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Earth Monitoring Earth Monitoring (Planet Health, Protection and   (Planet Health, Protection and   
Security )Security )y )y )

Navigation Navigation (GALILEO, GPS III)(GALILEO, GPS III)

Telecommunications is the glue of the tissueTelecommunications is the glue of the tissue

-------- Bressanone, 2 luglio 2010Bressanone, 2 luglio 2010 ------ M. Ruggieri M. Ruggieri ------



U T i lUser Terminals

T h l iTechnologies

S i I t tiService Integration 
(NavCom, ObsComNav, ObsNav)

Service Integration
i bilit d i l li tiin mobility and wireless applications
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GNSS Layer

MULTIMULTI--LAYERLAYER
ARCHITECTUREARCHITECTURE
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Each layer is heterogeneous in terms of: Each layer is heterogeneous in terms of: 

frequency rangesfrequency ranges
technologiestechnologies
intraintra--layer featureslayer featuresintraintra--layer featureslayer features
crosscross--layer issueslayer issues
deployment time and costdeployment time and cost
design and modelling issuesdesign and modelling issuesdesign and modelling issuesdesign and modelling issues
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S t llit B d N t kiS t llit B d N t ki

Sat 1 Sat 2 Sat K

Satellite-Based NetworkingSatellite-Based Networking

Sat 1 Sat 2 Sat K

Earth
To/from other

networks
To/from other

networks

router router
Net 2

router
Net 1 Net3 

Net 4
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NAV NAV -- EO EO -- COMCOM
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TECHNOLOGYTECHNOLOGYDESIGN DESIGN NETWORKINGNETWORKING CHALLENGECHALLENGE

router router

t
Net

Net

Netrouter Net

Net

Necessary ingredients for the Necessary ingredients for the IntegrationIntegration--concept concept 
(I(I t)t)(I(I--concept)concept)
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NavCom Integrated ArchitecturesNavCom Integrated ArchitecturesNavCom Integrated ArchitecturesNavCom Integrated Architectures

SS--LAYERLAYERSS LAYERLAYER

AA--LAYERLAYER

L/WL/W -- LAYERLAYERL/W L/W -- LAYERLAYER
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SAR

PRS

SoL

GALILEOGALILEOGALILEOGALILEO
OS CS
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SYSTEM ADMINISTRATION AND OPERATION
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Other
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GALILEO CORE SYSTEM

GALILEO SPACE SEGMENT
( MEO Constellation )

REGIONAL 
COMPONENTS

INTEGRITY

Control GALILEO 
Mission Up-Link

Signal In Space
GCC INTEGRITY 

DETERMINATION & 
DISSEMINATION

GALILEO Control CenterIntegrity Control
C t Regional IntegrityCenter
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GALILEO SAR Service Architecture
GALILEO

satellite

Up-Link
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GPS Satellites
GEO Satellite

The WAAS architecture concept

AugmentationSystemsAugmentationSystems

USER WRS = Wide area Reference Stations
WMS = Wide area Master Station 

WRS1 WRS3WRS2 WRSk
WMS
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Integration at many levelsIntegration at many levelsIntegration at many levelsIntegration at many levels
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GPS satellite

Settled

“The train arrives at ...”

GPS satellite

Secondary Lines Signalling SystemSettled 
information 

system

“The next 

Secondary Lines Signalling System

Control Center
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...”
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On-board passenger
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GPS satellite

Settled
passenger

information

Command Center

GPS signal

information
and 

supplication box
at “B” station

g

Radio signal

Security 
service

Request
for

help
service
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S-Bahn Berlin System
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GPS satellites

Freight train

Passenger trainGPS signal

Train 
Info to

Train 
d t

Radio link

R di li kdata
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GNSS-based Passenger and Freight Transportation
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Positioning
Mobile communication

Service provider

Mobile communication Satellite navigation

Data exchange
Positioning

p
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Data exchange
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Data exchange
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User terminalWLAN
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P iti iP iti i

GPS i lGPS signal

Positioning Positioning 
for mobile users: for mobile users: 
AA--GPSGPS GPS signalGPS signal

GPS
receiver

AA GPSGPS

MSCA-GPS
server Assistance

data

BSC
MS

(UE)

data

BS
( d B)SC (node B)

MSC = Mobile Switching Center

BS
(node B)

BSC = Base Station Controller
BS = Base Station
MS = Mobile Station
UE = User Equipment (UTRAN terminology)
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Integration of GNSS with Integration of GNSS with satcom networkssatcom networks::

InmarsatInmarsat
IridiumIridiumIridiumIridium
GlobalstarGlobalstar
ThurayaThuraya
QZSSQZSSQZSSQZSS
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Exploitation of NavComExploitation of NavCom
architectures inarchitectures in

GPS POSITION INFORMATIONGPS POSITION INFORMATION

architectures in architectures in 
Emergency NetworksEmergency Networks AIR TO AIR COLLISIONAIR TO AIR COLLISION

AVOIDANCE FUNCTION:AVOIDANCE FUNCTION:
--

Display the situation of theDisplay the situation of the
intruder with auralintruder with aural

warningwarning

COMMUNICATION WITH COMMUNICATION WITH 
AMBULANCE CARAMBULANCE CAR

TDMA DATALINKTDMA DATALINK
AMBULANCE CARAMBULANCE CAR

MONITORING AND DIRECTIVE GROUND MONITORING AND DIRECTIVE GROUND 
STATIONSTATION
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SENSOR
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NETWORK
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BLUETOOTH
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A further integrated application…A further integrated application…
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Integration at Integration at 
User TerminalsUser Terminals
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Examples of WAAS avionics receivers

Certified CheltonCertified Chelton

Certified UPSATCertified UPSAT

SFAR approved CapstoneSFAR approved Capstone
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Other ApplicationsOther Applications
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The Center for TeleInFrastructure (CTIF)The Center for TeleInFrastructure (CTIF)( )( )
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CTIF (Denmark)

Aalborg

Copenhagen

CTIF-Japan

CTIF-Italy Roma

CTIF-India

Tokyo

Kolkata
Mumbai

Tokyo

InformationCommunicationTechnolohy@CTIF
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CTIF_HeadquarterCTIF_HeadquarterCTIF_HeadquarterCTIF_Headquarter

Aalborg University

CTIF_Headquarter:CTIF_Headquarter:CTIF_Headquarter:CTIF_Headquarter:_ q_ q
another premise 

in Ballerup - Copenhagen

_ q_ q
another premise 

in Ballerup - Copenhagen
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CTIF_JapanCTIF_JapanCTIF_JapanCTIF_Japan

Intelligent Transport SystemsIntelligent Transport Systems

is located in the Yokosuka Research Park (YRP), 60 km south Tokyo. 

g p yg p y
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CTIF_IndiaCTIF_IndiaCTIF_IndiaCTIF_India

Kolkata UniversityKolkata University
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CTIF_Italy @University Roma Tor Vergata

Science

Medicines and PTV Engineering

L
Rectorate

Law

International Office

Humanities

Economics
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Wireless communications :
• Future Broadband Communications
• Radio Networking and Security 
S t llit  C i ti  & I t ti  ith t t i l 

CTIF_Italy Field of  InterestCTIF_Italy Field of  Interest

• Satellite Communications & Integration with terrestrial 
• Short-Range Communications
• Medical Applications

Aerospace Systems (Telecom, GNSS, Earth Observation):
• Satellites, HAPs, Constellations, Formations
• Architectures, payloads, components, p y , p
• Software 
• Receivers
• Applications and services (including dual use)
• Experimental trials
• Data analysis

ICT for Quality of LifeICT for Quality of Life
• Biotechnology 
• Energy
• Earthquakes
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CTIF_Italy Premises: @University Roma Tor VergataCTIF_Italy Premises: @University Roma Tor Vergata

Director
Prof. Marina Ruggieri

Vice-Director
Prof. Nicola Blefari Melazzi

INVOLVED 
STRUCTURES:

International OfficeInternational Office
Eng. Faculty Center
DIE, DISP, DII, DIM

Scientific Coordinator Technical CoordinatorScientific Coordinator
Dr. Ernestina Cianca

Technical Coordinator
Dr. Mirko Antonini
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CTIF (Denmark) Aalborg

C h

CTIF-Japan

CTIF-Italy

Copenhagen

Dr. Mauro De Sanctis

CTIF-India

Tokyo

Globalization@CTIF

Tokyo

Dr. Tommaso Rossi
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Industry & CTIF_Italy

Conceivement of applications  (C)

Experimental trials  (C)

Technological development (I)

Achievement of user terminal cost and 
performance effectiveness (I)p ( )
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An International Environment for System Integration An International Environment for System Integration An International Environment for System Integration An International Environment for System Integration 

The Flower The Flower 
Constellation TeamConstellation Team

Texas
A&M, USA
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(75(75--110 GHz)110 GHz)(75(75--110 GHz)110 GHz)

WW--Band Experiments Band Experiments 

(75(75 110 GHz)110 GHz)(75(75 110 GHz)110 GHz)

Heritage: the DAVID MissionHeritage: the DAVID Mission

Early Experiment ofEarly Experiment of
terrestrial link in Wterrestrial link in W--bandband
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Advanced Integrated SystemsAdvanced Integrated SystemsAdvanced Integrated SystemsAdvanced Integrated Systems
PRIN 2000PRIN 2000

Integration of terrestrial and Integration of terrestrial and satellitesatellite
communicationscommunications

Integration of terrestrial and Integration of terrestrial and satellitesatellite
communicationscommunications

PRIN 2002PRIN 2002

Integration of terrestrial/satellite/Integration of terrestrial/satellite/HAPHAP
communicationscommunications

Integration of terrestrial/satellite/Integration of terrestrial/satellite/HAPHAP
communicationscommunications

PRIN 2005PRIN 2005

Integration of Integration of navigationnavigation andand
communicationscommunications

Integration of Integration of navigationnavigation andand
communicationscommunicationsICONAICONA
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Advanced Integrated SystemsAdvanced Integrated SystemsAdvanced Integrated SystemsAdvanced Integrated Systems

ICONA (Integrated COmmunications and NAvigation):ICONA (Integrated COmmunications and NAvigation):
(National funding) : Situation and location aware design solutions over 
heterogeneous wireless networksheterogeneous wireless networks  where the information of the heterogeneous wireless networksheterogeneous wireless networks, where the information of the 
location and situation is used to guarantee an optimized inter-system 
Radio Resource Management and Mobility management
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S t llitS t llit A i t d L lI ti  d A i t d L lI ti  d S t llitS t llit A i t d L lI ti  d A i t d L lI ti  d 

Advanced Integrated SystemsAdvanced Integrated SystemsAdvanced Integrated SystemsAdvanced Integrated Systems

SatelliteSatellite--Assisted LocalIzation and Assisted LocalIzation and 
Communication systems for Emergency Communication systems for Emergency 

services (services (SALICESALICE))

SatelliteSatellite--Assisted LocalIzation and Assisted LocalIzation and 
Communication systems for Emergency Communication systems for Emergency 

services (services (SALICESALICE))services (services (SALICESALICE))services (services (SALICESALICE))
Integrated 

Reconfigurable 
NAV/COM device 

PRIN 2007PRIN 2007PRIN 2007PRIN 2007
/CO de ce

with SDRSDR and CRCR
technologies in a 
Sat-HAP-ground g

network

Incident Area Incident Area 
Network Network (IANIAN) 

for optimal user
aggregation of 

context  location context, location 
and environmental 

information 
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Medical ApplicationsMedical Applications

DCMC (Disturbo Controllo Motorio Cardio-Respiratorio)
Control of moviments by studying them in some special conditions. 

Realization of a 
goniometric glove for 
hand posture hand posture 
obtained with the 
vulcanization of the 
sensors in a textile 

i l h  i  material that is 
controled using a 
wireless system
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NEW CONSTELLATIONSNEW CONSTELLATIONS

FLORAD
Micro-satellite FLOwer Constellation of millimeter-
wave
RADiometersfor the Earth and space Observation at 
regional scale (ASI Contract)

Flower vs WalkerFlower vs WalkerFlower vs WalkerFlower vs WalkerFlower vs WalkerFlower vs Walker
ConstellationConstellation
Performance AnalysisPerformance Analysis

Flower vs WalkerFlower vs Walker
ConstellationConstellation
Performance AnalysisPerformance Analysis
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DDataata RRelayelay SSatelliteatellite ((DRSDRS))
B1B1

T1T1
Mesh

T1T1

Inter-orbit link

B3B3
T3T3

T2T2
Mesh

T3T3

T2T2

B2B2

Theatre Service Area 
(TSA)

Theatre Service Area 
(TSA)

E3E3
E4E4

E5E5
E7E7

E6E6E2E2E1E1

E3E3
E4E4

E5E5
E7E7

E6E6E2E2E1E1

Vital traffic type

Desiderable traffic type Wide Service Area 
(WSA)

E3E3

Wide Service Area 
(WSA)
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GNSSGNSS--based Architectures and Servicesbased Architectures and Services

GAPACOM
satellite/terrestrial 

system based on the y
study of an innovative 

NAVCOM payload 
to be embarked on 
GALILEO t llitGALILEOsatellites
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GNSSGNSS--based Architectures and Servicesbased Architectures and Services

GAPACOMGAPACOM
validates a 

communications 
d i tiand navigation 

system based 
on the GALILEO 
constellation for 

AeroNavCom 
applications 
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GNSSGNSS--based Architectures and Servicesbased Architectures and Services

Health 
Engineering
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GALILEO TEST RANGE: Application Prototipes

Precision AgriculturePrecision Agriculture
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ALPHASAT TDP#5 (Technology Demonstration Programme#5) is 
a Q/V band payload that will be embarked on the AlphaSAT 
satellite (ESA), whose objective is to:satellite (ESA), whose objective is to:

Improve the knowledge of propagation impairments at Q/V band which is
instrumental in the design of satellite communication systems adopting adaptive
techniq es e g ACM on board antenna pattern re config rabilit p and do ntechniques, e.g. ACM, on-board antenna pattern re-configurability, up- and down-
link power control. In particular, a better characterization of 2nd-order statistics is
currently required to better exploit the characteristics of the new interference and
fading mitigation schemes like the one just mentioned (ACM adaptive on boardfading mitigation schemes, like the one just mentioned (ACM, adaptive on-board
power reconfiguration, up-link power control, site diversity).

Test the technologies required for implementing modern communications payloads
in Q/V band.
space to earth in Q band region: 37.5 ÷ 43.5 GHz (selected centre channels frequencies 37.9 and
38.1 GHz).

earth to space in V band region: 47.2 ÷ 50.2 GHz (selected centre channels frequencies 47.9 and
48.1 GHz).
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NanosatellitesNanosatellites

W i ht 30 kWeight <30 kg
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Integrated Integrated service provisionservice provision

Integrated Integrated networknetwork
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MobileMobile
terminalterminal
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lowlow pass filterspass filters

analogicanalogic
lowlow--pass pass 

accelerations

lowlow--pass filterspass filters

tilt sensorstilt sensors

powerpower

filterfilterangular
velocities

tilt sensorstilt sensors

PCMCIA A/D
converter

gyroscopesgyroscopesaccelerometersaccelerometers
Low-cost Inertial-GNSS Integrated Navigation System

Kalman filteringKalman filtering

target trajectorytarget trajectory
and attitudeand attitude
evaluationevaluation Data capture and 

processingGPS
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AMUSE - Advanced MUltiservice and positioning Satellite nEtwork

Rete Satellitare Servizi: Rilevazione
valore sensori

Gateway

Piattaforma di Navigazione
valore sensori, 
Elaborazione, 
Misure, Controllo a 
distanza

Gateway

Gateway Rete Aeronautica

Stazione Mobile

Rete cablata

GatewayStazione Mobile

S i i T l di i

Servizi: Monitoraggio e 
Analisi dei disturbi 
(interferenze cammini

Rete di Sensori
Servizi: Telemedicina, 
Teledidattica, 
Teleaddestramento

(interferenze, cammini 
multipli, ecc…), 
Caratterizzazione 
scenari operativi 
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Wearable-Net
Wireless modular system interconnecting electronic wearable devices 

Wearable-Net
Wireless modular system interconnecting electronic wearable devices 
(medical sensors, environmental sensors, communication units) with a 
central controller owned by each user which acts as a smart monitoring 
unit and a wireless bridge.

(medical sensors, environmental sensors, communication units) with a 
central controller owned by each user which acts as a smart monitoring 
unit and a wireless bridge.
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ZigBee 
M d l

Wearable 
B d S

Visualization 
dModul

e
Bend Sensor and 

Monitoring

V-Glove
Wi l l th t ll t d li b d h d

V-Glove
Wi l l th t ll t d li b d h dWireless glove that allows to deliver messages based on hand 
gesture; optimization and test of communication parameters.
Wireless glove that allows to deliver messages based on hand 
gesture; optimization and test of communication parameters.
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SDR 

for tactical communications

SDR 

for tactical communicationsfor tactical communications for tactical communications 

Matlab
Simulink

DSP Board TMS320C6713 Quadrature Mod/Dem 
Hittite HMC 497/597 (0.1-4 

GHz)
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GNSS SDR receiverGNSS SDR receiver
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W-PencilsW-Pencils

W‐band Transportable User Terminal 
(used for operation and soldiers 

High data‐rate bidirectional
W‐band Pencil‐beam (few kms)( p

health/status data gathering)
W band Pencil beam (few kms)

Short‐range soldiers g
health/status data

Jamming signals do not 
affect UWB radio link

Theatre of Operation Hostile jamming 
signal generator
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ICT for Energy Security
Protection of electric facilities against terroristic attacks; security of sensitive 
data related to oil and gas potential sites against c ber sp ing

ICT for Energy Security
Protection of electric facilities against terroristic attacks; security of sensitive 
data related to oil and gas potential sites against c ber sp ingdata related to oil and gas potential sites against cyber-spying data related to oil and gas potential sites against cyber-spying 
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Sixen (antianti--roadside bombsroadside bombs)
Multi-sensor / multi-platform integrated system for IED detection and 

Sixen (antianti--roadside bombsroadside bombs)
Multi-sensor / multi-platform integrated system for IED detection and 
counter measures (unattended sensor payload; proving-ground-based 
expert system)
counter measures (unattended sensor payload; proving-ground-based 
expert system)
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ALERT

ENABLE

ENABLE

ENABLE

ENABLE

Swarm-Enabler/DisablerSwarm-Enabler/Disabler
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Swarm-based architectures for Earthquake prediction/early 
warning/management.

Swarm-based architectures for Earthquake prediction/early 
warning/management.
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Seaport applicationsSeaport applications

Satellite compass; access control; logisticsSatellite compass; access control; logistics

-------- Bressanone, 2 luglio 2010Bressanone, 2 luglio 2010 ------ M. Ruggieri M. Ruggieri ------
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