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Accuracy Improvement to SLR Network 
Stations from Reference Frame Analysis

The ITRF2020 Reference Frame Analysis includes estimates of non-geodetic signals in the SLR 
observations.
Interpretation of these signals and the resulting data handling refinements yield improved orbit and station 
positioning.
It has been established in recent work (Appleby, Rodriguez and Altamimi, JG 2016) that most stations in the 
ILRS network exhibit millimeter-level systematic errors.
Each of the three types of SLR sites (Microchannel Plate (MCP), Single Photon (SP), and Compensated SP 
Avalanche Diode (C-SPAD)) exhibit different characteristics (Couhert et al., JG 2020).
ILRS requirements to maintain high quality SLR data include the ability to perform extensive tests on-site 
(Otsubo and Genba, 13th. Int. Laser Ranging Workshop, 2002).
Core ITRF SLR stations, including the NASA Mobile and Transportable MCP Systems, regularly monitor 
electronic characteristics for each satellite pass.
Data features exceeding error specifications can be defined with close consideration of known engineering 
variables.
This paper will discuss current accuracy for core stations and system development in the ILRS Network to 
maintain the millimeter requirement for geodynamic measurements.
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Non-geodetic Signals which affect 
Orbit and Station Positioning 

q Microchannel Plate (MCP): GGAO (GREENBELT, MD)
Ø Discriminator time walk

q Compensated SP Avalanche Diode (C-SPAD):GRAZ AUSTRIA
Ø Profile Clipping

q Single Photon: HERSTMONCEUX UK
Ø Return signal profile
Ø Time Interval Unit (TIU) non-linearities

q Common to each system:
Ø Horizontal target survey error
Ø Optical path filter delay
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Discriminator time walk at
GGAO, Maryland(MOB7)
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q Time walk affects satellite receive energies lower than calibration target (400 units)
Ø range-dependent range biases at MOB7 in February 2019 vary from 0 to 9 mm 
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ITRF2020 SSEM Range Bias Estimates

q ITRF2020 SSEM Range Bias(RB) results can be found on the JCET website



5

Observed discriminator time walk at
GGAO

q Occasional discriminator misalignment shows some short term RB variation 

Discriminator misalignment period
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ITRF2020 Range Biases at Yarragadee,
Australia (MOB5)

q SSEM RBs show > 5mm offset in 2019

6 mm
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Minico Results at Yarragadee,
Australia (MOB5)

q Multiple Target Ranging shows Target B moved 6 mm between 2018 and 2021

6mm
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SSEM Results at Yarragadee
match Minico

q Two 3 mm target B shifts between 2018 and 2021 are seen in the SSEM RB signal
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Return Signal Profile at
Herstmonceux

q Return profile gives single shot RMS between 6 and 25mm
Ø Differs from the leading edge detection in multi-photon MCP systems
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Return Profile Statistics for a 
Single Photon System

q The return profile for the Hx Single Photon(SP) system is satellite dependent
Ø Peak displacement from the normal point mean changes the effective satellite reference point (CoM)
Ø Center of Mass(CoM) error produces a  small range bias
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ITRF2020 Range Biases at 
Herstmonceux,UK

q Stanford Counters upgraded to Event Timer in 2007
Ø > 5mm offset seen in SSEM RBs when the Event Timer was installed 
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A consistent calibration correction
to the Stanford Timers was found 

q 8.5 mm RB is expected from this calibration correction
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Observed SSEM Range Bias Change
at Herstmonceux

q The average RB for the HxD timer was -11.2 mm: for Event Timer -2.1 mm

q 9 mm difference: expected 8.5 mm

q Remaining -2 mm may be CoM error
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Return Profile Statistics for a multi-
photon C-spad System

q The satellite return profile for the Graz multi-photon C-spad is complex
Ø Clipping strategy affects the effective satellite reference point and resulting range bias
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Observed non-geodetic signals affecting 
Orbit and Station Positioning 

q Microchannel Plate (MCP)
Ø Discriminator time walk produces occasional Range Bias (RB) errors > 5 mm
Ø Long term Systematic Error Monitoring(SSEM) RB is seen due to target survey error

q Compensated SP Avalanche Diode (C-SPAD)
Ø Profile Clipping can be accommodated in Satellite Center-of-Mass(CoM) models

q Single Photon
Ø Return signal profile variations have long-term RB effects < 5 mm
Ø RB from TIU non-linearities > 5mm are detected in the ITRF2020 SSEM Analysis
Ø The remaining SSEM RB signal might improve the CoM model

q Signals common to each system:
Ø Unmodeled horizontal target change is a significant error source ( > 5mm) 
Ø It can be calibrated with routine tests (Minicos)
Ø The SSEM RB estimates can actually improve the time resolution of the target models


