LaRCo (Laser Range Correction)

For hemi/spheres, spherical caps/domes like:
Genesis (ESA), LARES-2 (ASI), EO mission (ASI) ...

Goal: Service to ILRS and the SLR science community.

ILRS feedback / endorsement useful to inform ESA (and ASI)
ILRS: please give feedback in particular to slide (8 on Genesis)

ILRS NESC WG meeting, 13-03-2025

INFN — Frascati National Labs (INFN-LNF)
S. Dell’ Agnello for the SCF_Lab Research Group

(simone.dellagnellO@Inf.infn.it)
IN !N:FN Via E. Fermi 54, Frascati (Rome), 00044 — Italy
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For flat Laser RetroReflectors (A
(LRRs),

for example GNSS LRRs, @

we know what range correction
we are supposed to measure for normal
laser incidence,
and this can be used as a calibration of the
LaRCo facility.

On the other hand, it will be interesting to
verify how the GNSS LRR range correction
changes vs laser incidence angle.

: EI

LRS NESC 13/03/2025 LaRCo (Laser Range Correction)



State-of-Art SLR Geometrodynamics Gl

\(

genesis

The GENESIS mission will contribute to a highly improved

International Terrestrial Reference Frame (ITRF) with an accuracy

of 1 mm and a long-term stability of 0.1 mm/year. The ITRF is the

foundation for all space and ground-based observations in
navigation and Earth sciences — monitoring the terrestrial
environment and setting it within a set framework for mapping

changes over time.

ILRS NESC 13/03/2025 LaRCo (Laser Range Correction) 4



LARES-2 (LAser RElativity Satellite): 2022, ASI
LAGEOS-2 (LAser GEOdynamics Satellite): 1994, ASI &

ASl’'s LARES-2 LRR made by INFN-Frascati & INFN-Padova launched on 13 July 2022 by 0
("
with the qualification flight of Vega C. 303 CCRs/sphere, 42cm diameter, 300 kg.
OHB-I, Milan: HDRM mechanism, quadrupod interfaces with Vega C. ”

Best LRR, so far (calculated 2 mm 1-STD/SIGMA accuracy of laser range correction).
Premiere point-like test mass for General Relativity and Space Geodesy.
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LARES-2 Genesis
(~6000 km)

Just notional drawing

Flat LRRs Spherical LRRs but sm
than Genesis LRR
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LaRCo = Laser Range Correction (NN

* Service facility to measure in the lab the laser range correction. <y

» Sort of ultimate laser ranging calibration, relating geometrical centers of
LRR hemi/spheres, spherical domes to the measured laser time-of-flight (ToF),
and reach/break the barrier of 1 mm of laser range accuracy.

« But for Genesis the optical barrier is actually at 0.5 mm at 1-STD / 1-SIGMA.

« Measurement done twice in 60 years of laser ranging, for LAGEOS-1/2 in
~1974/1994. Now only calculated at 1-STD / 1-SIGMA (like for LARES-2).

* At INFN-Frascati we have a suited Clean Room, the SCF_lab2, co-funded by ASI
& INFN, with a massive optical granite table (suitable for heavy ‘cannon-ball’
type of stand-alone satellites, like LAGEOS-12 and LARES-1/2).
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The specific case of Genesis

« Potential / Future Applications of LaRCo in previous slides. Other missions?

» INFN contracted to design, manufacture, qualify and deliver it with its calculated
laser ranging correction. Under NDA (cannot avoid it).

» For the calculation we intend to ask also for purchased services from expert
analysists, inside/outside ILRS. We are doing this for the 2 ASI EO spheres.

«  Will try to make, refine, publish this as a shared, long-term ESA-ILRS work.
« Practical challenges of Genesis (independent of LaRCo):

» OCS of 6 Msgm has been approved by ESA and the industrial consortium

» We held LRR KO, but still have to do LRR SRR (System Regs. Review) after
Genesis meeting in Matera. We ask for ILRS feedback on the following:

» Requested accuracy of calculated (purely optical) laser range correction is:

» 1.0 mm (3D, 2-sigma) equivalent to 0.5 mm @1 standard deviation (1-std),
to be compared to 5 mm @1-std for LAGEOS & 2 mm @1-std for LARES-2

> Better than: x10 LAGEOS @1-STD and x4 LARES-2 @1-STD !
- Compare requested laser ranging accuracy to accuracies of atmosph. corrections:

> For 10°/15°/ 20° elevations 5 mm/2mm/1 mm
> See Journal of Geodesy (2019) 93:1853—1866 https://doi.org/10.1007/s00190-019-01287

> Are these 1/2/5 millimeters @1-STD/2-sigma or @2-STD/2-sigma ?
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https://doi.org/10.1007/s00190-019-01287

Ideas for implementation of LaRCo

 Direct involvement of the ILRS stations / SLR analysis Community !

We think that, in addition to the ILRS endorsement, an appropriate direct

form of involvement in the project of some representative, voluntary ILRS

‘partner’ stations would be crucial, not only useful. The range correction is
FOR ILRS stations + SLR analysts. We also believe that this involvement
in the project needs to be built together, getting feedback from stations’
operators, analysts and taking time to discuss critical technical and
programmatic details of the project. ILRS cannot get funding, but the single
stations may and do get national, European funding, some also ESA
funding. We foresee specific and focussed purchased support services not
for ILRS as an organization (not possible), but for some partner ILRS

stations and for some partner SLR analysts.
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Ideas for implementation of LaRCo

» Facility instrumentation:
» Technique of detection of the return signal?
 Single photon, Multi photon; CFD? ...
» What detector?

« Streak camera, MC PMT, C-SPAD ... What other detector or
detector combinations (for start time) to measure the ToF?

» What laser WL / repetition rate?
« 532, 1064 nm / kHz ?
» Laser pulse width and / or polarization type

» Do all of the above categories map directly into separate corrections
to be delivered to the funding agency / ILRS?

» Flat LRRs: check range correction vs laser incidence angle
» Clock options, ...

« HW procurement and verification/validation
» Share work (and associated funding) with partner stations
» More sharing to be decided together. And come to Frascati, please.
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Ideas for implementation of LaRCo

Execution of the measurements:

» Ask personnel of partner stations (representing detection techniques
and/or detectors and/or laser characteristics of the previous points) to

participate in the range correction measurements.

» Participating means travel to Frascati, work there together, even in the

preparation and then analysis of the results (this also remotely).

» This will be TBD weeks of work for 1-2 people, which needs to be
supported financially with LaRCo funding (if/when approved). It would
be not only fair to the partnering stations, but also pragmatically

effective.
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The fundamentals

Recognising the fundamental need in geodesy for internation cooperation,

“the Global Geodetic Observing System of the IAG is the proposed unifying umbrella for
the IAG Services, which integrates the observing systems [...] and improves internal

consistency. It links the geodetic services into the global Earth observation systems in
order to provide a consistent service to the users”.

GGOS 2020

| GGOS

Global Geodetic




The fundamentals

This service consists of a series of geodetic products that require:

*  Research & development

*  Complex and costly material infrastructure (ground and space)

®  Analysis and combination capabilities

* Infrastructure to handle the flow, storage and serving of data and products
*  Standards, conventions, guidelines, protocols, quality control, coordination
*  Anarmy of highly specialised staff to do all this

GLOBAL GEODESY SUPPLY CHAIN

Synchronizing financial transactions

Safety of navigation

Geodetic Infrastructure Data Analysis
GNSS; VLBI; SLR; i
DORIS; Gravimeters 01

INFRASTRUCTURE

Synchronizing power grids

chrus ks phiE =

Location based services

B/ S\vingN

Precision agriculture
Satellite observations
Satellite communications

Space navigation

Digital twins
Smart cities



The Global Geodetic Observing System

] GGOS

Global Geodetic
Ob ing System

° Integrates the IAG Services into a global observing system.
° Geodesy contribution to GEOSS (Global Earth Observation System of Systems).

° Various components (Coordinating Office, Bureaus, Focus Areas, Affiliates...).

° GOS Y GGOS Governing Board

. . n (Decision-Making Body)
Standardization I -+ External Stakeholders

Quasars

Integrated observing

networks/sensors .

Modelling and
interpretation

Consistent
data analysis

Operational services ‘ _ ‘
to provide data \ £ \ N

and products

\ -Remote
sensing
A\

errestrial |
~ gravimetry -

Zo®
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D _ORfS Altimetry m

Reliable
products




The Bureau of Networks and Observations

The operational component of the geodesy supply chain, and associated infrastructure, is
essential for the provision of geodetic products.

The Bureau is tasked with overseeing this component, as it

“[...] develops a strategy to design, integrate and maintain the fundamental
infrastructure in a sustainable way to satisfy the long-term (10-20 years) requirements
identified by the GGOS Science Panel”.

Geodesist Handbook 2024

Among its objectives:
°  Monitor network status, projected network evolution, estimate performance capability

° Assess impact on key products from network configuration, system perf., technology
miXx, co-locations (ground and space)...




Committees and working groups integrated to the BNO:

The Bureau of Networks and Observations

PLATO (simulations)

C-SM (satellite missions)

C-DIS (data and information systems)
JWG Metrology (with IERS)

JWG Genesis (with IAG and IERS)
Services: IDS, IGS, ILRS, IVS, IGFS, PSMSL

GGOS Governing Board

. B
Science Panel “ (Decision-Making Body)

GGOS Executive Committee Q » ++ External Stakeholders
GGOS Affiliates @ == (Management Board) ’-\-

4 (;

GGOS Coordmatmg Office

- .1
Bureau of Products & Standards

-~

8- | e

L_]




° Committees and working groups integrated to the BNO:

The Bureau of Networks and Observations

GGOS BNO

PLATO (simulations) \ BufcallioiNCE e -
C-SM (satellite missions) AN ‘ / and Observations
C-DIS (data and information systems) \
JWG Metrology (with IERS)

JWG Genesis (with IAG and IERS)
Services: IDS, IGS, ILRS, IVS, IGFS, PSMSL

José Rodriguez Martin Lidberg
Director of BNO Deputy Director

Instituto Geografico Lantmateriet, Sweden
Nacional IGN, Spain 2
WWW.ggos.org 4P
Global Geodetic Observing System
[ & %

of the International Association.of Geodesy




GGOS Strategic Plan

New GGOS strategic plan 2024-2034

GOAL 1
©

GOAL 2 GOAL 3 GOAL 4

&
=

Visibility and

Science-Policy Capacity Comprehensive and
Engagement

Networking Enhancement and Cross-cutting
Sustainability Analysis

GGOS Strategic Plan
2024 -2034

Geodesy for Science and Society

Contribute to the Strengthen Enbge across
Ralbe awireness sustainability of the e a >
o; e oo UN Global Geodeti geodeti o gecdel.m techniques
of geodesy Reference Frame ing faciliti f°: integrated b
i UN-GGRF) through i
{0 society ! llab )' . witgh da}a..ma'“:s’, and technological
key UN initiatives e developments
on geodesy

Implementation Plan
November 2023 ° 2-year duration

y Single plan for the whole of GGOS

y Activities assigned to GGOS components
SMART objectives



Relevant context for our activities

UN-GGCE Genesis

Operationalises 2015 UN resolution. Fantastic opportunity for the community.

Excellent alignment with GGOS. * BNO + PLATO: sharpen analysis, space ties, systematic

. . errors, product improvement.
Evident avenues for collaboration. P P

* BNO + IERS + JWG Metrology: renewed efforts to
update local tie surveys.

* BNO + Services: networks readiness, campaigns.

Overview of the GENESIS Mission

~=
articipation to requirements consolidation in Phase A

- Support ESA in the follow up of the industrial activities, with
emphasis on instrument and platform developments

UN-GGCE

Involvement 2™ Analysis of mission performance and the mission
in GENESIS \&f contribution towards target ITRF improvement

mission

o - \ - %
) Preparation of the scientific data exploitation, covering any
gaps in algorithms, tools or ground infrastructure required

=)\ :
VP’%Q\J United Nations N Preparation and execution of required ground-based campaigns
‘dl — l\/l Global Geodetic 43 (in particular VLBI, SLR)
N\NW=// Centre of Excellence :
N




GGOS Implementation Plan: BNO

°* 4 main Goals, 4 actions each, for a total of 64 activities.

° BNO leads in 9 activities.

°*  BNO contributes to 24 additional activities. GGOS
Implementation Plan

Phase 2024 - 2027

https://zenodo.org/records /13785103

GOAL 1 GOAL 2 GOAL 3 GOAL 4

oy
o | x | % | ¥

Visibility and Science-Policy Capacity Comprehensive and
Engagement Enhancement and Cross-cutting

Networkin
d Sustainability Analysis

18 September 2024
Contribute to the Strengthen

Rasorareness sustainability of the sustainable ef:s:?gfe:‘:\:)isies
kst UN Global Geodetic  geodetic capabilities: 5% c =" ¥
of geodesy Reference Frame measuring facilities, oadetic ?e aich
to society (UN-GGRF) through data analysis, :nd technolonical
collaboration with geodetic methods ey Qt
key UN initiatives expertise EYEOpIEat

on geodesy



GGOS Implementation Plan: BNO lead

2.3.b Describe hierarchical framework of priorities for geodetic infrastructure
needed to achieve 1 mm, 0.1 mm/yr TRF.

Contribute to the sustainability of the GGRF through collaboration with key UN initiatives on geodesy




3.1.e Support/advocate new technologies to facilitate the expansion and
improvement of the ground networks.

3.2.a Simulations of ground network geometry and observation concepts.

3.2.b Update the GGOS Requirements for Core Sites (2015) according to newest
technological developments in the ITRF, IHRF and ITGRF.

3.2.c Identify gaps, needs, and impact of changes in the ground and space
segment.

Strengthen sustainable geodetic capabilities: measuring facilities, data analysis, geodetic methods, expertise



4.3.c Keep track of new analysis methods and product opportunities, e.g.
missions not included yet in standard TRF products and all available co-locations.

4.3.d Benefits, opportunities, challenges, operational products of Genesis.

4.3.e Standardise local tie measurements, archiving and analysis procedures, up-
to-date tie survey archive, encourage adoption of new techniques.

Engage across geodetic techniques for integrated geodetic research and technological developments



Some ongoing activities and plans

*  Definition of GGOS Core Site — leading to the update of GGOS Requirements.

*  Work withing Committee on Data and Information Systems to include SLR data in
GeodesyML. Looking for volunteers: o/

°  Site Surveys: status, difficulties faced by observatories?

*  Work supporting the UN-GGCE to define what a robust set of networks should look
like: analyses of current state, simulations.



Some ongoing activities and plans

*  Definition of GGOS Core Site — leading to the update of GGOS Requirements.

*  Work withing Committee on Data and Information Systems to include SLR data in
GeodesyML. Looking for volunteers: o/

°  Site Surveys: status, difficulties faced by observatories?

*  Work supporting the UN-GGCE to define what a robust set of networks should look
like: analyses of current state, simulations.

I will show some slides on the state of the network and on a recent simulation work.



ILRS current state and planned sites

GGOS.. 77

/ Global Geods -
S Observing System 41

Future Stations (2024-2027)

Yebes, Spain
Ishioka, Japan
La Plata, Argentina

San Juan, Argentina
Metsihovi, Finland
McDonald, TX, USA
Ny Alesund, Norway

Mt Abu, India
Ponmundi, India

Irkutsk (Tochka), Russia
| Mendeleevo (Tochka), Russia

*  Gaps in geographic coverage remain
* Different vintage Systems
+ Different weather conditions
* Different staffing levels

M. Pearlman. Presentation at the GGOS meeting, Bureau of
Networks and Observations, Vienna (2024)

Different degrees of uncertainty for the planned
sites
Africa and South America most obvious gaps

No planned presence in Antarctica.



ILRS network evolution

*  The official ILRS products are based on the observations of satellites LAGEOS and LAGEOS-2 (mostly).
¢ Tracking LAGEOS and LAGEOS-2 (and LARES-2!) is the most essential contribution.

°  TheILRS standard is 200 passes/yr for these satellites.

° This is a quite low:

—  Six passes per week assuming observations made only 60% of the time (weather, outages,
etc...)



ILRS network evolution

Number of ILRS stations contributing LAGEQOS data
(ILRS standard is 200 passes)

Annual LAGEOS passes greater than
0 100 mmm 200 mmm 300

‘ The overall number of existing stations is

0 roughly constant since the late 1990s.

° The number of stations with more than the bare

1%)
é 30 minimum contribution, including those not
Z reaching the ILRS standard, has increased
° steadily since the 1990s.
Q
QO
= 20 ¢ Only 15 stations deliver to the ILRS standard.
=
.IIIIIII_ IIII I °  Only 9-10 stations of those provide a substantial
10 II.I.. I II I I contribution.
p=fi i
0

1994 1998 2002 2006 2010 2014 2018 2022
Year




ILRS current state

ILRS stations fulfilling observation standards in 2023

Annual LAGEOS passes greater than
© 0 © 100 @ 200

®  The distribution of the network is lopsided.

®o ¢ Presence in all continents but Antarctica.
(] o
° N ‘ Huge gaps in the Southern Hemisphere.
[ ]

o 4 °  The core network that delivers up to ILRS
standards is both small and very poorly
distributed.

(@) @)

° Over 50% of the sites are not operating as we
wished.

The ILRS standard is a minimum of 200 passes of satellite LAGEOS per year



Evolution of the VLBI networks

IVS stations participating in TRF sessions

stations station-sessions

. ° Since ~2011 the S/X network has stagnated.

1000 . The VGOS network is growing apace.

20 . In number of stations, the VGOS network is

reaching the levels of the S/X at the beginning of

1 5 the 2000s.
In terms of sessions devoted to the TRF, the
! 0 VGOS network is contributing less data because
of correlator bottleneck.
200

800

(8]

)]
o

o

=N
o

9]

I |VS-R1/4 B VS-R1/4
. VGOS-OPS . VGOS-0OPS
0 0
2005 2010 2015 2020 2005 2010 2015 2020
year year



Distribution of sessions

Scheduled sessions in 2024

sessions by type IVS-R1/4 sessions VGOS-OPS sessions
° The S/X network is scheduled twice a week for
IVS-TRF241 ur | . . .
APSG II sh | TRF observations (105 sessions in 2024).
Mc
vsT2e | — °  TRFVGOS sessions are less than weekly at the
usNo-crr i ww . .
vGos-RD [ gv = moment (35 sessions in 2024).
n
vs12 i Ao . ‘
wvs-crr-Ds [l o wn B ° The S/X network shows marked differences in
ivs-oHIG [l Bd (N Yj th L o .
e contributions from individual antennas, likel
vseov [l kv I e — . y
aov e __ i __ because of telescope time devoted to astronomy.
vs-crF [l va I sa I . .
veos-2anTs [l Nn ow I ° The VGOS network is dedicated to geodesy,
Ft s I . . . :
vs-RD [ vg I ws showing solid participation from all sites (except
aus-asT [ Kk Ho .
veos-ops [N ke I O for downtime).
Ho wi
N B
vs-r1 [ v K2 I
0 20 40 0 50 100 0 20

n n n




S/X current state

Operational S/X stations 2023-2024 (TRF)

y The sites in the map are taken from the
operational schedules for 2023 and 2024.

o

@
O
o y Sites participating in less than 10% of the
g scheduled sessions were removed.
. *  Ahigher threshold would probably be more
) appropriate (20-30%?).
°  The geographical distribution is not ideal,
o

but not absolutely dreadful.

o S/Xsites O SLR colocation

(stations contributing to at least 10% of scheduled TRF sessions)



VGOS current state

Operational VGOS stations 2023-2024

The sites in the map are taken from the

(o]
= operational schedules for 2023 and 2024.
(o)
o y Some sites have a dual telescope setup.
@’ o D

The geographical distribution is very poor.

o VGOS sites [Od SLR colocation [ SLR colocation (near future)



Projections for VGOS future state

CHALMERS iy Chalmers University of Technology
Outlook: IVS VGOS network in a few years

New VGOS stations

Department of Space, Earth and Environment Onsala Space Observatory

R. Haas. Presentation at the Expert Consultation on Strenthening the
Geodesy Supply Chain, UN-GGCE, Bonn (2024)

Good outlook for VGOS in some regions,
although the future sites shown will have
different levels of uncertainty.

Even the projected state of the network is very
sparse, especially in Africa and South-America.

No planned presence in Antarctica.



Instituto Geogréﬁco Nacional

ILRS ground network simulations:
the sans aus scenario.

José C. Rodriguez,*2 Liubov Poshyvailo-Strube,® Nicholas Brown?

'IGN, Spain; *GGQOS BNO; *UN-GGCE
2024-12-17

&, \% United Nations

ASES " Global Geodetic
Global Geodetic 2

EIE®IS Observing System w Centre of Excellence
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The UN-GGCE has prepared, in consultation with experts from the geodetic community, the 15t Joint
Development Plan for Global Geodesy (JDP).

The JDP translates the geodetic needs of Member States and partners into strategic objectives and
activities to strengthen the global geodesy supply chain (GGSQ).

Three distinct phases:

1. Avoid further degradation of the geodesy supply chain.
2. Arobust global geodesy supply chain.

3. Anext-generation global geodesy supply chain.

As part of the evidence gathering for the preparation of Phase 2, some tests were proposed to assess
weaknesses of the current networks.

In this context, I simulated what would happened if the Australian stations did not exist.



The Australian stations

®  Two SLR stations operate in Australia: Yarragadee (7090) and Mount Stromlo (7825).

*  These are two of the best stations of the network according to all metrics.

RMS of observation residuals 2014-2024 (best stations)

Long-term bias stability 2014-2024
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The Australian stations

®  Two SLR stations operate in Australia: Yarragadee (7090) and Mount Stromlo (7825).

*  These are two of the best stations of the network according to all metrics.

Operational periods of ILRS stations
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Test scenario: remove the Australian stations

What could be the effect on the ILRS products of losing just two stations?

Factors suggesting that this would be a severe loss for the whole network:

°  Geography: two southernmost stations, no nearby sites in the area, covering a
region of the globe that would otherwise remain unobserved.

*  Performance: the precision and stability of the orbservations provided are of top
quality. Both stations are part of the ILRS core network, used by analysts to
determine the SLR reference frame.

°  Data volume: consistently among the top performers of the network.



Results I. Data volume, observation precision.

Loss of 21% and 24% of LAGEOS and LAGEOS-2 observations, respectively.

Huge numbers, disproportionate with the size of the network. A major contribution to the
observational efforts of the ILRS comes from Australia.

No significant differences in the post-fit RMS of the observation residuals.

# obs LG-1 # obs LG-2 RMS LG-1 RMS LG-2

(k] [k] [mm] [mm]
All, no RB 734 637 7.4 7.0
All, RB 730 634 7.0 6.5
No AUS, no RB 578 483 7.3 6.8
No AUS, RB 580 483 6.8 6.4



Results Il. Coordinates precision.

Significant degradation of the Z component of the station positions.
About 6.8 mm higher RMS on average, and up to over 1 cm in several cases.

The ILRS network quality is noticeably affected without the Australian contribution.

L ) ) Coordinates degradation without Australian stations
Noise in station coordinates (Z)

14 A
120 HEl All stations
B No AUS —
E Degradation
0 10
=
o
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2 s
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o
c 2
£
(W] R m
| Improvement (?)
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A A A A S A R
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Results Ill. Frame stability.

Significant differences in the offsets and rates of defining parameters of the reference frame, some of

which beyond the GGOS goal of 1 mm and 0.1 mm/y.

AX AY AZ As
(epoch: 19:001) [mm, mm/y] [mm, mm/y] [mm, mm/y] [mm, mm/y]
All - No AUS, no RB 2.7-0.05¢ -2.5 + 0.46¢ 0.59 + 0.59¢ -1.36 — 0.05¢
std. errors (0.15,0.05) (0.19,0.006) (0.41,0.13) (0.14,0.05)
All - No AUS, RB 0.58 - 0.02¢ -1.29 - 0.23¢ 0.84 + 0.51¢ -0.50 + 0.01¢
std. errors (0.23,0.07) (0.27,0.09) (0.69,0.23) (0.17,0.06)



T
Results V. Orbits.

Worse consistency of the orbits when the Australian observations are included: higher dispersion of the
orbit differences in all components (radial, across- and along-track).

X5 increase in the radial direction relative to the standard solutions.

RMS of orbit component [mm)]

AR AS AW
All stations (RB vs No RB) 1.0 8.2 12.8
All vs No aus (no RB) 5.1 20.7 22.8
All vs No aus (RB) 5.3 19.5 22.7
No Aus (RB vs no RB) 3.0 12.0 10.7



We have found significant differences in the standard products of the ILRS that would arise from
the loss of the Australian contribution.

The differences are found in the orbits, the Earth rotation parameters, the coordinates of the rest
of the network, and hence in the quality of the SLR frame.

Through the estimated orbits and Earth rotation parameters, all stations define and share a

common frame.

Lacking the quantity and quality of these observations, the estimated positions of the rest of the
ILRS network and global products deteriorate.

Noisier station coordinates
Less precise global frame
Frame deformations

Less precise ERP



Conclusions IV

With the loss of just two (carefully selected) stations causing so much damage, it seems clear that
the ILRS network is far from being robust.

*  Noregional redundancy for the global SLR network to be robust.

The required redundancy is contingent on the specifics. For instance, likely the poor coverage and
performance in the southern hemisphere makes the Australian stations more important.

All this highlights how much we are missing from the lack of good quality and productive stations
in the South.



Thank you



SLR activities at GFZ
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Overview

e Improvement of Operations at POT3 in 2024
e European Laser Time Transfer

e GRACE-C Laser Retroreflectors

e Future POT4
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Improvement of Operations @ POT3 in
2024
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e HighQ Laser check and improvement

e Enhanced transmission in Tx & Rx

e New TEC for old HighQ laser

e Replacement of diode (seeder) or fiber laser (regen)? / Passat laser

e New telescope mount models

e Enhancement of data processing chains

e Effort acquiring observations: Thanks to all our observers
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HighQ laser check and improvement

Problem: Given an undocumented, unsupported, upgraded in 2017 laser system,
ensure its operations plus strategy for the future.

Solution:

e Collect evidence: output power, beam shape, contrast ratio, voltage level of PC,
current for the regen, working hours of pumping sources, etc.

e When you cannot explain certain abnormal patterns (magnitude and shape of
pre- and post-pulses): seek for help (Dr. Gabor Kulcsar).

Take away: laser system was optimized aiming to extend the lifetime of the most
critical components: pumping sources, while keeping a decent output power (GNSS
- no problem).

GFZ
HELMHOLTZ
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New TEC for old HighQ laser

Problem: TEC controller provided with HighQ was one of the most frequent
reasons of system failure.

Solution:
R BG-) The reference values for HighQ were not
Re e T To" > PID longer valid for the new TEC. We had to:

1. Find out the right values for the new
TEC for setpoint, beta(B), base
resistor and LED voltage.

2. Optimize the temperature values for
the SHG aiming at maximum output
power avoiding depletion i.e., spread
of pulse width.

3. Check the single-shot RMS & output
power,

HELMHOLTZ



New Mount Models (Rx example)

Observed AAzimuth [deg] Estimated AAzimuth [deg]
0° 0

e Mount model available from the legacy of
the station seems to fit the observations

e Mind the behavior of the telescope in
azimuth for large elevations

. Critical distribution of measurements over

270°

[ ———
0.2Ob 0.3d AEIOA i E)dS ] 0.6 0.20E t'O.ZSt g ZE? t9.35 d 0.]40 the Sky
serve evation [aeg stimate evation [deg . . -
o o e Regular estimation of the model to improve
pointing
e But..

270°
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New Mount Models (Rx Example)
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New Mount Models

2D-Fourier Tensor Product of
Trig. B-Splines

f(Az, EI) = 2 Z(a, ;5in(j Az)sin(iEl) + b, jcos(j Az)sin(i EI)+

| 2
i=0j=0 _ Ji 02 uh )
¢; jsin(j Az)cos( El) + d; jcos(j Az)cosGED). s(x1,x2) = Z;l kz:]dkl.k be (x')‘P (xg).
2
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New Mount Models (Rx)

After 2D-Fourier

Before
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Azi. Res. [arcsec]

Ele. Res. [arcsec]

New Mount Models (Rx)

After Tensor Product
Trig. B-splines

Before
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Overall Results

Monthly n°® of passes with >= 1 NP per station from the ILRS: February-2025
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European Laser Time Transfer
Experiment
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Time link with UTC(PTB) via 1PPS & 10
MHz

How to monitor the one —way 1PPS?

. Braunschwelg/v

Potsdam

Common View

&
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Time link with UTC(PTB) via 1PPS &
10MHz

Common View POTC — PT13

Issues with the 1PPS from UTC(PTB) - 43.6
nsec

Remaining offset and nonlinear behaviour
remains unexplained. Visit to PTB to calibrate
our receiver in their facilities

Should we trust only the GTR55?

[nsec]
|
wn
[%)]

|
=]
o

| —65

CV_GZ: POTC - PT13

=70 4

T T T T T
60545 60550 60555 60560 60565
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Resilient Time Monitoring

GTR55

DB

(©

Timing Analytics
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What is the outcome?

GTRS55 vs. M1000 Caesium vs. M1000

ssssssssssssssssssssssssssss

OTT_remote vs. M1000

(e WWWWWWWWWWMWW'

1111111111111111111111111111111111111
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Laser System: Safety First

Minimum Divergence: 20 arcseconds

1600

1400

1200

Number of Counts / Bin [-]
[2] ] E}‘
] = IS5
&g 5 8

=
=)
S

(%)
1=}
S

=1

4] 50 100 150 200 250 300 350 400
Time Since First Meas. [sec]. Bin Size: 7.71 [sec]

Example Lares-2 HC pass

450

500

330° ° a0°
15
30
300° 60°
45
60
75
270° %0 90°

240° \ 120°

210° 150°

180°

We are eye safe only when
working at max divergence: 40
arcsec!

Energy per pulse 183 uJ
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Laser System: Ensuring the 100 nsec
firing accuracy

1PPS
10 MHz

TBC

A 4

A

UTC via NTPD - Chrony daemon

Many open questions
Many configuration changes
Many tests to be done

Trigger at TO-UTC
2kHz +- (?)
FO to avoid pulse collision
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Laser System: what comes next?

Tests with the fast optical detector (start diode)
Test the new NPET

One-way calibration delay estimation

Setup FTP for Go/NoGo flag
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Special thanks to Horst Ender from Telekom, Andreas Bauch
(PTB), Florian Heimbach (PTB), Johann and Jan from
Wettzell. We appreciate a lot your support! ©
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GRACE-C Laser Retroreflectors
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Context:
Successor of GRACE-FO - GRACE-C (launch end of 2028)

We follow the traditional GFZ design, but...

Example of LRR for the GOCE mission

New regulations
regarding chromatation
procedures

Classic screw types are
not longer supported
(DIN 912 M2 x 8 A4/80)

New personnel handling
the provision of corner
cube prisms at Zeiss

Critical deadline on our
side

eeeeeeeeeeeeeee
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Examples of FFDP

Zygo Interferometer

Phase Plot in nm
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Future POT4
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Back to the Roots

First Generation Laser Ranging System 1968
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Embracing New Technologies: MHz

Basle Functions Software & IT Laser Ranging Functions Statiom Accommodation Site Infrastructure

LRS-1100 LRS- 1200 LRS- 1300 LRS- 1400 LRS- 1900
RxTe EEEOFE
Assembly Station Network petiziuser Packege Dome & R Power Provision
o H LRS — 1310 o Infrastructure =l
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Meteo Statio nimmnmef Package Control Room || Site Protection
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Detector Package
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Images generated by DIGOS
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Discussion

e 1 laser package (Tx) + 2 laser units (MHz & kHz) > Swapping between laser heads as
needed (ONLY 1064 nm)

e 2 laser packages (Tx) co-mounted on the telescope + 1 MHz laser unit (1064 nm &
) kHz laser provided by GFZ

e Pros & Cons?

Thank you for your attention!

GFZ
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Y Upcoming meeting

9TH EUROPEAN CONFER‘:*"::f-:-“-'t_;..

SPACE DEBRIS‘"’;';"}-

https://space-debris-conference.sdo.esoc.esa.int/
Welcome

9th European Conference on Space Debris
World Conference Center Bonn, Germany | 1 - 4 Apr 2025

Organiser: Space Debris Office (OPS-SD)
ESA-ESOC | Darmstadt, Germany

Meeting of the ILRS Space Debris Study Group (SDSG):
Wednesday, April 2142025, between 14:00 and 15:00 CEST (12:00-13:00 UTC).

Contacts: Michael Steindorfer, Daniel Kucharski



Ol ¥ Upcoming meeting

Genesis Science Workshop 2025 @esa CALENDAR OF EVENTS
3-4 April 2025 | Matera | Ttaly e

REGISTRATION OPEN End of Feb 2025

ome Calendar of Events Programme Regisiration Venue Accommodation Contact Details

FINAL PROGRAMME Early March 2025

GeneSis sc ience wo rkShop REGISTRATION CLOSES 20th March 2025
3rd-4th April 2025 DAY OF THE EVENT 3rd-4th April 2025

A two-day scientific workshop is organised by ESA on 3rdgth of April 2025 at Matera, Italy in collaboration with ASI Centre for space
geodesy. The event aims to bring together the Genesis scientific community and ESA project team for valuable exchanges on Genesis
mission.

The event will feature presentations from ESA Project Team on PROGRAM ME

Genesis project development, including industrial contributions,
keynote speakers, discussions on Genesis Science Exploitation

Team (GSET) activities, and Genesis science objectives. ESA Day 1 3rd April 2025 Day2 4th April 2026
sees this as an opportunity to refocus the Genesis GSET working 8:00 - 9:00 Registration 09:00-11:00 Moming Session 1
groups objectives for 2025. Additionally, it will offer interactive
i . . 09:00 - 11:00 Morning Session 1 11.00-11:30 Coffee break
sessions for each working group to facilitate exchange and \
> = - 2 \ ] 11:00 - 11:30 Coffee Break 11.30-12.30 M S 2
collaboration on mission-related topics, as well as networking genesis eee Bred o sessen
opportunities. 11:30 - 12:30 Morning Session 2 12:30-13:30 Lunch break
) . o . 12:30 - 13:30 Lunch break 13:30-16:30 Matera Geodesy Space centre tour
The workshop is free of charge. Participation online is possible but
participation in person would be highly appreciated. 13501500 Aftermoon Session 1
15:00 - 15:30 Coffee Break
We look forward to welcoming you at the event,
15:30 - 17:00 Afternoon Session 2
ESA Genesis Team 19:00 - 22:00 Networking Dinner (optional)

https://atpi.eventsair.com/genesis-science-workshop-2025/



Launch Date: January 15, 2025

Landing Date: March 2, 2025

Landing Time: TBA

Landing Site: Mare Crisium near Mons Latreille

t-mission-1/

LAUNCH | ON-ORBIT EARTH ORBIT LUNAR TRANSIT LUNAR ORBIT DESCENT SURFACE OPERATIONS
| HOUR | COMMISSIONING 25 DAYS 4 DAYS 16 DAYS ] HOUR 14 DAYS
| 8 HOURS
@ L @ L @ @ L 4
‘ SIGNAL EARTH ORBIT TRANS LUNAR LUNAR ORBIT DESCENT ORBIT SURFACE
o LAUNCH | 9 ACQUISITION 0 PHASING 0 INJECTION @ INSERTION INSERTION @ COMMISSIONING
LAUNCH ELECTRICAL & ON-ORBIT TRAJECTORY VISION SURFACE PAYLOAD
0 VEHICLE e PAYLOAD o PAYLOAD SCIENCE o CORRECTION m NAVIGATION m TOUCHDOWN @ SCIENCE
SEPARATION ‘ CHECKOUTS BEGINS MANEUVER(S) CALIBRATION
LUNAR NIGHT
| 9 ENCGINE m LOW LUNAR ORBIT m OPERATIONS
| CALIBRATION INSERTION


https://fireflyspace.com/missions/blue-ghost-mission-1/

Geo NGLR-1 : on the Moon March 2" 2025

AZUr

Congratulations to Firefly & NASA & INFN for this achievement

And thank you for giving all the LLR stations the opportunity to try range
measurements on this new laser reflector.



», NGLR-1: First echoes at GRSM /
- MeO March 3rd 11H30 TU in IR

\\

With POLAC prediction March 3rd: 19 NPs in IR

— offset of +620 ns
= (~less than 100 meters regarding the initial coordinates)
shared with ILRS CB and Wettzell



2

| .. NGLR-1: First echoes at GRSM/
/ / MéO March 4th in 2-colors

March 4t : 28 NPs including 10 in 2-colors.
Ranging up to 20° of elevation




X

Ggg“ /¥NGLR-1: First echoes at Wettzell
| March 4th in IR

35
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Congratulations WLRS !!




GCED \

o NGLR-1 : perspectives

* Help the other LLR stations to succeed (on going
discussion with MLRO)
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