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PBN (Performance Based Navigation)

Julien BERNAGE, AIRBUS Approach and Navigation Flight Ops specialist
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1920- First Step toward Instrumental flight

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

) First NAVAID

/

at night!

AIRBUS
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1920 - 1930 The pioneers of mstrumental fllght

® 1929
First Instrumental flight by
Jimmy Doolittle

® 1930’s
ILS, gonio, NDB, VOR...

® 1938
First ILS approach

198 %_
| strumental |
f-,\ ﬂ'gﬁt' \>) First ILS

AIRBUS
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Up to 1970’s- ILS and NAVAIDs era

) Based on ground

é \Z/ facilities
i
r:,_

o v
i
I

installation
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Up to 1970’s- ILS and NAVAIDs era

Based on ground
J facilities

AIRBUS
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Up to 1970’s- ILS and NAVAIDs era

VOR/DME 1

VOR/DME 2

'
L fl

” .\ Based on ground
facllltles

Conventional
VOR to VOR
trajectory

)%L
/ )
VOR/DME 3 )
VOR/DME 4

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

@ FMS+IRS: revolution
in the cockpit

g AlC-position and Navigation! Display
Map with- Fl|ght Plan and A/C symbol

e Distanee to threshold
Altitude distance checks y

e RNAV (area nawgatlon) concept
Waypolnts In coordlnate : '

® Lateral gmdance on FPLN
Approach coded in Nav DataBase
selection |

= 0 RNAV approach withiWertical Guidance
B ifBarometric

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

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

© Waypoint

Area Navigation

trajectory
VOR/DME 1

. A Conventional
VOR to VOR
trajectory

T~ ~ S

R\ .
R Y o =y D ':’""
VOR/DME 2
(-]
VOR/DME 3 o

VOR/DME 4
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1990’s - The GNSS — Global Navigation Satellite System

\) Bring accuracy and

mtegrlty on position

® PBN concept
the Navigation Performance

AIRBUS
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RNP objectives

o Give access
. to remote areas

LX600 268°
4.2m

WZEALAND s
a0 9388888

-

Queenstown

AIRBUS
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PBN in terminal Area to face congested airspace

e

.

Manage
High density Traffic

w

AIRBUS



Advantages of PBN for ANSP

KATL Before RNAV Departures
Significant track dispersion

® 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

AIRBUS
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PBN Concept: Positioning

Performance Based Navigation

¥

Performance of the navigation system

¢

Characterize the position error

AIRBUS



PBN Concept: Positioning

TSE: Total System Error

PDE: Path Definition Error
From NDB coding

FTE: Flight technical Error

From Cross Track

NSE: Navigation System Error

From position computation

[ Airbus Amber ]

j PDE (Path Definition Error)

Total FTE (XTK Error)
System

Error
“X- NSE (Position Er

24

;=— Real aircraft position 7
-I—I— Computed aircraft position

AIRBUS
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PBN Concept: Design of a RNP or RNAV procedure

® On-board position error ol e e el
estimated

Accuracy /

Real aircraft position

Computed aircraft position

r

AIRBUS



PBN Concept: Design of a RNP or RNAV procedure

® On-board position error
estimated

Accuracy

Computed aircraft position

Integrity

\

» —r—

Real aircraft position _/

[ Airbus Amber ]

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

.

AIRBUS
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PBN Concept: Performance Criteria

® Accuracy criteria

Estimated Position Accuracy
Estimated Position area for 95% of FT

TSE 95 % <1RNP

Under normal condition

i . . i 1 RNP 'f
A/C position inside 2 RNP corridor '

95% of flight time

AIRBUS
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PBN Concept: Performance Criteria

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 [1 impact on FTE
* Navigation failures] impact on NSE

AIRBUS
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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 !
~~ But limit that a/c computed position must not exceed.

AIRBUS



The GNSS — Global Navigation Satellite System
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Integrity Augmentation: RAIM algorithm

4 satellites ® NAV position J
Min 5 satellites » FD J

Min 6 satellites » FDE J

RAIM = Integrity & Warning

Integrity parameter (&6 Number of Satellites

AIRBUS



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

NSE FTE

E"l"' Accuracy NAV ACCURACY XTK
Integrity’ GPS PRIMARY

RNAV

AIRBUS
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External Monitoring @AI BUS On-Board Monitoring
ATC (mode S, ADS-B, ....) TSE

NSE FTE

Eﬂ“’ On-Board Monitoring Accuracy NAV ACCURACY XTK
Integrity GPS PRIMARY

RNAV

AIRBUS



Lot of different operations and names

) Difficult to find our way around

ADVANCED
RNP =IN[=3) Basic

RNP 4 RN
RNP 4 (GNSS)

RNPAR , RNI
APCH /, (TErv  RNP

- APCH

(RNP)

[ Airbus Amber ]
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Navigation Accuracy (NM)
ICAO per flight phase
Navigation
(Doc 9613) Terminal Departure
(Doc 8168) st

RNAV 10
(RNP 10)

RNAV 5 5 5

@ (1cr0

RNAV 2 2 2 >
RNAV 1 1 1 1 1 1
RNP 4 4
RNP 2 2 >
= RNP 1 1 1 1 1
RNP APCH i || F2em
angular
RNP AR APCH 1-01 03-0.1 1-0.1

>\ PBN
.~/ Standard

[ Airbus Amber ]

AIRBUS
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PBN Manual and Airbus documentation

NOT a regulatory 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

AIRBUS



FAA and EASA regulations for PBN operations

EASA regulation FAA Regulation

RNAV 10 -

RNAV 5 AMC 20- 4 / CS-ACNS
RNAV 2 -

RNAV 1 TGL 10

RNP 4 CS-ACNS

RNP 2 CS-ACNS

RNP 1 CS-ACNS

RNP APCH AMC 20-27 / CS-ACNS
RNP APCH LPV AMC 20-28 / CS-ACNS
RNP AR AMC 20-26 / CS-ACNS
A-RNP CS-ACNS

FAA Order 8400.12 / AC 90-105A / AC 20-138(D)
AC 90-96

AC 90-100(A)

AC 90-100(A)

FAA Order 8300.33 / AC 90-105A / AC 20-138(D)
AC 90-105A / AC 20-138(D)

AC 90-105(A) / AC 20-138(D)

AC 90-105(A) / AC 20-138(D)

AC 90-107

AC 90-101(B) / AC 20-138(D)

AC 90-105A / AC 20-138(D)



Objectives Basics PBN Operations
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En Route Operations

Continental Remlote @ceanic

)4 RINAV/10

AIRBUS



Continental vs Remote/Oceanic area

Continental

Radio Navaids coverage

ATC monitoring (ADS-B
Radar)

Possibility to revert in
Conventional radio, spacing
under ATC responsibility

No redundancy required
= 1 RNAV system only

[ Airbus Amber ]

Remote and Oceanic

No Radio Navaids coverage

No ATC monitoring
A/C autonomous

No Possibility to revert in
Conventional radio

Redundancy required
= 2 LRNS

AIRBUS



En Route Operations

RNAV

RNP

RNAV 10
RNAV 5
RNAV 2

RNP 4

RNP 2

RNP 10
Basic RNAV
En Route RNAV

Continental RNP 2
Remote RNP 2

Remote
Continental
Continental

Remote
Continental

Remote

All

All
With GPS
With GPS
With GPS

AIRBUS
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En Route Operations: RNAV 10

Continental Remote | @ceanlic

4
RNAV 10

AIRBUS



RNAV 1 O [ Airbus Amber ]

® Operation called RNP 10 (language abuse) | |ORVSM Airspace (FL290 - FL410) *. i w0
| |ONAT MNPS (FL285 - FL420) “.. O %
No aircraft should enter i is anrspace 5
unless it is MNPS eq unnpe and the [
® Enroute and Remote Area porahon is specifically authorized :

the State of Registry or State of
e operator as appropriate

Lk ezun/sAM Corridor (FL290 - FL410)“s0r, |
® 10 NM RNP value ook

, : Q,Aom ( FL290 - FL410) ‘.’.‘.‘.‘.‘.‘.‘.‘.‘.’.‘. .'. =
. ";r'-' (Other limits are shown on chart)

Fc*rducrlpﬂmaudrog,ufmms refer to ;;ham m‘?q 0
?kw, tmlod  RNP10 oper

!_‘

i3]

NEW YORK OCEANIC CTA/KZNY FIR
Unct'l below FL55

® S50NM / 50NM separation minima

R, E

= FAA order 8400.12 All Airbus A/C
9 AC 90-105A app G (except A300 family)

No regulation
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En Route Operations: RNAV 5

Contimental Remote @ceanic
N

AIRBUS
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RNAV 5

&
evie SN o 5 B39

(1]
L]
© e B2 pyNotan
(4}
-]
(]

® Operation called B-RNAV, Basic = %*:‘“m o ” 2 /
RNAYV or RNP 5 e
AT

Evae SQELMIL by NoTAM
evaea SRGFTMSL 1a2q
. . evres ERLELIEN by atc
® Enroute and Continental only in o ow ML,

Europe :Q'rg."ns:.':,‘;m.”'""“‘”'
e

® 5 NM RNP value

Regulation Aircraft compliance

All Airbus A/C

»
AMC 20-4 (old TGL2)

AIRBUS
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En Route Operations

Continental ' Jceanic or Remote Area

AIRBUS



RNAYV 2

® Operation called Enroute RNAV

® Enroute and continental Airspace only in US

® 2NM RNP value

Regulation

Aircraft compliance

[ Airbus Amber ]

No regulation

All Airbus A/C

AIRBUS
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En Route Operations: RNP 4

Continental Remote @ceanic
N\

AIRBUS



RNP 4
® Operation called RNP 4 Enroute

® Enroute and Remote Area

® 4 NM RNP value EGPS mandatory .

® Supporting today 30NM/30NM separation (also ADS C
requested)

Regulation

Aircraft compliance

[ Airbus Amber ]

" “Mexico Gulf RNP 4 operationy, ===

gz FAA order 8400.33
%= AC 90-105A app F

E CS-ACNS

All Airbus A/C with GPS
(except A300 family)

AIRBUS
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En Route Operations: RNP 2

Contimental Remote @ceanlc
N

AIRBUS
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RNP 2

® Enroute Operation for Continental or Remote Area

® 2 NM RNP value GPS mandatory

Regulation Aircraft compliance

= All Airbus A/C with FMS2 and GPS
x
W CS-ACNS

AIRBUS
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RNP in terminal area

AIRBUS
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Terminal Area Operations

RNAV 1 Terminal RNAV

SID / STAR P-RNAV
RNP 1 Basic RNAV With GPS
LNAV With GPS
RNP APCH RNA\é(,ffPNSS) LNAV/VNAV With GPS
fppesiiize LPV With Dedicated MOD
RNP AR Rgﬁg((i';?) With Dedicated MOD

AIRBUS
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RNAV 1

EPMO v AREERSEN e WARSAW, POLAND
® Operation called Terminal RNAV (USA) T p—
or Precision RNAV (Europe) AGAVA 2X [AGAV2X]

SA

MO927 MOL VOR

LOGDA 2X [l. ooozx;
N52 31.6 E02) 03.7

MSA
RNAV-1 (P- RNAV APPROVAL REQUIRED
OTHERWISE ADVISE ATC UPON FIRST CONTA ey
5000
MO926 N85 705 E021 07.2

N32 50.4

® Terminal Airspace: SIDs or STARs

HOLDING 50760:755 A0 A'7o6°b°.|
T N Ry
#—"T%?"— | J"‘;': ’, pj/p ,‘y’m,s \, rx'? 183 co21 183
® 1NM RNP value e

Regulation Aircraft compliance

All Airbus A/C

AIRBUS
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RNP 1

® Operation called BRNP 1 or Basic RNP1 i \; € '

® Terminal Airspace: SIDs or STARs

® 1NM RNP value

Regulation

CS-ACNS

""" ILS RWY 07R

G P S man d ato ry " N2217.8E11354.2

D 113.2 LKC

[ Airbus Amber ]

@ ROVER ‘ 3278 2178
(5000) N £7
D2.6 SMT &

D73IZSL . . . . e
= MAX-220KT -

)111.11ZSL [ DEO7L (DER
558 Ei1354.0— D2 IZS
D2.8 SMT {709
o1%
HongIKong

" | D109.3ISR

Aircraft compliance

FMS2 + GPS

FMS1+GPS: Mean of Compliance

[
/\3066 CHEUNG CHAU | E11401.3

N22 20.6 7
E114 01'¥V|AX 290KT Y

D7ISR 7
D8.1 LKC
MAX 220KT
N22 20.2

AIRBUS
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RNP APCH conce pt India Nedumbassery Cochin Int

mw—m

COK-VvOCI | 7-70 RNPY 27

TThe® o ow | | | o] RNPY

[/l a0 121750 119.400 |- @, ‘w8 @< 27

Eq ST S D) ] mew

- 1 ‘&(y@ ""\,\_ a7, 7| GNSS required
A v > 7o CIST2 D, o825

MAX 220KT during APCH 8700 \

® Overlay of existing procedure

® RNP value 0.3NM in final

0 (% / THR 30 {1hP3
direct CI550 240KT) RW27 3 9.2 AW27

® Decongestion of Terminal
Airspace i -

7
at D3 CIA RT 285°

2t MNM 2500 RT divect CIA
chimb 4000 ~
S T ] S 2300 m:g:
740 | 850 €076 25.0|
171 107 0 s 5 10 DIST to THR
LNAV/VNAV '} Circll
27 VVNAV] LA ey
¢ [r-mkm 410-12 430-1.3 710 -4.0V
n 440 460 740
p [t-mem] di0og2 | 40c43 ™ ]
f
1) Uncompensated BARD YNAY NA befow 5°C ) With EVS 800m !
[2) SBAS use for VNAY not mpplicabie of not authoried °

Chenges: 0BST, Editoriad

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 4+
Missed Approach End of Missed Approach

AIRBUS
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RNP APCH concept

CARLSBAD, CALUFORNIA AL-5310 {FAA} 13345

WAAS Rwy |dg 4897
n 78129 |APP CRS|RwyIdg 4897 RNAV (GPS) Y RWY 24
W24A 245 Apt Elav 331 MC CLELLANPALOMAR (CRQ)
v ‘o 1 uncompensated BarcsVNAY s, INAV/VNAV NA bekow +4°C [25°F) MALSR

u s S£°C [130°F) DE/ORE RIF0.3 NA. Holicopter sy reduct = MISSED APPROACH: = =
COnce t B Err ot o 1o e WA e sy | o | gl doodes ore details in
" wisieility 1o 14, increnze LNAY Cats A/8 visibiliy to RVR 5000 (A 1BUGE end hold
ATIS SOCAL APP CON PALOMAR TOWER* GND CON CUNC DEL
S t = I t I 120,15 1273 323.0  [118.6(CIAH 0 2764 121.8 134,85

o Approach and
Landing presentation

® RNP 0.3 NM in Final 1, ;
Leg |

065'4)
| .
® RNP 1 NM in Initial, =~
Intermediate and Z\ '1 737/45 411 (500-7%)

Missed Approach S

927-1% 601 (600-112)
1000-1",
674 (700-1!

1080-24
749 (800-214)

NA

1000/40 674 (700-%)

® Several minima .

HIRL Rwy 624 @
CARISBAD, CALFORNIA
Amdi 3 27JUN13

CIRCLING 1000-1 669 (700-1) NA

AIRBUS



MOC:
Min 1000ft

< -z

MOC:
Min 500ft

[ Airbus Amber ]
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RNP APCH with LNAV and LNAV/VNAV

® Operation called RNP or RNAV(GNSS)
or RNAV(GPS)

GNSS Holding
"Max IAS: 240kt |
ax Protection Altitude:

GNSS Holding

Max TAS : 220 kt
IMax Protection Altitude:
11000° (1013hPa

Regulation Aircraft compliance

AMC 20-27 ) | LNAV/VNAV: All A/C with GPS (except A300)
™ CS-ACNS

AIRBUS
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Advanced RNP and RF leg

AIRBUS
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N\ Not a repeatable
“_/ trajectory

AIRBUS
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ADVANCED RNP: RF legs

N\ Bank adapted to
“~/ the trajectory

AIRBUS
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ADVANCED RNP: RF legs

) Smaller protection zone
2/ Gain of Airspace

AIRBUS



RF leg capability

i i . e Y, W e
® Decongestion of Terminal Airspace oG ] 2/ / ROVER
*_/ ©(5000) >
® USe Of RF |egS the PROC. RWO7L (DER) MAX 220KT 274} ROBBE.”

5
MAX220KT | 798 B000)@)
13°6/F ‘2-%\9 I(IIAX2£0KT

C0T8 T PORPAT A, )
/

Hong K‘,’“g MAX 220KT
3066 PORSH g /

/-\<{ @ (5000)
MAX 220KT eo

|

® S|Ds, STARS: RNP 1 with RF leg

® Approach: RNP APCH with RF (outside Final
segment

e ] e}

Regulation Aircraft Compliance

FMS2 + GPS
) 4 75% of Airbus fleet
‘8@l CS-ACNS

AIRBUS



Advanced RNP according to ICAO PBN Manual

New operation

® Concern operation
RNAV 5, 2, 1
RNP 2, 1, APCH

® Functional requirement
— RF legs
— Fixed Radius Transition
— RNP scalability
— Higher continuity

— Baro VNAV

— Time Of Arrival Control

required
optional
optional
optional

optional

optional (not yet defined)

~

/

P A -
In case of degraded or non B-RNP 1 approved, 2 9

ACFT shall use PECAN/ATENA RNAV SIDs.

ACFT that do not have RF capability shall use PECAN/ATENA RNAV SIDs.

MSA valid within Hong Kong FIR only

pd

1371
BEKOL
FL157 7
2 £
= ~

Radius-to-Fix (RF) required | ,/

B-RNP 1 required i
/
E-SIDs: RWYO7R |/
F-SIDs: RWYO7L | / 17023
/
Not a mandatory PROC.

ACFT with approval are
encouraged to fly the PROC.

/A\
1139

@ (5000) =
RWo7L (DER) /. MAX220KT ROBBE.”
s (5000)Q
PORPA e 22
/ 0( /
tiong K‘,’“g MAX 220KT ;
3066 PORSH ’
A @ (5000)

ROVER

‘ 3278

A

AIRBUS



Advanced RNP and RNP scalability option

® Allows RNP value down to 0.3NM in initial and intermediate
® Concept is changing on ICAO PBN manual ed 5%
® Not harmonised between EASA and FAA

® Airbus is waiting for harmonized requirements (and operational usage)

Regulation Aircraft Compliance

{@) ~C 90-105Aapp H

Q
7, 2
O,
%,

*
CS-ACNS _ under study

AIRBUS
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RNP AR: Authorisation Required

AIRBUS



RNP AR in terrain-challenging environment

® RF turn after FAP

® No Buffers

® Low RNP value
1 Design flexibility for terrain avoidance

® Better accessibility

® LNAV and VNAV guidance including on turn

A/C : A319-115

AD ELEV : 9680, THR ELEV : 9640 (307 hPa)

[ Airbus Amber ]

Linzhi - ZUNZ

RNAv RNP - INITIAL APPROACH - RWY05-[RNVO5-A]

Tower: 1181 {12435} w02

AUTHORIZATION REQUIRED | Minimun Tonparstura: #PC | VAR:1°E(C2) | APP1

Trans. Lovel : 55508
TansAh | ONH__ |
25407 8908w

[

26207 72w | 973- 1021 hPu | uzns
G107 7i06m_| > hPa =y
o ew 5

THR RED / ACC 11140/ 12840 | ARP: 29°18'13'N 084° 20'06"E
EO ACC ALT 13300

[ —

ALTIHET): ft

ARirfctaie ausd the wartww anth

() Faps Cos (3) Flag Thess | | 3
(2) Rags Twa (E) Gaar Down

GNSS Holding : ICAQ Criteria - Doc 8168-OPS/611

R e \ Y A N b T G ) i<
L) 2 Regel [N ay & S Y . A
FET B IPE l gt LD A AT o | P

f

o Ay a S
O Mwias:me |
Max Protsction Abitoda: |-
2250 (1013 1Pl
> 4 -

5 « 1
T N e

r‘{ ‘.’Amuﬂ,uhunﬁ’&hdmﬁm. _
. v,_'Jhxklp“\@hndwdanlfh’_;
o2 [ § A U <

2 NV Es - Ly Vs o be 2N ER
Procedure design and charting :by ENAC/CGx-AERO in SYS-Proc for QGUOVADIS/AIRBUS - © 2011

NOT FOR OPERATIONAL USE

V2R1 O05SEP2011  CHG :Flaps Position.

QUOVADIS* GEoTITAN® & AIP-GIS Charting™

AIRBUS



RNP AR in traffic-challenging environment

[ Airbus Amber ]

United States Seattle Seattle-Tacoma Intl

¢ Seattle-Tacoma Intl Seattle United States
=4

~  RNAV (RNP) Z 16R

) Y BRET Y ) ) 1 A9 A | 5 R
WI22°00°~. WI21°80

o 2037

Y -
~

® Late turn

A) \

RNAV (RNP) Z16R | —
W )

-7 \D110.6 PAE
{127} RNP 1.0

\

< D-ATIS 118000
& WR 120950
(oos ), GND 121700

® Closely Space Parallel
Operation

. [Authorization required]
*\_ | GPS and RF required
|Radar required for PROC entry

PROC NA for ARRs at PAE via AWYs
R163 PAE CW R236 PAE

_ Simultaneous APCH authorized with RWYs 16L/C
g N 11092 for ARRs at PAE and GRIFY only

Use of FD or AP providing RNAV frack

guidance required during SIMUL OPS

A \ 3504
3149

B s - -

AIRBUS



RNP AR: Authorisation Required [Airus Amber)

B0 NS

Aircraft compliance

Specific aircraft modification

AMC 20-26 Specific equipment (minimum configuration)

AIRBUS



Required system standard for RNP AR operations (e.g. A320/A330)
In addition to the RNP AR MOD

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

® TAWS with direct GNSS input

Specific to RNP AR below 0.3NM

® Minimum ADIRS Standard i
® EIS with Lateral deviation :

® T3CAS or EGPWS (PEAK, ELEVIEW)

AIRBUS






PBN Manual and Airbus documentation

EASA & FAA Regulations

Compliance Minimum Equipment
To start procedure

statement

AIRBUS
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Compliance with PBN regulation indicated in AFM

Compliance with EASA and/or FAA regulations for PBN

In AFM/LIMITATIONS / 22-AFS / FMS / Airworthiness Standard Compliance

If capability installed (MOD) = AFM of the MSN indicates the capability

If not capable = no statement of compliance in the AFM of the MSN

%

AFM is the proof for A/C capability regarding PBN

AIRBUS



Airbus documentation: Compliance to PBN regulations in AFM

In AFM/LIMITATIONS / 22-AFS / FMS / Airworthiness Standard Compliance

AIRWORTHINESS STANDARD COMPLIANCE

The FMGES has been demonstrated to comply with applicable airworthiness requirements, including FAA AC 20-130A, for a navigation system integrating multiple navigation sensors, when
operating with aircraft position based on:
- IRS position and GPS update, or

- IRS position and radio navaid update, or
- IRS position only.

The FMGES also complies with the airworthiness part of:
- EASA AMC 20-4 (JAA TGL 2 REV 1) for Basic RNAV

EASA AMC 20-27 for RNP APPROACH (RNP APCH) operations with or without APV BARO-VNAV operations

FAA Advisory Circular 90-105A for RNP2 operations in domestic, oceanic and remote continental area
FAA AC 90-105 for:

* RNP1 operations in Terminal area with or without RF leg
*» RNP APCH operations with or without APV BARO-VNAV Operations in final approach segment
*» RNP APCH operations with or without RF leg capability in the initial, the intermediate and the missed approach segments.

JAA TGL 10 for Precision RNAV (compliance with paragraph 8.2 has not been demonstrated)
FAA Advisory Circular 90-100A for terminal and en route RNAV operations
FAA Advisory Circular 20-129 for baro VNAV

FAA Order 8400.33 for RNP 4 in oceanic and remote area.
FAA Order 8400.12A for RNP 10 in oceanic and remote area.

RNP 10 oceanic/remote area operations are approved:
» with GPS PRIMARY

« without GPS PRIMARY (GPS deselected or inoperative), provided time limitations in IRS only navigation, acceptable to the operational authorities, are established.
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Airbus documentation: Compliance to PBN regulations in AFM
Specificities for RNP AR

Compliance in LIMITATIONS / 22-AFS / FMS / NAVIGATION PERFORMANCE
Reference of the ACD: Airworthiness Compliance Document

NAVIGATION PERFORMANCE

With GPS PRIMARY:

The FMGES is certified in accordance with the performance requirements of MASPS ED-75/D0-236 for RNP operations.
The RNP accuracy with GPS PRIMARY has been demonstrated to be :

With AP ON: 7 With AP OFF and FD ON:
- In NAV mode (all phases), or In NAV mode (all phases), or With AP OFF and FD OFF
- In F-LOC (approach phase) In F-LOC (approach phase)
En Route ‘ ‘

\In Terminal Area

|In Approach

‘ Without F-LOC deviation: not authorized
For RNP AR (SAAAR or equivalent):

The aircraft is compliant with the airworthiness part of the EASA AMC 20-26 and FAA AC 90-101A Appendix 2 and FAA AC 20-138C Appendix 2.

The aircraft is capable of conducting RNP AR operations when operated in accordance with the recommendations provided in the Airbus Airworthiness Compliance Document (ACD)
reference LR34D14013950 at the latest issue.

Detailed RNP AR levels approved through the Airworthiness Approval of the aircraft are provided in the ACD.

Guidance for Operational Approval is provided in the ACD.

RNP AR performance has been demonstrated with AP ON (See the note below), based on the operational assumptions of the ACD for the following modes:
- Departure in NAV mode,

- Initial approach in NAV or APP NAV modes,

- Final approach in FINAL APP mode,

- Missed approach in NAV mode.

Without GPS PRIMARY:

The FMGES is certified in accordance with the accuracy requirements and assumptions of MASPS ED-75/D0-236 for RNP operations provided the appropriate RNP value is checked or
entered on the MCDU and HIGH accuracy is displayed.

Without GPS PRIMARY (GPS deselected or inoperative) the navigation accuracy is a function of ground radio navaid infrastructure or elapsed time since last radio update.
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RNP AR: Airworthiness Compliance Document

e Only applicable to A/C with the ACD referenced in AFM (specific by MOD)
e Part of the certification dossier and approved by EASA G Amevs e

A330 - RNP AR - w00 Reroece
203442 LR34D14013850LR34D 140
13950

Tecnnia Resort
mave£0 Bare 13 1y 2020

o A330 - RNP AR - ACD Airworthiness Compliance

Document MOD 203442

e ACD structure i 2 S

|a/c aPPLICABILITY A330 NEO and CEO

[ATA APPLICABILITY ATA 22

cUSTOMER

e RNP AR demonstration hypothesis (minimum configuration, definitions) e
e Demonstrated excursion values for: iores to provide 8 h Sastmotons, iatons nd supporin fomaton necessaryfor o

[safe conduct of RNP AR (Required ; with ization Required) |

[This outlines the navigati ilities of all A330 A/C that have been upgraded for RNP|

o Normal Operatlons AR operations with the MOD 203442

[This document is primarily intended for use by operators to support operational approval by the|
lappropriate Regulatory Authorities. This document is referenced in the AFM.

. E n g i n e O u t [This document is only applicable to A/C with an AFM that references this ACD.

KEYWORDS [RNP AR ACD

o |
e Probable failures (sizing failures indicated) . ...
e Remote failures (sizing failures indicated) il i s

e Operational recommendations, operational mitigations N
e Annexes - SRS RS
e Flight Crew Training Program — RS—
e System description = == o
e Operational approval dossier e

Available in Airbus World for operator. can be provided to NAA by Airbus on request
80 AIRBUS






Airbus documentation: FCOM contents

Specific FCOM chapter in PRO / SPO / 51-PBN

* General

o Compliance

O Definition
* Equipment Required

* Procedure

O Flight preparation

O Before entering Airspace

O Inside Airspace

O Management of degraded navigation

O Leaving Airspace

RNP 1 / TERMINAL RNP 1 - BASICRNP 1

GENERAL

RNP 1 operations correspond to RNP 1 Terminal operations.
In RNP 1 airspace, GPS enables to ensure the RNP value of 1 nm.

REQUIRED RNP 1 EQUIPMENT

The minimum navigation equipment required to enter RNP1 airspace is:
- One FMGEC
- One MCDU
- One GPS
Two IRS
One FD in NAV mode

Two NDs (the temporary display of ND information via the PFD/ND switch is permitted on one side).

PROCEDURE

FLIGHT PREPARATION

RAIM/AIME availability should be confirmed for RNP 1 operations.
Refer to GPS PRIMARY Availability (If Installed)

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
S o s 4 : g el

an.d an th E.D nooo Lnoin oo noo a0 o nood conckrain
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Airbus documentation: FCOM contents for RNP APCH / RNP AR

® For RNP APCH

Approach RNP operations in PRO /NOR
ISOP /approach /guidance management
/lusing FINAL APP guidance

® For RNP AR (when MOD embedded)

Specific chapter in PRO/NOR/SOP
approach /guidance management /using
FINAL APP guidance for RNAV(RNP) for
Approach procedure

APPROACH USING FINAL APP GUIDANCE

GENERAL

The following items are to be performed in addition to previous SOP chapters in the following
cases:

- RNAV(GNSS) approaches with LNAV and LNAV/VNAV minima

- Conventional approaches based on VOR or NDB using FINAL APP guidance.

Note:  For RNAV(RNP), Refer to APPR using FINAL APP for RNAV(RNP)

AIRCRAFT EQUIPMENT

For RNAV(GNSS) approaches, 1 FMS must be operative in GPS PRIMARY.
In addition, the following equipment is recommended:
1 MCDU, 1 FD, 1 PFD and 1 ND on the PF side, and both FCU channels.

DESCENT PREPARATION

WEATHER AND LANDING INFORMATION o ...... OBTAIN

= The FMS does not take into account the effect of low OAT on the vertical profile. Therefore,
vertical managed guidance may not be used below a minimum OAT. This minimum OAT is
either indicated on the approach chart, or defined by the Operator.

Note: For RNAV(GNSS) approach with LNAV VNAV minima, use of QNH from a remote station is
prohibited.
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Focus on equipment management concept, example of RNP 1 on A320

Equipment required list Rely on messages and A/C behaviour

EQUIRED RNP 1 EQUIPMENT MANAGEMENT OF DEGRADED NAVIGATION

The minimum navigation equipment required to enter ¢ If one of the following messages is displayed, the flight crew should
RNP 1 airspace is: resume navigation with the FMGC that provides the correct position:
GPS PRIMARY LOST. on one ND/MCDU
One FMGC NAV ACCUR DOWNGRAD on one ND/MCDU.

One MCDU
One GPS ¢ If one of the following MCDU or ECAM messages is displayed, the flight

Two IRS crew should check the position data via the MCDU PROG page in order to

identify which FMGC position is correct:
GPS PRIMARY LOST. on both NDs/MCDUs
FMS1/FMS2 POS DIFF
CHECK IRS 1(2)(3)/FM POSITION.
CHECK A/C POSITION .
NAV FM/GPS POS DISAGREE .
The flight crew should resume navigation with the FMGC that provides the
correct position.

One FD in NAV mode
Two NDs (the temporary display of ND information
via the PFD/ND sw is permitted on PM side).

e If NAV ACCUR DOWNGRAD is displayed on both sides:
The flight crew should inform the ATC that the RNP 1 capability is lost.

AIRBUS






[ Airbus Amber ]

Airbus documentation: FCTM contents on RF leg

® Introduction on guidelines to fly an RF
leg in the FCTM

® Contains:

1. RF leg Characteristics
2. Use of AP/FD Overshoot aftor WPT e

3. Speeds management along RF legs

4. Go-around during RF leg
5. Use of DIR TO function consideration
6. Engine-Out considerations
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Airbus documentation: MMEL contents for PBN

PBN Operations taken into account in the MMEL

22-10-01A L
27-10-01B Autopilot (AP)

OAWhen one AP is inoperative:

For aircraft with the RNP AR capability, RNP AR operations strictly below 0.3 NM are not
permitted.

I_Maximum landing capability is CAT 3 SINGLE.

B When both APs are inoperative:
| For aircraft with the RNP AR capability, RNP AR operations are not permitted.

\Vr\v'SM OperdaLions dre ot periitied.

Maximum landing capability is CAT 1.

// END
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[ Airbus Amber ]

AIRCRAFT POSITION

/) Based on different

~~— position sources

FMS1 . g
® |nertial position

NAVAIDs2 —_ ADIRS
® GNSS position
MMR/GPS SU
® Radio position
VOR, DME, LOC

NAVAIDs1 —

] AIC position on A350
FMS position on others

AIRBUS



[ Airbus Amber ]

AIRCRAFT POSITION

Navigation modes

® GNSS/Inertial

® Inertial position -
ADIRS ® NAVAIDS/inertial

® GNSS position IRS/DME/DMEJIRS/VOR/DME
MMR

o )
® Radio position Inertial Only

NAVAIDS

AIRBUS



AIRCRAFT POSITION : ACCURACY & INTEGRITY LIMITS

ACTIVE v POSITION

POSITION/MONITOR

® From NDB

— <REPORT ® Default value

UPDATE AT
— * | |

BRG /DIST
B Gt isiaen e ® Manually entered
— <GPS PS PR IMARY

REQUIRED -ACCUR ESTIMATED (Not recommended)

AIRBUS



MONITORING / INTEGRITY

/) Monitoring and Alerting:
GPS/NAV PRIMARY LOST

® Based on GNSS/Inertial mode
Integrity monitoring related to
threshold

- GPS/NAV PRIMARY LOST

. message triggered regardless of
. the selected RNP value

AIRBUS



[ Airbus Amber ]

MONITORING / INTEGRITY

@ Monitoring and Alerting:

HiLcrrs > MAX (UIL, 2xRNP)

UIL = 2NM in Enroute, 1NM in
Terminal, 0.3NM in approach

Example: RNP ARCH procedure, RNP=0.3NM

GPS PRIMARY LOST triggered when HILcrirs>MAX(0.3, 2x0.3)= 0.3 = corresponding to RNP= 0.15
criteria

Note: More complex algorithm on A350 and A380 Batch 7 with a budget for PDE and FTE in HIL monitoring AIRBUS



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:
NAV ACCUR DOWNGRADED

AIRBUS



[ Airbus Amber ]

MONITORING example on A320 aircraft
/) Example of GNSS loss in low RNP

o operatlons without NAVAIDS

Accuracy
exceeds 1 RNP
threshold

Integrity
exceeds
threshold

Total loss of
GNSS

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

e

accuracy 1 RNP

! & Integrity OK ntegrity OK Integrity not monitored Integrity not monitored
Accuracy OK Accuracy OK Accuracy OK Accuracy NOK

on PF/PM displays on PF/PM displays

AIRBUS



A350 RNP AR CAPABILITY MANAGEMENT

@ Dedicated RNP AR monitoring function for A350

® Management of the RNP AR capability by PRIMs
Monitoring Performance & minimum configuration for RNP AR

STATUS

ALL PHASES a APPR & LDG
RNP AR |

AIRBUS



A350 RNP AR CAPABILITY MANAGEMENT

® Triggered when

R T = =

p— g
-

S A DI 1TV ISAAIAIMAASTS AN
=11l | v )
. ' N \/ 7 S b/

MINIMUM L'ilTED TO RNP 0.30 . System failure leading to a loss of
AP 2 capability (but not 0.3NM capability)

] redundancy loss

ECAM message

] revert to 0.3NM minima or Go Around
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A350 RNP AR CAPABILITY MANAGEMENT

® Triggered when

Integrity/Accuracy NOT in accordance with RNP
level

System failure leading to a loss of RNP AR capability

ND message

< - -
\\_'\_‘u

0 Go Around

N A ASCADADDI 1™
| 2 / !

BACKUP GUIDANCE ACTIVE

2 M A M A
MIN N M

) > { - - W M
| - w MO LU WIN

ABOVE SAFETY ALTITUDE

T T ! 18 ” 2

[0 Additional help like Backup Guidance...
ECAM message
AIRBUS



DISPATCH and RAIM Prediction

® RNP operation requires GPS
1 Check the GNSS availability at dispatch

0 “RAIM prediction”

[ Check the number of satellites in sight

But
0 GPS hybridation on Airbus A/C
0 Check the availability of GPS PRIMARY

AIRBUS



CHECK GNSS Availability at dispatch

/) GNSS

with 24 satellites worldwide,
GPS PRIMARY function available all the time EVAI LABILITY

[ SHOW TREE | Path : [FCOM~ /|PRO~ /|NOR~ /|SOP v/ Flight Preparation v /|GPS PRIMARY Availability (If Installed)v /

GPS PRIMARY AVAILABILITY (IF INSTALLED)

For RNP operations requiring RAIM check:
RAIM availability may be checked using the PREDICTIVE GPS MCDU page <%.

For RNP operations requiring RAIM/AIME check:

RAIM and AIME are available worldwide, if 24 GPS satellites or more are operative.

If the number of GPS satellites is 23 or less, the flight crew should check RAIM/AIME availability using the approved version of the
Honeywell/Litton ground-based prediction software.

RAIM availability may be checked using the PREDICTIVE GPS MCDU page <.

AIRBUS




CHECK GNSS Avalilability at dispatch

v) Ground Based

0N
"/ Prediction Program

Phil
s t
= AR
- S o8
- =2
- 3¢ §
Y
{ .—j’:\
e
Duillas
_ {
prosa A
Houston ¢ \u_
o
s 1 L’
i 9 Témpa \ 32.91710, -76.61865
Outage start: 04-02-201522:54  Outage end: 04-02-201523:04  Latitude: -97.75°  Longitude: 36.25° Showing details.
04-02-2015 23:00 05-02-2015 00:00
Selected Time: 04-02-2015 23:00 « I » [ Show Range Slider
04-02-2015 05-02-2015
12-0
17 18 19 20 21 - 33333333333

[ Airbus Amber ]

Otherwise, use Ground Based Prediction
Program when

® GNSS availability demonstration not
declared in the AFM (old A/C)

® |less than 24 satellites available

® Potential terrain masking of GNSS signal
(RNP AR in montaineous area)
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Flight Guidance modes

@ With Managed Modes

® NAV mode

® Approach modes
FPA|NAV
FINAL APP
APP-DES|INAV (A350)
FLS
SLS

AIRBUS
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COCKPIT HMI

@ Operational use

i@ccu racy
: Integrity
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COCKPIT HMI — Lateral excursion monitoring

RATAN
0.2R

{>) XTK on ND

kd

_>) L/IDEV on PFD

@ XLS deviations
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COCKPIT HMI — Vertical excursion monitoring

(>) VIDEV on PFD [>) xLS deviations

AIRBUS



: Y" S’ "" o5

s Mie . e . 3

# Material

alb




ing to
@ AIRBUS World Airbus Right Operations

October 2016 - Issua 1

Home Content Iibrary

S Airworthiness and Certification [ se context

Getting to grips
with PBN

Performance-Based
and fuel saving - : Nawgatlon

Revision Date: From

App catalogue Corporate Jets

Events Results :

Downloads Flight Operations

Manuals Getting to Grips with Aircraft Noise 01 Dec 2003

Publication tool

Operational Expertise Getting to Grips with Aircraft Performance 01 Jan 2002

HELP / Contacts Digest of available enhancements *

FOBN - Flight Operations Briefing Notes *
Flight Deck and Systems Briefing For Pil_.. *
Operational Material

Getting to Grips with Aircraft Performance Monitoring 01 Jan 2003

Getting to Grips with Cabin Safety 01 Apr 2015

Getting to Grips with Cat II & III Operations 01 Oct 2001

4

Spedific Flight Operations Topics Getting to Grips with Cold Weather Operations 01 Dec 2015

Miscellaneous *

Getting to Grips with Cost Index 01 May 1998

Information on applications . .
Getting to Grips with ETOPS volume 1: certification and approval 01 Dec 2014

Leasi . . . . N -
ng Getting to Grips with ETOPS volume 2: the flight operations view 01 Dec 2014

Maintenance and Engineering Getting to Grips with FANS 01 May 2014

Material Solutions Getting to Grips with Fuel Economy 01 Oct 2004

Publications Gei’ng to ti'ps witiMMEL id MEL. m m m (iJuI ZOﬁ

Supplier Support Getting to Grips with Performance-Based Navigation (PBN) - High 09 Nov 2016
Resolution (S0Mo) m

LT g_Baced Navigation (PBN) - Light 08 Nov 2016

|
| | B o1 vl 2000

NeW ISSUe planned In 2025 01 Feb 2004

© Copyright Airbus - 2016 X TOTRr UL TR 40 08 R R FDROR T3 S WO F A T TR SFN SR
BOCOOITE TP W00 TP BEGH RS TR N SIS ARIRASY

U

B C UOU SR S HERD | 2 SIS QIR SO DO €

VI
CIR OB RO RS

=

[ Airbus Amber ]

AIRBUS



[ Airbus Amber ]
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