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The ITRF2020 Reference Frame Analysis includes estimates of non-geodetic signals in the SLR
observations.

Integ‘i!c_)ret_ation 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 éSP , and Compensated SP
Avalanche Diode (C-SPAD)) exhibit different characteristics (Couhert et al., JG 2020).

ILRS requirements to maintain high ﬂualit_y 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.




Non-geodetic Signals which affect
Orbit and Station Positioning

0 Microchannel Plate (MCP): GGAO (GREENBELT, MD)
» Discriminator time walk

0 Compensated SP Avalanche Diode (C-SPAD):GRAZ AUSTRIA
» Profile Clipping

0 Single Photon: HERSTMONCEUX UK

» Return signal profile
» Time Interval Unit (TIU) non-linearities

0 Common to each system:

» Horizontal target survey error
» Optical path filter delay




Discriminator time walk at
GGAO, Maryland(MOB?7)

1/23/2019 to 3/06/2019

7105 GODL Discriminator Test (Jan-2019)
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Recelve Energy

U Time walk affects satellite receive energies lower than calibration target (400 units)
» range-dependent range biases at MOB7 in February 2019 vary from 0 to 9 mm




International Laser Ranging Service VISTA-Pro®
Analysis Standing Committee

ILRS Asc Product & Information Server *

WEEKLY STATION POSITIONS & DAILY EOP SERIES =

-° . JcET DALY NETWORK PERFORMANCE REPORT A K
l EVALUATION OF WEEKLY ASC PRODUCTS. :
l MONITORING SYSTEMATIC ERRORS AT ILRS STATIONS

] I % . QC REPORT ' ) 3 oz
I ILRS REPORT CARD
l NETWORK PERFORMANCE ON LAGEOS AND LAGEOS2 [g
I SYSTEMATIC ERROR MONITORING PROJECT / <
SYSTEMATIC ERROR MON\TORING PROJECT >
’ - 'k E 57,
y (!

NORMAL POINT DATA MONITORING (CDDIS)’

Obs. & Stations Used in ILRS PNW -
- -

Responsible JCET Official: Dr. Erricos Paviis Last Modified: 2020-03-09
Wb Curator: Magda Kuzmicz Clesiak
Privacy Policy & Important Notice

Partner

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




Observed discriminator time walk at
GGAO

Greenbelt 7105 LAGEOS1

2022-08-28 04:25:57
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100

75

o
o e o
E ° ° o ° o oo % o © ° ° o
E ©00 g a 0% ° 00 0 © a 00 °a o Oep> 20 o 0,20 - o°
-] O o o o o o o
< o
3 o 0000000 ° o o° o © o o ©Coo o
o ° o
o
o
-25
-50
-100
Jan'18 Apr'18 Jul'18 Oct'18 Jan'19 Apr'19 Jul'19 Oct'19 Jan 20
DATE

O ILRSBL1v231 === |LRSBL1v231LF 1000 %

ILRSB LAGEOS1 v231 Mean/Std. Dev.:-0.53+6.3 Count:97

0 Occasional discriminator misalignment shows some short term RB variation




ITRF2020 Range Biases at Yarragadee,
Australia (MOB5)
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d SSEM RBs show > 5mm offset in 2019




Minico Results at Yarragadee,
Australia (MOB5)

7090 YARL MINICO Results
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O Multiple Target Ranging shows Target B moved 6 mm between 2018 and 2021




SSEM Results at Yarragadee
match Minico
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Two 3 mm target B shifts between 2018 and 2021 are seen in the SSEM RB signal




Return Signal Profile at

Herstmonceux
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0 Return profile gives single shot RMS between 6 and 25mm
» Differs from the leading edge detection in multi-photon MCP systems
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Return Profile Statistics for a
Single Photon System
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O The return profile for the Hx Single Photon(SP) system is satellite dependent
> Peak displacement from the normal point mean changes the effective satellite reference point (CoM)

» Center of Mass(CoM) error produces a small range bias
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ITRF2020 Range Biases at
Herstmonceux,UK
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0 Stanford Counters upgraded to Event Timer in 2007
> >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

g

A reassessment of laser
ranging accuracy at SGF
N | Herstmonceux, UK
- Philip Gibbs, Graham Appleby
§7 T = - and Christopher Potter
i S October 2006

104

Figure 5 Correction to calibration values used for LAGEOS during 1994-2006

SGF LAGEOS data for the period 1994-2006. From these values we have estimated
the corrections in mm to be applied to our calibrations taken over that period.The
results are displayed in Figure 5, where it is apparent that errors of between 5 and
8mm have been made to the calibration values. However, given our estimate of the
uncertainty of these average values, we finally derive an average calibration error of
742 mm, and in the sense that the calibration correction is too large by that amount.
During this re-assessment we also discovered that no account had been taken for the
effect on total delay of a glass neutral density filter that is placed in the optical path
during calibration but not during satellite ranging. This correction amounts to 1.5mm,
again in the sense that the calibration correction derived from target-board ranging is
too long. Therefore our calibration corrections in the period 1994-date are too long by
8.5+2 mm and thus calibrated satellite ranges short by the same amount. This
correction, which affects all satellite data equally, is of course in addition to the range-
dependent correction discussed under ‘previous calibrations’ above and announced for
the period 1994 October to 2002 January in SLRMail 0891 in 2002 January.

8.5 mm RB is expected from this calibration correction
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L The average RB for the HxD timer was -11.2 mm: for Event Timer -2.1 mm

O 9 mm difference: expected 8.5 mm

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

Page Layout
Calibri (Body) ~

B|I|U|

f

P-M 11 vs. RMS

pm 11

ekull epmil erril

12

skew kurt 11 vs. RMS

Formulas

p-m11

AK1 =
3 Q
1]
2
3
2l
W
: ) 0
j 2
7 10
8] o
9! 2 25
10 =
1) »
12
13|
14/
15
16 es11
17| crawsicas  vamevve
18
19
20
2L 05
2
23 o
24 ?
25
% 1
z 15
28
29 2
30
31
32 34357.639 0.0460698
33 34536713 0.0436942
34 34894713 0.0399964
35 34984563 0.0393346
36 35104804  0.03864
37 35221297 0.0381875
38 3531446 0.0379879
39 49256.865 0.0445468
40 49416679  0.042966
41 49482086 0.0424166
42 | A206S KRR N Na7a87
<« » Sheet1
Ready

osk11 ekull

902
902
902
902
902
902
902
902
902
902
am
oy

SNNNNNNNNNN

B GRZL L2 CRD 2019

AB

Data Review  View
A~ A~ = |= |~ =70 Wrap Text General
AN = | Merge&Center +  $ v % ) €3
u v w X Y z AA
npts11  rms11 sk11 ku11 pmil  rri1l
RMS 11 vs. P-M
45 50
0
30
20
10
o
45 1020
»
2
2 -
50 30 0 10 30 50 5
orms 11
798 36.1 -0.272 -0.94 116 03 0 GRZL
e 4806 347 -0.492 -0.689 16.7 2 0 GRZL
skew kurt 11 vs P-M
1
05
o .
5 %0 2 o 10 30 s0 2 2
05
1
15
2
s ekull
326 614 373 -0.122 -1.141 326 03 0 GRZL
333 303 387 -0.289 -1.201 333 0.1 0 GRZL
113 2272 318 -0.221 -0.788 113 0.9 0 GRZL
3.2 14650 329 -0.053 -0.887 3.2 6.1 0 GRZL
21 14614 35.2 -0.22 -1.028 21 6.1 0 GRZL
26.7 9862 365 -0.266 -1.072 26.7 4.1 0 GRZL
232 2423 359 -0.213 -1.051 232 1 0 GRZL
115 162 358 -0.226 -0.906 115 0.1 0 GRZL
27.2 423 37 -0.459 -0.867 27.2 0.2 0 GRzZL
26.6 539 362 -0.487 -0.86 26.6 0.2 0 GRZL
241 3R £ -N 234 -1NR7 241 na N GR71

e g7 g~

= — & Fill v
4% Conditional Format  Cell Insert  Delete  Format Sort &
& Formatting as Table ~Styles & Clear~ Filter
v
AC AD AE AF AG AH Al A AK
pm50  rms50  sk50 ku 50 p-m 50 1
P-M 50 vs. RMS RMS 50 vs. P-M
a5
0
30 35 o s
20
50 2 10 10 30 s0
pmso orms s
50 -41 355 -0.012 -1.056 -41 1 40 56707
50 123 355 -0.113 -1.048 123 1 40 58011
skew kurt 50 vs RMS skew kurt 50 vs P-M
o5
. 3 o "\mh ° o
* - o 0 PR 0 © W aXey ¢ o
. . as .
e o
L)
as
2
®sk50 ekus0 oS0 e kuso
. — _— suzay -Luto P 1 au 24233
50 -14.8 35.7 0.041 -1.081 -14.8 1 40 36403
50 224 363 0.001 -1.159 224 1 40 38976
50 343 38.7 -0.193 -1.209 343 1 40 1449
50 30.2 37.7 -0.18 -1.129 302 1 40 1500
50 16.4 36.4 -0.022 -1.138 16.4 1 40 29266
50 -208 36.6 -0.008 -1.156 208 1 40 31207
50 142 349 -0.133 -0.981 142 1 40 37765
50 224 35.2 0.05 -1.102 224 1 40 38469
50 -16.3 329 0.246 -0.845 -16.3 1 40 1650
50 -13.4 326 0.213 -0.828 -13.4 1 40 3819
5N =132 Ua nai3 -NR73 =132 1 an 37986
0 = — +  99%

©}

&+ Share A

11 2. AutoSum v A
¢ e Y-

0 The satellite return profile for the Graz multi-photon C-spad is complex

» 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

0 Microchannel Plate (MCP)

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

0 Compensated SP Avalanche Diode (C-SPAD)

» Profile Clipping can be accommodated in Satellite Center-of-Mass(CoM) models

0 Single Photon

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

O Signals common to each system:

» Unmodeled horizontal target change is a significant error source ( > 5mm)
> It can be calibrated with routine tests (Minicos)

» The SSEM RB estimates can actually improve the time resolution of the target models
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