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7839 Graz System Performance

Left chart: Monthly Graz single shot RMSs (satellites & calibration) and system delays along with system changes. The PDM trigger level changes in March 2018 were 
originally undocumented. This change returned calibration RMSs to previous levels and stabilized the system delay, but the single shot RMSs began to drift until the next 
system change 12 months later. Why were the RMS trends satellite dependent and did the ‘relative’ geodetic range biases change during this highlighted period?
Right chart: The HITU yearly geodetic range biases answers the later question. Note: HITU switched to ITRF2014 coordinates in June 2017 which changed the Graz height by 
~5mm which impacts the long-term trends, but each satellite would be impacted the same. In 2018, there is 3 to 4mm drop in LAGEOS and Ajisai biases relative to Etalon, 
Stella/Starlette, and LARES. Based on the left chart, the LAGEOS and Ajisai RMSs were less impacted than the other satellites. Next slide will address this question. 

Satellite HITU's CoM (mm) Jose's CoM (mm) HITU - Jose CoM in mm

Etalon 558.0 570.1 -12.1

Stella/Starlette 75.0 78.5 -3.5

Lares 133.0 132.1 0.9

LAGEOS-1 251.0 250.4 0.6

LAGEOS-2 251.0 250.3 0.7

Ajisai 1010.0 1020.1 -10.1
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7839 Graz Geodetic Satellite Performance

◆ On 5-Feb-2008, Graz implemented 
a new data rejection criterion 
where returns > 20 mm from the 
Leading Edge (LE) were rejected 
for LAGEOS-1, -2 and Ajisai 
[Kirchner et al, 2008]. This 
configuration change was added to 
the site log in October 2021. Graz 
LAGEOS-1, -2 and Ajisai CoM
corrections were adjusted by 3.1, 
3.4, and 27 mm; respectively. 

◆ In May 2017, Etalon RMSs dropped 
and were very erratic before the 
March 2018 PDM trigger level 
change. What caused this and was 
there an Etalon range bias change? 
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7839 Etalon Range Bias Analysis

Left chart: SSEM 7839 results Note: The big highlighted 20 
mm dip in the Etalon bias in mid-2017.
Middle chart: HITU Etalon pass-by-pass range bias vs RMS. 
Note: At RMSs > 25 mm, there appear to be a linear trend (i.e.
bias increases as RMS increases).
Right chart: Time Series of HITU Etalon pass-by-pass range 
biases.
Questions: Was a new Etalon data reduction algorithm 
intermittently implemented? Can a bias model be developed?
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7839 Graz Etalon Moment Analysis

Left chart: 7839 Etalon (1,2) monthly skew and kurtosis (Note: 2.2 sigma editing except for LAGEOS and Ajisai)
Right chart: 7839 Etalon (1,2) monthly RMS and mean minus peak. The higher moments all indicate a change in 
system performance starting in May 2017, but most importantly the P-M can accurately model the Etalon bias 
change in 2017☺ (Peter Dunn is buying the 1st round of drinks when the pandemic ends)
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7839 Graz LAGEOS Moment Analysis

Left chart: 7839 LAGEOS-1, -2 monthly skew and kurtosis (Note: For LAGEOS, the 20 mm leading edge rejection criteria)
Right chart: 7839 LAGEOS-1, -2 monthly RMS and mean minus peak. The higher moments all indicate a change in system 
performance in the highlighted area, but most importantly the P-M can model the 3 to 4mm change in the LAGEOS range 
bias during this period ☺ (Peter is also buying the 2nd round of drinks when the pandemic ends)
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7839 Graz Calibration Moment Analysis

Left chart: 7839 calibration monthly skew and kurtosis (Note: 2.2 sigma editing criteria for calibration)
Right chart: 7839 calibration monthly RMS and mean minus peak. 
The calibration higher moments and peak-mean all indicate a change in system performance before the PSD 
trigger levels were adjusted in March 2018. 
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7839 Graz Peak-Mean Analysis

◆ LAGEOS-2 P-M minus LAGEOS-
1 P-M

◆ The current 7839 CoM
difference between LAGEOS-1 
and LAGEOS-2 is 0.1 mm

◆ The mean SSEM ILRSA and 
ILRSB differences (LAGEOS-2 –
LAGEOS-1) are 1.43 and 1.34 
mm; respectively, the average 
peak-mean is 0.73 mm, which 
can explain half of this 
difference

◆ On Nov 19, 2012, the laser 
polarization was changed 
from circular to linear and on 
Mar 19, 2021 it was changed 
back to circular
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7839 Graz HITU Time Bias Analysis

◆ The time bias estimates 
are dependent upon the 
satellite inclination angle

◆ Also note that the 
LAGEOS-1 and -2 along 
track errors have 
opposite signs. This 
trend exists in other 
stations.

Satellite

Inclination in 

degrees

Time Bias in 

µsec

Ajisai 50.0 -0.74

Starlellte 50.0 -0.77

LAGEOS-2 53.0 -0.89

LARES 69.5 -0.18

Stella 99.0 -2.36

LAGEOS-1 110.0 0.48
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Summary/Recommendations/Questions

◆ Graz is the only station that strictly adhered to the new CRD V1 format from the 
onset (i.e. 2012) and their peak minus mean (P-M) calculations can be used in 
recovering mm level biases in Etalon and LAGEOS
➢ Recommendation: Adopt the Graz P-M algorithm as the ILRS standard?
➢ Recommendation: OrbitNP, if not already equipped with the Graz P-M algorithm, could be a 

valuable tool in diagnosing biases in SPAD systems
➢ Is performing Graz Moment analysis on LARES and Ajisai worth the effort?

◆ Did Graz laser polarization changes impact the range bias at the mm level?
◆ Changes in system performance parameters (i.e. satellite and calibration moments, 

P-M, system delays,) can identify system changes. This analysis can be used to 
identify gaps in site and/or station history logs
➢ RMS and/or system delay stability can be a leading indicator of an impending component 

failure

◆ Time bias/along track estimates are dependent on satellite inclination angles. Do 
along track errors impact range biases at the mm level?





SSEM for E12 GRAZ shows a RB dip in 2017

SSEM for L12 HERL shows a RB dip in 2002/2007













The E12 GRAZ 20 mm dip was between
2017-6-24 and 2017-12-23

Since 2002 GRAZ is 15mm long +/- 1 mm
(standard error)









Friday, December 3, 2021 at 12:11:46 Eastern Standard Time

Page 1 of 1

Subject: [ilrs-qcb] my QCB presenta6on
Date: Friday, December 3, 2021 at 11:48:49 AM Eastern Standard Time
From: Husson, Van (PERATON) via ilrs-qcb
To: ilrs-qcb@lists.nasa.gov
ABachments: Graz Data analysis.pdf

FYI… see a\ached. Happy holidays and stay safe everyone! Van
 
This is a con6nua6on of my in-depth analysis of Graz data which began in the spring of 2020. Based on
monthly aggregate analysis of HITU LAGEOS pass-by-pass biases, there appeared to be a few mm LAGEOS
bias change in mid-2018. Based on monthly aggregate analysis of their calibra6on RMSs, system delays and
LAGEOS RMSs, there appeared to be an undocumented system change in March 2018. Back then there was a
4-year gap (2015 to 2019) in their sta6on history log.
 
In May 2020, I sent a few plots to Georg for his input. He reviewed their onsite sta6on logbook which
revealed there was system change in March 2018. They adjusted the trigger levels in their laser Pulse
Distribu6on Module (PDM). Georg at the 6me didn’t thing this change impacted their data quality and why
they didn’t add it to their change history. A few months ago, I learned that in Feb 2008, they implemented a
data rejec6on scheme based on the leading edge. For Ajisai and LAGEOS, returns greater than 20 mm were
edited. This change was noted in their change history, but since it was a configura6on change to their data
processing it should have also been noted in their site log, but it wasn’t.  Graz has since updated their change
history for adjus6ng PDM trigger levels and their site log for the LE data rejec6on scheme.
 
The most significant findings in this presenta6on are based on the contents of their onsite data processing
sta6s6cs embedded in their CRD normal point 50 session records and 40 calibra6on records. Therefore, I have
sub6tled this presenta6on the importance of strict adherence to the CRD format and ask the ques6on is
peak-mean useful since this has been a discussion topic for at least a few decades.
 



SSEM for HERL shows a RB shift on 2007-02-11
SSEM for HERL shows a RB shift on 2002-01-30

On 2007-02-11 the HeXT event timer was introduced
Between 1999-06-30 and 2007-02-11  SR620d was used

Before 2002-01-30 SR620d data was affected by SLRMail0891 bias removal

Recalibration of SR620d after 2002-01-30 aligns the RB series within a millimeter

Recalibration of Herstmonceux ranges since February 2002









SRd HeXT



A reassessment of laser 
ranging accuracy at SGF 
Herstmonceux, UK 
Philip Gibbs, Graham Appleby 
and Christopher Potter
October 2006















Between February 2002 and and February 2007 Hx reads short on LAGEOS1
by (-11.2+8.5 =)

-2.7 +/- 1 mm standard error

Between February 2007 and and June 2020  Hx reads short on LAGEOS1
by
-2.1 +/- 1 mm standard error

Conclusions







Interpretation of ITRF2020 SSEM Results

Consider YARL from 1992 to 2020

Dive deeper into 2017 to 2020

Can we rationalize the observed SSEM RB behavior?



Yarragadee, 7090, SSEM Results

E. C. Pavlis 05/14/2020 QCB, Videoconference 2
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First jump 4mm
8/17/2019
Second jump 4mm
1/18/2020



Conclusions

An 8mm RB shift at YARL between 2017 and 2021
corresponds to a 6mm Minico measurement.

The prime target moved umm 7mm.

1.this can be confirmed by completing a survey.
Or
2. can be considered as the survey

So
Subtract 3mm from ranges after 8/17/2019
Subtract another 4mm from ranges after 1/18/2020







Yarragadee, 7090, SSEM Results

E. C. Pavlis 05/14/2020 QCB, Videoconference 2
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