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1920- First Step toward Instrumental flight

LE PERTHUS (Pyr, Or ) — Phare de la ligne aérienne
Barcelone-Perpignan-Toulouse

LR
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Presentation Notes
Aeronautical Lighthouse to help the pilot
 It is the first NAVAIDS



1920 - 1930 The pioneers of instrumental flight

+ 1929
First Instrumental flight by Jimmy
Doolittle

+ 1930'’s
ILS, gonio, NDB, VOR...

+ 1938
First ILS approach

; N F_iI‘S
.k mental flight / First ILS

!
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1929 first instrumental flight
1930’s first electronic NAVAIDs
1938 First operative ILS



History

/) Alrcraft Navigation
~ From Conventional to PBN
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Up to 1970’s- ILS and NAVAIDs era

)\ Based on ground
7 facilities

VOR/DME 1
o Conventional
TN VOR to VOR
tfrajectory

L/ -l
VOR/DME 2 s
/ &
VOR/DME 3 2
VOR/DME 4
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Up to the seventies, Navaids were the only means to help the pilot for the navigation and for landing.



Up to 1970’s- ILS and NAVAIDs era

 Based on ground

faC|I|t|es

+ Precision Approach
ILS with vertical guidance

+ Non Precision Approach
Navaids (VOR DME)
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no complex system on board, only receiver of data provided by ground facilities. 
 
Historically 2 categories of approaches:
 The precision approaches when a vertical guidance was proposed, so the ILS
  The Non precision approaches for the other approaches based on Navaids like VOR DME or NDB that do not provide information on vertical plan.

Now we should talk about Approach type A or type B according to the achieved minima (above or below 250 ft), and 2D or 3D in terms of flight method (with or without vertical guidance).	



History

/) Alrcraft Navigation
~ From Conventional to PBN
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>
1980’s - The Flight Management System and Inertial Reference System

2\ FMS+IRS: revolution

B T the COCkplt

B -+ A/C position and Navigation Display
" Map with Flight Plan and A/C symbol

=l " +Distance to threshold

.. Altitude distance checks

2 G B —RNAV (area navigation) concept
€& B et \\Vaypoints in coordinate

wos AT
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eighties: introduction of Flight Management System and Inertial Reference System.
distance to threshold
The Area Navigation (RNAV) concept: create waypoint only by their coordinates, without reference to ground navaids. 
A/C position and moving map
automatic lateral guidance 
vertical guidance 



B

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

Oy FMS+IRS: revolution
2/ In the cockpit

© Waypoint

Area Navigation

trajectory
VOR/DME 1
. - Conventional
VOR to VOR
— trajectory
;- o e
— = mmnm N _
e N\.!?-i'r’i L__— : _f‘i&'&i’t;‘_— - -—'-—i'. .-'fl.-:-'-c- _-- _ D ~ T - ® "‘;‘ "%'
_1‘9? Ny r
VOR/DME 2
o
VOR/DME 3 [
VOR/DME 4
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eighties: introduction of Flight Management System and Inertial Reference System.
A/C position and moving map
distance to threshold
The Area Navigation (RNAV) concept: create waypoint only by their coordinates, without reference to ground navaids. 
automatic lateral guidance 
vertical guidance 
Barometric guidance along a define profile: CDFA concept

Onboard landing system, without the use of ground navaids.



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

2 FMS+IRS: revolution

= \ I -
=R N2/ N the cockpit
OO -

+A/C position and Navigation Display
Map with Flight Plan and A/C symbol

+Distance to threshold
Altitude distance checks
+RNAV (area navigation) concept
Waypoints in coordinate

wos AT

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

+\Vertical Guidance in Barometric
AIRBUS

11 Sept 19-21. 2017 ICAO/Airbus FOSAS


Presenter
Presentation Notes
eighties: introduction of Flight Management System and Inertial Reference System.
A/C position and moving map
distance to threshold
The Area Navigation (RNAV) concept: create waypoint only by their coordinates, without reference to ground navaids. 
automatic lateral guidance 
vertical guidance 
Barometric guidance along a define profile: CDFA concept

Onboard landing system, without the use of ground navaids.


NDB accordfing to Arinc 424 with waypoints and legs between waypoints.




History
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1990’s - The GNSS — Global Navigation Satellite System

Instantaneous Error {meters)

-100 +
120 4
140 £
160 4
-180
-200

Colarado Springs, Colorada

SA Transttion -- 2 May 2000

2 May 2000

.\ Bring accuracy and

"/ integrity on position

— Harizantal Errar (meters)

SPS CEP AFTER TRANSITION: 2.8 meters

— Wertical Error (meters) SPS SEP AFTER TRANSITION: 4.6 meters

|
.
J

!
|

+ PBN concept

the Navigation Performance

1 2 3 4 5 = 7 8 9
Time of Day {Hours UTC)

10
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in the 90’s: GPS constellation fully operational and serviceable.

A/C position, with Precision and also Integrity (a precision with a high level of thrust)

creation of:
 PBN concept
 RNAV(GNSS)
 and RNAV(RNP) also called RNP AR
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Agenda
PBN

GNSS

PBN Concept Aircraft Design

augmentation Next Step

14 Sept 19-21. 2017 ICAO/Airbus FOSAS AI RBUS



. LY
.“u‘::“ - ) "‘u‘.‘-‘..
““‘.‘g-“““ . - “‘-“
n.‘ *t‘ “‘h‘ - -‘\“-
n“ n‘- !“ Y : 7
- By . ]
CRPRIR A . N n o LT
T . % a % i ‘l‘ 1Y Y ‘“E (™Y - : = Y ™Y “ LY “.‘
Calh et e\t e\t a e
& L) _ S ' W L
v “‘h“‘n "-‘.'m‘.\“.‘
“ “‘ L . L Y -&'h“ “‘
L S a “ s g “a g ‘i‘ ‘n‘ ¥
“- b "‘“ . E';;.‘& N . % .
““-“ . L |'-'___'-‘a‘.‘. \“
i n - & W : . R
PBN
el Y
... ‘llu.. * .
. g . .
» . 8
- I
N oy
" ow

PBN Concept

15 Sept 19-21. 2017 ICAO/Airbus FOSAS AI RBUS



>
RNP objectives

@ RNP AR Approach
C_Queenstown RWY 05
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Presentation Notes
RNP AR Approach in queenstown flown every day by A320 and 737. before RNP AR the airport was closed in case of such cloudy conditions.



B

RNP objectives

~—~ Glve access
>j to remote areas

e 4.2 mm e

_Queenstown

-
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Vagar example with tricky missed approach, mountainous  as in Lhassa and queenstown.



PBN In terminal Area to face congested airspace

lt‘.é\,\ﬁ = Gn “).

Manage
Hi H1g h d ensity Traffic & "' o

AIRBUS
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Advantages of PBN for ANSP

+Independent routes
Not based from NAVAIDs location

+Fully coded route
NDB

+Lateral & Vertical “containment”
— Reduction of the separations
— Solution for traffic segregations

between 2 airports
— Noise sensitive area avoidance
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~KATL Before RNAV Departures
Significant track dispersion

|~ KATL After RNAV Departures
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No more a trial , now operational.
Reduce ground navaids number.
Famous KJFK canarsie approach avoiding la guardia approaches, with track mile saving.



From a specific to a wide use of RNP

Specific: Few Airlines, few
procedures More and more users

“ — RNP-T:
_RNP APCH.

TR, L A

+ Giving access to remote areas + Improving Airport capacity

Sept 19-21. 2017 ICAO/Airbus FOSAS

Increasing number
of RNP applications

Wide Use of RNP

+ Increasing efficiency fuel and time saving

AIRBUS




PBN Concept: Positioning

Total System Error

L

[ X\a
7 —
I PDE (Path Definition Error)

Guidance Error (FTE)

XTK
. Total FTE (XTK Error
- System
Position Error (NSE) -
. rror o
computation NSE (Position

Real aircraft position
Computed aircraft position
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The Performance-Based Navigation (PBN) concept was created on the capability to quantify the position error from the intended route

The computation of the A/C position leads to some approximation: 
First from the path definition, maybe the coding in the NDB can be different of what it is expected
we consider that the PDE is null, it means that the NDB is well coded
The XTK error, the A/C may not be guided on the defined track
The navigation system error (position error) coming from the system : GPS, IRS, hybridation mechanism
The sum of all is the Total System Error

Now let’s focus on the position error.





>
The GNSS - Global Navigation Satellite System
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Presentation Notes
GNSS constelation can provide to the A/C a GNSS position in lat/long, but also caracterize the precision of this position by giving to the A/C 2 parameters, the accuracy and the integrity of the GNSS position.


PBN Concept: Design of a RNP or RNAV procedure

+On-board position error estimated Estimated Position Accuracy

Estimated Position area for 95% of FT

Accuracy

Real aircraft position

Computed aircraft position

r
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Inside the A/C, the systems computes an accuracy and integrity parameter for the A/C position, taking into account systems processing of the position.

Accuracy : it is an estimation of the position error at 95% of flight time. It’s mean that the error of position is at most the accuracy value 95% of the flight time.



PBN Concept: Design of a RNP or RNAV procedure

Estimated Position Integrity

+On_b0ard pOSItI on error eStl m ated Estimated Position area for 99,999% of FT

Accuracy

Computed aircraft position

Integrity

4

Real aircraft position i

r
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Integrity : it is the same but with an higher level of trust, it is an estimation at 99.999% of FT. It’s mean that the possibility to have an error of the position higher than the integrity parameter occurs less than 1 time per 100 000 flight hours.

accuracy is normally around 20 m and the integrity around 0.1NM, 160m


PBN Concept

+ACCUFacy criteria Estimated Position Accuracy

Estimated Position area for 95% of FT

TSE 95 % <1 RNP

Under normal condition

A/C position inside 2 RNP corridor 95%
of flight time

4
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As I told you previously, the PBN concept is based on the fact that it is possible to characterize the error of position and thus ensure that the A/C will stay inside defined limits

the first requirement is on the accuracy, the TSE at 95% must be inferior to a given value which is called the Required Navigation Performance, the RNP value
It’s mean that under normal condition (so 95% of flight time), the A/C must stay in 2 RNP corridor (1 RNP each side).

 


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

Demonstration considering probable
failure

* Guidance failures = impact on FTE
* Navigation failures—> impact on NSE ‘
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There is also an Integrity criteria : the TSE at 99.999% must be inferior to 2 RNP.
It means that for failures that can occur more that once in 100 000 flight hours, the A/C must be contained in a 4 RNP corridor. 

These failures can be guidance failures such as loss of guiding FMS or navigation failures (loss of trust on the position)


PBN Concept

+Procedure Design
Corridor 2 RNP each side of the A/C
Buffers

Obstacle or other airspace outside

.\ NOT a corridor where the aircraft can fly !

~2 But limit that a/c computed position must not exceed.
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Presentation Notes
A PBN procedure is designed as a 4 RNP corridor along the defined track with additional buffers. This corridor with buffer is free of obstacle or other airspaces

This corridor is NOT a corridor for the aircraft trajectory (i.e. not a corridor where the aircraft can fly), but a limit that the aircraft computed position must not exceed. The aircraft position considers all sources of errors and failures.




PBN Concept: RNP

POSITION/MONITOR

- v .10 NM
 To be RNP capable, the aircraft (FMS) must RN FRITARY i =5 —
EPU v
monitor Its navigation performance
: J P POS1 42°27.0N/003°10.0E (IRS/GPS)
regarding the RNP value.

POS2 42°27.2N/003°10.1E (IRS/GPS)

* [t requests an On-Board Performance

Monitoring and Alerting (OBPMA) System. o eer M PRec i
~ Uroare an
* All Airbus A/C have an OBPMA M e nier

— 1977 /21.1 T0 AIB B
PREDICTIVE ~

— <GPS GPS PRIMARY >
REQUIRED ACCUDR I =1

— 2. 3NM HIGH . 89NM S

Page
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PBN Concept: Airbus A/C performances
* PDE: considered null (NDB well coded and verified)

« XTK: MONITORED BY THE CREW
upon AP less than 0.1NM most of the time

 EPU: MONITORED BY THE SYSTEM (OBPMA)

less than 0.08NM most of the time -

I
POSITION/MONITOR

4 RNP corridor to cover major critical failuressi&= 03- 1

Page

29 Sept 19-21. 2017 ICAO/Airbus FOSAS AI RB Us



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

v T

RNAV
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On-Board Monitoring

TSE

NSE

Accuracy NAV ACCURACY
Integrity GPS PRIMARY

FTE
XTK

YN E@)
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Presentation Notes
Aircraft manufacturer has to demonstrate the PBN capability.
nevertheless, the A/C position, and thus the performance has to be monitored for traffic management purposes.
- It can be done externally, by ground facilities like radars, this what is called RNAV operations
- or monitored on board by the system.
in fact the Navigation system error is monitored separately by the system (in term of integrity and accuracy of the position) and the Flight Technical error, the XTK is monitored by the crew.
- The monitoring of the position is called an On Board Performance Monitoring and Alerting system in regulations
- This is what is called RNP operations.


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

=™ On-Board Monitoring
= OBRIA

RNAV
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TSE

NSE

Accuracy NAV ACCURACY
Integrity GPS PRIMARY

On-Board Monitoring
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Presentation Notes
All Airbus A/C are equipped with on Board Performance Monitoring and alerting system, and have a high navigation performance. 

Therefore the flight crew operates both RNAV and RNP procedures in the same way: 
With an OBPMA to monitor the position performance. Therefore, the RNAV procedure is operated as an RNP procedure.
With an OBPMA set to the lower possible RNP value. Most part of the time the flight crew operates the Airbus aircraft with a better navigation performance than requested. For example, the required accuracy set by the system for an RNAV 10 or a RNP 4 procedure may be 2 NM. 


Note: when talking about external monitoring,  in addition to ground-based  monitoring we also consider the flight without GPS, i.e. in IRS only where the « monitoring » is ensured by analysis (airworthiness demonstration that in such IRS only navigation, the position is reliable up to X hours)  


TBC: The only difference is for the dispatch, in RNP operations, GPS is mandatory (ability to quantify integrity)


Navigation Accuracy (NM)
ICAO per flight phase
(DDC 9613) Termlnal Departure
R
(Doc 8168) gt

RNAV 10
(RNP 10)
RNAV 5 5 5

i RNAV 2 2 2 2

RNAV 1 1 1 1 1 1
RNP 4 4
RNP 2 2 2
RNP 1 1 1 1 1
RNP APCH g, |([F=8E
angular
RNP AR APCH 1-01 0.3-0.1 1-0.1
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Initially, several local initiatives from some NAA defined their own requirements to fly some Area Navigation (RNAV) or Required Navigation Performance (RNP). They defined names for procedure RNP10, B-RNAV….. 
 
The ICAO published the PBN manual (ICAO Doc 9613) in order to standardize the PBN concept for area navigation. The PBN manual specifies the scope of each RNAV and RNP operations 

the PBN manual defines a differentiation between RNAV and RNP: In addition to the RNAV requirements, RNP contains a requirement to monitor the navigation performance, and to alert the non-conformance with the navigation performance criteria. This requirement is referred to as the On Board Performance Monitoring and Alerting (OBPMA). 
This differentiation enables aircraft without monitoring function to access to several PBN environments.

So there is now an existing confusion in the naming of the type of procedure RNP10/RNAV10, RNAV(GNSS)/RNP APCH….. That make PBN complex to understand.


PBN Manual: Standardization

RNAV

RNP
On Board Perf. Monitoring and Alerting system not mandatory | On Board Perf. Monitoring and Alerting system mandatory

EN-ROUTE TERMINAL

EN-ROUTE TERMINAL APPROACH \

A

RNAV 5 - RNP 4 RNP 2 RNP1 A
RNAV 2 APCH

Page
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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
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PBN manual = regulatory guide
guideline to help local authorities to provide their own regulation.
 
can find equivalence with existing operations from FAA or EASA regulations.
 
Compliance with EASA or FAA regulations in Ops doc



En Route Operations

Continental
{éh
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En Route Operations: RNAV 10 (RNP 10)

Continental Remote Oceanlic

y'S
RNAV 10

« Compliance: All Airbus aircraft (but A300)

« Airspace example: MNPS
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MNPS (Minimum Navigation Performance System)
Operation called RNP 10 (language abuse)
Enroute and Remote Area
10 NM RNP value
50NM / 50NM separation minima

FAA order 8400.12  AC 90-105A app G    All Airbus A/C (except A300 family) No expressed need on A300 , thus not demonstrated.
EASA    No regulation






En Route Operations: RNAV 5 (B-RNAV, Basic RNAV or RNP5)

Continental Remote @ceanic

A

D £

o Compliance: All Airbus aircraft

» Airspace example: Europe
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Europe
Operation called B-RNAV, Basic RNAV or RNP 5
Enroute and Continental
5 NM RNP value

FAA AC 90-96 
EASA AMC 20-4 (old TGL2)                   ALL Airbus A/C






En Route Operations: RNP 4

Continental Remote

o Compliance: All Airbus aircraft with GPS (but A300)
» Airspace example: Golf of Mexico
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Golf of Mexico and MNPS/HLA
Operation called RNP 4 Enroute
Enroute and Remote Area
4 NM RNP value                      GPS mandatory
Supporting today 30NM/30NM separation (also ADS C requested)

FAA order 8400.33 AC 90-105A app F
EASA No regulation		All Airbus A/C with GPS (except A300 family)




En Route Operations: RNP 2

Contimnental Remote @ceanic

» Airspace example: Australia (since 2013) and now India.
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Introduce 2013 mainly australia, now in India
Enroute Operation for Continental or Remote Area
2 NM RNP value                    GPS mandatory
(Not mentioned in AFM or FCOM for the moment)
FAA AC 90-105A app 2
CS-ACNS (to be released) 		SA/LR: FMS2 and GPS
			All A380
			A350: planned for Q3








RNP In terminal area
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"w.JEPPESEN WARSAW, POLAND
E%’gﬂw 29 MAR 12 [RNAV STAR

. [ At T e e o
RNAV 1 or RNAV 2 (Terminal RNAV or AGAVA 2X [AGAV2X]

LOGDA 2X [LOGD2X]

- - - - . . - k A , .
A —\ v
RNAV-1 (P-RNAV APPROVAL REQUIRED Mo927
OTHERWISE ADVISE ATC UPOM FIRST CONTACH Hf.”:. ‘f"‘ 3.7
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7
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Compliance: All Airbus aircraft

Airspace example: SIDs or STARs
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Operation called Terminal RNAV (USA) or Precision RNAV (Europe)
Terminal Airspace: SIDs or STARs
1NM or 2NM RNP value
FAA AC 90-100
EASA TGL 10 		All Airbus A/C









| D 113.2 LKC
N22 227 E113 53.0

RNP 1 (BRNP1 or Basic RNP1)

ILS RWY 071 N2206
E114 01.
e O hax 220kT
oS3

D7ISR ''”
e g~ D8.1LKC
ILS RWY 07R 1 MAX 220KT

D109.3ISR |\ T A N22 20.2
E114 013

Compliance: A380, A350, A320/A330/A340 with FMS 2 and GPS
Airspace examgle: SIDs or STARsS AIRBUS
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Operation called BRNP 1 or Basic RNP1
Terminal Airspace: SIDs or STARs
1NM RNP value                GPS mandatory
FAA AC 90-105
       AC 90-105A app C     
EASA No regulation		 FMS2 + GPS
			FMS1+GPS: Mean of Compliance





RNP APCH concept

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

ORY-LFPQ SFO-KSFO 7-140 RNAV (GPS) PRM 28L
Tz A mﬁ ‘ I,::“ff?ll'|'|'1zpl|_"1r.'1 S 1201}35.:\:\ 1'||'1::1'|“-:.a|' RNAV (GPS) ]
et S : - 35.45 18.85
+Qverlay of existing procedure 1000 2000, HP OLYMM AR e 3% .. || PRM28L
1000 )| O | NORGAL APP 135.650 Transri (Simultaneous
- OLYMM TWR 120500
2 R it cose parle
. . — - - 2328 |
+RNP value 0.3NM in final / 098°—<, DME/DME RNP-0.3 NA |
i f 'fm Not to scale ) Dual VHF COM required | |
|
= {j\ E‘-ﬁ..___ 144 san Francisco 218 Radar required for PROC entry || |
. : : B o
+Decongestion of Terminal Airspace [, .
— 2,10 NM
=
- 8
- 6
- 4 .
| RWY 28L/R separated by 750ft (229m) | ..., .§’ '353“ [
. = 2 centerline to centerfine « KEIC |
. _En“ﬂ,&‘ﬁf Simultaneous APCH authorized with LDAPRM | g ]
—B o & RWY 28R and RNAV (GPS) PRM XRWY 28R | - L §’ .
- Use of FD or AP providing RNAV frack quidance I_E
required during simultaneous operations TRL 180
i hMHL-E‘”IlE 1 \ 1 \ \ i Vo1 L \ \ i 1 N 1 TA 18000 § |
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Overlay (maintenance VOR/DME) or for aircraft without VOR/DME receptor (MMEL)

Detail RNAV (GNSS) or RNAV (GPS) : since 90’s RNAV concept with GPS position, standardisation in 2007



RNP APCH

Concept:
+ Straight approach
after FAF

+RNP 0.3 NM In Final
Leg

+RNP 1 NM In Initial,
Intermediate and
Missed Approach

4

End of Missed Approach
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RNP APCH concept

CARLSBAD, CAUFORMIA. AL-5310 [FAA) 13348
WARS s cps By ldg  4BET
. cn7atzs | MRS T Taze RNAV (GPS) Y RWY 24
O n C e weaa | 257 |apiEles 351 MC CLELLAN-PALOMAR (CRQ)
- W For uncomgens oted Bares VA syslems, lNMI'.:'\I'I\A\f A b-sl?w 4*C [25°F) MALSE AISSED APPROACH:

or chove 54°C |130°F). DWME/DAME RNPD.3 MA. Helicoptar visibility reduction

A o RVR 4000 net outharized. For inaparaljve MALSR, incracse PV all Cots -+ Climks s 2000 direct
isitility to 14, increass LMAY Cos A/ visitiley to RVR 5000 @ 1SUAGE and hakd

+ Straight approach e | e
after FAF

+RNP 0.3 NM in Final ;

Leg Compliance (LNAV and LNAV/VNAV): All Airbus | -
aircraft with GPS (but A300) T
_ . CATEGORY A B
+RNP 1 NM In Initial,
_ LPV DA 737/45 411 (500-7%) NA
Intermediate and
LNAV/" pa 927-1% 601 (600-1%) NA

Missed Approach

11
LNAV MDA 1000/40 674 (700-%) 6]73090(}_]/?/ NA
+Several minima CIRCLING 1000-1 669 (700-1) 7118?8%'02_;/‘;& ) NA

. Al AT ey piar e
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Presentation Notes
Operation called RNAV(GNSS) or RNAV(GPS)
FAA AC 90-105
       AC 90-105A app A and B		LNAV/VNAV: FMS2+GPS and A300-600/A310 with GPS

 EASA AMC 20-27		LNAV/VNAV: All A/C with GPS (except A300/A300-600/A310)



RNP APCH concept

Moc: S i
Min 1000ft MOC:
Min 500ft

N

i)
M et

v
"'} . 2 O S S S S .
-

W
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Presentation Notes
Fly as conventional approach (VOR/DME). Vertical profile not necessarily defined. Need to check altitude constraint @ step down fix (can fly dive and drive). But airbus recommends CDFA technics. 
 
LNAV only:
Can use f-APP or NAV|FPA or FLS
In intial and intermediate approach phase, typical MOC of 1000ft before IF and 500FT before FAF are used.


RNP APCH concept
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Presentation Notes
LNAV-VNAV:

Obstacle clearance is related to the profile so you must not fly below 75ft below profile.

Note: In intial and intermediate approach phase, typical MOC of 1000ft before IF and 500FT before FAF are still used.



Advanced RNP and RF leg

« Compliance: Airbus aircraft with FMS2 (RF capable) + GPS
» Airspace example: RNAV/RNP 1 or 2, SIDs and STARs, RNP APCH (not after FAF)
Sept 19-21. 2017 ICAO/Airbus FOSAS AI RBUS




/“\““*» Not a repeatable
\_/ trajectory
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Presentation Notes
Different speed but same bank angle => different trajectory



ADVANCED RNP: RF legs

/’Q Bank adapted to the
L/ trajectory

Sept 19-21. 2017 ICAO/Airbus FOSAS AI RBUS




ADVANCED RNP: RF legs

J_:_ Yo | T s
Jare & Lo Smaller protection zone
= awor oeR) | g iggs  RoBEE Gam of Airspace

13°§? PORPA %742\, '('5‘“3‘03%%

= o 7

Hong Kj’“_g__,.. MAX 220KT

Without RF legs With RF legs
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AIRBUS
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Presentation Notes
Less dispersion, smaller protection zone. Used to to gain airspace

Used for RNP 1, RNP APCH (but not in final leg)
Decongestion of Terminal Airspace
Use of RF legs
SIDs, STARS, Approach
FAA AC 90-105 app5 		RF capability  FMS2 + GPS
AC 90-105A app I		75% of Airbus fleet

EASA  in future regulation CS-ACNS





RNP AR: Authorisation Required

« Compliance: Airbus aircraft with specific modifications and specific equipments

Sept 19-21. 2017 ICAO/Airbus FOSAS AI RBUS
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Presentation Notes
FAA AC 90-101A       
EASA  AMC 20-26		Specific aircraft modification
			Specific equipment (minimum configuration)





RNP AR in terrain-challenging environment P

NG ASIS 115 .' (C muns . ZUNZ
Tower 1181 cftﬂeg - E:.»:Ea:' - iuu{rmﬁlmun nm“l”;] |- Lﬂﬂfﬂhff:mnﬂtcr uannﬂl:];i H|NT:EF1A
THR RED { AGC 11140/ 12640 | ARP: 20%18'13'N 094° 20'06"E
+RNP turn after FAP e
+No Buffers e
+Low RNP value
-> Design flexibility for terrain avoidance
+Better accessibility e
: s
: 2
+LNAV and VNAV guidance including on turn oo -+
: N ey 5 ]
NOT FOR OPERATIONAL USE VA1 (BSEPZI  CHG Fiapa odon.  QUOVADIS™ GEoTITAN® &AIP-GIS Charting™
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Terrain challenging


RNP AR in traffic-challenging environment

+Late turn

+Closely Space Parallel
Operation

54 Sept 19-21. 2017 ICAO/Airbus FOSAS

United States Seattle Seatile-Tacoma Intl

Seattle-Tacoma Intl Seattle United States
S =

7-90 RNAV (RNP) Z 16R RNAV (RNP) Z 16R
DI THN T T T T N ] 1 T T T L T T T T T T T T
IH_HT]H!H] ~ ...aw E‘F‘“ﬂaﬁ FAE Wz I‘II}'-"[II-.. - WS 2037
RNP 100 _-~" GRIFY = . =
B 6000 =] s D-ATIS 113000
- RNF 110 . TWR 120950
" MAX 210KT % % T IR GND 121700
K 7 RN
. PPAUL E -1
y <+ "« [GPS and RF required
P
& 2\ |Radar required for PROC entry
& _FH"E PROC NA for ARRS at PAE via AWYs
FA R163 PAE CW R236 PAE
T
%m SEEAW w2, 2 Simuftaneous APCH authorized with RWYs 16L/C
MAX 190KT m!u?»'% X for ARRs at PAE and GRIFY only
ﬂr§‘+ 3B AT LS b :
MODNZ e, *-_._ LY & Lise of FD or AP providing RMAV track
5000 COPEX A so00y BN guidance required during SIMUL OPS
0 A 100KT . -
3149 W

L]

AIRBUS
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Traffic challenging 

Canarsie approach KJFK



| RNP AR MOD RNP AR MOD
Current Airbus RNP AR MOD Limited to 0.3 NM ; Below 0.3 NM

A320 family

Basic RNP AR 0.10 NM Vv

Sept 19-21. 2017 ICAO/Airbus FOSAS RNP AR 0.3 NM will be soon available on A300-600/A310 (COCkpit Upgrade) AIRBUS



Presenter
Presentation Notes
Minimum FMS standard: R1A + additional options (NAV in GA, No deconnection below MDA, Baro/Radio...)

MMR Honeywell not capable

TAWS

Specific to RNP AR below 0.3NM

Minimum ADIRS Standard

EIS with Lateral deviation

T3CAS or EGPWS



Link with existing operations Sum Up

. ' IABDAV/NNIG{=IDR N IR ACO0-105

e RNAV 1 (B B % Basic RNP AR
° | RNAV? RNP1 APCH APCH

Not yet
/ \\ referenced
AC20-130A | AMC20-4 FAA Order AC90-105 | AMC 20-27  AMC 20-26
| (|
FAAorder AC90-96  ©L10 8400.33 AC90-105 AC90-101A
» 400 — ﬂ J] AC90-100A H g

_ e .
Termlnal RNP 4 RNAV

RNAV (TERMINAL) (GNSS) (RNP)

RNP 10 B-RNAV P-RNAV

EXISHINGIORERARIONS

Page
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Ops documentation: Compliance to regulations in AFM

[New Criteria

= MNof

Print Wide Screen [ Bay mode [ Close

Compliance with existing regulations must be ' - s
i 't Manual [AFM> UM ¥ :[22% ' FMS ¥  [Airworthiness Standards Compliance™ Wmessswonmscuwumcv

i n d i C a‘t ed i n t h e A F M : F"L::z;,:im TR388 Issue 1 - 22 JAN 14 mTo TR Approval Page I
- | EASA APPROVED
. AIRWORTHINESS STANDARDS COMPLIANCE I

AL DATA
nplies with the airworthin part of the FAA AC 90-105 including RF leg capability

NP APPROACH (RNP APCH) Operations with er without APV BARO-VNAY Operations, I

e On Airbus A/C :in LIM / 22 AFS for A/C capable of the oo [~ BT
iIntended operation e -

» Specific chapter added with RNP AR MOD

FU A319:112 EASA APPROVE

el | ATRWORTHINESS STANDARDS COMPLIANCE

omply with applicable airworthiness requirements, including

The FMGS has been demonstrated to
stem integrating multiple navigation sensors, when operating

FAA AC 20-130A, for a navigation s
with ai ft position bas
IRS position and GPS
= IRS position and radio navaid
IRS position only.

or
update, or

The FMGS also complies with the airworthiness part of:
- EASA AM 4 (or JAA TGL 2 Rev 1) for Basi

Note: 1. RNP. H
with LNAV

ry Circular 90-100A for terminal and en route RNAV operations
n oceanic and remote area

AIRBUS

Page
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Airbus documentation : Airworthiness Compliance Document

9

AIRBUS

e Linked with the RNP AR MOD

e Can be asked directly through TechRequest (Flight Operations
. Airworthiness Compliance Document
/ Othel’ TOp'CS / CNS'ATM) RNP Operations with Authorization Required (AR)

Airbus A318/A319/A320/A321 Aircraft
MOD 150371, 150372 and 150373
Ref SA34D09009731 Issue2

—> Provide useful information to alleviate the ops approval

This document provides guidelines for operational approval of RNP operations with AR,
(SAAAR or equivalent)

Prepared with: Compiled by Approved by:

° NO ACD on A350 |n the FCOM DESCHAMPS Dominique - STL Marc Delhaye — EAA W. Engler - BSE:

COUSSAT Olivier — EDYAN

CADOT Erwan — STLO

Date - Date: Date:

© AIRBUS, 2010, All rights reserved
The information contained therein is for the exchusive of supperting mnnmmwmmmnmmmﬁ&mm ‘

MmmmmﬂmmmmmmmdmﬂghchCmmhmmmhmndm conl-
dential. Mo dischosure i allowed except as authorized in writing by Airbus.

Page 58
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Airbus documentation: FCOM contents / FCTM contents
Specific chapter in PRO / SPO / 51 RNP for PBN

GENERAL
. RNP 1 operations correspond to Terminal RNP 1 - Basic RNP 1.
Operatlon In RNP 1 airspace, GPS or DME/DME coverage supports the RNP value of 1 nm.
REQUIRED RNP 1 EQUIPMENT
The minimum navigation equipment required to enter RNP 1 airspace is:
- One FMS
One GPS or 2 DMEs to update the aircraft position

- Two IRS
-~ One FD in NAV mode

Specific chapter on RF legs in FCTM

BEFORE ENTERING RNP 1 AIRSPACE

The FMS navigation database provides the terminal procedure (RNAV SID, RNAV STAR, RNAV
TRANSITION, etc.) of the flight plan. The flight crew must check the terminal procedure from
the published charts with the FMS navigation database on the F-PLN page (waypoint
sequences, tracks, distances, and altitude or speed constraints).

The flight crew must not modify the procedure that is provided by the navigation database,

9 Proced u re proposed and ease OpS approval :gLeizzt:iiu;;igblaaig?-e ATC (DIR TO, radar vectoring, insertion of waypoints from the

A

. ,N:Z

Basic DIR TO DIR TO RADIAL IN
Overshoot after WPT No overshoot

Page
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Operational Approval

RNAV 10,5, 2,1 Generic and light Ground training (FCOM)
RNP 4, RNP 1

A-RNP (RF legs) W.ith intended operation Ground training (FCOM)
RNP APCH Generic Approved generic training

(May be integrated in the current
type training program)

RNP-AR Specific, significant Approved Training
In US: Generic for “non-special’” (Specific Training if Category C
airports Airport)
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Example: RNP APCH Ops package
»A/C qualification (compliance in AFM)
»OPS procedure + RAIM prediction
»NDB validation (recommended)
» Training program
» Operation manual and Checklist

»MEL

Page 61 Sep 19-21, 2017 ICAO/AIRBUS FOSAS, Nairobi

INSTRUMENT APPROACH
CAT. ABCD
AD ELEV 30, THR ELEV : 30 (1 hPa)

COCHIN INTL- VOCI
ruavicnss)-APPROACH-BWY27

ATIS: Cochin Information 126.2
APP: Cochin Approach 119.75 - 121.5
TWR: Cochin Tower 118.8 - 121.5

For uncompensated BARD-VMNAV system :
VAR 3°W (10
Minimum Temperature +5°C 1o

I | T T T

|| For regulation, Max IAS 220kt during the
approach except other ATC clearance.

— e
10° GNSS
EN Max IAS ;240 kt GNSS Holding
L Max Pr Altitude: Max IAS : 220 kt
14000'(1013 hPa Max Protection Altitude:
F

11000°

{1013hPa)

Jcia1z
" lenmry

Procedure design and charting : by ENAC/CGx-AERO in SYS-Proc for QUOVADIS/AIRBUS - © 2010

GNSS Holding
Max IAS : 220 kt
Pratection

Missed Approach:

Climb up to CI550 (Mag track 271°),
then turn right to CI540

climbing up to 4700ft. ~—
Do not exceed 240kt. ~— Zpe
'~ o
FoHT =
Naxt WPt —=— [NM) - 30 R ¥ = 52 = 5
THR —s— (NI 0o 3.0 82 144 =
AD MINIMA : Altitude and height in feet - VIS in meters. REF HGT : THR ELEV | 5
c LNAN/NAY LNAV (with SDF) 2
A | OCAIDCHE 4331403) OCA (OCH): 457 (427 CIRCLING (1) i
T [oaioH] VA MDA MDA AVA MDA WD HI VIS DIST NM =
(A ] 510 (330} 1500 RW27 2 b b s i ! ¢ o @
B 570 (540} 2600 ALT 720 | 1030 | 1350 | 1670 | 7990 | 2370 | 2630 | 2950 § =
E HO 410} 45014300 740 (710} 3700 (HGT) {690) | {1000) | (1320) | (1640} | (1960) | (2280) | (2600) | (2920) g
o 740 (710} 4800 E
(1} Visual manoeuvring fm'rcb'ﬂgg prohibited to the south of the runway. I
NOT FOROPERATIONALUSE ViRz
FOR TRAINING ONLY 08SEP 2011 CHG: WP name QUOVADIS

AIRBUS
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GNSS

augmentation
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Differential GPS concept — New concept

\ Augmentation of the

(2 accuracy and integrity

+GPS augmented position
thanks to reference stations

+Vertical geometrical
Not barometric sensitive

+ 2 solutions:
GBAS (not part of PBN ops)
SBAS
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Presenter
Presentation Notes
enhance the precision and the integrity of the GPS position by using ground reference stations 
 
 geometric vertical position.
 
2 solutions:
 The Ground Based Augmentation System
 The Satellite Based Augmentation System


GBAS Landing System: GLS

AIRBUS


Presenter
Presentation Notes
 The A/C and a ground reference stations located in the Airfield receive the position by the GNSS constellation. 
The reference station knows its exact position; compute a difference to add to the position to have a better precision

 and via a VHF antenna provides to the A/C the data requested for landing

-> web site for coverage of GLS stations: http://flygls.net/




B
GLS: Data transmitted to the A/C

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

VHF
Anchor point coordinate
Course
- : Slope
*\J . () MMR computes a
R V|rtual beam

+Flown in G/S | LOC

AIRBUS
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 The augmented position
 And the Final Approach Segment data (Anchor point, Course and slope)
the MMR computes a virtual beam identical to an ILS beam.
flown in G/S LOC
  
GBAS landing system is considered as a Precision approach like ILS and is charted GLS



XLS concept: GLS

LAND1 | AP1+2
1FD2
BARD 20d ATHR

/) Same guidance

A

mode as ILS

3000 6

+Geometric

+Common FCOM/SORP for alll
straight in approaches

QNH 1016
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BRIEFING STRIP

.. BREMEN

GBAS on charts: GLS approach

Ve G Lg

Alt Set:

GERMANY

CHANGFS:  Pracadurs ident Cammunicatione. Procadurs
arar

Brocadure dent Camenications. Brocadne o ERREEN 2017 3016 411 wGHTS BEsEEn |
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Aircraft must be capable and certified for GLS CAT 1 approach operations. ]
. T = T T
Nl b N
1 for VFR traffic unknown to ATC. J;“
655 © 487
..... : &
_Ch 21990 GO9A
5% an ,
DWA455 ¥ 18un e
A\ 1078 . 601
1519 86°~ A
4.% é . 0
Som Ganderk /!
Ailas Rirfield 503
53-00|
o
S A5
89° 606 /
PN
260 0 ¥ Dw4sg
501 A
- N A 419’
Dw451 601
s 0850 o0 o850 .00 1
Hostwmie] 90 | 80 | 70 | 60 | 50 [ 40 [ 30 | 20 [ 10
w| ATTUDE | 2940° | 2620° | 2300° | 1980° | 1660° | 1340° | 1030 | 7100 | 390"
()
IBUTI
000" g
’ 86":‘“‘\
a3 o
FULL ALS out
A
B
i
B c RVR 550m RVR 750m RVR 1200m
2 -
<|D
o

@ IFEPPESEN. 2017 2M1R AL RIGHTS RESERVEDN

+Charted as GLS

* Angular protection same as ILS

* Geometric vertical guidance

* Minima down to 200 ft (CAT1)

AIRBUS
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GLS approaches

MMMMM

58
ico
Mexico
L -
. Lo a¥ ‘]'eg_e:uela .
W olombia , 1 4, b,
...... e e e e e T e e e
\ g |
\‘ Peri': plash
———————— i -'Tf\.____ﬂrﬂl
Bufivia ,
Wita il
Yty
South 13
Facif i
(i}
i/ Argenting

- Operational (with dot: charts published)
- Planned Installations

Special Category, S-CAT | (with dot: charts published)
- Prototype/Research (with dot: actively transmitting)
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% . +One station for all runways with
. different channel

+Customisation
~ *Displaced Threshold
“ e Various slope

+CAT | autoland capabillity

avallable on A380, 350, 330 and
320

+ CAT Illl autoland

\“/ More and more deployed

AIRBUS
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Presentation Notes
If your A/C is equipped you also can use GLS which is used as an ILS, same SOP, same automatic selection and same guidance mode.

 As you see in this map, the number of GBAS initiative is highly increasing all around the world

 For the moment the GLS can be used in CAT 1 Autoland. The GLS capability is available on A320, A330, A380 and A350 via a dedicated SB, a certain MMR standard is needed.

 but we are working, in association with ground facilities on CAT III autoland capability
 


.

- /Mastelt%

Satellite Based Augmentation System

] ] » +GNSS constellation
Geostationary satellite | _."\

) +Wide Area Network
of reference stations

+Transmission of the data
via geostationary satellite

B +A/C system computes a virtual
beam
Angular geometric guidance

) ‘ : ¥
e
TR 4 e

Station.
Reference stations
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Presentation Notes
The SBAS technology is almost the same but it is for a Wide area:
 There is a network of ground reference stations 
 and the information is transmitted to the A/C not by VHF but thanks to a geostationary satellite.



B

Data transmitted to the A/C
+GPS augmented position by

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

>“\ MMR computes a
s V|rtual beam

+Flown in G/S | LOC

AIRBUS
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But the Final Approach Segment data are not transmitted; they are coded in the Navigation Data Base.

 And in the same way the MMR computes a virtual beam. It is also flown in G/S | LOC



XLS concept: SLS

LAND1 AP1
1FD2
BARO 213 A/THR

/) Same guidance

A

mode as ILS

+Geometric

+Common FCOM/SORP for alll
straight in approaches
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.

R

NS OPS

SBAS on charts: LPV minima

N

TOULOUSE, FRANCE

AV (GNSS) Rwy 32L

fo A

a2

.
| e - 323 20007
1o == :
. 1600
| 1400
aaaaa 4977 3.7 3.6
u
5hd spwed-Kir ia [ T
 ida Pk Avgla 3.00P| 372 | 478 EZH " 11F.F
M AP wd 0T —
HEFETT STRAGHT- B LANDIN AT 32 [T N |
tFrvylR | IMAWYWMAY LAY chibliad
or A aasi ol runway
¥ 50253 BA0 5] | oasnapn DF0 gy o] s
4 | A 50 un | 1030775331 ) Stk
B | wiaom | e asg o 135 | 1050715537 ) acim
C | AR 2 06k e | 122077287 2400
| s [ 1320 7@ ay Sddim
IHLA.CFT:DA.| | |2637]. EECIrcling haight basad on rwy 32 L thraah alar of 497
CHAMGES: Chard raindmzomd . B JEFPESEH, 20 14 ALL MOHTS FESERYVED.
dantar M RALGHI-LN LANDING KW Y S ZL
Lpv 0 LNAV/VNAY
4 4
pa) 1807 253°) pawr) 8407343
A
B
RVR 1300m RVR 1500m
C
D
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+RNAV(GNSS) with LPV minima
+RNAV(GNSS) Approach BUT

* Angular protection (in addition to linear)
same as ILS

* Geometric vertical guidance

* Minima down to 200 ft (CAT1)

AIRBUS
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Presentation Notes
charted as RNAV(GNSS) with LPV (or LP) minima.
non-precision approach even if there is 
 the same angular protection of an ILS
 The vertical guidance is geometric
 and minima can be as low as 200 ft identical to CAT1
 
For the moment SBAS approaches are considered as Non Precision Approach but it may change.
 But it is just a classification; you just have to consider SBAS approach as a precision approach.
Equivalent to CAT I
   Customisation (as GLS)
Displaced Threshold
Various slope
No specific on-ground station needed
   Need to be in an SBAS area (in US with WAAS, in Europe with EGNOS)
FAA AC 90-107
EASA AMC 20 -28		Optional on A350 (dedicated SB)
			Feasibility study on other Airbus A/C
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Aircraft Design
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AIRCRAFT POSITION

)\ Based on different

./ position sources

FMS1 GPIRS1

f + Inertial position
NAVAIDSZ\ ADIRS

NAVAIDs1 — o / +GNSS position
T MMR

+Radio position
NAVAIDs

GPIRS2

IRS2

- FMS position
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AIRCRAFT POSITION

Position sources D Navigation modes

+ Inertial position +GNSS/Inertial
ADIRS

+GNSS position +NAVAIDS/inertial
MMR

+Radio position +Inertial Only
NAVAIDs

(IRS/GPS)

(IRS/GPS)
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AIRCRAFT POSITION : ACCURACY & INTEGRITY LIMITS

() RNP value

+ From NDB
— <REPORT + Default value
IPOATE !
| *I[I | _
BRG
B Cai . CTEoT : +Manually entered

— <GPS
REQUIRED

(Not recommended)

76 Sept 19-21. 2017 ICAO/Airbus FOSAS AI RB US



MONITORING / INTEGRITY

@ Monitoring and Alerting:
GPS/NAV PRIMARY LOST

- +Based on GNSS/Inertial mode
Integrity monitoring related to
threshold

. Except RNP AR below 0.15 NM,

GPS/NAV PRIMARY LOST :
: message triggered regardless of
. the selected RNP value

Sept 19-21. 2017 ICAO/Airbus FOSAS AI RB US



o
MONITORING / ACCURACY

+ If GNSS/Inertial mode lost
Reversion to NAVAIDS/Inertial or
Inertial only

Accuracy monitoring related to

ACCURACY HIGH RNP Value

/) Monitoring and Alerting:

2 NAV ACCUR DOWNGRADED
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Presentation Notes
The navigation accuracy may be used in degraded conditions to support flight crew decisions.



MONITORING example on A320 aircraft

)\ Example of GNSS loss In low

~~/ RNP operations

Integrity
exceeds

2 RNP threshold

Accuracy
exceeds
1 RNP threshold

Total GNSS
loss

GNSS/inertial position
GNSS/Inertial position  Based on last valid GNSS IRS only position

' integrity

-}._ = ==
- - e e ———
F Integrity OK Integrity OK Integrity not monitored Integrity not monitored
' Accuracy OK Accuracy OK Accuracy OK Accuracy NOK

on PF/PM displays on PF/PM displays
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CHECK GNSS Availablility (on-board) at dispatch

v GNSS
AVAI LABILITY

| HREEN INNEE +

Dallas
Houson ©

Outage start: 04-02-2015 22:54 Outage end: 04-02-2015 23:04 Latitude: -87.75° Longitude: 36.25°

04-02-2015 23:00
Selected Time: 04-02-2015 23:00 «“« Il »

04-02-2015
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Showing details. | Toggle
05-02-2015 00:00
| show Range sii der |
05-02-2015
0-8
0-8

Otherwise, use Ground Based Prediction
Program when

+GNSS availability demonstration not declared
In the AFM

+less than 24 satellites available

+Potential terrain masking of GNSS signal
(RNP AR)

+Low RNP values (RNP AR below 0.2 NM)
AIRBUS


Presenter
Presentation Notes
GBPP enables to consider a narrower mask angle (up to 5°) compared to previous on-board RAIM prediction tool. 


Flight Guidance modes

/) With Managed Modes

+ NAV mode

+Approach modes
FPA|NAV
FINAL APP
APP-DES|NAV (A350)
FLS
SLS
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APPROACH MODES

v FINAL APP

APP DES|NAV

+Lateral guidance equivalent to the NAV mode
+\ertical guidance tracking the FMS profile
+Barometric reference

+Not temperature compensated
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Presentation Notes




APPROACH MODES: xXLS concept

, XLS function i
Guidance modes scales Approach Capability

AP1
1FD2
8401 A/THR

APproach, | xLS function -
characteristics |scales Deviations
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/) Same guidance

A

mode as ILS

+Common FCOM/SORP for all
straight in approaches

+New concept
+Basic on A350 and A380
+in deployment on A320 and A330
family

AIRBUS



GLS/SLS/FLS: computation of the virtual beam

== +Final Approach Segment data
Anchor point coordinate
Course
Slope

Q\\.‘ _ K>‘*-~} MMR computes a

/ V|rtual beam

e B +Flown in G/S | LOC

>“\ Differences betvveen various XLS modes iIs
\Z the source used for the beam computation

_— e
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Presenter
Presentation Notes
 The augmented position
 And the Final Approach Segment data (Anchor point, Course and slope)
the MMR computes a virtual beam identical to an ILS beam.
flown in G/S LOC
  
GBAS landing system is considered as a Precision approach like ILS and is charted GLS



APPROACH MODES: XLS concept

XIS Source used for Source used for Final Type of Lowest
mode lateral vertical deviations approach approach minima
deviations segment data
FLS IRS/GNSS Barometric Altitude From NDB NDB, VOR 250ft
With temperature onboard RNAV(GNSS)
compensation LNAV,
LNAV/VNAV
SLS GNSS GNSS SBAS Altitude FAS data block RNAV(GNSS) 200ft
augmented SBAS Geometric onboard LPV
GLS GNSS GNSS GBAS Altitude Transmitted by GLS CAT |
augmented GBAS Geometric VHF 200ft
Ground station
ILS LOC signal G/S signal N/A ILS CAT IlIB
MLS Geometric MLS Oft
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COCKPIT HMI

@ Operational use
TSE —

E@ccuracy
Integrity
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COCKPIT HMI — Lateral excursion monitoring

") XTK on ND

(>) LIDEV on PFD

@ XLS deviations

AIRBUS



COCKPIT HMI — Vertical excursion monitoring

.
U
HIN

a
Yy 7
o LN M)
Fay W WY W

) VIDEV on PFD

(>) XLS deviations

o
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Next Step
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Next Steps: Regulation changes on PBN

RNP will be basic In
the Future
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Next Steps: Regulation changes on PBN

gulemakind i

+No more ops approval, except for RNP AR
(SPA.PBN.100)

+Generic ops approval for non specific RNP AR mm;xmw;m%“;w
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