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Safety:
• Risk analysis according 

to standards
• Risk assessment
• Operating manual, …
• CE Conformity
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Geodetic Observatory Wettzell
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GOW no fly-zone

SLR

1 km

5 km min. elevation:
20 deg

No fly-zone
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Observer Instructions …

Personell of other disciplines (VLBI, Facility management, …) shared with SLR 
observations.
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WLRS T/R switch

• Thin Film Polariser in combination 
with Lambda/4-plate (passive)

• Rotating beam block
-> 667 Hz Repetition Rate

LASER System
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Improvements of the SOS-W 
automatic scheduler for special 

campaign support
 

S.Riepl, A. Böer, C.Schade, T.Schüler

Bundesamt für Kartographie und Geodäsie
Geodätisches Observatorium Wettzell
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 Besides satellite acquisition, pass scheduling is the most tedious job

Why automated pass scheduling ?
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Pass scheduling parameters

 Minimum observation time (for SOS-W 60 seconds, including pass 
switch time)

 Minimum elevation angle (20 degree)
 Sun avoidance and earth shadow encounters (for scheduling of light 

curve measurements)
 Target specific observation time (normal point window)
 - for geodetic targets 6 normal point windows per pass are allocated,
   observing session is terminated if maximum number of observations
   is reached
 - LEO targets have highest priority to avoid hidden passages
 System performance is governed by minimum observation time
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Pass scheduling algorithm
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Interleaving features 
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Interleaving features (2) 
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Pass scheduling algorithm – typical 
distribution of GNSS observations
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SUCCESS Campaign Requirements

Campaign duration: 2019/05/12-2019/06/02 
Main Tasks: 
- Eclipsing satellite passes: Observations of Galileo 102 and 220 satellites during eclipse. Continuous 
observation during eclipse phases is encouraged (collection of NPTs with low sample rate is also possible). 
Furthermore it is suggested to start ranging at least 5-10 minutes before the eclipse. If possible, collect a long 
pass segment of the pass during which the eclipse is taking place (description see below, selected eclipse 
passes are 5 -7 hours long). 
- Long pass segments: Collect one normal point of the above Galileo satellites every 15 minutes, for the whole 
pass (as long as possible).
- Simultaneous observations: Two or more stations observe the same Galileo satellite simultaneously for e.g. 
15-30 minutes continuously. 
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Pass scheduling algorithm with 
predefined schedule

2019-05-12 17:20:00 2019-05-12 23:04:09 galileo102 10 300 900 600
2019-05-12 23:04:09 2019-05-12 23:07:00 galileo102
2019-05-13 16:14:00 2019-05-13 21:52:00 galileo220 10 300 900 600
2019-05-15 14:19:00 2019-05-15 14:28:00 galileo102 10 300 900 600
2019-05-15 15:45:00 2019-05-15 21:15:00 galileo102 10 300 900 600
2019-05-17 19:12:00 2019-05-18 00:27:18 galileo220 10 300 900 600
2019-05-18 00:27:18 2019-05-18 00:29:00 galileo220
2019-05-19 18:35:00 2019-05-19 23:57:15 galileo102 10 300 900 600
2019-05-19 23:57:15 2019-05-20 00:02:00 galileo102
2019-05-20 17:30:00 2019-05-20 22:51:52 galileo220 10 300 900 600
2019-05-20 22:51:52 2019-05-20 22:59:00 galileo220
2019-05-22 17:01:00 2019-05-22 22:22:34 galileo102 10 300 900 600
2019-05-22 22:22:34 2019-05-22 22:27:00 galileo102
2019-05-23 14:21:00 2019-05-23 14:27:00 galileo220 10 300 900 600
2019-05-23 15:53:00 2019-05-23 21:12:00 galileo220 10 300 900 600
2019-05-25 13:39:00 2019-05-25 13:58:00 galileo102 10 300 900 600
2019-05-25 15:24:00 2019-05-25 20:35:00 galileo102 10 300 900 600
2019-05-27 18:41:00 2019-05-27 23:49:00 galileo220 10 300 900 600
2019-05-29 18:12:00 2019-05-29 23:21:00 galileo102 10 300 900 600
2019-05-30 17:05:00 2019-05-30 22:18:00 galileo220 10 300 900 600
2019-06-01 16:36:00 2019-06-01 21:46:00 galileo102 10 300 900 600
2019-06-02 13:41:00 2019-06-02 14:01:00 galileo220 10 300 900 600
2019-06-02 15:27:00 2019-06-02 20:31:00 galileo220 10 300 900 600
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Partial Schedule Gantt Graph for 
SUCCESS Campaign
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SUCCESS Campaign Observations

overcasted sky
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Conclusion

 Automatic Scheduling optimizes observing geometry
 Automatic Scheduling provides objective target selection
 Automatic Scheduling does very nice pass interleaving
 Implementation of predefined schedule permits realisation of 

arbitrary tracking scenarios
 Special observation campaigns can be programmed in 

advance
 Predefined Scheduling will be used intensively in upcoming 

double difference campaigns
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Measuring the Laser ranging correction 
with level of accuracy required by 
Genesis

• Measure/calibrate the optical center of the LRR
 w.r.t. the center of mass of the LRR
 w.r.t. the other technics
 w.r.t. the center of mass of the satellite after all the 

integration

• Important: 
 Origin of the SRF must be known better than 1mm
 Satellite CoM must be known better than 1mm
 LRA optical phase center must be known better 

than 1mm
 All points should be calibrated on the fully 
mounted/equipped satellite, preferably with 
electronic devices switched on!

Zeitlhöfler, 2019



• Requirement in 4.3.5. Satellite Laser Ranging (SLR) Instrument (p48/67), PLD-SLR-060 
Position Vector Knowledge 

Initial Requirement: The position vector of the LRR centre of phase relative to the internal satellite 
reference frame shall be known with accuracy better than 0.5 millimetres (1 sigma). 

Question: We question whether this is a sufficiently stringent requirement. If the target accuracy for the 
products is about 1 mm, a 2- and 3-sigma error here would already compromise said target. Hence, 1 
mm at 3-sigma appears to be the bare minimum for this requirement. Ideally more, as the uncertainty in 
the knowledge of the reference positions of the different payloads (LRA, VLBI, GNSS, DORIS) will be 
compounded. 

 In the updated SRD2.0 dated 31/01/2025, the requirement reads as follows: “The position vector of the 
LRR centre of phase relative to the LRR Reference Point shall be known with accuracy better than 1mm 
(3D, 2 sigma).”

This applies also to PLD-SLR-090 Range Correction



Outputs from the ESA GENESIS Science meeting in 
Matera



What is the laser range correction ? 

Optical Ground Station reference point 
(cross-axis of the mount) LRA reference point

describes the difference between the distance of the SLR station from a predefined LRA reference point (D) and the actual range 
measurement.

D

Optical Ground Station reference point 
(cross-axis of the mount)

LRA reference point

LRA center of mass ~3R/8



What is the laser range correction ? 
O. Montenbruck, R. Neubert, Range correction for the CryoSat and GOCE Laser Retroreflector Arrays
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Position Vector Knowledge & Range 
Correction
• ESA is requesting a consolidation of the requirement 

• How can we consolidate the Laser Range correction requirement at the level 
required for GENESIS ? 

• Computation of the uncertainty budget from a pre-design ? 
• Find an instrumental solution ? 

• Feedback of the network regarding on the Simone's proposal on LarCo? 
• Calibration with other instrument (i.e, NMI absolute distant meter) 













Absolute Distant Meter from National 
Metrological Institute



GENESIS LRR range correction 
measurement: 
NMI Absolute Distant Meter
• Calibration with NMI (National Metrological Institute) instrument:

- calibration with measurements better than 0.5 mm @ 1sigma
- Measurement linked to the SI-traceability of SLR
- Mobile instrument: possibility to link the calibration in clean room to 

measurement outside (comparison with Optical Ground Station)



GENESIS LRR range correction 
measurement: 
NMI Absolute Distant Meter

During the GEOMETRE Project: 
• Development of Si-traceable long distance range meters with low uncertainty
• Exploiting intrinsic refractivity compensation

TeleYAG-II system:
• Absolute interferometry
• 532 and 1064 nm wavelength

Arpent system:
• RF modulation 
• 780 and 1560 nm
• All-fibred design
• Flexible in use, 

well portable

• Complex set-up



Absolute Distance Meter (ADM) of 
CNAM: ARPENT 
Guillory, J., de La Serve, M. T., Truong, D., Alexandre, C., & Wallerand, J. 
P. (2019). Uncertainty assessment of optical distance measurements at 
micrometer level accuracy for long-range applications. IEEE 
Transactions on Instrumentation and Measurement, 68(6), 2260-2267.

ARPENT-CNAM two-wavelength absolute 
distance meter @Grasse during the 
GEOMETRE (EURAMET) project



GENESIS LRR range correction 
measurement



GENESIS LRR range correction 
measurement



Geometre: verification of SLR versus Arpent/EDM
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