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ICAO PBN Manual Doc 9613

*“Volume |
»<” Airspace Concept
»< Implementation Processes

AT

*“Volume Il

< Navigation Specifications

Performance-based
Navigation (PBN)
VELTEL
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PBN

Navigation
Application

Navigation
Specification

Conventional Navigation
Airspace design based on assumptions
that all aircraft equipped with NDBAOR
and/or DME and airspace designed on
those assumptions.

RNAVY (pre-PBN)

Alrspace design based on assumptions
that ‘BNAV equipped’ aircraft can use
RNAV routes. Exceptionally, Nav Spec
required e.g. RNP4.

PBN
Alrspace Design must
in all case match...

{a) Aircraft fleet approval,
which must match...

(b)
AnICAO PBN

Navigation
Specification

(c)

..and avallable
NAVAID
Infrastructure
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8. The RNP 0.3 specification is primarily intended for helicopter operations.

Flight phase
avigation

Specification '

En-route En-route Arrival Approach

Departure
g ainiEmate Confinensal Initial Intermediate Final Missed
RNAV 10 10
—
RNAV 2 2 2 2
RNAV 1 1 1 1 1 1 1
RNP 4 4
RNP 2 7 2
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Manual on the Use of
Performance-based
Navigation (PBN)

in Airspace Design

Performance-based
Navigation (PBN)
[ ELGLTEL

Approved by the Secretary General
and published under his authority

Approved by the Secretary General
and published under his authority

First Edition — 2013

International Civil Aviation Organization International Civil Aviation Organization
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Design

Airspace Design  Initial

Route &Holds  Procedure PP ET]
Activity 6 Design Airspace Concept
Agree CNS/ATM Airspace Design Validation
Assumptions Volumes & Sectors Activity 12
. > Finalisation of
Select Safety Criteria - Select ICAO Procedure Design
Safety Policy & Performance Criterai Navigation Activity 13
Activity 4 Specification I Activity 14

Analyse Reference Scenario Validation Implementing
Planning

Activity 3
Agree Obectives
Scope & Timescales

Activity 2

Create Airspace Design Team

Activity 15
Implementation

Post Implementation
review

Activity 1
Agree Operational Requirement
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Activity 1

1 - Agree on Operational Requirements

»&7 Capacity
*Environment
»&7 Accessibility
»%7 Safety

47 Efficiency
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+¥ Lead by ATM/airspace

specialist

»& ATC (Approach and Area

controllers)

2 ATM & CNS specialist
*% Procedure designers
»# Technical pilots

Activity 2

2 - Create Airspace Design Team

Comm/NAV
SUR

Engineers

Military users

Airspace
design team-core

Environmental GAT users

Manager

Airspace Planners
Air traffic Controllers
(en route & approach)
Procedure Designer
ATM Operations Manager
(Regulator)
Airline Operators

Simulation
Specialist

Airport
Authority

Technical
Pilots

ATM System
Engineers

Terminal Airspace design team -
expanded on needs-basis
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Activity 3

3 - Project objectives, scope and timescales

» Objective derived from Ops requirements
»Scope ! ( sets the limit of the project)
*7Time
»¥ Resources

v Timescales

Sometimes the most difficult task
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{Safety’? }[ Capac:lty EfflClency Envwonment Access’7

!
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3 - Project objectives, scope and timescales

¢~ Implementation Date(s) ¢~ Which Human Resources?
¢~ Phases of Work?

Proportional
Relationship

5COPE

# What is tl-“';Objective ?
®: How much can be done?
o What cannot be done?
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3 - Project timescales

DESIGN (Concept) (Concept) PANS-OPS Preparation
CONCEPT ASSESSMENT VALIDATION Plus Publication

NB: AIRAC cycle interval

Update ATC Unit Instructions
Plus ATC Training

11 14 18
Safety Assessment

To find out time required to complete a project
— calculate backward from Implementation date
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{to be read from bottom-up)

Implementation of Airspace Change (Match
Airac Cycle date)

Implementation Planning

-White up LoAs

- ATC System Changes

Additional working day buffer to allow for un
foreseen delays

Procedure Design and Validation + 56 day
12413 AIRAC cycle

- ATC Training #

Airspace Concept Validation by Real-Time
Simulation (Preparation an Runs)

Airspace Concept Validation by Fast-Time
Simulation (Preparation and runs)

Selection of ICAD Navigation Specification

79 Finalise Airspace Design - iteration
Airspace Design: Structures and Sectors

2nd Iteration: Airspace Design - Routes and
Holds

Navigation Analysis of Airspace Design
1st Iteration: Airspace Design - Routes and Holds
Dhata collection and agreement on CNS/ATM

assumptions incl. Fleet capability; traffic sample
etc.

Select Criteria; Determine Performance
Criteria and understand Safety Policy Consi-
derations

Analyse Reference Scenario (incl. Data
collection of full ATM operations and critical
review of current opertions)

Agree Operational Reguirement; Project
Planning; Create Airspace Design Team; Agree
Project Objectives and Scope

AIRSPACE CONCEPT HANDBOOK ACTIVITIES 1 TO 15: PROJECT PLANNING SAMPLE

No of
Days

10

g

<< Enter INTENDED
06/02/2014 Implementation Date here
{Must match Airac Cycle Date)

o PLANNING

13/10/2013

v TOOL

26/01/2013
EXAMPLE
19/01/2013
14/01/2013
09/01/2013

04/01/2013

25/12/2012

20/12/2012

1041242012

20/11/2012

10/11/2012 << This is the latest project start date

R E-_

Assumes availability of FTS or RTS simulator slots, available of required specialists & ATCs/pseudo pilats

Separate no of days nat caloulated for ATC Training; Abave shaws t
PAN-OPS ure design ar during 56 day final AIRALC cyde
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Activity 4

4 - Analysis of the reference scenario
»& Assessment of present
operations

»# |dentification of positive and
negative
*% Benchmark

»¥ Avoids repeats of design
flaws
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Activity 5

27 Set success criteria
¥ Select Safety Management system
¥ Select Safety Assessment Methodology

»%\What evidence is needed to prove safety of design
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Activity 6

6 - Agree on ATM assumptions

»¥ Fleet capability

»¢ Traffic sample
(distribution &
assignment)

% Rwy In use
»¥ Met assumptions
»¥ CNS assumptions

Traffic Analysis

Traffic Distribution
Time/Geography

% Check EUR ARN &
Adjacent TMA Traffic
IFR/VFR Mix

MIL/Civil Mix

ACFT. Perform. Mix
(Jets/Props/Helicopters)

EOVIE e EIE e
adwes yyyel)

Runway Lenght Statistics

Landing Aids - ILS CAT?
Available Runways

Greenfield Sites
(Runway Orientation Choice)

Conventional or RNAV?

FDP-RDP Link

Multiple Level Filters

ICAO NACC Regional Office

TRAFFIC
ASSUMPTIONS

RUNWAY IN USE
Primary/Secondary

MET.
ASSUMPTIONS

COMMUNICATIONS
ASSUMPTIONS

SURVEILLANCE
ASSUMPTIONS

NAVIGATION
ASSUMPTIONS

ATC SYSTEM
ASSUMPTIONS
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6 - Agree on ATM assumptions - traffic flows

5% Flghts/day "C"Terminal Airspace Movements
3% N 35%

D
h' ‘ 1 =
&n. 1) “d "
25% B% -
® "

A D

s i
30% J 25% :
L ] ar pr [+ ar ] L [ ] L] e
Month

ICAO NACC Regional Office Page 27




DESIGN
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Activity 7/
7 - Design the Airspace

&7 15t Design Routes

Airspace Design Initial Procedure Finalisation of

Route & Holds \\:/_/ Design Procedure Design
L |

()

Activity 9
Airspace Design
Volumes & Sectors

Activity 7 Q Activity 8 €+=> (Activity12 )
v 2nd Undertake a Navigation

Analysis of the route design

v 3rd Define the airspace

volumes and sectorise

these, if needed

Iterations necessary
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1 - Design the Airspace

27 Arrivals

»¥7 Departures

*¥ Transit
» VFR
27 Military
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Activity 8

8 - Initial Procedural Design

»\What capability is needed?
»% Fleet capability
*%7 Available Navaid infrastructure?
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9 Design Airspace
Volumes and Sectors

»&7 Sectorisation
»& Airspace volume
»# |terations possible
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Activity 10

10 — Select ICAO Navigation specification
»% Review NAV specs

»¥ |dentify appropriate spec

»¥ Go to planning and Implementation

*¥1f no appropriate spec
»& Apply Trade off
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VALIDATION
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Activity 11

11 — Airspace Concept Validation
»¥ Prove ATM operability & validity
27 Assess objectives

7 |dentify possible weak points

»¥ Provide evidence and proof to support Safety
Assessment
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LESS / GREATER COST / ACCURACY / TIME, ETC...

Airspace

Modelling

KINDS OF VALIDATION
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Activity 12

12- Finalisation of Procedure design

¥ Design according to Doc 8168
»¥ Procedure ground validation
»¥ Obstacle
*¥Data
»¥ |nfrastructure
»¥7 Fly ability
»¥ Evaluate
»¥ Flight inspection
»& ATC system considerations

» Awareness and Training material
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Activity 13

13- Procedure validation
» Qbstacle clearance
»¥Data

*#|nfra structure

» Fly ability

2 Charting

»# Flight inspection
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IMPLEMENTATION
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Activity 14

14- Implementation

planning
. . Validation
& Pre-implementation |
review
Implementation
e Keep design team ‘ — |
1 Implementation Pre- — GO/ Impﬁamne"ril;agum
aval Ia b | e Deddet during |1l i — NOGO
Project Planning) - plentatlon
*¥ Monitor process i
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Activity 15
15 - Implementation
»¥ Monitor process
»Support OPS

»# Redundancy or contingency procedures

2 Support controllers and pilots
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Activity 16

»¥ Post Implementation Review

» Keep LOG system Post implementation review
»¥ Assess if objectives are met
» Measure!

&7 System safety assessment — collect evidence
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Lessons Learned
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RNAV 5 implementation in en-route airspace

% Selecting the right Nav Spec can be very difficult ... more older
aircraft than you think!

»7 Roll out airspace changes over time: never at the same time
as the PBN switch on date

»% NEVER ‘switch on’ PBN in continental en route without
‘switching it on’ in the Terminal Airspace as well...

»% Aircraft populations do not make ‘cleaner’ turns because of
PBN ... for that you need RF/FRT
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RNP implementation in terminal airspace

*¥ Implementation without a mandate is counter productive and
caused a log jam.

»& Without the mandate, aircraft did not equip

»¥ Because aircraft not equipped, ANSPs reluctant to provide
procedures ....

»& A bit like walking on glue..

»# Without a mandate, many RNAV capable aircraft had no RNP
approval but wanted to fly the procedures anyway.

»¥ |n some cases, a great number of SIDs/STARs were designed at one
airport which caused severe shortage of data base storage space.
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PBN implementation

»# Co-ordination with stakeholders is a pre-requisite for
success

»& Controllers had unrealistic expectations of aircraft
turn performance

»7 Education needed on RNAV and RNP
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Mixed Navigation Specifications

»& Avoid if possible
*¥ Increases workload
»¥ Flight planning implications

»&7 ATC prefers uniform applications (no mix)
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Without international rules
air travel would be in chaos.







