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ICAO PBN Standards

PBN - Performance Based Navigation 

RNAV RNP 

RNP 4
Oceanic
Remote

RNAV 5
RNAV 2
RNAV1
Route

Terminal

RNP10
Oceanic
Remote 

Basic-RNP1
RNP APCH

RNP AR APCH
various phases

RNP
Additional 

requirement 
3D & 4D
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Stakeholder Views on PBN differ
Airlines: PBN means increased capacity or landing availability
through improved, safe operations and airspace design, and 
efficient aircraft/operations solutions, all supported by cost 
benefits.

States: PBN is a tool to implement improved airspace and 
operations (ICAO) globally, while assuring safety

Regulators: PBN provides for increased system performance 
assurance, situational awareness, consistency of flight 
operations, and both aircraft and operational safety

Industry (RTCA / EUROCAE): PBN Standards should make 
sense for certification, provide requirements that do not limit 
implementation, provide cost benefits, and support airline and 
airspace requirements

ARINC 424 
Worldwide 
Standard

• September 1973 - First ARINC 
424 Meeting

• July 1975 – First Gray Cover 
published

• July 1976 - ARINC 424-1
• ARINC 424-3 - First "Air 

Mass" Application
• ARINC 424-4 - Added 

Simulator Capability
• ARINC 424-5 - Added 

Computer Flight Planning
• ARINC 424-19 – Adopted 

October 22, 2008
• ARINC 424-20 – Meeting 

March 2009 in Melbourne, Aust
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Procedure
Designers

Source Data

Source
 Data

Airports

Data Analysts

Aeronautical Data FlowAeronautical Data Flow

ARINC 424

Charts

Aeronautical 
Information 
Publication

Navigation 
Database

JADNOTAMs

Avionics 
Packing 
Program

ARINC 424

Simulator Process
So

ur
ce

 D
ata

Airlines

Ex
tra

ct

Other Users

Each dot is a fix on 
the ground

Navaid
Waypoint

Intersection
Turning Point

Runway Threshold

Each connecting line 
is a route

SID
Airway
STAR

Approach
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Flight Plan Routes

Enroute Airways

Airport Reference Points

SIDs

AL Gates

Localizer

Hold Patt

Fan Mkr WP Form

Link File Nav ICAO

Enrt WP

ILS

LOC DME

Navaids

STARs

Runways

G Slope

Apps

Term WP

Mkr Bcn

ARINC 424 Database StructureARINC 424 Database Structure

Comm

Airspace

Lights Minimums

FBO

Term NDB

EDITS

PATH and
TERMINATOR

PATH and
TERMINATOR

Describes Leg Types

Path - How do you get there - (Heading, Course, Etc.)

Terminator - The event or condition that causes Leg 
Sequencing

(Also known as Path/Terminators)
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VA leg

Heading to Altitude

Path - Heading 090°
Terminator - 8,000 Feet
(default leg for most North American departures)

ICAO RNAV Leg One of 23 leg types

VI leg

Heading to a Next Leg 
Intercept

Path - Heading 090°
Terminator - Interception of the 070°

Course to the Next Fix

ICAO RNAV Leg
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VM leg

Heading to a Manual 
Termination

Path - Heading 080°
Terminator - Manual Termination

(Pilot must take action to terminate)

ICAO RNAV Leg

CA leg

Course to an 
Altitude

Path - Course 080°
Terminator - 6,000 Feet

(default leg for most European departures)

(Along-Track Position Undefined)

ICAO RNAV Leg
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CF leg

Course to a
Fix

Path - Course 080°
Terminator - Crossing the Fix

RNP LegICAO RNAV Leg

TF leg

Track Between Two
Fixes

Path - The Great Circle 
Course Between Waypoints

Terminator - Passing the “To” Waypoint

Default leg type for all enroute airways

Primary RNP LegICAO RNAV Leg
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IF leg

Initial Fix

No Real Path or Terminator.
The Initial Fix Begins the Series of Records for a 
Procedure (SID, STAR, Approach)

Primary RNP LegICAO RNAV Leg

DF leg

Computed Track
Direct to a Fix

Path - The Great Circle Course from 
Present Position to the “To” Waypoint

Terminator - Passing the “To” Waypoint

RNP LegICAO RNAV Leg
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RF leg

Constant Radius
to a Fix

Path - Arc About Reference Fix
Terminator - Terminating Fix

(all start and end fixes for RF legs are fly-by fixes)
(legs to and from RF leg “should” be tangent)

Primary RNP LegICAO RNAV Leg

HM leg

Hold to a 
Manual Termination

Path - Holding Pattern
Terminator - Manual Termination

Primary RNP LegICAO RNAV Leg
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HA leg

Hold to an Altitude

Path - Holding Pattern
Terminator - Terminating Altitude

(Climb in the Holding Pattern)

Primary RNP LegICAO RNAV Leg

HF leg

Hold to a Fix

Path - Holding Pattern
Terminator - 2nd Fix Crossing

(One Circuit in the Hold)

Primary RNP LegICAO RNAV Leg
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Path
Terminators

TF

TF

TF

TF

CA
DF

HMIF

IF
IF

Puerto Asis, Columbia HM

TF

Graphic 
Editing Tool

Note large curve 
after MAPt

Chart

Airplane
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Fly-by Fix Symbol Standard

All holding fixes 
are fly-over fixes

Fly-by 
versus 
Fly-
Over 
Fixes
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WIVLI

La Serena, Chile

RALES & SEREN
Beginning and ending fixes 

on RF leg.

Fly-over or Fly-by fixes?

Is RUMAY a 
Fly-over fix? 
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State Requirements in PANS OPS
• Textual Description

• Path and Terminator (“Path Terminator”). A 
two-letter code, which defines a specific type of 
flight path along a segment of a procedure and a 
specific type of termination of that flight path. 
Path terminators are assigned to all RNAV, SID, 
STAR and approach procedure segments in an 
airborne navigation database.

• Note.— Path terminators as defined in PANS-OPS 
are, with the exception of the RF path terminator, 
established in accordance with the rules set forth 
in ARINC Specification 424-15, Navigation 
System Data Base. The rules applicable to the RF 
path terminator are based upon ARINC 424-17.

Authorized Path Terminators
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Path Terminator Sequences

Text Description
ICAO PANS OPS Doc 8168

1.4.3 The textual or tabular description of the 
procedure to support navigation database coding 
shall incorporate all the data elements as specified 
in Chapter 2, and shall be published on the verso 
of the appropriate chart or as a separate properly 
referenced sheet (see Annex 4, 9.9.4.3, 10.9.4.3, 
and 11.10.9).  In the following paragraphs three 
examples are provided (the formal, the 
abbreviated and the tabular description methods. 
The tabular description method is provided in 
Table III-5-1-2).
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Text Description
ICAO PANS OPS Doc 8168

1.4.4 Formal description. In the formal description, the following principles 
apply:

• (Waypoint) (underlined) denotes flyover.
• (Waypoint) (not underlined) denotes fly-by or RF waypoint as appropriate.
• To (Waypoint) denotes a TF path terminator.
• To (Waypoint) on course XXX° denotes a CF path terminator.
• Direct to (Waypoint) denotes a DF path terminator.
• (Waypoint) {R, NN.N, LatLong} denotes an RF path terminator, the radius and the centre 

point of a fixed radius turn in terminal airspace.
• Climb on track XXX°, at or above yyy feet turn right/left denotes a CA path terminator.
• From (Waypoint) to XXXX feet on track XXX° denotes an FA path terminator.
• Climb on heading XXX°, at or above yyy feet turn left/right denotes a VA path 

terminator.
• From (Waypoint) to XXXX feet on heading XXX° denotes a VA path terminator.
• Continue on heading XXX° denotes a VM path terminator.
• Continue on track XXX° denotes an FM path terminator.
• (Waypoint) {HM, Turn Direction, Inbound Track, Leg Distance/Time} denotes an HM 

path terminator.
• (Waypoint) {HA, Turn Direction, Inbound Track, Leg Distance/Time, Altitude} denotes 

an HA path terminator.
• (Waypoint) {HF, Turn Direction, Inbound Track, Leg Distance/Time} denotes an HF 

path terminator.
• The formal description method is illustrated in Table III-5-1-1.

Approach Procedure Titles

Straight-in Landing Runway

Circling to land only

No Straight-in Landing Runway
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RNAV (GNSS) - A

Approach Procedure Title ?

GBASGBAS
Ground Based Augmentation SystemGround Based Augmentation System

GPS Satellite GPS Satellite

GPS Satellite

GPS SatelliteGPS Satellite

GBAS  Reference  Station
and processor
GBAS  Reference  Station
and processor

VHF 
Data
Link

VHF 
Data
Link

PesudolitePesudolite

PesudolitePesudolite

GPS SatelliteGPS Satellite



19

Norway
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SBASSBAS
Space Based Augmentation SystemSpace Based Augmentation System

Ground Earth StationGround Earth StationGround Earth StationSpace Based 
Master Station
Space Based Space Based 
Master StationMaster Station

Space Based 
Reference Stations
Space Based Space Based 
Reference StationsReference Stations

GPS Satellite GPS Satellite
Communication
Satellite

GPS Satellite
GPS Satellite

GPS Satellite



22

Path Points

In Database with CRCIn Database with CRC

The
“New ILS”

Content in FAS Data Block
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Unsigned Integer4 CharactersLength Offset

Unsigned Integer5 CharactersCourse Width at Threshold

Unsigned Integer4 CharactersGlide Path Angle

Alphanumeric7 CharactersThreshold Crossing Height

Alphanumeric12 CharactersFPAP Longitude

Alphanumeric11 CharactersFPAP Latitude

Signed Integer6 CharactersLTP Ellipsoidal Height

Alphanumeric12 CharactersLTP Longitude

Alphanumeric11 CharactersLTP Latitude

Alphanumeric4 CharactersReference Path Identifier

Unsigned Integer2 CharactersReference Path Data 
Selector

Alpha1 CharacterRoute Indicator

Unsigned Integer1 CharacterApproach Performance 
Designator

Alphanumeric5 CharactersRunway Identifier

Alphanumeric4 CharactersAerodrome Identifier

Unsigned Integer2 CharactersSBAS Service Provider 
Identifier

Unsigned Integer2 CharactersOperation Type

Data TypeField Size
Data Field

Final Approach Segment
FAS Data Block Record

Limited SBAS

SBAS Approach

Three different minimums



24

GPS Accuracy
• “Raw” GPS - 13 meters 95% All-in-View Horizontal 

Error
• WAAS – 7.6 meters spex, 2.3 meters observed
• LAAS – <1 meter
• The DOD assures that at least 24 satellites are available for GPS

• Remember – the “other” errors
– Avionics adds meters
– Other factors such as integrity of signal
– Error for we as pilots?

• (No more SA – Selected availability)



25

World Geodetic System - 1984World Geodetic System - 1984

Earth Gravitational Model -96 (vertical)Earth Gravitational Model Earth Gravitational Model --96 (vertical)96 (vertical)

GPS SatelliteGPS Satellite

GPS SatelliteGPS Satellite

GPS SatelliteGPS Satellite
GPS SatelliteGPS Satellite

GPS SatelliteGPS Satellite

GPS SatelliteGPS Satellite

GPS SatelliteGPS Satellite

ICAO Requirement since 1 January 1998ICAO Requirement since 1 January 1998

WGS-84

• An airline captain reports:  “My 
FMS shows I’m over the Pachuca 
VOR but I can see it out the 
window off to my left.”

• Does the database have an error?”

“Errors
”
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Mismatch of Coordinate Datums

• Importance of WGS-84
• Important for non-FMS aircraft?
• Importance for FMS aircraft
• Importance for GPS

In same coordinate system,
everything lines up.

• Importance of WGS-84
• Important for non-FMS aircraft?
• Importance for FMS aircraft
• Importance for GPS

In different coordinate systems,
approach doesn’t aim at runway threshold.

Mismatch of Coordinate Datums
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• Importance of WGS-84
• Important for non-FMS aircraft?
• Importance for FMS aircraft
• Importance for GPS

If everything is in same coordinate system
except VOR, then FMS doesn’t align with
approach or runway.

Mismatch of Coordinate Datums

Mexico - CMelilla (Spain) - CMayotte - C

Mauritius - CMauritania - CMalta - C

Mali - CMaldives - CMalaysia - C

Malawi - PCMadeira Is. - CMadagascar - C

Macedonia F.Y.R. of - CMacao, P.R. of China - CLuxembourg - C

Lithuania - CLibya, SPLAJ.- ULiberia (Roberts FIR) - C

Lesotho - ULebanon - CLatvia - C

Laos - UKyrgyzstan - UKuwait - C

Korea D.P.R. of - PCKiribati - UKenya - PC

Kazakhstan - PCJordan - CJerusalem - PC

Japan - CJamaica - CIvory Coast - C

Italy - PCIsrael - PCIreland - C

Iraq - CIran - CIndonesia - C

India - CIceland - CHungary - C

Hong Kong - CHonduras - NCHaiti - C

Guyana - CGuinea Rep. - CGuinea Bissau - U

Guatemala - CGreenland - PCGreece - U

Gibraltar - CGhana - CGermany (MIL) - C

Germany - CGeorgia - CGaza - C

Gambia - CGabon - CFrench Pacific Ter. (PAC-P) -
C

French Pacific Ter. (PAC-N) -
CFrench Guiana - CFrench CAR/SAM/NAM - C

France (MIL) - CFrance - CFinland - C

Fiji Is. - CFaroe Is. - CEthiopia - C

Estonia - CEritrea - UEquatorial Guinea - C

El Salvador - CEgypt - CEcuador - C

Eastern Caribbean Is - CDominican Republic - CDjibouti - C

Denmark (MIL) - CDenmark - CDakhla/Laayoune - C

Czech - CCyprus - CCuba - C

Croatia - CCosta Rica - CCongo, Rep. of - C

Congo D.R. of - UComoros - CColombia - C

China,P.R. of - UChile - CChagos Archipelago - C

WGS - 84 Status
129 States converted to WGS-

84 as of March 2009

El Salvador - CEgypt - CEcuador - C

Eastern Caribbean Is - CDominican Republic - CDjibouti - C

Denmark (MIL) - CDenmark - CDakhla/Laayoune - C

Czech - CCyprus - CCuba - C

Croatia - CCosta Rica - CCongo, Rep. of - C

Congo D.R. of - UComoros - CColombia - C

China,P.R. of - UChile - CChagos Archipelago - C

Chad - CCentral African Republic - CCayman Islands - C

Cape Verde - CCanary Islands - CCanada - C

Cameroon - CCambodia - CBurundi - C

Burkina Faso - CBulgaria - CBrunei - U

Brazil - CBotswana - CBosnia-Herzegovina - C

Bolivia - CBhutan - UBermuda - C

Benin - CBelize - UBelgium (MIL) - C

Belgium - CBelarus - UBarbados - C

Bangladesh - CBahrain - CBahamas - C

Azores (Portugal) - CAzerbaijan - PCAustria - C

Australia - CAscension I. - CAruba - C

Armenia - CArgentina - CAngola - C

Algeria - CAlbania - CAfghanistan - C

(As of March 2009)WGS-84 Status Report
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129 States converted to WGS-
84 as of March 2009

All of South America is
WGS-84 compliant

Many States have partially 
implemented WGS-84, Some 
are non-compliant and others 

unknown because lack of 
statement in AIP

Current list of States
www.jeppesen.com

Search for WGS
Zimbabwe - PC

Zambia - UYemen - CVietnam - C

Venezuela - CVanuatu - CUzbekistan - U

US Pacific Territories - UUS Caribbean Territories - UUruguay - C

United States - CUnited Kingdom (MIL) - CUnited Kingdom - C

United Arab Emirates - CUkraine - UUganda - C

Turks and Caicos Is. - CTurkmenistan - UTurkey - C

Turk. Rep, of N. Cyprus - CTunisia - CTonga - C

Togo - CTimor Liste - UThailand - C

Tanzania - CTajikistan - UTaiwan - C

Syria - USwitzerland - CSweden (MIL) - C

Sweden - CSwaziland - NCSuriname - C

Sudan - CSri Lanka - CSpain - C

South Korea, Rep. of - CSouth Afr. Rep. - CSomalia - U

Solomon Is. - CSlovenia - CSlovakia - C

Singapore - CSierra Leone - CSeychelles - C

Serbia and Montenegro - CSenegal - CSaudi Arabia - C

Saudi Arabia - CSao Tome & Principe - CSamoa - C

Rwanda - CRussia - URomania - C

Reunion - CQatar - CPristina - C

Portugal (Mil) - CPortugal - CPoland - C

Philippines - CPeru - CParaguay - C

Papua New Guinea - UPanama - CPakistan - C

Oman - CNorway - CNigeria - C

Niger - CNicaragua - NCNew Zealand - C

Netherlands Antilles - UNetherlands (MIL) - CNetherlands - C

Nepal - CNauru - UNamibia - C

Myanmar - CMozambique - UMorocco - C

Mongolia - PCMonaco (France) - CMoldova - C

Mexico - CMelilla (Spain) - CMayotte - C

WGS - 84 Status

Satellite Picture of Actual Runway Location 
(orange) versus Official AIP Location (blue)

Thanks to Don Bateman
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An example of Unwanted Warnings caused 
by Avionics not aligned with ground truth

Aircraft position reported 
by Avionics

0.9 NM

EGPWS needs 
ground truth

Thanks to Don Bateman

RTCA /
EUROCAE

Document
DO-201A/ED-77

Standards for 
Aeronautical Information

Published April 2000
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Annex 15
Appendix 7 Includes:
A7-1 Latitude/Longitude
A7-2 Elevation/Altitude/Height
A7-3 Declination & Magnetic Variation*
A7-4 Bearing
A7-5 Length/Bearing/Dimension

Three Factors:
Accuracy
Resolution (chart vs. database) 
Integrity

Will be included in ICAO Construction Manual
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DO-200A
Standards for Processing of 

Aeronautical Data
Published September 1998

RTCA /
EUROCAE 
Document

AIP/NOTAM
(State or 

Privatized 
Service 

Provider, FAA)

AIP/NOTAM
(State or 

Privatized 
Service 

Provider, FAA)

The Data Chain

AIP/NOTAM
(State or 

Privatized 
Service 

Provider)

(OEM, TSOA 
holder)

Operator 
(End-User, 

Airline)

• Most data never intended 
to support RNAV

• Requirements have been 
defined to support RNAV:

RTCA/DO-201A 
(Standards for 
Aeronautical 
Information)
ICAO Annexes 
(Aeronautical 
Information Services)

For government-supplied 
data, government 
assumes responsibility 
for incorrect data.  
Downstream participants 
can assume it is correct.

Data quality 
requirements

Avionics ManufacturerDatabase Supplier

Hardware
Data

Software

Data

Source integrity 
being worked 
by ICAO OCP

1) Letter of Acceptance
• Complies with DO-200a
• Supplies ARINC 424 data
• Does not identify compatible avionics

2) Letter of 
Acceptance

• Complies with 
DO-200a

• Would identify 
compatible 
avionics (ie, 
output data 
complies with 
aircraft 
requirements)
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Procedure Altitudes

1,400’ not in database

Shaded areas represent Minimum Altitudes

Punta Arenas, Chile

Baro-VNAV

1,440’ is in database

Descent Angles
on Conventional Procedures

Vertical angle specifications in ARINC 424
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Large Issue - Waypoint Names

• Common Waypoint Name for Single 
Location

• DME Fixes without Waypoint Names
• Unnamed Waypoints on Enroute Charts
• Unnamed Stepdown Fixes
• FACF Waypoint Unnamed
• Five-letter Names & Identifiers for NDBs

Naming Stepdown Fixes

2.4 DME not in database, RELMI is in database
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Chart & Database Compatibility
San Jose Del Cabo, Mexico approach

RW16

FF16

CF16

XOPRU

D347T

D347R

D347K

SJC

Effective Dates
• ICAO AIRAC Cycles

• Lack of Lead Time by State Sources

• Cut-off Date on Charts different than Data
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States are obligated to publish 
Aeronautical Information According 

to ICAO Annex 15 and ICAO Doc 8126

AIRAC Type Changes - To Recipient 28 Days Before Effective Date,
Mail 42 Days in Advance.

Major Changes - To Recipient 56 Days Before Effective Date,
Mail 70 Days in Advance.

19 NOV22 OCT

56 Days

28 Days

DATE RAW DATA RECEIVED BY AIS (State)
PUBLICATION DATE (ICAO)
EFFECTIVE DATE (ICAO)

AIRAC

Major AIRAC

42
(14)

70
(14)

21 Days

Avionics

24 OCT

DATABASE PROCESSING TIME (Avionics)

8 Days

36 Days

DATA PREPARATION TIME (Database Supplier)

Significant Dates
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Procedure Names for 
SIDs/STARs

ARINC 424 handles 
only 6 characters

ICAO
KOVU7C
SARG7C
SURB7A
TENI7C

ICAO uses 1st four characters 
plus last two characters for Ident

Six Characters in Database 
becoming standard in ICAO 

(uses 1st four characters plus last 
two characters)
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SID & STAR Identifiers
When the ID is five letters plus a revision 
number, that becomes the database identifier

• Precision approaches
• Non-precision approaches
• Non-precision approaches with vertical (APV)
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GLS and xLS
Approaches
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The Future Cockpit Screen View

New 
“Stuff” is 
difficult

But -
Who wants to go back 

to the old?
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