SCF_Lab @ INFN-Frascati,
a test facility for:
accurate laser positioning in space

& cube/microsatellites

Dell’ Agnello S. (INFN-LNF) for the SCF_Lab Team,
http://www.Inf.infn.it/esperimenti/etrusco/
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Outline

e SCF_Lab & ASI-Matera Joint Laboratory
e Space diagnostics capabilities
e Laser Ranging to Galileo

e Lunar Laser Ranging

— Apollo 50" anniversary in 2019

e [talian microreflectors on Mars (fonight, again)
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Satellite Laser Ranging (SLR) Y
Lunar Laser Ranging (LLR)

Time of flight measurement §

ae®

- LNF

e Apollo: The Moon as a test mass (1969) : Retro-reflection
« LAGEOS: “cannon-ball”, point-like ;

test-masse covered with retroreflectors Normal reflection
e Orbit accuracy ~ 1 cm; less in the future SLR ,r":fﬁ'\,
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International Terrestrial Reterence System (ITRS) @

* Cartesian coordinate system co- .,
rotating with the Earth _ 4
e Origin = Geocenter = foci of ="
LAGEOS & LAGEOS-2 orbits
* Scale: LAGEOS & quasar VLBI ..y e

* AXis orientation: quasars

#3 LAGEOS

< """\.f.' »
’ e ramgcin
- Cogherg,  AManry
Peay ; Sae Femmandd® < Sepny e
Nt
Dok A M"ﬂ L ]
Sgen Snmos e ‘
’ S—
4 - ) N
) Arvend \
L Y— W

26/11/18 Industrial Space Seminar INFN-SCF_Lab & ASI-MLRO 5



SPACE DISCIPLINE: Laser Retroreflectors & Ranging

INFN — ASI - MAECI — DEFENCE
collaboration/contracts with:
NASA, ESA, CNSA, ISRO, USGS,

NOAA, US industries, CAS, Univs ...

v N
- I
-

ASI - Matera
Laser Ranging

Earth
(?bservatopy_ Observation

Comet/
asteroid

&%,

Mars, Europa




Ground segment, laser ranging:

ASI - Matera Laser Ranging Observatory
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Space segment: laser retroretlectors
SCF Lab & “SCF-Test” (IPR of INFN)

. o SPACE
ScienceDirect RESEARCH

(a COSPAR publication)

Advances in Space Research 47 (2011) 822-842

www.elsevier.com/locate/asr

Creation of the new industry-standard space test of laser
retroreflectors for the GNSS and LAGEOS

S. Dell’Agnello **, G.O. Delle Monache?, D.G. Currie®, R. Vittori ¢, C. Cantone?,
M. Garattini®, A. Boni®, M. Martini®, C. Lops®, N. Intaglietta®, R. Tauraso “°,
D.A. Arnold!, M.R. Pearlman’, G. Bianco %, S. Zerbini h M. Maiello?, S. Berardi?, .
L. Porcelli?, C.O. Alley®, J.F. McGarry', C. Sciarretta®, V. Luceri&, T.W. Zagwodzki'

* Laboratori Nazionali di Frascati (LNF) del'INFN via E. Fermi 40, 00044 Frascati, Rome, Italy
® University of Maryland (UMD ), Department of Physics, John S. Toll Building, Regents Drive, College Park, MD 20742-4111, USA
€ Aeronautica Militare Italiana, Viale dell’ Universita 4, 00185 Rome, Italy
4 Agenzia Spaziale Italiana (ASI), Viale Liegi 26, 00198 Rome, Italy
¢ University of Rome “Tor Vergata”, Dipartimento di Matematica, Via della Ricerca Scientifica, 00133 Rome, Italy
' Harvard-Smithsonian Center for Astrophysics (CfA), 60 Garden Street, Cambridge, MA 02138, USA
€ ASI, Centro di Geodesia Spaziale “G. Colombo” (ASI-CGS), Localita Terlecchia, P.O. Box ADP, 75100 Matera, Italy
" University of Bologna, Department of Physics Sector of Geophysics, Viale Berti Pichat 8, 40127 Bologna, Italy
'NASA, Goddard Space Flight Center (GSCF), code 694, Greenbelt, MD 20771, USA
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Qi SCF_Lab: retroreflector, cube/microsat test @
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e Two Optical Ground Support Equipment (OGSE)
e SCF (top right); also lunar and altimetry

e SCF-G (bottom right) dedicated to GNSS

e Two AMO sun simulators, IR thermometry

e Optical testing: Far Field, Fizeau interferometry

e J.Adv.Space Res. 47 (2011) 822842

o ‘ AMO sun simulator, ¢ =40 cm
I{l:h q J extended to 3000 nm !!
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-
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-
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Test of retroreflector optical performance in space
conditions (old generation GLONASS, GPS,
GIOVE

Optical far field diffraction pattern (FFDP)
measured while reflector cools down 1n the
simulated space environment at SCF_Lab

1.e. laser return signal back on ground on an area
of few km by few km

TREFLECTOR(K)
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MoonLIGHT: distributed large (10 cm) CCRS:

AT

Robotic deployment (rover and/or lander) _

r :
- ““
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GNSS = Global Navigation Satellite System

Towards ~100 satellites with laser retroreflectors

Indian IRNSS: ~7+4 Galileo: 30 satellites Japanese QZSS: 3

», regional satellites

regional satellites ‘/“/

GLONASS, GPS, .
GIOVE, Galileo IOV, o raien
IRNSS: SCF-Tested !!

24 global
satellites

Chinese Compass/
Beidou: ~20 global,
+5 regional satellites

~ Tested S

B

’@}"}"f-;' Russian GLONASS: 24
= global satellites:
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Position measurement to cube e K S
corner retroreflectors (CCR) - AT wave
with short laser pulses and a o 4

time-of-flight technique P
(H-maser clocks on satellite Retro
and ground stations) reflector

e PRECISE POSITIONING

Normal points at mm level, orbits at cm level
e ABSOLUTE ACCURACY

Defines Earth geocenter and the scale of length
 PASSIVE, MAINTENANCE-FREE

LASER Retroreflector Array (LRA)
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Benefits of laser positioning of Galileo

* Laser ranging provides the only independent and
absolute validation of Galileo orbits at cm-mm

— Good radial orbit accuracy =¥ calibrate Galileo atomic
clocks

— Detection of systematic errors !

— Verification and diagnostics of models of orbit
perturbations

* solar radiation pressure, Earth albedo, s/c manoeuvers,
Earth eclipses, ...)

e Combined microwave and laser orbits are

— More accurate and more stable orbits
— Have absolute reference to geocenter and scale of ITRS
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@ul” Very specialized diagnostic instruments:
Retflectometer / Emissometer

italiana

410 Series Measurements

Portable handheld optical measurement instrument Surtace Optics Corporation

The SOC410 Series Reflectometers are portable contact measurement devices
designed to take precise, accurate reflectance and emittance measurements. Made
with an ergonomic power-drill design, the SOC410 Series lets you easily take
measurements in-the-field or around the lab— no cords or external batteries
necessary. The world’s biggest defense, aerospace, and energy companies rely on
SOC410 data.

‘éluzﬁ)‘;r]i:fs N ,\S ,\ @aaflﬂa Raytheon GA/C
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@EP Very specialized diagnostic instruments:

IR cameras
Left: word’s best commercial IR camera

FLIR X6901sc SLS ThermaCam sc640
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SCF

lllllllllllllllllllllllllllll

SCF-Test of LAGEOS Sector:

IR movie of Sector moving from
AMO (sun simulator) window to
laser window at 90°. IR camera
1s in between.

SCF thermal (IR) movie =>

For ESA’s test of Galileo reflectors, rotation accomplished in ~few seconds

INFN-SCF_Lab & ASI-MLRO 26/11/18 Industrial Space Seminar 17



@’ MIUR Project “Laser Ranging to Galileo”

agenzia spaziale
itolicmpgz

Prestigious payloads loaned to INFN
e Galileo IOV FM model by China, property of ESA, Left
e LAGEOS Sector EM property of NASA-GSFC, Right
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Test of optical performance 1n space conditions

AN - LNE

LAGEOS: LAGEOS: ~10% degradation
unperturbed of laser return after 3 hour
laser return exposure to Sun simulator

LAGEOS IS THE | Intensity at 35 ur ,d. velocity aberration vs time

A B e e e B LI A S e e e S

GOLD STANDARD

0.8}

Laser return (FFDP) intensity
intensity (fraction of first fidp intensity)

2 06}
| GLO<115/GPS/GIOVE:
Y ~87% degradation
02+ /
| SUN ON . SUN OFF
Y i T R T R T [ R A | R
time (sec) x 10°
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INFN laser retroreflector instrument, evolved and

significantly improved from a model developed by a
previous INFN-ASI project.

Already proposed to Thales Alenia, Airbus, OHB for

Galileo Transition Satellites & Galileo 2G
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Test of thermal behavior in space conditions

300 K Earth

shadow

~ Metal (Al)

e
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Test of optical performance 1n space conditions @

On average: no (or marginal) performance loss within errors
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SCF

Non-invasive InfraRed camera diagnostic

Laboratori Nazionali di Frascati

Infrared Image of GALILEO IOV retroreflectors during SCF-Test at 0°C, heating phase

Measuring front-face
temperature useful to
identify unwanted hot
spots, performance
faults, excess mount
conductance,
imperfect thermal
insulation, ...

INFN-SCF_Lab & ASI-MLRO
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@EI> Mars General Relativity & geodesy

with Italian microreflectors

NASA: InSight (TONIGHT) Lander, Mars 2020 Rover
ESA-ASI: Schiaparelli 2016 Lander, ExoMars 2020 Rover

@ NASA Mars 2020

ESA-ASI
=
ExoMars 2020 c

—
ThaIesAIema"

- SPACE IR e e AR o A
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‘@I NASA InSight landing on Mars tonight, with @

ogenzm spaziale
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LaRRI = Laser Retroreflector for InSight

GRAPPLE

\ |

T A

RlSE ANTENNA

WIS/SEIS

TETHERS

Heat Flow Probe
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INFN-ASI Partnership to NASA-SSERVI

Signed in Rome s PR
September 2014 & in gERVl SOLAR SYSTEM EXPLORATIONESERT i, s
Washington VIRTUAL | NS IIOTES S

June 2017 MRS R AR SO INSTITETE
INFN Laser Retro-Reflector Development

INFN proposal
to NASA:
laser retroreflectors
for the whole
solar system

Right: SSERVI
news, visit by
C. Elachi JPL) &
E. Flamini (ASI
Chief Scientist)
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SSERVI International Partnerships
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10.
12.

13.

14.

Acronyms and definitions

AMO: Air Mass Zero

ASI: Agenzia Spaziale Italiana
CCR: Cube Corner Retroreflector
ESA: European Space Agency
FEFDP: Far Field Diffraction Pattern
FOC: Full Orbit Capability

GCO: GNSS Ceritical Orbit

GMES = Global Monitoring for
Environment and Security

GNSS : Global Navigation Satellite
System

GPS: Global Positioning System

GTRF: Galileo Terrestrial
Reference Frame

ILRS: International Laser Ranging
Service

IOV: In Orbit Validation

26/11/18 Industrial Space Seminar
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13.

14.

15.
16.
17.
18.

19.

20.

21.
22.

IPR: Intellectual Property Rights

ITRF: International Terrestrial Reference
Frame

ITRS: International Terrestrial Reference
System

KPI: Key Performance Indicator
OCS: Optical Cross Section
LAGEOS: LAser GEOdynamics Satellite

SCF: Satellite/lunar/GNSS laser ranging and
altimetry Characterization Facility

SCF-G: Satellite laser ranging Characterization
Facility optimized for GNSS

RASNAL = Retroreflector Array for SatNAv
Laser ranging

SLR: Satellite Laser Ranging
WI: Wavefront Interferogram
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