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GNSS in civil aviation and signals distortions (1/3)
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Context

GNSS is used in civil aviation application which requires a very high quality of
service for the most demanding phase of flight. The quality of the service is based
on four requirements (integrity, accuracy, availability and continuity) defined by
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GNSS in civil aviation and signals distortions (2/3)

Augmentation systems including GBAS and SBAS are defined to improve the
quality of the service. GBAS and SBAS have two main functions:

A send differential corrections,

A monitor signals (to detect non nominal conditions) and send timely alerts.

Differential correction concept: Pseudorange errors are estimated at known reference
location and are sent to the user which can correct its own pseudorange
measurements.

v

Differential corrections are able to correct errors that affect in the same way the
reference and the user.

To meet stringent requirements (especially integrity) it is necessary to monitor any
source of potential degradation of the service especially when they cannot be
corrected differentially because having an impact which depends upon the receiver
configuration.
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Context

GNSS in civil aviation and signals distortions (3/3)

Signal distortions generated by the satellite can degrade the quality of the GNSS
service and are classified in two categories:

0 Nominal distortions generated by healthy satellites due to payload imperfection.

0 Non-nominal distortions (Evil Waveform) that are triggered by a satellite

payload failure.

Signal distortions are a threat for differential users because their impact on receiver
is dependent upon the receiver configuration.

on the pseudorange measurements

{ Receiver parameters with an impact }

[
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filter characteristics:
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Copyright© 2016 by ENAC

(" Tracking technique
characteristics (DLL):
A Local replica
A Correlator spacing

@\ Discriminator type
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Context

Evil WaveForm (EWF) problem (1/2)

The first and largest EWF was observed on SV19 (GPS) in 1993 [Mitelman, 2004].

Time domain:

A Zero crossings not aligned
(I and Q not in phase)

A Small ringing distortions

Power Spectral Density:
A Asymmetry
A Central peak

Position domain:
A error up to 8 meters
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Other GNSS signal distortions were observed [Brenner et al., 2009], [FAA, 2016], and it
can be difficult to make the difference between a nominal and a non-nominal distortions.
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Evil WaveForm (EWF) problem (2/2)

Civil aviation problem: EWF poses an integrity issue when:
0 Not detected by specific monitors in augmentation systems (SBAS, GBAS)
0 Leading to a threatening differential tracking bias (out of requirements)

Action 1: ICAO (International Civil Aviation Organization) created a Threat
Model (TM) which characterizes GPS L1 C/A (expected) non-nominal signal
distortions. [ICAO, 2006]

Action 2: Design at GBAS and SBAS levels Signal Quality Monitors (SQM)
that are able to detect all threatening distortions defined in the TM leading to an
hazardous impact on differential airborne users.

TM: characterize the threat

SQM: neutralize the threat
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PhD Objectives

U The PhD is focused on SBAS application regarding new GNSS signals (Galileo
Eba, Galileo E1 pilot component (Galileo E1C) and GPS L5 pilot component).

U PhD objectives are:

0 The investigation of nominal distortions on these new signals (not tackled
in this presentation).

0 The proposition of a TM for new signals.
0 The design of a SQM robust against distortions from the TM.

0 The verification of SQM performance.
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I. Proposition of TM for new signals

II. SQM for new signals

III.Conclusions and future works
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I. Proposition of TM for new signals

1.

2
3.
4

Current GPS L1 C/A Threat Model
Adaptation of the current TM to new signals

Concept to design the Threat Space
TM-B design
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