) \‘
» o (: s
w~t ,~ ~ “ Mo,
oA
& et 3 [ : L b
gL v
s % A % T pas¥
& 3 Bad ¥ o
s ATy
ek St A
! = [ ]
), e o
by S
< Y - F o 9 ’
o) o g e > b
a IR G A . %
’

"% “Hitotsubashi University

b CHair of ILRS Governing Board




Welcome

This meeting is primarily for the 2021-2022 GB members.
Only the election part is for the 2023-2024 GB members,



gaisie,
gssseeiny
............

Welcome Toshi 10 mi R
Introduction /
Agenda

. International Laser Ranging Serice

Activity of the GB during the past year Toshi

Report from IAG Executive Committee Toshi 5 min
GGOS Activities Mike 5 min
Governing Board Elections for 2023 — 2024 Term CB 20 min

Election Process and Results (16 members)
Selection of new GB Chair
Election of 2 GB selected members
Objective — Fill geographic, technical, and operational voids
Members of the current and future board may vote
Votes submitted to CB Secretary on site or by email by December 15.
Comments on the election process
Status of the mailing lists
Changes in Procedures

ILRS Central Bureau Report CB 15 min
(Network Status/New Missions/GB decisions, etc)

Report on the ITRF Erricos 10 min (cont.)



Standing Committees Reports (10 minutes each, 2 minutes for questions)

(Recent progress, important issues, summary, plans)
e Analysis SC.
e Missions SC.
e Data Formats and Procedures SC.
e Networks and Engineering SC.
e Transponder SC. U. Schreiber/).M. Torre
Study Committee Group Reports
e Space Debris Study Group

¢ Lunar Ranging
Issues:
e GB Election Scheme

e Possibility of restructuring of the SCs/SGs
e Other Issues

Other items for future consideration
e Review Network organization
e Review GB structure — How are the other Services Organized?
e Other Business

Cinzia/Erricos
Stephen/Rob
Christian/Randy
Matt/Clement
Ulli/Jean-Marie

Michael/Daniel
Jean-Marie/Clement

Claudia/Toshi

Mike/Toshi

Mike
Mike
Toshi

......
........
.........

..........
----------

10 nternational Leser Ranging Service

10 min
10 min
10 min

10 min

10 min

10 min

5 min

20 min

5 min
5 min



ILRS Hot topics 2021-2022



I LRS WOrkShOPS Guidelines for planning workshops

https://ilrs.gsfc.nasa.gov/about/reports/workshop/ILRS Workshop Guidelines.html

As of January 2021: our workshop plan was:
25-29 October 2021: 22"d International Workshop on Laser Ranging in Kunming, China
Fall 2022: ILRS Technical Workshop in Arequipa, Peru
Due to the pandemic, it was updated in spring-summer 2021:
25-29 October 2021: ILRS Virtual World Tour 2021
31 October-4 November 2022: 22"¢ International Workshop on Laser Ranging in Kunming, China
Fall 2023: ILRS Technical Workshop in Arequipa, Peru
Latest announcements sent on 1 & 13 June 2022:
7-11 November 2022: 22" International Workshop on Laser Ranging in Guadalajara, Spain
16-20 October 2023: ILRS Technical Workshop in Arequipa, Peru
(Raul Yanyachi presents their plans on Friday)
Dates TBD 2024: 23 International Workshop on Laser Ranging in Kunming, China
2025: ILRS Technical Workshop: to be decided by the GB by winter 2023 or spring 2024


https://ilrs.gsfc.nasa.gov/about/reports/workshop/ILRS_Workshop_Guidelines.html

ILRS Virtual World Tours 2020-2021

Virtual World Tour ¢

2-6 November 2020

Graz, Zimmerwald, Simosato, Greenbelt and Herstmonceux, Wettzell, Mendeleevo,
Yarragadee Shanghai and Monument Peak

Special sessions also arranged.



ILRS CB Secretary (also a GB member)

December 2020: Carey Noll retired.
January 2021: Rivers Lambs took the CB Secretary position but soon moved to a different section of NASA.
April 2021: Claudia Carabajal took the CB Secretary position.



Russian Invasion of Ukraine

Email sent on 4 March 2022

Dear Members of the ILRS Community:

The ILRS has worked with the IAG and the other IAG Services to issue a statement of concern regarding
the Russian invasion of Ukraine. A copy of the statement is included below. Our hearts go out to the

struggles of the people in Ukraine and we hope for a swift and peaceful conclusion to this crisis.

The IAG and its Services, including the ILRS, by their charters are non-political cooperative international
scientific organizations and do not have the authority to dictate specific actions to its members in
reaction to the Russian invasion. Rather, each member institution should examine the relevant
sanctions, governing institutional policies, and their own consciences to guide their actions. Some

members have already taken action.

We of the ILRS find the current situation to be abhorrent.
Toshi Otsubo Chair, ILRS Governing Board

Mike Pearlman Director, ILRS Central Bureau



International Terrestrial
Reference Frame

| T R F

ITRF2020

Email sent by Z Altamimi on 19 March 2022

Dear ITRF Users and Colleagues,

The IERS ITRS Center at IGN has the pleasure to announce to the community the availability of the
ITRF2020 solution at the dedicated web site:

https://itrf.ign.fr/en/solutions/ITRF2020

| want to take this opportunity to acknowledge the enormous efforts of the IAG Services (IVS, ILRS, IGS,
IDS) and their Analysis and Combination Centers for their contributions by providing reprocessed
solutions.

(Details to be reported by ASC and also in Monday's sessions.)



LARES-2

Launch: 13 July 2022 = Youlube " B3
Altitude: 5900 km, Inclination 70 deg

(Analyses already begun)
(Reports to be given this week)

P P ¢ 2:3339/30150

Arianespace - Vega C - LARES-2 - ZLV - Kourou/French Guiana - July 13, 2022
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Reports from IAG EC



IAG Executive Committee Meetings

Roughly 2 per year. Additional meetings arranged for IAG Scientific Assembly 2021.

#1:18 July 2019 Montreal

#2
#3

#5
#6
#/

: 7 Dec 2019 San Francisco
: 8-9 Oct 2020 Virtual
#4 :

23 and 26 March 2021 Virtual

: 24 June and 1 July 2021 Virtual
: 8 Dec 2021 Virtual
: 27 Apr 2022 Virtual

#8 5 Dec 2022 Paris

EC members:

ZA
RG
MP
CI6
Al
JB
AK
JoB
TH
TO
SC
YD
SR
BM
PN
HS
HD

Zuheir Altamimi,
Richard Gross,
Markku Poutanen,
Christopher Kotsakis,
Adrian Jaggi,
Janusz Bogusz,
Allison Kealy,
Johannes Bohm,
Tom Herring,
Toshimichi Otsubo,
Sonia Costa,
Yamin Dang,
Szabolcs Rozsa,
Basara Miyahara
Pavel Novak
Harald Schuh,
Hermann Drewes

President

Vice President
Secretary General
Comm. 1

Comm. 2

Comm.3

Comm. 4

Service Representative
Service Representative
Service Representative
member-at-large
member-at-large

COB

GGOS

ICET

Immediate Past President

Immediate Past SG



IAG EC : Recent topics

* |AG Scientific Assembly 2025: Rimini Italy.
« [UGG 2013 Berlin: Session arrangement etc ongoing.

* End of the 4-year term approaching. Nominations for the next term just finished (- extended to
8 Nov).

 |AG Structure being reviewed. Committees etc.
« Journal of Geodesy: IF 4.2. Hard to find reviewers, etc.

* IGRF (Int Gravity Reference Frame) = ITGRF, due to a conflict with Int Geomagnetic Reference
Field.

* Helmut Moritz passed away 21 Oct 2022.



IAG EC (2023-2027) elections

Email sent on 19 July 2022
Dear Franz, Harald and IAG Nominating Committee,
On behalf of ILRS Governing Board, | would like to nominate:

Dr Vincenza Luceri (Italy) <cinzia.luceri@e-geos.it>

as a Service Representative 2023-2027. If you need any further information, please let me know or
contact her.

Best regards,
Toshi

(In 2019, elections were conducted from January to May. The 15t EC meeting held in July (Montreal).)



GIM International and IAG Newsletters

(1) GIM International
Email from Szabolcs Rdzsa on 26 Sept 2022
Dear Colleagues,

I'd like to ask your help and cooperation in publishing a series of short articles in the GIM
International Magazine on the IAG Services. To do this, COB asks the IAG Services to provide us a
short article on their activities and products. The paper should have the maximum length of 450
words.

- ILRS target date: GIM Issue 3, 2023 = 1 March 2023 (or later)

(2)
IAG Newsletters (Monthly)
- Reports on Guadalajara Workshop: by LOC (if IGN Spain agrees)






Discussions



Thank you!



lhe International Laser. Ranging Service:
Status and Plans

Michael Pearlman
Claudia Carabajal
Erricos Pavlis
ILRS Central Bureau

22nd International Workshop on Laser Ranging
Guadalajara, Spain
November 7th — 11th, 2022

227 International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022



* current SLR \S‘
i Stations in process and planned

* New operational station in Tenerife and engineering station in Stuttgart
* Russian testing of new Toshka SLR systems in co-location at Mendeleevo and Irkutsk

* New stations scheduled for operation in 2023: Yebes (Spain), La Plata (Argentina)., Metsahovi (Finland),
Mt. Abu and Ponmundi (India§)

* NASA/NASA affiliated: Ny Alesund (NMA, Norway) (2025), McDonald (2026), GGAO (2027),and
Haleakala (2028)

. Neév Rt;ssia stations planned at Ensenada (Mexico), Java (Indonesia), Canary Islands (Spain) (no recent
update

227 International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022 2



Pass Totals per Station (07.01.2021 - 06.30.2022)

About 40% of the stations are meeting a 3500 pass guideline
Top priority are the geodetic satellites
GNSS is playing a larger role on the SLR tracking
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22" International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022



SLR Operation at 532 nm and 1064 nm

Range biases < 10mm confirmed at both wavelengths

.. Etalon
BeiDou

4% 6%

Station upgrades by 2023 for SDLR, targeted range

accuracy 10’'s cm

Galileo
45%

LEO-DTE optical communications

227 International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022

Satellite with Laser
Communication Terminal

Uplink Beacon Laser

Downlink laser signal




* 4 X

European Regional

Development Fund
Investing in your future

Laser subsystem (piggyback configuration)

= Solid state pulsed laser
* Repetition rate: 1000 Hz (adjustable)
* Wavelengths: 532 nm and 1064 nm (Nd:YAG)
* Energy: 0,26 mJ @ 532 nm, 0,35 mJ @ 1064 nm
* Pulse width: 7 ps @ 532 nm, 8,5 ps @ 1064 nm
* Transmitting system: Dyjirrors = 75 mm

Detector Package

= CSPAD + IR Detector

Operational: early 2023

Telescope and Mount
= Biaxial telescope. Az/El mount, several foci
* Receiving system: Dp.in mirror = 70 €M
* Transmitting system (Coudé focus): Dyjirrors
=45,7 mm
* Beam pointing accuracy: <3”
* High slew rate: 12°/s Az and El
Dome
= Slit dome, 5.3 m diameter

[_Roof adapter |

227 International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022



Stuttgart, Germany 2
ILRS Engineering Station IIRS

The miniSLR" - Design

High-performance:

Sub-cm precision for Normal Points
Range from LEO up to GNSS targets
Long-term stability

Remote-controlled and highly automated

Low budget:

Small footprint

Transportable (can be integrated at
factory)

Simple design

Fully encapsulated (no dome) The miniSLR at German Aerospace Centre

Based on amateur mount and small (in operation since February 2022)

telescope




[

/19/2022

Lattitudo (dog)

85
Longitude (deg)

56
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i, > 77 N\

m..fl,ﬂm.,_,‘;if“;“?; Space segment addition: LARES-2
RS> = 4 P 9 ILRS

Estimated weekly biases by station, based on the use of the nominal CoG correction

of174mm
Reference Frame of Analysis: SLRF2014

Mean Std. Dev. Count

Station A 4.8 * 1.7 8
Station B 1.0 += 5.1 5
Station C -9.5 + 7.1 7
Station D 4.5 =+ 3.5 9
Station E 4.3 * 2.0 3
Station F -6.5 * 2.5 9
Station G -8.1 * 3.0 8
Station H -9.7 *= 5.4 9 g T
Station I -18.9 =+ 3.3 9
Station J -5.5 + 1.8 9



TIR microbolometer on a microsatellite

¢ -
¢

2

- 10 mm corner cube Laser Retro Reflectors
4 side faces equipped with 2 reflectors each

~ Top & bottom faces equipped with pyramid assembly

of 5 reflectors each
227 International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022 9




Looking at the dynamics of trying to capture a tumbling target in orbit



OPEN JOINT-STOCK COMPANY - RESEARCH-AND-PRODUCTION CORPORATION “PRECISION

SYSTEMS AND INSTRUMENTS”

Zero-signature target.

Made of radiation-resistant
glass with high-reflectivity
dielectric interference phase-
shift coating instead of
aluminum coating, used for

Small signature effect
Made of glass to avoid
induction of eddy currents,
preventing the satellite spin

Geodetic Laser Autonomic Spherical Satellite (GLASS)

227 International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022 11



Final version of ITRF2020 released by ITRS on April 15, 2022

A new weekly ILRS solution which will adjust freely station positions, orbits and
station systematics is under development

Include LARES and LARES-2 satellites in the operational data products (2023)
Estimation of low degree/order gravity field terms to be included in a future product

(2023

,&dodzgoading corrections (at the observation level) to a special internal operational product

227 International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022

12



America, Africa, and Oceania

Mix of new and old technologies, levels of
financial support, weathe

Lack of standardization in system hardware and
operations

Data quality issues (significant progress made
in detecting and reducing systematics

Number of target satellites continues to

increase as new missions use SLR for orbit
determination and other applications ;
currently tracking ~120 satellites, soon to be

227 International Workshop on Laser Ranging, Guadalajara, Spain - November 7-11, 2022

13
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International Laser Ranging Service

ILRS ASC Activities

Erricos C. Pavlis and Cinzia Luceri
ILRS Analysis Coordinators

ILRS Governing Board Virtual Meeting
November 6, 2022




ILRS ASC - Analysis Activities - 1

* Final version of ITRF2020 released by ITRS on April 15, 2022

ITRS verifies the
ILRS preliminary
findings that the
new reanalysis
resolves the SLR-
VLBI scale
discrepancy at the 1
mm level (0.15 ppb)
ILRS needs to work
on the historical
data to improve the
current results

Scales with respect to ITRF2020

20 —— _— 20

15 AT I e TG TP - - 15

-y ZAE? ”1: __) 5
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104 ) ‘, B ARSI L . --10

15 4 -'r ..:_“_..:_ . -:._ e . --15

'20 h“ l T T T T T T T T '20

1980 1985 1990 1995 2000 2005 2010 2015 2020 1980 1985 1990 1995 50N0 5005 5010 o015 20on
Solution Scale at Scale rate
2015.0 (ppb b/
* Red: Selected VLBI Sessions (convex hull volume > 10 m3) (epb) R
* Light blue: all SLR time series 0.682 0.018
* Dark blue: Selected SLR time series IGS/GNSS +0.018 +0.001
s GreensiGS/Reprod IVS/VLBI 0.075 0.000
* Black: DORIS +0.040 +0.003
ITRF2020 scale: Average of red (VLBI) and dark blue (SLR) ILRS/SLR -0.075 0.000
+0.038 +0.004
Scale offset between SLR & VLBI is 0.15 ppb
(1 mm at the equator) IDS/DORIS 1.386 0.028
+0.037 +0.003
Erricos C Pavlis ILRS GB 2022 1
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ILRS ASC - Analysis Activities - 2

* Asignificant part the SLR series (> 6 yrs) defines the ITRF scale @100%; due to an unexplained VLBI trend in their
scale time series over that period, VLBl was not considered in the ITRS scale definition (just for that period)

* Developing the SLRF2020 edition, to include historical stations not part of ITRF2020

* A new ILRS ASC analysis product under development; required for proper use of ITRF2020:

The new approach in handling systematic errors relies on the SSEM model valid for 1993.0 - 2021.0
To use ITRF2020 beyond 2021.0 an extension of SSEM is necessary as well as continuous maintenance
New weekly ILRS solution adjusting freely station positions, orbits and systematics is under development

This product and the standard weekly series will lag by a week the current series, in order to ensure that we
captured all tracking data from all stations

The results will be used to extend the SSEM by a week each week into the future, and insert “breaks” in case a
change in the mean bias of a station is identified with sufficient confidence

Improved corrections in the current model for target signature corrections (CoG) are being calculated, including

the consideration of new targets (LARES-2)

Plans for the near Future :
Include LARES and LARES-2 satellites in the operational data products (2023)
Estimation of low degree/order gravity field harmonics to be included in a future product (2023)

Add loading corrections (at the observation level) to a special internal operational product (2023)

11/06/2022 Erricos C Pavlis ILRS GB 2022 2




11/06/2022 Erricos C Pavlis ILRS GB 2022 3



ILRS ASC - Analysis Activities - Past

SLR Scale in ITRF2014 Systematically Different Improved Target Signature Corrections

Scale factors wrt ITRF2014

[ ] 1 .
These errors introduce a ETALON mean RB 2000-2018
In 2015 ILRS launched . P oLD
20mm . direct scale “bias 20 W
a multi-year effort to NEW
o | address and resolve « Most stations had i
omm £ tshtet_SLRSSC?Ie 'Sf_ue: inadequate modeling 10
J ation Systematic even at cm-level, e.g. for £ s l hi I
-10mm v . e
" Error Modeling Pilot the Etalon satellites 2 e . | I ILL
o Project (SSEM PP). | | 11
. -5
19‘95 2000 2005 20‘10 20‘15 e A non-random
B R i G i
- o e 144+ outm o Vg stR= 8.8 mm ~ 1.375 ppb distribution in the
7 -15
Credits: ITRS Center, ILRS ASC Meeting, Oct. 1%t, 2019, Observatoire de Paris significant distortion of N P LR L L R L L L E L LT
thescale B B B I I = I S S A N N N N N T T S S S S S S S N N
Credits: José Rodriguez & Graham Appleby, NERC 2018 -
New modeling vastly improved the solution: Revised SLR scale as a result of the SSEM PP 2020 reanalysis:
* Long-term mean biases were halved for Core stations 3
* Biases were more randomly distributed about zero « Upper curve: 2
Y ‘ . ‘ ‘ * SLR scale from SSEM
> mm i m N Preliminary ILRS-8 Combinat * Mean: +0.4 ppb
_ ° ‘ R 10 I RB ! " 201 8 (New CoM Model Implemented) 2020
€ 20 = 20
f'm ||| Long-term (25 yr) bt +10 mm .E.m | H ! Core Group of Stations ] ® Lower curve:
g o TR AN ANARANNRN SO NN AN RNARRRRRARANAR  SLR scale in ITRF2014
g H "l M IIII‘IIII TP I H‘"“"IIII 1 T : 4
g | g H J ___ v vy * Mean: -0.7 pp
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3 Preliminary ILRS-B Results 2018 & ]I Re 1= 10 mm £5mm \ \ 1 \ \ \
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2% M LAGEOS 1 = o || 1R, 1> 10 mm * Mean difference:

-40
FTTTY

. SLRNEW—OLD ~ 1.10 ppb

<*> ITRF2014 SLR series extended beyond 2014
e VLBI-SLR =0.28 +0.10 ppb using the weekly ILRS ASC product.

11/06/2022 Erricos C Pavlis ILRS GB 2022 4



ILRS

Missions Standing Committee Brief

Stephen Merkowitz and Robert Sherwood

November 5, 2022

11/6/2022



fﬁ;.\g MSC Activities

¢ Reviewed mission support requests and recommended:
» Beidou3
» QZS-1R
» HY2D
¢ Under review
» Luna 25

¢ Interactions with Upcoming Missions

» Mt.FUJI
» ALOS-4

¢ Updating Mission Support Request Form for new lunar retroreflectors

11/6/2022



Deutsches Geodétisches Forschungsinsitut (DGFI-TUM)
Technische Universitdt Minchen

Data Formats and Procedures Standing Committee
Status Report

Christian Schwatke', Randy Ricklefs?

'Deutsches Geodatisches Forschungsinstitut, Technische Universitat Minchen (DGFI-TUM)
2University of Texas / Center for Space Research (UT/CSR)

22" Workshop on Laser Ranging | Governing Board Meeting
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DFPSC-Tasks (since 2019) TUT

e Consistent quality control at the operation centers (Completed on 15 August 2019)

e Update of site log procedure - format version 2 (Completed on September 2019)

e New quality control for station-dependent surface pressure (Completed on 8 September 2021)
e Implementation of the new CPFv2 format (almost completed)

e Implementation of the new CRDv2 format (almost completed)

e Quality check for SINEX products (in progress)

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt Minchen 1



CPF (Version 2) - Implementation Schedule and Status TLT]

June 2018 - New "v2" directories set up on CDDIS and EDC
July 2018 < Released CPFv2 manual, sample code, and test data on CDDIS website

September 2018 < EDC website provides an online tool for checking data with respect to the new
CPFv2 format

January 2019 -« OCs, DCs should be able to handle CPFv2
« At least one prediction provider should be producing CPFv2
- UTX: since 2018-12-05 (only LLR)
- HTS: since 2019-03-06
- OPA: since 2019-06-13
CPFv2 used by Graz and Wettzell without problems

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt Minchen 2



CPF (Version 2) - Implementation Schedule and Status TLT]

September 2020 - Almost all stations should be able to use CPFv2
(required for those tracking ELT)
December 2020 - All prediction provides should be producing CPFv2
15t October 2021 + CPFv2 became the offical data format for predictions in the ILRS

* Prediction providers should continue sending CPFv1 and CPFv2 in parallel until
at least 1! October 2022

15t February 2022 - Prediction providers may stop distributing CPFv1 files at its earliest conve-
nience, preferably by the end of this year.

18t January 2023 - Data centers stop processing of CPFv1 data.

Transition to the new CPFv2 format completed!!!

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt Minchen 3



CRD (Version 2) - Implementation Schedule and Status TLT]

June 2018 - New "v2" directories set up on CDDIS and EDC
September 2018 < Released CRDv2 manual, sample code, and test data on CDDIS website

« EDC website provides an online tool for checking data with respect to the new
CRDv2 format

October 2018 - MLRS analysis code incorporates CRDv2 code
December 2018 < One or or two stations should be able to produce CRDv2
- Graz (7839): since 2019-05-02
- Mt.Stromlo (7825): since 2019-07-15
- Herstmonceux (7840): since 2019-08-01
All stations are in "data quarantine" until CRDv2 has been approved by the ASC

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt Minchen 4



CRD (Version 2) - Implementation Schedule and Status TLT]

January 2019 - OCs, DCs should be able to handle CRDv2
« Some analysts should be able to process CRDv2 files
- JCET can handle v2.00 CRD (and soon v2.01)
October 2019 - Final update and release of CRD v2.01
- New records C7,42 // 'na’ instead of -1 for 'not applicable’
December 2020 - All analysts should be able to process CRDv2 files
December 2021 - Almost all station should be producing CRDv2 files
15t October 2022 + CRDv2 became the offical ILRS data format for NPT and FRD in the ILRS
« All stations were released from "data quarantine”

 Stations may stop distributing CRDv1 files (if CRDv2 available) at its earliest
convenience.

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt Minchen 5



CRD (Version 2) - Implementation Schedule and Status TLT]I

15t October 2022 - Stations which are submitting only CRDv1 and no CRDv2 will be converted
automatically

Currently converted stations:
Irkutsk (1874) / Riga (1884) / Arkhyz (1886) / Baikonour (1887)
Svetloe (1888) / Zelechukskya (1889) / Bardary (1890) / Bardary (1890)
Irkutsk (1891) / Hartebeesthoek (7503)
15t January 2023 - Data centers stop processing of CRDv1 data.

Transition to the new CRDv2 format completed!!!

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt Minchen 6
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Quality Checks for SINEX products

e Improving format compliance and file consistency of ILRS products
e |n the current phase, the new quality checks will be defined and reviewed

e Persons/groups currently involved in the development of quality controls:

- CDDIS (Justine Woo)
- EDC (Christian Schwatke)
- ASC (Erricos Pavlis)

- ... maybe you? ;-)

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt Minchen



Upcoming DFPSC-Meeting

International Laser Ranging Service
Data Formats & Procedures Standing Committee

Monday, November 07, 2022, 17:45 — 19:00 (in person/virtual)
Guadalajara (near Yebes), Spain, Centro San José — Diputacion Provincial de Guadalajara

Teams-Link: https://teams.microsoft.com/l/meetup-
join/19%3ameeting NDdhMDYzYmItNzZkMyOONzQyLTg30OWYtZGM1NzE1Zml4YTcz%40thread.v2/0%con
text=%7b%22Tid%22%3a%229dcf2014-d3fc-4a52-a3d3-
7376e080f8ad%22%2c%220id%22%3a%22e9c7d2a4-43eb-46b5-b9cf-66309174c1dd%22%7d

AGENDA
1. Welcome and Introduction C. Schwatke
2. Implementation Status of new CPF/CRD format R. Ricklefs (virtual)
3. Quality Checks on SINEX Products J. Woo
4, Status Report of Herstmonceux Normal Point Software M. Willkinson
5. Other business All
6. Next meeting All

Deutsches Geodatisches Forschungsinstitut (DGFI-TUM) | Technische Universitdt Minchen



Report to the ILRS Governing Board

Matthew Wilkinson

International Workshop On Laser Ranging, Guadalajara, Spain 2022




O Chair
O Matthew Wilkinson, NERC Space Geodesy Facility, UK

O Co-Chairs:

O Clément Courde, Observatoire de la Cote d'Azur, France

O You Zhao, National Astronomical Observatories, China

O Large email list of SC members



O The NESC has continued to meet every 2 months virtually via Microsoft Teams.

O Approximately 40 attendees join the online meeting each time.

O The agenda for the meeting is shared in advance and NESC members are invited to
conftribute by presentation.

O | work with my co-Chairs to find items for the agenda and to invite speakers.



O Here are some example contributions that were made to the NESC over the last year:
O

@)
@)
@)

@)

Krzysztof Sosnica presented an elevation dependent fropospheric bias estimation in orbit solutions.
Michael Steindorfer and Daniel Kucharski gave an update on the activities of the Space Debris SG.
The new station IZN-1, Tenerife was infroduced by Andrea Di Mira.

David Antal-Wokes and Sharon Sara Saji Mira from Astroscale were invited to present an update on
the ELSA-d space debris recovery demonstration mission.

Ron Sigura, CEO of GuideTech, was invited to speak to NESC about the available timing
technologies from GuideTech that can be used in SLR.

Daniel Hampf presented the progress of the miniSLR system, which was recently officially accepted
as an ILRS Engineering Station.

David Arnold discussed calculating the centre-of-mass offsets for the newly launched Lares-2
satellite, which are needed in precise orbit SLR analysis.



O In addition, the NESC also:

O Discussed the ILRS position on the Russian invasion of Ukraine. This followed statements for the IAG
and ILRS.

O Discussed the IRNSS tracking campaign in both design and results from the network efforts.

O Discussed how to design and develop a travelling barometer that will visit every station in the ILRS
network.



O The NESC confinues to operate an online forum. However,
this is not very active. nternational Laser angmg ervice

O http://sgf.rgo.ac.uk/forumNESC 0 ru m

Networks and Engineering Standing Committee




O Next NESC meeting:

O This will be the first in person meeting since 2019. It will also be accessible via Teams.

O A number of speakers have agreed to give their perspective on the challenges facing SLR. These
include:

O Ivan Prochazka - SLR Technology

O Frank Lemoine - Geodesy and Earth Observation

O Graham Appleby - SLR Analysis, Geodesy and Station Bias
O Adrien Bourgouin - Lunar Laser Ranging

O Julien Chabé - Atmospheric Delays

O Michael Steindorfer - Debris Tracking

O Jan Kodet - Timing and Time Transfer

O The meeting is on Tuesday 8th November, 17:45-19:15pm (CET).






ILRS Governing Board
Transponder SC. Report

Jean-Marie Torre, Université de Nice Sophia-Antipolis, Observatoire de la Cote d’Azur, Géoazur,
2130 route de 1'Observatoire, 06460 Caussols, France.

Ulrich Schreiber, Technical University Munchen, Geodetic Observatory, Wettzell, Germany.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Introductory Remarks

 There are several standing committees established under the ILRS, which are
the “Analysis-SC”, the “Missions-SC”, the “Data For-mats & Procedures SC”,
the “Network & Engineering SC” and the “Transponder SC”. While the first 4
Standing Committees are in place to organize and improve the services of the
ILRS, the “Transponder SC” is looking into the application of novel techniques,
based on time-of-flight measurements.

« The main objectives are the extension of the range of the laser ranging
application into the deep space regime (MOLA, MLA and GALA), as well as
optical time transfer (LRO and T2L2).

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Transponder SC activities

* So why i1s optical time transfer an important aspect for a station network of time-of-
flight measurement stations, which rely on a single local clock? To answer this
question, we are looking at the latest D-TRF computation of TUM-DGFI and we
note that in this solution, the scale of the TRF is jointly defined by VLBI and GNSS
and not SLR, which from a technical point of view is curious, because the optical
technique has a great advantage over the microwave techniques, since the
atmospheric corrections can be established more reliably in the optical domain.

* Upon closer inspection it turns out, that the solution for the scale of the microwave
techniques are closer to each other, than to the SLR technique. The cause of this
problem are systematic errors in ALL the techniques and it is very likely that none
of the solutions for the scale are correct. From GNSS and VLBI clock comparisons
we note that the observed clock differences are contaminated by clock-model errors
and if the clock estimations are affected, this also means that the coordinates are
affected, since both are correlated with each other. SLR might have the better
position for the correction of the atmospheric delay, but this advantage is apparently
lost over systematic measurement errors, typically in the form of variable range
biases.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Optical time transfer

» Optical time transfer and local optical delay compensation provide the means to
remove this type of systematic error.

 This has been impressively shown by the T2L2 experiment, where the local
delay compensation at some stations for the optical time transfer was introduced
during the time transfer calibration process. Discrepancies in the range of 20 -
100 ps became evident, as well as some significant variability. This experience
led to the investigation of a closure measurement concept, where delay
measurements start off from the clock, pass through the entire measurement
system up to the local calibration target and from there the accumulated delay
returns back to the clock.

 The next goal is to achieve the same capability for the entire observatory,
provided that more than one technique of space geodesy is present. That means
the local calibration target must be extended to the point that it offers the same
closure measurement capability also to VLBI and GNSS.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Time transfer between observatories

 So far we have seen, that the 2-way comparison of time is the key for the
removal of systematic offsets. Time in this context is not necessarily the UTC
timescale. Any sufficiently stable clock, close enough to the length of the SI
second 1s adequate for the purpose (We only measure around in a circle,
locally). How-ever, if we link several observatories (fundamental stations) by
2-way time transfer, this concept has the potential to mature to the point that
we can experimentally set up a common network clock for at least a sub-
network of collocated (fundamental) stations, which promises two things, a) a
higher measurement resolution and b) a significantly enhanced instrumental
stability. This is possible because we can perform a closure measurement
again, this time between fundamental stations. In other words, we are
substituting local ties alone by a consistent realization of a combination of
local ties plus electronic delay compensation.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Time transfer between observatories

* ACES is currently the only upcoming mission that provides this basic optical
time transfer functionality.

e Within the activities of the Transponder SC, we have explored optical time
transfer from diffuse target reflections.

« Although very successful, it did not provide the necessary range resolution,
caused by an unfavorable target structure. There is currently another
experiment between Grasse and Wettzell under way, which seeks to utilize
geodetic satellites in low orbit for this purpose.

* Over the last two years, we have submitted a large research unit application to
the national science foundation (DFG) in Germany in order to develop this
concept of a widely distributed accurate common clock for space geodesy
further. The scientific review was very favorable and we hope to obtain
funding, starting in January 2023.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Deep space optical transponder
operations

« An experiment has been carried out for the Hayabusa-2 mission upon
launch and as an experiment of opportunity during a fly-by at the Earth
in December 2021. In this latter experiment successful 2-way
transponder ranging has been achieved by the Grasse observatory.
Another such experiment is in preparation between the GALA
(Ganymede Laser Altimeter) of the JUICE (Jupiter’s Icy Moons
Explorer) mission for the late spring in 2023. It will require stations
with lunar capability to perform these transponder measurements.

 Grasse LLR station continue to range on LRO. Successful 2-Way
ranging were obtained two weeks ago.

ILRS Technical Workshop, October 20022, Guadalajar, Spain



ILRS Space Debris Study Group
current status and directions

Chair, Dr. Michael Steindorfer, Graz SLR Station, IWFE, AAS

Co-Chair, Dr. Daniel Kucharski, The Aerospace Corporation

ILRS Governing Board Meeting, Guadalajara, Spain, November 6, 2022



Space Debris Laser Ranging - the big picture

July 2022: the White House Office of Science and Technology Policy released the National
Orbital Debris Mitigation Plan defining a US national effort to mitigate, track, and remediate
orbital debris for space sustainability. The specific actions for the gov. agencies are defined
across three pillars:

Debris Mitigation

Tracking and Characterization of Debris

Remediation of Debris

Sept 2022: NASA has announced it will be funding new research projects to better understand
the dynamics of congested orbital environment and identify options to mitigate the impact of
orbital debris population on space sustainability.

May 2022: the U.S. Space Force has awarded 125 R&D teams (academia & commercial) with up
to $250k each (Orbital Prime, 1t stage) in an effort to accelerate the development of
technologies for orbital debris cleanup and other services needed for long-term space
sustainability.

2



Space Debris Laser Ranging - the big picture

The EU and ESA stand on the long-term commitment to efficiently detect and characterize the
space debris population for safety and sustainability of space environment
- Programs: ESA Expert Centre, EU Space Surveillance and Tracking (SST) Support Framework

- ESA says: “The Izafia station is a technology test bed and a vital step in making debris mitigation widely
accessible for the future of space environment.”

Australia: has recently deployed two new Laser Ranging systems (1m) for space debris
tracking, characterization and cataloguing (Western Australia, EOS Space Systems).

China: committed to the space environment laser tracking for years now; multiple laser
stations operate with the debris ranging capabilities.

Japan: officially interested in tracking, modelling and mitigating the risk of orbital debris. In
2023 JAXA will be testing technologies for removing large-scale debris from orbit.

ILRS network members experienced in space debris tracking include (15+):

- Graz, Mt. Stromlo, Zimmerwald, Izafa, Wettzell, San Fernando, Matera, Kunming, Shanghai, Stuttgart, Potsdam,
Herstmonceux, Borowiec, Riga, Geochang...



Space Debris Study Group

- Laser ranging for space environment sustainability-

SDSG supports SLR stations in their effort to attract funding for development and operation of
additional observation systems and capabilities for space debris tracking.

To us, the space debris objects are free-falling passive sensors of physical interactions with the
environmental forces and torques (orb. perturbations, tumbling motion).

Space Debris Laser Ranging supports physical research to better understand the space debris
behavioral characteristics needed for accurate interaction models - especially for long term
orbit determination, conjunction analyses, reentry prediction (and impact footprint) etc.

Possible technologies to benefit from space debris laser ranging data (day/night) are:

- Rendezvous and Proximity Operations (RPO) for satellite servicing, refueling and mission extension (including
geoscientific missions)

- Active Debris Removal (ADR) services for safety and sustainability of space operations (including geoscientific
missions), human flight.

Please consider establishing SDSC for more effective support of the stations that direct
resources to the development and operation of new laser tracking technologies. We wanl‘f
stations to do well because they provide unique observational capabilities.
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Multistatic Experiment
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* Graz debris laser ,offset to pps“
communicated

* Target + time bias communication via time
bias exchange
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Zimmerwald, Stuttgart, Potsdam, Graz

»  Multistatic / multicolor space debris laser
ranging

Riepl, Eckl, Kirchner, Sproll, Hampf, Wagner, Riede,
Schreiber, Koidl, Steindorfer, Bamann, Hugentobler, Wang,
Flohrer, Funke

First results from an ESA study on accurate orbit
determination with laser tracking of uncooperative
targets. 7th European Conference on Space Debris. 5



Space debris tumbling motion

Range inversion methods for space object attitude determination

Tumbling motion of passive objects as a result () ®)

of the environmental interactions.
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Space Debris Study Group

- Conclusions-

Space geodesy is fundamental to ILRS, but additional activities supporting space environment
research are needed too.

Space debris laser ranging delivers observational data to feed dynamic physics-based models
of the orbital environment
- Space object orbital state vectors, attitude parameters

- Low-cost, day/night, multiple sites worldwide

Space safety and sustainability is important for science and “LEO economy”:

- Laser ranging can efficiently monitor and characterize a large subset of space debris
population

- Funding opportunities are growing rapidly, scientific applications of space debris laser
ranging need to be promoted



ILRS Governing Board
LLLR Report

Jean-Marie Torre, Université de Nice Sophia-Antipolis, Observatoire de la Cote d’Azur, Géoazur,
2130 route de 1'Observatoire, 06460 Caussols, France.

Ulrich Schreiber, Technical University Munchen, Geodetic Observatory, Wettzell, Germany.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Lunar Laser Ranging Network

« APOLLO, (USA): Both Evan and Stephen Merkowitz are very much involved
in LLR. NASA 1s now responsible for APOLLO. Stephen is also involved in
next generation lunar retroreflectors, Lunar Pathfinder, as well as the new LLR
analysis center..

» Grasse, (France): Observations stopped for 2 months during the installation of a
new high-rate laser and detectors.

 Matera, (Italy): No change / no news.

* Wettzell, (Germany): Due to the very bad seeing in Wettzell, they explore if
they can improve LLR by introducing a tip/tilt correction.

 Kunming, (China): no news.

« Altay Optical-Laser, (Russia): no news.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Results: 2022 - October 2022

2022: NPs by reflector
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ILRS Technical Workshop, November 2022, Guadalajara, Spain
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Analysis Centers

* New contact at IAARAS: Dr. Eleonora Yagudina

 New Analysis Center:

Center name: University of Maryland Baltimore
County (UMBC)/NASA Goddard Space Flight
Center (GSFC).

Primary contact: Vishnu Viswanathan

ILRS Technical Workshop, November 2022, Guadalajara, Spain



New Lunar Reflectors

« Shanghai develop a single large solid laser ranging retro-reflector on a
new lunar orbit spacecraft.

 Doug Currie: The University of Maryland Next Generation Laser
Retroreflector (NGLR) is to go to Mare Crisium at 61.75° E, 18.50° N,
R=1733.84+0.2 km. This is about 1/3 of the way from the center of the
550 km Crisium basin to the edge toward the ENE. The time is Sept
2023....

« Natalia Parkhomento: In the period up to October 19, 2022, it is
planned to launch the Luna 25 mission, which will deliver to the
surface of the Moon in the near—polar region near the south pole of the
Moon — the main area — north of the Boguslavsky crater, the reserve

area - southwest of the Manzinus crater a LRA designed and
manufactured by JC RPC PSI.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



Future

 New ILRS LLR representative: Cléement Courde.

« Ully and I, propose to merge the LLR Standing Committee Meeting
with the Transponder S.C. meeting on this round of the ILRS meeting.

« Itis aneed to update the LLR ILRS website.

« Lunar Laser Ranging Meeting: The goal 1s to organize a novel type of
community meeting in order to reorganize the LLR activities more

coherently and close the loop between the observation and the analysis
side.

ILRS Technical Workshop, November 2022, Guadalajara, Spain



International Laser Ranaing Service

Terms of Reference
Recommendations
Questions?

Claudia Carabajal

Michael Pearlman
ILRS Central Bureau

2022 ILRS Technical Workshop
November 6th, 2022

Guadalajara (near Yebes), Spain



* Elected positions: * Ex-officio/appointed positions:

EUROLAS Network Representatives: Director of the Central Bureau:

José Rodriguez*, Sven Bauer Mike Pearlman

NASA Network Representatives: Secretary of the Central Bureau:

Evan Hoffman, Stephen Merkowitz* Claudia Carabajal

WPLTN Representatives: Representative of IAG Commission 1:

James Bennett, Zhang Zhongping* Urs Hugentobler

Data Center Representative: |IERS Representative:

Christian Schwatke* Daniela Thaller

LLR Representative: * Appointed by the Governing Board:
H *

Jean-Marie Torre Ulli Schreiber*

Analysis Representatives:

L) . . . Randall Carman
Cinzia Luceri*, Erricos Pavlis*

At-Large Representatives:
Toshi Otsubo* (Chair), Matt Wilkinson* Nisiar “ SIC/50G dheiias—daai

November 6, 2022 ILRS Governing Board Meeting | Guadalajara, Spain 1



* Call for Nominations and GB Elections conducted bi-annually by the Central Bureau
using official email lists

* Board members serve two-year terms starting on January 1

* For lunar, data center and analysis representatives:
GB nominees must be associated with that ILRS component

Only ILRS associates officially participating in that component, as determined by the official
email lists maintained by the CB, may participate in the election of their representatives

* Full ILRS membership can nominate and vote for At-Large Representatives
* Election is by majority of votes received

* GB elects Chairperson from among its members for term of two years, renewable
for one additional term (total of 4 years)

November 6, 2022 ILRS Governing Board Meeting | Guadalajara, Spain 2



Ex-officio/appointed positions

1

Elected positions

2

5

Position

Director of the Central Bureau
Secretary of the Central Bureau

Representative of IAG
Commission 1

IERS Representative

EUROLAS Network
Representatives

NASA Network Representatives

WPLTN Network Representatives

Data Center Representative

LLR Representative

Analysis Representatives

At-Large Representatives

Contact

N/A

Current EUROLAS
representatives on the Board

Current NASA representatives on
the Board

Current WPLTN
representatives on the Board

ilrs-dc@lists.nasa.gov
ilrs-laac@lists.nasa.gov

ilrs_ac@lists.nasa.gov
ilrs-aac@lists.nasa.gov

ilrs-a@lists.nasa.gov

Associates

Analysis Center

Associate Analysis Center

Lunar Associate Analysis

Center

Station

Central Bureau

Data Center

Operations Center

Correspondents

Mission

At-Large Appointed by the Governing Board N/A

Total: Correspondent

November 6, 2022 ILRS Governing Board Meeting | Guadalajara, Spain


https://www.iers.org/IERS/EN/Organization/DirectingBoard/IERSDirectingBoard.html
https://www.iers.org/IERS/EN/Organization/DirectingBoard/IERSDirectingBoard.html
https://www.iers.org/IERS/EN/Organization/DirectingBoard/IERSDirectingBoard.html
https://www.iag-aig.org/commissions/5
https://www.iag-aig.org/commissions/5

* Send email to ILRS associates (ilrs-a@lists.nasa.gov) requesting review of membership to ILRS components.

* Make modifications to ILRS personnel database and related ILRS mailing lists based on associate feedback.

* Send emails to contacts in table (1) in order listed requesting nominations; follow-up email reminders may be required.
* Validate that each nominee is an ILRS associate.

* For each valid nominee, send email to nominee requesting confirmation that they agree to stand for election

° If there is more than one nominee, send ballot of candidates; if there is only one nominee, that nominee is elected.

* Accept votes and determine elected candidate based on majority of votes.

* Notify all candidates individually of election results.

* Notify new ILRS Governing Board of results (following At-Large election) and solicit nominees for ILRS GB Chairperson
If more than two candidates, ask each candidate for a 250-word CV that includes their ideas for the ILRS
Conduct election within the GB for the chairperson

* Notify new ILRS Governing Board to submit candidates for two appointed positions
If more than two candidates, ask each candidate for a 250-word CV that includes their ideas for the ILRS
Conduct election within the GB for these two candidates

* Once all elections are completed, notify community of results

°  GB for 2023 - 2024 term (16 members) must be in place prior to 22"d International Workshop on Laser Ranging in Guadalajara
(November, 2022)
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Call for ILRS associates review of organization’s membership <¢———NV1P.

Call for appointed and network representatives:
Appointed: IERS (1), IAG Commission 1 (1)
Networks (conduct their own elections): NASA (2), WPLTN (2), EUROLAS (2)

Conduct (concurrent) elections for other positions: —
Representatives for Lunar (1), Data Center (1), Analysis (2) —

Nominations and voting limited to ILRS associates within these communities
Conduct elections for At-Large Representatives (2): —
Voting on these positions from all ILRS associates

Following appointment/election of above 16 members:

Call for nominations for GB chairperson < ——
Call for nominations of GB appointed members (2) < — ———————
Elect chairperson (at GB meeting) Y- November 6t, 2022
Elect GB appointed members (by email) C— By December 15t 2022

— JuIy 2022

Late October 2022
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* Elected positions: * Ex-officio/appointed positions:

EUROLAS Network Representatives: Director of the Central Bureau:

José Rodriguez*, Sven Bauer Mike Pearlman

NASA Network Representatives: Secretary of the Central Bureau:

Evan Hoffman, Stephen Merkowitz* Claudia Carabajal

WPLTN Representatives: Representative of IAG Commission 1:
James Bennett, Zhang Zhongping* Urs Hugentobler

Data Center Representative: |IERS Representative:

Justine Woo* Daniela Thaller

LLR Representative: * Appointed by the Governing Board:
Clément Courde (Decided by December 15th, 2022)
Analysis Representatives: XXX

Cinzia Luceri*, Mathis Blossfeld*

At-Large Representatives:
Christian Schwatke*, Matt Wilkinson*

Chair Elected by new ILRS GB: XXXX

XXXX

Note: *SC/SG chair/co-chair
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International Laser Ranqing Service

Claudia Carabajal

Michael Pearlman
ILRS Central Bureau

2022 ILRS Technical Workshop
November 6th, 2022

Guadalajara (near Yebes), Spain



° 2-year term too short?

Need to choose the SC Chairs only from the GB members?

Election procedures to be simplified?

Network representatives: 20+ year-old “3 Network” system to be reviewed?

To stimulate more active changes? More geographical, career-level distributions?
More?
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Institute a more formal process, investigate utilizing process similar to IGS, IDS

Appoint election committee (chair+2)

Start election process 6 months (minimum) prior to workshop and establish a clear
schedule (schedule needed several modifications due to people’s availability)

Continue to conduct elections by “category” (lunar, analysis, data center, at-large)
For each received nomination:
Confirm nomination with nominee before the election can start (already being done)

Request CV + statement from all candidates (those nominees that confirmed that are willing to
serve; this was only requested from LLR Representative candidates at this time)

Distribute (and then count) ballots through email (election committee)
Communicate results to nominees/elected candidates/community (already being done)
ILRS CB can continue assist in election process

GB for 2023-2024 term (16 members) must be in place prior to 22" International
Workshop on Laser Ranging in Guadalajara, Spain (November 6%, 2022)
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