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X Internship context:

U Airbus Navigation Systems Department: in charge of Radio Navigation
Systems; Flight management and airport Navigation Systems.

X Motivations:

U Radionavigation systems manage airplane positioning

Parasite echoes called multipath affect radionavigation systems
ILS (Instrument Landing System): definition of sensitive areas.
Categories: decision height and runway visual range

GPS technology applied to aeronavigation: susceptible to multipath but to a
lesser extent than ILS.

AExpectation: reduction or even the removal of ILS sensitive areas

U [Chen, 2010] thesis: development of a multipath error that simulate multipath
influence on GPS based systems
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Introduction
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Figure: Sensitive areas for ILS

X QObjectives:

U Improvement of the existing multipath simulator with development of a
scenario generator;

U Execute simulations and determine whether sensitive areas currently
applicable for ILS Cat Ill operations remain necessary or can be
reduced.
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Existing tool

X Multipath error simulator

3D Environment Multipath Generator:

Satellite Position - Physical Optics Channel Parameters

Receiver Position -Antenna Modelling

GPS Receiver

Range Errors Simulator

Figure: Principle of coupling between the multipath generator and the GPS receiver simulator

U Multipath Generator on Fortran90 language and GPS Receiver Simulator on
C language
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Scenario Generator

X Developed on Matlab
( Taxiway inputs: \

+ Airplane type

* Number of airplanes

+ Orientation of airplanes
+ Category of approach PNAario gene 0
+ Orientation of airplanes

thweeu runways )

-~

~

arks inputs:

, Parks inputs Scene generator
+ Airplane type

[+ Number of airplanes

tool
|:> Modelled
airportscene
( Path inputs: \

+ Orientation of approach
+ Speed of approach Path generator
* Duration of roll-out tool
*Type of path
*Number of runway
* Runway side

k%it'plane type /

4 GPSinputs: h
+ GPS orbit
*GPS elevation

\*GPS azimuth y,

Figure: Schema specifying scenario generator inputs and output
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e Generator

¢ 3D scene modelling

X Criteria for scene construction: rectangular facets with designated
material

400

100 0

| 100 5qq X axis (m)
y axis (m)

Figure: Example of scene used on [Chen, 2010]. Previously the tool had limited scenes with few buildings and
no automatic generation of them.
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e Generator

C Aircraft modelling

%

Overall length 72.72 m

s )

Height24.09 m

Wing span 79.75 m

Figure: A380 and its respective lengths Figure: Aircraft modifications

Figur

. All rights reserved. Confidential and proprietary document.



Scene Generator

¢ Airport modelling

X ICAO (International Civil Aviation Organization)
U  Code letters: defined by wheels and wing spans
U  Code numbers: defined by minimum field length required for take-off

U  Minimum code letter E and code number 3 were considered regarding the
size of bigger aircraft on the study i A380.

Code number Code letter
A B C D E F
1 18m 18m 23m - - -
2 23m 23m 30m -
3 30m 30m 30m 45m - -
4 - - 45m 45m 45m 60m

Table: Width of runway [ICAO, 2004]

U  Taxiway width chosen: 23m
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C Airport Toulouse-Blagnac
X Scene configuration

Figure: Toulouse-Blagnac airport model
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¢ Airplane positioning
X Parks

Automatically positioning Automatically positioning
two airplanes three airplanes

Figure: Airplane automatic positioning
X Taxiways
U Distance of 50 m between airplanes

<

Figure: Airplanes positioned on parallel and perpendicular taxiways
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Figure: Taxiways, runways and parks of Toulouse-Blagnac's aerodrome with its respective
marks
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Generator

Airborn antenna:
A A~ __ aircraft height

1200ft A e 3 N

T mﬂ Safe taxi speed
10,3 m/s
i {50 sec ot 10 zec —— Szec —w 15 see—®
Precision Final Approach Fix CATIDH CATIDH CAT Illa DH
Nominal 5 NM (1600 f) 200 ft (60 m) 100 ft (30 m) 50 ft (15 m)

‘1— Final Approach > |« Landing Rollout—»

Figure: Landing final approach example
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C Real path Real landing path

1000 1500 2000
m

Figure: Real path used

C Generatec’ path Cornparison between paths

Real path
Autornatic landing path 1
Autarnatic landing path 2

\

1 1 1 1 1 1 1 1 1 1 1
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)

Figure: Comparison between automatic
landing paths and real path
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¢ Adaptation of path positions to the scene
U Definition of runway and runway side to place the path
U Touchdown at a distance of 1290ft from the beginning of the runway

200for 60m 2700 ft or823 m

P 5
€ >

Touchdown zone (2500ft or 762m)

Figure: Touchdown zone Figure: Path placed on the scene
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Simulations

C Static simulations
Ul mpact of aircraftoés front zone

Scene Configuration Scene Configuration Scene Configuration Scene Configuration
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Figure: Aircraft illuminated at (a) 0 degrees and (b)5 degrees Figure: Aircraft illuminated at (a) 5 degrees and (b)15 degrees
with extended front zone of study and multipath range error with extended front zone of study and multipath range error
and the same scale and the same scale
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Scene Configuration
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Figure: Aircraft illuminated at (a)0 degrees and (b) 5 degrees  Figure: Aircraft illuminated at (a)5 degrees and (b) 15 degrees
with extended side zone of study and multipath range error with extended side zone of study and multipath range error

UAircraftos side has stronger mul tip
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U Comparison between airplane models A380 and A320

Figure: Comparison between A380 and A320 using the exact same zone at 4m height and a
satellite with 5 degrees of elevation and 0 degrees of azimuth.

U For an A320 receiver, A380 is a stronger source of multipath than A320
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