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® Demonstrated the GPS-LRA meets the ILRS cross section requirement over

Thermal-Optical Performance of the GPS Il Laser the range of SLR incidence angles.
Retroreflector Array ® The cross section remains stable throughout the full range of solar incidence,
including past the breakthrough angle.
i Merkow‘tz',ﬁfgﬂvé;;s:fj!;i ;;i:’éz;,f’gfte'nfe'd‘S‘Wa" # Full thermal-optical performance verification will be performed over the
o coming weeks, including:
Sigma Space Corporation » Cold Test - soak the array to -18°C
J. Griffiths, C. Moore, M. Nurnberger, L. Thomas, L. Willstatter # Transient Test - sweeping through solar beam at orbital speeds

Naval Research Laboratory

» Deliberate Gradient Test - thermal gradients generated across the LRA with heaters
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Characterization of the 0ptica| perform ance * ASI-CGS: planning to laser range to new satellites for space geodesy and
ravitational physics studies.
of COTS laser retroreflectors g e
for ASI-INFN Joint Proiects * INFN-LNF's SCF_Lab: working on laboratory solar-orbital-thermo-vacuum-
J optical characterisation (“SCF-Test”) of COTS retroreflectors for future
C. Mondaini*«, C. Benedetto I, G. Bianco x, S. Casini %, S. Dell'Agnello «, missions
G. Delle Monache %, M. Di Paolo Emilio % L. loppi %, O. Luongo *, M. Maiello *, * Results to come starting from early 2019.
M. Muccino %, F Pasqualid, M. Petrassi %, L. Porcelli », L. Salvatori *, M. Tantalo ,
M. Tibuzzi %, R. Vittori $ * Results will help to optimize retroreflector arrays design and manufacturing
* Corresponding author: chiara.mondaini@Inf.infn.it - +390694032689 reducing the costs
* INFN-LNF, Via E. Fermi 40, 00044, Frascati, Rome, Italy
* ASI-CGS, Localita Terlecchia, 75100, Matera, Ity * SCF_Lab is a space R&D infrastructure open to furth{’s collaboration.

$ AMI, Viale dell'Universita 4, 00185 Rome, Ital
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Easier: more sides, higher repetition rate

a Assumptions have been compared to onboard gyroscope

kHz SLR Appllc atlon on the Attltude U Technosat experiment is convinced that COTS (Commercial-off-the-shelf) CCR bring
AnalYSiS of Te chnoSat " @10mm CCR is fully sufficient for SLR ranging to LEQ ——24 stations were able to get returns;

Peiyuan Wang, Hannes Almer, Georg Kirchner, Franz Koidl, Michael Steindorfer

* Traditional benefits of SLR, —— orbit determination;

" “Ahead of time” data production, —- attitude determination during/after the life time of satellite;

S Institute. Austrian Academy Frm " Significantly low cost for space activities —— few tens of dollars;

yuan.wang(@oeaw.ac.at U All SLR data need to be analysed steps more --- higher time/degree resolution

Merlin Barschke, Philip Werner, Mario Starke -
Institute for 2 A s, Technische Université b ) * Time of Max. or Min. pk-pk b

nerlin.barschke@tu-berlin.de " Value of RMS vs. geometry distance projection

Time when the face changes

IWEOEAW. AC.AT 21st International Workshop on Laser Ranging, Canberra, 2018, IWEOEAW.AC.AT 21st International Workshop on Laser Ranging, Canberra, 2018
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Microreflectors for Mars, Phobos/Deimos and
Asteroids/Comets

Marco Muccino’, G. Bianco?, S. Casini', J. Chandler’, S. Dell’Agnello’, G. Delle Monache',
M. Di Paolo Emilio’, L. loppi', O. Luongo', M. Maiello’, R. March', C. Mondaini', R. Mugnuolo?,
M. Petrassi’, L. Porcelli’, L. Salvatori’, M. Tantalo', M. Tibuzzi', R. Vittori’

" National Institute for Nuclear Physics — Frascati National Labs (INFN-LNF), via E. Fermi 40, Frascati (RM), 00044, Italy
? ltalian Space Agency — Space Geodesy Center (ASI-CGS), Matera (MT), Italy
* UC SanDiego, 9500 Gilman Drive, La Jolla, CA 92093-0021, USA
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Characterization Facilities Laboratory

Marco Muccino (INFN-LNF) et al

~21% International Workshop on Laser Ranging, Canberra 7 November 2018

Conclusions and Outlooks

Mars space-qualified microreflector such as INRRI, LaRRI and LaRA will lead to:

— Mars Geophysical Networks (MGN)

- Accurate positioning of landing-roving

— Absolute mars-location of the rover site at end-of-life

— Lasercomm test & diagnostics.

— Atmospheric trace species detection by lidar on orbiter
—Lidar-based landing next to Mars 2020 for sample return

Phobos/Deimos microreflector together with INRRI, LaRRI and LaRA will lead to:
— Laser-ranging between Mars's moons and laser-equipped satellites orbing around Mars

— Enhanced tests of General Relativity at 1.5 AU
On Asteroids/Comets COSPHERA

— will be dropped/landed on NEOs, as in missions like the ESA candidate Hera.

— will supports laser ranging by orbiters, laser altimetry, performi
the pLidar on board Hera)

Marco Muccino (INFN-LNF) etal
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21 International Workshop on Laser Ranging
«Laser Ranging for Sustainable Millimeter Geoscience»
Canberra, Australia, November 05 - 09, 2018

Summary E
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1. The star magnitude at the point of observation, due to the reflection of solar
Experimental determination of photometric characteristics

of the BLITS-M satellite

radiation from the hemisphere with an interference mirror coating, does not
depend on the phase angle and the rotation of the satellite around its axis. The

Y.l. Beloklokova, V.V. Murashkin, A.L. Sokolov, V.D. Shargorodskiy range of magnitude, depending on the zenith angle, is from 10,5 to 11,5".
JSC «Research and production corporation «Precision systems and instruments»

2. The star magnitude at the observation point, due to the incidence of solar radiation
on the transmissive (uncoated) hemisphere, depends on the phase angle and the
rotation angle of the satellite around its axis. The magnitude in this case varies
from 10,8" to 12,6™ at zenith angle z = 0° and from 11,8 to 13,8 at z = 60°.

As a result, we expect that there will be no major problems with the detection of
the BLITS-M.
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21* International Workshop on Laser Ranging
«Laser Ranging for Sustainable Millimeter Geoscience»

Su mmary
Canberra, Australia, November 05 - 09, 2018
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E I 1. The retroreflector complexes of the SC make it possible to determine the
Retroreflector complexes to determinate the coordinates i e )
i coordinates of the movable SC parts and to clarify its orientation, in particular,
of sC moving parts during an emergency operation.
A.S. Akentyev, A.L. Sokolov, M.A. Sadovnikov, V.D. Shargorodskiy 2. The res.ults of laser ranging DT the SC Lomonosov allow us to recommend the
JSC «Research and production corporation «Precision systems and instruments» installation of the RRS "Pyramid” on the LEO spacecraft as part of retroreflector

complex for different tasks. Such non-expensive retroreflector complexes allow to
identification of spacecraft, which may be defined as space debris.

3. Three RRSs with different polarization characteristics should be installed on the
SC for the clarification and monitoring of spatial orientation. In order to divide the
range differences between RRSs, the polarization state of the laser radiation
b should alternate change from right to left circular during the laser rlgging session,
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