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ItalianItalian SitesSites

Thales Alenia Space 
Italia S.p.A.

Five Industrial sites:
• Roma - HQ
• Turin
• Milan “LABEN”
• L’Aquila
• Florence

Total Head count: 2,200

• Satellite integration 
facilities in: Roma and 
Turin

• Equipment 
development: Milan, 
L’Aquila, Florence 

Exploration
Observation

Telecommunication Space Station
Micro-gravity

Navigation
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TASTAS--I Milan Navigation Equipment ProductsI Milan Navigation Equipment Products

Tensor/Proteus GPSA

Lagrange GPS/GLO/EGNOS

ATV-GPSA

Lagrange ROSA

EGNOS RIMS-Rx B

Galileo GRC nonPRS

GIRASOLE Gardenia

GIRASOLE RAIL Terminal

1994

2009

1994: Laben (Milan) starts design & development activities of 
first GPS receiver for space

1999: Laben establishes a Navigation Department dedicated 
to the design, development and  manufacturing of GPS 
equipment for space and ground applications

2005: Alcatel Alenia Space Italia (Milan) is major player in the 
design and development of GNSS and Galileo receiver 
equipment for ground systems, safety-of-life and space 
applications

2007: Alcatel Alenia Space becomes Thales Alenia Space 
increasing its leadership on navigation activities
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ROSAROSA
InstrumentInstrument OverviewOverview
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GNSS Radio Occultation

( Source of media: JPL - UCAR - Wikipedia )

ROSA DomainROSA Domain
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DUAL FREQ. DUAL FREQ. RxRx MISSIONS HERITAGEMISSIONS HERITAGE

LAGRANGE was onboard Soyuz mission 10S in April 2005April 2005 in 
the frame of ENEIDE experiment on the International Space 
Station. Performed EGNOS/WAAS tracking from space.

ENEIDE
(ASI - Italian Space 
Agency)

LAGRANGE receiver, in its configuration for Atmospheric 
Sounding (i.e. ROSAROSA) will be on board ISRO (India) satellite 
OCEANSAT-2 (launch in June ‘09) and CONAE (Argentina) 
satellite SAC-D (launch in May 2010)

RADIO 
OCCULTATON

(ROSA)

Two FM receivers onboard for satellite navigation and 
enhanced POD application. Satellite launched in March 2009launched in March 2009

GOCE
(ESA – European Space 
Agency)

Six FM receivers onboard 3 COSMO satellites for real-time 
navigation and POD.

1st satellite launched in June 2007, launched in June 2007, 2nd satellite launched in launched in 
December 2007, December 2007, 3rd satellite launched in November 2008launched in November 2008

4th satellite to be launched in early 2010

COSMO SKYMED
(ASI - Italian Space 
Agency)

Two FM receivers onboard for satellite navigation and POD 
application. Launched in Dec. 2007Launched in Dec. 2007

RADARSAT-2
(Canadian Space 
Agency)
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LAGRANGE GOCE FLIGHT DATALAGRANGE GOCE FLIGHT DATA

C/No L2

L1 Carrier Phase Error

L1CA Code Phase

L1CA Code Phase Error

C/No=49 dBHz

C/No=35 dBHz

0,3 m

-0,3 m

45 dBHz

35 dBHz

25 dBHz

15 dBHz

C/No L1

1 mm

-1 mm
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ROSA Instrument DescriptionROSA Instrument Description

Receiver Type:Receiver Type: Space-borne (LEO), geodetic-class GPS receiver for atmospheric 
sounding. Developed by TAS-I under ASI contract.

Channels:Channels: 48 single frequency channels configured in order to  have 16 
L1CA/L1P/L2P dual-frequency channels

Frequency Bands:Frequency Bands: GPS L1: 1575.42 MHz 
GPS L2: 1227.60 MHz

Observables:Observables: L1 C/A, L1P(Y) & L2P(Y) Code phase 
L1 C/A & L2P(Y) Carrier phase
Raw sampling (I/Q) at high frequency (100 Hz)  
Instantaneous Doppler 
Time measurements, determined from the GPS system
SNR, Amplitude and Noise measurements

�� RealReal--Time Navigation SolutionTime Navigation Solution , determined using GPS L1 C/A code phase 
and navigation messages (through SPS and Extended K alman Filter)

�� OnOn--board atmospheric modelboard atmospheric model for excess doppler prediction of occultation signals  
(based on Cira86aQ_UoG climatological Model)

� Rising and setting occultation capabilities (depend ing on instrument configuration)
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ROSA Instrument DescriptionROSA Instrument Description

Radio Occultation FeaturesRadio Occultation Features

� In low troposphere, closedclosed --loop PLL operations are complemented by highloop PLL operations are complemented by high --
frequency raw samplingfrequency raw sampling (I,Q and doppler model)

�� Robust FLLRobust FLL --assistedassisted --PLLPLL implemented for occultation signal tracking in C L

� An atmospheric excessatmospheric excess --dopplerdoppler estimatorestimator (atmo_model) is implemented in the 
receiver. It provides estimates of the atmospheric excess doppler to be used for 
the raw sampling operations (frequency aiding) and for fast acquisition of 
signals

�� HighHigh --frequency raw samplingfrequency raw sampling is applicable to both rising and setting 
occultations

� Raw sampling (I, Q and Doppler Model @ 100 Hz) in t he lowest part of the 
troposphere 

�� ““ Fast AcquisitionFast Acquisition ”” technique for acquisition of occultation signals
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ROSA Instrument DescriptionROSA Instrument Description

ROSA major building blocksROSA major building blocks

1. ROSA GPS Receiver for Radio Occultation

2. Velocity & anti-Velocity Antenna assembly

3. POD Antenna

4. RF Cables connecting antennas with Receiver
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ROSA Rx Block DiagramROSA Rx Block Diagram

Semi rigid cables

DIPLEXER

Ultrastable OCXO

LNA  SUPPORT

Semi rigid cables

DIPLEXER

Ultrastable OCXO

LNA  SUPPORT
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ROSA Instrument DescriptionROSA Instrument Description

Radio Occultation Antenna AssemblyRadio Occultation Antenna Assembly
� 2 panels with 6 radiating elements each
� 4 Band Pass Filters
� 4 Interconnection RF Cables
� Mounting structure

H=162

W=490

L=1030
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RO Antenna RO Antenna PatternsPatterns
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ROSA Instrument DescriptionROSA Instrument Description

ROSA Instrument Mechanical Interfaces and Power Bud getROSA Instrument Mechanical Interfaces and Power Bud get

Dimensions
Receiver: 250 x 287 x 206 mm (L x W x H)
POD Antenna: 127 x 49 mm (rad x H)
Radio Occultation Antenna: 1035 x 500 x 165 mm (L x  W x H)

Mass
Receiver: 8 kg +/-5%
POD Antenna: 140 g +/- 5%
Radio Occultation Antenna: 8.2 kg +/-3% (for each an tenna) 

Power Budget
Input Power Voltage = 21 to 40 VDC

Power Consumption:
Operating mode = 50.6W
Warm up mode = 51.3W
Stand-By = 49.4W
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ROSA Occultation FeaturesROSA Occultation Features
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� In addition to “classical” signal processing of a GP S receiver, a Radio Occultation 
instrument has to cope with the following character istics of the Occultation signals:
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ROSA Performances SummaryROSA Performances Summary

�� Low acquisition thresholdLow acquisition threshold: < 34 dB-Hz @L1C/A, <19 d B-Hz @ L2 (95%)

� On-board AtmoAtmo ModelModel performing within specifications (< 10 Hz w.r. t. true)

� I, Q sampling allows to successfully retrieve resid ual frequency

�� Signal AcquisitionSignal Acquisition (rising) < 5 km height (100 % of the cases) CL, < 2 km (100%) OL

�� Amplitude estimationAmplitude estimation < 0.2 dB (1 ssss), noise estimation < 0.5 dB (1 ssss). 

� Variable rate samplingrate sampling (1,10,50 Hz) for close loop channels

�� High rate samplingHigh rate sampling (100 Hz) for open-loop channels

�� Low measurement noiseLow measurement noise (< 2 mm for carrier phase @ al l altitudes, < 0.5 m for code @L1)

�� Warm Start TTFFWarm Start TTFF: less then 55 seconds

�� Cold Start TTFFCold Start TTFF: less then 900 seconds

�� Navigation Solution PVTNavigation Solution PVT (3D-3sigma)

� Position error: < 30 meters

� Velocity error: < 10 cm/sec

� Time error: < 400 nsec
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ROSA on OCEANSATROSA on OCEANSAT --2 2 MissionMission

� ISRO OCS-2 mission will forecast the onset of monso on and its subsequent 
advancement over the Indian peninsula and will prov ide service continuity for the 
operational users of the Ocean Color Monitor

� Launch is planned mid-2009
� ROSA data will be processed on-ground by a group of  Italian Universities that will 

provide products up to level 3 (temperature, pressu re, humidity, electron density 
profiles)
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ROSA on ROSA on SACSAC--DD--AquariusAquarius MissionMission

� SAC-D Aquarius is one of two Earth System Science P athfinder small-satellite program 
missions confirmed by NASA in 2005

� The Aquarius satellite is targeted for launch in 20 10 for a three-year mission
� First satellite mission specifically designed to pr ovide monthly global measurements of 

sea water salinity at the ocean surface
� TAS-I Milan is delivering Lagrange navigation recei vers for satellite on-board real-time 

orbit determination and a ROSA receiver for the Acq uarius scientific mission
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ROSA 2nd GENERATIONROSA 2nd GENERATION
MotivationMotivation & & DriversDrivers



All rights reserved, 2009, Thales Alenia Space

Navigation Dept.

Page 23

GNSSRO – April 08, 2009, Pasadena, CA

USER USER NEEDSNEEDS……

5) INNOVATION: multi-purpose instrument, modularity of applications

1) EASIER ACCOMMODATION ON HOST SATELLITE

2) MORE OCCULTATIONS EVENTS

3) BETTER QUALITY OF OCCULTATIONS: 
Sounding down to/from the surface, successfull multipath identification

6) LOW LATENCY OF RO DATA

4) IONOSPHERIC / SPACE WEATHER DATA AVAILABILITY

7) ITAR-FREE DESIGN
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USER USER NEEDSNEEDS……

� Accommodation of ROSA was a challenging issue for host sat ellites not

specifically conceived for RO applications, main constr aint are the RO 

antenna dimensions. Example: OceanSat II.

� Reduction of mass, power, dimensions (both of receiver an d antenna parts) 

are one of the main drivers for the development of a new ge neration 

instrument, ROSA 2ROSA 2ndnd GenerationGeneration

EASIER ACCOMMODATION ON HOST SATELLITE
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USER USER NEEDSNEEDS……

MORE OCCULTATIONS EVENTS

� The user requirement of high number of occultation events translates into a 

multimulti --constellationconstellation receiverreceiver. 

� Currently, the rough estimate for a single single constellationconstellation receiverreceiver isis ~500 ~500 

occocc //dayday usingusing risingrising and and settingsetting antennasantennas (GPS (GPS onlyonly ))

�� TrackingTracking ofof Galileo SVGalileo SV (when the constellation will be fully deployed ) will

increase the number to ~ 1000/day

� Options to track COMPASS signals, as well as GLONASS may b e an

interesting opportunity to be evaluated in the near futur e.

� COMPASS ICD and future switch to CDMA for GLONASS are uncertain aspects that

need to be considered. 

�� ImpactsImpacts at at RxRx: Correlator technology (GALVANI, AGGA-4), Number of

channels, Processing power



All rights reserved, 2009, Thales Alenia Space

Navigation Dept.

Page 26

GNSSRO – April 08, 2009, Pasadena, CA

USER USER NEEDSNEEDS……

� The first requirement translates into better SNR, good f requency stability in the time

interval of an occultation, robust tracking techniques an d type signals to be tracked.   

� On receiver side, better SNR can be achieved by considering good LNA stage on one side 

(i.e. noise floor reduction) and gain on the antenna side.

� Frequency stability in ROSA / ROSA 2°Gen is accomplished by using high-quality USO 

(currently 2.e-12 @ 1 s, < 5. e-11 @ 50 min)

� Robust tracking techniques: in parallel to classical clo sed loop operations, in the last 

years great focus has been put on open-loop techniques (h igh-frequency raw sampling).

� An implementation of this technique, based on a collabo ration between Italian

University (Politecnico di Torino) and TAS-I is impl emented in ROSA 

BETTER QUALITY OF OCCULTATIONS:
sounding down to the surface

IONOSPHERIC DATA AVAILABILITY
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USER USER NEEDSNEEDS……

�� ModernizedModernized signalssignals provide the opportunity to deal with pilot signal s (i.e., signal

components without data bit modulations), ridimention ing the current problems

arosen in removal of Navigation Message Bit in Open Loop (see for example ** ). 

� Another important advantage of GPS Modernized signals and  GALILEO Open 

Service is the opportunity to accessaccess the the secondsecond frequencyfrequency withoutwithout the the currentcurrent

drawbacksdrawbacks ofof L2P(Y)L2P(Y) encription (GPS L2-C, GAL E5a-b, GPS L5). 

� Antenna design must consider necessary gain figures for b oth limb sounding

(“high” gain) and ionosphere (“moderate” gain)

� In ionospheric tracking different sampling rate (1, 10 50 Hz) can be foreseen

BETTER QUALITY OF OCCULTATIONS: 
sounding down to the surface

** S. Sokolovskiy, C. Rocken, W. Schreiner, D. Hunt, J. Johnson, Post-processing of GPS L1 radio occultation signal recorded in open loop
mode, Radio Science, Vol 44, RS2002, March 2009

IONOSPHERIC DATA AVAILABILITY
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USER USER NEEDSNEEDS……

INNOVATION

� The emerging concepts in the field of remote sensing usi ng GNSS signals is

GNSS GNSS altimetryaltimetry and GNSS and GNSS scatterometryscatterometry . 

� The use of an integrated instrument aimed to the fulfillme nt of GNSS 

NavigationNavigation + GNSS Radio + GNSS Radio OccultationOccultation + GNSS + GNSS ScatterometryScatterometry //AltimetryAltimetry (NAV 

+ RO + SCAT/ALT) is an ambitious objective that TAS-I studied in the ROSA 

2nd Gen Instrument Study, under ASI contract in 2008.

�� ModularityModularity would allow, in principle, an unique design in which theNAV, RO 

and SCAT/ALT funtionalities are independent. NAV, of course, is the basis of

the functioning. Options:

�� NAVNAV

�� NAV + RO (single and NAV + RO (single and dualdual --antennaantenna ))

�� NAV + SCAT/ALTNAV + SCAT/ALT

�� NAV + RO + SCAT/ALTNAV + RO + SCAT/ALT
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USER USER NEEDSNEEDS……

LOW LATENCY

� This issue impactsimpacts more on the more on the groundground stationsstations displacement

� At the receiver level, one of the possible improvements is to

implementimplement a mass a mass memorymemory in order to optimize the exchange with

the satellite on-board memory
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ROSA developmentsROSA developments

ROSA instrument evolution is in progressROSA instrument evolution is in progress

Development Key points:

�� Increase Signal SourcesIncrease Signal Sources: Galileo, Modernized GPS signals (L2C, L5)
�� Exploit frequency commonality between GALILEO and G PSExploit frequency commonality between GALILEO and G PS

� Dual Frequency Rx Baseline: L1 and L5/E5a

� Triple-Frequency Rx Baseline: GPS L1, L2C and L5, G AL: L1, E5a, E5b 

�� Processing PowerProcessing Power: Number of Channels and SNR (noise floor reduction)

�� Increase MemoryIncrease Memory Available: easier Data Downlink

� System accommodation improvementsaccommodation improvements: Size, Mass, Power

�� ModularityModularity

�� ITARITAR--freefree design

� Possible integration of GNSS altimeter/integration of GNSS altimeter/scatterometerscatterometer module
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INSTRUMENT CONCEPTINSTRUMENT CONCEPT
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RADIO-OCCULTATION ANTENNA

Three RO antenna Three RO antenna typestypes under under evaluationevaluation

HelixHelix Vertical Vertical ArrayArray DoubleDouble --cuppedcupped helixhelix

dielectric support
or quasi-aria

wire or printed
helix

stacked patch
RHCP

metallic sheet
(satellite body)
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ROSA developmentsROSA developments

ROSA ROSA vsvs Next Generation of Atmospheric sounding ReceiverNext Generation of Atmospheric sounding Receiver

Parameter ROSA ROSA next generation 
Frequencies GPS L1, L2 GPS L1, L5, (L2C)  

GALILEO L1, E5a (E5b) 
Tracking channels 16 dual frequency or 

48 single frequency 
~30 single-freq/dual code 
per module (3 modules 
foreseen)  

Receiver sensivity 
-  Acquisition (95 %) 
-  Tracking (95 %) 

(L1 CA) at correlators 
~ 34 dBHz  
< 30 dBHz 

(L1 CA) at correlators 
 ~30 dBHz  
< 30 dBHz 

Tracking capabilities Closed-loop (DLL, FLL-
aided-PLL) + high frequency 
raw sampling (100 Hz, 
driven by an atmospheric 
model) 

Closed-loop (DLL, FLL-
aided-PLL) + high 
frequency raw sampling 
(>=100 Hz, driven by an 
atmospheric model) 

Data latency Real time Real time or Buffered 
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Contact InformationContact Information

Alberto ZinAlberto Zin , Giovanni Fuggetta, Livio Marradi 

Navigation Products
Thales Alenia Space Italia
SS. Padana Superiore 290
20090 Vimodrone (Milano)
Tel. 02 250751

alberto.zin@thalesaleniaspace.com

ThanksThanks forfor youryour attentionattention !!


