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Outline 

•  SCF_Lab & ASI-Matera Joint Laboratory

•  Space diagnostics capabilities

•  Laser Ranging to Galileo

•  Lunar Laser Ranging

–  Apollo 50th anniversary in 2019

•  Italian microreflectors on Mars (tonight, again)
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Laser Retroreflectors
LASER IN LASER OUT
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Satellite Laser Ranging (SLR)�
Lunar Laser Ranging (LLR)
Time of flight measurement

•  Apollo: The Moon as a test mass (1969)
•  LAGEOS: �cannon-ball�, point-like    

test-masse covered with retroreflectors

•  Orbit accuracy ~ 1 cm; less in the future

S
L
R
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LAGEOS

International Terrestrial Reference System (ITRS)
•  Cartesian coordinate system co-

rotating with the Earth
•  Origin = Geocenter = foci of 

LAGEOS & LAGEOS-2 orbits
•  Scale: LAGEOS & quasar VLBI
•  Axis orientation: quasars
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ASI � Matera 
Laser Ranging 
Observatory

INFN – ASI – MAECI – DEFENCE 
collaboration/contracts with: 
NASA, ESA, CNSA, ISRO, USGS, 
NOAA, US industries, CAS, Univs ...

!

Moon

Earth 
Observation

Mars, Europa

LAGEOS
LARES-2

!

SPACE DISCIPLINE: Laser Retroreflectors & Ranging

Comet/
asteroid

Galileo,
GPS, 

IRNSS

Phobos/Deimos



Ground segment, laser ranging: 
ASI - Matera Laser Ranging Observatory 
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Space segment: laser retroreflectors 
 SCF_Lab & “SCF-Test” (IPR of INFN) 
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Abstract

We built a new experimental apparatus (the “Satellite/lunar laser ranging Characterization Facility”, SCF) and created a new test
procedure (the SCF-Test) to characterize and model the detailed thermal behavior and the optical performance of cube corner laser ret-
roreflectors in space for industrial and scientific applications. The primary goal of these innovative tools is to provide critical design and
diagnostic capabilities for Satellites Laser Ranging (SLR) to Galileo and other GNSS (Global Navigation Satellite System) constella-
tions. The capability will allow us to optimize the design of GNSS laser retroreflector payloads to maximize ranging efficiency, to
improve signal-to-noise conditions in daylight and to provide pre-launch validation of retroreflector performance under laboratory-sim-
ulated space conditions. Implementation of new retroreflector designs being studied will help to improve GNSS orbits, which will then
increase the accuracy, stability, and distribution of the International Terrestrial Reference Frame (ITRF), to provide better definition of
the geocenter (origin) and the scale (length unit).

Our key experimental innovation is the concurrent measurement and modeling of the optical Far Field Diffraction Pattern (FFDP)
and the temperature distribution of the SLR retroreflector payload under thermal conditions produced with a close-match solar simu-
lator. The apparatus includes infrared cameras for non-invasive thermometry, thermal control and real-time movement of the payload to
experimentally simulate satellite orientation on orbit with respect to both solar illumination and laser interrogation beams. These unique
capabilities provide experimental validation of the space segment for SLR and Lunar Laser Ranging (LLR).

We used the SCF facility and the SCF-Test to perform a comprehensive, non-invasive space characterization of older generation,
back-coated retroreflectors of the GIOVE-A and -B (Galileo In-Orbit Validation Elements) and the GPS-35 and -36 designs. First, using
a full GPS flight model at laser wavelengths of 532 and 632 nm, we found its “effective optical cross section” in air, under isothermal
conditions, to be six times lower than the Retroreflector Standard for GNSS satellites (100 ! 106 m2 at 20,000 km altitude for GPS
and 180 ! 106 m2 for Galileo at 23,200 km altitude), issued by the International Laser Ranging Service (ILRS). Under the simulated
thermal and space conditions of the SCF, we also showed that in some space configurations the “effective optical cross section” is further
reduced, by the thermal degradation of the FFDP. Using the same SCF-Test configuration on an individual GIOVE prototype cube, we

0273-1177/$36.00 ! 2010 COSPAR. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.asr.2010.10.022

⇑ Corresponding author. Tel.: +39 06 94032730; fax: +39 06 94032475.
E-mail address: Simone.DellAgnello@lnf.infn.it (S. Dell’Agnello).
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SCF_Lab: retroreflector, cube/microsat test
•  Two Optical Ground Support Equipment (OGSE)
•  SCF (top right); also lunar and altimetry
•  SCF-G (bottom right) dedicated to GNSS
•  Two AM0 sun simulators, IR thermometry
•  Optical testing: Far Field, Fizeau interferometry
•  J. Adv. Space Res. 47 (2011) 822–842
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AM0 sun simulator, φ = 40 cm 
extended to 3000 nm !! 



 Test of retroreflector optical performance in space 
conditions  (old generation GLONASS, GPS, 

GIOVE)
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TREFLECTOR(K)
 vs.  time (sec)

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

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



Italian lunar reflectors for US industrial missions
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GNSS = Global Navigation Satellite System

Indian IRNSS: ~7+4 
regional satellites

Japanese QZSS: 3 
regional satellites

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

Galileo: 30 satellites

GLONASS, GPS,
GIOVE, Galileo IOV,

IRNSS: SCF-Tested !!

US GPS:                 
24 global 
satellites
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Towards ~100 satellites with laser retroreflectors

SCF 
Tested
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SCF   
Tested

SCF 
Tested

Russian GLONASS: 24 
global satellites:



Satellite Laser Ranging (SLR) to Galileo IOV

•   PRECISE POSITIONING
   Normal points at mm level, orbits at cm level
•   ABSOLUTE ACCURACY
   Defines Earth geocenter and the scale of length 
•   PASSIVE, MAINTENANCE-FREE
   LASER Retroreflector Array (LRA)

Position measurement to cube 
corner retroreflectors (CCR) 
with short laser pulses and a 

time-of-flight technique
(H-maser clocks on satellite 

and ground stations)
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Laser
Retro
reflector

Micro 
wave
instrument
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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, …) 
•  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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Very specialized diagnostic instruments:  
Reflectometer / Emissometer 
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Portable handheld optical measurement instrument
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.

26/11/18 Industrial Space Seminar



Very specialized diagnostic instruments: 
IR cameras  

Left: word’s best commercial IR camera 
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FLIR X6901sc SLS

Detector data
Detector Type Strained-Layer Superlattice

Spectral Range 7.5µm (lower), 11-12µm (upper)

Resolution 640 x 512
Detector Pitch 25 µm

Thermal Sensitivity/NETD < 45 mK (< 40 mK typical)

Well Capacity 11.0 M electrons

Operability > 98% (> 99% typical)

Sensor Cooling Closed cycle rotary

Electronics
Readout Type Snapshot

Readout Modes Asynchronous integrate while read Asynchronous
integrate then read

Synchronization Modes Genlock, Sync-in, Sync-out

Image Time Stamp Internal IRIG-B decoder clock TSPI accurate time
stamp

Integration Time 270 ns to 687 sec

Pixel Clock 355 MHz

Frame Rate (Full Window) Programmable; 0.0015 Hz to 1004 Hz

Subwindow Mode Flexible windowing down to 32 x 4 (steps of 32
columns, 4 rows)

Dynamic Range 14-bit

On-Camera Image Storage RAM (volatile): 16 GB, up to 26000 frames, full
frame SSD (non-volatile): >4 TB

Radiometric Data Streaming Simultaneous Gigabit Ethernet (GigE Vision),
Camera Link, CoaXPress (CXP)

Standard Video HDMI, SDI, NTSC, PAL

Command and Control GigE, USB, RS-232, Camera Link, CXP
(GenICam protocol supported over GigE or CXP)

P/N:
Copyright
© 2018, FLIR Systems, Inc.
All rights reserved worldwide. Names and marks
appearing herein are either registered trademarks
or trademarks of FLIR Systems and/or its
subsidiaries. All other trademarks, trade names or
company names referenced herein are used for
identification only and are the property of their
respective owners.
Document identity
Publ. No.: 29421-201
Commit: 51568
Language: en-US
Modified: 2018-08-13
Formatted: 2018-08-13
Website
http://www.flir.com
Customer support
http://support.flir.com
Disclaimer
Specifications subject to change without further
notice. Camera models and accessories subject
to regional market considerations. License
procedures may apply. Products described herein
may be subject to US Export Regulations. Please
refer to exportquestions@flir.com with any
questions.

1 (6) www.flir.com

FLIR X6901sc SLS ThermaCam sc640
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SCF movie of thermal behavior

SCF-Test of LAGEOS Sector: 

 IR movie of Sector moving from 
AM0 (sun simulator) window to 
laser window at 90o. IR camera 
is in between. 

SCF thermal (IR) movie => 

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



MIUR Project “Laser Ranging to Galileo”

Prestigious payloads loaned to INFN
•  Galileo IOV FM model by China, property of ESA, Left
•  LAGEOS Sector EM property of NASA-GSFC, Right
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LAGEOS IS THE

GOLD STANDARD
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LAGEOS: 
unperturbed 
laser return

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

GLO<115/GPS/GIOVE:
~ 87% degradation

Test of optical performance in space conditions 



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
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Test of optical performance in space conditions
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On average: no (or marginal) performance loss within errors
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Non-invasive	InfraRed	camera	diagnostic	
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,	...	

26/11/18	Industrial	Space	Seminar	



INFN-SCF_Lab	&	ASI-MLRO	 24	

Mirror	Front	Face	Temperature	Gradient	
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SCF-Test	CCR1,	0°C	heating	phase	
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INRRI$2020:"
INstrument"for"landing1Roving"laser"Retroreflector"Inves5ga5ons"

on"
Mars+2020+

Mars General Relativity & geodesy 

with Italian microreflectors 

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

ESA-ASI
ExoMars 2020NASA Mars 2020
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NASA InSight landing on Mars tonight, with 
LaRRI = Laser Retroreflector for InSight 
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INFN-ASI Partnership to NASA-SSERVI 

26/11/18 Industrial Space Seminar

Signed in Rome 
September 2014 & in 

Washington
June 2017

INFN proposal
to NASA:

laser retroreflectors 
for the whole
solar system

INFN-SCF_Lab & ASI-MLRO

Right: SSERVI 
news, visit by

C. Elachi (JPL) & 
E. Flamini (ASI 
Chief Scientist)
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Slide by Y. Pendleton @ELS-Frascati
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SSERVI 



Acronyms and definitions
1.  AM0: Air Mass Zero
2.  ASI: Agenzia Spaziale Italiana
3.  CCR: Cube Corner Retroreflector 
4.  ESA: European Space Agency
5.  FFDP: Far Field Diffraction Pattern
6.  FOC: Full Orbit Capability
7.  GCO: GNSS Critical Orbit
8.  GMES = Global Monitoring for 

Environment and Security
9.  GNSS : Global Navigation Satellite 

System
10.  GPS: Global Positioning System
12.  GTRF: Galileo Terrestrial 

Reference Frame
13.  ILRS: International Laser Ranging 

Service
14.  IOV: In Orbit Validation

12.  IPR: Intellectual Property Rights
13.  ITRF: International Terrestrial Reference 

Frame
14.  ITRS: International Terrestrial Reference 

System
15.  KPI: Key Performance Indicator
16.  OCS: Optical Cross Section
17.  LAGEOS: LAser GEOdynamics Satellite
18.  SCF: Satellite/lunar/GNSS laser ranging and 

altimetry Characterization Facility
19.  SCF-G: Satellite laser ranging Characterization 

Facility optimized for GNSS
20.  RASNAL = Retroreflector Array for SatNAv 

Laser ranging
21.  SLR: Satellite Laser Ranging
22.  WI: Wavefront Interferogram
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