In the 1990ôs, he was one of the 

key persons in the development of the International GNSS Service (IGS). His contributions 

related to IGS data transfer and information dissemination were of great importance and at 

least in part responsible for the worldwide acceptance of the IGS. The Receiver INdependent 

Professor Dr. Werner Gurtner, 1949-2009 

Astronomical Institute of Bern, Switzerland 
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EXchange (RINEX) format, which he initiated and coined to a great extent, became a 

standard as the platform for exchanging GNSS data in both science and engineering 

applications. Werner continued to work on enhancements to RINEX until very recently. The 

global acceptance of RINEX in both the science and receiver technology communities is a 

tribute to Wernerôs foresight. 

 

Werner helped the International Association of Geodesy (IAG) to develop essential structural 

elements related to space geodesy. He was a member of the very active EUREF Technical 

Working Group since 1992; he chaired this group from 1999 to 2003. He was not only a key 

person on the development of the IGS, but also, even to a much greater extent, for the 

development of the ILRS. Werner Gurtner was a member of the ILRS Governing Board since 

its inception in 1998 and served as Chair of the Board from 2002 to 2009. Before that time he 

chaired EUROLAS, an association of European SLR observatories. Werner was an important 

link between the various space geodesy communities, particularly the ILRS and IGS. 

 

The Faculty of Sciences of the University of Bern acknowledged the achievements of this 

eminent engineer and scientist by awarding him the title of professor in 1999. Werner Gurtner 

will be remembered as competent collaborator, good friend and dear colleague. 

 

We all will miss our association and interactions with Werner.  

 

Gerhard Beutler, Astronomical Institute University of Bern, Switzerland 

Michael Pearlman, Harvard-Smithsonian Center for Astrophysics, USA 
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Foreword 
 

 

The 16th International Workshop on Laser Ranging was held at the IBB Andersia Hotel on 

October 13 through 17, 2008. The International Laser Ranging Service (ILRS) and the laser 

ranging community organize this event every two years to discuss progress in satellite and 

lunar laser ranging, and their application to scientific programs. Over 140 people from 19 

countries participated in the meeting, which included presentations, posters, and discussions 

on hardware, software, operations, analysis, and science topics. 

 

With a few exceptions, all the papers from the eleven sessions of the Workshop are included 

in this Proceedings, the presentations, and posters are available in electronic form at the 

website   

http://www.astro.amu.edu.pl/ILRS_Workshop_2008/index.php   or  

http://cddis.gsfc.nasa.gov/lw16/.  

Much of the planning for the Workshop was facilitated through the local website at the AMU 

Astronomical Observatory. In the months following the Workshop, the website was enhanced 

to provide summary information, links to papers from the proceedings, and photos from the 

weekôs meetings and social events. 

 

The Local Organizers of the Workshop would like to thank the many people who contributed 

to the success of this international meeting. We would first like to thank the Program 

Committee and session chairs for their active participation and efforts in coordinating the 

Workshop sessions, papers, and summaries. We would also like to thank the attendees for 

taking time from their busy schedules to travel to PoznaŒ and participate in the sessions, 

through both their excellent presentations and the lively discussions that followed.  

 

We wish to thank our opening speakers, Mr. Tomasz Jerzy Kayser, Deputy Major of the 

PoznaŒ City, Prof. Piotr WolaŒski, President, Committee on Space Research, Polish Academy 

of Sciences, Prof. Jacek WitkoŜ, Rector on Science and International Cooperation, Adam 

Mickiewicz University, Prof. Ryszard Naskrňcki, Dean, Faculty of Physics, Adam 

Mickiewicz University. We are also grateful to the organizations and companies that 

supported the Workshop: Committee on Space Research, Polish Academy of Sciences, 

European Office of Aerospace Research and Development, Kompania Piwowarska and IBB 

Andersia Hotel.  

 

Local Organizing Committee:  

Stanisğaw Schillak, Edwin Wnuk, Michael Pearlman, Carey Noll 

 

 

 

 

 

 

 

 

 

 

http://www.astro.amu.edu.pl/ILRS_Workshop_2008/index.php
http://cddis.gsfc.nasa.gov/lw16/
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Workshop Summary 
Michael Pearlman 

 

 

The Committee on Space Research of the Polish Academy of Sciences, the Space Research 

Centre of the Polish Academy of Sciences, the Adam Mickiewicz University in PoznaŒ and 

the ILRS hosted the 16
th
 International Workshop on Laser Ranging in PoznaŒ, Poland, 

October 13-17, 2008. The theme of the workshop was ñSLR ï The Next Generationò. The 

Web site http://www.astro.amu.edu.pl/ILRS_Workshop_2008/index.php provides information 

about the workshop; proceedings and session summaries can also be found on the Web at 

http://cddis.gsfc.nasa.gov/lw16/.  

 

Over 140 people from 19 countries participated in the workshop, which included oral and 

poster presentations on scientific achievements, applications and future requirements, system 

hardware and software, operations, advanced systems, and analysis. ILRS working group and 

Governing Board meetings and the ILRS General Assembly were held in conjunction with the 

workshop. The local organizers also entertained the delegates with a reception and banquet 

and tours of the Borowiec laser station and PoznaŒ city. 

 

The workshop brought together an exceptional group of researchers who provided reports on 

the spectrum of science investigations being supported by Satellite and Lunar Laser Ranging 

(SLR and LLR) and Laser Altimetry.  The three sessions comprising this portion of the 

meeting, containing over twenty oral presentations and three posters, covered a wide range of 

activities.  These sessions where structured as follows. 

 

The first science session focused on the reference frame, positioning SLR stations with high 

precision within this frame, and time variations in the gravity field, which both perturb the 

SLR satellite orbits and cause changes of the location of the geocenter with respect to the 

polyhedron realized by the geographic distribution of the SLR stations.  The legacy of SLR 

over the 1970s and 1980s where it alone provided precise Earth orientation information and 

through the 1990s for monitoring changes in the longest wavelengths of the gravity field were 

described.  Also presented were results showing the SLR contribution to the International 

Terrestrial Reference Frame (ITRF) both in terms of providing scale and in monitoring 

geocenter motion.  New missions, like GRACE, which now provide far more detailed 

information on mass flux within the Earthôs system, were also discussed with regard to 

improving SLR orbit accuracies.   

 

Session two focused on orbit determination capabilities, analyses, and new applications for 

SLR including support for upcoming Lunar Reconnaissance Orbiter (LRO) mission.  This 

session also discussed various highly interesting investigations made possible through the 

availability of detailed topographic mapping capabilities delivered by laser altimeters and the 

Lunar Laser Ranging acquired on the moon.  SLR remains one of the surest ways to provide 

precision orbits in its own right, and for independent orbit verification for solutions produced 

by GPS and DORIS.  A laser transponder being deployed on LRO will provide significantly 

improved orbits for this lunar orbiter enhancing mission science objectives. The second half 

of this session focused on the outstanding results for both Earth and Planetary applications, 

made possible with laser altimetry.  Excellent papers were presented on ICESat, the MOLA 

system flown on Mars Global Surveyor (MGS), and a survey of applications including 

NEAR, MESSENGER, and LRO.    
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The third science session highlighted SLR and LLR contributions to planetary and lunar 

geophysics, fundamental physics (e.g. the Lens Thirring effect, the geophysical properties of 

the moon deduced from LLR) and the upcoming LARES experiment.  SLR and LLR, given 

the long time history and stability of these systems, have made significant contributions to the 

study of fundamental physics in the field of General Relativity.   

 

The science presentations at this workshop both individually and in total, were some of the 

most comprehensive ever presented within the ILRS Workshop framework.  These papers 

clearly demonstrated the continuing role that SLR, LLR, and laser altimetry has in furthering 

our understanding of the dynamics ongoing in the Earth and its terrestrial-like planetary 

companions.   

 

The session ñThe Role of Satellite Laser Ranging in the Global Geodetic Observing Systemò 

highlighted the central role that SLR plays within GGOS. The opening presentation 

summarized the main contributions of SLR to the three pillars of geodesy for GGOS with 

examples of the state-of-the-art in the definition of the origin and scale of the ITRF, the long 

history of SLR series of EOP, the longest of all space techniques, and mass load variations 

from long wavelength harmonics time series derived from SLR, with comparisons to other 

techniques (GRACE, GPS, hydrology, etc.). Efforts on a new ILRS product, daily delivery of 

fresh EOP estimates, show the product can be used to constraint the EOP forecasting process 

of the NEOS service of IERS. Other presentations highlighted the intercomparison and 

combination of SLR with other geodetic techniques. ESAôs efforts to harmonize the reduction 

of GNSS and SLR data with a common analysis package would be an important contribution 

to GGOS for a combined and consistent estimation of geophysical parameters. Comparison 

between GPS- and SLR-derived time series of coordinates over a period of eleven years were 

shown, where the results indicated the general consistency of the results at the few millimeter 

level. This work demonstrated how well the two techniques compare at sites with data of 

exceptional quality, and how they can be used to identify problems in either technique when 

they are co-located and properly and accurately surveyed. Results of optimization studies in 

designing the future global geodetic networks that will support GGOS, focusing on the role of 

SLR and the possible products to be delivered, were shown. This presentation stressed the 

stringent requirements of GGOS and how the synergy of the geodetic techniques will meet 

this challenge. A poster illustrating the global map of the four networks of the space 

techniques as they exist today was shown. A second poster showed an example of how ILRS 

can make use of the Virtual Observatory on the web, following the example of astronomy. 

 

The Network and Station Performance session covered three main topics: data quality control 

(at stations and at analysis centers), models, and the network in general. Presentations on data 

quality control reported on efforts to reach and maintain the highest data quality through the 

use of other on-site geodetic techniques (GNSS, absolute gravity), co-location, automation, 

and software monitoring development in cooperation with data analysts, engineers, and 

station operators. Data quality control at Analysis Centers included an overview of the routine 

quality control system for the ILRS global network is provided by the Hitotsubashi 

University, which is available via web, ftp and email. Results from the re-processing of data 

from selected missions using the most accurate orbit models and the latest ITRF (SLRF2005) 

were shown; the analysis has been used in development of a new model, LPOD2005. A 

presentation summarizing an ILRS proposal to IERS for modification of the analysis 

standards related to the products contributing to the establishment of future ITRF solutions. 

Analysis of the correlation between the TRF datum and the ILRS network geometry was 

shown with the goal to explain the discontinuity in the SLR scale. Difficulties in tracking the 
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future TanDEM-X mission were discussed with possible remedies for the various types of 

stations in the ILRS network. 

 

There was significantly more activity in the Lunar Laser Ranging (LLR) and Interplanetary 

Laser Ranging session this year. A presentation on reference frames for lunar ranging analysis 

emphasized the need to avoid confusing gauge-dependent terms and physical effects. Two 

years of APOLLO operation has showed high photon rates and evidence for one-millimeter 

performance. There were also presentations on recent efforts to understand Earth orientation 

using 38 years of LLR data and the science that would be attainable with the next-generation 

(large) corner cubes on the lunar surface. There were several talks on one-way ranging to the 

lunar reconnaissance orbiter (LRO), focusing on technical parameters/capabilities, pointing 

strategies and verification, and scheduling and predictions. Preparations for the LRO 

experiment are taking place at the McDonald Observatory, where most of the software 

preparation is already completed. There was also a presentation on the science deliverables 

one may achieve through interplanetary laser ranging, including the successful ranging to the 

MESSENGER and Mars Orbiter, as well as plans for LRO.  Posters were displayed on 

displayed pertaining to using LLR for Celestial pole determination, and the minimum duration 

necessary for sea level rise determination.  

 

In the High Repetition Systems Session, the five-year success of the Graz station with two 

kHz laser operation was reviewed. Other stations including Herstmonceux, Zimmerwald, 

TIGO, NGSLR, several Chinese stations, a Russian system, and the Potsdam station have or 

are switching to higher repetition rate laser. New control systems for higher repetition rate 

lasers have been developed and implemented; most kHz stations are now using now Riga 

event timer. With the benefit of kHz ranging, several new results and additional areas of study 

are underway including very accurate satellite spin determination, fast optical response 

retrieving, mm resolution accuracy from cm targets like LAGEOS and AJISAI, LIDAR 

applications, seeing measurements, and kHz ranging to a Mars transponder. The SLR future is 

talking "kHz".  

 

The Session on Lasers, Detectors and Timers included a review on commercially available 

kHz diode pumped lasers, and descriptions of a new high voltage Pockels cell driver for kHz 

SLR lasers, a new saturable absorber for laser transmitters, and a promising narrow-band 

holographic filters for ranging receivers. A new version of the Riga timer with improved 

resolution was introduced along with a presentation in the integration of Riga timers into 

Chinese SLR systems. The design for a commonly used TDC chips for high-speed event 

timers was presented as were the design and construction of compact event timing and laser 

fire control device for one-way laser ranging and a new, sub-picosecond timing device. A new 

photon counting detectors for future space missions was also presented. 

 

Several themes ran through the Software and Automation Session; major topics included 

software modularity and robustness, automation, and remote access to geodetic systems. Also 

discussed were automated processing of SLR data. CRD file creation, handling, and analysis, 

SLR predictions, and innovations in telescope pointing. Finally, a topic that has gained 

importance in the software industry, XML, has been applied to SLR station processing at 

Stromlo and Riga. 

 

In New and Upgraded Stations, Extended Facilities, the Chinese network stations are being 

modernized with kHz lasers, event timers, CSPADS, and gravimeters. The Chinese TROS 

transportable system is in operational in The Republic of Korea to support the ARGO project.  
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In France, the new MEO station is operational on both satellites and the Moon, and the mobile 

FTLRS system has been upgraded with Dassaults event timers for T2L2 project. The 

Herstmonceux station is testing a new kHz ranging laser and now has an absolute gravimeter 

operating on site. The Borowiec station has undergone major upgrading, and upgrades on the 

Simeiz and Katzively stations are underway. In South America, San Juan SLR station 

continues to perform exceptionally well and the TIGO system at Concepcion is operational 

again after delicate optical replacements. The Russian SLR network has been upgraded 

including the release of some of the data. 

 

In the session on Operational Issues and New Missions, several reports were given on new 

missions. Several current and upcoming European missions with retroreflectors including 

ERS-2, GOCE, and SWARM are focused on Earth sensing and technology applications. 

SOHLA-1, to be launched in early 2009 by JAXA for a demonstration of small, low cost 

technical payloads; since the spacecraft will be spinning, it will pose a tracking challenge 

since access to the retroreflector array will only last a few seconds in every few minute 

revolution period. Astro-G, a space borne VLBI antenna, is planned for launch in 2012; the 

highly elliptical orbit and bi-modal, switching operation of the antenna; will also limit normal 

points to very short intervals and require some special data handling procedures. The 

Precision Expandable Radar Calibration Satellite being planned by NRL for calibrating radars 

and studying drag and electromagnetic conditions in orbit will carry over 1000 retroreflectors 

distributed inside and outside of a spherical deployable frame. Consideration for an Optical 

Link for the ACES Mission was discussed along with concepts for resolving the range biases 

in one-way ranging experiments and a novel application of SPADs using no optics. An IR 

camera and aircraft radio detection beacon using a patched antenna array offers promise of 

new aircraft detection safety systems for laser ranging. The implementation of the 

Consolidated Laser Ranging Format is underway with full implementation later in 2009. 

Moblas 8 returned to operations. Posters included some historical SLR information, a status 

on the ILRS website update, and the upcoming ANDE mission scheduled for May 2009.  

 

Papers presented during the Targets, Signatures, and Biases session covered retro-reflector 

array design and optical response functions. The continuing development of new missions that 

will require laser tracking support is evident, as is the ongoing and welcome dialogue between 

mission engineers and the laser community in developing the best array solutions to maximize 

the effectiveness of the tracking. Work on retro array design and chamber testing was shown, 

with particular emphasis on concepts for the next generation GPS satellites. A presentation 

described experimental results to determine pulse energy levels leaving the telescope as a 

function of its attitude and initial pulse polarization. Presentations were also given describing 

the laser arrays on the GEO and MEO elements of the emerging Chinese COMPASS GNSS 

and on the HEO two-satellite STSAT-2 technology mission. An optical response simulation 

was described for the proposed HEO VLBI mission ASTRO-G, which very interestingly will 

see the ILRS supporting an astrophysics mission.  

 

In the session on Advanced Systems and Techniques: Transponders, Altimeters, and Time 

Transfer, Altimeters, papers were presented on the development of simulators for planetary 

exploration and present and future airborne photonic 3D-imaging.  Transponder topics 

included transponder simulations using artificial satellites preliminary hardware designs to 

demonstrate the feasibility of Mars links. Papers were given on time transfer including first 

data from T2L2 and some preliminary results from the Chinese LTT experiment and a 

discussion on One-Way System Calibration Techniques. Other talks included a paper on 
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ranging to uncooperative targets in China, and SLR engineering activities at Riga including 

new developments in their epoch timer work. 
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Scientific Achievements, Applications, and Future Requirements 
 

Chairs: Zuheir Altamimi, Steve Klosko, Richard Gross, Aleksander BrzeziŒski 

 

Session Summary 
Steve Klosko 

 

The 16
th
 International Workshop on Laser Ranging brought together an exceptional group of 

researchers who provided reports on the spectrum of science investigations being supported 

by Satellite and Lunar Laser Ranging (SLR and LLR) and Laser Altimetry.  The 3 Sessions 

comprising this portion of the meeting, containing 21 oral presentations and 4 posters, 

covered a wide range of activities.  These sessions where structured as follows: 

 

¶ Session 1 focused on the reference frame, positioning SLR stations with high precision 

within this frame, and time variations in the gravity field which both perturb the SLR 

satellite orbits and cause changes of the location of the geocenter with respect to the 

polyhedron realized by the geographic distribution of the SLR stations.  The legacy of 

SLR over the 1970s and 1980s where it alone provided precise Earth orientation 

information and through the 1990s for monitoring changes in the longest wavelengths 

of the gravity field were described.  Also presented were results showing SLRôs 

contribution to the International Terrestrial Reference Frame (ITRF) both in terms of 

providing scale and in monitoring geocenter motion.  New missions, like GRACE, 

which now provide far more detailed information on mass flux within the Earthôs 

system were also discussed with regard to improving SLR orbit accuracies.   

 

¶ Session 2 focused on orbit determination capabilities, analyses, and new applications 

for SLR including support for upcoming Lunar Reconnaissance Orbiter (LRO) 

mission.  This session also discussed various highly interesting investigations made 

possible through the availability of detailed topographic mapping capabilities 

delivered by laser altimeters and the Lunar Laser Ranging acquired on the moon.  SLR 

remains one of the surest ways to provide precision orbits in its own right, and for 

independent orbit verification for solutions produced by GPS and DORIS.  A laser 

transponder being deployed on LRO, will provide significantly improved orbits for 

this lunar orbiter enhancing mission science objectives. The second half of this session 

focused on the outstanding results for both Earth and Planetary applications, made 

possible with laser altimetry.  Excellent papers were presented on ICESat, the MOLA 

system flown on Mars Global Surveyor (MGS), and a survey of applications including 

NEAR, MESSENGER, and LRO.    

 

¶ Session 3 highlighted SLR and LLR contributions to planetary and lunar geophysics, 

fundamental physics (e.g. the Lens Thirring effect, the geophysical properties of the 

moon deduced from LLR) and the upcoming LARES experiment.  SLR and LLR, 

given the long time history and stability of these systems, have made significant 

contributions to the study of fundamental physics in the field of General Relativity.   

 

The science presentations at this workshop both individually and in total, were some of the 

most comprehensive ever presented within the ILRS Workshop framework.  These papers 

clearly demonstrated the continuing role that SLR, LLR, and laser altimetry has in furthering 

our understanding of the dynamics ongoing in the Earth and its terrestrial-like planetary 

companions.   
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Laser Ranging Contributions to Earth Rotation Studies 

 
Richard S. Gross  

Jet Propulsion Laboratory, California Institute of Technology, Pasadena 

Richard.Gross@jpl.nasa.gov / Fax: + 1-818-393-4965  

 

Abstract 

 

The groundwork for a new field in the geophysical sciences, space geodesy, was laid in the 

1960s with the development of satellite and lunar laser ranging systems, along with the 

development of very long baseline interferometry systems, for the purpose of studying crustal 

plate motion and deformation, the Earth's gravitational field, and Earth orientation changes. 

The availability of accurate, routine determinations of the Earth orientation parameters 

(EOPs) afforded by the launch of the LAser GEOdynamics Satellite (LAGEOS) on May 4, 

1976, and the subsequent numerous studies of the LAGEOS observations, has led to a greater 

understanding of the causes of the observed changes in the Earth's orientation. LAGEOS 

observations of the EOPs now span 32 years, making it the longest available space-geodetic 

series of Earth orientation parameters. Such long duration homogenous series of accurate 

Earth orientation parameters are needed for studying long-period changes in the Earth's 

orientation, such as those caused by climate change. In addition, such long duration series 

are needed when combining Earth orientation measurements taken by different space-

geodetic techniques. They provide the backbone to which shorter duration EOP series are 

attached, thereby ensuring the stability of the final combined series. And if rapidly reduced, 

lunar laser ranging measurements have the potential to contribute to near-real-time UTI 

determination.  
 
 

Introduction   
 

The Earth's rotation, encompassing both the rate of rotation and the location of the rotation 

axis with respect to the Earth's crust, is not constant but exhibits minute changes on all 

observable time scales from subdaily to decadal and longer [for a recent review see, e.g., 

Gross, 2007]. Changes in the Earth's rate of rotation amount to a few parts in 10
8
, 

corresponding to changes of a few milliseconds (ms) in the length of the day; changes in the 

location of the rotation axis with respect to the Earth's crust, known as polar motion, amount 

to about a part in 10
6
, or several hundred milliarcseconds (mas). Length-of-day (LOD) 

variations consist largely of: (1) decadal variations of a few milliseconds in amplitude thought 

to be caused by interactions between the Earth's core and mantle, (2) tidal variations having 

periods between 12 hours and 18.6 years caused directly by the deformation of the solid Earth 

in response to the action of the luni-solar tide raising potential and indirectly by the 

interaction of the ocean tides with the solid Earth, and (3) forced variations on intraseasonal to 

interannual time scales caused primarily by changes in the strength and direction of the winds 

with the effects of atmospheric surface pressure and oceanic currents and bottom pressure 

being of relatively minor importance. 

  

Polar motion consists largely of: (1) a forced annual wobble having a nearly constant 

amplitude of about 100 mas, (2) the free Chandler wobble having a variable amplitude 

ranging between about 100 to 200 mas, (3) quasi-periodic variations on decadal time scales 

having amplitudes of about 30 mas known collectively as the Markowitz wobble, (4) a linear 

trend having a rate of about 3.5 mas/yr, and (5) smaller amplitude variations occurring on all 

mailto:Richard.Gross@jpl.nasa.gov
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measurable time scales. In general, the causes of the observed polar motion are not as well 

understood as are those of the observed length-of-day variations, although a growing body of 

evidence suggests that on intraseasonal to interannual time scales polar motion is caused 

largely by a combination of atmospheric and oceanic processes, with atmospheric surface and 

ocean-bottom pressure variations being more important than those of winds and currents 

[Gross et al., 2003]. However, on decadal time scales atmospheric and oceanic processes do 

not appear to be energetic enough to excite polar motion to its observed levels [Gross et al., 

2005]. Core-mantle interactions also appear to be ineffective in exciting polar motion on 

decadal time scales [e.g., Greff-Lefftz and Legros, 1995; Hide et al., 1996]. If progress is to be 

made in understanding the cause of decadal polar motion, then of primary importance is the 

continued availability of accurate and stable polar motion series of long duration.  

 

Decadal Polar Motion 
 
Figure 1 shows three different decadal polar motion series that were produced by applying a 

lowpass filter with a cutoff period of 6 years to the series of International Latitude Service 

[ILS; Yumi and Yokoyama, 1980] optical astrometric polar motion measurements (top solid 

green curve), the series of Hipparcos [Vondrak et al., 1998] optical astrometric polar motion 

measurements (middle solid blue curve), and the SPACE96 [Gross, 1997] combination of 

space-geodetic polar motion measurements (bottom solid red curve). As can be seen, the 

decadal variability exhibited by these three polar motion series is very different. There is very 

little agreement between the SPACE96 series, which is based on highly accurate space-

geodetic measurements, and the ILS and Hipparcos series which are based on less accurate 

optical astrometric measurements. 

 

The most reliable estimates of decadal polar motion are those determined from spacegeodetic 

measurements. The only space-geodetic polar motion series that span the entire duration of 

SPACE96 are those determined from lunar and satellite laser ranging [Gross, 1997]. Figure 1 

therefore demonstrates that the very nature of decadal polar motion was not known until the 

advent of the space-geodetic measurement techniques of lunar and satellite laser ranging. 

These laser ranging measurements must continue to be taken and reduced for Earth 

orientation parameters in order to provide the accurate and stable series of long duration 

required to investigate and uncover the cause of decadal polar motion variations 

 

Combined Earth Orientation Series 

 

Each of the modem, space-geodetic measurement techniques of lunar laser ranging (LLR), 

satellite laser ranging (SLR), very long baseline interferometry (VLBI), and the global 

positioning system (GPS) is able to determine the Earth orientation parameters. But each 

technique has its own unique strengths and weaknesses in this regard. Not only is each 

technique sensitive to a different subset and/or linear combination of the Earth orientation 

parameters, but also the averaging time for their determination is different, as is their duration, 

the interval between observations, and the precision with which they can be determined. By 

combining the individual Earth orientation series determined by each technique, a series of 

the Earth's orientation can be obtained that is based upon independent measurements and that 

spans the greatest possible time interval. Such a combined Earth orientation series is useful 

for a number of purposes, including a variety of scientific studies, and as an a priori series for 

use in data reduction procedures. 
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Figure 1. The x-component (top panel) and y-component (bottom panel) of decadal polar 

motion determined by applying a lowpass filter with a cutoff period of 6 years to the optical 

astrometric measurements of the International Latitude Service (top solid green curve), the 

Hipparcos optical astrometric polar motion series (middle solid blue curve), and the 

SPACE96 combination of space-geodetic polar motion measurements (bottom solid red 

curve). By convention, the x-component of polar motion is positive towards the Greenwich 

meridian and the y-component is positive towards 90
o
W longitude. For clarity of display, 100 

mas have been added to the ILS series, and 100 mas have been subtracted from the SPACE96 

series. After Figure 1 of Gross and Vondrak [1999].  
 
 
For two decades, reference Earth orientation series have been generated at the Jet Propulsion 

Laboratory (JPL) in support of interplanetary spacecraft tracking and navigation. These series, 

the latest of which is known as SPACE2007, are produced by using a Kalman filter to 

combine Earth orientation series taken solely by space-geodetic measurement techniques 

[Gross et al., 1998]. A number of corrections to the individual space-geodetic series must be 

made in order to ensure that they are consistent with each other prior to being combined. In 

particular, corrections to the bias and rate of each series must be determined and applied in 

order to make sure that they are aligned with each other prior to combination. Stable, 

internally self-consistent EOP series of long duration are required when determining these 

bias-rate corrections in order to ensure that the corrections made to the other shorter duration 

series are determined consistently with each other so that no residual bias-rate difference 

exists between the series being combined. 
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Figure 2. Epochs of the SLR, VLBI, and GPS polar motion measurements that were 

combined to form the SPACE2001 Earth orientation series.  
 

 

Figure 2 shows the epochs of the SLR, VLBI, and GPS polar motion measurements that were 

combined to form the earlier SPACE2001 series [Gross, 2002]. The SLR measurements, 

which as can be seen are of longer duration than either the VLBI or GPS measurements, span 

the entire time interval of the SPACE2001 series. In fact, the starting epoch of SPACE2001 is 

determined by the starting epoch of the SLR series. The stability of the SLR series allows 

consistent bias-rate corrections to be determined for the shorter duration VLBI and GPS 

series, thereby ensuring the stability of the final combined EOP series. Due to its accuracy, 

stability, and long duration, the SLR series is the backbone to which other space-geodetic 

series are attached when combining them. 

 

Near Real-Time UT1 Determination from LLR  

 

Only two independent combinations of UT1 and the polar motion parameters px(t) and py(t) 

can be determined by analyzing lunar laser ranging measurements taken at a single station, 

namely, UT0 and the variation of latitude ȹűi(t) at that station (e.g., Moritz and Mueller, 

1988, p. 425):  

 

 

(la)  

(lb)  
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where (űi and ɚi are the nominal latitude and longitude of station i and the variable U(t) is 

defined by U(t) ſ UT1(t) - TAI(t). A rotation of the Earth about an axis connecting the station 

with the origin of the terrestrial reference frame does not change the distance between the 

station and the Moon, and hence this component of the Earth's orientation cannot be 

determined from single station LLR observations.  
 

Equation (1b) shows that LLR measurements of UT0 can be used to determine UT1 if 

independent estimates of polar motion are available. In particular, if UT0 could be rapidly 

determined from LLR measurements and if polar motion estimates were also rapidly available 

then LLR measurements could be used to rapidly determine UT1. In principle this should be 

possible because unlike VLBI the LLR observation files are quite small and could be rapidly 

sent electronically to analysis centers for rapid reduction to UT0. Since GPS estimates of 

polar motion are also rapidly available, LLR has the potential of determining UT1 within 

hours of data acquisition, making it competitive in latency with eVLBI. 

 

Discussion and Summary  

 

Earth orientation parameters determined from laser ranging measurements to the Moon and 

artificial satellites of the Earth span a greater time interval than do those determined by any 

other space-geodetic measurement technique. Simultaneously processing the entire history of 

laser ranging measurements ensures that the resulting series of Earth orientation parameters is 

stable and internally self-consistent. The accurate and stable Earth orientation series of long 

duration derived from laser ranging measurements are required for both investigating long-

period changes in the Earth's orientation, which in the case of polar motion are still of 

unknown origin, and for combining Earth orientation measurements taken by different 

techniques. Analysis centers are encouraged to continue to derive Earth orientation 

parameters from all available laser ranging measurements, including those beginning with the 

launch of LAGEOS1 on May 4, 1976 and not just those taken since 1983. By using all 

available laser ranging measurements, an accurate and stable EOP series of ever increasing 

duration will continue to be available for investigating the causes and consequences of Earth 

orientation variations.  

 

Of all the space-geodetic measurement techniques only lunar laser ranging and very long 

baseline interferometry are able to determine Universal Time. If lunar laser ranging 

measurements could be rapidly processed then they could contribute to near-real-time UT1 

determination. Such rapidly available estimates of UT1 are needed for a number of purposes 

including the prediction of GNSS satellite orbits and the tracking and navigation of 

interplanetary spacecraft.  
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Abstract  

 

Since the first realization of the International Terrestrial Reference Frame (ITRF), its origin, 

defined to coincide with the geocenter, has been realized through the estimated coordinates of 

its defining set of positions and velocities at epoch. Satellite Laser Ranging (SLR) contributes 

to the ITRF realization this unique information along with that for its absolute scale, for over 

two decades. Over the past decade, the focus extended beyond the accuracy at epoch to 

include the stability of these realizations, given the increasingly more accurate observations 

of geophysical mass redistribution within the Earth system. Driven by numerous geophysical 

processes, the continuous mass redistribution within the Earth system causes concomitant 

changes in the long-wavelength terrestrial gravity field that result in geometric changes in the 

figure described by the tracking station network. The newly adopted ITRF development 

approach allows the simultaneous estimation of origin variations at weekly intervals through 

a geometric approach during the stacking step, and for the first time in the history of the ITRF 

accounts to some extent for these effects. Our dynamic approach has been used since the mid-

90s, delivering, initially biweekly and later on, weekly variations of an ñorigin-to-geocenterò 

vector, simultaneously with an SLR-only TRF realization. Over the past year, the 

International Laser Ranging Serviceôs (ILRS) Analysis Working Group adopted significant 

modeling improvements for the SLR data reduction of future as well as the historical SLR 

data. Based on this new standards, ILRS has embarked on a reanalysis of the LAGEOS 1 & 2 

SLR data set up to present, to develop a uniformly consistent set of weekly variations with 

respect to a frame realized simultaneously by the ensemble of the data, closely approximating 

the current (scaled) ITRF2005. These series can complement the precise application of the 

ITRF when used as Cartesian offsets or the GRACE-derived monthly gravitational models, 

when converted to degree-1 harmonics. A simple model based on the dominant frequencies 

decomposition of the series can be easily used to account for the most significant part of the 

signal in various applications (examples). 

 

 

Introduction  
 

The origin of the Terrestrial Reference System (TRF) is realized through the adopted 

coordinates of its defining set of positions and velocities at epoch, constituting the 

conventional Terrestrial Reference Frame. Since many decades now, these coordinates are 

determined with space geodetic techniques, in terms of absolute or relative positions of the 

sites and their linear motions. Satellite tracking techniques use dynamics to define the origin 

and scale of the tracking station network since satellites ñfallò naturally towards the center of 

mass of the central body and the size of their orbit is governed by the total mass of that central 

body. Today, late 2008, the state of the art TRF is the International Terrestrial Reference 

Frame (ITRF) with the latest realization being that of 2005ðITRF2005, [Altamimi et al., 

2007]. An international and multi-technique effort is underway though to update this 

realization with a new one in late 2009, the ITRF2008 realization. This contribution focuses 

on the ñorigin to geocenterò vector variations and how these are monitored from the SLR 

network. We will examine first some theoretical estimates of the order of magnitude of 
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expected variations and their nature, followed by examples of the recently determined series 

from SLR data, and we will conclude with examples of how their incorporation in the 

interpretation of geophysical signals leads to improved results. 

 

 

Figure 1. Center-of-mass (geocenter) definition and its relationship to gravity. 

 

 

Temporal Gravitational Variations (TVG)  

 

Despite the early use of space geodesy to develop accurate models of the terrestrial 

gravitational field, for many decades the field was viewed primarily as static, apart from the 

well known tidal variations. It soon became apparent that if not throughout its spectrum, at 

least the long wavelength part was exhibiting changes in time, because of reasons that were 

quickly traced to geophysical processes [Yoder et al., 1983]. Theoretical studies that followed 

over the coming years predicted further changes due to the redistribution of masses within the 

individual components of system Earth: atmosphere, oceans and solid Earth. This opened up 

an entirely new research area, temporal gravitational variations (TGV), and with it, it 

provided the missing link between space geodesy and climate change. As a result, it was 

widely accepted that since the ñchangeò in climate change meant temporal change, the 

problem could not be properly addressed without a good handle on temporally changing 

gravitational signals with respect to a stable, well defined, and very accurate reference frame. 

Our focus here is in the degree-one terms that describe the non-geocentricity of the frame 

(Fig.1), with our primary concern being long-term, secular stability for that frame. Table 1 

provides order of magnitude estimates of the plausible geophysical process that could 

contribute a secular component in the otherwise stable geocenter, with reference to the solid 

Earth component of the system. 
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Table 1. Plausible causes of secular geocenter change with expected order of magnitude. 

Source Magnitude Induced motion 

Sea level
(2) 

1.2 mm/y 0.064 Ñ0.02 mm/y 

Ice sheets (G)
 (2)

 2 mm/y 0.046Ñ0.20 mm/y 

Tectonics
(2)

 AMO-2 0.309Ñ0.05 mm/y 

Postglacial rebound
(1)

 ICE-3G 0.2 - 0.5 mm/y 

(1) :  Marianne Greff-Lefftz (2000) 

(2) :  Yu. Barkin (1997) 

 

Seasonal changes in the long wavelength harmonic coefficients of the gravitational potential 

have been closely correlated with mass transfer in the atmosphere, hydrosphere and oceans, 

from independent observations of other than SLR techniques and different space missions. 

Gravity-mapping missions, (e.g. GRACE), and to a lesser extent the future mission GOCE, 

address temporal changes directly from the gravimetric point of view. For the very low degree 

and order terms though, there is also a geometric effect on the origin between the 

instantaneous and the mean (over very long time periods) reference frame as shown in Figure 

1. This is one of the ñcouplingsò between satellite dynamics and Earth geophysics and 

geokinematics.  

 

SLR contribution to  the Terrestrial Reference Frame 

 

SLR has been for decades a primary tool in the establishment and maintenance of the TRF 

and monitoring of Earthôs Orientation Parameters (EOP), in addition to being an extremely 

simple, precise and failsafe tracking technique. SLR data contributed in this effort the most 

accurate results yet, demonstrating early enough millimeter-level accuracy for short-term 

averages for these quantities [Pavlis, 1999, 2002]. Other satellite techniques, like GPS and 

DORIS, can potentially contribute to the definition of these quantities, however, due to the 

nature of these techniques, their contribution is limited in accuracy due to confounding with 

other parameters. SLR can determine a ñSLR-realizationò of the TRF at present on a weekly 

basis with accuracy at the centimeter level. These weekly series are ñstackedò over time, and 

subsequently, combined with the contributions from other space techniques, they produce the 

new, global TRF. This process was first used in the development of ITRF2005 [Altamimi et 

al., 2007] and will be followed also in the development of the new TRF realization 

ñITRF2008ò, due sometime in 2009. 

 

Although the SLR ground network of prime contributing sites has evolved considerably over 

these years, it still remains very poor in its global coverage, with a profound imbalance 

between north and south hemisphere stations (Fig. 2). It also suffers from long outages at sites 

that cease operations for extended time periods for upgrades or other reasons, due to 

redundancy gaps over certain areas. Finally, as [Angermann and M¿ller, 2008] point out, an 

examination of the 1993 to 2007 data set from the two LAGEOS targets that almost 

exclusively support the ITRF development, indicates that in addition to the geometric 

imbalance of the two hemispheres there is also a huge imbalance in terms of contributions 

between southern hemisphere sites. In particular, the two sites in Australia are responsible for 

almost all of the data collected in the southern hemisphere. These issues have a direct impact 
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on the development of a stable TRF and they are being addressed now in studies for an 

improved network of space geodetic techniques that will replace the currently operating ones, 

with an emphasis on multi-technique co-locations and uniform global distribution [Pavlis and 

KuŦmicz-CieŜlak, these proceedings]. 

 

 

Figure 2. The ILRS network of stations with the most productive stations highlighted in 

ellipses and the lopsided nature of the network indicated by the large difference of sites 

between the north and south hemispheres. The loss of Tahiti over a significant time period 

created also a huge gap in longitude (~135Á) in the southern Pacific region. 

 

 

In preparation for the new ITRF2008, all of the LAGEOS and LAGEOS2 data are being 

reanalyzed by the ILRS Analysis Centers (AC), using improved modeling of biases, 

spacecraft dynamics and geometry, and background models. This time around the ILRS has 

extended the analysis to include the majority of the ñhistoricalò LAGEOS data, prior to 1993, 

starting with 1983. The extension to 1983 and not all the way back to the launch of LAGEOS, 

May of 1976, was decided after preliminary analyses indicated that the data prior to 1983 

were not of the quality required for the definition of the TRF, suffering from large and 

unstable biases and poor network geometry. From the preliminary analyses at the JCET/GSFC 

AC, the evolution of the geocenter compared to the a priori definition from the underlying 

SLRF2005 TRF (compatible with ITRF2005S, but extended to apply to the period 1983 to 

1993), seems very stable, indicating no significant secular variations as the prior models did 

with respect to ITRF2000, and with a clear annual signal. These preliminary series are 

displayed in Figure 3 for the recent period 1993 to end of 2008, when the resolution of the 

series is at weekly intervals. Note the lack of secular trends in the series. The years before 

1993 do not support such a resolution and the official ILRS contribution is provided in 15-day 

averages. These series are obtained from a multi-year solution for a SLR-only TRF in the 

form of a set of coordinates at a fixed epoch (2000.0) and associated linear velocities. During 

the solution, we are determining weekly offsets of the frame determined with each weekly 

data set from the mean frame that is determined by the ensemble of the data. This approach 

delivers a consistent frame and geocenter series and it is applicable for a sequential approach 

of augmenting an established TRF with additional data as they are collected in time, to extend 

its validity without changing its definition. 

 


