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Advantages of PBN

-10 increase accessto
remote airports

- to reduce congestion in
terminal airspace

PBN : Performance Based Navigation

@ AIRBUS
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1920- First Step toward Instrumental flight

LE PERTHUS (Pyr. Or ) — Phare de la ligne aérienne

Barcelone-Perpignan-Toulouse
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1920 - 1930 The pioneers of instrumental flight

+ 1929
First Instrumental flight by Jimmy
Doolittle

+ 1930’s
ILS, gonio, NDB, VOR...

+ 1938
First ILS approach

2\ First ILS
\Z,J

ILS: Instrument Landing System VOR: VHF Omni Range

NDB: Non Directional Beacon @AlRBUS
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Up to 1970’s- ILS and NAVAIDs era

N Based on ground
’ facilities

_!\/IEi'hstaJIa

© AIRBUS S.A.S. All rights reserved. Confidential and proprietary document.
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DME: Distance Measurement Equipment :
VOR: VHF Omni Range @Al
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Up to 1970’s- ILS and NAVAIDs era

> Based on ground
"/ facilities

+ Precision Approach
ILS with vertical guidance

+ Non Precision Approach

Navaids (VOR DME)
. No cdﬂwmex system
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1980'’s - The Flight Management System and Inertial Reference System

/<) FMS+IRS: revolution

~=om A N2/ jn the cockpit
© ® & (e - —

© B -+ A/C position and Navigation Display

~ Map with Flight Plan and A/C symbol

+ Distance to threshold

~ . Altitude distance checks
Ll e s |+ R\AV concept

“ e Rl  \\/aypoints in coordinate
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1980’s - The Flight Management System and Inertial Reference System

2\ FMS+IRS: revolution
\/ m the cockpit

© Waypoint

Area Navigation

trajectory
VOR/DME 1

- o Conventional
VOR to VOR
trajectory
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= Y 7* » \\\ _i j i::?}+ 6, . 5
/ Chae © "
[+
VOR/DME 2
o
VOR/DME 3 [ )

VOR/DME 4

- @ AIRBUS
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1980'’s - The Flight Management System and Inertial Reference System

/<) FMS+IRS: revolution

~=om A N2/ jn the cockpit
© ® @ (o - —
Jeiis aie s
eL B+ A/C position and Navigation Display
~ Map with Flight Plan and A/C symbol

+ Distance to threshold

: = o Altitude distance checks
Rl P [GEe © -2\ A\/ concept

: “ Beg=d| ~— 1= | Waypoints in coordinate

+ Lateral guidance on FPLN
Approach coded in Nav DataBase,
selection

+ \ertical Guidance in Barometric



1980'’s - The Flight Management System and Inertial Reference System

\>"‘\ Onboard Landing

System

VaPrpwmaeg"

MNIND CORR

0 MDA= ¢ FMS propose vertical profile and guidance

GO AROUND
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1990’s - The GNSS — Global Navigation Satellite System

j Bring accuracy and
x_x mtegrlty on position

+ PBN concept
the Navigation Performance
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PBN Concept: Positioning

SN
() Total System Error

Path De l

on Error
(D).

+
Guidance Error (FTE)

XTK
+

Position Error (NSE)
computation

page 15 XTK : Cross Track

© AIRBUS S.AS. All rights reserved. Confidential and proprietary document.

Total =

System
Error

i=—  Real aircraft position
-|-|- Computed aircraft position

March 2017

I PDE (Path Definition
Error)

FTE (XTK Error

f'?l' 1 NSE (Positig

@ AIRBUS
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PBN Concept: Design of a RNP or RNAV procedure

+On-board position error estimated Estimated Position Accuracy

Estimated Position area for 95% of FT

Ve

7 —

Accuracy

Real aircraft position

Computed aircraft position

— @ AIRBUS
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PBN Concept: Design of a RNP or RNAV procedure

Estimated Position Integrity

+ On-board posm on error estimated Estimated Position area for 99,999% of FT

Accuracy

Computed aircraft position

Integrity

r—r—

Real aircraft position _/

— _ @ AIRBUS
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PBN Concept

+Accuracy criteria

Estimated Position Accuracy

Estimated Position area for 95% of FT

TSE 95 % <1RNP

Under normal condition

c
AJ/C position inside 2 RNP corridor 95% - ;‘fﬁ
of flight time U |

Page 18
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PBN Concept

Estimated Position Integrity
Estimated Position area for 99,999% of FT

+ Integrity criteria
TSE 99.999% < 2 RNP

A/C position inside 4 RNP corridor
99.999% of flight time

- @ AIRBUS
© AIRBUS S.A.S. Al rights reserved. Confidential and proprietary document.



External Monitoring
ATC (mode S, ADS-B, ....)

Nag

On-Board Monitoring
TSE

NSE

Accuracy NAV ACCURACY
Integrity GPS PRIMARY

\\*"\

FTE
XTK

VW INGE0
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External Monitoring @AI BUS On-Board Monitoring

ATC (mode S, ADS-B, ....) TSE
NSE FTE i
Eﬂr“ On-Bpard Monitoring Accuracy NAV ACCURACY XTK 2
OBRIVIA Integrity GPS PRIMARY S

RNAV

TSE: Total system Error

NSE: Navigation System Error @ AIRBUS

FTE: Flight Technical Error
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RNP AR Approach
Queenstown RWY 05




RNP objectives

Jp

AIR CHINA
THAR RE%]

ey
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N

Give access

LX600 268°

to remote areas




PBN in terminal Area to face congested airspace

Mana e
High densﬂy Traffic

@ AIRBUS



Advantages of PBN for ANSP

~KATL Before RNAV Departures
Significant track dispersion

+Independent routes
Not based from NAVAIDs location

JFKILS
RWY 13L

+ Fully coded route
NDB

+ Lateral & Vertical containment
* Reduction of the separations
* Solution for traffic segregations
between 2 airports
* Noise sensitive area avoidance




From a specific to a wide use of RNP
Increasing number

of RNP applications

Specific: Few Airlines, few
procedures More and more users  Wide Use of RNP

BNPL e -
i RNPAPCH
A-RNP— —

90’s : '
First RNP Approach Now » The future 4D trajectory SESAR/

+ Giving access to remote areas + Improving Airport capacity + Increasing efficiency fuel and time saving
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Lot of different operations and names

ADVANCED
RNP

RNP 2 Basic

RNP 4 - = NP
RNP'4™(GNSS)

rRnav s AV 10 NEC

RNPAR 5 RNI

WAV
Rl APCH /, (erm  RNP

RNAV 1 ' KINAL APCH

RNAV 2 (RNP)

—> Difficult to find our way around

@ AIRBUS
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per flight phase
|
CAO Navigation
PEN MANUAL Specification
(Doc 9613) Terminal
(Doc 8168) SEMOtE

RNAV 10
(RNP 10)
RNAV 5 5 5
RNAV 2

Standard

RNAV 1 : R T
- .ir;:;;m.m RNP 4 4
RNP 2 2 2
RNP 1 T —
RNP APCH 1 0.3or X
angular
RNP AR APCH 1-0.1 03-0.1 1-0.1

— @ AIRBUS
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PBN Manual and Airbus documentation

NOT aregulatory guidance
Standard and recommended practices

A/C compliant to FAA or EASA regulations

Operational documentation (AFM/FCOM)
Statement of compliance with EASA or FAA regulation

Page 31 FAA: Federal Aviation Administration AFM: Aircraft Flight Manual @ AIRBUS
Y . EASA: European Aviation Safety Agency FCOM: Flight Crew Operating Manual
.A.S. All rights reserved. Confidential and proprietary document.



Airbus Flight Operations documentation

+ PBN Capability declared in AFM (LIM / 22 AFS)

+PBN procedures detailed in FCOM

+ Dispatch conditions for PBN indicated in MMEL
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Focus on RNP in terminal area

@ AIRBUS
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RNAV 1 or RNP 1

- @ AIRBUS

© AIRBUS S.AS. All rights reserved. Confidential and proprietary document.
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RNAYV 1 and RNP 1 procedure design

+ Same corridor definition but

+ Same corridor definition

+1 NM RNP value RNP value = 1NM 5NM corridor

+ Terminal Airspace, for SID and
STARS

@ AIRBUS
© AIRBUS reserved. Ci ument.
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RNAV 1vs RNP 1

+ Same corridor definition BUT

RNAV 1

March 2017

RNP 1

On Board Performance
Monitoring and Alerting
System need

GPS

Regulation 2 =
J « (D

P

Airbus A/C complance

Page 36

OBPMA not mandatory
- ATC controller needed

Optional (possibility to use
IRS/NAVAIDS)

EASATGL 10
FAA AC 90-100A

All Airbus

OBPMA mandatory:
A/C autonomous

GPS Mandatory
No EASA regulation

FAA AC 90-105 (A)
With GPS

@ AIRBUS
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RNP APCH

-©

End of Missed Approach

Page 37 @ AIRBUS
RBUS S.A.S. All rights reserved. Confidential and proprietary document.
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RNP APCH concept

United States San Francisco San Francisco Int
30-JAN-2014 10-0CcT-2013

ORY-LFPQ SFO-KSFO 7120  RNAV (GPS) PRM 28L
o B T ‘;:5:\ i f:m e ' :zmh:‘“:\ ‘img;_n_g- RNAV (GPS)|

+Overlay of existing procedure 1000} " Jooooy P oLy DATS 0w Time. || PRM28L

B 1000 )| %I\I']‘I;IIBJ\LMP ggggg Transmit {Sllll It

(I 500\ "L;;::' 'm% PRM 125,150 Moritr clase parallel)
+RNP value 0.3NM in final - I\ @BQ T e,
. . 'l b N DME/DME RNP-0.3 NA ||
separation i 15 ot scale 26 'x‘:-..ﬂ%_,
obstacle avoidance 2% | Wfﬂ"fﬂ"ﬁfﬂm’-
lower minima ' Y
YETOR ponke N S
I!IHEI: o~ ]
+Decongestion of Terminal | ”n??‘%f
Airspace ~ L X Mounsiniow ™ ramTH |
g L . 2 contotme womtarine. | o m«g A o |

VAR 14° E S s P » ;
- Use of FD or AP providing ANAV track guidance \ 2 1

L required m@ dmuM@sqﬂlﬁjnm ‘ , TRL 180

TA 18000

-

FAF: Final Approach Fix
Page 38 @ AIRBUS
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RNP APCH

Concept:
+ Straight approach
after FAF

+RNP 0.3 NM in Final
Leg

+RNP 1 NM in Initial,
Intermediate and
Missed Approach

Page 39

March 2017

¢
End of Missed Approach

@ AIRBUS
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March 2017
CARLSBAD, CALUFORNIA. AL-S30 {FAA) 13344
- g | cas| Ry lda 48T RNAV (GPS) Y RWY 24
Oncep . wm 2450 Ap e S MC CLELLANPALOMAR (CRGQ)
For uncompensoted Bares VAV systems, LN.kVM«VNkhbw J‘C |25°F) MALSR MISSED AFFROACH:
. & o obova 54°C (130°F). DME/DWE RN, NA. Holicopler visibily edudin = o o ot o
+ Straight approach SRR b |of | B
AllS SOCAL APP OON | FALOMAR TOMWES D CON CLNC DEL
120,15 127.3 323.0 118,86 iCTAR B 2‘10.4 121.! 134,85

after FAF

+RNP 0.3 NM in Final
Leg ?

| MISSED APCH FIX

1BUGE
s

+RNP 1 NM in Initial,
Intermediate and

CATEGORY

Missed Approach 737/45 411 (500-%
N 927-1% 601 (600-1%)
+Several minima LNAV MDA 1000/40 674 (700-%) ] OO'_]/Z,
CIRCLING 1000-1 669 (700-1) 7112(88%'02_;/‘12) NA

Page 40 FAF: Final Aproach Fix

LNAV: Lateral Navigation  VNAV: Vertical Navigation AIRBUS

LPV: Localizer Performance with Vertical guidance

© AIRBUS S.AS. All rights reserved



RNP APCH concept

MOC:
Min 1000ft MOC:
Min 500ft




RNP APCH concept

Min 1000ft MOC:
Min 500ft
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RNP APCH

GNSS Holding
Max B

+ Operation charted RNAV(GNSS) or
RNAV(GPS)

Regulation Aircraft compliance

AC 90-105
AC 90-105A app Aand B

) ¢
AMC 20-27 )  _NAV/VNAV: All A/C with GPS (except A300)

LNAV/VNAV: FMS2+GPS

- @ AIRBUS
© AIRBUS S.AS. All rights reserved. Confidential ment.
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Advanced RNP and RF leg

RF: Radius to Fix
o @ AIRBUS

© AIRBUS S.AS. All rights reserved. Confidential and proprietary document.



March 2017
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Advanced RNP according to ICAO PBN Manual

New operation

_|_ Concern Operatlon dll use FEULAN/AIENA RNAV SlUs. | ‘ BEKOL
that do not have RF bility shall use PECAN/ATENA RNAV SIDs.
RN AV 5’ 2, 1 dtl do not have capal ||tyls all use S | FL1574

RN P 2 1 APCH valid within Hong Kong FIR only\

1s-to-Fix (RF) required ’7L 1139 3
/ o

1P 1 required -

+ Functional requirement > RWYORR| /
_ s RWYOTL |/ 1028 ‘ |
¢ RF |egS reqUIred 1mandatoryPROIC. A
. . .- . ~with approval are
* Fixed Radius Transition optional .raged to fy the PROC.
* RNP scalability optional

* Higher continuity optional o g Kong ;
* Baro VNAV optional Focus on RF Ieg
* Time Of Arrival Control  optional (ot yet defined)

o RF: Radius to Fix @ A IRBUS
© AIRBUS S.AS. Al rights reserved. Confidential ment.



Regional Aviation Forum - Bogota March 2017

Without RF legs

Fixed bank flight —by

9>

<\ Not a repeatable
"/ trajectory

— @ AIRBUS

© AIRBUS S.A.S. All rights reserved. Confidential and proprietary document.
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ADVANCED RNP: RF legs

With RF legs

Fixed trajectory

A
,f">‘\ Bank adapted to
"’ the trajectory

— @ AIRBUS

© AIRBUS S.A.S. All rights reserved. Confidential and proprietary document.
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RF leg capability

+ Decongestion of Terminal Airspace

+Use of RF legs on
+RNP 1
+ RNP APCH outside Straight Final Approach

ﬂ

(5000)
Regulation Aircraft Compliance

= AC 90-105 app5 RF capability
¥ AC 90-105A app | - with FMS2 + GPS

in future regulation CS-ACNS

@ AIRBUS
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March 2017

RF leg with RNP 1 or RNP APCH

+RF legs in Initial segment

13346

RNAV (GPS) X RWY 24

MC CLELLAN-PALOMAR (CRQ)

+ But still the same procedure design
* RNP=0.3 straight final approach

RF required.

: RF le
(without RF) Shefe

* RNP=1 outside final approach Ho—am
segment

* Buffers

\~/ RNP AR is needed

Page 49

@ AIRBUS
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RNP AR: Authorisation Required

@ AIRBUS

© AIRBUS S.AS. All rights reserved. Confidential and proprietary document.
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RNP AR in terrain-challenging environment
+ RF turn after FAF

+No Buffers (4 RNP corridor)

+Low containment

— Design flexibility for terrain avoidance

—>Lower minima

+LNAV and VNAV guidance including on
turn

TA: 19500
FAPVIP
P56 LPE26 [ 1] RWD?
3500 | 119

/AD minima : Altitude and Height in faet. REF HGT: THR ELEV.

Page 51

_——
b 100 6.6 30— {NM)—» Next WPt
208 108 928 30 0 {NM}— THR

March 2017
CAT:ABCD £L SALVADOR INT - MISLP
AD ELEV: 102, THR ELEV- 69(2 hPa) RNAV (RNP) X RWY 07

APP:1199 Tower. 1180 |AUTHOHIZATION REuumEDI ARP: 13°2627°N - 089°0321W | VAR: 1°E113) | APP3
TELE: ONM 4, ) ¢ ) of ?';"J Forn on-barvoompl smdarorﬂt

(RNV07 X]via RELTA
[RNV07-X]via MORAM
%l{iNVW -X]via A‘IUMA

e 1/150.000

@ AIRBUS
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RNP AR in traffic-challenging environment

United States Seattle Seattle-Tacoma Intl Seattle-Tacoma Intl Seattle United States
[RNAY (RNP) 7 340> [RNAY (RNP) 7 341>
+Late turn 700 | RNAV (RNP) Z 16R RNAV (RNP) Z 168
A 4] m_m L) L] A) 9 1..- ‘!“1]11? FE o L) A) ;l.‘nlm“" 1 1 A) A) mgm ‘I | A) \m?
RNP1 T D, T
2 T D-ATS 118000 |
g& - a
+ Closely Space Parallel & Gw s ow B ||
Operation ", Lorzton rered]
S N GPS and RF required |-
& [Radar required for PROG entry
§ PROC NA for ARRs at PAE via AWYs
Fi : A163 PAE CW R236 PAE
Y Simuttaneous APCH autharized with FWYs 16L/C| '
; for ARRs at PAE and GRIFY only .
\ lise of FD or AP providing RANAY track
_ I gu_lhme required during SV OPS |\
e B \ \ﬂf“f d
| L NN Y L
. . N _./I '-.\ \|‘
. ,
- 1
—— |
, " (]
- o ‘
%, . |
- k.,
\\l‘ |.\
. --.‘| Jl,
) A
J [ A=
. ( A
| L. \\;
Page 52
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— -
-
S

Regulation Aircraft compliance

AC 90-101A Specific aircraft modification

AMC 20-26 Specific equipment (minimum configuration)
X

Page 53
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A320 and A330 family

+Implies a Minimum configuration
-2 MODs

+RNP AR limited to 0.3NM

+ RNP AR below 0.3NM
* Airworthiness RNP value:
EASA = 0.3NM
FAA = 0.1NM
* RNP value down to 0.1NM depending of
operation targeted,
—>maximum reachable RNP value must
be assess during the FOSA

Page 54

March 2017

@ AIRBUS



A380

+RNP AR MOD limited to 0.3 NM only
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A350 XWB

+ RNP AR 0.1NM basic
«  AMC 20-26 down to 0.1NM

=» Specific RNP AR Architecture & HMI design
- Triplex architecture

- RNP AR monitoring

- Back up functions

- Excessive deviation flashing

Page 56

March 2017

@ AIRBUS
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Differential GPS concept — New concept

O\ Augmentation of the
./ accuracy and integrity

r + GPS augmented position
thanks to reference stations

+ Vertical geometrical
Not barometric sensitive

+ 2 solutions:
GBAS (not part of PBN ops)
SBAS

GBAS: Ground Based Augmentation System

SBAS: Satellite Based Augmentation System @ AlRBUS
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GBAS Landing System: GLS

@ AIRBUS
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GLS: Data transmitted to the A/C

+ GPS augmented position by VHF
+ Final Approach Segment data by

VHF
Anchor point coordinate
Course
B’ > S Slope
\J ~$m 3 ,./">‘“\J MMR computes a
: s 4.7 s WQ"‘*M-.,.\ l\\—«/ Vil“tual beam

MMR: Multi-Mode Receiver

@ AIRBUS



XLS concept: GLS

1FD2
BarRO zod ATHR

3000 Bt

LAND1 J AP142

180 —

Y '

160 — 10 10

120«l 10 10 ° 0

— 0 — 20

=00 : ———
|

QNH 1016

() Same guidance

- mode as ILS

+ Geometric

+Common FCOM/SORP for all
straight in approaches
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GBAS on charts: GLS approach

¥ BREMEN, GERMANY
©  GLS Z Rwy 09

March 2017

+ Charted as GLS

f thar
Airspace Class E. Watch out
for VFR traffic unknown to ATC.

* Angular protection same as ILS

* (Geometric vertical guidance

* Minima down to 200 ft (CAT1)

ALS out

A

B
£l VR 550m RVR 750m RVR 1200m
0
Zlo
a
_, CHANGES:  Procedure ident. Communications. Procedu ) JEPPESEN. 2012. 2016. ALL RIGHTS RESERVED.

Page 62 LPV: Localiser Performance with Vertical guidance

| @ AIRBUS
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GLS approaches

& B ¥ $ . +One station for all runways with
b B 28R % . different channel
% ? e + Customisation
" !hyﬁ\ \ .. * Displaced Threshold
- “** Various slope
g + CAT | autoland capability
i e ~ available on A380, 350, 330 and

. , gasikara Indian ; !
South ’K, South Bwan Ocean Australia i
Pacific . /\ Atlantic e , |

Ocean South Africa

’5/"’""’" "' = | 4+ CAT Il autoland
| Under study

Operational (with dot: charts published)

Planned Installations

N GLS
~ More and more deployed

Special Category, S-CAT | (with dot: charts published)

Prototype/Research (with dot: actively transmitting)

@ AIRBUS

© AIRBUS S.AS. All rights reserved. Confidential and proprietary document.



Satellite Based Augmentation System

Geostationary satellite

Reference stations

GNSS constellation

&

+Wide Area Network
of reference stations

=8 + Transmission of the data
via geostationary satellite

® +AIC system computes a virtual
. pbeam
Angular geometric guidance


//upload.wikimedia.org/wikipedia/commons/9/9e/Wifi.svg
//upload.wikimedia.org/wikipedia/commons/9/9e/Wifi.svg
//upload.wikimedia.org/wikipedia/commons/9/9e/Wifi.svg
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Data transmitted to the A/C

e e e +GPS augmented position by
geostationary satellite

+ Final Approach Segment data in
NDB
Anchor point coordinate
Course
Slope

\J .»* >‘\ MMR computes a
. e o/ virtual beam
E e -
i A R -+ Flown in G/S | LOC

Page 65 @ AIRBUS
RBUS S.A.S. All rights reserved. Confidential and proprietary document.



XLS concept: SLS

LAND1 AP
1FD2
BarRO 213| A/THR

() Same guidance

“~ mode as ILS

10 oo EUUU : + Geometric

+Common FCOM/SORP for all
straight in approaches




RNAV (GNSS) Rw

NS OPS

E
/
1 So
T ____f"; ]
- T W
= i -
A : oy
B ! b
R H
i
H
i
Hr |

abeu

T |

- Ry -
SIanda@

Regional Aviation Forum - Bogota

SBAS on charts: LPV minima

TOULOUSE, FRANCE

+ RNAV(GNSS) with LPV minima
392L (GNSS)

=l o~

||||||

TOW o0

st 932"
1177 Tou &

3

March 2017

+RNAV(GNSS) Approach BUT

* Angular protection (in addition to linear)

same as ILS

* (Geometric vertical guidance

par) 7507 (253°)

RAIGHT-IN LANDING RWY32L

LNAV/VNAY

pawr) 8407/343°)

olo|w]r

RVR 1300m

RVR [500m

LPV: Localiser Performance with Vertical guidance

* Minima down to 200 ft (CAT1)

@ AIRBUS
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RNP APCH with LPV minima

+ Equivalent to CAT |
+ Customisation (as GLS)

mVazL £.0 NAI BOSTT BO& I0
fo MG -
[ [ T}, 000"

1|n”

————————
- e

TCH 487 -

. M = . 1600
DlSpIaCEd ThreShOId auer xc 497 ) - . T 18 [
Vanous SIO e :‘.':.’:::s :1’..3.00-' 3;: :T: ;:F eg? ;:; I;:g PARLL IFI'U.I'

p A AP i P LT +

STRAIGHT. I LAMDING RWP a2 CIRCLE-TO - LAWDE

+ No specific on-ground station needed TN
+ Need to be in an SBAS area (in US with WAAS, in S R T
Europe with EGNOS) : e 1570 s

RWR J 30 RWR 500

RWR 2000

LY
d
]
o]
| AL T D AJH] To0T[242 7|, BT ircling he Ight bawad on rwy 02 Lihreah sler of 457"
H

AMGES: Chard rm ndeeed . 1D JEPPS EH, 20 15 ALL POHTS FESERVID.

Regulation Aircraft compliance

@) AC 90-107

X ——
W AMmC 20 -28

Optional on A350 (dedicated SB)
Feasibility study on other Airbus A/C
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