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Abstract

In the Civil Aviation field, the international trdn(through ICAO, EUROCONTROL) is to adopt one positigni
system that allows to follow more flight phasesisTwill allow to release themselves by ground ilistons and
optimize the traffic flows following the aRea Navigm (RNAV) concept. In order to realize this goaé tEuropean
Scientific Community are focusing on Augmentatiorst8ins based on Satellite infrastructure (SBAS -li@ate
Based Augmentation System) and on Ground based(Gi5S - Ground Based Augmentation System).

The goal of this work is to present some resultSBAS and GBAS performances.

Regarding SBAS, the Department of Applied Sciendd3ansthenope University, after the acquisition di@vatel
OEM4 SBAS receiver has created a monitoring statiat reflect as much as possible a standardizedsunea
environment for EGNOS Data Collection Network (EDC8Btablished by Eurocontrol.

The Department of Applied Science has decided iy @caut a own monitoring survey to verify the perfance of
EGNOS that can be achieved in South Europe regiompne not very covered by official (EDCN) monitgrin
network.

Regarding GBAS, we started from a data set of measemts carried out at the GBAS of Milan-Linate aitpehere
we work on a ground installation (GMS — Ground Moring Station) that supervises the GBAS signal trad
represent, for our purposes, the Aircraft subsyst@othe set of data collected is to be consider&TK mode and
after the measures session we processed them heitioftware PEGASUS v 4.11. Both experiences givéhes
possibility to evaluate the GNSS1 performance thatbe achieved.
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« Approach with Vertical Guidance with RNP 0.03/50;
1. Introduction « CAT | with RNP 0.02/40;
* CAT Il with RNP 0.01/15;
Since 1993, the civil aviation community through RTCA « CAT lll with RNP 0.003/0.
(Radio Technical Commission for Aeronautics) and HBAO Figure 1 compares the Required Navigation Performanc

(International Civil Air Navigation Organization) Y& been RNP) per phase of flight with the existing or esfeel GNSS
working on the definition of GNSS augmentation sy that (syster)n%erfgrmance. gt Wi XIsting

will provide improved levels of accuracy and infegr These
augmentation systems have been classified intce thistinct
groups: Space Based Augmentation Systems (SBAS)n@ro
Based Augmentation Systems (GBAS) and Aircraft Based Terminal RNP
Augmentation Systems (ABAS).
RTCA and |ICAO diligently provided performance Departure.

requirements and standards for GNSS and GNSS adtagtioen Initial Appr. RS
systems. The ICAO Standards and Recommended Practices

(SARPS) includes standards for SBAS, GBAS and ABAS as

En Route RNP 5-20

”

Galileo

well as standards for GPS and GLONASS. The SARPS are APV RNP 03/125

intended to establish signal in space standardgparfdrmance . =

standards such that interoperability is supportesurad the RNP 0.03/60 3 E

World' CAT-1 RNP 0.02/40 D |
Without establishing standards for the airborneiggent, catn b

ICAO has adopted an alternative approach by stathwgy
requirements that all kinds of GNSS receiver andAGB
equipment have to satisfy.

These are defined as RNP (Required Navigation
Performance) and are specified for each flight phas

Figure 1. Aviation Phases of Flight versus GNSS
Performance

An RNP is associated to the flight phase in functidrthe

* NPA (Non Precision Approach) or with RNP 0.3 NM; following parameters:
« Approach with Vertical Guidance with RNP 0.3/12&ef);



Table 1. RNP [2][3]

RNP Cat. Accuracy (Hor./ Ver. (Prob.. ;nntggrizert Time Availability. Continuity
0.3/125 APV | +0.3NM 125 ft 1-10° /h 0.95 1-10" /h
0.03/50 APV I +0.03 NM 50 ft 1-3.5x 10" /h6 sec. 0.9975 1-10° /h
0.02/40 Cat. | +0.02 NM 40 ft 1-35%x 10" /h6 s. 0.9975 1-10° /h
0.01/15 Cat. Il +0.01 NM 15 ft 1-25x10° /hlsec. |0.9985 1-6x10° /h
0.003/0 Cat. Il +0.003 NM 1-2x10° /hl sec. 0.999 1-6x10° /h

The 95th percentile values for GNSS position eresesthose
required for the intended operation at the lowesgit above
threshold (HAT), if applicable. The definition olfie integrity
requirement includes an alert limit against whisé tequirement
can be assessed.

The civil aviation community rightly consider th@NSS will
support air navigation and its requirements onlthve suitable
augmentation system (e.g. GBAS).

2. GBAS

The Ground-Based Augmentation System (GBAS) isfetysa
critical system that augments the GPS Standardti®uisig
Service and provides enhanced levels of servicpamtipg all
phases of approach, landing, departure and sudpeeations
within its area of coverage. GBAS will initially kspplied to the
approach phase of flight as an alternative to 145 C

The GBAS system consists of three primary subsysters
shown in the figure 2:

Figure 2. GBAS overview

a) GNSS Satellite subsystem
signals and navigation messages. The satellitealsigreceived
by the GNSS receivers are subject to various egorces. Some
of these error sources are intended to be compahshtough
the use of differential techniques in the GBAS sgst

b) GBAS ground subsystem uses two or more GNSS

receivers. It collects pseudo ranges for all GN&glites in
view and computes and broadcasts differential ctimes and
integrity-related information for them based ondtsn surveyed
position. The transmitter broadcasts pseudorangeea®ns,
integrity parameters and various locally relevaatadsuch as
Final Approach Segment (FAS) data, referenced & Whorld
Geodetic System (WGS-84). When it uses an antentiaam
omni directional pattern, the ground station hasdhpability to
support multiple runway end approaches.

C) Aircraft subsystem, within the area of coveraféhe

ground station may use the broadcast correctionsotopute
their own measurements in line with the differenpeanciple.

After selection of the desired FAS for the landinmway, the
differentially corrected position is used to gemeraavigation
guidance signals. These are lateral and verticaatiens as well
as distance to the threshold crossing point ofsiected FAS
and an integrity flags. Concerning the frequencled®n, it
tunes to the correct frequency using a channel eumbnsisting
of five numeric characters. The channel number lesathe
airborne subsystem to also select the Final Apprdaegment
(FAS) data block that defines the correct approdéte correct
FAS data block is selected by the Reference Path Balector
(RPDS) which is included as part of the FAS deifimitdata in
one of the broadcast message. In order to minimipact upon
current aircraft design and operational proceduggsdance
information output is intended to be consistent hwilS

requirements ("ILS look-alike”). This will reduce he
certification effort of these Multi-Mode Receive(sIMR), of

which the GBAS aircraft subsystem forms a part.

3. SBAS

EGNOS is being developed by the European Space cfgen
(ESA) in co-operation with the European Commissiamd
Eurocontrol. The system is made up by 3 segments:

a) Space segment, already existing GPS constellatio
and 3 Geostationary satellites broadcasting WADd@VArea
Differential) corrections and integrity informatio@eostationary
satellites improve the system geometry increasirfge t
availability;

b) Ground segment, 34 stations RIMS (Ranging and
Integrity Monitoring Stations) monitoring all sdteds in  view.

4 MCC (Mission Control Centre) providing to generétie WAD
(Wide Area Differential Corrections) correctionsntegrity
message, ionosphere corrections and the ephenwgrisvery

produces the rangingdeostationary satellite. EWAN (EGNOS Wide Area Netq is

the network that allows the connection of the gbsegment
elements. 4 NLES (Navigation Land Earth Stati¢wt upload
on GEO satellites the SBAS messages.
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Figure 3. SBAS ground segment

C) Support segment. The EGNOS Support Facilities ar

composed of the Performance Assessment Check ailitfFa
(PACF) and the Application Specific Qualificationaddity

(ASQF). The PACF is a centralized facility that yoes

Operations support, Engineering support and somatbteance
and Logistics support capabilities for the EGNOSefgions
system. The ASQF is a centralized facility thatvides the
technical interface to EGNOS users and will providehnical
analysis of EGNOS performances versus agreed sdpxels.

4. General approach to the Protection Level

The standards established by the ICAO fix somestiokel for
the following parameters:

. Accuracy, defined as the difference between the

estimated position and the real one. The accuraagt rhe
referred both horizontal plane and along vertiCalnsidered that
the errors of satellite systems are a functioratdltes geometry,
the probability that the position error doesn't geter an
assigned value must be at least 95%.

. Integrity, intended as the ability of the systém
recognize and point out any system dysfunction tbah
compromise the required performance for the opmratiat you
are carrying out. The integrity is defined by th®hability to
point out such dysfunction and the Time to AlerTA) intended
as the time that passes between the happen ofygfandtion
and the sign of such event to the user.

. Availability, defined as the time percentage \wvith
which the system is able to work providing thefpenances
required by operation. Such parameter is functioth® measure
environment features and receiver technology.

. Continuity, intended as the ability of systemattow
to end the operation undertook without any breakseifvice
caused by anomalies that can compromise the safetgh
parameter is defined by the probability that systemvailable
throughout the operation if it was available atltleginning.

d) User segment, users of aeronautic, maritime and

ground transport by SBAS receivers used to adapt data
provided by the service to the different applicatioThe GEO
satellites using the same L1 frequency broadcagtals very
similar to the GPS ones.

Before becoming operational in 2007 EGNOS is urfaexl
phase of testing ; the future goal will be to pdevithe
positioning service also for the aviation approa@®V1 and
APV2 (Approach with Vertical Guidance), and genlgrédr the
so-called safety-of-life applications about groundritime-air
navigation. When EGNOS will be full operative, itlivbe able
to provide an Hi-accuracy position service provigio the user
also the integrity information.
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Figure 4. SBAS overview

The integrity information provides the users aified bound
error for their estimated position, this is fundatad for the
applications to whom it's destined.

EGNOS is currently in its initial operation phas®R) and is
being handed over to a commercial operator, theofaan
Satellite Services Provider ( ESSP).

The accuracy of a navigation system is definedeimt of
Total System Error TSE which is referenced to aiireg flight
path defined for each phase of flight. To followe tiequired path,
the aircraft navigation system estimates the difsrposition
and generates commands (either to a cockpit display the
autopilot). Errors in the estimation of the airtsfposition is
referred to as Navigation System Error NSE whichthie
difference between the aircraft's true position dsddisplayed
position (see figure 4).

The difference between the required flight path ahd
displayed position of the aircraft is called Fligfgchnical Error
FTE and contains aircraft dynamics, turbulence cisfe man-
machine-interface problems, etc.

The vector sum of the NSE and the FTE is the TBialtem
Error. Since the actual Navigation System Error camt be
observed without a high-precision reference sydtiia NSE is
the difference between the actual position of aoraft and its
computed position), an approach has to be found witich an
upper bound can be found for this error.

The Horizontal Protection Level HPL is the radidsaccircle
in the horizontal plane (the plane tangent to th&S84
ellipsoid), with the centre being at the true aifcrposition,
which describes the region which is assured to annthe
indicated horizontal position. It is the horizontagion for which
the missed alert requirements can be met.
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Figure 5. Navigation System Error, Flight TechniEalor and
Total System Error [1]

Actual
Flight Path




The Vertical Protection Level VPL is the half lehgof a
segment on the vertical axis (perpendicular to lloeizontal
plane of the WGS84 ellipsoid), with the centre lgeat the true
aircraft position, which describes the region whistassured to
contain the indicated vertical position. It is thertical region for
which the missed alert requirements can be met.

The protection levels are a function of the satelli
constellation and the estimated SBAS performanbtesTusing
the GBAS correction data, the protection levels dam
determined without using actual pseudorange meamires.

The computed protection levels must be comparedhéo
required Alert Limits AL for the particular phaséflght. If the
protection level is smaller than the required dlientt, then the
phase of flight can be performed. However, if thetgction
level is greater than or equal to the requiredt dileit, then the
integrity of the position solution can not be gudesd in the
context of the requirements for that particulagtti phase.

XPL < XAL Integrity can be assured
XPL=> XAL Integrity can not be assured (D

with XPL (horizontal or vertical) protection levahd XAL
(horizontal or vertical) alert limit. The proteatidevels are tie to
the availability of service for a given operatioy table 2, XAL
are upper threshold for protection levels for aegiwoperation.

Table 2. Availability of service for a given opéeaat and
protection levels

Operation | Alert Limits (XAL)
HAL | VAL | [units]
APV-| 40 50 [m]
APV-II 40 20 [m]
CAT-| 40 12 [m]

5. GBAS Results

This distribution shows that all the errors falltire range + 1
mt. The largest errors arise when the GBAS cowactre not
applied.

In order to verify the Integrity requirement anatloheck is
run. In the following figures 7 we compare the paiiton levels
and its relative position errors.
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Figure 7. GBAS Position Error and Protection Level.

From the above pictures, it's easy to check thtggrity is
always verified. From the statistical analysis tfalowing
results arise:

We start from a 24h data set of measurements daoté by

the GMS on Septembef"52005. The post processing software

used was PEGASUS v 4.1 developed by Eurocontrol.
The horizontal deviation is showed in the followfigure 6:

Horizontal deviation from reference
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Figure 6. Typical GBAS Horizontal Deviation

Table 3. GBAS Statistical Analysis

p(m) | PE95%, PL99% (m)
HPE | 0.276321 0.5
HPL | 2.049175 4.4
VPE | 0.284767 0.7
VPL | 4.478636 8.5
5. SBAS Results

In the frame of EGNOS data collection, analysis and

evaluation, Eurocontrol has established a standauironment
of measure. The Department of Applied Sciences vigd#ion
Section, University of Naples Parthenope has agtiva own
monitoring station with a Novatel OEM4 receiver. eTllata
considered are referred to precise position int&S84:



. Lat:
. Lon:
. Height:

41.11780220° N
13.89404250° E
69.7197 mt

Figure 8. Hardware of data storing

Figure 9. Antenna position

We have considered 24h of data set of measurersanied
out by our station on May 21 2006. The post processing
software used was PEGASUS v 4.11 developed by Botod.

The horizontal deviation is showed in the followiigure 10:
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Figure 10. Typical SBAS Horizontal deviation

This distribution shows that all the errors falltime range +
1,5 mt, the rising of deviation is tied at the ép@of low number
of satellites used in position solution or bad llitgs geometry.

For what concern the protection levels, these parars are
used for integrity check and they directly influendhe
availability of service for APV operations.
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Figure 11. SBAS Position Error, Protection Leveid &SV
used in position solution.

From the above pictures, it's easy to check thab dbr
EGNOS, the integrity is always verified.
From the statistical analysis the following resaitise:

Table 4. SBAS Statistical Analysis

u(m) [PE95%, PL99% (m)
HPE | 0.403883 0.98
HPL | 9.943469 31.89
VPE | 0.643893 1.60
VPL | 14.673397 68.14

6. Conclusions

The goal of this work is to verify the performancé
Augmentation Systems in South Europe.

We processed the data set of measures collectib innique
Italian GBAS Installation (Milano —Linate) and f&@GNOS in
the Department of Applied Sciences of Parthenopiwéysity
Monitoring Station. The software used is Pegasdslvcurrently
regarded a benchmark in the European research.isTtiig first
attempt to develop these procedures in the Itaiarext.

A set of statistical test are run in order to weits efficiency
that results both for GBAS and EGNOS very satisigctThis is
partly due to the static mode (fixed position) lo¢ instruments.
A further development of this research could inigegée the
implication of a dynamic positioning.

As application of the Augmentation Systems (e.g.Ain
Navigation) in future we’ll be able to plan somegedure that
use the SBAS for initial approach and GBAS for fiagproach.



The future works of our research Group will be fedion a
Dynamic Test.

For the GBAS we want to create a Virtual instadiatito
generate in post process the GBAS Correction.
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