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Satellite Navigation i Application Fields

ANavigation: automotive, aircrafts, shipping, space

AGeodesy: surveying, mapping, geology, archaeology, civil engineering,
topography

ATime keeping: mobile communication
A systems, internet traffic

ASearch and Rescue (SAR)
AFleet management
ATraffic control
AGeolocation based games
AMarketing

ASocial Networks
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Satellite Navigation i General Principles

A Satellite broadcasts :
A orbital data and ephemeris
A precise time stamp (atomic clocks)

AReceiver measurements:
A compares transmission and
reception time (flight time)
Adistance between satellite and
receiver.
AReceiver placed in a spherical shell: ._
Atrilateration I l.]
APosition + time e

i DLR




Safety of life applications (e.g. Civil aviation)




Safety of life applications

ARely more on GNSS in the future (SESAR and NextGen)
A Allow for new type of approaches (e.g. curve)
Alncrement of air traffic density A Reduce distance between aircrafts

ANot only accuracy is therefore important A Integrity and availability
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GNSS Vulnerabilities

System Errors:
A Satellite clock
A Orbital parameters

Atmospheric: i
A Tropo/lonospheric Storms

A Scintillation s

Fake GNSS signal
(Spoofing)

' \GNSS Threats/; 4
\/ Q Local Effects:

A Multipath
Interferences: A NLOS

A Unintentional
A Intentional (Jamming)




System Error Monitoring

A Characterization of Satellite Orbit and Clock Errors

SlISVerificationwith
HighGainAntenna Experimentation and Verification
Network (EMNET)
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lonosphere Monitoring Prediction Center (IMPC)

Detection, Analysis and alert of lonospheric 5 %Mi‘i,ii‘l‘éfiﬁis
Events Groundbase >4
AModeling of the lonosphere through the =
determination of the TEC (Total Electron IMPC
Content) ‘

A Detection of the amplitude and phase of m, ”’ m
scintillation for multifrequency GNSS lonosphere  lonosphere  lonosphere
measurements Monitoring Prediction Modelling
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DLRGBAS Grounétacility
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BRO5 v iviv GPS (L1/L2/L5) + Galileo (E1 / E5a) + Glone

Connected to Leica AR25 choke ring antennas
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DLR Research Aircraft

Evaluation of measurements and —\_ &H /)
system performance through k. \
flight trials =N - z

D-CODE (Dornier 228)
ATTAS (VFW 614)
ATRA (Airbus 320)
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RF Interferences

A GNSS signals are deeply buried in the noise and can be easily disturbed by
interference from other signals

A Received power at Earth surface:
~-160 dBW =
0.000 000 000 000 000 1 Watt

A Can be disturbed by:
A Accumulated noise (e.g. UWB)
High power pulses (DME, TACAN)

A
A High Power Continuous Wave (Harmonics from TV stations etc.)
A Personal Privacy Devices Jammers



Interference by GPS Jammers (PPD) at Newark Airport

. . . L
Intentional jamming Is reallt.y. GBAS Reference- Jammer
Personal Privacy Devices (jammers) Antenna

disturb GPS and GBAS reference stations

Operation illegal ‘l

Price: $ 30 - $ 200 in Internet
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Interference mitigation required
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Adaptive Antennas

Interference and multipath mitigation

Multipath

Spoofing
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Antenna pattern of 5 x 5 array
after beamforming

Nullsat the
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interferences

Nullsat the <,
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Pre and post correlation techniques: Beamforming

A Pre-correlation A Post-correlation

Desired
reception
pattern:

Spatial zero to
mitigate
jammer
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Some DLR GNSS Antenna Arrays

Galileo E1/E6tandardand Galileo E1/EStandardand
miniaturized miniaturized

GPSonformal

7




Practical Realization: Complete System

active antenna front end FPGA embed.
yeo 4 PC

directiona RF RF RF .. LP IF- IF- BP
A/D- .
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® Calibration Signal

/
low-rate processing

(trackingloops array
processingPVT)

high-rate processing
(DDCcorrelation)
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http://sine.ni.com/nips/cds/view/p/lang/de/nid/203443

Beamforming and DOA-estimatio
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In Flight Tests
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Repeater Test Satp
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