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Your safety is our mission.

EU-South East Asia Aviation Partnership Project (EU-SEA APP) An A gency of the Euro pean Union ::

This project is funded by the European Union and implemented by the European
Union Aviation Safety Agency - EASA
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Opening and Introductions

Personal introduction

— Javier Cabrera Espinds

— Aeronautical Engineer

— Email: altairl605@hotmail.com
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General Considerations

Delivery methodology:

Administrative
procedure

Regulatory JOB AIDS

system
ICAO
General
information FAA
and EASA
definitions
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General Considerations

Course schedule

MONDAY
FEB 3RD

OPENING/ GENERAL
CONSIDERATIONS

KEY DEFINITIONS I & II

KEY DEFINITIONS III / PBN
COMPONENTS

STAKEHOLDERS / PBN BENEFITS

B3EASA

TUESDAY
FEB 4™

AERONAUTICAL DATA/ TYPES
OF PBN APPROVALS I

TYPES OF PBN APPROVALS
II/ICAO DOC.

EASA REGULATIONS /
AIRWORTHINESS APPROVAL
ASPECTS I

AIRWORTHINESS APPROVALS
ASPECTS II / OPERATIONAL
APPROVAL ASPECTS

WEDNESDAY
FEB 5™

STATE RESPONSIBILITIES &
MATERIALS

APPROVAL PROCESS / PBN JOB
AIDS

PBN PRACTICAL CASES I & II

COURSE ENDING




General Considerations

03/02/2020 (First Day)

TIME TITLE, SPEAKER
08:00 —08:30 REGISTRATION
08:30 —09:00 Opening and Introductions

Instructor Mr. Javier Cabrera Espinds. EASA Expert
Participant Introductions
EASA EU-South East Asia Aviation Partnership Project,

09:00 —09:30 General Considerations

Instructor Mr. Javier Cabrera Espinds. EASA Expert
09:30 —10:00 GROUP PHOTO AND COFFEE BREAK
10:00 - 10:45 Key Definitions |

Instructor Mr. Javier Cabrera Espinds. EASA Expert
10:45-11:30 Key Definitions Il

Instructor Mr. Javier Cabrera Espinds. EASA Expert
11:30-12:30 LUMCH BREAK
12:30-13:15 Key Definitions lII

Instructor Mr. Javier Cabrera Espinds. EASA Expert
13:15-14:00 PBN Components

Instructor Mr. Javier Cabrera Espinds. EASA Expert
14:00 - 14:30 COFFEE BREAK
14:30 — 15:00 Stake Holder Uses of PBN

Instructor Mr. Javier Cabrera Espinds. EASA Expert
15:00 — 16:00 PBN Benefits / Implementation Matters

Instructor Mr. Javier Cabrera Espinds. EASA Expert

B3EASA




General Considerations

- -+ VOLCANIC
ASHES
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General Considerations

Table 1: Overview of PBEN specifications
FLIGHT PHASE
En-route Arrival Approach Departure
Oceanic Continental Initial Intermediate Final Missed
RNAV 10 10
RNAV 5 5 5
RNAV 2 2 2 2
RNAV 1 1 1 1 1 1 1
RNP 4 4
RNP 2 2 2
RNP 1 1 1 1 1 1
A-RNP 2 2orl 1-0.3 1-0.3 1-0.3 0.3 1-0.3 1-0.3
RNP APCH (LNAV) 1 1 0.3 1
RNP APCH (LNAV/VNAV) 1 1 0.3 1
RNP APCH (LP) 1 1 1
RINP APCH (1P
RNP AR APCH
RNP 0.3 (H)
specific approval required

no specific approval required .

Numbers specify the accuracy level

B3EASA



eneral Considerations

F. APPLICATION DATA

AIRCRAFT As Manzger of the izstion, | declare that provided defines

OPERATIONAL APPROVAL e the operation for which the appraval i requested

Once this application is approved, | undenake to ensu
provided in accordance with the requirsments. of c
Regulation (EC) - 85812008 of the i
(EEC) = 392291 as regards common t
appicable to commercial transportation by a1

1 =il operations and activities wil be

isistion in this area (Annex Il of
ugust 2003 amending Regulation
and administrative procedures

A PBurpassofreguest

RNP AR APCH I At e

2. Approval for registration of an aircraft type/ model shesdy has RNAY spproval.

If after the temporarily, without loss of

25 ANAV. afact that wil

Signatwre, of Responsible Manager:
B. APPLICANT DATA OPERATOR

RNP 0.3 (H)

1 Registersd Name: CIF

2 Mame

Date:

3. Registered Office:

4 Reference AOC/ICAO code (Three letiars)

s bFl{aNlR_and contzct detzils of the responsible technical coordinztor 3t managemen Flight Manual Page (s)../ Supplement which includes the declaration of BRNAVY

airworthiness (mandatory).
MEL pages which register the

6. Address for notification of this procedure: Reguest for MEL amendment

Tel Fax:

C. IDENTIFICATION OF AIRCRAFT

RNAV systems to tn be operational
of the aircraft and copy
of the approval.

to collect the necessary systems to
RNAV operations to be operational for

dispatch of the aircraft

Photocopy of the Operations Manual

FroposedAmendmentto Operations

approval which contains the Manual which includes the operation
RMAV operation RNAV

Copy of written approval of the
course fortraining crews on RNAV.

Proposal for course approval
far training crews on RNAY

Copies of the documentation that establish equipment maintenance necessary
operation (mandatory).

Mumher of aircraft:

Aimed st
D. DESCRIPTION OF RNAY EQUIFMENT

SSR Cade.

Flight Operations Senvice (SOV)
Securily Disclomle
M adel Serizl Numher ity

E. DATE SCHEDULED FOR OPERATION RNAV

B3EASA




General Considerations

“complex” PBN approval

B3EASA

SPA.PBN.105 PBN operational approval

Regulation (EU) 2016/1199

To obtain a PBN specific approval from the competent authority, the operator shall provide evidence
that:

(a) the relevant airworthiness approval, suitable for the intended PBN operation, is stated in the
AFM or other document that has been approved by the certifying authority as part of an
airworthiness assessment or is based on such approval;

(b)  atraining programme for the flight crew members and relevant personnel involved in the flight
preparation has been established;

(c) asafety assessment has been carried out;
(d) operating procedures have been established specifying:

(1)  the equipment to be carried, including its operating limitations and gppropriate enfries

in the minimum equipment list (MEL); HHP AH APEH

(2)  flight crew composition, qualification and experience;

(3) normal, abnormal and contingency procedures; and H H P D 3 [H}

(4) electronic navigation data management;
(e) alist of reportable events has been specified; and

(f) a management RNP monitoring programme has been established for RNP AR APCH operations,
if applicable.




General Considerations

CERTIFICADO DE OPERADOR AEREO - AIR OPERATOR CERTIFICATE

aéreas con fines comerciales, segin ko definido en las especificaciones operativas adjuntas, de conformidad con & Manual de Operaciones, & anexa |V del
Reglamento (CE) 216/2008 v sus disposiciones de aplicagdn,

This cert fcate cerifies that is aurthorsed fo pe o commensal alr operations, & defned in
fhe aftached operations spedfcations. In accordance with he operabons menud. Annes [\ o Regulstion (ECH N° 216,/2008 and ifs Implementing Rukes

La Directora de Segundad de Aeronaves

Cargo - Titie:
Fecha de expedicion - Date of issue.

5
;
i
i
8
H
i
z

2012018 Nombre y fima - Fima do electrdnicamente por:  Elsctonicaly 5 gned by
Mame and signature:

B3EASA

%
H
E =3
gﬂ (Programa de aprobacion para operadones de transporte aéreo - Approval Schedule for air transport operators)
g E Tipos de opercion - Type of operation: Transporte adreo comarcial - Commerdalair transpart (CAT) ] Pasajeros - Passangars  [¥] Mercancias - Cargo
[=]
Eg [ Otro - Other:
; -
[ ESPANA - SPAIN =
EE g comeo FINTERID
n = = DEEPARA IBE FOMERTD
| AGENCIA ESTATAL DE SEGURIDAD AEREA AESA
o
q PUNTOS DE CONTACTO
:g Nombre del Operadar OPERA CIONALES -
By - Oparatar nam & OPERATIONAL POINTS
gg CONTACT
& Nombre comendal Los dalos de contacto en los
& - DEA frading namea: cusles sea posible ponerse en
conado sn demara excesva
con la dreccon operaiva, se
ez ey | DFmocan del Qpamdor nduyen en:
NO s qus BE - Opearator addrass:
ol 0, 12t el Contact datals &t whish aper ational
anape manl @n be cmiaced
E: This Catiimte shal mmain | Taldfono - Telaphone: Fax - Fax: witho ut undue dalay, are listed in:
3 Wi Far v i bed
= lu i, wld dhe spovores!
e s ool d, suspanded or BACA 11
H vk
& Cormeo elecindnico - E-mail
a
]
‘E El presante carfficado carifica qua estd autorizado a realizar operaciones
&
4
A
i
¥
!
!
£
£
g

SIPA - ADC Pagina 1/Page1



General Considerations

ESPECIFICACIONES DE OPERACIONES - OPERATIONS SPECirivaimmma
(Sujatan & Manual de - Subfect to the appvoved cond'fons i the Cpestions Manual)

Datos de contacto de i autoridad expadidor - ISSUNG AUHOMY CONGE daals
I

AESA Tek +34 91 396 80 00 Fax: +34 91 395 80 E-mall: aesa@fomento.es
L
AOCHE FimMa Signaire:
DE CORTO Y EXPRESS, S.AL.
ES.AQC1TT Fecha Date:

ES.ADC.NT-313

Veage Utma paging gaa Obse'moﬂes SACIN3kS. Ses it page for Addional rEmarks.

Modsio de 1a asronavs - Arca® Mode. AIRBUS AZ20-211

Matricula - Fegisration Mans.

El operador ans aprobado \sa mafriculas
‘operator fes an anoroved for Internal ettt registation mes, qaemecrmr"ﬁ Aoc

omprobsaién Dosemantal).

Tipos de oparadon - Type of aeren comerid - Ak tEnsnart (CAT
] Pasgene - Passengers ] mercancias - cago [l owos- o

= e o) 2 ¢ 2 = | Egpecificacion de navegacion complejas

S mmmemeern - Tzre] | paraoperaciones PBN. ] |Z[

ercancs Pelrosc. @O Complex navigation sp ecifications for PBN

i oy operations.

Aprodmeckny darase. S
3 : G‘\TIIA[DHSJM{R\"RIIDrm

T

85 {ONCing Vinual (556 Cloetncs) > Cemprebaciin dorumantal).

.gob 25 (Oning oifics {Skotroak: affical™

Frry | wia] O
ETORS. |nA| O
Espaciicacion 0o navegadon compl
wﬂl\‘wﬂ!ﬂ'cmﬂﬁ'm

s = RNP AR APCH

navegacin.
Minimum ravigation performance ecication

Operacionss con hellcopterce con ka ayuda
e alstemag de vision nocuma de e

- —— RNP 0.3 (H)

imaging grsEms.
jones e vueln o6 hellcoptenos con
derescas.
Heilcopter hoist operations.
Operaciones oe namcn mndw de
smergenclas con hel
Heikc opter emergency nzaul senvice operations.
Cartera Electronica de Vuslo [EFB)
Elsctonic Fight Bag (EF8)
Inatruccion de fripulacion de cabina.
Cath crew raining.
Expadicion del stestados CC.
isse of OF atesason.
Mantenimiento de b Asronavegablidad.
Continuing aiworiness.
Ofros
Cer
i"IF &N lafecha lapacina 1. saned on dak shown n paoe 11

O[\O|=0] =

]
]
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[&]
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General Considerations

B3EASA

RNAV 10

RNAV 5

RNAV 2

OPERATIONAL APPROVAL

AIRCRAFT
SAFETY
MANAGEMENT

RNAV 1

RNP 4

RNP 2

RNP 1

A-RNP

RNP APCH (LNAV)

A Pucpassof request

1. RMAVntil I fora type f mods! gircrsft im}

2. Approvalforregistration of an aircraft type/ mode! already has RNAY approval

E. APPLICANT DATA OPERATOR
1. RegisteredName: CIF:
2. Mame
3. Registered Office:
4 Reference AOC/ICAO code (Three letiers)

5. Name and conact details of the responsible technical coordinatar st management of
RNAV:

6. Address for notification of this procedure:

Tel: Fax

C. IDENTIFICATION OF AIRCRAFT

RNP APCH (LNAV/VNAV)

Model I
[
7
<
\
\
\ L

RNP APCH (LP)

RNP APCH (LPV)

Numher of aircraft:
D. DESCRIPTICN OF RNAY EGUIFMENT

SSR Cade

Manufacturer M odel/ Serial Numher

E. DATE SCHEDULED FOR OPERATION RNAV

F. APPLICATION DATA

As Manager of the organization, | declare that ion provided defines
the operation for which the approval is requested

Once this application is approved. | undentake to ensure that all operations and activities will be
provided in accordance with the requirements of cument lagisistion in this area (Annex Il of
Reguistion (EC) ~ B53/2008 of the jssion,, of 20, August 2008 amending Regulation
(EEC) = 3522/31 as regards common technical requ ts and administrative procedures
applicable to commarcial transportation by irpian

If after the aireraft fails to
sirworthy condition for another ty) o
b2 rportad to the Civil Aviation

 temporarily, without loss. of
=3 2x RNAV, 3fzct that will

Position and name. of Rasponsibls Manager:

Date

>

anM Manual Page (s)../ Supplement which includes the declaration of BRNAV

rworthiness (mandatory).

MEL pages wihich register the Request for MEL amendment

RNAV systems to to be operational | to collect the necessary systems to
for.dispatch of the aircraft and copy | RNAV operations to be operational for
of the approval. of the f

Photocopy ofthe Operations Manual | Proposed Amendmentto Operations
approval which contains the Manual which includes the operation
RNAV operation RNAV

Copy of written approval of the
course fortraining crews on RNAV.

Proposal for course approval
for training crews on RNAV

Copies of the documentation that establish equipment maintenance necessary
operation {mandatory).

Aimed st

Flight Gperstions Sanvice (SOV)
Secunly Dimclorte




General Considerations

“non-complex” PBN approval

B3EASA

ED Decision 2016/015/R

PBN OPERATIONS

For operations where a navigation specification for performance-based navigation (PBN) has been
prescribed and n accordance with SPA.PBN.100, the operator should:

(a)  establish operating procedures specifying:

(1)  normal, abnormal and contingency procedures;
(2)  electronic navigation database management; and
(3) relevant entries in the minimum equipment list (MEL);

(b)  specify the flight crew qualification and proficiency constraints and ensure that the training
programme for relevant personnel is consistent with the intended operation; and

(c)  ensure continued airworthiness of the area navigation system.




General Considerations

EQUIPMENT
LEVEL _ .
APPROVAL » GPS could be a sensor in multi-sensor
? system or a self-contained and stand-alone
navigator;
¥
AIRCRAFT : : :
LEVEL » Installation approval on aircraft against an
APPROVAL EASAAMC or FAA AC which includes an

operational context e.g. RNAV 5;

APPROVAL

EEEE._A TOR m » For the aircraft installation to be used
e o i by pilot, operational approval needed.

| » Operational Approval is concerned with
training, flight crew procedures, quality,
database management, etc.

B3EAS,




> EASA -

European Union Aviation Safety Agency -

Key Definitions |

PBN Operational Approvals Workshop

An Agency of the European Union ::



Key Definitions |

Performance Based Navigation

B3EASA




Key Definitions |

There are two kinds of navigation specifications:
— RNAV area navigation and
— RNP required navigation performance.

Main objective: reduce lateral spacing between routes

B3EASA




Key Definitions |

These specifications are similar. The key difference is:

—> RNP specification: a navigation specification that includes a
requirement to have an on-board performance monitoring and
alerting system

—> A RNAV specification does not have such a requirement.

B3EASA




Key Definitions |

Two types of navigation specifications exist

/ Performance Based Navigation \

(PBN)

RNAV

Navigation specifications Without
Performance Monitoring and

RNP

Navigation specifications With
Performance Monitoring and
Alerting System

Alerting System

A

RNP = RNAV + OPMA (On-board Performance Monitoring and Alerting)

B3EASA




Key Definitions |

Ehe Key Extra Ingredient:
n-Board Performance Monitoring and Alertin

B3EASA




Key Definitions |

Monitoring and alert systems

TERR POS

RMF
1,8 ARC R

Example of cross-track deviation display in 1/10™ NM Fyy
YER JEY
18LD

RNP-—-APPRDACH
B.3BHH

Cross-track and Vertical Deviations shown on Control and Display Unit



Key Definitions |

Monitoring and alert systems

PREDICTIVE

PREDICTIVE
Bl | <cps GPs Bl e Bl | <Gps =

REQUIRED ACCUR CSTIMATED REQUIRED ACCUR ESTIMATED

Bl | 015w  HIGH o.0snv| IR = Low =

GPS PRIMARY LOST

RNP P/B:

When selected ON,
the L/DEV display appears
on PFD if conditions for
display are met

V/DEV
1dot = 100ft

Note: On later standards of equipment, the
L/DEV symbol will appear automatically.
No RPN F/B will need to be installed

L/DEV
1 dot = 0.1 NM

XTK with 2 digits after the dot when RNP < 0.3 and
below Transition Altitude, whatever the RNP P/B
position.




Key Definitions |

PBN

ERROR |

— The performance-monitoring and alerting system provides some
automated assurance functions to the flight crew.

— These functions monitor the performance of the systems and
alert the flight crew when the RNP parameters are not met, or
cannot be guaranteed with a sufficient level of integrity.

B3EASA




Key Definitions |

RNP and RNAV specifications

ANOTHER

DIFFERENCES?

B3EASA




Key Definitions |

RNAV

— Traditionally, the "required navigation performance" was ensured
by the mandatory use of certain equipment on board.

— The development of new equipment and technologies made it
impracticable to continue with this laborious method of selection.

B3EASA




Key Definitions |

RNP
— Instead of equipment, it is focused on Functional Requirements

— Each "TYPE" RNP defines the navigation performance for all users
of a given airspace and has a correspondence with the navigation
capability available in that airspace

B3EASA




Key Definitions |

Wide variety of Functional Requirements

In short: global non-harmonizatqul;lope

B-RNAV WNP appliw—/{/ uUs
P-RNAV e
\ /

N/——QAustralia
US-RNAV RNP —» China
= ¢
RNP10 4—‘7 VTCAllb$S
RNP 4 / \ Tapan
South
RNP/RNAV America
Variety of Sensors Different
Required for requirements for

B3EASA Navigation crews




Key Definitions |

PBN specifies that the performance requirements of the aircraft
RNAV or RNP system must be defined in terms of

— Accuracy

- Integrity

— Availability
— Continuity
— Functionality

required for proposed operations in the context of a particular
airspace
BEEEASA




Key

B3EASA

Definitions |

Unlike conventional navigation, PBN is not sensor-specific
The PBN concept represents a shift from sensor-based to PBN

Navigation .

Performance requirements (PR)

Navigation sensors meeting them

A certain set of PRs may be met by more than one
sensor.




Key Definitions |

Performance based navigation
ACCURACY
(04) Definition “conformance of the true position and the required position”

GPS

Mortt Emrar (m)
o

Example of GPS static measurements

E3EASA e

FFFFFFFFFF




Key Definitions |

Performance based navigation

Availability

(09) Definition “percentage of time (annually)
that the services of the system are usable by
the navigator”

(Alt: proportion of time during which reliable
navigation information is presented to the crew,
autopilot, or other system managing the flight - _ _

. The availability of a system (or service) establishes
Of the aircr af t) the percentage of time during when the operation

(for example a final approach) can be started.

B3EASA




Key Definitions |

Performance based navigation

Continuity

(05) Definition “capability of the system to
perform its function without unscheduled
interruptions during the intended operation”

(Alt from ICAO SARPS: It relates to the capability
of the navigation system to provide a navigation
OUt_pUt with the SpECIfIEd aCFuracy and Integrlty The continuity of the system guarantees that once an
durlng the approach, assuming that it was (-)pei.raﬁon (fo.r example a final approach) is initiated,
available at the start of the operation) it wil not be interrupted.

B3EASA




Key Definitions |

Performance based navigation

Integrity

(06) Definition “a measure of the trust that can
be placed in the correctness of the information
supplied”

The system must have the ability to provide
timely and valid alerts to the user

B3EASA

Loss of Integrity Alert fora
Garmin G1000 {source: Garmin)

The integrity of the system (or service) establishes
to which degree the navigation source can be
trusted during the flight.




Key Definitions |

B3EASA

Provide a uniform and harmonized PBN Objectives
interpretation of the RNP and RNAV
specifications.

EUROPE

B-RNAY Us
P-RMNAV Boeing
Anstralia
US-RMNAY, China
RNP10 Adrbus
Canada

RNP 4 fapan

outh
America

Address the performance requirements of
navigation of new RNP specifications applied
s to-@irspace of terminal area and approach.




Key Definitions |

EQUIPMENT
LIMITATIONS

TSE

SYSTEM
ERROR

B3EASA




Key Definitions |

TSE: Is the deviation from the nominal or
desired position and the aircraft’s true
position, measured in nautical miles.

It should remain equal to or less than the
required accuracy expected to be
achieved at least 95 % of the flight time
by the population of aircraft operating
within the airspace, route or procedure.

B3EASA




Key Definitions |

NSE

NAVEGATION / PATH / FLIGHT TOTAL /

SYSTEM DEFINITION TECHNICAL SYSTEM
ERROR ERROR ERROR ERROR

B3EASA




Key Definitions |

B3EASA

DESIRED PATH
F
PATH DEFINITION ERROR
DEFINED PATH o
o
o
L
o
; ESTIMATED POSITION -
- -~
L
_>.). VE
TRUE POSITION e

el  NSE: Navigation System Error

« Refers to the difference between the aircraft's estimated position and actual
position.

s PDE: Path Definition Error

e Occurs when the path defined in the RNAV system does not correspond to
the desired path, i.e. the path expected to be flown over the ground
(because wind vector may not be repeatable, or because target altitude is
dependent on engine thrust and aircraft weight).

md  FTE: Flight Technical Error

* Relates to the air crew or autopilot's ability to follow the defined path or
track, including any display error (e.g. course deviation indicator (CDI)
centring error)




Key Definitions |

- T R T —h%‘\\ 2
=,/ \
7 Ay
= ~ S
Take off ; Oceanic/ ; . ;
Departure & Climb Continental | o\~ (Continental | Arrival Approach Landing
| TERMIMAL EN - ROUTE TERMINAL
" Navigation Required Enabling
Flight Phasa Specification Accuracy (TSE) System
Bl ccaanic RNAV 10 + 10 NM (95%) GPsins
5 /Remote RNP4 4 NM (85%) GPS
] — |
T R v ;
U ; |3 - o MW (52%) vORIBME
T| Continental RMAY 2 + 2 NM (95%) arling
1= RNAY 1 ik W NCELA]
[ |
T oo n=r S
*+ 1 NM (95%) OMERSPS
0,
aApproach phase (895%
RNF AR APCH Dovwn o 0, ANM in final
EIEASA s se 65




Key Definitions |

There are 3 main independent lateral errors in the context of on-board performance
monitoring and alerting. Together they account for the Total System Error (TSE), which forms
the basis for performance estimation and monitoring

(01) Path Definition Error (PDE): occurs when the path defined in the RNAV system (database) does not correspond to the
desired path, i.e. the path expected to be flown over the ground

(02) Flight Technical Error (FTE): relates to the air crew or autopilot’s ability to follow the prescribed path or track,
including any display error (e.g. CDI centering error). Sometimes, if adding display error, referred as PSE (Path Steering
Error)

(03) Navigation System Error (NSE): refers to the difference between the aircraft’s estimated position and actual position.
The accuracy of a navigation system may be referred to as NSE. Sometimes referred as EPE (Estimated Position Error).

Desired path

Path definition error (PDE)

Defined path

(04) Total System Error (TSE): Root Sum
of PDE, FTE and NSE

Flight technical error (FTE)

B3EASA

—————————————— »J Estimated position

Mavigation system error (NSE)

----------- ¥ True position

(05) The navigation accuracy depends on
the TSE

With SBAS, expect: NSE << FTE




Key Definitions |

B3EASA

This function allows the air crew to detect whether or not the RNP system satisfies the
navigation performance required (requirements based on TSE) in the navigation specification

TULAT DY ST S | 1)
|

and/or to follow the desired path

the air crew

Desired path

Path definition error (PDE)

Defined path

On-board means that the performance monitoring and alerting is effected on board the aircraft and not elsewhere

Monitoring refers to the monitoring of the aircraft’s performance as regards its ability to determine positioning error

Alerting relates to monitoring: if the aircraft’s navigation system does not perform well enough, this will be alerted to

Path Definition Error (PDE): cannot be
monitored or controlled but generally is
sufficiently small that it can be ignored.

Flight Technical Error (FTE): FTE can be
controlled by the flight crew _and should be

[

Flight technical error (FTE)

————— ¥ Estimated position

Mavigation system error (NSE)

+¥ True position

¥

minimized.

Navigation System Error (NSE): cannot be
controlled by the flight crew but should be
monitored to ensure that it remains within
acceptable limits. That is why it is
characterized by the ANP (Actual Navigation
Performance)




Key Definitions |

B3EASA

REMINDER!

RNAV specifications do not
require monitoring and
alerting functions!

d

RNAV specification

RNF specifications

RNP X spacification
nat requinng RF or FRT

RNP X spacification
requiring RF or FRT

NSE
(monitoring and
alerting)

Requires no alerting on position
error or pilot cross-check of
NSE.

Alerting on position accuracy and integrity.

FTE Managed by on-board system Managed by on-board system or crew procedure. More specific
(rmonitoring) or crew procedure. display scaling.

PDE Assumed to be zero; the desired path is not defined on tums. Assumed to be zero; path
(monitaring ) defined on RF and FRT.

NET EFFECT | TSE distribution not bounded. | TSE distribution bounded, but | TSE distribution bounded; no
ON TSE In addition, the wide variation in | extra protection needed on extra protection needed if turns

turn performance results in
need for extra protection on
turns.

turns;

defined by RF or FRT.

(01) On board performance
monitoring and alerting of FTE is
managed by on board systems or
crew procedures

Example: RAIM or FDE algorithm +

CDI crew monitoring

(02) On board performance
monitering and alerting of NSE is
a requirement of on-board
equipment for RNP

Example: RAIM or FDE algorithm

]
f06) On  board performance
monitoring and alerting of PDE
are managed by gross
reasonableness of navigation
data
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* On-board performance monitoring shall not be regarded as error monitoring

* Alerts are issued when the system cannot guarantee with sufficient integrity that the position
meets the accuracy requirement

* When an alert is issued, the probable reason is the loss of capability to validate the position
data (insufficient satellites being a potential reason in the case of GNSS)

In other words, even if the position was able to meet the accuracy requirement, since
the system is unable to prove it, an alert would be issued.

B3EASA
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Depending on the navigation sensor, ANP is
compared with the RNP:

NAV APPR 1/4 M E!
o KTUS VOR 111 TUsS 116-00
3

[—8-rx INBOUND HDG'*_[::-

POS REF 2;3
FMC POS (IRS 3)
N51*29.3 WP@B*32.6 lSRkT

— o MNVR= =(—

156K T
RNP/ACTUAL NAV STA

2.00/0.0B6NH | AA OCK

B 1 - > 2. } . 04 CNCL —
w LRt ' 6 ( APPR= ==|—

PURGE GPS NAV
<CONF IRM INHIBIT>

< |NDEX LAT/LON>

[— B X T K (a) - GS 131 Bl—
. WND 044 °) » | ANP N E -
[— B vrEV 3 [RNP -3 0 [Bl—

—
’
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Depending on the navigation sensor, ANP is
compared with the RNP:

Boeing

When ANP exceeds RNP, an UNABLE RNP
message is displayed to the flight crew. This
indicates that the FMS position does not
meet the required accuracy, so the procedure
(such as an approach) must be aborted.
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o,
Table 1: Overview of PBN specifications <+ CE 965 / 2012
FLIGHT PHASE
En-route Arrival Approach Departure
Oceanic Continental Initial Intermediate Final Missed
RNAV 10 10
RNAV 5 5 5
RNAV 2 2 2 2
RNAV 1 1 it 1 1 1 1
RNP 4 4
RNP 2 2 2
RNP 1 1 1 1 1 1
A-RNP 2 2orl 1-0.3 1-0.3 1-0.3 0.3 1-0.3 1-0.3
RNP APCH (LNAV) 1 1 03 1
RNP APCH (LNAV/VNAN) 1 1 0.3 1
RNP APCH (LP) 1 1 1
RNP APCH (LPV) 1 1 1
RNP AR APCH
RNP 0.3 (H)
Numbers specify the accuracy level no specific approval required . specific approval required

B3EASA




> EASA -

European Union Aviation Safety Agency -

Key Definitions li

PBN Operational Approvals Workshop

An Agency of the European Union < :
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Study case:

RNAV5

RN

Basic random area navigation

B3EASA




Key Definitions Il

1.-DEFINITION

Index

{2.-ACRONYMS T

3.-AIRWORTHINESS
EQUIPMENT REQUIREMENTS

LIMITATIONS/ERRORS

4.-EQUIPMENT AND J
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Random area navigation (RNAV) ! !

—> Method of navigation that permits aircraft operation on any
desired course within the coverage of station-referenced
navigation signals or within the limits of a self-contained system
capability.

B3EASA
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GROUND BASED NiVIGATION

A | VOR 1 | —)
N e - RANDOM AREA NAVIGATION

. - f' - =
|
Departure T
LBl L
— T ———— 1 360deg/20nm
180deq/9nm % - - 1 13s0degi22nm i
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GROUND BASED NiVIGATION
| VOR 1
M |_| RANDOM AREA NAV!GATION

e - f' X = - -
A
Departure
't.d
— e ———— ! 360deg/20nm

180degianm | | I =
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1970s

- Manual input by pilot
SNSRI Lp to 4 waypoints stored)

From "Conventional" to
Area Navigation

| convenTIoNaL NaIGATION |

[ e
Waypaints based
on NAVAIDs

oatatase

waypoints

‘Waypaints not necessanly
co-located with MAWVAIDS

Pilot selects -
Route/waypoints SRS

NOW
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Area Navigation
— The International Civil Aviation Organization (ICAO) Definition:

— A method of navigation which permits aircraft operation on any desired
flight path within the coverage of ground-based or space-based navigation
aids or within the limits of self-contained aids, or a combination of these.

— Area Navigation is the key enabler for Performance Based Navigation (PBN).

— Area navigation enables the aircraft to fly a path, or "leg", between points,
called "waypoints", which are not necessarily co-located with ground-based
navigational aids.

B3EASA
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Summary

— Conventional navigation involved defining routes structures between ground-
based NAVAIDs.

—> Area Navigation, which defines routes as any desired path, is a key enabler for
PBN.

In Terminal Airspace aircraft fly between either flyover, or fly-by waypoints.

voJ

Only aircraft with an on-board navigation computer (RNAV system) can
perform Area Navigation.

— An aircraft’s position is calculated by the RNAV system using inputs from
ground-based, space-based NAVAIDS or on-board self-contained systems.

B3EASA
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How an aircraft flies a route

RNAY System receiving information from different navigation sensors.

B3EASA
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RNAV system functionality

Navigation Display (ND) & Flight Management System (FMS)
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Total System Error (TSE)

Desired Path

Path Definition E"'""‘[ | Flight Technical Error o __T Defined Path
{:}f - o™ N P ———— —T1 = ----. .¢r-
e - mym
o "r) f MNavigation sTn:::n
Estimated Position Sensor ::m
N Error
——————————— {‘;V‘::- SE= s ssssssss=fss=s======
True Positic;n

TSE and associated errors.

When an aircraft is certified, it has been demonstrated that all of the errors
combined, the aircraft is able to fly within the required performance 95% of the
flight time.
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Summary

— RNAV Systems provide Navigation, Flight Plan Management using waypoints, guidance and control together with
Display and System Controls.

— Navigation computers are not all the same, they may be simple or complex and may or may not have a database
which is aircraft operator (AO) specific.

- The navigation computer defines and displays the path using waypoints that are inputted by the pilot or called up
from the database.

- The aircraft’s position is calculated by the RNAV system using inputs from ground-based, space-based NAVAIDS,
or on-board sensors. This position is then compared to the defined path to provide path steering.

- Accuracy and consistency to fly the desired path depends on the aircraft capabilities and functionalities.

—> Navigation accuracy requirements in PBN are based on the Total System Error, which is the error between the

B3EASA

true position of the aircraft and the desired path the airspace designer wants the aircraft to fly.
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{1.-DEFINITION J

2.-ACRONYMS

3.-AIRWORTHINESS
EQUIPMENT REQUIREMENTS

4.-EQUIPMENT AND
LIMITATIONS/ERRORS
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List of acronyms

VOR
VHF (Very High

DME GNSS
Distance Measuring Global Navigation
Equipment Satellite System
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List of acronyms

HSI

MCDU
Multipurpose Control

IRS
Inertial Reference

ADC
Air Data Computer

ADI
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Index
{1.-DEFINITION J

{2.-ACRONYMS 4}

3.-AIRWORTHINESS

REGULATORY REQUIREMENTS

4.-EQUIPMENT AND
LIMITATIONS/ERRORS
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Airworthiness regulation requirements

CONTINOUS INDICATION
OF AIRCRAFT POSITION,
RELATIVETO FLIGHT
PATH DISPLAYED TO THE
PILOT FLYING, ON A
NAVIGATION DISPLAY
SITUATED IN HIS PRIMARY
FIELD OF VIEW
DISPLAY OF NAVIGATION

DISTANCE AND DATA STORAGE
BEARING TO THE FUNCTION (AT
ACTIVE LEAST 4 /
WAYPOINT : WAYPOINTS)

DISPLAY OF
GROUND SPEED
ORTIME TO THE

ACTIVE

WAYPOINT
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RNAV and RNP specifications include requirements for Example: Garmin GNS 430W

certain navigation functionalities. At the basic level, these

functional requirements may include: 119.100 -

a) continuous indication of aircraft position relative to track to
be displayed to the pilot flying on a navigation display situated
in his primary field of view;

b) display of distance and bearing to the active (To) waypoint;

117.95

c) display of ground speed or time to the active (To) waypoint;
d) navigation data storage function; and

e) appropriate failure indication of the RNAV or RNP system,
including the sensors.
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Index

{1.-DEFINITION

{2.-ACRONYMS

b

N

3.-AIRWORTHINESS
EQUIPMENT REQUIREMENTS

4.-EQUIPMENT AND

LIMITATIONS/ERRORS
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Equipment

RECEIVE PROCESS DISPLAY

INFORMATION INFORMATION INFORMATION
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GPS Transceiver

RECEIVE {

INFORMATION

RECEIVE
INFORMATION

DME Transceiver
B —

OME-49

RECEIVE
INFORMATION
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GPS Transceiver

DME Transceiver

VOR Transceiver

T
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PROCESS

INFORMATION

FLIGHT
MANAGEMENT
SYSTEM

rii'.i1'-' L
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MULTIFUNCTION DISPLAY UNIT
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EXTERNAL

ANNUNCIATOR
FLIGHT INTG TERM APR MSG
MANAGEMENT - -3
SYSTEM

MD41-1468A

INTG TERM APR

NAV WPT
GPS 0BS

MD41-1408A

DISPLAY
INFORMATION

3
B
L]

2
§

MULTIFUNCTION DISPLAY UNIT
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Equipment

RECEIVE
INFORMATION
VOR Transceiver ,
RECEIVE |
INFORMATION y

e —.

GPS Transceiver

INTG TERM APR  MSG
vLoC
GPS

FLIGHT MANAGEMENT W1 14568
SYSTEM

INTG TERM APR

NAV R wer
ars Gl

MD41-1408A

PROCESS DISPLAY

INFORMATION

INFORMATION

NAVIGATION DisLAY (N0 ) S PRIMARY FLIGHT DISPLAY ( PFD)

MULTIFUNCTION DYSPLAY UNIT

RECEIVE ‘
INFORMATION
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Automatic determination of the aircraft’s position?
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Made from Flight Management Systems and data obtained from one
or a combination of the following sensors:

— DME/DME Distance measurement equipment

— DME/VOR Very High Frequency Omni-directional Radio- range

— INS Inertial Navigation System or IRS Inertial Reference Systems

— GPS Global Positioning System
— LORAN Long Range Navigation

B3EASA
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RNAV 5 (B RNAV)
DME/DME

B3EASA
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RNAV 5 (B RNAV)

— DME (disadvantages):
—> Coverage limitation: 200 NM radius
— No update zones: 1NM radius

B3EASA
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RNAV 5 (B RNAV)
VOR/DME

VOR/DME >
/ WAYPOIN T2

distance from WP1 to WP2
since it has two sides and
included angle and the
orientation of magnetic north.

WAYPOINT 1

B3EASA
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RNAV 5 (B RNAV)

— VOR (disadvantages):

—> VOR ground stations transmit within a VHF
frequency band of 108.0 - 117.95 MHz.

— The signals transmitted are subject to line-
of-sight restrictions. Therefore, its range
varies in direct proportion to the altitude of
receiving equipment.

Oans'; “A” Signal Only “B” Signal

eceived Received

issions follow a line-of-sight course.
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RNAV 5 (B RNAV) :
GPS 1

— Global Positioning System
— Is a satellite based navigation system. It uses a
digital signal from each satellite to send data to the
receiver.

—> The receiver can establish a line of position (LOP) on
the Earth

. LOP

B3EASA
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RNAV 5 (B RNAV) :
GPS

— Global Positioning System

— A second LOP will provide two possible
locations

B3EASA
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RNAV 5 (B RNAV) :
GPS [

— Global Positioning System

— A third LOP will resolve that to a single
position.

B3EASA
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RNAV 5 (B RNAV)

GPS (Disadvantages)

— Calculating principle (FYI):
A receiver calculates a position in 3D (X/Y/Z) and time, based on the following

matrix of formulae:
(X1=X)2+ (Y1=Y)2+ (Z1-2)? = (tl.c—CB.c)?
(X2=X)2+ (Y2=Y)2+ (Z2-2)*= (t2.c— CB.c)?
(X3=X)2+(Y3=Y)2+(Z3-2)2= (t2.c— CB.c)?
(X4=X)2+ (YA—=Y)?+(Z4-2)®= (t2.c— CB.c)?
With: X1, Y1, Z1 = 3D coordinates of satellite 1 when its signal was emitted
t1 = Time when the signal was emitted by satellite 1
X, Y, Z = Position of (and calculated by) the receiver (= 3 unknown factors)
CB = Clock Bias = Time error of receiver with respect to the “GNSS time” (= 4th unknown factor in the equation, as “receiver
time” is very inaccurate)
¢ = Speed of the signal = Speed of light (300.000 km/hour, or 300.000.000 m/s)

B3EASA .
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RNAV 5 (B RNAV)

GPS (Disadvantages)
— Clock bias

- Each minor difference (CB) between the satellite’s emission time of the signal (“GNSS-time”)
and the receivers’ own “time” at that moment, is MULTIPLIED BY 300.000.000 and may lead to

100’s meters of position error...

—>  Receivers are regarded as “the weak link” in the GNSS set-up, as they don’t have atomic clocks
(with extreme high accuracy)

-  The time delay (CB) between GNSS-time in the satellites and receivers, is incorporated as a 4th
unknown in the equations to determine receiver position and is solved mathematically

- This explains the need of a 4th satellite for exact 3D-positioning, to help solve the 4th
unknown factor: CB

B3EASA
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— Ephemeris error

— This is a fancy name for the difference between the predicted orbit (as expressed in
the almanac data) and the satellite's real orbit. There are several sources of this
error; one is variation in the earth's gravitational field.

- Clock drift

—  Each satellite has a precise Cesium beam atomic clock. They drift slowly (fractions of
second per year), but they do drift.

— lonospheric and tropospheric distortion

— This is error sustained by the satellite signals passing through the earth's
atmosphere.

B3EASA
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Effects of Space Weather on Aviation:

— Communication
— Navigation

— Avionics

— Radiation

B3EASA
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Magnetos phere

Electromagnetic
Radiation

Energetic
Charged Particies

lonosphere
Galactic Cosmic Radiation

My

Subject:

Ref. Publication:

Applicability:

Description:

EASA Safety Information Bulletin

SIB No.: 201209
Issued: 23 May 2012

Effects of Space Weather on Aviation

1. EU OPS 1.390 Cosmic Radiation;

2. 5IB 2012-10 Single Event Effects (SEE) on Aircraft
Systems Caused By Cosmic Rays,

3. Appendix 1 contains a list of useful web-site and identify
those that provide information or prediction on actual space
weather.

All aircraft and their operations, all ATM/ANS (Air Traffic
Management/Air Navigation Services) systems and their
operations, all aerodromes and their operations.

This SIB informs aircraft operators, aircraft manufacturers,
avionics systems designers, electronic equipment and
component manufacturers, ATM/ANS service providers,
aerodrome operators and competent authorities of the effects
of space weather on electronic devices, communication,
navigation and surveillance services and human beings and
should be read in conjunction with SIB 2012-10 for on-hoard
systems.

Space weather is a generic term which refers to the
environmental conditions in the space around the Earth
extended up to the Sun. The major drivers for the space
weather are flows of energetic charged particles and
electromagnetic radiation. Both of which penefrate and
interact with the Earth's atmosphere and magnetic field. The
main contributors to space weather can be further separated
into Solar and Galactic radiation.

The figure below is a graphical, not to scale, representation of
solar and galactic radiation and their interaction with the Earth
magnetosphere and ionosphere (from NOAA: MNational
Oceanic and Atmospheric Administration (USA)). The sun
activity is the main contributor.
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Space Weather Report (SWR)
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Tropospheric Interference:

— the signals originate from outer space (vacuum, no matter) and travel through
the atmosphere, that becomes more dense closer to the Earth => “Bending” or
Refraction of the signal (that travel in a curved pattern, not in a straight line!),
when encountering denser medium

B3EASA
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The Earth is more of a “sphere” than a ball, in shape

— GPS and Galileo use WGS-84 as reference, for the Earth: it considers the Earth’s
circumvent as a perfect sphere

— Unfortunately the Earth still is a “Rock” in the Universe that is gently forming
into a sphere, even after millions of years...

— This explains why altimetry is difficult using GNSS-technology!

WGS-84 (sphere) Real Earth (rock)

BIEASA /
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[ J [ ] [ ] . . t ”t t
Key Definitions I o E e o moming

RNAV 5 (B RNAV)
GNSS Augmentation

B3EASA

the navigation system's

attributes, through the

integration of external
information into the calculation

Some systems transmit
process.

additional information about
sources of error (such as clock
drift, ephemeris, or
ionospheric delay)

A third group provide
additional vehicle
information to be
integrated in the
calculation process.

GNSS Signals S—
-y
\

of Opportunity
Others provide direct
measurements of how much
the signal was off in the past

HOW GNSS-R WORKS

Augmentation
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Satellite-Based Augmentation
System (SBAS)

Ground-Based Augmentation
System (GBAS)

Aircraft-Based Augmentation
System (ABAS)
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Satellite-Based Augmentation System (SBAS)

— System that supports wide-area augmentation through the use of additional
satellite-broadcast messages.

(1) Receive GPS signal

{2) Determine health status of GPS

@j;@‘p {3) Broadeasts information on error

GPS A

condition of the GPS to aircraft via NMTSAT
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Satellite-Based Augmentation System (SBAS)

E4AEASA (GPS Aided Geo Augmented Navigation)
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Ground-Based Augmentation System (GBAS)

— System that supports augmentation through the use of terrestrial radio
messages. Composed of one or more accurately surveyed ground stations,
which take measurements concerning the GNSS, and one or more radio
transmitters, which transmit the information directly to the end user

B3EASA
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Aircraft-Based Augmentation System (ABAS)

— On board the aircraft, the augmentation take the form of
additional information being blended into the position
calculation. Many times the additional avionics operate via
separate principles than the GNSS and are not necessarlly
subject to the same sources of error or interference.

— RAIM is Receiver Autonomous Integrity Monitoring for
aviation GPS applications.

— In order for a GPS receiver to perform a RAIM or Fault
Detection function, a minimum of 5 satellites with
satisfactory geometry must be visible to the GPS receiver.

B3EASA
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Inertial Navigation System (INS)

— A block diagram of an inertial measurement unit (IMU) combined with
navigation equations to form an inertial navigation system (INS).

(I’nertial Measurement Unit ) | RNAV 5 (B RNAV)
(e -----ﬁuz_,b . SPEED INERTIAL NAVIGATION
i Gyros . SYSTEM (INS)
i i Navigatio ATTITUDE
i Accelero- i £ quations
| I — HEIGHT
! meters :
i IMU — POSITION
\ _/

INS
EASA - (Inertial Navigation System) '
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Inertial Reference System (IRS)

— A block diagram of an inertial measurement unit (IMU) combined with
navigation equations to form an inertial navigation system (IRS).

(Inertial Measurement Unit ) | RNAV 5 (B RNAV)
(0 , > SPEED INERTIAL REFERENCE

| o

i Gyros :\\ | SYSTEM (IRS)

l | It uses aring laser — ATTITUDE

| ' . FRINGE PATTERN ANODE

| | gyro instead of ‘”? S

| . 4

| Accelero- | | |f” the conventional —s HEIGHT .. j P

: meters | rate gyro to sense P @%1 ;/;:'// ZS

| MU angular rate —> POSITION /\,@;ﬁ Ll 185 0,
:\ __________ ) about the roll, ot ] o -»\.\.\\.-, |

N Pitch and yaw e

P /
BJEASA (Inertial Navigat 9X€>- Hone
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RNAV 5 (B RNAV)
Long Range Navigation (LORAN)

— Is a hyperbolic radionavigation system where
broadcasting stations transmit a precisely
timed signal.

B3EASA
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RNAV 5 (B RNAV)
Long Range Navigation (LORAN)

— The receiver calculates the time difference
between each of the pulse sequence to
determine the distance from each transmitter
to create a hyperbolic line of position (LOP).
The location is defined by the intersection of
both LOPs.

B3EASA
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— lonospheric disturbances

—  Solar storms affect Loran, yielding periods - ranging from minutes to hours - of
unavailability.

— Solar events

— A common cause failure that can disrupt both Loran and GPS. The good news is that
while both GPS and Loran are affected by solar storms, the degradation occurs at
different times. Loran is affected by ionospheric changes which occur soon after the

solar storm occurrence; GPS is affected some days later when Loran has fully
recovered.

—> Power line carriers

—  Alot of equipments use the electrical transmission lines to communicate data which
may cause interferences to Loran receivers

B3EASA
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— Altimetry System Error
Difference between the altitude indicated by the altimeter display, assuming a
correct altimeter barometric setting, and the pressure altitude corresponding to
the undisturbed ambient pressure. (ICAO doc 9574)

—  Put more simply, ASE is the difference between the altitude that the pilot, ground

controller and aircraft systems believe the aircraft to be at, and the actual altitude.
To be compliant with international standards the ASE of an aircraft must be less than

245 ft.)

105
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— Height Monitoring Systems (HMU)

Height Monitoring Units in Europe.

—  They determine the geometric height and position of an aircraft by comparing the
time of reception of the SSR transponder signals at different receiver locations.

—  When completed, the monitoring produces the ASE readings for each aircraft.
o £ 13 UL e

AR AU

[ S s
o AT e —
(2 S

B3EASA EUR Region HMU Locations 106
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— GPS Monitoring Unit (GMU)

— Portable carry on device used to estimate the ASE of a single flight for one aircraft.
— ADS-B Height Monitoring System

— New method of Height monitoring which utilizes the geometric height data
transmitted in the aircraft’s ADS-B broadcasts.

B3EASA 107
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Aircraft ASE profile that has a low ASE and is also stable over time

Good ASE Profile
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In contrast, the next example shows the long term ASE curve for an individual
aircraft where deteriorating ASE has not been identified during scheduled checks.

Deteriorating ASE (Not identified during scheduled checks)

50 1

121fags ** .g-axm * 092002 0172004 052005 10/2006 022008 0772009 112010 042012

-100 1

Altimetry System Error ( feet)

-150

-200

-250 -
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The graph below shows the ASE curve for an individual airframe showing an increase
of ASE from approximately -50 feet to over -150 feet in 1 year. The vertical line
illustrates when this aircraft came to the attention of the EUR RMA and took action.
Improvement in performance after the operator changed faulty pitot heads is clear

to See Deteriorating ASE Captured by Eurocontrol HMU

100

RMA intisted Investigation
October 2009

50

1113

-50 1 .
Opérator réplaced 2 faully ptot heads

*
2 %
,‘

-100

Altimetry System Error (feet)
.,

-150

Treeshold for Aberrant ASE Pertormance
-200
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Aberrant ASE

— An RMA may recommend a State or operator to
investigate the performance of an aircraft which is
aberrant if the typical performance is over a pre-set

GUIDANCE MATERIAL FOR THE CONTINUED SAFETY MONITORING

EUR Doc 034

limit (typically 200 ft.) or if the ASE characteristic
indicates a significant trend towards non-
compliance.

— The ASE of any individual airframe shall be less than
+245 ft.

Prepared by the ICAQ European and North Afantic Gffice
November 2015 an behalf of the Eurapean Air Narvigation Plarning Group (EANPG)
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Damage to static ports and pitot tubes

Static port
erosion

Poor paint finish in static port sensitive areas

B3EASA
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Damage to static ports and pitot tubes

CENTER HOLES HAVE BEEN
ELONGATED
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Adequacy RVSM inspection procedures

RVSM Maintenance Tests

B3EASA
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QUESTIONS
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1. (RNP):
a) Designed to reduce the standard vertical separation between aircrafts
flying between FL290 and FL410.

b) It’s an application of the Traffic Alert and Collision Avoidance System
(TCAS).

c) Method of navigation that permits aircraft operation on any desired course
within the coverage of station-referenced navigation signals or within the
limits of a self-contained system capability, or a combination of these.

d) Special training procedures for using the weather radar system.
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2. Related to Aircraft-Based Augmentation System, the RAIM
function stands for:

a)
b)
c)
d)

B3EASA

Reduced Antenna Integration and Maintenance for ILS applications.
Receiver Autonomous Integrity Monitoring for aviation GPS applications.
Range Antenna Indicator Malfunction for TCAS applications.

Receiver Autonomous Integrity Monitoring for aviation weather radar
applications.
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Reduced Antenna Integration and Maintenance for ILS applications.
Receiver Autonomous Integrity Monitoring for aviation GPS applications.
Range Antenna Indicator Malfunction for TCAS applications.

Receiver Autonomous Integrity Monitoring for aviation weather radar
applications.
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3. Which of the following options are related to cause Global
Positioning System (GPS) errors
a) Ephemeris error, Clock drift, lonospheric and tropospheric distortion.
b) Hysteresis error, Compression error and static distortion.
Pressure variation caused by skin waviness effects.
Poor paint finish in static port sensitive areas.
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4. The purpose of Static Source Error Correction (SSEC) is
a) To produce a minimum residual static system error.
b) To minimize ionospheric distortion.

c) To generate guidance beams at microwave frequencies for guiding aircraft
to landings.

d) To improve the Runway Visual Range (RVR) at landing.
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European Union Aviation Safety Agency -

Key Definitions Il

PBN Operational Approvals Workshop

An Agency of the European Union < :
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Havigation Capability

Precision Approach &
Landing Applications
CAT I, 0 &

i
4

il
&

BMote 1 Appicadion of RNVAY 1 Parfarmancs aspecs, nof ferming arspace fomciionaley Nobe 3 Eguwaleni io RNAV 1 +« GNSS, hoicaly aasacialed with Raduls da Al (RF)
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AIRSPACE CONCEPT AIRSPACE CONCEPT

com NAV SUR ATM

MNavigation
Application

Navigation

Spacification

The PBN Manual introduces the Airspace Concept as a formal way to set out and respond to
airspace requirements. As such, the development of the Airspace Concept is a key step in PBN
implementation.
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Navigation Specifications

Navigation
Application

A
3.4

Navigation
Specification
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Navigation Specifications o e RN g

[HEE" --

eTuge | TAKEOFF OCEANIC
DEPARTURE | & CLIME CONTINENTAI REMOTE |CONTINENT.I’\L ARRIVAL | APFROACH  LANDING
TERMINAL EN-ROUTE TERMINAL
) Mavigation
Flight Phase Specification
RNAW 10 (RNP 10)
- RMNP 4
Oceanic / Remote RNP 2
Advanced RNP
RMAV 5
RNAY 2
. RMNAV 1
Continental ANP 2
Advanced RNP
RNP 0.3
h A h 4
. MNavigation - Mavigation
Flight Phase Specification Flight Phase Specification
RNAV 2 RNAV 5
RMNAV 1 RNAV 2
Departure (5IDs) | RNP1 . RMNAV 1
Advanced RNP Arival (STARS] | gy g
RNP 0.3 Advanced RNP
RNF 0.3
Advanced RNP
RMP APCH
Approach
RNP (AR} APCH
BEJEASA
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Navigation Specifications
— In terms of PBN the required

performance can be considered as the

following:

B3EASA

» Accuracy
Positioning accuracy is the difference between the actual and estimated

position in fault free conditions (NSE).

Track-keeping accuracy is the difference between the actual and desired
position in fault free conditions (TSE).

» Continuity
The ability of the navigation system to provide its service without interruption
during an operation, provided it was available at the start of that operation.

» Functionality
The aircraft capabilities in terms of the avionics of the navigation computer

and airframe.

As a subset PBN considers the availability of the GMNSS signal in space (51S).
» Availability

The ability of the total system to perform its function at the initiation of the

intended operation.

In PBN, availability is limited to the GNSS Signal-In-Space (SIS).
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Other requirements to achieve desired performance levels

i . -L
MS Displays

et

Mavigation Displays
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Navigation Specifications

6276 Tasb? 1y 05276 Tas267

269°/10

Distance
to RTT
(Active (TO)
Waypoint
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Navigation Specifications
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Navigation Specifications

ACT RTE LEGS
- 9BNH GP
1886/
1.3NH GP
188/
1.7NH GP

Navigation
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Waypoints

fly-by wpt

—O &
controlled
trajectory

A

'
‘7‘—)
\' oveTy wpt
""‘7——> ",

trajectory

not repeatable ;.

E
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Waypoints

trajectory more consistent

trajectory less consistent
and controlled P

and controlled s

‘| * Tum is a Rate 1 curved path tangential to both the * Tumn consists of roll-in, Rate 1 tum, roll-out and
inbound and outbound track intercept elements
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Navigation
Performance

/cLB FLTR567890
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Fly-by Waypoint

Fly-over Waypoint

Fly-by Waypoint coincident with Significant Point
(Compulsory Reporting Point)

Fly-over Waypoint coincident with VOR/DME

Fly-by Waypaint coincident with NDB

v
A A

o > « »
Y 4

b Qe DO
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Radius to Fix (RF)

IF !-‘lllllf.ijil!ilz
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Fixed Radius Transition (FRT)
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15MMI2 2. 5MNM

,
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Description of a 'LEG' and how
an aircraft flies it

En-Route and Terminal

B3EASA

Route as may be depicted on chart
— Flight path flown by all aircraft

Aircraft adjusts AOB to follow the desired path
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Aircraft RNAV system and Database

__ | State Publications

~
Sk
7
o
~
S
\‘

S
A%
“

AO Specific Data rTH

g

Data
Houses J

» = 010001001110 |’

S, 000000 |
Data Base - d

- T S
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Using the data

PUMAS
After LIONS 451
maintain heading and ¢> PONGO
expect radar vectors
to final approach

2600

MAX 220 Kt IAS PIANO
ADDER
© 4500 Arrival Route | Waypoint Sequence
114.50 MIO
CH68 X | FVIPER SNAKE 1A SNAKE CHIRP FINCH VIXEN
P LIONS
= SNAKE 1B SNAKE COBRA MAMBA VIPER
° o ADDER PIANO FLUTE PONGO
& £ - RAVEN SUGAR HAGAR
MAMBA
8
2fe

CHIRP
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Creating the Path

= Desired Path

=

RNAV System

Defined Path

Desired Path

Defined Path
O

PDE -- Path Definition Error
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Flying the Path

FRON

RNAV Computer Polstion Data &
K Sensors in Use
Stored FP Path
bata - Definition
\ Stored FP
Data
Path
Navigation ) J Path Deviation
Sensors Sieering Steering
Command
Estimated
Base Position
Sensor P‘_’Sitic_’"
Dala il ———20cor _ DN Estimation

Cantrol

EASA

Display & System Alerting

Navigation

Display Director

Aircraft Flight Control System

Autopilot
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Implications of cross Specification qualification

does not
automatically RNAV 10

imply

RNAV 5 Approval
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Advanced — RNP (A-RNP)

A-RNP is a Navigation Specification that was specifically developed to cover all
phases of flight under a single certification and operational approval.

Note: High continuity is required for oceanic/remote continental operations.

B3EASA
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Navigation aid infrastructure

Navigation
Application

Navigation NAVAID

Specification Infrastructure
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Space Based Augmentation Systems (SBAS)

B3EASA

Geostationary

Satellite - ‘
i 27, .
B3

- Range Connections
- - Use/Don’t use
~0 )) J ‘&I : - Ranging signal

Master
Control
Station
Atmospheric
Effects
Referel
Stations
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Ground Based Augmentation Systems (GBAS)

Supports precision approaches down to CAT | today. GBAS corrections could also be
used by suitably equipped RNAV systems.
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Implications for PBN
Positioning Accuracy

‘:: —oo ) ETRTE FUEL G (e
r- P | DESIRED PATH
" ' - _¢ T ¢‘— -J | DEFINED PATH

MAN Function “
(RNAV System) > :

Estimated Fosition
| Kavigation Sensor

| | Erru; (NSE}

Actual Position

EIEASA




Key Definitions lli

Positioning Accuracy

Angle of cut = x°
Each station has a
margin of error between
the true range and
estimated range

_—

Dilution of /
Precision )
(DOP) \/

The angle subtended at the centre = the angle of cut
4
|
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On-board autonomous navigation capability

Inertial Reference Systems (IRS):
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Integrity
AAIM:

B3EASA

Integrity monitoring is
provided on the flight
deck by linking the GPS
receiver with either an
Inertial system or a
Barometric altimeter

INS
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Navigation Applications

Navigation

Application
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TUR:«IHHF-'I_I';'-IF::I:I?TR;HR)}I' NCE 5 N. MILES ——H 5N MILES —
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En-route navigation ] | 2 Y

En-route segments

More Predictable &
highly repeatable
turn performance

¥ el
snipes paujeq i
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(L_NAVIGATION ] [EXPOSURETORISK ] [_INTERVENTION |

NAVIGATION rEXPOSURE TO RISK——INTERVENTION—
E n_rO ute n avlgatlon Performance based concept
Navigation
application v
B e n efits Of P B N / \ QOperational Communication  Surveillance
error
Navigation L, Navaid Route Traffic v
specification infrastructure | | Configuration Density ATC procedures and tools

——INAVIGATION—— EXPOSURE TO RISK INTERVENTION

Performance based concept

Navigation

application v

Grzzianz] Gommunication  Surveillance
error
= [

Navigation
specification

v~ Relevant
X |argely irrelevant

Navaid Route Traffic
infrastructure| | | Configuration Density ATC procedures and tools

1
S
= (1) (for tactical use)
PM ' without ATC v~ X
é I\Il Surveillance (2)
S |
(1) (for tactical use)

oh with ATC X X v~
N Surveillance (2) and (3)

[ without ATC
R P Surveillance ‘/ ‘/ X
O A
uc
E |\|1 ith ATC

wi
G Surveillance v’ v’ v~

(1) In context, separation minima based on navaid or navigation sensor or PBN
(2) Traffic density = single aircraft pair

E AS A (3) Separation minima determined as a function of performance of ATC surveillance system
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Terminal Airspace Navigation
SIDs

B3EASA

The following image shows an example of
a departure. It demonstrates that, when
RNAV is used, as there is no need to
overfly NAVAIDs, shorter track miles can
be provided. This will result in more
efficient use of airspace and fuel.
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Terminal Airspace Navigation
STARs

B3EASA

These STAR charts highlight the fact that
RNAV operations can be used to provide
highly repeatable routes for better
separation and sequencing, and to reduce
track miles, as there is no requirement to
route via the NAVAID.
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Terminal Airspace Navigation
Closed STARs Open STARs:

— —— )
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Lateral Vertical Sensors

Non Precision .
Approaches RNP APCH aps
IIII CDFA
APV
Approaches with
Vertical Guidance

Precision - GPS
Approaches GBAS Approach +
GBAS
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Terminal Airspace Navigation
Approach

B3EASA

LATERAL VERTICAL

LOC
LOC/DME
WVOR
WORI/IDME
MDE
NDB/DME
Description System | Performance
@ Approach conducted to a MDA/MDH As /
o Lateral guidance based on ground based NAVAIDS | displayed




Key Definitions Il

Terminal Airspace Navigation
Approach
RNP APCH

B3EASA

RNP APCH

l

Lateral Guidance only

L

LMWAW ER
Expected SBAS
to be flown supported

with CDFA

l

With Vertical Guidance = APY

l

l

LNAVAMNAY LPV
APV-Baro APV-SBAS
(SBAS Suppored

Localiser
Performance with
Vertical guidance)
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Terminal Airspace Navigation
Approach
RNP APCH

If the pilots can't see the runway as they
approach the minimum altitude they will
initiate the missed approach procedure.

B3EASA

Minima Line: LNAV

Description

System

Performance

2 Approach conducted to a MDA/MDH

GPS

© Lateral guidance only based on GPS (with RAIM) | (RAIM)

0.3NM
(95%)
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Terminal Airspace Navigation

Approach

RNP APCH with Vertical
guidance (APV)

B3EASA

LATERAL VERTICAL

RN
FAF i-FAF

Minima Line: LNAV/VMAY

Description System |Performance
© Approach conducted to a Decision Altitude/Height | GPS (RAIM) 0.3NM(95%)
o Lateral guidance only based on GPS (with RAIM) |+ Barometric |

and vertical guidance based on Baro altimetry
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Terminal Airspace Navigation
Approach

RNP APCH with Vertical
guidance (APV)

APV BARO VNAV

B3EASA

LATERAL VERTICAL

RN
FAF | i FAF

Minima Line: LNAVANAY

Description System

Performance

© Approach conducted to a Decision Altitude/Height | GPS (RAIM)
o Lateral guidance only based on GPS (with RAIM) |+ Barometric
and vertical guidance based on Baro altimetry

0.3NM(95%)
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LATERAL VERTICAL

Terminal Airspace Navigation
AN Grs eS|
Approach w | Daw

RNP APCH with Vertical
guidance (APV) '

-E- [—
E
Minima Line: LPV
Description System | Performance
@ Approach conducted to a Decision Altitude/Height | GPS | HAL: 40m
o Lateral and vertical guidance based on SBAS SBJ;LS WAL: 50m
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Advanced RNP (A-RNP)

DEPARTURE |~ TAKEOFF P S — .
& CLIMB - & . =
TERMINAL < e e Ry,
L] [EUEE J,"' .
TAKE OFF QCEANICS h
DEPARTURE & CLIME COMTIMEMTAL REMOTE o .'ll by
= k |
fiomprwe | A L TERMINAL EN-ROU w4
Ll [FlEE [ [l
ADVANCED R | peparTURE | TORECERleanminentar QEEANIS" |cONTINENTAL] ARRIVAL | APPROACH |LANDING
Terminal
ghtprose | A9 [ pegured o TERMINAL EN-ROUTE TERMINAL
Oceanic /Remote £ INM Higher Cor ADVANCED RMP (A-RNP)
[Oparator cholce) Parallel O Accuracy
Flight Phase Required Reguired Functionality Optienal Functionality
Oceanic/Remote Note
Final Approach +03 RFng Barometric WAV
Aircraft must have high continuity, id dusl indepand
if A-RNF is to be used in Oceanic/Remaote phases of fl

Final Approach Note

B3EASA

ITRF is required in the final approach phase orin the initial and intermediate
phases of the missed approach, then RME (AR) AFCH is to be usad,
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Examples of Navigation Specifications in different areas of operation

B3EASA

Area of Operation

Oceanic / Remote

En Route /
Ground based NAVAIDs

En Route / SIDs, STARS,
Radar Environment

Terminal Procedural
Environment

Approach
(no ground based NAVAIDs)

Navigation Specification
== RNAV 10. RNP 4,
~— RNP 2%, A-RNP*
G RNAV 5
== RNAV1&2, RNP2,
S A-RNP, RNP 0.3
RNP 2, RNP1
—— ’ ]
— A-RNP, RNP 0.3
G—:T RNP ARCH, RNP AR APCH

* High Continuity Required
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Stake Holders Uses of PBN
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Stakeholders Uses of PBN

Doc 9613
ANS37

Performance-based
Navigation (PBN)
WV EQTEL

Part A — The Performance-Based Navigafion (FBN) Conceptf, contains three chapters:

Chapter 1 — Descrplion of Performance-bazsed Navigation (FBN), explains the FBM comcept and
specifically emphasizes the designation of navigation specifications as well as the distinction between
RMAW and RMP specifications. This chapter provides the foundation for this manual.

Chapter 2 — Airspace Goncepiz, provides a context to PEM and explains that it does not exist in isclation
but rather as an integral component of an airspace concept. This chapter also clarifies that PBN is one
of the CHS/ATM enablers in an airspace concept.

Chapter 3 — Sfakeholder Uzes of Performance-bazed Nawvigation (FBN), explains how airspace planners,
procedure designers, airworthiness authorities, controllers and pilots use the PBMN concept. Written by
specialists of these wvarious disciplines, this chapter is intended for nom-specialists in the various
disciplines.

International Civil Aviation Organization




Stakeholders Uses of PBN

Stakeholders

— Airport Operators
— Aircraft Operators

- Other:

Industry Representatives
Public

Community Groups
Airport Authorities

NN 2R\ ZN AN A

Government Officials
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Performance-based Navigation

Executives

SRIK RN Pl

Regulator A/IC Operator Manufacturer
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Stakeholders Uses of PBN

Airport Operators

— The involvement of airport operators benefits procedure design
by potentially enabling the maximum achievable environmental
benefits given local constraints allowing the community buy in,
and aiding in the seamless implementation of FAA's NextGen
Program.
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Stakeholders Uses of PBN

Airport Operators Concerns

— The concerns of airport operators related to the design of flight
procedures serving their airport include efficient access of
passenger and aircraft to the NAS, meeting environmental
requirements for the airport, satisfying the needs of the
communities proximate to the airport, maximizing airport
revenue, and minimizing operational costs.
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Stakeholders Uses of PBN

Airport Operators Contributions

— Airport personnel can address these concerns by engaging in the
procedure development process.

— The airport operator is recognised as a primary stakeholder in
PBN development.
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Stakeholders Uses of PBN

Communities

— Input from community representatives is valuable in helping lo
ensure that the needs of the community are understood and
considered in the procedure design.
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Stakeholders Uses of PBN

Concerns

— The concerns of communities proximate to airports regarding
flight procedure design include the concentration of aircraft
noise, increases in air traffic, local air quality, and the
preeminence of air traffic.
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Stakeholders Uses of PBN

Contributions

— Communities can address these concerns by being aware of and
understanding the procedure development project and having
opportunities to voice their concerns. Representative bodies also
offer the opportunity for education regarding PBN procedures.
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Stakeholders Uses of PBN

Aircraft Operators

— Aircraft operators are typically a project sponsor and may design
their own procedures for an airport.
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Stakeholders Uses of PBN

Aircraft Operators concerns

— Aircraft operators want to ensure the usability of the published
procedures. They typically want designs that they can use and
that are approved by ATC. Additional concerns of aircraft
operators include design for fuel and lime savings as well as
providing reliable access to airspace and airports.
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Stakeholders Uses of PBN

Aircraft Operators contributions

— Aircraft operators can contribute with specific information
fundamental to the procedure design including defining their
normal operations, understanding of their flight planning process,
the capacities of their aircraft, the typical\weights and climb
profiles and the current and planned PBN.
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Stakeholders Uses of PBN

Challenges

— Planning

— Outreach

— Technical design
— Utilisation

— Process
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Stakeholders Uses of PBN

Challenges
- Planning

— An airport master plan should consider the timing and effects of PBN
implementation capacity and traffic demand, facility requirements,

alternatives, noise, and implementation schedules for major capital
improvements.

— This will ensure that airport infrastructure will meet the needs of the
potential increase in operations enabled by PBN.
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Stakeholders Uses of PBN

Challenges

- Planning

—> A Noise Compatibility Study should consider PBN airspace alternatives
designed to avoid noise-sensitive land use areas and hereby reducing the
overall impact of noise on a community.

— Planning PBN noise abatement alternatives prior to the implementation of
a metroplex or other PBN taking advantage of the resources available
through the process.
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Stakeholders Uses of PBN

Challenges
— Outreach

— Challenges in outreach include community opposition and resources.
Community opposition to PBN procedures may be due to limited

knowledge and understanding and can hamper the implementation of
procedures.

—> Outreach lo communities prior to the procedure development process can
help to obtain their understanding and approval.

— However, this may require significant resources depending on the nature of
the project and level of interest and concern of the community.
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Stakeholders Uses of PBN

Challenges
— Outreach

—> Educating the community on the benefits associated with PBN is
paramount; airports typically have outreach programs and procedures in
place, which can be leveraged to support PBN outreach efforts.
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Stakeholders Uses of PBN

Challenges
— Technical design

—> Challenges in technical design may include PBN procedure requirements,
aircraft performance differences, and stakeholder needs.

—> Regarding procedure requirements, when coupled with local terrain and
airspace constraints, it is possible that the procedures may be operationally
challenging or infeasible to implement, or may have high ceiling and
visibility requirements.
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Stakeholders Uses of PBN

Challenges
— Technical design

—> Regarding aircraft performance, different aircraft and their FMS's can
exhibit performance differences while flying the same procedure.

—> Accounting for the breadth of performance differences in the design and
evaluation of the procedures can be challenging.

—> Regarding stakeholder needs, achieving the benefits at the proposed
procedures, while adjusting their design to meet the needs of all the
stakeholders without compromising the design objectives, can be
challenging.
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Stakeholders Uses of PBN

Challenges
— Technical design
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PBN Benefits / Implementation Matters
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PBN Benefits / Implementation Matters

Widespread use of PBN has
H significant benefits for total system
— safety, capciaty and environmental
impact

Operating methods based on PBN are, in
general, simpler for flight crews than
conventional navigation, and are the real-
world operating methods that have been used
for many years by the majority of operators

Commonality in operating
methods between PBN specifications
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PBN Benefits / Implementation Matters

Requirements for safe
ANS operations plus Data
service, airspace designg

o~

\ Aircraft performance and

functionalities requirements
&

Aircraft associated specific
operational information

Requirements to safety
operate an aircraft

Training Aerodrome
requirements
L [ ]
and privileges
Requirement to safely operate
and design an Aerodrome

B3EASA
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PBN Benefits / Implementation Matters

Global Implementation Status

i Only 102 States
(or 53%)
have a PBN
Implementation
Plan
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PBN Benefits / Implementation Matters

PBN Benefits

—> PBN represents a fundamental shift from sensor-based to performance-based
navigation and offers a number of advantages over the sensor-specific method
of developing airspace and obstacle clearance criteria.
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PBN Benefits / Implementation Matters

PBN Benefits

— reduces the need to maintain sensor-specific routes and procedures, and their
associated costs;

— avoids the need for developing sensor-specific operations with each new
evolution of navigation systems, which would be cost-prohibitive;

— allows for more efficient use of airspace (route placement, fuel efficiency and
noise abatement);clarifies how RNAV and RNP systems are used; and

— facilitates the operational approval process for operators by providing a limited
set of navigation specifications intended for global use.
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PBN Benefits / Implementation Matters

PBN Benefits

—> PBN can potentially enable operational benefits in the areas of safety, flight
efficiency and airspace capacity, as well as improved cost-efficiency and
reduced environmental impact.
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PBN Benefits / Implementation Matters

PBN:

- Improves Safety

- Reduces CFIT

- Consistent predictable flight plans

- Stabilized approach paths
— Improves Operating Returns

- Reduces fuel costs

- Reduces investments in ground based systems

- Reduces time in flight through more direct routes
—> Increases airspace capacity

- More efficient direct routes

- Reduces airspace conflicts

- Is environmentally friendly
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PBN Benefits / Implementation Matters

Benefits in terms of ATC:

Safety culture

Fewer radio transmissions

Lower chance of readback/hearback errors
Greater predictability

Airspace containment

Fewer go-arounds

Less transit occupancy time in airspace
Changing roles and responsibilities

VR 20 20 20\ 20 20 2\4

Best practices involving stakeholders in design
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PBN Benefits / Implementation Matters

Implementation

Pilot Training

Aircraft Systems

Names, definitions and charts

NN 2R\ 2

Global Harmonization
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PBN Benefits / Implementation Matters

Pilot Training

— Globally, pilots do not have the same knowledge and skill level with regard to
PBN. Since no worldwide standardization exists on this, the scope, length and

methods of training, as well as trainer knowledge and skills, may vary
considerably.
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PBN Benefits / Implementation Matters

Aircraft Systems

— Aircraft automation is becoming more precise and more complex resulting in
divergent user platforms based on the operator’s avionics and aircraft
manufacturer requirements. The systems should preferably made upgradable,
have common “look and feel” characteristics with common procedures

between applications and aircraft, and be intuitive for the pilot to readily
interpret the information displayed.

B3EASA
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PBN Benefits / Implementation Matters

Names, definitions and charts

— As with any new technology there are many definitions, names and criteria and
these are still evolving. This may create confusion among pilots, airlines and
regulators.
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PBN Benefits / Implementation Matters

PBN Naming Convention

— Currently, the PBN approach procedure naming convention is not standardized
throughout the world and is inconsistent with the PBN navigation
specifications. Examples of differing naming conventions used by States include
RNAV (GPS) RWY XX, RNAV (GNSS) RWY XX, RNAV (RNP) RWY XX.
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PBN Benefits / Implementation Matters

PBN Naming Convention

— The ICAO Circular 336 provides guidance to assist States and other
stakeholders with the transition from RNAV to RNP approach chart
identification. This circular provides the necessary guidance to States on how
to make that transition. From 1 December 2022, only the term RNP will be
permitted, e.g. RNP RWY XX or RNP RWY XX (AR) will be acceptable while
RNAYV, GPS and GNSS will not be. During the transition period however, it is

possible to have a considerable variation in the IAP designation policies of
different countries.
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PBN Benefits / Implementation Matters

Global Harmonisation

—> The lack of standard ICAO SARPs leads to different implementation approaches

in different countries. For example, SESAR and NextGen (USA programme) have
provided regional implementations of PBN but these are not globally

harmonized. There is also a lack of harmonized state implementation of PBN
phraseologies

B3EASA
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PBN Benefits / Implementation Matters
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PBN Benefits / Implementation Matters

Navigation after June 2030

Only the specified PBN applications and
functionalities permitted for normal operations.

There are only two explicit exceptions

e CAT II & CAT III landing systems can remain in service
unaffected

e other instrument flight procedures can be designed/kept
in support of contingency modes

Use of SBAS to Support operation to CAT I
minima - removal of ILS

B3EASA
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