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April 23, 2012 Technical University Vienna 

ILRS Governing Board Agenda 
1.  Opening Remarks  G. Appleby 
2.  Central Bureau Report  M. Pearlman 

1.  Network Update and Performance 

2.  Bi-Annual Report 

3.  Missions Update  G. Appleby/S. Wetzel 

4.  Data Formats and Procedures Update  R. Ricklefs/H. Mueller 
1.  CRD Status 

2.  Stations Reporting procedures 

5.  Analysis and Data Products  E. Pavlis 

6.  GPS Retroreflector Array  D. McCormick/S. Wetzel 
7.  Task Force Reports 

a.  Spacecraft Center-of-Mass Corrections  G. Appleby/T. Otsubo 

b.  Beam Divergence  M. Davis 

c.  Normal Point Definition  M. Pearlman 

8.  Lunar Laser Ranging  J. Mueller 
9.  Website Development  C. Noll/R. Ricklefs 
10.  ILRS Special Issue in Journal of Geodesy  E. Pavlis 

11.  ILRS Workshop 2012 in Frascati  S. Dell'Agnello 
12.  GGOS Activities  M. Pearlman 

13.  Other Business  M. Pearlman 
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LLR Status Report 
- ILRS 2012 - 

Jürgen Müller 
 

Institut für Erdmessung (Institute of Geodesy) and 
Center of Excellence QUEST  

(Quantum Engineering and Space-Time Research) 
Leibniz Universität Hannover (University of Hannover) 

 



Statistics – retro-reflectors and observatories  

Time span 1970-2011 
 
 
 

… and a few lunar  
     tracks from 
•  Orroral 
•  Wettzell 
 
 
 

about 17.000 
normal points 
 
 
 



Statistics – retro-reflectors and observatories  

Only 2011 
 
 
 

•  no APOLLO normal points, as 
new detector (end of 2010) 
requires refined pre-processing 

•  no tracks to Lunokhod 1 and 2 
 
 
 
 
 



Statistics – observatories 2012  

Only 2012 (until April) 
 
 
 

Normal points  2011  2012 
McDonald  23   16 
Grasse  60   79 
Matera  3   1 
In total  86   96 
 



Status, perspective at the LLR sites 

§  McDonald - lunar tracking at low level 

§  APOLLO - good LLR data, but no normal points since end 
of 2010, no “official archiving” 

§  Grasse re-started lunar tracking by end of 2009, less 
returns in 2010/2011, good performance since end of 2011 

§  Matera re-started lunar tracking in spring 2010, routine 
operation is difficult 

§  Wettzell will soon resume – first attempts have been made 
(but problems with the new SLR system have to be 
resolved first) 



Major LLR-related activities 

§  ISSI workshop series on LLR modelling and analysis (start 
2009), final meeting in spring 2012 

§  Boston workshop 2010 on comparison of LLR software 
packages 

§  ILRS initiative on LLR data qualification (“French website”) 

§  Joint LLR paper in ILRS JoG special issue (subm., 2012) 

§  In Germany: New DFG Research unit “Reference 
systems” (speaker A. Nothnagel, Bonn) with 2 LLR related 
projects 
•  Moon-related systems 
•  Barycentric ephemeris 
has begun on 1 March 2012. 

 



Main research at lunar analysis centers  

§  Jet Propulsion Laboratory (JPL) 
-  lunar interior, lunar core 
-  relativity  

§  Paris Observatory Lunar Analysis Center (POLAC) 
-  libration theory 
-  reference frames 

§  Institute of Geodesy (IfE) 
-  relativity 
-  Earth orientation 
-  lunar interior 

§  Others: special topics ... 



LLR tests of general relativity 

Temporal variation of the gravitational constant 
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Equivalence Principle (Nordtvedt effect) 
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EP test with LLR is a combination of weak and strong EP test 
(different compositions and additional gravitational self energy) 

Müller et al., IAG Springer 2012   



Project „Moon-related systems“ 

J. Müller (Hannover, J. Kusche (Bonn), J. Oberst (DLR, Berlin)  

Moon-related reference systems are indispensable  
•  to link terrestrial and celestial reference systems and  
•  to advance lunar science and space exploration 

This project prepares the application of established 
methods for mapping and surveying the Earth to extra-
terrestrial bodies. 



Objectives 

Provide next-generation lunar reference systems for geodesy, 
astronomy, and exploration.  

To achieve this: 
•  improve lunar models (lunar rotation, interior)  
•  integrate novel data sets in available s/w  
• determine (new) parameters (e.g., tidal) 
• realize the Moon-fixed coordinate system in detail 
• deliver control point networks and geometrically  

 accurate base maps 
• carry out sensitivity studies and simulations of future geodetic 
experiments 

•  tie the stable Moon orbit into the inertial and terrestrial 
reference systems (realized by space geodetic techniques) 



Project „Barycentric ephemeris“ 

 Special aspects of an improved solar system ephemeris 
(additional forces and torques, lunar librations, asteroid 
perturbations, different timescale, solar mass loss, etc.) 

M. Soffel (Dresden), J. Müller (Hannover) 



Objectives 

• Extension of existing LLR code to a full solar-system ephemeris 

•  Improvements of the force/torque model 
- additional figure-figure and relativistic interactions in the 

Earth-Moon system 
-  librations: considering the full internal structure of the Moon 

(solid inner core) 
- considering effects from (unseen) asteroids 

• work towards an independent fit to observational data 
 
Beyond the first 3 years à high precision ephemeris by 
•  better data combination strategy  
•  long-term stability, e.g. for palaeo-climate studies, by means of 

•  new integrators (symplectic, ...),  
•  optimization  w.r.t. computing time (parallelization, ...)  



Links to other projects 
      
 
     INPOP:  J. Laskar, A. Fienga (Paris, Besancon) 
     DE:  W. Folkner (JPL) 
     EPM:  E. Pitjeva (St. Petersburg) 
 
     The GAIA community (S. Klioner …) 
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ILRS Website Update 
Carey Noll 
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ILRS Website Update 
•  New website uses same major structure: 

–  About, Network, Missions, Science, Data&Products, Technology 

•  Currently porting old content to new format 
•  Reviewing and updating content 
•  Website available for review: 

–  http://ilrs-test.gsfc.nasa.gov 

•  Encourage all to review, comment, and let staff know if 
items are missing/confusing/needed 
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Sample Pages 
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Interna(onal	
  Technical	
  Laser	
  Workshop	
  2012	
  (ITLW-­‐12)	
  
	
  “Satellite,	
  Lunar	
  and	
  Planetary	
  Laser	
  Ranging:	
  Characterizing	
  the	
  Space	
  Segment”	
  

Frasca(	
  Na(onal	
  Laboratories	
  of	
  the	
  INFN-­‐LNF,	
  
Frasca(	
  (Rome),	
  Italy	
  (hBp://www.lnf.infn.it/user.html)	
  

in	
  conjunc(on	
  with	
  a	
  one-­‐day	
  Workshop	
  on	
  
“ASI-­‐INFN	
  ETRUSCO-­‐2	
  Project	
  of	
  Technological	
  Development	
  on	
  SLR	
  Payloads	
  of	
  GNSS”;	
  November	
  8,	
  2012	
  

	
  
November	
  5	
  –	
  9,	
  2012	
  
Program	
  Concept	
  

	
  	
  	
  

•  To	
  meet	
  our	
  challenging	
  technical	
  requirements	
  this	
  workshop	
  will	
  focus	
  on	
  the	
  cri(cal	
  design	
  issues	
  and	
  
on	
  the	
  characteriza(on	
  of	
  payload	
  performance	
  for	
  missions	
  in	
  opera(on	
  and	
  in	
  prepara(on.	
  Such	
  
characteriza(on	
  is	
  based	
  on:	
  
–  SLR/LLR	
  tracking	
  experience	
  of	
  sta(ons	
  of	
  the	
  Interna(onal	
  Laser	
  Ranging	
  Service	
  (ILRS)	
  distributed	
  

worldwide	
  
–  Ground	
  tes(ng	
  of	
  as-­‐built	
  and	
  newly	
  developed	
  payload	
  at	
  dedicated	
  facili(es	
  (like	
  the	
  SCF	
  and	
  SCF-­‐

G	
  in	
  opera(on	
  at	
  INFN-­‐LNF,	
  Frasca()	
  
–  Specialized	
  op(cal,	
  thermal,	
  structural	
  and	
  orbital	
  so_ware	
  modeling.	
  
–  Op(miza(on	
  approaches	
  and	
  integra(on.	
  	
  

•  The	
  previous	
  edi(on	
  of	
  this	
  workshop,	
  dedicated	
  to	
  “SLR	
  tracking	
  of	
  GNSS	
  Constella(ons”	
  and	
  held	
  in	
  
Greece	
  in	
  2009,	
  can	
  be	
  consulted	
  at	
  hBp://www.ntua.gr/MIRC/ILRS_W2009/.	
  

•  Opportuni(es	
  for	
  ILRS	
  working	
  groups	
  mee(ngs	
  will	
  be	
  held	
  before	
  or	
  during	
  the	
  workshop.	
  



GGOS Bureau for Networks and 
Communications Report 
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GGOS Bureau for Networks and Communications 
Action Plan  

 

  •  Complete Simulations:  
–  Examine sensitivity of data products to intersystem vector accuracy; 
–  Compare data product quality from idealized network to network projected to be place in 5 

years, 10 years;  
•  Complete Site Specification Document: 

–  Develop Next Level version of the Site Specification Document; 
–  Add description of the component systems and the site   

•  Call for Participation; 
–  Issue responses 
–  Encourage more participation 

•  Intersystems Vectors:  
–  Work with IERS WG on Inter-system vectors (co-location);  

•  Working Group for Network Communications and Automation (A. Neidhardt):  
–  Establish a Bureau Working Group on Network Communication and Automation: 

•  Continue Outreach (All Bureau Members):  
–  Meet with potential participants in the GGOS network of Core Sites 
–  Presentations at Scientific Meetings  

ILRS Governing Board Meeting                             
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Simulation Studies to Scope the Network 
(Erricos Pavlis) 

•  First Phase completed 
–  ~30 globally distributed, well 

positioned, co-location Core Sites with 
proper conditions; 

–  16 of these Core Sites must track 
GNSS satellites with SLR to calibrate 
the GNSS orbits; 

•  Follow-on Phases (Impact on the ITRF) 
–  Sensitivity to intersystem vector 

accuracy 
–  Phased deployment; evolution of the 

products 
–  Impact of errors and outages;  
–  Additional space objects  
–  Tracking scanarios 
–  Impact of GRASP 

ILRS Governing Board Meeting                             
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Co-located VLBI, SLR, GNSS 
(Some with DORIS) 

 

 
 

 
•  7 full co-location sites currently 
•  Another 6 – 8 sites in process or planned 
•  Many regional voids in the network 
•  Many site have older less reliable technology 

ILRS Governing Board Meeting                             
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GGOS Site Requirements Document 
(http://cddis.gsfc.nasa.gov/docs/GGOS_SiteReqDoc.pdf)  

 
•  Introduction and Justification  

–  What is a Fundamental Station? 
–  Why do we need the Reference Frame? 
–  Why do we need a global network? 
–  What is the current situation? 
–  What do we need? 

•  Site Conditions 
–  Global consideration for the location 
–  Geology 
–  Site area 
–  Weather and sky conditions 
–  Radio frequency and optical Interference 
–  Horizon conditions 
–  Air traffic and aircraft Protection 
–  Communications 
–  Land ownership 
–  Local ground geodetic networks 
–  Site Accessibility 
–  Local infrastructure and accmmodations 
–  Electric  power 
–  Site security and safety 
–  Local commitment 

ILRS Governing Board Meeting                             
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GGOS Call for Participation; 

The Global Geodetic Core Network:  
Foundation for Monitoring the Earth System 

 
We seek proposals from organizations that would participate in the  
development, implementation and maintenance of the GGOS Global  
Geodetic Core Network: 
•  To implement and operate core space geodesy stations including: 

–  existing stations that already have the four techniques implemented and plan 
for upgrade to the next generation systems; 

–  existing stations that have one or more techniques operational, are planning 
for upgrade to the next generation systems and for the implementation of the 
remaining techniques; 

•  To support the network design and planning activity with analysis, simulations, site 
research (geology, weather, logistics, personnel, etc). To help design and develop 
the inter-technique vector systems and operational procedures. 

•  To provide applicable space geodetic instruments for implementation at a GGOS 
Global Geodetic Core Site in cooperation with a local organization.  

•  To implement and operate core stations offered by others; 

•  Call for Participation has been issued through the Services and the IAG. 

ILRS Governing Board Meeting                             
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GGOS Bureau for Networks and Communications 
Call for Participation 

Issues and Steps Forward 

•  Issued Call for Participation; 
•  Organized the Review Team 
•  Completed the Review Process for the First Round 

•  14 Submissions covering 36 sites 
•  Submissions; 

–  Legacy Core Sites 
–  Legacy/New Technology Technique Sites 
–  Core and Technique Sites being developed 
–  Sites offered 

•  Summary posted on the GGOS Website 
•  Other Groups being approached.  

•  Articulate description (or guidelines) for a Core Site both Legacy 
and “Ultimate” and other categories;  

–  system performance,  
–  site conditions,  
–  local reference network, etc,  

•  Encourage more groups to participate; 
•  Encourage stations to upgrade to newer technologies; 
•  Task the Services with Technique Acceptance Criteria for 

Operational Stations; 
•  Task Services with identification of proper reference point 

access; 
•  Decide how much “local motion” we can accept – what can we 

model? 

ILRS Governing Board Meeting                             
Technical University of Vienna 



GGOS Bureau for Networks and Communications 
Call for Participation 

Responses so far 

Agency (Country) Sites 

BKG/FESG (Germany) Wettzell 

NERC (UK) Herstmonceux 

IRA (Italy) Medicina, Noto, Sardinia 

OSO (Norway) Onsala 

FGI (Finland) Metsahovi 

IGN Spain) Yebes 

SPC (Poland) Borowiec 

SHAO (China) Shanghai, Beijing, Changchun, Wuhan, Kunming, 
Urumuqi, Sanyo, (San Juan) 

GA (Australia) Yarragadee, Mt. Stromlo, Katherine, Hobart 

NASRDA (Nigeria) Toto 

ILRS Governing Board Meeting                             
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GGOS Bureau for Networks and Communications 
Call for Participation 

Responses so far 

Agency (Country) Sites 
NASA (US) GSFC, Westford, Kokee Park, Monument Peak,Fortaleza, 

McDonald, Mt. Haleakala, Hartebeesthoek, Papeete, 
Arequipa 

RIG (Czech Republic) Pecny 

NRF (South Africa) Harttebeesthoek,  

ASI (Italy) Matera 

ILRS Governing Board Meeting                             
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Techniques are all Making Progress 
 

•  Satellite Laser Ranging 
–  Several systems working in the Khz regime;  
–  Increased data yield and daylight ranging on the GNSS satellites  
–  Steady progress on the new SLR prototype at GSFC; 
–  Progress on the GPS-3 arrays;  

•  VLBI 
–  Prototype VLBI 2010 in testing at GSFC 
–  New Systems Systems 

•  Tasmania, Katherine, Yarragadee Stations  
•  Wettzell twin telescopes are being constructed;  

•  GNSS 
–  Multiple constellations 
–  Additional frequencies 
–  New ground stations 

•  DORIS 
–  Nearly complete network already 
–  Additional satellites 
–  New beacons 

•  Calibration  
–  GRASP Concept  

ILRS Governing Board Meeting                             
Technical University of Vienna 



NASA Space Geodesy Project 

•  Provide NASA’s contribution to a worldwide network of modern space 
geodesy Core Sites; 

•  Phase 1 Proposal developed for a 2–year activity staring in October 2011: 
–  Complete network simulations to scope the network and examine geographic, operational 

and technical tradeoffs based on LAGEOS and GNSS tracking with SLR; 
–  Complete the prototype SLR (NGSLR) and VLBI (VLBI 2010) instruments; 
–  Co-locate these instrument with the newest generation GNSS and DORIS ground stations at 

GSFC; 
–  Implement a modern survey system to measure inter-technique vectors for co-location; 
–  Develop generalized station layout considering RFI and operations constraints; 
–  Undertake supporting data analysis; 
–  Begin site evaluation for network station deployment; 
–  Develop a full network implementation plan; 

•  Follow-on phase for deployment for up to 10 stations; 

ILRS Governing Board Meeting                             
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NASA Space Geodesy Project  
Network Site Criteria/Evaluation Task 

•  Develop Site Selection Requirements Document 
•  Evaluate current NASA Sites as candidate 

 Core Sites; 
•  Begin discussions with existing and possible new partners 

on Core Sites 
•  Work with GGOS (IAG) and other international 

organizations to develop plans for international 
participation and partnerships; 

•  Current Action: Evaluation of Kokee Park, Mt. Haleakala, 
and GSFC (basis of comparison) 

ILRS Governing Board Meeting                             
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Establishment of the  

GGOS Inter-Agency Committee (GIAC) 

 
  
 •  GGOS has established a GGOS InterAgency Committee to provide coordination and 

support for the development, implementation and operation of those components of 
the IAG’s Global Geodetic Observing System (GGOS), whose infrastructure is 
operated by governmental institutions. 

•  GIAC lead is John LaBrecque from NASA 

•  The GIAC supports the IAG Services, particularly those involved in the establishment, 
maintenance and enhancement of the geodetic infrastructure, observing systems and 
the International Terrestrial Reference Frame (ITRF) in a sustainable and a cost-
efficient way. Furthermore,  

•  GIAC members underpin geodetic research activities coordinated by the GGOS 
Science Committee by providing world class geodetic infrastructure. 

•  The GIAC is a forum that seeks to generate a unified voice to communicate with 
Governments and Intergovernmental organizations (GEO, UN bodies) in all matters of 
global and regional spatial reference frames and GGOS research and applications. 

  

•  Outreach Meetings (NASA) with organizations from Colombia, Brazil, 
Norway, Finland, Korea, France, etc. 
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GIAC Members to date 

 
  
 

•  Geoscience Australia 
•  Natural Resources Canada 
•  Shanghai Astronomical Observatory 
•  Finnish Geodetic Institute 
•  Institut Géographique National, France 
•  Federal Agency for Cartography and Geodesy, Germany 
•  Italian Space Agency  
•  National Geodesist Land Information, New Zealand 
•  Norwegian Mapping Authority 
•  Institute of Applied Astronomy/Russian Academy of Sciences 
•  Hartebeesthoek Radio Astronomy Observatory, South Africa 
•  National Facility of the National Research Foundation 
•  Instituto Geográfico Nacional, Spain 
•  Federal Office of Topography, Switzerland 
•  National Aeronautics and Space Administration 
•  National Geodetic Service, USA 

 

•  Outreach Meetings (NASA) with organizations from 
Colombia, Brazil, Norway, Finland, Korea, France, etc. 
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Meetings with Partners at GSFC  
In cooperation with GIAC 

Country  Organization Contact  Meetings Site 

Colombia Instituto Geografico Agustin 
Codazzi (IGAC) 

William Martinez Diaz 
Elena Posada  
Dora-Ines Rey Martinez 

11/10/10 Pachuca Mex. 
9/26/11 GSFC 

Three options suggested in NE 
Colombia 

Brazil Instituto Nacional de Pesquisas 
Espaciais(INPE) 

Eduardo W. Bergamini 8/13/10 Sao Paulo 
11/8/11 GSFC 

Korea Korea Astronomy and Space 
Science Institute (KASI)   

James Park 
Hyung-Chul Lim 

11/5/11 Korea 
11/18/11 GSFC 

Sejong  

Norway Norwegian Mapping Authority 
(NMA) 

Ina Elsrud 
Line Langkaas 
Leif-Morten Tangen 
Per Erik Opseth 

12/6/11 GSFC Ny-Alesund 

Finland Finnish Geodetic Institute (FGI) Markku Poutanen 
Jarkko Koskinen 

2/13/12 GSFC Metsahovi 

Taiwan Institute  of  Earth  Sciences 
Academia  Sinica 

Benjamin  Chao 
Cheinway Hwang 

8/9/11 Taipai Two sites visited but drawbacks 
to both;  

France Centre National d'Etudes 
Spatiales. (CNES) 

Richard Biancale 
Mandea Miora 
Andre Laurens 

4/4-5, 2012 Papeete 
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Working Group for Communications and Automation  
Chair: Alexander Neidhardt 

First Meeting: April 25, 18:00 
TUW Seminar Room 124 

•  Introduction to the Working Group   
–  Motivation for the Working Group 
–  Charter and Objectives; what do we expect to get out of this? 
–  Who should participate? 
–  Final product:  

•  Forum for discussions to help the community keep abreast of techniques and new ideas;  
•  Information base for practitioners and new entrants to the field.  
•  Opportunity for industry to keep us informed about new products and services; 
•  Opportunity for us to let industry know what we need.  

•   Automation 
–  What is automation and what tasks should we consider; 
–  What tasks do techniques have in common; 
–  What are we doing now? What are people planning to do? 
–  What have been the real issues and obstacles? 
–  How should we trade configuration, technical, and operation information and experience? 
–  Should we writer a position paper as a guide?  

•  Communication 
–  What are the requirements for each technique, core site? 
–  Quality Control and workflow roundtrip monitoring; 
–  Services available; what has been the experience? 

•    

•    
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