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Introduction

PPL/IR EUROPE

» This manual covers the Performance Based Navigation (PBN) theoretical knowledge and ground
training for a Europe based Instrument Rated pilot operating single-pilot general aviation aircraft under
IFR in Europe

» The focus of the manual is on European single pilots using GNSS in an IFR context. Other
technologies are mentioned only for completeness and with little detail.

« Some of the detailed content and reference material is beyond the scope of what is required for pilot
training, but may be of interest. Appendices 2,3 and 4 contain information which will be only of interest
to those seeking a deeper technical understanding, not required of the average, competent pilot.

* The learning objectives to meet EASA PBN training requirements shown in Appendix 1 refer to the
applicable text which meets those objectives. Some of these learning objectives are outside the scope
required by a GA fixed wing pilot, but are included, as they could appear in an exam. In those cases
we have kept detail to an absolute minimum.

* However, we have not limited ourselves to EASA learning objectives. The intention is to provide a
comprehensive PBN manual, practical as well as theoretical.

» For example, we have provided detailed illustrations of departures, arrivals and approaches, with cross
referencing between plates and GNSS receiver displays, and these merit close attention.
Understanding the relationships in advance might help avoid confusion at times of high workload close
to terrain.

* The contents of this manual change regularly as regulatory and technical changes are made. We try
to keep it up to date. The latest version is always available in PDF form from the PPL/IR website.
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* Due to these changes over the years, and variations in interpretation and implementation between
regulatory authorities, there remain areas of ambiguity in PBN. We have focussed on ICAO standards
and EASA implementation. Thus there may be differences between what is written here and other
sources, particularly outside Europe.

« This manual assumes that the reader is an instrument rated pilot or familiar with normal IFR
terminology i.e. ‘IAF’, ‘minima’ etc. IFR terminology is used without explanation unless PBN concepts
modify non PBN usage.

» PPL/IR Europe retains copyright to its original content under Creative Commons Attribution 4.0
International License

* PPL/IR Europe welcomes feedback and questions via its website forum (www.pplir.org). Any person
interested in operating aircraft under IFR in Europe is encouraged to join.
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Acknowledgements and notes p

- Edition 1 was written by Vasa Babic. This Edition has been mostly rewritten by John Shannon and
Timothy Nathan to take account of the many changes that have occurred since Edition 1. This 4t
addition takes into account changes up to January 2023, and will be revised incrementally as the
world moves on

- Errors and omissions are entirely John and Timothy’s responsibility

- PPL/IR Europe receives no royalties for this book; the cover price reflects only the costs of printing
and distribution. If you find this material valuable, you are asked to:

— please consider joining and/or donating to PPL/IR Europe (www.pplir.org). This small voluntary
organisation serves GA IFR pilots in Europe by publishing and exchanging information to help
promote the safety and utility of IFR flight in single-pilot aircraft, and works with regulators in
Europe to ensure they have input on the specialised needs of private IFR from a credible and
qualified source

— please also consider joining and supporting your national AOPA. Internationally, AOPA is the
only GA representative organisation for private pilots accredited to ICAO, the FAA, EASA and
national regulators. IFR regulations are planned and decided upon many years in advance, at a
global and regional level. AOPA needs your support to make sure that private IFR operators
continue to have practical and cost-effective access to airspace worldwide

- None of the AIP or Jeppesen charts or Garmin screen shots in this manual may be used for
navigation purposes
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RNP Approaches
Different Types of Approach, and Different Types of Avionics

PPL/IR EUROPE

On the next two pages is a summary of different types of RNP approach and how to fly them;

everything that is written on these two pages is explained later in the manual, but if you read nothing
else, read these two pages.

There are two kinds of IFR certified GNSS (GPS) receivers:
« TSO-C129() (non-SBAS) receivers, which use only GPS signals (eg GNS430)

« TSO-C146() (SBAS) receivers, which, in addition to the GPS signal, receive a further correction
signal that makes them far more accurate. (eg GNS430W, GTN)

- In Europe there are the following RNP approaches:

LNAV LNAV or APR  Lateral Navigation with no vertical glidepath

LNAV/VNAV  L/VNAV LNAV-like Lateral Navigation with vertical guidance (less accurate than ILS) *

LPV LPV Localiser Performance with Vertical guidance (similar to ILS)

LNAV+V LNAV+V LNAV with advisory vertical guidance (ie the glidepath assists the pilot but is unofficial)

« TSO-C129() receivers can only fly LNAV approaches, and they annunciate APR when doing so;
the horizontal sensitivity does not increase as the aircraft approaches the threshold.

- TSO-C146() receivers can fly all the approaches; sensitivity does increase as the aircraft
approaches the threshold.

- LPV approaches can have minima to 200’ (the same as a Cat 1 ILS).

* See pl54 for Baro-VNAV




How to fly an RNP Approach w2
Using a GNSS Navigator in a Light Aircraft .

Here is a summary of how to fly an RNP approach.

+ Brief yourself thoroughly, from either Jepp plates or the AIP, well before commencing the approach. In particular,
note the positions of the IAFs, the “cake slice” TAA/MSAs for each sector serving those IAFs and the minima lines
available (LPV, LNAV, LNAV/VNAYV) and their minima for your approach category.

+ If you have a legacy (TSO-C129) navigator, such as a GNS430, check RAIM, either online or on the receiver.

+ Determine the IAF which serves your direction of arrival and load the approach from that (TR

DIPKA A 151° 3.0m

IAF. As part of the loading process, read the page which shows the waypoint and graphic [t
and check the visual layout of the graphic as well as every waypoint, track and distance, N8 Zil

| TRACA 141

including missed approach and hold against the plate for the correct aircraft approach e
category.

» Ensure that the CDI is selected to GPS.

* When you are cleared for the approach, route directly to the IAF, either by Activating the approach or by DCT to the
IAF, descending to the IAF altitude remaining above the TAA/MSA.

» Follow both the profile and the tracks carefully. If you have SBAS, keep the CDI centralised, even in the turns. If
you have HSI without autoslew, turn it to the next track in anticipation.

* Only descend on the profile once the track has turned magenta and the CDI is within half scale deflection.

» Before the FAF, ensure that the expected annunciations (APR, LPV, LNAV, LNAV+V or L/VNAV, and GPS) and
that no unexpected ones (I 1, ) are showing.

» At the FAF ensure that the final approach track goes magenta, the To flag is showing, the Glidepath indicator (if
available) and the CDI are centralised and that there are no warnings.

» During the final approach, check regularly for warnings and do not ignore them. Check any altitude restrictions.

« If the annunciator falls back to a lesser specification (eg LPV to LNAV) above 1000’ AAL, reset minima as
appropriate and use the distance vs altitude table. If it falls back below 1000’ AAL, go around.

* In the missed approach, once past the MAP, unsuspend. Using a TSO-C129() navigator, do not turn before reaching
the altitude specified in the MA Procedure.
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Introduction to PBN (Performance Based Navigation) uf,"\

Before describing PBN, we should start by explaining that PBN only forms part of a
systematic way of determining:

» What is to be achieved in an airspace (Airspace Concept)
* How it is to be achieved

An Airspace Concept describes, amongst other things:

» The intended operations within an airspace
» The operational and technical requirements to achieve the intended operations

The Airspace Concept includes:

« Communication

» Navigation

» Surveillance

 Air Traffic Management

PBN is only about that part of the Airspace Concept concerned with Area Navigation
(RNAV) specifications and infrastructure.

The above is described graphically on the next page.

10



Introduction to PBN

[~
FPEL/R EUROPE,

Airspace

Concept

Communications

Navigation Surveillance

Performance NEWENT
Based Application*
Navigation \
[
Navigation
Infrastructures
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and alerting and alerting

Air Traffic
Management

Performance-based
Navigation (PBN)
Manual

* Navigation
Application includes
pilot training and
gualification.

§ RNAV Systems Only
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Background to the Development of PBN o u
1. The Basic Concept of RNAV

PBN was developed out of a requirement to bring order to the airspace structures based on existing RNAV
applications.

Therefore, a short background to how RNAYV systems have evolved will help the reader understand why it has
proved necessary to develop PBN.

“Traditional” IFR Navigation RNAV

a ¥y | Ty
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+ “Traditional” IFR Navigation relies on aircraft * Area Navigation (RNAV) is a method of navigation that
crossing radio beacons and tracking to and from permits aircraft to follow IFR routes and procedures
them directly, or via intersects based on any desired routing, subject to the system

« This constrains IFR routes and procedures to what is limits of the RNAV technology
achievable from a limited and expensive * Modern RNAV in general aviation aircraft is based on
infrastructure of ground-based stations panel-mounted GNSS. Larger aircraft also use Inertial

Reference and DME-DME in multi-sensor Flight
Management Systems (FMS), but these technologies
are outside the scope of this manual.

12



Background to the Development of PBN
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2. How RNAV was Implemented

*——NAVAIDs

‘—7Waypoims

Traditional IFR had a single, simple “implementation” which is valid in airspace worldwide using
a standard set of aircraft equipment (the VOR, DME, ADF and ILS receivers and instruments)
and the standard Instrument Rating pilot qualification.

First-generation RNAV was implemented in much the same way. Aircraft equipped with one of
the many kinds of RNAYV “box” could fly additional RNAV routes. However, the accuracy and
predictability of an aircraft’s flight path was limited by a lack of standardisation

* in navigation equipment accuracy and reliability
* in how route and procedure data was entered, coded, interpreted and displayed

* in how pilots and autopilots would fly turns, intercepts, climbs to a fix and any other “non-
straight and level” legs

Modern applications have aimed to increase the usefulness of RNAV by allowing very precise
procedure designs that use airspace more efficiently and create more direct routes. This also
has the benefit of improving terrain and traffic separation, and providing better noise abatement
and fuel-efficient descent management

However, until recently, no consistent way of providing the standards and safeguards needed
for accurate and consistent RNAV had emerged, and thus there were a variety of RNAV
applications in different regional and national airspace and for different phases of flight
(enroute, terminal, approach)

* eg. RNAV 1, RNAV 5 in Europe; MNPS (RNAV 10 or RNP 4) in the North Atlantic.

13



The PBN Concept wles).
1. The Definition of PBN ‘

The ICAO PBN definition is:

Area navigation based on performance requirements for aircraft operating along an ATS
route, on an instrument approach procedure or in a designated airspace.

Where:

Airborne performance requirements are expressed in navigation specifications in terms of
accuracy, integrity, continuity and functionality needed for the proposed operation in the
context of a particular airspace concept. Within the airspace concept, the availability of GNSS
Signal-In-Space (SIS) or that of some other applicable navigation infrastructure has to be
considered in order to enable the navigation application.

Performance Based Navigation has been developed to provide a consistent way of specifying
navigational applications on a global basis. Instead of aircraft navigation applications being
directly specified in terms of sensors (navigation beacons, navigational receivers and/or
waypoints), under PBN, generic navigation requirements and applications are first defined
based on the operational performance requirements. As long as the performance requirements
are satisfied, it does not matter what sensors are used.

Please note that in ICAO terms, “Navigation Application” includes pilot training and qualification.
That means that PBN is not just a structure of navigation, but embraces the whole system that results

in the aircraft getting from A to B on the desired route.

14



The PBN Concept

2. Application, Specification and Infrastructure

AR
I PPL/IR EUROPE

Navigation
Application

(use of Navigation Specification
and Navaid Infrastructure)

Navigation Navaid

Specification Infrastructure
(RNAV System Perf) (Ground and Space Based)

X = Accuracy Value
RNP has onboard performance iIn Nnm
monitoring and alerting (See pp20 and 26)

15



The PBN Concept

3. Performance and Functionality Requirements

PPL/IR EUROPE

» ‘Performance based navigation is area navigation based on performance requirements for aircraft

operating along an ATS route or on an instrument approach procedure or in a designated airspace.’
(ICAO PBN Manual Doc 9613).

* PBN is based on detailed navigation specifications, which contain performance and functionality
requirements.

SID Enroute STAR Approach
+5nm *
+1nm e > 3 +1nm o
* 5 e > r >
3 ¥

* In Europe. 2nm Elsewhere

16



The PBN Concept m’,,::}_

4. Technology Independence

* PBN is a shift from sensor based (ie VOR, DME, NDB/ADF, GNSS) to performance based navigation.
Generic navigation requirements are defined based on operational requirements and include the
contributions of crew, ATC and navigational systems; operators then chose the best mix of available
technology and navigation services to satisfy those requirements.

« The underlying technologies and navigation services can change over time without the navigational
requirements needing to be revisited, as long as the requisite performance is maintained. That is to
say a procedure, such as a SID, STAR or Approach, can be flown using yesterday’s, today’s or
tomorrow’s equipment, as long as the required performance is achieved.

DME/DME GNSS ?27?7?
)
{6} 7
,,(\‘ 7

* In oceanic/remote, enroute and terminal phases of flight, PBN is limited to operations with linear lateral
performance requirements and time constraints. In the approach phases of flight, PBN accommodates
both linear and angular laterally guided operations (LNAV) and, for certain approaches, vertical
guidance (VNAV).

Linear Angular Lateral Angular Vertical

,_)_ anm
1 o

Xnm
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The PBN Concept .

5. Specification, Infrastructure and Application .

* The Navigation Specification prescribes the performance
requirements in terms of accuracy, integrity, continuity and functionality
for proposed operations in a particular Airspace. The Navigation D P
Specification also describes how these performance requirements are .= = €& 5>
to be achieved i.e., which navigation functionalities are required to
achieve the prescribed performance. Associated with the navigation
specification are requirements related to pilot knowledge and training
and operational approval. A Navigation Specification is either an RNP
specification or an RNAV specification. An RNP specification includes
a requirement for on-board self-contained performance monitoring and

alerting while an RNAV specification does not.

Fhg o
A"D'Oach - 8

Landing

SIDs Enroute STARs APPROACH

» The Navaid Infrastructure relates to ground- or space-based
navigation aids that are called up in each Navigation Specification. The
availability of the navaid infrastructure has to be considered in order to
enable the navigation application.

« The Navigation Application refers to the application of the Navigation
Specification and Navaid Infrastructure in the context of an airspace
concept to ATS routes and instrument flight procedures.

18



The PBN Concept .C.m\

6. An example of a PBN Specification

The components of a PBN Specification in terms of a navaid infrastructure, navigation specification
and a navigation application can be difficult to grasp. Itis perhaps easiest to explain by way of
example:-

* RNAV1land?2

— Navaid infrastructure: Radar environment with radio communications, and with GNSS,
DME/DME and DME/INS availability.

— Navigation specification: RNAV 1 and RNAV 2 operations are based upon the use of RNAV
equipment that automatically determines the aircraft position in the horizontal plane using
input from the following types of position sensors — GNSS, DME/DME RNAYV or
DME/DME/IRU RNAYV approved to the RNAV 1 and 2 accuracy requirements.

— Navigation application: The RNAV 1 and 2 specification is applicable to all ATS routes,
including enroute, standard instrument departures (SIDs), and standard arrival routes
(STARS). It also applies to instrument approach procedures up to the final approach fix.

19



The PBN Concept p
7. RNAV and RNP ‘

« Under PBN there are two general classes of specification,

RNAYV, which does not require on-board Performance Monitoring and Alerting

RNP (Required Navigation Performance), which does.

 RNAV and RNP, as performance specifications, are measures of the lateral accuracy in nautical
miles, relative to a desired flight path, that an aircraft can be expected to maintain 95% of the total

time

Referred to as “RNAV X” or “RNP X” where the “X” indicates the lateral accuracy. For
example, RNAV 1 means an RNAYV specification (no on-board Performance and Alerting
required) which has a required accuracy of 1 nautical mile either side of the desired flight path
(see also page 26).

RNAV 5 RNAV 1 RNP 1
")- Sntm INTEG!
i S A— ) — A .
5nlm ,_)_

However, it is important to note that aircraft approved to more stringent accuracy requirements
may not necessarily meet some of the functional requirements of the navigation specification
having a less stringent accuracy requirement. So being approved for RNAV 1, for example,
does not by any means imply an approval for RNAV 10, even though, on the face of it, RNAV
10 is less stringent than RNAV 1.

 Flight crew and air traffic controllers must be aware of the on-board RNAV or RNP system
capabilities in order to determine whether the performance of the RNAV or RNP system is
appropriate for the specific airspace requirements.

20
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8. How PBN Procedures are Different

Traditional Procedures PBN procedures

« Execution is demanding « Execution is easy
— selecting, identing and displaying — following the GNSS guidance from
navaids waypoint to waypoint
— following track, distance and timing
from raw data « Management is more complex
— repeated for each leg — valid database, correct procedure
loaded and verified
+ Management is easy — RAIM availability checked (if SBAS*
— select the right chart and then follow not available); GNSS, CDI and
the execution steps Autopilot mode selection

— avoidance of gross errors and
“WIDN?” (what'’s it doing now?)
confusion with GNSS receivers

The focus of most of PBN training is on the proficient and safe
management of RNAV flight, as opposed to skills training.

* For SBAS see page 56

21
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9. PBN Aircrew Requirements

Under the EASA Aircrew Regulation, pilots are required to be qualified to fly PBN procedures. These may
be gained as part of the instrument rating training or, for existing instrument rated pilots, the revalidation or
renewal process.

This process consists of a theoretical and practical element. The precise mechanism to gain the privileges
varies between States, but generally the theoretical element may be completed by passing an exam or, in
some States, verbally by an examiner during a instrument proficiency check. The practical element is
performed as part of the instrument rating test or proficiency check, which must include one approach
based on a PBN specification. This would normally be an RNP approach, which can be either a 2D or 3D
Operation (ie without or with vertical guidance (Glidepath)). The UK CAA has said that it is not intending to
require a PBN endorsement for IR(R) holders.

Provided this process is completed, there are no operational approval requirements for normal GA PBN
operations.

22



PBN Navigation Specification by Flight Phase

1. Introduction

PPL/IR EUROPE

On page 24, we lay out firstly the navigation specifications that you, as a European GA Pilot using
GNSS, are likely to encounter, and followed by, on pp 25-26, a graphic depiction and a table of all
the ICAQO approved capabilities.

You should understand the former for practical purposes, the latter is for completeness and could
be asked about in a PBN examination.

Note from the table on page 24 that legacy technologies do not form part of PBN, but are still used
as approved navigational aids.

23



PBN Navigation Specification by Flight Phase
2. Specs Normally Applicable to GA in Europe

" f—
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- |

RNP

Enroute
Airspace
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Airspace
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Approach

~

Legacy
Navigation

Performance
Based
Navigation

RNP APCH

- /
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PBN Navigation Specification by Flight Phase
3. Complete List Graphic

PPL/IR EUROPE

\

Takeoff

1

SIDs Enroute

RNAV 1 RNAV 5
RNAV 2 RNAV 2

RNP 1 RNAV 1
ARNP* 1 RNP 2

(also RNAV 10, RNP 4,

RNP 2 and Advanced
RNP for Oceanic and
Remote)

T 1

STARs APPROACH

RNAV 1 RNP Approach
RNAYV 2 RNP-AR Approach
RNP 1

ARNP* 1

(* Advanced RNP)

Landing
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PBN Navigation Specification by Flight Phase
4. Complete List

» Below is a complete list of PBN navigation specifications, flight phases and RNP accuracy limits in nm.

* The GA pilot will normally only encounter those specifications on page 24, but they are all included below for
completeness (see Learning Objectives in Appendix 1).

Flight Phase

Navigation Enroute Approach
Specification | oceanic Enroute

Remote | Continental Intermediate Final

RNAV10 (RNP10)

RNAV 5

RNAV 2

RNAV 1

RNP 4

RNP 2

RNP1

Advanced RNP

RNP APCH

RNP AR APCH

RNP 0.3*

* RNP 0.3 is a helicopter specification § Different angular performance requirements are applicable to LPV




PBN Navigation Specification by Flight Phase

5. Additional Functionalities

PPL/IR EUROPE

The table below lists additional PBN functionalities. Most of these are unlikely to affect European GA pilots.
However, RF is being introduced to procedures we fly. Usually there is an alternative available, but the alternative
may lead to ATC delays. Some current GNSS receivers are capable of providing approved RF guidance. For
example, the GTN supports RF legs, but only in an approved installation, requiring, for example, an EHSI.

* RF Radius to Fix: Constant Radius Arc Leg defines a constant
radius turn between two database fixes, lines tangent to the arc
and a centre fix

* FRT The fixed radius transition is intended to be used in
enroute procedures. These turns have two possible radii, 22.5
nm for high altitude routes (above FL195) and 15 nm for low
altitude routes. Using such path elements in an RNAV route
enables improvement in airspace usage through closely spaced
parallel routes.

o * TOAC Time Of Arrival Control enables an aircraft to reach a
waypoint within X number of seconds of a specific time.
O
o e Baro-VNAV computes vertical navigation based on barometric
pressure, rather than on GPS-based SBAS altitude. (See
e '0) Appendix 1 page 154)
- o 0 0 » (RNP AR APCH  See Appendix 1, Page 159)
O @)
Specific Requirements for RF & VNAV Required
Optional

O @)

27



Further notes on PBN Specifications

1. Enroute Remote and Oceanic Navigation Applications

PPL/IR EUROPE

« Apart from RNAV 5 and RNAYV 10, all waypoints, procedures or approaches must be accessed from

the receiver database.
* Not all the specifications below are found in EU continental airspace.

e Enroute Remote and Oceanic navigation applications
— RNAV 10 (RNP 10)

RNAYV 10 requires that aircraft operating in oceanic and remote areas be equipped with at least two
independent and serviceable Long Range Navigation Systems comprising an INS, an IRS FMS or a GNSS,
with an integrity such that the navigation system does not provide an unacceptable probability of misleading
information. Dual INS based systems are subject to a time limit (usually about 6 hours) between being updated
from either a ground based signal (VOR/DME) or GNSS. Dual GNSS receivers are not subject to a time limit
as long as it is not predicted that they will lose Fault Detection and Exclusion for more than 36 minutes.

— RNP4

For RNP 4 operations in oceanic or remote airspace, at least two fully serviceable independent long-range
navigation systems (LRNSs), with integrity such that the navigation system does not provide misleading
information, must be fitted to the aircraft and form part of the basis upon which RNP 4 operational approval is
granted. GNSS must be used and can be used as either a stand-alone navigation system or as one of the
sensors in a multi-sensor system (i.e. with an Inertial Navigation System). Fault Detection and Exclusion is

required for the GNSS receiver.

— RNP 2

RNP 2 is primarily intended for a diverse set of enroute applications; particularly in geographic areas with little
or no ground NAVAID infrastructure, limited or no ATS surveillance, and low to medium density traffic. Use of
RNP 2 in continental applications requires a lower continuity requirement than use in oceanic/remote
applications. In the latter application, the traffic is primarily transport category aircraft operating at high altitude;
whereas, continental applications may include a significant percentage of lower altitude general aviation
aircraft.

The RNP 2 specification is based upon GNSS and should not be used in areas of known GNSS signal
interference. GNSS Fault Detection is required.

28



Further Notes on PBN Specifications

2. Enroute and Terminal Navigation Applications

PPL/IR EUROPE

* RNAV S

— While primarily addressing requirements of RNAV operation in an ATS surveillance environment,
RNAYV 5 implementation has occasionally occurred in areas where there is no ATS surveillance. This
has required an increase in route spacing to meet the target level of safety.

— RNAV 5 can be based on VOR/DME RNAV equipment or GNSS receivers.

— The RNAV 5 specification does not require an alert to the pilot in the event of excessive navigation
errors. Since the specification does not require the carriage of dual RNAV systems, the potential for
loss of RNAV capability requires an alternative navigation source.

— User defined Waypoints can be input manually. Due to the limitations of the specification, RNAV 5 is
not suitable for IFR navigation below enroute or terminal safety altitudes.

e RNAV 1 and RNAV 2

— The RNAV 1 and 2 specification is applicable to all ATS routes, including enroute, standard
instrument departures (SIDs), and standard arrival routes (STARS). It also applies to instrument
approach procedures up to the final approach fix.

— The RNAV 1 and 2 specification is primarily developed for RNAV operations in a radar environment
(for SIDs, radar coverage is expected prior to the first RNAV track change). RNAV 1 and RNAYV 2
may be used in a non-radar environment but not normally below MEA or MSA, as applicable. If
RNAV 1 and 2 are used in a radar environment below minimum vectoring altitude (MVA) or below
MEA or MSA in a non-radar environment, the implementing State must ensure appropriate system
safety and take account of the lack of on-board performance monitoring and alerting.

— RNAV 1 and 2 for general aviation is usually based on the availability of one GNSS receiver,
although DME/DME RNAYV systems and INS are acceptable as long as they can achieve the required
accuracy.

29



Further Notes on PBN Specifications m
3. RNP 1 and Vertical Navigation

* RNP 1

The RNP 1 specification is intended for connecting routes between the enroute structure and
terminal airspace (TMA) with no or limited ATS surveillance, and with low to medium density
traffic.

At present, the RNP 1 specification can only be met by GNSS; only one GNSS receiver is
required. RNP 1 shall not be used in areas of known navigation signal (GNSS) interference

In the event of a predicted, continuous loss of appropriate level of fault detection of more than
five minutes for any part of the RNP 1 operation, the flight planning should be revised (e.g.
delaying the departure or planning a different departure procedure).

RNP 1 can be used, when authorised, in a non-radar environment below MEAs or MSAS up to
the final approach fix.

* Vertical Navigation

Unlike Lateral Navigation, there is no concept of RNP in Vertical Navigation (VNAV). At the
moment, vertical navigation is dependent on Barometric system performance and the sensitivities
that apply, including the effects of pressure changes and Density Altitude. There is no vertical
equivalent to the lateral Onboard Performance Monitoring and Alerting (OBPMA) described in
ICAO Doc 9613, PBN Manual.

ICAOQ distinguishes between ‘Approved VNAV’ as opposed to the application of VNAV to
procedures where VNAV is not required, referred to as ‘Advisory VNAV'. The former is required in
support of instrument approach procedures (LPV) for use in the Final Approach Segment, whereas
advisory vertical guidance is provided by the aircraft’s avionics and its use is left to the discretion of
the flight crew.

30



Further Notes on PBN Specifications m
4. Fix Substitution and Overlay Approaches

¢ Fix Substitution

— GNSS can be used to substitute for VOR, NDB, DME/TACAN (including for DME arcs), except
for the final approach.

— The ground based aid need not be operative and airborne equipment need not be installed, or,
if installed, need not be operative.

— If the overlay procedure (SID, STAR, IAP, MAP) can be loaded from the database, it may be
used in place of conventional navigational equipment, except on final approach where only
DME substitution is permitted.

— Sometimes the AIP or charts may indicate that fix substitution is not authorised
— Particular attention should be paid to:
« when a DME offset is used (eg zero range to a threshold)

» CDil scaling (full scale deflection and sensitivity may not be the same under fix substitution)
» Ensuring that the correct aid is selected as multiple radio aids often share the same identifier
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RNP Performance Requirements
1. The Main Navigation Performance Criteria

PPL/IR EUROPE

« There are four main navigation performance criteria:

1 ™~o

1. Accuracy is the conformance of the true position and the required +
position.

~
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~
~
~~
~
~
~
~~
~
~<
£ N

2. Integrity is a measure of the trust that can be placed in the
correctness of the information supplied by the total system. Integrity [N TFE (5
includes the ability of a system to provide timely and valid alerts to
the user.

3. Continuity is the capability of the system to perform its function
without unscheduled interruptions during the intended operation

4. Functionality - The detailed capability of the navigation system
(such as the execution of leg transitions, parallel offset capabilities,
holding patterns, navigation databases) required to meet the
airspace concept

« The key requirement of RNP X is an accuracy specification expressed as
a Total System Error (TSE) of X nm or less for more than 95% of the total
flight time
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RNP Performance Requirements wies).
2. Total System Error o

Total System Error (TSE) is the sum of

—Path Definition Error (PDE) - the difference between the path intended by the procedure designer and the path the aircraft is guided along as a
result of database coding and navigator processing

—Path Steering Error (PSE) - the sum of display error in Nav systems and Flight Technical Error (FTE); ie. the errors in manual flight by
pilots or autopilot performance in following a desired path. FTE includes reaction times and wind/turbulence induced errors, it does not
include human “conceptual” errors eg. selecting the wrong procedure, waypoint or autopilot mode, or simply turning in the wrong direction

—Navigation System Error (NSE) - the combination of navigation system/sensor (GNSS) error and computation error (GNSS software).

NSE is expressed as a 95% confidence radius, called the Estimate of Position Uncertainty (EPU) or Actual Navigation Performance (ANP). NSE
is sometimes also called Estimated Position Error (EPE)

The navigation system compares Actual Navigation Performance with the Required Navigation Performance (RNP) for the phase of flight and
annunciates if the RNP is not met.

In practice, the Path Definition and Navigation System Errors are negligible, the key concerns for the GA pilot are FTE and the human factor
errors in selecting RNAV procedures, using GNSS units, interpreting guidance and in manual flying or operating the autopilot

— -
Desired Path *— o —

2 \ Path Definition Error (PDE) l/
Defined Path -,ﬁ--—--——*—————— —--h--
, \‘ Display Er.ror
4 Path Steering Error (PSE) /
N A = Total System Error (TSE)
~ Fllght'TechnlcaI Error (FTE)
\\ P4
N /\

Navigation
System Error -
(NSE)

Estimated Position
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Path-Terminators .r_é:—\_‘

1. Introduction

* IFR routes and procedures are designed using standardised specifications and criteria (ICAO PANS-
OPS in Europe.)

* Instrument procedures have always been published in chart and text form. Since the 1970s, the
ARINC 424 standard has also been used to codify IFR procedures, so they can be stored and
managed as records in electronic databases.

* A key conceptin ARINC 424 is that of the “Path-Terminator” — the definition of which is a specific way
of defining a leg or segment of an IFR procedure, based on a set of standard components that define
the flight path along the leg, and the terminator or end-point of the leg

It might be helpful to think of the Path Terminators as Lego-like building blocks, from which the
designers must create procedures. There are simply no other tools in the box. So if the
procedure cannot be built out of the PTs, it cannot be coded into the database. This is one
reason why some legacy procedures are not in the database.
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Path-Terminators R
2. Building Blocks -

+ Different combinations of Path types (eg. a Heading or a Track) and
Terminator types (eg. a radio beacon, RNAV waypoint or DME arc) are
used to define 23 different “Path-Terminator” leg types

— these 23 Path-Terminator types are, in effect, the “periodic table”
of IFR procedure design and codification

* When a Departure, Arrival or Approach procedure is loaded, the flight
plan will include each of the path-terminators that make up the
procedure.

* Some receivers do not support all the leg types used at the start and
end of RNAYV procedures. For example, in some earlier receivers (eg
Garmin GNS530/430), an enroute flight plan consists only of one leg
type: the basic “Track (from Fix) to Fix” (TF) between each of the
waypoints entered.

— As aresult, in such receivers, in a legacy procedure, the

outbound and inbound tracks are shown, but the base turn
joining the two cannot be coded and therefore is not displayed.
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Path-Terminators
3. ARINC 424 Path-Terminator leg types

+ Constant Radius Arc Leg defines » Course to a Fix Leg defines a
a constant radius turn between specified course to a specific

* The Initial Fix Leg defines a » Track to a Fix defines a great

database fix as a point in space circle track over ground between
« Itis only required to define the two known databases fixes two database fixes, lines tangent database fix
beginning of a route or « Preferred type for straight legs to the arc and a centre fix * TF legs preferred over CF to
procedure * Optional in Basic RNP, requires avoid magnetic variation issues
AFM approval (GTN + EHSI only)
\3,0 {::\__\
& 6‘5&'5‘%
iy

IF

¢ MT’F&"——_} # v _Q_go__a__y
CENTER
DF leg type FA leg type FC leg type FD leg type

* Fix to an Altitude Leg defines a * Track from a Fix to a Distance * Track from a Fix to a DME
specified track over ground from Leg defines a specified track Distance Leg defines a specific
a database fix to a specified over ground from a database fix track from a database fix to a

altitude at an unspecified for a specific distance specific DME Distance from a
position DME Navaid

—-——ﬁ{r—’%}

T

SEGMENT

PREVIC

+ Direct to a Fix Leg defines an
unspecified track starting from an
undefined position to a specified

fix

. UNSPECIFIED POSITION

-—

o /—;\:’_‘ WS %
080 TC \EG 9 M F (=)
M ,a\
Nl

DF LEG




Path-Terminators

4. ARINC 424 Path-Terminator leg types

Wan
AR ELROPE,

* From a Fix to a Manual
termination Leg defines a
specified track over ground from
a database fix until Manual
termination of the leg

» Course to an Altitude Leg
defines a specified course to a
specific altitude at an unspecified
position

» Course to a DME Distance Leg
defines a specified course to a
specific DME Distance which is
from a specific database DME
Navaid

» Course to an Intercept Leg
defines a specified course to
intercept a subsequent leg

MANUAL
o TERMINATION
080° %G

UNSPECIFIED
POSITION

090° >

CA LEG

o ,r"c;

Q,}‘ \,%
090° L e
CILEG

» Course to a Radial termination
Leg defines a course to a
specified Radial from a specific
database VOR Navaid

» Arc to a Fix Leg defines a track
over ground at specified constant
distance from a database DME
Navaid

* Heading to an Altitude
termination Leg defines a
specified heading to a specific
Altitude termination at an
unspecified position

* Heading to a DME Distance
termination Leg defines a
specified heading terminating at
a specified DME Distance from a
specific database DME Navaid

Y&\
& ’2p0 \9’
&3 -_g

UNSPECIFIED
/" POSITION

090°
VA LEG
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Path-Terminators
5. ARINC 424 Path-Terminator leg types

.,
EUROPE
S =y

\"A leg type VM leg type VR leg type o | leg type

» Heading to an Intercept Leg
defines a specified heading to
intercept the subsequent leg at
an unspecified position

» Heading to a Manual termination
Leg defines a specified heading
until a Manual termination

» Heading to a Radial termination
Leg defines a specified heading
to a specified radial from a
specific database VOR Navaid

» Procedure Turn leg defines a
course reversal starting at a
specific fix, includes Outbound
Leg followed by 180 degree turn
to intercept the next leg

,.Y’E,
090° @—9‘:\;&15 *
VILEG =

MANUAL
—>» TERMINATION

070°
¢ VM LEG

@
» ,‘900 “‘
/P[€G

T

PI 4

0}&0

063

HA Ieg type HF Ieg type HM Ieg type

* HA Ieg defines racetrack pattern * HF Ieg defines racetrack pattern * HM Ieg defines racetrack pattern
or course reversals at a specified or course reversals at a specified or course reversals at a specified
database fix terminating at an database fix terminating at the fix database fix with a manual
altitude after a single pattern termination
76° HA, HF, HM 76° HA, HF, HM 260 HA, HF, HM
i Z i
/6\35 /6\35 /63‘-’
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Path-Terminators .@‘
6. The ARINC 424 “periodic table” of Path-Terminator Legs

T

Terminators

Paths
Fix to Tra(_:k e Courseto  Heading to Direct to Racetrack DME Arc Radl_us to
fix to to fix

Termination §

Distance

DME
Distance Each leg type has a two letter
name based on the path and

Intercept terminator combination

Radial

Procedure
Turn

* Path terminators ending at an altitude do not terminate at a specific geographical point and that can result
in disorientation. This particularly applies to missed approaches, where the first terminator ends at an
altitude. This is represented on the GNSS map as a point, because the designers have no other choice, but
in reality the leg need not be flown to that point once the altitude is achieved.

§ Manual termination means that the pilot is required to intervene at the terminator. For example changing to
radar vectors.
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Path-Terminators
7. Altitude Restriction Coding

.
| PPL/IR EUROPE
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« ARINC 424 provides for the encoding of altitude restrictions published in IFR procedure charts and this
feature is implemented in modern Flight Management Systems

- Altitude restrictions are part of path-terminator records, or the waypoint associated with a path-terminator.

- This data is generally not implemented in panel-mount GNSS units, or the integrated ‘glass cockpits’
currently fitted to GA aircraft, except for the altitude terminator of the CA, VA or FA leg types (course,
heading and track to altitude respectively). For SBAS approved receivers FA leg types are used for defining
the altitude at which a turn can be commenced to the missed approach holding point. For non-SBAS

receivers it is important not to unsuspend waypoint progression after a missed approach until you have
reached the initial turning altitude required

- A brief description of the coding is provided below; however, any further detail is beyond the scope of this

book.
Altitude Restrictions Speed Restrictions

« Altitude restrictions are usually applied at waypoints, although * In departures, a speed limit is applied backwards from the
ARINC 424 provides a number of different ways they can be terminator of the leg on which the limit is encoded to the start of
coded. the procedure, or to the first prior speed limit

* The altitude field will designate whether a waypoint should be * In arrivals, a speed limit is applied forwards from the speed limit
crossed “at”, “at or above” or “at or below” or “between” specified point to the end of arrival, unless a subsequent speed limit is
altitudes or flight levels. encoded

* If a published departure requires a turn greater than 15°  Speed restrictions that only apply during specific times are not
from the runway heading after take-off, without an altitude coded

specified before the turn, the GNSS database will generally
include a CA, VA, or FA on the runway heading to an
altitude of 400 feet (or as specified by source) as the first leg
of the departure

 Conditional altitudes (eg. turn at 2000’ or 4ADME whichever is
later) are treated in different way by different FMS types.

« Altitude restrictions that only apply during specific times are not
coded
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Fly-By and Fly-Over RNAV waypoints

1. Definition

[~
FPEL/R EUROPE,

* The “fix” in Path-Terminator legs is either based on radio aids or it is an RNAV waypoint. ICAO define
a waypoint as “a specified geographical location used to define an RNAV route or the flight path of an
aircraft employing RNAV”

* There are 2 kinds of RNAV waypoint: Fly-By and Fly Over

Fly-By waypoint Fly-Over waypoint

Jeppesen symbol i ICAO symbol Jeppesen symbol i ICAO symbol
fy by rack, sometimes the e Saight acks Note: radio aid or other symbols may be i
are joined under the fly-by symbol overlaid on \I/vayplomt symbol i
* A waypoint which requires turn anticipation (start of * A waypoint at which a turn is initiated
turn before the waypoint) to allow tangential
interception of the next segment of a route or * The aircraft starts to turn onto the next route leg as it
procedure passes over the waypoint
 The aircraft navigation system calculates the start of * Fly-Over waypoints are most often used as the first fix
the turn onto the next route leg before the waypoint in the missed approach procedure and in depicting
traditional procedures designed around overflying radio
* This is the preferred type of waypoint for all Area aid fixes
Navigation (RNAV) Standard Instrument
Departures/Standard Instrument Arrivals (SIDs/STARS) * RNAV Procedure designers are increasingly avoiding
the use of Fly-Over waypoints
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Fly-By and Fly-Over RNAV waypoints WQ_Z‘_D
2. Aircraft Trajectory —

trajectory more consistent

trajectory less consistent
and controlled J y

and controlled

» Turn is a Rate 1 curved path tangential to both the » Turn consists of roll-in, Rate 1 turn, roll-out and
inbound and outbound track intercept elements

» Both types of trajectory are subject to variations in wind, aircraft speed and bank angle, navigation system logic and
Pilot or Autopilot performance. However, flight paths resulting from Fly-By turns are, in practice, much more consistent
and predictable, and thus preferred in RNAV procedure design (eg. they require a smaller protected area)

» Although the Fly-By turn is a simple concept, it is important for the pilot to understand exactly how turns are
annunciated and displayed on the receiver and how lateral guidance is provided to the autopilot in Nav or Roll-Steer
(GPSS) modes, in order to consistently and accurately achieve the tangential path the procedure requires

* Fly over waypoints are most commonly encountered at Missed Approach Points

42



Instrument Procedure Design
1. The Protected Area

PPL/IR EUROPE

» The key design criteria is to provide safe obstacle and terrain clearance whilst an aircraft is flown in accordance with the published
procedure

— horizontally, within a Protected Area,
— vertically, with a specified Minimum Obstacle Clearance (MOC)
*  Both are divided into Primary and Secondary areas
*  Full MOC is only provided in the Primary area and reduces rapidly to zero in the secondary area

Profile of Protected Area Plan View of Protected Area

Full width of Protected Area >

<
~
< buffor —>€——— 4xRNP —> <& huffer —> Secondary  Primary  Secondary

! Area Area Area

Secondary Primary Secondary
Area Area Area MOC

Eull declines
MOC to zero

« The width of the buffer varies depending upon the leg and, on final approach, the type of approach.

« The low minima that can be achieved using RNP approaches is based on the very accurate
navigation that RNP provides.

» Itis therefore necessary for the procedure to be flown precisely to maintain the MOC provided by the
Primary Area.

» This applies equally to the Missed Approach.
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Instrument Procedure Design -né‘."\
2. Aircraft Approach Categories -

 Aircraft speed is the key criteria for the design of any manoeuvring elements of an instrument
procedure (turns, procedure turns, holds, missed approaches, landing and circling minima)

» Procedures are designed around 5 aircraft categories, based on a notional approach speed of 1.3x the
stalling speed in the landing configuration at maximum landing mass (V)

Aircraft Initial Final Max
\Y Approach  Approach Circling
Category at
speeds speeds speed

120-180 85-130 135
160-240 115-160 180
185-250 130-185 205
All speeds
185-250 155-230 240 are KT IAS

« Most general aviation aircraft are Categories A or B. However, in busy Terminal airspace, ATC will
often request a higher than normal speed from light aircraft. If appropriate, the pilot should also elect to
follow a higher-Category procedure and observe the corresponding minima. Note that the V, is as
certified but the approach speeds are as flown.

— Note that databases sometimes only include the Category C&D procedures, including altitudes

— In Garmin equipment where there are procedures for different speed categories normally they
are ordered with faster categories on the list above the slower categories (eg C&D before
A&B)
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Instrument Procedure Design ).
3. Fly-By Turn Protected Area .

* The Fly-By turn design assumes
— a fix tolerance of RNAV X or RNP X (eg. 1nmin RNAV 1)
— aircraft turn at Rate 1 (3°/sec), up to a maximum bank angle of 25°, whichever is lower

— a 5 seconds allowance, from the time the aircraft’'s navigation system computes that a turn
should start, for either the pilot or autopilot to react and to establish the appropriate bank angle

» The Fly-By turn design thus uses the same bank angles, fix tolerances, wind effects and pilot/autopilot
reaction times as the Fly-Over design. However, the diagrams below illustrate how much inherently
smaller the Fly-By protected area is with those same safety margins built-in

Identical turns drawn to scale : Fly-Over vs Fly-By Protected Areas lllustration of a delay in
initiating the turn until
approx 1 minute after

Secondary Area waypoint crossed

- ~ Secondary {l:— ~
»” j N Area &~ -ﬁi S

y \ Primary Area A
Y \ ,I \

~
U4 ‘~~~ ,’ Primary Area SS
S

Secondary Area

Secondary

This demonstrates why it is important to conform to a Fly-By requirement; it is not a choice.
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Instrument Procedure Design
4. Radius to Fix

A fly by waypoint does not ensure that aircraft flying at different speeds will follow a path within the 1nm
requirement of RNP 1. In the diagram below, the greater radius of the faster aircraft places it further from the

waypoint.
120kts 420kts

<

* A Radius to Fix Leg defines a constant radius turn between two

o ) . .
\3,0 V.M;‘i? database fixes, lines tangent to the arc and a centre fix
< Sfc,ﬁﬁx - Optional in RNP 1
7 * The RF leg is designed to be used for terminal procedures

* The certification requirements for RF legs require software and
equipment which has been approved in the AFM. At present, approval

limited to Garmin GTN installations with autoslew EHSI.

s * ARC

‘!‘g,_ CEP[TfR * RF legs are used in circumstances where navigational precision is vital
;'QE (eg due to terrain) so it is important to follow navigational guidance and
5555 the speed constraints associated with the procedure.
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The Global Navigation Satellite System (GNSS)

1. Global Navigation Satellite And Ground Station Infrastructure

——
"PPL/IR EUROPE

Although we have got used to thinking of GPS as the only satellite navigation system, there are others, in varying stages of
development and usability:

* The USA’s “Navstar” * Russian “Global * Chinese Navigation  The European Union’s
Global Positioning Navigation Satellite Satellite System (BDS) GNSS project
System System « 24 satellites providing + After some controversy,
+ A military system that « Introduced during the global coverage formally approved in Nov
became fully operational Soviet era for military - . 2007
for worldwide civilian use applications ’ AV|a.t|on. use IS gradually . USA/EU t that
in 1995 . N coming in, with Chinese : agreement tha
+ 24 satellites providing airliners using it and wider Galileo and GPS will be
« Designed around a global coverage uptake expected soon. interoperable
network of 24 medium- * Uses a 30 satellite
earth orbit satellites constellation (24 + 6
- “Selective Availability” spares); some service and
(SA) degradation of accuracy improvements

L . over current GPS
civilian signal accuracy

ended in 2000

The concept is that receivers should be able to operate with multiple systems, creating in
GNSS a single ‘virtual’ system capable of providing a high degree of resilience when used as a
sole source of navigation data for aircraft

In this manual the term GPS refers to the USA GPS system and GNSS includes all the above
systems.
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The Global Navigation Satellite System (GNSS)

2. Overview of the GPS System’s Three “Segments”

. o
"PPL/IR EU ROPE

Space Segment (SS)

* The system is designed for a minimum of 24 satellites (abbreviated as “SV”, Satellite Vehicle):
4 in each of 6 orbital planes, at a height of ~20,000km and completing one orbit every 12hrs

« Currently there are 31 satellites, the 7 additional ones improve accuracy and resilience. The
constellation is arranged so that at least 6 satellites are always line-of-sight visible from almost
any point on the Earth

/7, ™
% \
V4 s \ . : “ : ”
« The Master Control Station feeds . S/ \ Each sat.elllte. broadcasts a “ranging codg , used
L V4 % \ to establish distance from the GNSS receiver, and
back a navigational update to each 2 R4 \ . PR ” .
satellite, synchronising its internal V4 Vd its own "Navigation Message cont.a/r{lng
clock an’d adiusting the ephemeris y S/ \\ — Clock data at the time of transmission
ajusting P 4 — Data on the satellite’s orbital position
model of its orbit / \ ;
/ s’ \ (“ephemeris”)
» Occasional maneuvers are ,’ /' \\ — “Almanac” data on the status of the entire
commanded which maintaina ,,’ \ satellite network
satellite in its proper orbit ,’ // * The location of the Ground Stations \\ (detailed in following pages)
p 2 /' is very accurately established and \
4 /7 used to calibrate the satellites’ \
,’ “' position and clock data based on M

the navigation messages they send

' Control Segment (CS)

* A Master Control Station in Colorado and 4
Monitor stations across the globe

User Segment (US)

 Navigation devices which typically include
an antenna, an accurate clock, receiver,
processor and control/display components

* They establish the exact orbital position of
each satellite, and maintain the reference * Modern ‘multi-channel’ receivers can
atomic clocks for the system simultaneously monitor 12-20 satellites

The receipt of ranging codes and navigation messages from multiple satellites allows GNSS Receivers to compute accurate 3D
position, speed and time

For a detailed description of how GPS works, please see Appendix 2
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The Global Navigation Satellite System (GNSS)
3. GNSS and Vertical Navigation

——
PPL/IR EUROPE

The Earth is not a precise globe nor oblate spheroid, it is somewhat irregular in shape.

This makes it difficult to model Mean Sea Level when we are trying to achieve accurate
elevations, heights and altitudes.

There have been a number of models built to closely represent the shape of the earth
accurately.

e e T -

In order to standardise GNSS vertical navigation across the world, one standard, WGS-84
has been adopted.

Because of the potential differences between WGS-84 model and the Earth, for enroute
and terminal navigation barometric altitudes are used.

However on the final approach of RNP approaches with vertical guidance, GNSS altitude is
used, but only because it is enhanced to high accuracy by satellite based augmentation
systems (SBAS, see page 55)

For a fuller description of WGS-84 see page 168
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The Global Navigation Satellite System (GNSS) )
4. A Model of GNSS Performance Measures and Factors Affecting Them -
Accuracy Integrity Continuity Functionality

Definition

GNSS System
and Satellite
Signal

GNSS Receiver

Pilot input and
interpretation

The difference between true
and indicated position

* Ephemeris error

» SV clock error

* lonospheric error

» Tropospheric error
» Multipath error

« Dilution of Precision
« Signal noise

* Receiver noise
* Receiver processing error
* Receiver display error

GNSS Database  Coding error

* Flight Technical Error
» User “conceptual” error

The ability to provide
timely failure warnings

» Ground monitoring of the
Space segment and
provision of RAIM data in
the Almanac

» Spoofing potential
Civilian GNSS is vulnerable to
‘fake’ transmissions from
‘spoofing’ equipment

* Receiver RAIM
prediction and

monitoring
(see p54 on
RAIM and FDE)

 Other receiver alarms
and alerts

* Installation vulnerability
to RF interference

* Quality assurance by
database supplier

* Use of RAIM tools

The ability to perform at the
initiation of use and without
interruption

+ Satellite coverage
« Satellite reliability

* Terrain masking
(situation where terrain creates
a mask angle greater than the
7.5° the GNSS constellation
model is designed to provide
coverage for)

+ System is unaffected by
number of users

* Reliability of receiver hardware,
software and antenna

+ Quality of installation and power
supply

* Receiver FDE

» Dynamic masking*

» Completeness of database
+ Delivery method for updates

» Database updating
* Inadvertent mis-operation

* Masking or attenuation of a satellite signal through aircraft motion (eg. wing blocks the signal path in a bank)

Functionality as required for
the proposed operations in
the context of an airspace

* RF and FRT Legs
* Fly-by turns

* Holding patterns
« Offset flightpath

» Coverage

* Maps
» Depiction
* Auto slew HSI
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The Global Navigation Satellite System (GNSS) wheR):
5. Sources of Accuracy Error in GNSS
ize of
Accuracy Nature of error SO E
error
* Ephemeris error « Satellite orbits, although precisely positioned, can deviate from the ephemeris model data transmitted
in the Navigation Message 2.5m
» SV clock error » Satellite clock errors are monitored by the Ground Segment and corrections are included in the
Navigation message. These aren’t “real-time” and a small residual error can develop 2m
* lonospheric * Inconsistencies in how the ionosphere disperses radio signals can only be partially compensated for
propagation delay by the model data in the AlImanac 5m
— this is the largest single source of error in civilian GNSS
GNSS
System » Tropospheric error + Different concentrations of water vapour in the atmosphere cause an inconsistency in how radio
and waves are refracted. This error is small, but can not be easily corrected by modelling or calculation 0.5m
Satellite
Signal » Multipath error * In ground-based applications, a satellite signal may arrive at a receiver via a reflection from a building
or terrain. This type of error is inherently less present in most phases of flight, although it is an issue -
for future precision approach systems
* Dilution of Precision » Like any position line fix, GNSS accuracy is reduced if satellites are close together or very far apart.
The total effect is called “Geometric Dilution of Precision” (GDOP). It is also expressed as Horizontal,
Vertical, ‘Position’ (horizontal and vertical) and Time dilution: HDOP, VDOP, PDOP and TDOP -
* Dilution of Precision multiplies errors from the other sources
* Signal noise * The result of signal noise compromising the accuracy of the PRN code received 1im
» Receiver noise » The result of noise in the receiver further compromising the accuracy of the decoded PRN 1im

GNSS
Receiver

»

* Receiver processing » Not operationally significant, unless there is a failure or software bug. Unlike an Inertial system, whose
error and display error estimated position drifts away from true position over time, GNSS is continuously updated and does -
not suffer from systematic “map shift” error

Civilian GPS without SBAS* is better than 35m horizontally and 75m vertically 95% of the time. In
practice, the accuracy is significantly better almost all of the time. With SBAS it is typically 2-3m
horizontally and 1.5m vertically. * See p57
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The Global Navigation Satellite System (GNSS)

6. GNSS Performance Model: a Practical Risk Assessment from a Pilot’s Perspective

.
| PPL/IR EUROPE
£ N

At the system level, very low risk of a loss of service not

) ; predicted by RAIM tools. Availability is the percentage of
L EEROELC B Very low risk of system or accuracy failures time (annually) during which the system is available for use.

and Satellite that are not identified by a Receiver RAIM ) ; o
Signal or Loss of Integrity alert At the local level, terrain and satellite geometry surveying is

part of the PBN procedure design process and thus a very
low risk of local availability or continuity problems

Approved installations have proven highly reliable in
millions of hours of service. Of course, like all radio aids,
they depend on aircraft power

Very low risk of design problems with

Lk EEREY TSO/ETSO certified hardware and software

Generally highly reliable. However, in the light of rapid deployment Note: these “green” risks are
of RNAV (both new procedures and approaches and new designs not zero, and regulations
GNSS . . thus require alternative
Database of pr_ocedure and approach) some extra caution is warranted in procedures and facilities to
checking GNSS nav data against paper charts. Use of unapproved be available for many GNSS
or expired databases presents a distinct risk applications

Pilot input and
interpretation

The major risk is pilot error in operating and interpreting GNSS navigation equipment

(applies only to IFR-approved aircraft installations)

» Just as in conventional IFR, the human factor risks in using GNSS equipment can be safely
managed through pilot training, currency and adherence to Standard Operating Procedures
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7. Jamming

Although the GNSS systems themselves are very reliable, there are increasing reports in Europe and the
USA of deliberate jamming of the signals.

This jamming is sometimes created by (usually commercial) drivers who do not wish their
position to be monitored. Such jamming is unpredictable and cannot be forecast.

The military also deliberately jam signals, but this is normally
accompanied by a NOTAM, though the area in which jamming
may be experienced is not always clear and predictable.
Obviously jamming in war zones is not NOTAMed.

A receiver subject to jamming will normally show an error message.. .
to say that no position can be provided together with an INTEG or |
LOI flag. N

. - . \
However, there are occasional reports of position spoofing, whereby
the receiver shows an incorrect position without warning. g

When a pilot receives a GNSS warning, he should revert to
alternative navigational methods, which may of course include radar
vectors.

When a serious loss of navigational capability (including GNSS) is
encountered, it should be reported via the European Aviation
Reporting Portal
(http://www.aviationreporting.eu/AviationReporting/)

53


http://www.aviationreporting.eu/AviationReporting/

GNSS Augmentation mies)
1. ABAS: RAIM (Receiver Autonomous Integrity Monitoring) -

GNSS receivers require a minimum of 4 » However, if a satellite develops a fault and broadcasts
satellites to establish a 3D position fix (see an inaccurate signal, this could resultin an incorrect
Appendix 2) position solution
true
& » position of
& & :
satellite
6 s - |
> >
o 4 o o
<4 4
> T |
o ' |
‘& ' :
position
indicated by
erroneous CA
code
2D representation of ™ the faulty pseudorange can result in
3D range spheres - a navigation solution that appears

to be valid but is inaccurate

» The GNSS Control Segment ground stations monitor satellites and detect faults

However, the system may take up to 2 hrs to detect a fault and then update the Navigation Message to declare that a particular
satellite signal is erroneous

This potential delay means that IFR GNSS receivers need an “autonomous” way of assuring the integrity of the navigation
solution

This is referred to as Aircraft-Based Augmentation System (ABAS)

Aircraft Autonomous Integrity Monitoring (AAIM) uses other sensors, such as barometry or Inertial Reference Systems, but this is
not usually available in GA light aircraft.
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2. ABAS: RAIM Fault Detection (FD) and Fault Exclusion (FDE) -

A 5t satellite provides a GNSS receiver with the
capability for Fault Detection (FD)

faulty faulty
& satellite ' satellite

» A 6t satellite provides a GNSS receiver with the capability
for Fault Detection and Exclusion (FDE)

» The receiver can identify and isolate the faulty satellite, by
finding which combination of 5 satellites will provide a self-
consistent and valid navigation solution, and excluding the 6t

* The receiver can recognise that a satellite is faulty, because the 5
range spheres don’t all intersect at a consistent point; but,
because any combination of 4 satellites might provide a valid
solution, it can not always identify which satellite is faulty

* Many TSO C129() receivers (eg. Garmin 430/530) and all TSO
C146() receivers (eg. Garmin 430W/530W and GTN) also feature
RAIM with Fault Detection and Exclusion (FDE), which requires
6 visible satellites

* RAIM (Receiver Autonomous Integrity Monitoring) is synonymous
with Fault Detection (FD) and is a feature of all approved IFR GNSS

receivers

» In the absence of SBAS*, if RAIM is available, the GNSS receiver can assure the integrity of its calculated position within the
limits required for a specific segment of flight: 4 nm for oceanic, 2 nm for enroute, 1 nm for terminal and 0.3 nm for LNAV

approaches.

For further explanation of RAIM, and the approved European RAIM prediction tool, Augur see page 61
* See p56
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3. GNSS Errors and SBAS

PPL/IR EUROPE

» Basic GNSS systems, whilst highly accurate, are subject to ‘technical’ errors that are meaningful
when the level of accuracy needed is measured in metres, eg:
— Satellite clock synchronisation errors
— Signal distortions induced by satellite payload
— Satellite position errors

« Additionally, between the signal broadcast by GNSS satellites and the actual position calculated by
the user device there are a number of additional sources of error, eg:
— lonospheric effects on signal propagation
— Tropospheric effects on signal propagation
— Reflections from terrain or objects (‘Multipath’ errors)
— Thermal noise, Interference and receiver design

» The principle of Satellite Based Augmentation Systems (SBAS) is that a large number of ground
stations monitor the position derived from GPS at their accurately surveyed, fixed locations. They
calculate error correction “feedback” information unavailable to the stand-alone GNSS
system. This information is processed and broadcast via communications satellites and is used by
SBAS GNSS devices to apply corrections which mitigate satellite clock error, satellite payload
induced signal distortions, satellite position uncertainties and ionospheric effects

« Tropospheric effects, multipath and user receiver errors are local effects that cannot be corrected
by a global or regional augmentation system
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4. SBAS and GBAS A EURQPE,

Satellite-based Augmentation Systems (SBAS)

The system is implemented by

+ anetwork of Reference Stations providing regional/continental coverage

 a Master Station which collates their data, calculates a differential correction for each satellite in the GPS
constellation being tracked and prepares a SBAS broadcast

« a Ground Earth Station that uplinks the broadcast to a geostationary satellite

+ the geostationary satellite broadcast of SV corrections as an additional C/A code on the L1 frequency (see
Appendix 2)

* An SBAS-enabled GPS receiver which decodes the data and applies the corrections

There are a number of regional SBAS systems shown below. All these systems are compatible, so that any current
SBAS-enabled GPS receiver can work in USA, Europe, Japan, India and Nigeria.

—= B O -

* Footprint of Continental United * Footprint of Europe, Africa and * Footprint of Japan and nearby « Footprint of India, Pakistan,
States, Southern Canada and parts of the Indian Ocean region Bangladesh
Alaska « Operational since 2011 « Certified operational 2007 * Certified Operational Dec 2013
» Operational since 2003 » Approved as a primary (sole) * Enroute, Terminal and Non-
» Approved as a primary (sole) navigation aid for Enroute and 3D Precision approaches -
navigation aid for Enroute and (LPV) Approaches down to 200’ DH

* Available throughout Russia, but

Oceanic navigation, and LPV . . o
still experimental for aviation.

approaches to 200 feet

As a GA Pilot, you will not directly encounter Ground Based Augmentation Systems (GBAS), but you are required to know a little about them for the PBN syllabus.

« Itis similar to SBAS, but instead of a Regional ground station operating through a satellite, a reference GBAS ground station, whose position is very accurately surveyed, can
calculate a correction for such errors which can be broadcast to nearby GPS receivers. It broadcasts the Final Approach Segment Datablock. It uses a data link in the VHF band of
ILS-VOR systems (108-118 MHz).

» The resulting correction can improve the User Equivalent Range Error by a factor of 20x: from 35m horizontal and 75m vertical to 1m horizontal and 2m vertical designed to provide
precision approach capabilities to CAT Il Autoland levels of accuracy and integrity. It's coverage is about 20nm.
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5. SBAS Architecture (EGNOS)

-
EU ROPI;:.

How SBAS (EGNOS)
Works

1.

GNSS signals are
received at 34 RIMS
(Ranging and Integrity
Monitoring Stations -
approximately one per
country)

Differential correction
signals are calculated
centrally, to cater for the
entire region

Correction signals are
sent via geo-stationary
satellites which broadcast
using different channels

Onboard SBAS receiver
combines the corrections
to achieve very high
accuracy of typically 1m
horizontally and 2m
vertically
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6. Onboard Performance Monitoring and Alerting - Overview

 Required for RNP

« Managed by systems or crew procedures (i.e. is it working?)

« Gross reasonableness checks by crew (i.e. does it make sense?) - used to recognise Path
Definition Error (see also p33).

SBAS Available SBAS Not Available

- The pilot is not required to check RAIM. - RAIM checks required in-flight

- SBAS provides a more accurate method of error « As a minimum requirement for RNP,
checking. Fault Detection (FD) is required.

- Integrity and safety are improved by alerting - However, most navigators, including
SBAS users within 6 seconds if a GPS most older units, now have software
malfunction occurs. that has been updated to include

Fault Detection and Exclusion (ie
faulty satellites do not prevent
position resolution; they are excluded
from calculations.)

At the time of writing (January 2023), the UK is in a transition regarding SBAS. The UK no longer has a contract with
ESA for the use of Safety of Life services, meaning that it cannot be used for LPV approaches. However, it can still be
used for SBAS augmented LNAV/VNAV approaches and may be used in place of RAIM checks. A UK SBAS system is
in process of being developed.
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7. Onboard Performance Monitoring and Alerting - Availability

Predicted RAIM/SBAS availability

« Although, in practice, the GPS satellite constellation provides 6
or more visible satellites in almost all circumstances, this is not
guaranteed

» On a particular route at a particular time, it may be that the
“‘geometry” of the satellite constellation, or a known satellite
failure, means that the minimum of 5 satellites needed for RAIM
will not be available

» Such a lack of RAIM availability may be predicted, either by the
GNSS receiver software using almanac data and the time and
route of flight, or by an internet-based RAIM prediction tool

* SBAS non-availability is notified by NOTAM

Actual RAIM/SBAS availability

* RAIM availability can be lost at any point in a flight if the number of
visible, serviceable satellites falls below 5

» This may happen when RAIM was predicted to be available, if an
unexpected satellite failure takes place

» All IFR GNSS receivers will provide the pilot with a prominent alert
if RAIM is lost at any point in flight — this does not mean the GNSS
position is wrong (eg. if 4 accurate satellite signals remain
available) but it does mean that the integrity of the position is not
assured (ie. one of the 4 signals could be erroneous)

* Where the receiver determines that it cannot provide integrity
within limits, such as due to lack of SBAS, then the guidance
mode will fallback. For example, LPV would revert to LNAV.

Not required, but recommended for RNAV 5.

of availability, the flight must either use alternative
procedures or reschedule for a time when RAIM will be
available.

RAIM prediction must be conducted before a RNAV 1/ flight,
or SIDs/STARs and approaches. If there is a predicted lack

For RNAV 5 GNSS navigation can be continued without RAIM as long there
is no loss of GNSS position but the pilot must cross-check position using
conventional radio aids.

For RNAYV 1 flight, or SIDs/STARs and approaches cannot be continued
without RAIM.

NOTAMs must be checked for SBAS availability.

RAIM need not be separately checked.

If SBAS is unavailable the receiver will revert to RAIM. SBAS status is
indicated in the Status page of the receiver. In Garmin receivers, a ‘D’ in a
Satellite signal strength bar indicates that ‘Differential’ corrections (SBAS)
are being used for that Satellite. If there is no D, no SBAS is available on
that satellite.

RNP Approaches with vertical guidance are not available and only LNAV or
conventional approaches can be used. (Baro-VNAV remains available if the
aircraft is so equipped.)
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8. Online RAIM Prediction Tool h

Predicted RAIM availability

* Eurocontrol provides a free online RAIM prediction tool called Augur http://augur.eurocontrol.int/ec/status

* The first page gives the Service Status of the GPS system, including any NANUs (Notice Advisory to Navstar Users (ie NOTAMSs)) for the next
three days
£ AUGUR IR T

EUROCONTROL

SCENARIO

Start Time 2018-08-08T00:00:00Z
End Time 2018-08-11T00:00:00Z
? Help Request Time 2018-08-08T14:4615 667

CURRENT ALMANAC

(:]

& Terminal/Approach Taol

GPS Week 989
GPS TOA 503808
Number of Satellites (min/max/total) 31/31/31

CURRENT NANUS

(None)

» The second page allows the user to enter a specific airport to get a RAIM prediction over the next three days

% ikl TERMINAL/APPROACH TOOL
SCENARIO

® Service Status eddk
Begin 2018-08-08T00:00:00Z
i3 -08-
Mask Angle Algorithm End 2018-08-11T00:00:002
? Help Created 2018-08-08T14:53:52.614Z
50° v FD v Almanac CURRENTALM 989 503808

NANUs (None)

Selective Availability Integrity Level CONFIGURATION

Aware v APPROACH (RNl
Mask Angle 50

Algorithm FD

Integrity Level APPROACH (RNP 0.3)
Predict RAIM Selective Availability Aware

Barometric Aiding Off

Barometric Aiding

E D D K COLOGNE/BONN (Location: 50.8659 / 7.1427 / Elevation:

92ft)

NO PREDICTED OUTAGES

Download Report
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9. Navigator RAIM Prediction Tool
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fcon UTILITY

121.560

HSG AUX [RO0

(msa) FPLY

* Onthe GTN it is under Utilities:

AT

e

PRy

W (con RAIH PREDICTION

121568| aveorn
124.968

ARRIYAL TIHE

RAIH STATUS

MSG

oes) [wsG

% Utilities — RAIM Prediction

Compute RAIM | RAIM Available

ARRIVAL DATE

Compute RAIM?

AUX OO0

FPL
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10. Methods of RAIM prediction _

« RAIM Fault Detection consists of two algorithms

—a geometric screening, to calculate whether the available satellite geometry
can provide a position fix of sufficient accuracy for the intended phase of flight

—an error detection algorithm, to check whether any signals (in an otherwise
adequate satellite geometry) are faulty

S0

« RAIM prediction performed by a GNSS receiver relies on the Almanac broadcast by satellites. This may not have the
most up to date information on the status of the satellite constellation

- The definitive source for this data is the FAA SAPT website: https://sapt.faa.gov/default.php

« For the GPS equivalent of NOTAMs (“NANU”, Notice Advisory to Navstar Users) use
https://www.navcen.uscg.gov/?pageName=gpsAlmanacs

« An IFR GPS receiver’s built-in RAIM prediction may not comply with the requirements of some RNAV applications and
approvals (particularly RNAV 1), and the AUGUR prediction tools must be used instead. Where SBAS is available
(check NOTAMSs), it is not necessary to check RAIM availability on an SBAS GNSS receiver.

« RAIM prediction refers to the Fault Detection function (FD). RNAV applications requiring a predicted availability of Fault
Detection and Exclusion (FDE), eg. GNSS as a primary means of navigation on Oceanic routes, need the use of
approved FDE prediction tools (eg. Garmin’s FDE software for the G430/530/1000 series)

« RAIM prediction is specific to the RNP requirement of a particular phase of flight — if RAIM is available for RNP 1
Procedures along a given route and time, this does not necessarily mean that it is available for RNP approaches (RNP
0.3): for example, a particular satellite geometry may have a dilution of precision that is acceptable for RNP 1 but not
for RNP 0.3
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11. Garmin Information on SBAS RAIM Prediction Requirements

- —
EUROPE
— —

1.2

DETERMINING WHEN A WFDE PREDICTION 15 REQUIRED

The WFDE Prediction Program determines whether the GPS constellation is robust enough to provide a navigation solution
for the specified route of flight. As required (dependent upon type of flight plan, GPS Software (SW) version, and GPS antenna),
prior to departure the operator must use the WEDE Prediction Program supplied with the applicable trainer or route planning
software to demonstrate that there are no outages in the capability to navigate on the specified route of flight (Table 1).

o

NOTE: Ifthe route of flight requires an alternate airport, multiple predictions may be required (one for the primary and
one for the alternate) to verify RAIM and/or WAAS satellite availability at the primary and the alternate approach.

A WFDE Prediction is required for the following instances (see also Table 1):

For all Garmin WAAS enabled units (regardless of the GPS software version or antenna model): an FDE prediction is
required for operations where the route requires Class 1l Navigation (e.g. Oceanic/Remote operation) and GPS is to be
the primary source of navigation per FAA AC 20-138A Appendix 1. The Oceanic/Remote flight phase occurs when the
flight plan will place the aircraft more than 200 nautical miles from the nearest airport. All operators using a Garmin
WAAS-certified unit as primary means of navigation in oceanic/remote areas under FAR parts 91, 121, 125, and 135
must utilize the WFDE Prediction Program prior to conducting a flight in these areas.

For all Garmin WAAS enabled units (regardless of the GPS software version or antenna model): a RAIM prediction is
required for operations in areas where SBAS coverage is not available.

For Garmin WAAS enabled units using an unapproved* GPS antenna (regardless of the GPS software version): a RAIM
prediction is required for all flight operations in accordance with the National Aviation Authority guidelines for TSO-
C129a equipment. Examples of such operations include navigation of U.S. Area Navigation (RNAV) routes, Standard
Instrument Departures (SIDs), or Standard Terminal Arrival Routes (STARs) per FAA AC 90-100A “U.S. Terminal and
En Route Area Navigation (RNAV) Operations”.

For Garmin WAAS enabled units using an unapproved® GPS antenna (regardless of the GPS software version): an
operational limitation in the form of a WAAS satellite visibility prediction is required for all LNAV/VNAV, L, or LPV
approaches.

For Garmin WAAS enabled units with GPS Software v2. XX or earlier (regardless of GPS antennamodel): an operational
limitation in the form of a WAAS satellite visibility prediction is required for all LNAV/VNAV, LP, or LPV approaches.

A WFDE Prediction is not required for the following instances (see also Table 1):

For Garmin WAAS enabled units with GPS Software v3.XX or later and using an approved® GPS antenna: a RAIM
prediction is not required when operating in areas where SBAS coverage is available.
For Garmin WAAS enabled units with GPS Software v3.XX or later and using an approved* GPS antenna: a WAAS
satellite visibility prediction is not required for LNAV/VNAV, LP, or LPV approaches.
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1. The Loss of Integrity (LOI/INTEG) Alert .

* Integrity is the ability of a system to provide timely warnings to users when the system should not be used for navigation as
a result of errors or failures in the system (Hazardously Misleading Information). This is provided by RAIM, but SBAS
improves upon the integrity of the basic GNSS signal and detects much smaller errors more quickly.

* Whilst RAIM is available, the GNSS receiver assures the integrity and accuracy of its calculated position within a

protection limit specified for a particular phase of flight: 4 nm for oceanic, 2 nm for enroute, 1 nm for terminal and 0.3 nm
for RNP approaches

* Example, from the Garmin 530 Pilot’s Guide:

» The CDI scale in IFR GNSS receivers automatically adjusts to the active phase of flight, or it

may be set manually. CDI Scale/Flight Phase: | RAIM Protection:
* CDI auto-scaling must be enabled for RNAV operations. Activating terminal and approach ~. Auto (oceanic) 4.0nm
procedures from the GNSS database ensures that the appropriate CDI scale and RAIM "™~ +5.0 nm or Auto 2.0nm
protection limits are applied S (enroute)
* In some GNSS, units manually selecting a 1nm or 0.3nm CDI scale may not change the +1.0 nm or Auto (terminal) | 1.0 nm
RAIM protection limit to the corresponding RNP value (although it does in the Garmin 0.3 nm or Auto 0.3nm
430/530 series) (approach)

* The “Loss of Integrity” (LOI or INTEG) alert provided by a GNSS receiver is very important. It is triggered by
- aloss of RAIM availability, or

- the detection of a fault in satellite signals which compromises position accuracy, or

- an unfavourable satellite geometry and dilution of precision, such that position accuracy does not meet the
protection limit required

- The integrity alert indicates that the GNSS may not be used as a source of primary guidance
— during a RNP 1 Procedure, the pilot must advise ATC of the RAIM failure and request radar vectors or a
conventional alternative procedure

— during an RNP approach, the pilot must initiate the missed approach and advise ATC

- In practice, most instances of loss of integrity are very brief. However, if an en-route integrity alert persists for more than 60
seconds, it should be treated seriously and an appropriate contingency procedure initiated

Note: the protection provided by the RAIM function covers all of the integrity and accuracy requirements for RNAV; therefore the pilot need not be concerned with

other measures of navigation accuracy the GNSS unit may provide in the Status or Aux pages (eg. Estimated Position Error, Dilution of Precision and Horizontal
Uncertainty Level)
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2. LOI and INTEG o7 EURQPE,

* IFR GNSS receivers always display the LOI or INTEG alert prominently. _
In the Garmin GNS 430/530 series, it is a black on yellow “INTEG” annunciator IHNTEG
on the bottom left of the screen. In the GTN the annunciator is either A :
INTEG (for loss of RAIM) or LOI (for loss of GPS integrity.) (oo N o = e

* In addition to the prominent alert, the GNSS receiver will display one or more supplementary messages, either as pop-up
overlays on the active screen, or within the Message screen (accompanied by a “MSG” annunciation).

» The user must be familiar with the meaning of all the alert and advisory messages in their GNSS receiver, and how they are
annunciated and accessed

* Alert messages are receiver specific. Some relevant examples below are from the GTN.

Message Description Action Message Description Action
ABORT This message is Initiate a climb to the MSA or GPS GPS position has been | Use a different GPS receiver
APPROACH - triggered outside other published safe altitude, abort NAVIGATION lost due to erroneous | or a non-GPS based source of
GPS approachno | the MAP if the GTN the approach, and execute a non- LOST - position. navigation. Contact dealer for
longer available. | system can no longer | GPS based approach. Erroneous service.
provide approach level position. Use other
of senvice. Vertical navigation source. ‘
o L0SS OF The GPS module has | Use a different GPS receiver
external CDI/HS display INTEGRITY (LOI)-  reported a loss of or a non-GPS based source of
- - - Verify GPS integrity. navigation. Contact dealer for
APPROACH Approach has been Cnm_mue to fly the_ a_pproach using position with service if this message persiss.
DOWNGRADE - | downgraded from published LNAV minimums. I
other navigation
Approach LPV or LNAV/VNAY, equipment
downgraded. Use | to an LNAV approach. . ~ : :
LNAV minima. Vertical quidance will GPS GPS position has been | Use a different GPS receiver
be removed from the NAVIGATION lost due to lack of or a non-GPS based source of
external CDI/HSI display. LOST - satellites. navigation. Contact dealer for
APPROACH NOT | GPS approach could | Abort the approach, and execute a Insufficient service.
ACTIVE - not transition to active | non-GPS based approach. satellites. Use other
Do not continue (e.q., the GTN is on navigation source.

GPS approach. an approach and did
not have the required
HPL/VPL to get into at
least LNAV, so is still in
TERM).
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3. Alert Limits
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Alarms are triggered if GNSS/SBAS signal is below certain Protection Levels. [

Protection Levels are divided into Vertical (VPL) and Horizontal (HPL) components ( wL )
These Protection Levels on an SBAS receiver represent a 99.99999% probability that the aircraft — + ——
position is contained within the limits (it is less on non-SBAS unit.) | VPL
On RNP approaches, the Horizontal and Vertical Alert limits (HAL and VAL) are the highest values P
of HPL and VPL which are permitted for a given approach. The alert limits are stored in the (:’ 9— \f;_r
navigation database for each approach to be flown (FAS data Block). ~__ " +,/

Approach HAL(m) VAL(m) Horizontal 95% Vertical 95% |

Accuracy (m) Accuracy (m)

Non-SBAS LNAV 556 - 220 ( %

LNAV/VNAV (SBAS) 556 50 220 20 o

LPV (DH >= 250°) 40 50 16 20

LPV (DH 200’- 250") 40 35 16 4

Based on these limits the SBAS GNSS navigator will offer an LPV approach, or downgrade to an LNAV, or not allow an RNP
approach.

A non-SBAS navigator will use the limits to determine whether to offer an LNAV approach.

The maximum observed position error is substantially below the calculated protection limits. Actual performance
measurements of the US SBAS system have shown it typically provides accuracy of better than 1.0 metre laterally and 1.5
metres vertically in North America. The largest vertical errors in the 17 years since the US SBAS system has been in use
have all been less than 10 metres.

EGNOS normally achieves horizontal and vertical accuracy within 3 metres.

However, flight safety is evaluated based upon the presumption that the flight user could be exposed to an error of the
maximum protection level — the alert limit. Unfortunately, although this is accepted as a very conservative assumption based
on observed error, the SBAS system is not able to assure a protection level closer to the actual error with the requisite
integrity.

For comparison, non SBAS GPS typically achieves a navigational accuracy within 10 metres.

For a fuller explanation see https://gssc.esa.int/navipedia/index.php/SBAS_Fundamentals
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1. Non-SBAS and SBAS Receivers
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Receivers can be divided into Non-SBAS and SBAS capable.

TS0-C129() (Non-SBAS) TS0-C146() (SBAS)

The certification standard for the “first generation” of panel- The more recent certification standard for SBAS-capable panel
mount IFR GNSS units, dates back to 1996 mount IFR GNSS units, published in 2002
Examples: Examples:
» Garmin GNS430, GNS530, early G1000 » Garmin GNS430W, GNS530W, G1000W, GTN650, GTN750

+All older GPS units from other makes (eg.Bendix/King, Trimble, Northstar)  * Avidyne IFD440/540

Typical features

» Most units also support database overlay and non-precision
RNP IAPs

Support database overlay, LNAV and APV approaches
Fast moving map refresh rate (5 per sec)
» Typically a slow moving map refresh rate (1 per sec) RAIM not required in SBAS coverage area

* Require RAIM prediction Provide guidance or roll-steer commands for holds, procedure
» Do not provide guidance or roll-steer commands for holds, turns etc

procedure turns etc

Functional requirements of RNAV and RNP specifications include continuous indication of lateral
deviation, distance/bearing to active waypoint, groundspeed or time to active waypoint, navigation
data storage and failure indication.

A GNSS Receiver can only be used for RNP approaches (and other PBN operations) in
accordance with the approvals in the AFM.
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2. PBN airborne equipment requirements
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To use a receiver for PBN

» Usually, the certification of the receiver must be stated in the Aircraft Flight Manual (AFM) or Pilot
Operating Handbook (POH).

— Where such a reference cannot be found in the AFM or POH, other information provided by
the aircraft manufacturer as Type Certificate (TC) holder, the Supplemental Type Certificate

(STC) holder or the design organisation having a privilege to approve minor changes may be
considered.

— This may be e.g. in the AFM, POH, Flight Crew Operating Manual (FCOM), Service Bulletin or
Service Letter, Minor Change Approval or a document issued by the competent authority.

« Equipment capability, in itself, is not sufficient to define the PBN capabilities of the aircraft, since the
latter depend on installation and integration.

» Deducing PBN capability is not always straightforward

— As some PBN procedures have been developed prior to publication of the ICAO PBN manual,

it is not always possible to find a clear statement of aircraft capability towards PBN in the AFM
or POH.

— Sometimes however, aircraft eligibility for certain PBN navigation specifications can rely on the
aircraft performance certified for PBN procedures prior to publication of the ICAO PBN
manual.

— EASA has developed guidance material (GM1 NCO.IDE.A.195) that lists the various
references (e.g. to FAA Advisory Circulars and EASA Acceptable Means of Compliance)
which may be used to consider the aircraft’s eligibility for a specific PBN navigation
specification.

— Flying RF Legs is subject to specific approval in the AFM, currently restricted to GTN + EHSI.
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2. Pilot Requirements for PBN SR

Pilot knowledge/training

* A current Instrument Rating or BIR (Basic Instrument Rating) has PBN privileges

* All EASA Part-FCL IR and BIR skill tests and proficiency checks must include at least
one RNP APCH

*The UK IR(R)/IMC Rating does not require PBN endorsement

* A current FAA Instrument Rating qualifies a pilot to fly PBN procedures without a
requirement for further formal ground or flight training

* The FAA recommends that pilots should be familiar with at least the 12 areas of GNSS
operation listed in AIM section 1-1-19-P, either through training or by practicing in VMC
conditions

* Note that private pilots who are resident in EASA member states and operating N-
registered aircraft in Europe need to hold an EASA Part-FCL licence, including an EASA
IR for IFR and PBN.

* For the time being UK legislation reflects EASA rules, so a UK resident requires a UK
licence and IR/PBN qualification.
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 To fly PBN procedures, where a flight plan is required, the capabilities of the aircraft equipment must
be specified in the FPL

* To enter codes in FPL, the right approvals must be in AFM
 The codes are as follows:

Equipment (Item 10) Transponder (Iltem 10) PBN/ capabilities (Item 18)
S Standard A Mode A B2 GNSS RNAV 5
B LPV (APV w/SBAS) C Mode Aand C D2 GNSS RNAV 1
D DME S Mode S, ACID and Altitude O2 GNSS RNP 1
F ADF P Mode S, Altitude, no ACID S1 RNP APCH
G GNSS | Mode S, ACID, no Altitude
H HF RTF X Mode S, no ACID, no Altitude
LILS E Mode S, ACID, Altitude, extended squitter
O VOR H Mode S, ACID, Altitude, Enhanced Surveillance
R PBN L Mode S, ACID, Altitude, Enhanced Surveillance, extended squitter
Y 8.33 kHz VHF

ADS-B

B1 1090 MHz out capability, or

B2 1090 MHz out and in capability

Thus, for example, a typical GA aircraft may file SBDFGRY/B1 in item 10 with PBN/B2D2S1 in item 18
Aircraft which do not file S1 may not be permitted to do an RNP approach

Commercial software can help get this right
+ SkyDemon, AeroPlus, RocketRoute, Autorouter etc
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Introduction to AIRAC AIRAC Cycle: Updating

* Nav Data only changes on a monthly cycle.

* In order to manage and organise changes, and to keep
databases and published charts up to date, there is a cycle
for notifying changes called the AIRAC cycle.

* AIRAC provides a standardised batch updating process
organised around 13 cycles of data per year, each becoming
valid on an Effective Date and remaining valid for 28 days
until the next Effective Date.

« States may publish charts on a different cycle from AIRAC,
eg. 7 or 14 days for terminal charts, 28 or 56 days for
enroute charts.

» Jeppesen breaks down the distribution of paper and
electronic charts into 2 batches per AIRAC cycle, delivered
at 14 day intervals. GNSS databases, however, are updated
13 times per year in accordance with the AIRAC cycle

* Because the input to an AIRAC cycle is “frozen” up to 42
days before it becomes effective, more urgent changes are
promulgated by NOTAM

* As discussed under the PBN concept, it is an important
requirement for the GNSS database to be current.

* This can be achieved in a number of ways - by downloading
onto a card from the internet, transferring directly into the
unit etc.

* It is the responsibility of the pilot to check that the navigation
database is current before every IFR flight.

* All GNSS receivers display their database status on first
start.

Currently Installed Software

t 1813, Current until 06-DEC-18
ap 4.00
le/HOT Line 1813, Current until 06-DEC-18
1813, Current until 06-DEC-18
12m
1813, Current until 06-DEC-18

= FliteCharts

Continue

* Under EASA, it is permissible to fly IFR with a database
which is out of date by no more than 28 days, but only if the
procedures and routes to be used are checked against a
current approved source, such as the AlP.

* A database out of date by more than 28 days may not be
used for PBN.
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1. Important Notes

- A current, approved chart is the definitive source of navigation data; and, in operations where
this is approved, a suitable, current database may be used if it agrees with the charted
information. In the event of a discrepancy, the charted procedure takes precedence.

-In cases where a database is required (ie RNAV Terminal Procedures and approaches), a
discrepancy between the database and chart means that the procedure may not be flown, and an
alternative must be used.

Sequence
AMOGA A® ___° ___mm
ROGTO 170" 4.6nm
JAOBF 080" 3.5mu

JAMO1 080" 3.8mnm
BANLO 296" 7.8nm
Hold 260" 0.0nm

A
'
RWO0O8 A @ 080° 5.2mm
A
'
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2. Important Notes

- In the event of any discrepancy between this manual’s description of IFR navigation practice and
methods and that of any approved chart, database or product manual, clearly, the published,
approved sources must take precedence

- The manual entry, or creation of new waypoints by manual entry, of latitude and longitude or
place/bearing/distance values is not permitted to be entered into most PBN procedures. The insertion
in the flight plan of waypoints loaded from the database is permitted. Route modifications are allowed
in the terminal area, with waypoints from the receiver database, up to the Intermediate Fix (IF).

- Pilots must not fly an RNP APCH unless it is retrievable by procedure name from the on-board
navigation database and conforms to the charted procedure.

Select Approach - EGJA

RNAV 08 cps LPV

RNAV 26 ops LPV

NDB 08

NDB 26

VISUAL 03
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3. The Tasks a GA Pilot Must Perform

[~
FPEL/R EUROPE,

* Ensure that the GNSS database
and other charts required have the
coverage needed for the intended
flight - geographic region, specific
airports and types of procedure

¥

» Coverage is not always self-evident for a
user subscribing to European Region data;
the countries included in a given subscription
vary by product

* If you have GNSS database coverage for a
particular country, it may not be included in
the paper chart coverage (or PC readable
electronic version), and vice-versa

* Ensure that the GNSS database
and other charts required are valid
for the current Effective Period of
the AIRAC cycle

* Check NOTAMs and database
supplier alerts

¥

* Currency is particularly important, because
of the rate at which new procedures are
introduced as many European countries
implement PBN Routes, operations and RNP
approaches

* It is not permissible to enter RNP
approaches or terminal procedures as user
waypoints. An approved, current database is
essential. RNAV 5 waypoints may be added
manually.

* Note that published charts and software
products may distributed up to 2 weeks
before they become effective

* Cross-check the GNSS database

routes and procedures that will be
used against published charts

¥

* The quality of approved navigation data is very

high and gross errors are relatively rare

* However, as new procedures are introduced,

discrepancies can arise between AIP charts,
commercial service provider charts and GNSS
databases

¢ In addition, navigation databases are an

inherently different format from published charts
and some waypoints will not be identical in both

* Flying an PBN procedure is not the right time to

be puzzling over such discrepancies

The requirements for approved database coverage, currency and cross-checks are
not regulatory “gold plating”; they are a practical, as well as a legal, necessity for

PBN operations
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4. Cross checking Procedures

——
PPL/IR EUROPE

 When loading a terminal (SID or STAR) or approach procedure, it is easy to
choose the wrong procedure

« Also, there may be a database or charting discrepancy, and you want to know
about that before you are executing it

« Accordingly, it is important to check the waypoints, layout and (if applicable)
altitudes, with the procedure chart to ensure that they agree

>L-T PROC - Arrival
2 .

_# PROC - Approach
Sequence

v —— +— N Ly J T .M A A
267° 36.3nm L y T

" 4T Hm

252° 42.0nm ® 4.9mm

2 321° 12.2mm * 6. 1nm

313° 18.0nm ° 7.3mm

313° 8.1nmM ® 13.9nm
301° 48.7 nm

Airport Arrival Transition

LFPB EPL7E EPL

Airport Approach Transition

LFAT RNAV 13 cps LPV OLMAV
Runway = W,
RWO7 Load Arrival Channel 71D Load Approach
61879 EI13A & Activate

» This should be done in plenty of time, either before take-off or on the enroute
phase.
« In Commercial Air Transport operations, both pilots are required to check

independently, which demonstrates how important it is for the single pilot to verify
the GNSS setup.
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5. Computer Navigation Fix (CNF) Overview

A Computer Navigation Fix (CNF) is a point defined by a latitude/longitude co-ordinate and is
required to support RNAV system operations where a suitable waypoint is not available.

Where a procedure does not include all the waypoints needed for RNAV guidance, the state can
define CNFs or the database supplier will create CNFs and assign them database identifiers.

The GNSS receiver uses CNFs in conjunction with waypoints to navigate from point to point.
However, CNFs are not recognised by Air Traffic Control (ATC). ATC does not maintain CNFs in
their database and they do not use CNFs for any air traffic control purpose.

CNFs are usually charted on Jeppesen aeronautical navigation products, are listed in the chart
legends, and are for advisory purposes only. Pilots are not to use CNFs for point to point navigation
(proceed direct), filing a flight plan, or in aircraft/ ATC communications. CNFs that do appear on
aeronautical charts allow pilots increased situational awareness by identifying points in the aircraft
database route of flight with points on the aeronautical chart.
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6. Computer Navigation Fix (CNF) Naming

PPL/IR EUROPE

* CNFs are random five letter identifiers, and, unlike waypoints, are not pronounceable, and placed in
parenthesis. Eventually, all CNFs will begin with the letters “CF” followed by three consonants (for
example, CFWBG). This five letter identifier will be found next to an “x” on enroute charts and
possibly on an approach chart.

* Oninstrument approach procedures(charts) in the terminal procedures publication, CNFs may
represent unnamed DME fixes, beginning and ending points of DME arcs, and sensor (ground
based signal i.e., VOR, NDB ILS) final approach fixes on RNAV overlay approaches.

* These CNFs provide the GNSS with points on the procedure that allow the overlay approach to
mirror the ground based sensor approach. These points should only be used by the GNSS system
for navigation and should not be used by pilots for any other purpose on the approach.
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7. Computer Navigation Fix (CNF) Application Example

—
PPL/IR EUROPE

EGHH/BOH "W EEPESEN BOURNEMOUTH, UK
BOURNEMOUTH 247e8 17 {10-3B DEPARTURE
Trans alt: 6000 3000 outside hours of operatian of Solent CTA].
Apt Elev res include noise praferantial routes and apply fo all turbine powered
38 aircraft and all other aircraft with 5700 KGS MTOW or mars, unless otherwise
instructed by ATC.

[SOUTH]

RWYS 08, 26 DEPARTURES
TO SOUTH & WEST

1
=
& RWY DB} 2
oy |
L1221 IBME - BoURNEMOUTHA
(RWY 26] [ 339 BIA 9 19
LOC DME = = ) ”
1110.5] IBH
= %
2200 157,
& <2T0°% = 970°
. o ooslH| /& -
% 9% | p2iemH
%
D1.0 [BMH d_1500
— 2300
23 8
S
¥ Q *
654 E)
2] s 2000 T
aw | e ) W 93
,,D; g THRED
2

Sequence

RW08 a
DO77A A
DO78E &
THRED A

Airport

EGHH

Transition

THRED

W PROC - Departure

Departure Runway

SOUTH RWO08

Load Departure

Note that the published departure includes a turn at
a DME range, not a waypoint. A CNF (DO78E) has
been used in the database to define the turn.

This CNF will not be recognised by ATC, the FPL

system etc
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8. Encoding of Both RNP and Overlays Of “Conventional” Procedures

- In paper chart form, procedures are ‘conventional’ (in the sense of requiring radio navigation) by default, unless specifically designated
as RNAV or RNP procedures in the chart title, procedure name or chart notes.

« Generally, all published procedures are coded in GNSS databases (omnidirectional and radar procedures and some arrivals and
departures are not)

- From the point of view of “coding style” and how GNSS procedure guidance may be used, this results in two kinds of database-coded
procedure:

1. “Database Overlays” 2. RNAV Procedures

Traditional, non-RNAV procedures coded in the database

using all the ARINC 424 path-terminators and CNFs as Procedures designed and published for use only with RNAV

equipment (ie for GA this means GNSS).

required
* In Europe, often terminal procedures are still conventional + Generally RNAV 1 procedures
* These are coded as database overlays » Coding uses RNAV waypoints and mainly the CF and TF path-
Terminal Procedures terminators, with few, if any, CNFs needed
* Many approaches in Europe are based on conventional * These are called RNP approaches, however if GNSS is required,
navaids the title must include either GNSS or GPS (see pp 104-105)
Approaches » These are coded in GNSS databases, providing advisory track
guidance throughout the approach and missed approach

procedures

For approaches, no. GNSS guidance is
supplemental to radio aids.

For SIDs and STARs above the MSA, named
and coded in the database, yes.

GNSS required; radio aids only used for gross error
check. Appropriate approval requirements must be
met

Use of GNSS for
primary navigation
guidance?

- Note that the database display of procedure names, waypoints and path-terminators does not
provide any particular distinction between RNP and overlay procedure

NOT APPROVED FOR GPS

rpmreeprsmm—G_l - GNSS units will generally provide a message alert when “monitoring only”
only. Activate approach? . . .
e guidance is activated for a database overlay procedure

OK
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9. Cross-checking Approved and Current Database with Published Charts

PPL/IR EUROPE

According to Jeppesen:

Databases may not contain every SID, STAR and approach procedure.

Database may not contain every leg or segment of the procedure being flown.

Not everything needed is in the database.

The location of each waypoint or navaid retrieved from the database should be confirmed.

GNSS and electronic map displays with associated databases are not a substitute for current
published charts.

In addition:

Many of the GNSS navigators used by GA aircraft do not display altitude restrictions, so they
must be referenced from published charts (SIDs, STARs and Approaches, including stepdown
fixes)

Some databases for arrivals and departures only show altitude limitations for category C&D
aircraft. Always check the database altitude limits against the published charts.

Databases do not show minima
Terminal Arrival Altitudes are not shown
etc

Appendix 3 explains the approval process for aeronautical data publishers
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1. Overview

+ ICAO Annex 15 states that ‘Contracting States shall ensure that the integrity of
aeronautical data is maintained throughout the data process from survey/origination to

the next intended user’
» There are numerous sources of authorised published charts, each with their pros and

cons.
» We can divide the possibilities by:
* Publisher
» National AlPs
» Jeppesen
» Others
» Cockpit Presentation
* Printed

* Home printed
» Tablet - Standalone
» Tablet - Embedded

* Panel

* Any of these sources and methods are acceptable to the authorities, provided the pilot
has the information available.
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2. Publisher

——
PPL/IR EUROPE

National AlIPs

» Every state is obliged to publish charts and plates which meet a minimum set of ICAO standards

* The standards allow considerable variation between states, meaning that the presentation, though
consistent within a country, is variable between countries.

» For example some states publish calculated approach minima, others only publish OCA/OCH and
leave the operator to calculate their own minima according to the regulations.

- --System minima not accounted for
No RVR minima

Aircraft Category A B [
(88ﬁ) Procedure | 248(193) - 1 255(200) | 263(208)
VM(C)OCA
(OéH)AAL) Total Area 600(545) 700(645) 900(845)

» AIPs are generally free to download in Europe and USA.

 Jeppesen

* Republish aviation data in a standard format, which is the same worldwide.
» This allows pilots to brief quickly and accurately, including minima, wherever they are.

AB{255%200) -
DAH) C:

/(208")-0: 27 2/(217")

= = = ~ . STRAIGHT-IN LANDING RWY 05
LS~ LOC (GS out)
“COFA

pa/moaH) 4607

(405")

FULL ALS out

ALS out

-

~
! Rvr750m M
N d

~

A

- RVR 1200m

3]

D RVE 800m

RVR 1500m

CIRCLE-TO-LAND

MDA(H) — e = V15|
600°(545") _1500m >

System minima increases DA

700645y 1600m _

= Rve H500m _ |

“evk To0OM

900°(845")

=1
2400m

205 II'.I‘-)OO’(BAS'; ~3506m- —

I Not authorized South of rwy.

==<==RVR minima calculated

» Jeppesen is a fee-based commercial product and service.

* Others

* There are other commercial republishers, who provide service similar to Jeppesen, but many of
them are more limited geographically and in scope.
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3. Cockpit Presentation .

Printed
* Itis possible to get printed charts and plates, with a monthly update cycle
which need to be inserted in folders. This methodology was standard until
electronic delivery became the norm, and is now unusual in GA.

* Home printed
* Many pilots like the security of carrying paper charts, but without the need
to manually update books. They therefore print the charts required for a
particular flight from a downloaded source. This reduces inflight flexibility,
for example for diversions, so many people will also have a complete set
of plates available electronically.

Tablet/Electronic Flight Bag (EFB)
+ AIP, Jeppesen and other commercial plates are available in a number of
formats on iPads and other tablets.

» Some Apps georeference the plates (ie overlay the aircraft’s current
position).

* Some App designers process the AIP plates (for example indexing.)

Panel
* Many avionic presentations on the flight panel can also show plates and
may or may not georeference them.

* They are available on both Multifunction Flight Displays (MFDs) and
GNSS Navigators.

Extensive discussion on the pros and cons of all these methodologies is available
on the PPL/IR website and forum.
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1. Concept of the “Aeronautical Data Chain”

Originators » AIS » Commercial providers » Users

(general aviation examples)

Individual States are responsible for Example Ol_‘ a commercial provider of
providing Aeronautical Information general aviation products: Jeppesen
Services (AIS) to ICAO standards

Airways Manual

Charts and Plates

Airports —

Aeronautical

Information
Publication (AIP) Jeppesen Distribution Manager
Air Traffic service (JOM)
providers
N AP Supplements
(SUP)
—
Communications .  pel
_ . > I ForeFlight N
service providers JEPPESEN. 9 L=
> L E—
“The Jeppesen Aviation Database
Procedure and (JAD) is composed of over one PCs, Electronic flight bags (EFBs)
: million records. Each 28-day cycle, and some multifunction displays
Alrgpace the flight information analysts edit (MFDs)
designers and venfy an average _150,000 JAD “NavData” database
transactions. Only original source
documents are used; gathered from
220 separate agencies worldwide =
Other and then cross-checked using Gitrat
government multiple sources” s
agencies LS & _—
=\
)

Also database of additional features
(eg. terrain, obstacles, topographic
maps)
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2. Cross-checking Approved and Current Database with NOTAMs

— f—
EUROPE
— .,

Example: EGBJ Gloucestershire

EGBJ: RNP approach plate
current in AIRAC cycle to 17 JUN 22

RNP Approach published, current

BRIEFING STRIP ™

10

and included in dat

abases

EGBJ: Airfield NOTAMs 1 Nov 2022

...but RNP Approaches NOTAMed not available

EGBJ GLOUCESTERSHIRE

GLO

REF: L0004/22

From:2022-Nov-01 Tue 10:57 To: 2022-Nov-08 Tue 10:00

ICAO:EGBJ GLOUCESTERHIRE
RNP APPROACHES NOT AVBL

EGBJ/GLO —w JEPPESEN GLOUCESTERSHIRE, UK
GLOUCESTERSHIRE 7wz (2-1) RNP Rwy 09
*ATIS ®GLOSTER Approach|R) *GLOSTER Tower
127.480 128.555 122.905
Final '
BJAIF DA/MDA(H) | Apt Elev 101
RNAV Apch Crs Refer to PRy
084° 17007 (1626") Minimums Rwy 74’
misseD APCH: Continuous climb to 2800°. Intially climb STRAIGHT
AHEAD at climb gradient required b% MDA(H). At 1500" convert 2800
to conventional navigation and turn LEFT onto track 354° climbing
to 2800°, then turn LEFT to Lctr at 2800°, or as directed.
Do not turn before MAP.
RNP Apch[Alt Set: hPa Rwy Elev: 3 hPa Trans level: By ATC Trans alt: 3000° MSA
1. GST Letr required for Missed Apch. 2. PROC ESTABLISHED OUTSIDE CONTROLLED ARP
AIRSPACE. 3. ILS DME reads zero at rwy 09 thresh.
T T T T
, #7680
1220 WARNING: F ‘\ .
- - 52-00 é A public road runs through undershoot of rwys 22 & 27. 'l 1
Pilots should not approach below PAPI glidepath. ’I 1
1
o gy (AT ¥ \
/X" £40° uvNoP 915, 1
3700 A 3000 —_ ILS DME LI 1)
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Procedure Titles and Names T
1. Overview -

« Procedure names in Airway Manual paper charts are straightforward in principle, but a variety of different titles are
used for terminal procedures, and there is some variation in how approach procedure names are constructed

Approaches

» “SID” « “STAR” « Many types of approach: ILS, VOR, SRA,
* “Departure” * “Arrival”’ RNP etc
Paper chart * “Transition” » Some different standards for how names are
procedure “titles” * “Initial Approach” constructed (eg. “ILS DME” vs “ILS” with
 Continuation charts between a STAR and DME requirement specified in chart notes)
an approach
* Procedure type in chart title * Chart title has the full procedure name
~ Names and « Procedure name on chart, plus.....
identifiers used in « Procedure ICAO identifier in (curved brackets)

paper charts

Database identifier in [square brackets] if different from ICAQO identifier

* The coding of procedure identifiers in GNSS databases is simpler. All Departure and Arrival procedure records have 3
selection attributes (or ‘fields’) and all approaches have 2 attributes

* Departure identifier « Arrival identifier « Approach identifier (which also
Procedure e o L o o
identifiers used in  ~ [ransition identifier * Transition identifier specifies the runway)
* Runway identifier * Runway identifier * Transition identifier or “Vectors”

GPS databases

Note that many procedures will only have one transition and/or runway selection available

» * The key links between published procedures and database coded procedures are the procedure identifier and transition
identifier

« If the ICAO and database identifiers are not the same, the database identifier will be included on the paper chart in [square

brackets]
JACKO TH [JACKTH]
RNAV ARRIVAL
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2. Background on Terminal Procedure Titles ‘

- Terminal procedures always serve to provide safe obstacle and terrain clearance for flight in IMC
(unless otherwise noted on the plate.)
-“general” procedures, serving mainly this purpose, may be published in text and/or chart form,
and may not have ICAO identifiers or even specific route names

- Terminal procedures may also be used for ATC and flight planning purposes: to standardise the
transition between the enroute airway network and TMAs, and to standardise routes within TMAs, so
that traffic flows may be efficiently managed and ATC communications simplified

—procedures also serving this purpose are generally called “standard” instrument departures
(SIDs) and “standard” arrivals (STARS)

- In practice, in Europe, most terminal procedures are SIDs and STARS, and “general” procedures,
without the formal ATC function, are labelled “Departures” and “Arrivals”

- However, the nomenclature of terminal procedure titles is not perfectly standardised

- In particular, busy airports often use a more complex set of arrival procedure structures than just the
basic model of STARs from the enroute segment to the IAF. These airports may also have arrival
charts with a variety of titles such as “Arrivals”, “Transitions”, “Initial Approaches” etc. which have the

same ATC status as STARs.

- Transitions can be named either after their start or end waypoint; there may be a naming discrepancy
between that shown in the published chart and that displayed on the GNSS Navigator. If a Transition
cannot be found on the Navigator, compare the name with the starting and ending waypoint on the
published chart to see which is being used.

- The FAA also uses some slightly different procedure titles which are not detailed in this manual
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IPPL/IR EUROPE
1. Departure Names
Departure titles in Jeppesen charts:
e T
Traditional D EPARTUR E m
RNAYV SID
RNAV RNAV DEPARTURE
SID name format in Jeppesen charts:
waypoint 1 digit 1 letter (icAodesignator) [database identifier]
\% \% \% \% \%
example: - BUZAD THREE JULIETT (BUZAD 3J) [BUZA3J]
\ J \ J \ J \ J \ )
Y Y Y Y Y
In Europe, usually  Version number  ggen the code letter for  The ICAO procedure The ARINC 424 procedure name is limited
the full name of of the procedure, 5 haticular departure  “designator”is used for to 6 characters. If the name of the final fix is

the waypoint or fix increased by 1

> runway. More than one flight plan filing. It uses the  a 3 letter VOR ident, the ICAO procedure
at the end of the every time a

letter may be used for ICAO identifier for the final  identifier will be 5 characters (3+1+1) and

procedure change ismade,  yho same runway, and ~ waypoint instead of its full  used as the database identifier.
cyclingbackto 1 yhe jetter codes may name (if these are different, If the final waypoint name is a Five Letter
after 9 have another meaning  eg. Lambourne Three name Code (5LNC) (as in the example
(eg. routes for Jet vs Alpha vs. LAM 3A) above), the database identifier will drop the
Prop aircraft) last character of the 5SLNC, and be printed

separately in [square brackets]

The structure of instrument departures is relatively simple and homogenous,
they all start on the runway and generally end with an enroute waypoint
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2. Example of a (non-SID) Departure

——
"PPL/IR EUROPE

EGHH/BOH =Sy IBERESEN BOURNEMOUTH, UK _
BOURN/EMOUTH 24re8 17 (10-3B
R = RWYS 08 26 DEPARTURES
Apt Elev | Departures include noise preferential routes and apply to all turbine powered I
38 aircraft and all other aircraft with 5700 KGS MTOW or more, unless otherwise /

instructed by ATC.

RWYS Os[sggrggPARTURfs Note that, since these procedures are
T0 SOUTH & WEST not SIDs and do not have an ICAQ Garmin GTN750 procedure selection page
1 identifier, ATC will include the
& (R 08) T departure route as part of the overall
% (110.5) 1BMH ) o b “G- .
LB soumclioy o 1900 c/earancg, eg. “G-ABCD, cleared t? The South departure is €é————
R Y e ‘. Jersey via THRED R41 ORTAC... .
® (110.5) 18H % P coded because it has a
3 and not “G-ABCD, cleared to Jersey specific route (to THRED)
2200 LT N\ via Runway 08 South departure...” ond “South” is used as the
&) «270° =278 =TT . .
I '3 ool /S | T database identifier even
k ol | | |5 T though there is no ICAO
NI LR TR S y identifier. The West
------------------------------------ departure is not coded,
3] since it lacks a specific
i 2300 route.
23 é
5\ &
2
o % 2000 T -
& U L - 23
g THRED
Runway ID R
| ) Bearing/ a77°  1.0mm
] > Distance
L) e o
| I " CNFs Q73° 3.7nm
RWY INITIAL CLIMB s )
| 08 SEgstEléI:EDD.J;K:CIz(S’E Climb straight ahead to D1.0 IBMH, 075° track to D4.1 IBMH. 1 ?4' 1 8.4 I"-JI"-'W
% REQUIRED TRACK Climb straight ahead to D1.0 IBMH, 075° track to D2 IBMH
BETWEEN 260° & 360° and 1500.
26 Climb straight ahead to D0.6 IBH, 270° track, to D3.1 IBH.
CHANGES: Reissve. © JEPPESEN, 2017. ALL RIGHTS RESERVED.

90



Departures
3. Example of an RNAV SID

AR
' PPL/IR EUROPE
*- St

ZURICH, SWITZERLAND
LSZH/ZRH s 7 (10-311) ’

Trans alt: 7000
1. RNAV (DME/DME or GNSS)
2. B-RNAV or RNAV 5 required

ZAMICH Apt Elev 3. When instructed contact ZURICH Departure.
Daparture 1417 |4, SIDs are also noise abatement procedures. Strict adherence within the limits
2| 125.950 of aircraft performance is MANDATORY.

5. Turn speed limit must be adhered to during the turn even after a ‘DIRECT TO'
clearance.
6. EXPECT close-in obstacles.

VEBIT 2H [VEBIZH]
2] VEBIT 2N [VEBI2N]

RNAV DEPARTURES
RNAV APPLICABLE WHEN PASSING BREGO),
FOR ROUTE CONTINUATION AFTER VEBIT REFER TO CHART 10-3X2
2 3320 MAX 250 KT BELOW FL100

GERMANY

0L ]

4459 ’_/ TRASADINGEN
3 ° 114.3 TRA . 4500
330° track (Rwy 32) or
333° track (Rwy 34). 5700 5000
Four-engined ACFT: if unable [
mply, initiate turn at or 3000

- above 2500 at D4.0 KLO.
“] |© A380only: if unable ta
comply, initiate turn.atior

CONTOUR
INTERVALS

G,
Ty, | MAX210 KT

above 2500 at D4.0KLO. Sy, f VEBIT 2H:
~ o
o © 3500 ©
- VEBIT 2N:
B Toge / 3500 ©

w1037 COMMS "W LOST COMMS "W
= For LOST COMMS refer
10 10-1P  pages.

. LOST COMMS - MMS ]2 1
4500

ZH554 2

Bﬂ - KLOTEN
6000 2> "BREGO” 711485 KLO)]
& 5000 ]_!_4._3..5_'9_-0

TPFvese SIDs require mini climb gradi

VEBIT 2H:  5.0% up to 3300.

VEBIT 2N:  5.3% up to 3300.

Gnd speed-KT 75 [100 [150 200 [250 [ 300
5.3% V/V (fpm) | 403 | 537 | 805 [1073 13421610
5.2% V/V (fpm) | 395 | 527 | 790 [1053[1317[1580

Initial climb clearance 5000

N SID RWY ROUTING
VEBIT 2H 34 Climb on 333° track, at D4.0 KLO turn LEFT, 244° track, intercept TRA R190
to BREGO (5000+) - ZH554 (6000+) - ZH558 (7000+) - VEBIT.
VEBIT 2N 32 Climb straight ahead to D2.0 KLO, turn RIGHT, 330° track, at D4.0 KLO
turn LEFT, 244° track, intercept TRA R190 to BREGO (5000+) - ZH554 (6000+) -
ZH558 (7000+) - VEBIT.

CHANGES: New format. (© JEPPESEN, 2017. ALL RIGHTS RESERVED.

<—— Thisis an RNAV SID

Zurich has mountains to the south. Notice the minimum climb gradients.

Note: The SID requires conventional VOR/DME navigation until reaching waypoint

BREGO

Sequence
RW34 & __°
D4.0 KLO  333°
Intercept  244°
BREGO 190°
ZH554 240°
ZH558 240°
VEBIT 240°

Airport

LSZH

Transition

VEBIT

. NM
4.6 nm
5.9 nm
8.0nm
4.5nM
4.8 nm
6.4 N

Departure

VEBIZH

Load Departure

Runway

RW34
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4. Example of an RNAV Overlay SID S

Rather than design all-new RNAV SIDs, authorities often choose to EDDK/CON. ~w_erpEsEN COLOGNE-BONN, GERMANY
overlay existing conventional SIDs with RNAV waypoints and CNFs. e e . ——

Trans alt: 5000 -~
Apt Elev 1. Remain on tower frequency until Mmg 2000, then contact LANGEN Radar.

302 2. SIDs are also minimum noisepoltings. Strict adherence within the limits
135.350 of aircraft performance Js fRandatory.

So far as flying the SID is concerned, the overlays are flown in exactly the 3 oy 24 BT Al n chutecln

same way as an RNAV SID, and the underlying conventional aids can be COLA 13:(7601 IB) Rﬁgbﬂ DéE?) A<|§T0JR§?) COLA 7E (COL 7E)
ignored. Pt

LANGEN
Radar

- i’ (OVERLAY 10-3B)
- 7 -
sy
-,
- s ’ ONLY FOR LOCAL TRAINING FLIGHTS AND FOR FLIGHTS TO EDDF
- Pid 328 MAX 250 KT BELOW FL100 OR AS BY ATC
EDDK/CGN ~ IEPPESENCOLOGNE-BONN, GERMANY Lf e NOT APPLICABLE WITHIN AIRSPACE C
COLOGNE-BONN 19 MAY 17 P e
LANGEN Trams alts 5000 ‘ -, - 37
1
135.350 ping 000, then conaet LANGEN Radar. e ; DK@37
SIDs are also minimum noise routings. -, S 3700
gt Elay | Srict adherence within the limits P s %
of aircraf performance is mandatory P = 5 MSA KBO VOR
302 [ 3. Rwy 24: EXPECT close-in obstacles. A ®
e 2 2 e
COLA 1B (COL 1B)
COLA 6D (COL 6D)
COLA 7E (COL 7E)
DEPARTURES
- ONLY FOR LOCAL TRAINING FLIGHTS 2
"- AND FOR FLIGHTS TO EDDF
2400 IEEEH MAX 250 KT BELOW FL100
o OR AS BY ATC
NOT APPLICABLE WITHIN AIRSPACE C
o
until establ ished on
COLOGNE-BONN
Ny / [ 1215 k80|
| 0909 —— 1.6 KBO:
2] (WYP R210)
A1 DL '7";;’ MAX 220 KT <> 087°—~
whichever is later il esteolished on 39 DK@g22
COL 1B {daytime only)
096° This SID requires a minimum climb gradient -
L 7E of 1
? 425 per NM (7.0%} until passing 5000 dus to 3%00
. airspace structure. -
1 yrodpes. 087°~ col sor [Gnd speed-KT | 75 100 [150 | 200 | 250 [300 ay
At D3.5 KBO comews o 475 per N[ 552 709 (1063 [1418 1772 (1127
or 1500 [T unable to comply advise ATC upon start-up.
whichever Is later
Initial climb clearance 5000 -
SID RWY INITIAL CLIMB /ROUTING
= 2800 COL 18| 32K | Climb towards LJ, af D1.6 KBO . COL 18 (daytime only)
3100 (WYP R210) or 700, whichever -1 This SID requires a minimum climb gradient
] is later, turn RIGHT, 011° rrack, of
] ?S.?’nﬂs'fn?“n’.if“hﬁé'ﬂ%'ﬁﬁ’z‘ o 425 per NM (7.0%) until passing 5000 due to
inbound 10 D75.7 GMH {COL R314), airspace structure.
1 T:LZm"TcE"'"”'COL e 7 [ondspeedkT [ 75 [100 [150 [ 200 [ 250 ]300 |
1 coLen| 24 | O K 10 D2.0KEO
] I D154 COL), orn LEFT, 158" 1rack, A [425per 532 | 709 1063 [1418 [1772[2127
N o inlercept COL R267 Inbaund fo COL. 1f unable to comply advise ATC upon start-up. 1710 . T
5 1710 2009 | I'COL 7E | 14R | Climb fowards LV, at D3.5 KBO . A s
3 i) (COL R278) or 1500, whichever — -
p \ | f islater, tur LEFT, ‘intercept COL R276 i Initial climb clearance 5000
i "
CHANGES:  None. () JEPPESEN, 2017, ALL RIGHTS RESERVED. SID RWY INITIAL CLIMB/ROUTING
coL 18 32R__| (700+) - DKO34 - DK039 - DK035 (K210-) - DKO37 - COL.
CoL D 24 (700+) - DKO21 - DK022 - COL.
COL 7E 14R (700+) - DK142 (K220-; 1500+) - COL.

CHANGES: New format. (©) JEPPESEN, 2017. ALL RIGHTS RESERVED.
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5. Example of a SID Followed by Transition Routes

W fm S e
IPPL/IR EUROPE

Some SIDs are followed by Transition routes onto the airways.

LSGG/GVA —=~JEPPESEN  GENEVA, SWITZERLAND
GENEVA 12288 18 - _ _
T e 2. v et These Transitions may not be coded into the database, and the pilot may
Departure () | AP! EIeV [ 3. Contact GENEVA Departure when instructed. 4. SIDs are also minimum noise

119.525 | 1411 | routings. Strict adherence within the limits of ACFT performance is mandatory. have tO enter the Wayp0|nts manua”y |nto the f||ghtp|an'

5. To expedite traffic, EXPECT line-up clearances at intersections unless
~ operations require full runway length.

KONIL 4) [KONI4J . .
R 25 RO\ DEFA TR In the example below, route W102 is not retrievable from the Jeppesen

2 NOT AVAILABLE FOR JET AIRCRAFT WITH

1 NOISE CLASSIFICATION 1, I & Il database loaded into our navigators, because it does not pass through

FOR CLASSIFICATION REFER TO 10-1P PAGES

FOR ROUTE CONTINUATION AFTER KONIL REFER TO CHART 10-3N KONIL and we have no choice other than to enter KONIL FLORY

o rion]/ manually, then load W102.
e u !(ONIL<>

3000 / , r\ . . . -
| e ""“’_738’_%/ N This is an example of why you need to check the flightplan waypoints
oty *._ before use. In the experience of both the authors, such gaps in the

N . .. . )
132 database can cause confusion and disorientation at a busy time!
/i1 uneble 1o comply with climb o
mme";'&l@;;‘ ol / N L g 2 z 2 2 =
{3609) advife ATC prior to N AETERRERET, ! L h h L
Yiné-up or As soon as possible €[ cenevao 0 Q-
when airbbrne. H not otherwise o 3 opartors (1) . || Apt Eley : 4 4 mwv
= bl Al AN 2N 119.525 1411 | Trans alt: 7000 | Z&
"| @ ' “I~ TRANSITION ROUTES AFTER KONIL 5 = 5S
[l ‘bolding pattern to 7000 or 4 ! >
| [ Z (2]
\ oo ilieaifoin i p 3  _RNAV-EQUIPMENT COMPULSORY [ <
B FOR PLIGHTS PLANNED AT OR ABOVE FL100 9000 >
- 4 E ~ . 7000
1 S )]
N N Ji &2 5000 >\
~ ¢ 4 3000 A\
N N - — (
/) ~ (=] M~ NTOL
n | TND3.0GVA | 10,6 N e AN, T ) |
| D4.7 PAS N & ° 110.85 FRI Y
= MAX 190 KT ontil_ <> 10.85F

7 patsing GG603
Minimum Bank 25°

Turn when passing 1900 (]
and not before D3.0 GVA\J

CAUTION | | [ ExPECT close-in obstacles, trees and buildings
High terrain NORTH bf aifport \_ | RIGHT and LEFT of RWY up to 184 above DER
| Do not fly NORTH of track 042° { elevation.

| ©
] / __MAX210KT o
Minimum-Bank 25°

m@ 81 4VW €T
NIS3ddIM e

This SID requires a minimum climb gradient Traffic planned on airways N-871/UN-871:
=] Yo GG603. }
\ of Proceed via route
g N 7.1% up 10 4600 @. © 2-63: KONIL - SOSAL Q
4 \ - or on ATC request as alternate routes:
\‘] 38 18 2 ) [Gnd speed-kT [ 75 [ 100 [ 150 [ 200 | 250 [ 300 | ® © 2-62: DEREM - NAMEL - TINAM, =z
'\ - = | [7.1% v/v ttom) [ 539 | 719 [1079] 1438] 1798[ 2157] 5 cross DEREM at or above 7000, =2
- : e 3 NAMEL at or above 9200. >
n, Initial climb clearance FL90 2 Traffic destination LFSB: &
ROUTING. & © Outside MIL operating hours: after KONIL &
Climb on GVA R225, when passing 1900 and not before D3.0 GVA (D4.7 PAS) turn RIGHT (MAX 190 KT s fé:iﬁ"a""::'an;'e"zl'ﬂg"”"’ G =
until passing GG603, minimum bank 25°), proceed via GG603 @, DEREM and GLA 1o KONIL. > oD stogatove L1 =
[7© Afrer GG603 RNAV applicable. = © Outside MIL operating hours: after KONIL I
CHANGES: None, © JEPPESEN, 2017. ALL RIGHTS RESERVED. 2 EXPECT route W-102 to LPS, cross LORBU at Zlal
] or above FL110. 4 o
] Traffic planned on airway G-5 (MAA FL90): =l —
4 © After KONIL intercept FRI R248 inbound ° >
8 to FRL. &l =
o
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6. Example of a SID which is not Coded in RNAV Databases

AR
I PPL/IR EUROPE

—w_JEPPESEN
E”&%B{Ego = BERGEN, NORWAY
* FLESLAND
Approach (R) | Apt Elev Trans ali_: 7000
121.0 1 166 | 2 Wit ceing vectored r cleared for O routing, i fadian aoly.
OMNI 3C
OMNI 3D
OMNIDIRECTIONAL DEPARTURES
2] l (\_
|

s INWO
5062~
PN

2 <
=
<
4000
Y
% ) 2000
2 CONTOUR
@l INTERVALS

0
L

A P S~ L = Tl;ase SIDs require minimum climb gradients

Climb on appropriate initial SID track to 3 O o

6000, then proceed in the most direct f  OMMR 3C: 304 por NM (5.0%) up fo 4000.
) manner possible to join the planned route, ¢ OMNI 3D: 365 per NM (6.0%) up to 4000.
g climbingdon planned :(u’i‘;ilr;g FL. Gnd speed-KT | 75 [100 [150 [ 200 [250 300
= ACFT under vectoring shall proceed the

most direct route to join the planned route, 304 per NM 380 | 506 | 760 [1013]1266]1519

climbing to the planned FL. ©  |365 per NM 456 | 608 [911 [1215[1519[1823
- WIS S S . COMMS &

If unable to comply advise ATC.

Initial climb clearance 6000

SID RWY ROUTING
OMNI 3C 17 Climb on 170° track, EXPECT further clearance by ATC (LEFT turn at or above
2000/RIGHT turn at or above 1500).
OMNI 3D 35 Climb on 350° track, EXPECT further clearance by ATC (LEFT turn at or above
1700/RIGHT turn at or above 2000).

CHANGES: None.

© JEPPESEN, 2018. ALL RIGHTS RESERVED.

------------------------------ §Sin_

Although this chart has a SID title, omnidirectional
departures do not have a route structure, so they are not
coded as a departure procedures in the database.
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Structure of Arrival and Approach procedures T
The ICAO model ‘

The ICAO arrival and approach procedure model:

IAF
Arrival 1 Approach
Enro ute transition common route transitions
a segments segment NN QA
A s e N e
' FAF MAP
Enro ute<> A AL @
Enroute
. IAF,
I\ J\ I\ )
\ Y . Y Y Y —~— The 5
i Arrival route 1 Initial segment  Intermediate  Final segment Missed | segments of
i i approachi 9
i ! segment segment | an instrument
Mapping of the model to Jeppesen charts: i i procedure
: ! \4
Approach chart
Mapping of the chart structure to GNSS database procedure records i
i Transition ID a In Europe, arrival procedures i Instrument approaches are generally coded with more than i
! Transition ID b usually have a unique starting point ! one IAF starting point selection available within the !
i rather than multiple transitions i, Approach Transition field of the database H
i Transition ID ¢ \4 i
N Transition ID 1 V

Transition ID (=initial waypoint ) & Arrival Designator Transition ID 2 Approach ID

Transition ID 3

The typical arrival structure involves STAR routes beginning at enroute waypoints
and ending at the IAF and Instrument Approach procedures starting at the IAF
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Arrivals [
1. Naming -

Summary of RNAV Arrival procedure titles in Jeppesen charts:

standard IFR procedures
RNAV STAR
RNAV ARRIVAL

RNAV ARRIVAL
RNAY RNAV TRANSITION
RNAV INITIAL APPROACH

Note that an “Arrival” chart may be a ‘general’ route (not coded in the RNAV database),
or a continuation route coded within the transition selections for an approach
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vPPF.ﬂREURS?PI;_
2. Arrival Procedure Designators
JJERPRESEN JERSEY, UK
JESeré\ZJER 10-2A) IGINERTT

Example: STAR designator

This is the name used by ATC, and also the ICAO

*ATIS

112.2

Apt Elev
277"

JERSEY 1A [JSYIA], JERSEY 2B [JSY2B]

Alt Set: hPa

Trans level: By ATC  Trans alt: 3000'

..............

. . Lo . . JERSEY 2P [JsY2P],(JERSEY W [JsYIW
designator if a shorter version is not printed in [ISY2RIASREL LISY1W]. Aos
JERSEY 1N, JERSEY 2Q
(CU rvedAbrackets) BY ATC, NOT TO BEASSED FOR FLIGHT PLANNING
‘ : \ £ s
waypoint

Example:

» Other than in the UK, usually the
name of the waypoint or fix at the
start of the procedure

* In the UK, usually the full name of
the waypoint or fix at the end of
the procedure. However the UK
is now gradually changing
towards the ICAO standard

name \/

Version number

of the procedure,

increased by 1
every time a
change is made,
cycling back to 1
after 9

1 dlglt 1 Ietter [database identifier]

~ JERSEY 1w [szvv]

* the database |dent|f|er is printed in [square brackets]
« If the ICAO designator is a 5LNC, it will drop the last character
« |f the ICAO name is a VOR, it will use the 3 letter ident of the VOR

A code letter for a
specific arrival route.
Important, because
many different routes
may share the same
waypoint name.
Otherwise, a route code,
runway code or other
ATC code.

» - Terminal procedure database identifiers are always in the format ElIEIEIEIE or EEIEIEIEIE

- No other record uses this format. Other identifiers at the top of a “Transition” or “Initial
Approach” arrival chart will denote a fix, waypoint or other kind of route name which,
usually, means that the route is coded as a transition that is part of an Approach

procedure record
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ki,
. | PI’_L'IR EUR_?PE
3. RNAV STARs and Arrivals
Some STARs and Arrivals are designed as RNAV procedures, but many are RNAV overlays of
conventional procedures.
However, they are flown the same way. They are extracted from the database and the
waypoints are loaded and flown using the same mechanisms.
Select Arrival - LFLY EEE{./LYN .,:,': - Yo
R P T
AMVASN | | 7
RNAV STARS ------""""""7° 128.125| 659" |3 i .
AMVASS CTL instructions 1o join the cleared approach procadure.
AMVAR 5N [AMVASN]
ARSO5N PINED 5N [PINESN]
RWY 34 RNAV ARRIVALS
X AMVAR 55 [AMVAS5S]
ARS055 PINED 55 [PINESS]
RNAV Overlay STARS A RWY 16 RNAV ARRIVALS
CFASN \ i\ °" TOUR DU P
\ FE
\ ST EXUPERY-
T = 3= [zl
SPEED RESTRICTION " o ;
sotreim it o tone | N IR O
> =< Bran Apt 32 NM
A S—T S— "E LRt ® % con
H S 77.4 BSOS 4D ) RWYS 16: FL70 (4500T)/140 AV =z O 3 o =4 Nes 218 £005 293
e v S 3411 0 e Lot B ey
LIS LSE R-301 D24.0/29.0 = A=ruw g é 3kt
N ez il B 2t = wpusztt \ B 00 gL
~ée e uu \ s F i L2353 B Mg i o AMVAR
4 3_280E o
_ - - — @ <=7 < =% Hl [ax 250 K1As |
. D40.0 LSE Ee L8] 8 o ::SK::fL N
ARSOM 7 ey S ey
N4& 08.2 E003 25.2 DIRBA &a % ke :ﬁng
)0 N5 06.8 E!)I)Il!ilp N4g 00.0 E0O4 30.2 ~ Lmh < A P -;}ﬂ
05> 4;,%25 E ) E e\ w0 m:ja'l'.A/
LABAL N et o N s
N46 01.7 EO03 21.3 2 " wv = GOMET
I e AW AN ) i ‘
18 2L 15007 o S A Rfs‘q 10 5164 D2.0/13.0
A an‘ss‘:q“ﬂ"s%v( 2% o s TouR DU PN 5%5 A PO iboond 250
663 ’ @B 11025 R0A | ws 70 oo 308 ) Ms| 1585 11| B - HoT 10 ScALE emliiEmsto
N46 03.6 E004 00.0 \\ \J 2;\ -
o [=]
THIERS g ﬁ _Z
CLERMONT E”j ﬂ Direct distance from TALAR to ] \J —
114.35 CF 2.9 £00: Z on
e il [Piiars v | o) % (pR
- A5 447 E005 05.4 5 rZ‘
5
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4. Example of RNAV STAR with Transition

AR
' PPL/IR EUROPE
*- St

Some Arrivals lead into Transitions between the end of the Arrival and the I1AF.

EGKB/BQH
BIGGIN HILL

EGKB/BQH
BIGGIN HILL

20 APR 18 (10-2C

*JEFFEssN BIGGIN HILL, UK

,,,,,

135.675

W IEPPESEN
- BIGGIN

& f— 098

HOLDINGS OVER

[ khAV TRans (Tion |

Apt Elaw
135.675 599

OSVEV 1J [05V1J]
ISITION

/ Yo
(e

HOLDING OVER
JACKO

MAX 210 KT
MAX FLI4O

MHA FL8O
f jlbl‘—
e

JACKO 1A [JACK1A]
JACKO 1B [JACK1B]
JACKO 1D [JACK1D]

RNAV ARRIVALS
30 MAX 250 KT BELOW FL100

AAAAAAAA

MAX zso KT ||4 55C|.N

MAX 250 KT

i, \V/

083 -

JACK!
MAX 210 KT
FL90

Unfortunately, the database and GNSS receiver model does not allow for two consecutive

procedures between the airway structure and the approach. For that reason, sometimes the

Transition is combined with the STAR, and sometimes with the Approach, and naming conventions

can be problematic.

This is another reason for careful advanced planning (for example, the OSVEV 1J Transition above
Is named as the JACKO Transition in Garmin receivers, and OSVEV1J is not mentioned.)
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Approach Procedures - Names and Classifications | éw—\
1. Introduction iR ECROPE,

« This section will review how conventional and RNP APCHs are coded and presented in GNSS databases, and the formats used
for approach procedure names and database identifiers

- The examples illustrate the RNP APCH issues relevant to this section, but not every variety of procedure is detailed

- The description of Database Overlays does not mean that GNSS can be used as primary guidance for conventional approaches.
The regulations state that the underlying aids must be used on final approach

- Some receivers do not provide guidance for some of the path-terminators used in database approach overlays. A pilot relying on
such GNSS guidance may find that it is suspended, and no “magenta line” and CDI indication (or autopilot LNAV commands)
are present during critical segments of approach or missed approach procedures

- We will present the formal ICAO model of approach classification on the following pages, but the table below is a simple
summary

Database Overlays RNP APCHs

ApRTETEE) Tt | Only up to FAF * Yes
procedure
Precision
Approach * Most ILS approaches are coded as database overlays
Procedure (PA)

* GLS approaches (not used by GA)
» LPV approaches with 200’ DH

Approach with « LPV approaches with higher DH
* LNAV/VNAYV approaches

Vertical Guidance
(APV)

NGBS « Most published conventional non-precision approach « LNAV approaches
Approach procedures (VOR,NDB) are coded as database overlays . :
L INEN(NZAVY « Radar approaches are not coded * LNAV+V (Garmin — Advisory GS only)
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2. Naming Conventions ‘

- Given the rapid development of RNAV and PBN, not surprisingly there are differences in the way
that approaches have been classified and named.

- Historically, GNSS based approaches have had chart titles including GPS, GNSS, RNAV,
RNAV(GPS) and RNAV(GNSS). However, all these approaches have always required on-board
self-contained performance monitoring and alerting, which means that they are all RNP
procedures.

- ICAO has recognised that the historical naming conventions are not logical, and has decided that
all GNSS based approaches should be modified to be named either RNP or RNP(AR). (RNP(AR)
is only used where operators need authorisation to use them and their details are outside the
scope of this manual.)

- Also, ICAO have changed the classification of approaches over the last few years

- Another point that can cause confusion is that the minima lines of an approach (eg LPV,
LNAV/VNAYV and LNAV) do not define the approach. Strictly speaking, we should say ‘an RNP
approach to LPV minima’, but for simplicity, this is informally referred to as an ‘LPV approach’.
On R/T it should be referred to as an RNP approach, regardless of the minima line being used,
as ATC does not know or care what minima can be used by the GNSS receiver; they will refer
only to the approach described by the chart title.

- Even if the designation within the GNSS receiver remains RNAV, the designation on the AIP and
Jeppesen plates is RNP, and that will the terminology used by ATC, and the pilot should use the
same terminology.

- If the GNSS database in the aircraft receiver is up to date, then the discrepancy between the R/T
designation used by ATC and the designation in the GNSS database can be ignored.
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Approach Procedures - Names and Classifications
3. Overview of New Approach Classifications ICAO Annex 6

PPL/IR EUROPE

« ICAO has introduced a new method of classifying instrument approaches and approach operations, set
out on the following page. This new classification is intended to simplify and more accurately describe
the various types of approaches, harmonise the classification system with the introduction of RNP
approaches and optimise runway requirements in relation to both RNP and conventional approach
operations.

» The new classification is intended to separate:
 the way the crew flies the approach in practice (“The Approach Operation”)
+ the type of runway at the end of the approach (“The Approach Runway”)
« the specification of the underlying instrument approach technology (“The System Performance
Procedure”)

» Approach operations are divided into
« 3D approach operations, in which a continuous indication of vertical deviation (ie glidepath), is
available
« 2D approach operations, in which it is not

» 3D approach operations are further divided into Type A or Type B depending on the DH (>= or < 250 ft)

 To illustrate the new classification with examples:
« An RNP APCH APV approach may be designed to a non-instrument runway. It would be flown as
a 3D Type A approach operation, with minima higher than those typically used to a precision
approach runway (described in the table as “VMC”)

« An RNP APCH non-precision approach might be flown (both to the LNAV minima line):
« As a 2D approach operation with the crew cross-checking level vs distance
« As a 3D Type A approach operation, using advisory vertical guidance on the vertical deviation
indicator (e.g. Garmin’s LNAV+V mode)
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4. Complete Classification

Below is the ICAO table giving all combinations of Type, DH, Runway and System Performance

Classification Type A Type B
Approach (>=250) CAT | (>=200") | CAT Il (>=100") | CAT Il (<100’)
Operations Method 2D 3D
(Annex 6)
Minima MDA/H DA/H

M(DA/H)>=VMC Non-Instrument Runway

M(DA/H)>=250’ Non Precision Approach

Visibility=1000m Runway
DA/H>=200’ Precision Approach Runway, Category |

App roach Visibility>=800m
Runways or RVR>=550m
(Annex 14) . .
DA/H>=100’ Precision Approach Runway, Category Il
RVR>=300m
DA/H>=0’ Precision Approach Runway, Category Il (A, B & C)
RVR>=0m
NPA NDB, LOC, VOR, Azimuth,
System GNSS
Performance APV GNSS/Baro
Procedures [SBAS
(Annex 10) PA ILS, MLS,SBAS GBAS
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Approach Procedures - Names and Classifications il
5. ICAO Annex 10 Definition of Approach Types -

* ICAO Annex 10 recognises three classes of instrument approach:

Non-Precision Approach Approach with Vertical Guidance Precision Approach
Based on a navigation system that provides Based on a navigation system that does not meet Based on a navigation system that provides
course deviation information, but no glide path the precision approach standards of ICAO Annex course and glidepath deviation which meets the
10 but which does provide course and glide path precision standards of ICAO Annex 10
Procedures have an MDA(H), but, increasingly, where deviation.
continuous descent final approach (CDFA) techniques
are to be used, a DA(H) may be published instead, Procedures have a DA(H) rather than an MDA(H) Procedures have a DA(H)

however both EASA and FAA require the pilot to avoid
flying below the MDA/H.

Examples based on traditional radio aids and radar:

LDA with glidepath
VOR, NDB, LOC, LDA, SRA (an ILS-like installation not meeting PA criteria, LPV200, ILS, PAR
eg. because of the localiser offset from the runway)

Examples based on GNSS:

RNP approach procedures to LNAV/VNAV
minima
Vertical guidance provided by SBAS-GPS or Baro-

RNP approach procedures to VNAYV systems available only in a few light aircraft

LNAV minima LPV200

. . RNP approach procedures to ) ,
“ " or - K - .. LPV with a DH < 250
Published overlay” or “stand-alone” GPS non-precision LPV 250’+ minima

approaches, which use LNAV minima . . :
S Vertical guidance provided by SBAS-GPS. Procedure

may ‘downgrade’ to LNAV/VNAV minima if satellite
signal or runway environment/lighting does not meet
LPV criteria
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Approach Procedures - Names and Classifications i)
6. Names ‘

 Traditionally the aids to be used for an approach are specified in the approach title. For example, if the
title is ILS/DME/NDB, then all three receivers must be available for the approach to be flown.

CAMBRIDGE
ILS/DME/NDB(L)

RWY 23
(ACFT CAT A,B,C,D)

* In this manual we are focussing only on GNSS equipment, but RNP approaches are technology
independent. Although RNP approaches are intended to be technology independent, at the time of writing
only GNSS equipment is capable of meeting the performance criteria.

» ICAO has specified that all such approaches should be labelled RNP. However, the USA has, for the
moment, not agreed this standard and will retain the RNAV(GPS) in its approach plate titles.
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Approach Procedures - Names and Classifications
7. Names

PPL/IR EUROPE

» All AIP and commercial approach plate titles outside USA have been changed to

RNP RWY XX. CALAIS, FRANCE
RNP Rwy 24

KOLN/BONN
RNP
RWY 24

 However, the receiver databases will continue to show RNAV XX Gps until

converted; at present there are no plans for this conversion process. This can
cause confusion with ATC, and the designation on the plate should be used

in ATC communications.

* AR Approaches
» Approaches which require specific operator authorisation are called 'Authorisation Required’ (AR).

« For AR approaches, outside of the USA, 'Authorisation Required' approaches will gradually be
renamed to RNP RWY XX (AR) in the AIP in line with the ICAO.

 Additionally, at the time of this edition, the FAA will continue to use RNAV (RNP) RWY XX for AR
approaches.

 This has potential for confusion, as pilots in the USA need authorisation for approaches with RNP in
their title, but, in the rest of the world, they may fly approaches named RNP. Outside the USA, “AR”
in the title denotes the requirement for authorisation.
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RNP Approach Procedures T
1. Introduction and Overview

The purpose of an instrument approach is for the aircraft to arrive at the DA in stable flight, at the correct
place and pointing in the right direction.

To achieve this, a Final Approach Fix (FAF) is created, generally on the extended centreline of the runway,
from which a stable descent can be commenced.

In order to ensure that the aircraft arrives at the FAF at the correct altitude, speed and track an
Intermediate Fix (IF) is placed, normally between 3.3 and 5nm before the FAF, on the same track as the
Final Approach. The altitude at the IF is the same as, or not far above the altitude at the FAF.

To ensure that the turn at the IF is not so acute as to compromise the stability of the Intermediate

Segment, Initial Approach fixes are normally established, such that the turn at the IF does not exceed 90°.
(Although the EASA rules permit a turn of 110° on a non-precision approach, that option is rarely used.)

The most “obvious” layout to achieve this is:

IAF
e 1 IF F{XEF v
MAP
+

IAF
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2. Variations on a Theme .

* However, this ideal shape often has to modified to take account of obstacles, airspace requirements etc

IAF
* Itis very common
to see the IF also
used as an IAF:
IAF/IF<= A
B X —D
MAP
<+
IAF
< _ * Sometimes, the
(r)]mlet;mes, shape has to be
Y,\&Foe egs, or . |AF<C> adapted, for
f s are Olm'ltte ; example, the Y
or example: shape:
IAF
| A —D
FAF MAP

IAF/] F{XEF — l‘ﬁ:

MAP
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RNP Approach Procedures

3. Summary

AR
' PPL/IR EUROPE

* When approaching the procedure area, the
aircraft’s arrival track (or magnetic bearing) to
the IF determines which IAF should be used

« Maximum turn permitted at IAF is 110°

Arrival tracks more than 90° from the final approach should
route to the nearest IAF on the crossbar of the T

~
Ss

N

A\

“Right Base Area”

Fiar 8

¥ & Missed Approach segment
’
N -

Terminal Arrival Altitude (TAA) for each
arrival area

0900 —
\ 2500°

Radius in nm from the /
IAF within which the  ,/
TAA applies

3600 ——

“Left Base Area”

Initial segment

Initial segment

Arrivals within 90° of the
final approach track should

/ route to the dual purpose
7 IF/IAF at the head of the T
/7 ’ . .
/ v for a straight-in approach
/ S
,I "t
’ 4
7 7’ -
l, ,'/ ""r
7 / -
) & PPias
Vi “Straight-In Area”
ae rai -ln Area
& 9
< -
A
W el
r‘\ \‘ss s~~~~
\\ \\s “~~~~
\ 3N S
\ N, ~
\ N\,
\ .
\ e
\ .
\\ \\s
\ S

Procedures should commence
at an IAF or IF, and not at the
FAF.
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RNP Approach Procedures w2
4. Choice of IAF and the Terminal Arrival Altitude (Simple) .

Normally, the decision as to which IAF is used will be determined by the track of the aircraft. This is to ensure that the turn

at the IAF is not excessive (ie > 110°)

The correct IAF is shown by adding segments to the charts, which show the acceptable track to each IAF and containing

the Terminal Arrival Altitude for that segment.

Note that the TAA segment extends slightly beyond the IAF towards the centreline, so that the entire 360° is covered.
The TAAis the minimum terrain safe altitude; it is not the procedure altitude, which is marked separately.
Once cleared for the approach, and inside the TAA sector, the pilot may descend to the TAA, and then follow the procedure

altitudes.

IAF for this sector ----------

jm— === TAA to 25nm

-08T
5

(IAF)
NORDO
2200’
25 %
2000 WESTO
s (IAF/IF)
& WESTO<>

2000’

(IAF)
SOWFO
2000’

MIDLO
RWO09 . )
T Minimum track for this IAF
1
€L - m = :
SOWFO
AN 2000 P Maximum track for this IAF
25 |
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RNP Approach Procedures
5. Choice of IAF and the Terminal Arrival Altitude (Complex)

PPL/IR EUROPE

» Below is a more complex example of a TAA segment. Such complexity is usually applicable where there
is significant terrain near the airfield.

Note the
different
altitudes at
different
ranges and
segments

BRIEFING STRIP

1. For special instructions refer to 10-1P pages. 2. LOC DME reads zero at touchdown rwy 1

RNAV A:;Ea(!.rs Man:?:::; A1 pa/mpa) | Apt Elev 210°
178° 3300/ (3235') 1500 (1435") Rwy 65’ TAA
MISSED APCH: Turn RIGHT (MAX 185 KT) to BUNAX, then continue to stl:ll:M
GORIT (MAX 210 KT), then turn RIGHT direct to BISKI to enter holding A
climbing to 3300, or as directed. Climb to 2100’ prior to level acceleration. |
Alt Set: hPa Rwy Elev: 2 hPa Trans level: By ATC Trans }al'r: 5000'
1

8.
T

T T T T

O 5900

¥ © 7500
«1*° 010400

(IAF)

SOUKA Turning at BISKI greaier
3300‘m&: than 90° racetrack reguired.
S MHA 3300

MAX 10000
MAX 220 KT

>
2

(IAF/IF)
B BISKI b-Q%D VAVIT
oA S DI14.3 Qh 3300°
& oy MAX 210 KT
,‘——— -——-——-__--’;); L e =
' h -l
\ )
i o TAkcagy vavip A |@s00
RS D10.2 ° 0 11000
———————————————— e S O = 1572'
\,~ ® 3
- 42-40 I, =25 g
0o, 2
| BUNAX (N S
MAax 3300°
o Og
.20 ,
RECOMMENDED 2090’4
ALTITUDES )
| PISTro ) A rirupe O 2
< MAPTZ 2
4 5.0 3010°
4.0 | 2690 ) /s F o
1 3.0 2380" |} 42-30 3 * S S 6355"
4 200 | 2060 ° 83'C P g
1.0 1740° 0830 08:40 2000 08,30 I

Although there is usually
an MSA on each plate, for
use before the aircraft is
cleared for the approach,
in this case it is omitted in
favour of the TAA,
presumably because the
TAA is more detailed.

Please note that the TAA allows
an initial track of 358° to VAVIT,
which then requires a left turn of
110° (greater than 90°) to
intercept the track of 248° from
VAVIT to BISKI.
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6. The Standard Structures are not used in all RNAV Approaches .

* Not all RNP approaches follow the Y, T or trident format. There are many variations, for example:

T T =

ALIGNMENT TURN AFTER HOLDING [ 47-50 /

4.6 NM to MOKOP IFE}Tﬁfiles within Airspac
Cllass E. Watch out for VF (1F)

T}’aHic unknown to ATC. { NY435
" ' MAX 210KT

)
/

<0, %

1776'
.

GER ANY
~ o A0 AUSTRIA —+» 09:50

D‘PI-ZO

* In this example, there is only one IAF, regardless of arrival track, and, if necessary, an alignment
turn must be made.

» This demonstrates the necessity of careful self briefing in good time before commencing the
approach.
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RNP Approach Procedures
7. Radar Vectors to Final Approach

PPL/IR EUROPE

« If, instead of being cleared for a procedural approach via an IAF, ATC gives radar guidance or
vectors to the final approach, the pilot should “Activate Vectors to Final” when the first vector is
given:

T — Activate Vectors=To-Final?
Activate Approach?

~ Activate EEIEEt ﬁppr‘uu:h?

Vectors to Final EEIEEt ﬁrriuul?

Select Departure?

Select Approach
LOADED PROCEDURES

Remove Approach APE LFﬁE - RNﬁU 24

» Controllers must ensure that the turn at the IF does not exceed 90° for a precision approach or
110° for a non-precision approach.
» "Direct to" clearances to the IF may be accepted provided that it is clear to the pilot-in-command
that the aircraft will be established on the final approach track at least 2 NM before the FAF.
+ The following must not be accepted:
+ Vectoring to intercept the final track less than 2nm before the FAF
» "Direct to" clearances to the FAF
» "Direct to" clearances to a waypoint which does not belong to the procedure
« Manual input into the GNSS navigator by the pilot of user waypoints for use in the terminal area
Is not authorised
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8. Procedure Names in Navigators

PPL/IR EUROPE

« Some Navigators show the level of precision available on final approach, others only that it is an RNAV
approach.
» Even though the AIP plate is titled RNP, it could appear as “RNAV” or “GPS” in the navigator:

Select Approach - LFAC

Select Approach - EGBJ

ILS 24 ILS 27

RNAV 24 cps LPV
GTN shows precision and “GPS” RNAV 09 Grs LNAV+Y

NDB 24
RNAV 27 crs LNAV+V

VISUAL 06
NDB 09

VISUAL 24
NDB 27

EGBJ =

afT (LFAC @ Public
E24A) APPROACH

"-"4':’ GNS does not show precision
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9. Example of the “Z, Y, X...” approach procedure title convention

+ If there are multiple procedures to the same runway, which are varied, either for aircraft approach category or for routing
purposes, they are named Z, Y, X, W (in reverse starting with Z).

+ If they are for different routings ATS will specify which approach is to be flown, or the pilot can request one, but if they are
for aircraft approach category, it is the pilot’s responsibility to inform ATS which is required.

* In some examples the waypoints on the approach will be the same, with just a different MAPt; sometimes the whole
procedure is different.

~wIEPPESEN ANNECY ~FRANCE
— - LFLP/NCY ;
LFLP/NCY —w JEPPESEN NCE kAFEEr%EICY v ]“PP[ﬁl] PGYY EJR)[;N(C)E MEYTéET 2snov2z (12-3)EINEIT  copmx RMP X Rwy 04
SCHAMBERY Approsch ]’ TANNECY Tower TANNECY Information (by NOTAM) by NOTAM) ) 121.205 118.2 1182
121.205 118.2 l 118.2 121.205 118.2 118.2 ' B = —~ =TTV

:[ EoNos Final FPRaz PV CATT 1§ Fonos Final oAy PV CATT : s ;
K Apt Elev 1521° v hC MANDATORY MDA(H)
3 Ch 41014| apchcs | manoatory [ DA et o 4 Ch61882| Apchcs | manbatory L T R Ay 035> | 3900%asrey | 19307 oy | 211! TAA
ol E04A 036° 35007(2011") | Minimums Rwy 1489° ZZANAM d  E04B 036° 450073011° Minimums Rwy 1489’ o, 25 NM
£[misseo ApcH: Climb fo LP4T1, Then furn LEFT direct fo LPA12 - e omssen apcr: Climb 1o LP411 (MAX 160 KT), then furn LEFT direct 1o published e prat urn RIGHT d'f“'d'ﬂ AT (MAX70.KT) climbing to 1AF
&| (MAX 160 KT) climbing up to 5000°. At LP412 continue climb to 6500 LP412 (MAX 160 KT) climbing up to 5000'. At LP412 continue climb to and join ! Sm l"g. ?f as directe

towards AT and join holding. Climb to 4600" prior 1o level acceleration. 6500 towards AT and join holding. Climb to 4600 prior 1o level acceleration. ::’;"'“': T‘“:'I':“;"“"h'P gracien! T STV - e
[RNF apch T Al Ser: hea Rwy Elev: 53 hPa Trans level: 8y ATC Trans alt: 6500° RNP apch | Al Set: hPa Rwy Elev: 53 hPa Trans level: By ATC Trans alt: 6500° ‘ = Apt Bev: 34 ¥ [rons e 0y . fans alt: 9000 )

PIRUV HOLDING AT HOLDING 1. Baro-VNAV operations: Not autharized below -20°C. VPA sxceeds 3.5° above 12°C.
; ISR E\{*_‘ | PROCEDURE RESERVED
CONVENTI CONVENTIONAL 2. F ed Baro-VNAV. 3. Visual Surt ed 1f local ATS not\available
oo ,,,,W‘ (ALTNATE HOLDING) o ! (ALTERNATE HOLDING,)| [S0rface pensirated. S —_— T, (A in Franch onky FOR CIVIL SECURITY HELICOPTERS
o 3 "‘UV g/ P &y 2 L 400 '©'FoR MNIMUMS BASED ssm Arch C“"'K vide specific instructions
i 0], et A \DIENT OF MO i @ LP411 _‘ spexting the safety study.|
MAX 7|o T K|Z&§v 4 © RNAV holding funetion uqumd \ \ 5 o /'sos o
WHA 500 = wes A 6500 ROCEDURE 7O (
2 | o | Y WHE e
1 AILABLE. [
INITIAL AT: \

QMNIDIE INAL
ARRIVALS|P} |qmn.
[ |

3‘{8 \Lp4g5

MAX 200KT |

-/
e Wt ‘
[ MHA 6500  |-4s-50 £ MK
we (A 900 | 6500 \ | Q) r.,mm.u;q
M LP408 0970 PIRUV | MAX 70 KT
% PROCEDURE TO BE \ MAX 190 KT Ignore PAPI indication. | |
|2 ONLY WHEN ANNE v ars || | 5000 . ‘
N Yy S AVAILABLE. Y 5 75 oz \
6700 INITIAL APCH VIA COLLO: 1 @ 0540 @2205' \
OMMIDIRECTIONAL 8 o TECOMMENDED e
4 L. ARRIVALS PROH]B}X{D I.PMM R y }g« ALTITUOES R N G
J 5 (St iy MANDATORY, 05 T o
1ot S mu 6500 ‘Rwaan | ALTITUDE i
o Vy 1 oisTrorwer | T 7 : ™ KX
1 | g - 7 v 4.0 [ 3510' g P4p4
o/ TOINA | TOINA %P %) amme | 1 1 30 | 3020 [@2ne's | TOLNA 8 %
4 8400 /4/s, | MAXFLBO S Tt vo Rwoa | T 1PB4Y 20 | 2530 | (& | MAX FL8O Yo
o [gCane' i i 2 1 - MANDATORY 3.5 NM wl 10 | 2040° i
5 5 J 450" 0304300 1PB4AX
1POAZ FPBAZ RW@4 =i 500" i 1.9 NM
3900" [l g 3 6 MANPATORY 3.5 NM L 0360 ~~MANDATORYZ to RWB4H
60 3500 to N TCH displ NS00 ¥ i
T D U [ I I S L e M thresh 49 2930" —
w o [CHdispl 4.0 X X Rwy 1489
thresh 49 TO DISPL THRESH 12.0 3.0 1—-1_
" Gnd speed-Kis 70 90 | 100 | 120 | 140 | 160 4.1 Apt 1521"
16 BISPLTHRESH 9.0 37 33 .H_R"" 1489 Glide Path Angle 3.50°| 434 | 557 | 619 | 743 | 867 | 991 Rl (160 KT Lol 89
T T T | PAPLL | mAX A [Gnd speed-Krs 70 | 90 ] 100 [ 120 | 140 [ 160 6500'| AT
S o e R N AT A RO A AR e |LPATT %: 1= [Descent Angle 4.60°] 570 | 733 | 815 | 978 [ 1141[ 1304 o 70 KT
ide Parl : L 991 : STRAIGHT-IN LANDING o408 bk b~
T AR Missed apch climb ..m.m mlm 2.5% (AP o1 RWEaH A r;
| Standard | STRAIGHT-IN LANDING RWY 04 DBIDY LPV CATI INAV/VNAV gg‘\x hmm STRAIGHT-IN LANDING RWY 04 CIRCLE-TO-LAND
Missed apch cimb gradiont mim 2.0% A: 22197 (730') A:24097 (920) A:26407 1151 INAV w/o Local QNH BN
g cm LNAV/VNAV &R oam) 8: 23397 (850" oA B: 28397 (1350') oanonm 8: 32507 (1761°) worw 1930" (409') o] AN 1
“" 2 ” ’(850°) ; 094 ;gg;’usso A/MOAH 8:32507(1761") c: 2499 (1010 €:2909" (1420 c: 33407 1851°) <
A ! (730" )c 4 7(1010')|A:2409 1920") C: 7(1420)|A:26 401151 c3340‘ 1851") A RVR_1500m "
W 1500m 5 M {500 R 1500m £ #v 1000m 10| 3280° (1759') 1000m
RVR 1500m VR 1500m RVR 5000m T
i 50005 c]| RVR 2400m RVR 2400m o s
Lt “W"‘ B For Special Operating Requirements se PAPI mandatory at NIGHT.  E PAPI mandatory A Wer oo e
Requirements see ' "‘""d"wv at NIGHT. PAPI mandatory for DAY landings lanes with a landi once speed of more than 80 KT (148 km/h). 2| B Mandartory s G with Chambery APP.
Jord o referancs "’““ v e 80 XI. CHANGES: Communications, PAPI noe. © APPESEN, 2015, 2022, ALL RIGHTS RESERVED. T — R TT TTETY T

P weercrn n
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RNP Approach Procedures ol
10. “Z, Y, X...” not always all Coded .

* In Annecy case, from the previous page, not all three procedures are included in the Jeppesen database;
X is omitted, even though it has different waypoints, tracks and distances:

Select Approach - LFLP

RNAV 04 Y cprs LPV

RNAV 04 Zcps LPV
NDB 04

VISUAL 04

VISUAL 22

» That the procedures are different, and that a procedure is omitted demonstrates why it is important to
cross-check the database with the procedure chart.
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11. Minima Lines - LNAV

——
"PPL/IR EUROPE

RNP approaches may have several minima lines; they all include LNAV, and

can also include LNAV/VNAYV and/or LPV

The LNAV minima line corresponds to a non-precision/2D approach.

* When flown with a TSO-C129() (non-SBAS unit)

>
>

linear deviation indication on CDI is provided
Garmin annunciation APR

* When flown with a TSO-C146() (SBAS unit)

> angular deviation indication horizontally (localiser-like) and vertically mr"""%!;;;:\\
(glideslope like) ,: — | =%
» Garmin annunciation LNAV , T v T
> LNAV+V with advisory vertical guidance may also be available iy — N
> pilot remains responsible for adherence to step down fix levels on the T 2=
published approach plate for LNAV approaches even if a Garmin +V : e sl
glideslope is provided by the GNSS receiver. -
> glidepath not necessarily obstacle free Std/State
LNAV/VNAV LNAV

below MDA

BREST, FRANCE
RNP_Rwy O7R

“SRETAGNE Tower
120.1

W _JEPPESEN

LFRB/BES A=
BRETA/GNE oz fi2-D)

..... STAND! Apronch VIROISE Approsch | ANVEOC Appronch

129.355 | 1224 125.860 | 1206

o EGNOS Final FBOTR LPV CAT I ov 325
5 Ch 51177 Ap:’:{ri MANDATORY DA(H| Apt Elev 325

7A 072°  [2000"170) | 5397(250) | Awy 289"
&|misseo apcu: Climb to RB510, then turn LEFT direct to RB500
climbing to 3000". MAX 200 KT. Climb 1o 1200 prior 1o level acceleration.

RNP Apch | All Set: hPa

Rwy Elev: 11 hPa

Trans level: By ATC__Trans alt: 5000'

MAX 190 KT
MAX FL6O
MHA 3000

SMA 1700;

I

3
IBB7R
MAX 185 KT

FBA7R

R1300m

paH) D7 97(290")

)

8 0A/MDA

CDFA
w 6807(391"

R1400m

R1800m
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12. Minima Lines - LNAV/VNAV and LPV ‘ o

ey RS RO
: "t [ R [ e | e | e
The LNAV/VNAV minima line corresponds to an approach with vertical §°"E%;L" B e | el |~
guidance (APV)/3D.
« Operated “like an ILS” e
« Aircraft with FMS use Baro-VNAV to fly LNAV/VNAYV approaches ] wwl/»../ Eiid
— Vertical guidance using baro-altitude {/ LTy
— Various scaling conventions . l
—  Minimum temperature "“’”w
- When flown with a TSO-C146() (SBAS) unit . -t Ao
— angular deviation indication horizontally (localiser-like) and vertically : L .
(glideslope like) e . " ——
ST rao7R P
— surveyed vertical guidance i i
—  Garmin annunciation L/VNAV [ e
The LPV minima line also corresponds to an APV/Precision/3D Approach. g— g
» Operated “like an ILS” e | e | e
* Requires SBAS vaaoond
* When flown with a TSO-C146() (SBAS) unit EeEE —

— angular deviation indication horizontally (localiser-like) and vertically
surveyed vertical guidance Std/State
— Garmin annunciation LPV LPV CATI

« Both LPV and LNAV/VNAYV may fall back
to LNAV if SBAS or integrity is lost.

LNAV/VNAV LNAV

CDFA
ALl DA/MDA(H) 680’(391 Al

pAH) 9397 (250° paH) 9797 (290’

R1300m R1400m R1800m
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13. Minima Lines - Example

——
PPL/IR EUROPE

The greater accuracy of SBAS allows tighter tolerances and resulting lower DAs, which can
be as low as 200’, equivalent to a CAT | ILS.

Profile depiction
shows ILS-style

-
——
-
_—————
-
=

glide path arrow

Profile depiction

shows both lower

LPV Decision Altitude
and MDA for LNAV

Minima table includes

LPV minima

ROGTO JADSBF RW@s ==
o, W~ mm==TT
2000 f=081°——=4"~-. -7 ’—
__—_
= TCH 40'
35 NT Ty Y
8.7 5.2 g
Gnd speed-Kts 70 90 1oo | 120 | 140 | 160 HIALS
Glide Path Angle 3.00°| 377 | 484 | 538 | 646 | 755 | 861 o [TAMZ1
MAP at RWa8 T
STRAIGHT-IN LANDING RWY 08 CIRCLE-TO-LAND
- LNAV.
__________ CDFASS <
par) 5907 (306" oarwpmme 530 (346~
ALS out ALS oo — =gl BQQHQ‘A;H;

A 100 4007] = = 1560m=
1 rvr 1000m RVR 1400m RVR 1200m RVR 1500m & \7
B 135 79075007 ~1600m
C C ~
— NOT APPLICABLE — NOT APPLICABLE
D D

">~ LNAV minima

Since October 2022, for Non Complex operations, EASA guidance material permits the use of a
DA in a LNAV CDFA approach, allowing the aircraft to descend briefly below the DA before going
around. (The writers understand that this is the CAA approved procedure for the UK.) For non
CDFA approaches, EASA still requires the use of an MDA which does not allow any descent
below the MDA. (The FAA and many other countries treat the minima of LNAV’s as MDA’s.)

For LPV and LNAV/VNAV approaches, Jeppesen publishes a DA. For LNAV CDFA approaches
without a glideslope, Jeppesen describes the altitude minima as a DA/MDA. National AIP charts

have various different descriptions.
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RNP Approach Procedures
14. Plate Example

PPL/IR EUROPE

Garmin GNS530W procedure selection page
EDDK /CGN raePPESEN COLOGNE-BONN, GERMANY  There are no TAA i -
COLOGNE-BONN 1 SEP 17 RNE Rwy 37R segments, because of the arT |EDDEK Public
D-ATIS UANGEN Rador [APF] | COLOGNE BORN COLOGHE EORR N Ground location of the IAFs, NVO
irecior AP awar (R] \ 7 . _ .

112,150 132.125)  118.750 121.050 124.975 11725 | / g”d COdL* so the MSA must APPROACH
2 Final Minimum Al | INAV/VNAV | o7 , beused
B envav Apch Crs RARIX DA(H] p
g 316° 30007 2698y | T72' 470" Fwy 302°

g| missep apch: Climb on 316° to 5000°. When passing DK666 or
2000°, whichever is later, turn RIGHT direct to COL.
Alt Set: hPa [IMN on reg| Rwy Elev: 11 hPa Trans level: By ATC Trans alt: 5000'
——— T T — - = \,
’ S 853’ . PR \ s \ o
-, ° #873 e ™ ey \ This is not a standard “T”

I
1 ~ p
DK660 @‘ \, : Balo VN.MLnbt aurhorred \s\haped RNP approach,
9,

helw 15° € instead the IAFs correspond
to the arrival route structure
at EDRK

\

L Note naming difference |_ Garmin GNS530W flight plan waypoint list
7 (see p105) b
Approach RNAY 32R
PBN procedures generally

have an Intermediate Fix on CDL
ot the final approach track (as

in this case) so a “C” type Ty DKESS 239?1

N s / T ' final approach track fix CNF

[:':__,_——j / ; is not needed RF’.RI }{ 31 ??1
DK6ss) | R 0TH4 317

Qb-\'-‘ B _/|
) ‘a0 . . .
Note that in this procedure, RARIX is coded
- as the Final Approach Fix (see also p 126) . RH32R 31 ??1

L X
- 07-30

R 929'5. é]no. 1;;’0. 13'5%, 22';30. 2;;;_, Eg_n/ The step down fix is coded with the // DKebb 317
o] AL - ——]-_ 2900
i 2 N | RARIX P’ published CNF identifier: the “30” refers™t to )
i ?0 Rwig;'gL___ | o 3 3000 3.0nm to the “TH” (Threshold), the “4” is a 200075 3175
RW32R i Y =, vk g —_ code number to used to uniquely identify
TCH 50° I """" > each of the CNFs at 3nm from threshold for DKSB-'I
M | different runways at EDDK

Rwy 302" t """"""""" 30 1 5.3 ! CDL 122?1

] 8.3
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RNP Approach Procedures

PPL/IR EUR()I’E_

14. Briefing

EGJA/ACI oy JEPPESEN ALDERNEY, UK ) .

S AIAC [t D)) RNP Rwy 08  Brief yourself thoroughly, from either Jepp plates or the AIP,
§ 126,605 r 125,355 130,505 well before commencing the approach. In particular, note the
Bl ch'd5014| aprcre | mantory | oamy |AptElev 90 positions of the IAFs, the “cake slice” TAA/MSAs for each
I EOBA 080° ’ | 5907 (306") wy d . .. . .
B e i STRA,;:T“ e LS e sector serving those IAFs and the minima lines available

and continue climb to 200" fo BANLO to join holding, (LPV, LNAV, LNAV/VNAYV) and their minima for your

RNP Apch. | Alf Ser: hPa Ry Elev: 10 hPa Trans level: By ATC TmnTi?ffg;oo' approaCh Category

» If you have a legacy (TSO-C129) navigator, such as a
GNS430, check RAIM, either online or on the receiver.

+ Determine the IAF which serves your direction of arrival and
load the approach from that IAF. As part of the loading
process, read the page which shows the waypoint and
graphic and check the visual layout of the graphic as well as
every waypoint, track and distance, including missed
approach and hold against the plate.

-|__oIsTroRwas | —9 | o | 3.0 | 70 | 1.0 S'-':'r] uence
“ ALTITUDE | 1940" | 1620° | 1290° | 970’ | 650’ AM OG A A
ROGTO JABBF J—
MANDATORY’ Rwas
' 0 AN TR e T~ 0 y
2000" F-080°~—=Srr ROGTQO A 170 4.6nm
' TCH 40' JAUBF '\ 081" 3.5nM
I 3.5 ; Rwy 284’ N
8.7 5.2 0 RWO0O8 A @ 081" 5.2nM
Gnd speed-Kis 70 | 90 [ 100 ] 120 | 140 ] 160 & AMB1
Glide Path Angle 3.00°| 372 | 478 | 531 | 637 | 743 | 849 ApaPL: o 38
e c ! JAMO1 4 081" 3.8nm
STRAIGHT-IN LANDING RWY 08 CIRCLE-TO-LAND -
Y e BANLO A © 296° 7.8nm
oar) 9907(306") oa/moar; 6307 (346"
ALS out ALS out Kra. f 0
= = ] 550 400 1o ] Hold 260" 0.0nm
i RVR 1000m RVE 1400m RVR 1200m RVR 1500m oA
B 135] 790°500°)  1600m
gl NOT APPLICABLE < NOT APPLICABLE
]
wlP ]
4
£
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RNP Approach Procedures whos)
16. Activating the Approach ‘

—w _JEPPESEN ALDERNEY, UK i i i irfi i
EGJA/ACI ) RNP Rwy 08 . :\Itfntg thhat ]?l-n rr]nalny n?wgart]ors, the dehsti;natltc))n alrlflelgl V(\;I” be
*GUERNSEY Approach (R, *ALDERNEY Tower #Ground (By ATC e t In t e | t an a ter t e a r n
: 128.655 125.355 130.505 g p pp oac as bee oade '
el “EGNOs Final JABEF LPY ot Eley 290° above the 1AF.
E| Ch 45014  apchcrs MANDATORY DA(H) pi Elev RCTIVE FLIGHT FLAN
8 e | 00 _aonw' v |90 o | _wm e
& : Climb STRAIGHT AHEAD JAM@1, then turn LEFT "
= ::\scjﬂc:o:;?;ue clrinmb to 2000 to BANLg)cm join h::ldeing', HAYEOINE 2TE e =
or as directed. T Enroute

RNP Apch. | AlT Sef: Pa Rviy Elov: 10 s _ Trans Jevel: By ATC Trans alt: 5000° ORTAC 53¢
I 49-50 .

m— 0 205
i fAirproach RNAV 08
AMOGA 1 2887
ROGTO 1707

* Flightplans always sequence from top to bottom, so this
would route the aircraft to the airfield before the IAF.

* To prevent this, the waypoint for the airfield must be
removed, or the pilot can choose to fly DCT to the IAF
(bypassing the airport waypoint) or the approach can be

activated PROCEDURES
Activate Vectors-To-Final?

e T Select Approuch?
ROGTO JAGSF Select Arrival?
2000° 080"—-—%!;“\ e Select Departure?
2000";“ =~
TCH 40° . . .
_ 55 Ry 284 * The only effect of activating the approach is to make the
8.7 5.2 0 . .
o T— AN NN T TiAMg1 IAF the next waypoint in the sequence. It has the same
R Al effectas DCT to the IAF. [EEEED
| standard [ v STRAIGHT-IN LANDING RWY utmv CIRCLE-TO-LAND fApproach RNAY B8
s §90"08) onon 630 |, AMOGA 1 250",
% "vR 1000m RVR 1400m RVR 1200m v 1500m ::Z g:g’;zz‘ :::2’“— ROGTO 170
- ; = JAOSF - 0803
g : NOT APPLICABLE ? NOT APPLICABLE RHBS 089:
H

JAMB1  B81%
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RNP Approach Procedures m,ﬂ:;\
17. Flying the Procedure ‘ o=

EGJA/ACI e o s A Bwy 08+ Ensure that the CDI is selected to GPS.
P R R B P « When you are cleared for the approach, route directly to the IAF, either
é| oA 080° 2000 07e) | 590706 | mwy e |[ by Activating the approach or by DCT to the IAF, descending to the IAF
={2nd continus climb o 2000 16 BANLG 16 foinholding. 1! altitude remaining above the TAA/MSA.
or as directed. ey
Py S e e e — Loading an approach puts the waypoints and their leg terminators
% g into the flight plan of the navigator.
T RO %/Qhﬂﬂ . . Lo
AMGGA % BANLO "‘-----__,h__“ - A_ctwatmg the approach makes the IAF the next waypoint in the
3 014 ¥y flightplan sequence
\’j; RW@S é—%{ﬁ"@;wl ]
o * Follow both the_ profile ano! the tracks carefully. If you ha\_/e SBAS, keep
080"~ | the CDI centralised, even in the turns. If you have HSI without
\; eLoun w autoslew, turn it to the next track when prompted by the receiver.
- L \
] iﬁﬂB‘DN ) * Only descend on the profile once the track has turned magenta and the
] o . CDl is within half scale deflection.
e — e T—w—— e
ROGTO JAlﬂaF was » Before the FAF, ensure that the expected annunciations (APR, LPV,
200" f-080° MBI LNAV, LNAV+V or L/VNAV and GPS) and that no unexpected ones
TS (-, ) are showing.
T TN N L YRR = amey ° Atthe FAF ensure that the final approach track goes magenta, the To
Iy aamon__ <4 flag is showing, the Glidepath indicator (if available) and the CDI are
FIRACHTIREOME T Oay centralised and that there are no warnings.
DAH 590’(30:; - DA/MDA(H) 630’-:::::”' s o .
| wrion | wmien | e | eesie OIS Bygring the final approach, check regularly for warning annunciators and
§% NoT APPLICABLE 1 o wrcsas do not ignore them. Check any altitude restrictions.
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RNP Approach Procedures
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18. Go-Around and Missed Approach

EGJA/ACI o TJEREESEN ALDERNEY, UK
ALDERNEY [+t | -1 RNP Rwy 08
*GUERNSEY Approach (R’ *ALDERNEY Tower #Ground (By ATC)
: 128.655 125.355 130.505
o[ EGNOs Final JABEF PV ;
Bl ch45014| apchers MANDATORY DA(H) Apt Elev 290
9 EOBA 080° 20007 (1716) | 5907 (306" Rwy 284"

missep ApcH: Climb STRAIGHT AHEAD to JAM@1, then turn LEFT
and continue climb to 2000" to BANLO to join helding,
or as directed.

2000

MSA ARP

RNP Apch, | Alf Set: hPa Rwy Elev: 10 hPa Trans level: By ATC
T T T

Trans alt: 5000°

- 49-50

o
AMOGAY
e T %/ 60°

, 2!

({1AF) ~X

AMOGA BANLO™ ~ ~==aL__
~—

EGNOS.

2000° <Q>
3 Ch 45014 E0BA

=
<

=
=
(IAF/IF)
ROGTO.
- 49-40 P
> ELDUN <
o] @ 3
: g

oL

10
P

—0lh

ROGTO

g

=]
2
1 ELDUN
2000°
02;5{] 02-20 -
- DISToRWES | 5.0 | 4.0 | 3.0 | 2.0 | 1.0
- ALITUDE | 1940 | 1620° | 1250° | 970" | 650"
ROGTO JAQSF
l RW@8
MANDATORY S~
080 —————— % -
2000 200071~
l TCH 40"
5.5 Rwy 284"
8.7 5.2 a
Gnd speed-Kis 70 | 90 | 100 [ 120 | 140 [ 160 & JAME1
Glide Path Angle 3.00°] 372 | 478 | 531 | 637 | 743 | 849 APAPI
LPV: MAF at DA = *
LNAV: MAP at RW@8 N
STRAIGHT-IN LANDING RWY 08 CIRCLE-TO-LAND
LNAY
CDFA
o) 5907(306") oa/moa 6307(346)
ALS out ALS out Kt MDA[H VIS,
A 100 '(400"
I &wr 1000m RVR 1400m RVR 1200m v 1500m 6901400} 1500m
B 135 790°500") 1600m
M (s c
&1 NOT APPLICABLE = NOT APPLICABLE
e 1] D
z
<
=

If the annunciator changes to a lesser specification (eg LPV to LNAV) above
1000’ AAL, providing it has been briefed, reset minima as appropriate and use the
distance vs altitude table. If it changes below 1000’ AAL, go around.

The decision at DA is the same as for a conventional approach, but it should be
noted that the MAPt for an RNP approach is normally located at the threshold,
such that guidance is available. For this reason, in the event of a missed
approach, the MAPt is passed some time after the go-around decision and the
aircraft might have gained considerable altitude.

On the missed approach, once past the MAPt, and above any altitude restriction
before the first waypoint, unsuspend waypoint sequencing on the navigator. |If
you do not unsuspend, guidance continues straight ahead. The method varies
according to the navigator. On the GTN you are prompted on a pop up screen,
covering the map:

while on the GNS you have to notice
the SUSP annunciator and press the
OBS button beneath it:

Missed Approach
Waypoint Reached

Automatic Waypoint Sequencing
Suspended g

Using a non-SBAS (TS0O-C129) navigator, do not turn before reaching the altitude
specified in the MA Procedure.

The missed approach will then sequence in the flightplan.

Note that some older RNP approaches require conventional aids (eg NDB) in the
missed approach. If these aids are not carried, the pilot should ask for an
alternative missed approach before reaching the FAF.
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Database Overlay Approaches
1. Coding in Database

PPL/IR EUROPE

* Most conventional approaches (ILS, NDB etc) are coded into the GNSS database, and it is permissible
and normal to use RNAV guidance to fly the procedure until the FAF. After the FAF, the aid named in the
procedure title must be used.

« That means that for NDB procedures the ADF must be tuned and, at least, monitored, throughout the final
approach and that aircraft without ADF must not fly an NDB procedure.

- 49-30

~ 49-20

. 783"

' A
@ With BI DME: 2000’ within D18.0 BI.

@ With BI DME: 2000 within D10.0 BI. 1 988" A919"
791"
-
Fe . éa '
! \ MHA 3000 fi2e
\ MAX 5000 (S
-, 7 MAX 200 KT
\.,‘ J/O 12000 by ATC)
-~
-
b o
'30?;»\ /}o
D © 141-200 KT

O MAX 140 KT

-~
-~
-~
-~
-~
-~
-~
-~
~ -
-~

-~
-~
-~
-~
-~
-~
-~
-~
~ -
~

ILS DME

,(/304°109.95 BI ) ‘3070

é)%ﬂ

1938’ ' 4
938
02.00 (i_{) 02-1?(;&9 0220 02,30

» Each leg is coded in the database and is
followed, as in an RNP approach.

« If there are different procedures for different
aircraft approach categories, each is
normally included in the database.

* They usually start from the same IAF, and so
need to be differentiated in the navigator.
Normally, the slowest approach category is
lowest in the list.

Select Transition - LFOB ILS 30

Vectors
BVS

BVS

» Thus, Iin this case, the upper button will be
for the 101° outbound track and the lower
button for 108°
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Database Overlay Approaches
2. View in Navigator
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A

T
@ With BI DME: 2000 within D18.0 BI. 955

@ With BI DME: 2000 within D10.0 BI. ) 088"

I|,f'\",‘19'

791"
-
Fe ~ éa '
i \ MHA 3000 &91224’
L MAX 5000 4
49-30 ‘\ MAX 200 KT €

7 [ )
, \.\s J/c (2000 by ATC)
. 783 \\\ U‘/
30¢c‘,\|~ Fo

© 141-200 KT
O MAX 140 KT

ILS DME

,(304°_109.95 BI)

775°

968
)

é;m‘ 938’
02-00 & 0210 ¢ 02:20

~ 49-20

Once the IAF is selected, only the appropriate
pattern will show in the preview pane.

~~ PROC - Approach
Sequence
BVS OO ___° ___m
D6.9 102° 6.9mm
Cl130 A 304° 2.0mm
FI30 A @ 304" 3.0nm
RW30 A @ 304" 3.9mu
1.5m4
1.0nm

1100FT 304°
BVS & 126

Airport Transition

LFOB

Approach

ILS 30 Z BVS

In SBAS (TSO-C146) navigators, the base turn is shown and can be navigated using the CDI.
However, in non-SBAS (TSO-C129) navigators, the base turn is not included and must be flown

manually: LFOB _® Public

APPROACH

ILS5 38

TRAHS
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Database Overlay Approaches
3. Example of an ILS approach

PPL/IR EUROPE

Garmin GNS530W procedure selection page

AarT [EDDK @ Public

EDDK /CGN siJeppeEsen  COLOGNE-BONN, GERMANY
COLOGNE-BONN (1-) EmEm LS or LOC Rwy 32R
ATIS COLOGNE-BONN Director (APP | COLOGNE-BONN Tower (R} Ground
112.15 124.2 121.05 124.97 121.72

e apeh crs Lom T
109.7 317° 16607 (1558") | 5027200 Ry 3027

5000'.

MisseD APcH: Climb STRAIGHT AHEAD to D3.2 KBO or 2000,
whichever is later, then turn RIGHT to COL VOR climbing to

Alt Set: hPa (IN on req)
LOC: DME REQUIRED.

Rwy Elev: 11 hPa

Trans level: By ATC

Trans alt: 5000

MSA
KBO VOR

APPROACH

-
7N

[ 50-55

~ 50-50
(Dangerous

industrial planH*O

L4 869"
)

959’ b4
.

1257°

{

© 2800' within 15 NM

1 selections available for this

This is a conventional
transition, the transition

__Lond?

(0]
Activate?

procedure also include ‘long’ __-
RNAV arrivals

-
f”
-

-
4”
-
-

-

-
f”
-

P

Pt
-
-
-
-
-
-~
L

Garmin GNS530W flight plan waypoint list

Approuch ILS 32R |
CoL

D246H
RARIX

A CNF is created in the coded procedure
corresponding to the intersection between the
COL 246 radial and the lead-in radial for the
turn to the final approach (131 radial KBO)

2467
3175
318

Note that RARIX, the charted final approach
fix, is preceded by a turn from either of the
two IAFs. Older FMS units cannot support a FIS2R
final approach fix without a prior waypoint on

the final approach track. Hence, the J/ RH32R

3185

EO: COLOGNE-BON
= 327 LV
T D5.0 KBO
O
3 s,
& (317°109.7 IKEN
% oot o
2 32
© nssy, 0o
= (& 7]70
07;10
LOC KBO DME 3.0
(GS out)| ALTITUDE 1030’
TCH 51"
RWY 32R 302’

approach track fix and a CNF at the outer
=7 marker (FI32R) as the FAF. This is
I~ ° “discrepancy” exists only to support a
technicality of older FMS units and illustrates
why non-approved database overlays must
not be used for primary guidance — a pilot
flying this procedure must observe the

> database procedure uses RARIX as the fingd
D317C

3175
3175

20004
CoL

published FAF at RARIX
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CDI Sensitivities - A
1. Introduction .

* In this page and next two, CDI scale refers to full scale deflection.

« The CDI (HSI or OBS) has different sensitivities at different stages of the
flight. These sensitivities also vary between RAIM and SBAS receivers, as
shown graphically below for RAIM and on the following page for SBAS.

* ENR is the annunciation for Enroute mode and has a scale of 2 nm for
SBAS and 5 nm for non SBAS receivers. ENR is set anytime the aircraft is
more than 30 nm radius from the departure or destination airport, unless it is
on a RNAV 1 or RNP 1 route (in which case it annunciates TERM, with a
scale of 1 nm). If no departure or destination airport is set in the flight plan

I
Full Scale Deflection (FSD)

or as a DCT, the receiver will enunciate ENR with the applicable ENR abbreviated to “Scale”
sensitivity.

« TERM is the annunciation for Terminal mode CDI sensitivity with a scale of 1 ENR (non-SBAS)
nm whenever the aircraft position is within 30nm radius of the departure or .
destination airport, until it reaches the final approach track of an approach. > sy

« The 30nm is Radius, not track miles. B A =

* Note that the scaling doesn’t change instantly; the change is gradual to
prevent pilot or autopilot “chasing” a small deviation that has suddenly iNR (ZS:EAS)
turned into a big one (on a non SBAS receiver going from ENR (RNAV 5) to 20m
TERM, a one dot deviation becomes 5 dots.)

TERM
Mode annunciator: indicates how the o 1nm N
4 1.nm [

GNSS is automatically adjusting the
scale and the position integrity alert to
the limit appropriate to the phase of
flight

External CDI source
annunciator: GPS vs Nav
Receiver
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CDI Sensitivities
2. Non-SBAS

. o
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CDI scaling on a non-SBAS receiver is relatively simple:

Sloping line represents continuous adjustment of

CDI scale from one range to the next 30 nm prior to
RNy destination
TNl (or start of terminal
\\\ procedure if before 30 nm)

_ 1 minute
FAF 2 nm prior to FAF after start of

_TERM V- N e

' Approach mode:
Missed Approach: CDI CDl scale is 0.3 nm

Enroute
mode: CDI

Terminal : : scaleis 5 nm

scaleis 1 nm

scaleis 1 nm

oS = N T
4 map Final segment
-
N_ -
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CDI Sensitivities -
3. SBAS ‘

Blue bubbles highlight how SBAS sensitivities vary from non-SBAS

CDI scaling on the FAT of GNSS approaches is angular
* 2°*, similar to that provided by a localiser. On all LPV and LNAV/VNAV
approaches, an ILS type glidepath is provided, and on some LNAV approaches
an advisory angular synthetic glidepath is calculated by Garmin TSO-C146()
units.

*(except when 2° angular displacement is greater than 1nm, when scale becomes linear 1nm, and when, close to the
runway, it reduces to 100m, scale becomes linear 100m.)

Missed approach mode: Scaling in ENR mode is 2nm,
CDlI scale is 0.3NM _ not 5nm
(If the initial missed approach track is Approach mode: CDIscaleis  3onm prior to

more than 3° off the final approach Angular starting at the IF. destination :
track the CDI scale reverts to 1nm.) The final approach (or at start of :

annunciator appears at the  terminal procedure if : E N R
IF for procedures, and before 30 nm.) :
immediately if vectors are Y 4

activated. f1nm
: prior to Enroute

. \: ichange mode: CDI
CDlI scale is 0.3nm | L NA\/|/ TERM mgzgﬁggll scale is 2nm

scale is 1nm

{}, ————————- A & A -— ——
4 Final segment @‘mmé
N ="
Different approach mode annunciations, based on the procedure
available and the position accuracy available: 1nm as opposed to 1 minute.
[ LNAV |use LNAV minima, no glidepath available Starting at 31 nm not 30 nm

[LNAV+V |use LNAV minima, advisory glidepath will be displayed on HSI
L/A/NAV |use LNAV/VNAV minima, glidepath will be displayed on HSI

[ LPV |useLPV minimaand both track and vertical guidance on HSI
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RNP APCH operating procedures

1. Introduction

.
| PPL/IR EUROPE
£ N

The table below is a suggestion of operating procedures for RNP Approaches

Phase of Flight Operating Procedure required or recommended
(in addition to conventional IFR procedures and checks)

* IFR approval and serviceability of GNSS and alternative navigation equipment
+ Availability of GNSS Approach and alternative conventional procedures
1. Pre-Flight Planning » Weather forecasts for destination and alternate. GNSS approach and alternate minima
* RAIM prediction (if non-SBAS)
* NOTAM check (including SBAS)

+ GNSS database currency and coverage
 Chart currency and coverage
» Check coding of expected GNSS approach procedure against published charts
2. Pre-Flight Checks * GNSS receiver self-test, Instrument Panel Self Test,
» Check CDI scaling is Auto, SBAS selected on, North/Track up and auto-zoom as required
* Flight plan entry and RAIM prediction (if necessary)
» Check GNSS position before take-off

« Select and check the Arrival/Approach procedures
* Check MSA/TAA

» Determine the appropriate IAF

* Load the procedure

3. Pre-Arrival

* Gross error check approaching the IAF, and check that the GNSS is in TERM mode
* GNSS and Navigation instrument mode CDI selection

» Check activation of APP, LNAV, LNAV+V, L/VNAV or LPV mode as applicable

» Check Magenta line, TO Flag, CDI Centred, SUSP.

4. Flying the RNP APCH procedure

« Activation of the Missed Approach procedure and the need to manually unsuspend waypoint sequencing

& [ L0e 1 S5EE A BTEEe * Mode selection and pilot actions in non-RNAV missed approach segments

« Communications during normal procedures

Sh/AING Cl el « Communications in the event of a GNSS navigation failure

7. Contingencies in the event of a * Immediate actions
GNSS navigation failure » Reverting to alternative procedures

» «Each of these procedures is detailed in the following pages

* This section includes only the key elements needed for GNSS Approaches in addition to
conventional IFR operating procedures and checks
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RNP APCH operating procedures
2. Pre-Flight Planning

——
"PPL/IR EUROPE

Operating Procedure Notes and comments

* The pilot is responsible for ensuring that the GNSS installation is approved for IFR and RNP approaches

IFR ?DDFO_V?' and - the aircraft flight manual (or equivalent) is the primary source of this information
serviceability of GNSS « The operator must ensure that the flight manual and installation is kept current: the receiver manufacturer
and conventional may, at times, require mandatory software and hardware upgrades, or issue updates to the flight manual

navigation equipment ) ) ) ) ) o
* Unless a VFR alternate is available, the pilot must also ensure that appropriate conventional navigation

equipment is serviceable and IFR-approved

» The pilot should review and brief both the RNP and conventional procedures available at the destination
and alternate. This is useful even though a GNSS satellite system failure is unlikely:
+ Conventional navaids may be used for gross error checks and monitoring of GNSS guidance
+ ATC may require a non-RNP procedure to be flown for operational reasons, eg a conventional
procedure or radar vectoring may be shorter and quicker

Availability of GNSS and
alternative non-GNSS
procedures

* The normal IFR planning requirements apply to RNP APCH

* Note that different minima apply for different types of RNP APCH. The approach plate will indicate the
different minima applicable. The type of approach chosen, and its related minima, will depend upon the
approved equipment and whether SBAS is available.

» Under EASA rules, either the destination or the alternate must have a non-RNP instrument approach
procedure which is anticipated to be operational and available at the estimated time of arrival, and which
the aircraft is equipped to fly.

Weather forecasts for
destination and
alternate. RNP and
alternate minima

* If SBAS is not available, RNP NPAs require RAIM prediction to be performed and to indicate that RAIM

RAIM prediction (SBAS will be available at the destination ETA. The UK CAA recommend that RAIM should be available for a 15
not available) minutes either side of ETA. In Europe, http://augur.eurocontrol.int/ec/status may be used for RAIM
prediction, and is preferable to using the Receiver’s built-in prediction software
NOTAM check * The pilot’s review of applicable pre-flight NOTAMSs should include a check of the availability of GNSS,
(incl. SBAS) SBAS, conventional and missed approach procedures and of radio aids.
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RNP APCH operating procedures W
3. Pre-Flight Checks .

Operating Procedure Notes and comments

* The receiver must use a current database, supplied from a source approved
by the manufacturer

+ As well as checking the overall geographic coverage, the pilot must ensure
the database includes the specific airports and the individual procedures that
may be required

* Plates and charts must also be checked for availability and currency

GNSS database currency
and coverage

* When the GNSS unit is powered-up, the pilot should verify that the self-test procedure is successful
» After a position fix has been acquired, the pilot should monitor the receiver for Loss of Integrity alerts at all

times
» User-definable receiver settings should also be checked, in particular where an aircraft is flown by a more
GNSS receiver self-test, than one pilot or it is used for training, when features may deliberately be changed or switched off.
user selectable settings, « Such checks may include: Set CDI scaling to 'automatic’; SBAS is on; Check setting of alarms,
LOI monitoring airspace and altitude buffers; Check Map display settings, de-clutter and map orientation; Check

heading and track display (magnetic, true etc...); Check the units of measure of distance, speed,
altitude, barometric pressure and position format; Select display to show at least: Desired Track
(DTK) / Groundspeed (GS) / Distance to next waypoint (DIS); Check date and time format; Check
setting of other units of measure such as fuel quantity.

* When the enroute flight plan is entered it should be checked against the filed flightplan

Flight plan entry and » Check the flightplan on the GNSS map for gross errors (eg waypoint of similar name in different country.)
RAIM prediction (non « If SBAS is not available, and Augur has not previously been checked, GNSS RAIM prediction should be
SBAS) performed.

» The RAIM prediction should be repeated whenever the destination ETA changes by more than 15 minutes
Requirement to use a * RNP terminal and approach procedures must only be flown using guidance from the database
database coded * A terminal and approach procedure created from user-entered waypoints may never be used
procedure for RNP (RNAV 5 waypoints may be entered manually).
APCH
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RNP APCH operating procedures e

4. Pre-Arrival

Operating Procedure Notes and comments

* When the runway is known, the likely procedures should be selected from the database but not activated or

Selecting and checking armed. If ATC do not provide a clearance to a specific IAF, the correct IAF should be determined based on the

the Approach procedure aircraft’'s bearing to the IF and the arrival quadrant information in the approach chart. This IAF should be
selected.

Determining the » ATC clearances should be read back carefully; some TMAs have a large number of similar sounding RNAV

appropriate IAF waypoints

» At this point, a cross-check of the selected procedure should be performed
- firstly, checking that the correct Airport, Procedure, Transition and Runway identifiers have been selected
- secondly, checking that the database waypoints correspond to the published chart

« If the PBN procedure is satisfactory, it may be activated in the active flight plan
» “GPS” (rather than “VLOC”) mode should be selected for the receiver CDI output,
and the correct annunciator display should be verified
» Within 30mn of the destination, the CDI should scale to 1nm (max deflection) and
“TERM” mode (or equivalent) should be displayed
Example: Garmin 530 mode annunciation ¢
CDI sensitivity 1nm in Terminal mode © -
CDI output toggled from VLOC to GPS =~

Activation of the
procedure and CDI
scaling

* When database terminal and approach procedures are active, IFR units automatically adjust the CDI full-
scale deflection and the RAIM position integrity alert to the limit appropriate for each phase of flight
» Garmin example:

CDI scale depends on

SBAS FAF

\_ Non-SBAS (0.3nm)

5nm (non SBAS)
2nm (SBAS)

Missed App. mode:
CDl scale LNAV 1NM
LPV 0.3NM

%, ------—— : . :
( LEE : @‘mmé Sloping line represents continuous adjustment of

.. - CDI scale from one range to the next
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5. Flying the Approach o

Operating Procedure Notes and comments

* Prior to the IAF the pilot should perform a gross error check of the aircraft position (using non-GNSS
navigation if possible)
» Recheck that the procedure is active and the receiver is in TERM mode

 The receiver will provide excellent “micro” situational awareness in tracking from one waypoint to the next.
The pilot must also maintain “macro” situational awareness with respect to the destination airport, radio aids,
airspace boundaries, traffic, weather and terrain

» Set up any conventional radio aids required for the missed approach. If the missed approach is an RNP

procedure, also brief a non-RNAV missed approach in case of GNSS failure (or determine a safe course of
action if a non-RNAV MAP is not available)

Checks approaching the IAF

* Prior to the first waypoint, the pilot should reconfirm the CDI output to the HSI is toggled to “GPS” mode, and
that the GNSS Map or Nav page settings are suitable for guidance during the procedure
* The pilot should establish a “mini checklist” for each procedure segment, for example:

GNSS and Navigation - approaching a waypoint, self-brief on the next track, distance and level
instrument mode selection - when the receiver announces 10s to next waypoint, set the HSI to the next track
and flight guidance - monitor the receiver (not the HSI) during the 10s countdown, and be prepared to promptly establish a

Rate 1 turn as soon as the display says “Turn now to XXX°”
* In particular, note that most receivers display only distance to the next waypoint during a procedure, not
DME-style distance to the runway threshold

» The operating logic of most receivers makes it relatively easy to learn how to load and activate a procedure

Use of the receiver if a hold and follow the guidance from waypoint to waypoint

or vectors to an intermediate Conversely, the same operating logic can be quite difficult and confusing when inevitable ‘real world’
waypoint on the approach disruptions occur (ATC vectors and holds; changes of IAF, procedure or runway; direct clearances to
are required intermediate waypoints)

* A pilot should be familiar with managing such tactical changes to the flight plan

» Within 2nm of the FAF, the pilot must check that the appropriate approach mode is active — this is a critical
check which also ensures that the CDI scaling is adjusting correctly and, if SBAS not available, that RAIM is
Check activation of APP predicted to be available for the approach. Descent on the final approach must not commence unless
mode prior to the FAF the approach mode is active
« After the FAF, if alert limits are exceeded, LPV will degrade to LNAV using RAIM, at which point LNAV
minima apply, and if RAIM is lost, an integrity warning is annunciated and a missed approach commenced.

» In addition to this brief summary, any pilot intending to fly RNP APCH should study the appropriate
official guidance material.
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6. Flying the Missed Approach

* A strict logic applies in GNSS receivers. Up to the coded MAPt, waypoint sequencing is automatic. At the coded MAPt,
automatic sequencing is suspended, while the CDI provides guidance straight ahead, and the pilot must manually re-
initiate guidance for the missed approach.

AR
I PPL/IR EUROPE

* GNSS database procedures are coded so that the Runway Threshold waypoint is always the Missed Approach Point
‘MAPY.

* For Continuous Descent Final Approach LNAV approaches and SBAS approaches with vertical guidance, the DA is
always before the MAPt at the runway threshold. If a landing cannot be made, at the DA a climb must be initiated.
The receiver (on Garmin units) will announce ‘ARRIVING WPT’ approaching the MAPt at the threshold. The SUSP (on
Garmin units) is displayed indicating that automatic sequencing of waypoints has stopped; the CDI goes to FROM and
the vertical deviation indicator is flagged off. The MAPR (on Garmin units) is annunciated with CDI scaling switched to
+/- 0.3 nm for SBAS missed approaches and 1nm for non SBAS missed approach.

» For non SBAS receivers, follow the published missed approach instructions for any climb that may be required
Activation of the before pushing the OBS (SUSP) button at the specified turning height to reinitiate automatic sequencing so as to
Missed Approach receive course guidance to the next waypoint.
procedure and the
need to manually
re-initiate waypoint
sequencing

» For SBAS receivers and LPV approaches, the first waypoint on an LPV missed approach is always aligned with the
runway direction. Accordingly, the SUSP key can be pushed immediately after SUSP (on Garmin units) is displayed at
the MAWP. In addition, SBAS receivers , unlike non SBAS receivers, defer giving course guidance to the next
waypoint until the published altitude for the turn to the next waypoint is reached.

« Until sequencing is re-initiated, the GPS receiver will continue providing guidance along the final approach track and
extended centreline.

* Even if the Missed Approach procedure mode is initiated before the MAPt (eg. with a direct-to the MAPt), waypoint
sequencing will be suspended at the MAPLt.

* This logic may appear somewhat strange, but it is essential— it means that there is no risk of automatic waypoint
sequencing unexpectedly changing the guidance at a critical point late in the final approach or early in the go-around
when the aircraft may be too low or slow to change track safely.

» Therefore, a pilot flying the Missed Approach procedure must always manually re-initiate waypoint sequencing after the
MAP is reached and the “SUSP” annunciator is displayed.
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7. Flying the Missed Approach - Continued -

* During the missed approach, the GNSS Navigator will always provide track guidance and waypoint sequencing for
“RNAYV friendly” path-terminators such as a TF (Track to Fix) segments.

» However, even standalone RNP APCHs often need to use path-terminators that are not fully supported by GNSS
receivers. Such procedure segments will be listed in the flight plan, but some combination of the following is possible

Mode selection and —automatic waypoint sequencing is suspended (for example, the GNSS navigator may not “know” when a conditional
pilot actions in terminator, such as “2000’ or 4DME - whichever is earlier”, is reached).

non-RNP missed —track guidance through the CDI is not provided, neither is autopilot LNAV guidance available.

approach segments —the GNSS receiver Map may not display a ‘magenta line’ for the segment.

 Path-terminator support is specific to individual GNSS receiver models (and sometimes different software versions for
the same receiver). A pilot must be familiar with the user manual instructions on waypoint sequencing and path-
terminator support, and prepared to fly the missed approach procedure using conventional navigation if RNAV guidance
is not available.
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8. ATC communications

Operating Procedure Phraseology

Communications during
normal procedures

Communications in the
event of a GNSS
navigation failure

Pilots should request clearance to fly the procedure using the phraseology:
‘(Aircraft c/s), request RNP approach, via (Initial Approach Fix Designator), runway xx’

Where traffic conditions permit, air traffic controllers shall clear the pilot to follow the procedure using the following
phraseology:

‘(Aircraft c/s), cleared RNP approach, runway xx, (report at [Initial Approach Fix designator])’

For traffic sequencing and to aid situational awareness, air traffic controllers may request the pilot to report when
established on final approach track or to report at any other relevant point in the procedure. For example:
‘(Aircraft c/s), report established on final approach track’

‘(Aircraft c/s), report 2 miles from final approach fix’

Air Traffic Controllers, to instruct the pilot to report at the final approach fix, use the phraseology:
“(Aircraft c/s), report final approach fix’

After reaching the final approach fix, the pilot will continue to fly the procedure towards the next waypoint
(normally the runway threshold). At the appropriate time, the pilot will either continue with the air traffic
clearance received or will execute the Missed Approach Procedure (MAP).

All reference to range must be to the next waypoint, and should not require DME, unless DME is specified
in the procedure description.

When Air Traffic Control is aware of problems with the GNSS system, the following phraseology shall be used:
‘(Aircraft c/s), GNSS reported unreliable (or GNSS may not be available [due to interference]): In the
vicinity of (location) (radius) [between (levels)] OR In the area of (description) [between (levels)]’
‘(Aircraft c/s), GNSS unavailable for (specify operation) [from (time) to(time) (or until further notice])’

Following a RAIM or Integrity indication, pilots shall inform the controller of the event and subsequent intentions.
‘(Aircraft c/s) Unable RNP (due to [reason eg Loss of RAIM OR RAIM alert]) [intentions]’
‘(Aircraft c/s) Loss of RAIM or RAIM alert [intentions]’

» In general, the ICAO standard is that if a pilot can not comply with RNP requirements or experiences an
GNSS failure, the radio call to ATC should be “(Aircraft c/s), Unable RNP due equipment’ followed by a
request for an alternative course of action as appropriate
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9. Contingencies in the event of a GNSS navigation failure -

» Before an RNP approach has commenced, there are three additional contingencies a pilot should plan for in addition to the
conventional IFR approach contingencies

- a GNSS Loss of SBAS/Loss of Integrity alert or a GNSS position alert, warning that the aircraft has deviated beyond the
required lateral or vertical protection limit

- A failure of the receiver to automatically sequence to the correct Approach mode at the FAF

- any uncertainty about whether the procedure may be continued safely; for example: a navigation cross-check
discrepancy, a pilot’s confusion about the GNSS guidance or mode status, excessive deviation from the vertical profile

Immediate actions

Reverting to alternative
procedures

lllustration of contingency procedures

If GNSS receiver falls back from LPV or LNAV/VNAYV to LNAV on the approach above a height of 1000’ you may
continue the approach as an LNAV approach using LNAV minima. If below 1000’ you must go around.

If GNSS receiver fails:
Aviate: stop any descent and configure the aircraft appropriately

Navigate (if prior to the Intermediate fix) continue on current heading if able to immediately contact ATC and
request vectors to an alternative procedure, otherwise turn to the MAP

Navigate (if after the Intermediate fix) continue on final approach track, check the missed approach procedure,
select non-GNSS aids as required and continue (or turn to) to the MAP. If a non-RNP missed approach is not
available, the pilot should have determined an appropriate course of action prior to the approach

Communicate: advise ATC “(Aircraft c/s), Unable RNP due equipment’ and/or as appropriate

The “default” contingency in the event of a GNSS failure is to fly the missed approach and request ATC clearance
for a conventional procedure at the destination airfield. If no conventional procedure is available, the flight will
have been planned with an alternate airport that does have a conventional procedure or where VFR conditions are
forecast

In practice, ATC may be able to provide vectors directly to a conventional approach if the failure is early in the
procedure. If a conventional procedure is not available, and fuel reserves permit, the pilot may request a hold to
allow the receiver to be reprogrammed or to wait for RAIM availability to be restored.

The pilot should ensure that appropriate documentation/User Manual for the receiver is
available, and must follow any limitations or contingency procedures it specifies
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This following pages list the Learning Objectives (LOs) of the EASA CBIR theoretical knowledge (TK)
syllabus that are relevant to PBN. The PBN LOs are part of the IR Radio Navigation syllabus and are
set out in the Appendix to AMC & GM to Part-FCL — Issue 1, Amendment 10, ED Decision
2020/018/R.

We have decided to omit the IR LOs, as we struggle to think who might do the EASA IR Exam, so
those in the IR syllabus, but not in the CBIR or BIR, which were in previous editions have gone.

However, we have added in the GNSS LOs, as they are largely covered in this manual
E indicates that it is in the Exam, B that it is required Background Knowledge

There is also a column to indicate whether each LO is included in the BIR syllabus. There are a few
in BIR syllabus but not the CBIR, which we suspect might be an error at EASA, but don’t know.

Each LO is referenced to the relevant page of the book in which it is explained.

For existing EASA IR pilots yet to gain "PBN privileges", it covers all the learning required for the TK
element of obtaining them - whether through oral examination during an IR proficiency check, or a
written exam at an ATO

For those training towards the EASA CBIR or BIR, it may be used to revise for the PBN elements of
the Radio Navigation exam.

= Some topics which are unlikely to be relevant to most GA fixed-wing pilots, but are in the LOs, are
included in Appendix 1. We have kept explanation of such topics to an absolute minimum, so that
you have enough information to pass any relevant exam questions.
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General

Operation

GNSS

State that there are four main GNSSs. These are:

- USA NAVigation System with Timing And Ranging Global Positioning System
(NAVSTAR GPS);

- Russian GLObal NAvigation Satellite System (GLONASS);

- European Galileo;

- Chinese BeiDou).

State that all four systems (will) consist of a constellation of satellites which can be
used by a suitably equipped receiver to determine position

State that there are currently two modes of operation: standard positioning service

(SPS) for civilian users, and precise positioning service (PPS) for authorised users.

SPS was originally designed to provide civilian users with a less accurate
positioning capability than PPS.

Name the three GNSS segments as follows:
— space segment;

- control segment;

— user segment.

E 47
B 47
E 47
E 47
B 48
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Space Segment

Control Segment

User Segment

GNSS

State that an ionospheric model is used to calculate the time delay of the signal
travelling through the ionosphere.

State that satellites are equipped with atomic clocks which allow the system to keep
very accurate time reference.

State that the control segment comprises:
— a master control station;

- a ground antenna;

- monitoring stations.

State that the control segment provides:
- monitoring of the constellation status;
— correction of orbital parameters;

- navigation data uploading

State that GNSS supplies three-dimensional position fixes and speed data, plus a
precise time reference.

State that a GNSS receiver is able to determine the distance to a satellite by
determining the difference between the time of transmission by the satellite and the
time of reception.

State that a GNSS receiver is able to determine the distance to a satellite by
determining the difference between the time of transmission by the satellite and the
time of reception.

B 162
B 163
B 48
48
B 48
B 165
B 165
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CBIR BIR Page

GNSS

User Segment State that the initial distance calculated to the satellites is called pseudo-range * B 165
because the difference between the GNSS receiver and the satellite time references
initially creates an erroneous range.

State that each range defines a sphere with its centre at the satellite. B B 167
State that there are four unknown parameters (x, y, z and At) (receiver clock error) B B 165
which require the measurement of ranges to four different satellites in order to get

the position.

State that the GNSS receiver is able to synchronise to the correct time reference B B 165
when receiving four satellites.

State that the receiver is able to calculate aircraft ground speed using the space * B 165
vehicle (SV) Doppler frequency shift or the change in receiver position over time.

Define ‘receiver autonomous integrity monitoring (RAIM)’ as a technique that E E 54
ensures the integrity of the provided data by redundant measurements.

State that RAIM is achieved by consistency checks among range measurements. E E 54
State that basic RAIM requires five satellites. A sixth one is for isolating a faulty E 55

satellite from the navigation solution.

(* Oddly, this is a requirement for BIR, but not CB-IR, which we think is probably a typo at EASA Towers.)

143



EASA Learning Objectives

PPL/IR EUROPE

GNSS

Errors and factors List the most significant factors that affect accuracy:

— ionospheric propagation delay;

affeCtlng - dilution of precision;
accuracy - satellite clock error:
— satellite orbital variations;
— multipath.

CBIR BIR Page
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Ground-based
augmentation
systems (GBASSs)

Satellite-based
augmentation
systems (SBASs)

Explain the principle of a GBAS: to measure on the ground the errors in the signals
transmitted by GNSS satellites and relay the measured errors to the user for
correction.

State that the ICAO GBAS standard is based on this technique through the use of a
data link in the VHF band of ILS-VOR systems (108-118 MHz).

State that for a GBAS station the coverage is about 20 NM.

State that GBAS provides information for guidance in the terminal area, and for
three dimensional guidance in the final approach segment (FAS) by transmitting the
FAS data block.

Explain the principle of an SBAS: to measure on the ground the errors in the signals
received from the satellites and transmit differential corrections and integrity
messages for navigation satellites.

State that the frequency band of the data link is identical to that of the GPS signals.

Explain that the use of geostationary satellites enables messages to be broadcast
over very wide areas.

State that pseudo-range measurements to these geostationary satellites can also be
made, as if they were GPS satellites.

State that SBAS consists of two elements:
- ground infrastructure (monitoring and processing stations);
— communication satellites.

CBIR BIR Page

Ground-, satellite- and aircraft-based augmentation systems

E

57

57

57

57

57

57

57

57

57
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CBIR BIR Page

Ground-, satellite- and aircraft-based augmentation systems

Satellite-based
augmentation
systems (SBASs)

Aircraft-based
augmentation
systems (ABASs)

State that SBAS allows the implementation of three-dimensional Type Aand TypeB E E 59
approaches

State the following examples of SBAS: B B 57
- European Geostationary Navigation Overlay Service (EGNOS) in western Europe
and the Mediterranean;
- wide area augmentation system (WAAS) in the USA;
- multi-functional transport satellite (MTSAT)-based augmentation system
(MSAS) in Japan;
- GPS and geostationary earth orbit augmented navigation (GAGAN) in India.

State that SBAS is designed to significantly improve accuracy and integrity. B B 56

Explain that integrity and safety are improved by alerting SBAS users within 6 E E 59
seconds if a GPS malfunction occurs.

Explain the principle of ABAS: to use redundant elements within the GPS E E 54
constellation (e.g. multiplicity of distance measurements to various

satellites) or the combination of GNSS measurements with those of other navigation

sensors (such as inertial systems) in order to develop integrity control.

State that the type of ABAS using only GNSS information is named Receiver E E 54
Autonomous Integrity Monitoring (RAIM)

State that a system using information from additional onboard sensors is named E E 54
aircraft autonomous integrity monitoring (AAIM).

Explain that the typical sensors used are barometric altimeter and inertial reference B B 54
system (IRS).
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PBN principles

PBN concept (as described in ICAO Doc 9613)

List the factors used to define area navigation (RNAV) or required navigation
performance (RNP) system performance requirements (accuracy, integrity and
continuity)

State that these RNAV and RNP systems are necessary to optimise the utilisation
of available airspace

State that it is necessary for flight crew and air traffic controllers to be aware of the
on-board RNAV or RNP system capabilities in order to determine whether the
performance of the RNAV or RNP system is appropriate for the specific airspace
requirements

Define accuracy as the conformance of the true position and the required position

Define continuity as the capability of the system to perform its function without
unscheduled interruptions during the intended operation

Define integrity as a measure of the trust that can be placed in the correctness of
the information supplied by the total system. Integrity includes the ability of a
system to provide timely and valid alerts to the user

State that, unlike conventional navigation, performance-based navigation is not
sensor specific

Explain the difference between raw data and computed data

Define availability as the percentage of time (annually) during which the system is
available for use

32

13

20

32
32

32

17

157

52
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Navigation Specifications

RNAYV and RNP State the difference between RNAV and RNP in terms of the requirement for on- E E 20
board performance monitoring and alerting

Designation of RNP Interpret X in RNAV X or RNP X as the lateral navigation accuracy (total system * E 20

and RNAV error) in nautical miles, which is expected to be achieved at least 95 per cent of
g . the flight time by the population of aircraft operating within the airspace, route or
specifications procedure
State that aircraft approved to the more stringent accuracy requirements may E E 20

not necessarily meet some of the functional requirements of the navigation
specification having a less stringent accuracy requirement

State that RNAV 5 is used in the enroute and arrival phase of flight E E 29
State that RNAV 1 and RNP 1 are used in the arrival and departure phases of E E 29,30
flight

State that RNP APCH is used in the approach phase of flight E E 24,26
State that RNP AR APCH is used in the approach phase of flight E E 159

(* Oddly, this is a requirement for BIR, but not CB-IR, which we think is probably a typo at EASA Towers.)
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Specific RNAV and
RNP system
functions

Use of PBN

Recognise the definition of an RF leg
Recognise the definition of a fixed radius transition (FRT)

State the importance of respecting the flight director guidance and the speed
constraints associated with an RF procedure

Explain the difference between a fly-by-turn and a flyover

Define the term ‘offset flight path’

46
27
46

42
157
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PBN principles

On-board
performance
monitoring and
alerting

Abnormal situations

Database
management

PBN Operations
Define ‘path definition error’ (PDE)

Define ‘flight technical error’ (FTE) and state that the FTE is the error in
following the prescribed path, either by the auto-flight system or by the
pilot

Define ‘navigation system error’ (NSE) and state that the accuracy of a
navigation system may be referred to as NSE

Define ‘total system error’ (TSE) and state that the geometric sum of the
PDE, FTE and NSE equals the TSE

State that onboard performance monitoring and alerting of flight technical
error is managed by onboard systems or crew procedures

State that on board performance monitoring and alerting of navigation
system error is a requirement of on-board equipment for RNP

State that on board performance monitoring and alerting of path definition
error are managed by gross reasonableness checks of navigation data

State that abnormal and contingency procedures are to be used in case
of the loss of PBN capability

State that, unless otherwise specified in the operations documentation or
acceptable means of compliance (AMCSs), the navigational database
must be valid for the current aeronautical information regulation and
control (AIRAC) cycle

33
33

33

33

59

59

59

53

72
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Requirements of specific RNAV and RNP specifications
RNAVS5 State that manual data entry is acceptable for RNAV 5 E E 75

RNAV/RNP1/2 State that pilots must not fly an RNAV 1, RNAV 2, RNP 1 or RNP 2 E E 29
standard instrument departure (SID) or standard instrument arrival
(STAR) unless it is retrievable by route name from the on-board
navigation database and conforms to the charted route.

State that the route may subsequently be modified through the insertion E E 74
(from the database) or deletion of specific waypoints in response to ATC

clearances
State that the manual entry, or creation of new waypoints by manual E E 74
entry, of latitude and longitude or place/bearing/distance values is not
permitted
RNP APCH State that pilots must not fly an RNP APCH unless it is retrievable by E E 74

procedure name from the on- board navigation database and conforms
to the charted procedure

State that an RNP APCH to LNAV minima is a non-precision instrument E E 102,
approach procedure designed for 2D approach operations 103
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RNP APCH

RNP AR APCH

State that an RNP APCH to LNAV/VNAV minima has lateral guidance
based on GNSS and vertical guidance based on either SBAS or
BaroVNAV

State that an RNP APCH to LNAV/VNAV minima may only be conducted
with vertical guidance certified for the purpose

Explain why an RNP APCH to LNAV/VNAV minima based on BaroVNAV
may only be conducted when the aerodrome temperature is within a
promulgated range if the barometric input is not automatically temperature
compensated

State that the correct altimeter setting is critical for the safe conduct of an
RNP APCH using BaroVNAV

State that an RNP APCH to LNAV/VNAV minima is a 3D operation

State that an RNP APCH to LPV minima is a 3D operation

State that RNP APCH to LPV minima requires a FAS datablock
State that RNP approaches to LPV minima require SBAS

State that the FAS data block is a standard data format to describe the
final approach path

State that RNP AR APCH requires authorisation

E

E

E

E 118
E 118
E 154
E 154
E 118,
103
E 118,
103
E 153
104
153
159
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1. FAS Data Block -
This Appendix contains information required by the
EASA 2013-25 Learning Objectives, but are unlikely to e T
be relevant to most GA fixed wing pilots. gl
[ PARAMETERS VALUES
Operation Type 0
SHAS Provider 1
Airport Idenifiar LIRF
FAS Data Block - 3
. . Apgroach Perfomance Designator 0
» The parameters that define the approach path for a single LTI — :
precision approach or APV is contained in the Final Approach B ol el o
Segment data block. LTPIFTP Longlude NN mz_wﬂ.nmce
[ LTPIFTP Elipsaidal Height {metres) 85
- For SBAS, FAS data blocks are stored in airborne databases. Dot TP 5 ] e
The data is formatted to allow for validation by a cyclic Dol FoAD Lo pocn] e
redundancy check T o Gt i
i . i Glidepalh Angle [degrues) 3
* A cyclic redundancy check (CRC) is an error-detecting code Counte Wl e =
commonly used in digital networks and storage devices to detect A z
accidental changes to raw data. Blocks of data entering these
systems get a short check value attached, based on the GUTPUT BATA
remainder of a polynomial division of their contents. On retrieval i
the calculation is repeated, and corrective action can be taken R 0143008 Fo b1 1
against presumed data corruption if the check values do not 13055 FE S0 01
match. Caloulsted CRC Valse HEIETH

* CRCs are so called because the check (data verification) value is
a redundancy (it expands the message without adding
information) and the algorithm is based on cyclic codes. CRCs
are popular because they are simple to implement in binary
hardware, easy to analyse mathematically, and particularly good
at detecting common errors caused by noise in transmission
channels.
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2. LNAV/VNAV, BaroVNAYV, Fixed Radius Transition
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LNAV/VNAV

* An RNP APCH to LNAV/VNAYV minima has lateral guidance based on GNSS and vertical guidance based on either
SBAS or BaroVNAV and may only be conducted with vertical guidance certified for the purpose

Baro/VNAV

« Baro-VNAV computes vertical navigation based on barometric pressure, rather than on GPS-based SBAS altitude.

« The barometric altimeter feeds digital altitude information into the RNAV/VNAYV unit, and the RNAV/VNAV unit
provides vertical navigation information to the pilot by computing a synthetic glidepath, to guide the airplane from the
FAF down to DH above the runway. (LNAV/VNAV approach).

« One major factor for Baro-VNAYV is temperature, which cannot be set into the altimeter; so these approaches have a
minimum OAT at which they can be used.

« For aircraft using barometric vertical navigation without temperature compensation to conduct the approach, cold
temperature limits are reflected in the procedure design and identified along with any high temperature limits on the
published charted procedure. Cold temperatures reduce the actual glide path angle, while high temperatures
increase the glide path angle. Aircraft using barometric vertical navigation with temperature compensation may
disregard the temperature restrictions.

« BaroVNAYV is usually only found in aircraft with FMS (Flight Management Systems) and is uncommon in smaller GA
aircraft, although the latest version of the Garmin G1000 system now has Baro VNAYV capability.

Fixed Radius Transition (Advanced RNP)

« The fixed radius transition (FRT) is intended to be used in enroute procedures. These turns have two possible radii,
22.5 nm for high altitude routes (above FL195) and 15 nm for low altitude routes. Using such path elements in an
RNAYV route enables improvement in airspace usage through closely spaced parallel routes.
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3. PinS Departure
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PinS Approach and departure (For Helicopters)
PinS Departure

— A PinS departure procedure includes either a “proceed VFR” or “proceed visually” instruction from the heliport
or landing location to the Initial Departure Fix ‘IDF’:

a) For PinS departure with a “proceed VFR” instruction, no obstacle protection is provided from the landing
location to the IDF. The pilot shall remain in VFR conditions to see and avoid obstacles in this part of the
flight up to the IDF, at or above the Minimum Crossing Altitude (MCA). PinS departures with a “proceed
VFR” instruction can serve multiple heliports or landing locations.

b) For PinS departure with a “proceed visually” instruction, a visual manoeuvring area is identified from a
single heliport or landing location to the IDF and obstacle protection is provided within this area. Pilots
shall navigate by visual reference to the surface and the visibility shall be sufficient to see and avoid
obstacles and to return to the heliport or landing location if it is not possible to continue visually to cross
the IDF at or above the IDF MCA.

— After passing the IDF, instrument departure criteria provide obstacle protection. The following requirements
apply to entry of the instrument flight structure at the IDF:

a) For PinS departure with a “proceed VFR” instruction, the helicopter shall depart from the heliport or
landing location and fly VFR until crossing the IDF at or above the IDF MCA. An IFR clearance shall be
obtained prior to reaching the IDF.

b) For a PinS departure with a “proceed visually” instruction, the helicopter shall depart on an IFR
clearance from the heliport or landing location and fly visually until crossing the IDF at or above the IDF
MCA.

155



Appendix 1: Additional items mentioned in the Learning Objectives
4. PinS Approach
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PinS Approach

— A PInS approach is an instrument RNP APCH procedure flown to a point-in-space. It may be published with
LNAV minima or LPV minima. The PinS approach procedure includes either a “proceed visually” instruction or
a “proceed VFR” instruction from the MAP1 to the heliport or landing location.

* Proceed visually:-

— The PinS instrument approach segment delivers the helicopter to a MAPt. A visual segment
connects the MAPt to the heliport or landing location, by a direct visual segment in which there is
obstacle protection. If the heliport or landing location and visual references associated with it can be
acquired visually prior to the MAPt, the pilot may decide to proceed visually to the heliport or
landing location otherwise a missed approach shall be executed.

* Proceed VFR:-

— There is no obstacle protection in the visual segment. The pilot shall comply with VFR to see and
avoid obstacles when proceeding from the MAPLt. to the heliport or landing location.

— The visibility for these approaches is the visibility published on the chart, or VFR minima as per the
requirement of the class of airspace or State regulations.

156



Appendix 1: Additional items mentioned in the Learning Objectives
5. Offset Flight Path, Raw vs Computed Data, Holding Pattern

PPL/IR EUROPE

Definition of an offset flight path

« Aircraft ability to comply with tactical parallel offset instructions as an alternative to radar vectoring.
For example, if a fast aircraft is following a slow aircraft on the same track, an instruction by ATC to
‘Fly Offset by X nautical miles’ can allow the faster aircraft to overtake and be climbed/descended
through the slower aircraft. This is a useful alternative to radar vectoring.

The difference between Raw data and Computed data

» Raw data is a term for data collected from a source. Raw data has not been subjected to
processing.

» While all navigational receivers convert raw signals into a readable form, conventional navigational
receivers such as ADFs, and VORs do not perform any calculations on the raw signals.

« Computed data is data that has been determined by calculation.

« For example, GNSS receivers use the raw data of satellite signals to calculate position, velocity, and
time estimates.

Holding Pattern
» Usually a racetrack pattern flown by aircraft to delay their progress for ATC, operational or
emergency reasons.

 Historical used on ground based aids, which can be substituted and/or augmented by RNAV
waypoints.

157



Appendix 1: Additional items mentioned in the Learning Objectives
6. Advanced RNP
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Advanced RNP

« Advanced RNP is a route specification that is intended for use from terminal area to enroute to terminal area.
Advanced RNP uses a variable RNP value from 2.0NM to 0.3NM and is inclusive of Standard Instrument Departures
(SIDs) and Standard Arrival Routes (STARs) and RNP APCH — LNAV and LNAV/VNAYV approach procedures.

» Advanced RNP encompasses the following PBN navigation specifications:
a) RNAV 5,
b) RNAV 1 and RNAV 2,
c) Basic RNP 1,
d) RF Turns, and
e) RNP APCH — LNAV and LNAV/VNAV.

 ltis intended that Advanced RNP would also include RNP 2 as an enroute component of the specification once the
navigation specification for RNP 2 has been finalised.

« The additional functional requirements of A-RNP are outlined on Page 27
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7. RNP AR APCH
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RNP AR APCH

The RNP AR APCH specification are for developing instrument approach procedures to airports
where limiting obstacles exist and/or where significant operational efficiencies can be gained.

These procedures require additional levels of scrutiny, control and authorisation. The increased
risks and complexities associated with these procedures are mitigated through more stringent RNP
criteria, advanced aircraft capabilities and increased aircrew training.

An RNP AR APCH authorisation is based on GNSS as the primary navigational system. RNP AR
APCH shall not be used in areas of known navigation signal (GNSS) interference.

RNP AR APCH implementations do not require any specific communication or ATS surveillance
considerations.

The State AIP will indicate that the navigation application is an RNP AR APCH procedure and that
specific authorisation is required. If distinct approvals are required for specific RNP AR APCH
procedures or aerodromes, this will be clearly identified in the AIP. An RNP AR APCH operational
approval (letter of authorisation, appropriate operations specifications (Ops Spec) or amendment to
the operations manual) will be issued by the State annotating RNP AR APCH as appropriate.

No single point of failure: No single point of failure can cause the loss of guidance compliant with the
navigation accuracy associated with the approach. Typically, the aircraft must have at least the
following equipment: dual GNSS sensors, dual flight management systems, dual air data systems,
dual autopilots, and a single inertial reference unit (IRU).
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1. The satellites broadcast a signal for civilian receivers called “L1”

The Navigation Message

The Navigation Message consists of 5 subframes of 10x 30bit words
(1500hits total) transmitted at 50bits/s, ie. every 30 seconds. See next
page for detail.

Navigation message

C/A (Coarse/Acquisition) code 50 bps
..Is the ranging code, used by the GPS receiver to measure distance to
the satellite; also called “the “Standard Positioning Service” or SPS The 1023Mbits/s is sometime also referred to as
. . . the “chipping” rate, and each BPSK modulated
The C/A code is a 1,023bit “pseudorandom number” (PRN) transmitted at bit of data as a “Chip” (change in phase)

1.023Mbit/s, ie. repeating every millisecond.

The PRN is unique to each satellite, and all the PRNs are stored in GPS

Receiver memory. Because they are long pseudorandom numbers —->
designed to be “orthogonal”, any two different PRNs will “correlate”

poorly (ie. when multiplied together, give a value near zero). C/A code - 1 Mbpg

The Receiver isolates any given satellite’s transmission by multiplying the

incoming L1 signal by that satellite’s PRN at different time shift intervals, “Modulo 2 Adder”

within the 1 millisecond sequence, until it finds a match or ‘lock-on’ (when The Navigation Message is encoded onto
a particular time shift results in a high multiplication value). It can thus the C/A at 50bits/s by changing its sign
“filter out” all the other satellites from the L1 frequency, and use the time

shift required for lock-on to calculate the satellite’s range and also extract Broadcast
(demodulate) the Navigation Message from the C/A code. See later Signal
pages for detail. -> —— -

“ L1 carrier - 1575.42 MHz

The Navigation message is encoded onto the C/A code, and the C/A is

then modulated on to a carrier frequency of 1575.42 MHz, called “L1” “BPSK” Modulatuon
/ A digital (binary) signal is transmitted by changing (modulating) a (sinusoidal)
The fundamental frequency of the system, Fo, is 10.23Mhz. The carrier and code frequencies carrier wave in one of three ways: amplitude, frequency or phase. The latter is
are multiples of this , eg. L1 = Fo x 154. All radio frequencies and codes generated in the called Phase Key Shifting (PSK). Binary is the simplest PSK method (BPSK)
satellite are from the same 10.23MHz crystal, controlled by an atomic clock which “switches” between 2 carriers 180° out of phase
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2. The structure of the Navigation Message
- The Navigation Message is transmitted as a stream Frame:1500 bits long; 30s @ 50bps
of digital data organised into a sequence of Frames Frame
» Each satellite begins sending a Frame exactly on the . .
minute and half-minute, according to its internal clock i i
1 1
\4 5 Subframes each 300 bits long: 6s @ 50bps \4
* Each Frame is made up of 5 Subframes Subframe 1 Subframe 2 Subframe 3 Subframe 4 Subframe 5
— Subframes 1,2 and 3 are repeated in consecutive
Frames and updated every 1-2 hours, on the hour Clock data = <—— Ephemeris data Almanac data —>
— The almanac data in Subframes 4 and 5 is “sub for this satellite for this satellite common to all GPS satellites

commutated”; it takes a cycle of 25 Frames (with
different Subframe 4&5 data) for the receiver to

Data that allows the GPS * An “ephemeris” is a table of values * The almanac consists of basic orbit and

receiver to calculate the small that gives the position of status information for all satellites, an
assemble the full almanac offset between the satellite's  astronomical objects in the sky. In a ionospheric model, and information to
— The almanac is thus repeated every 25 Frames il_’ltemal plock time and GPS  GPS context, it means the detailed relate GPS time to UTC
time defined by the ground model of a satellite’s orbit

and is updated approximately every 24hrs station atomic clocks -

» Each Subframe is made up of 10 Words

— Words 3-10 carry the data content of the frame as

described above & A Subframe is made up of 10 Words, each 30 bits long: 0.6s @ 50bps
— Word 1 is called the “Telemetry” word and Word1 | Word2 | Word3 | Word4 | Word5 | Word6 | Word7 | Word8 | Word9 | Word 10
contains a sync pattern used by the receiver to

synchronise itself with the Navigation Message and
thus decode the data content

—Word 2 is the “Handover” word, analogous to a SRR L el v
counter that increments by 1 in each Subframe 120 | .| .. |29]30
» Each Word is made up of 30 Bits of data <—First 6 bits are => Final 24 bits carry the data content
parity data

The Navigation Message is the ‘real-time reference manual’ for the GPS receiver, which
helps it calculate an accurate position based on the C/A Code ranging signals
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3. Other (non-civilian) signals and future enhancements to the system

Non-civilian GPS transmissions Future enhancements

R Future
arrier . .
1575 42 MHz IWVWV\MNV\J C|V|I|an-’u‘se signal
C/A Code M1 Il " < - L1C
1.023 MHz MU_U_H—L « New version of C/A code
* M (Military) code
Nav.Msg.
P(Y) Code < - L2C signal
10.23 MHz A CM (civilian moderate) code
i CL (civilian long) code
L2 Carrier i Same P(Y) Code + M (Military) code
1227.60 MHz MNVWV\N\N\) i transmitted on L1 and L2
\/ -
|_P(Y) Code L5 Carrier <« . “Safety of Life” signal
10.23 MHz Mwm 1176.45 MHz h v 9
» The P (Precise) code is a 10,230bit psuedo-random number, it » These new signals are being implemented progressively by new
is a 10x more accurate version of the C/A code satellite launches
* Normally, the P code is encrypted by a “Y” code, creating the » L1C will be compatible with existing receivers but include better
10.23 MHz P(Y) signal which can only be decrypted by military interoperability with other GNSS systems and other improvements

users — known as the *Precise Positioning Service” (PPS) « L2C is the more accurate “v2.0” civilian GPS signal and allows civilian

* The encryption is an “anti-spoofing” technique ,which provides ionospheric compensation through comparison of L1C and L2C signals
some assurance that the signal received is not being sent by a
non-GPS “spoofing” transmitter. The C/A code is potentially
vulnerable to such spoofing. » The L5 “Safety of Life” signal is specifically for civil aviation use and is

transmitted in the protected Aeronautical Radio Navigation Services

(ARNS) band

* The M code is the improved military signal

» The ionosphere delays or “disperses” radio signals differently
according to their frequency. Military (and some specialised
civilian) receivers can compensate for this by comparing P(Y)
signal reception between the L1 and L2 carriers.
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4. International time and the GPS time system

» The standard international scientific  « “Earth time” ("UT1”) defines the earth’s + The GPS system uses a time

time scale angular position with respect to the reference (“GPS Time”) maintained
The length of  second s deed by SIS shnere i he mostusefl by the st Conto round
a frequency property of the cesium- 9
133 atom. and atomic clocks are astronomy » GPS time uses the TAI second, and was set equal to
. ” « ” . . , . UTC in 1980. It does not introduce leap seconds, and
used to “count” or “accumulate * Fluctuations in the earth’s spin mean in 2008, for example, was 14s ahead of UTC (the
i i difference between TAI & UTC was 19s in 1980, hence
seconds that UT1 deviates from the precise TAI I 2008, 336.199214%). The Navigation Message
reference transmits a correction for UTC, so that GPS receivers

* TAl is derived from 230 atomic
clocks in 65 sites around the world, +UTC, the “official world time” is a
and 11 different laboratory caesium compromise between Earth time and
frequency standards TAI, it uses the TAI second, but

- The data is collated by the BIPM introduces leap seconds to account for

(Bureau International des Poids et cha_nge_s in the earth’s Spin and , _ o
Mesures) in Paris, who calculate maintain a useful consistency with UT1 « SV clock offset information is

TAI and promulgate the results to « At any given time, UTC equals TAI broadcast in each satellite’s
Navigation Message

can display UTC and local time zones.

» Each satellite carries its own atomic
clock, which will have a small error or
“offset” from GPS Time. This is
known as SV (Satellite Vehicle) time

various international centres minus an integer number of seconds.
In January 2008, UTC was 33s behind. < The GPS “calendar” is a counter of
Typically, a leap second is subtracted weeks and days of the week. ‘Date
once a year zero’ was 6 January 1980

» Time measurement is the basis for GPS navigation, because the range from a
satellite to a receiver can be determined by the time delay in receiving a signal,
and with multiple range fixes, a position can be calculated
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5. The GPS Receiver: Overview

— f—
EUROPE
— .,

Slmpllfled GPS receiver diaqram (not Garmin specific, photos are illustrative)

» The antenna is designed to provide
equal sensitivity to all satellite
signals above (typically) 5° of
elevation, and is shielded from
lower elevation signals to avoid
“multi path” error (reflections from
terrain or from the airframe)

* Preamplifier: amplifies the Radio
Frequency (RF) signal and sets
the noise level to reject other RF
interference

» Down Converter: converts the RF
signal to an Intermediate
Frequency (IF)

» A modern multi-channel receiver simultaneously detects and
processes signals from all visible satellites

* Locks on to the PRN code and extracts the Navigation message

* Calculates the relationship between GPS time and Receiver time

» Determines position and velocity (method described on next page)

v ,

Preamplifier and
Down Converter

« Oscillator provides the receiver’s time
and frequency reference

» Frequency synthesiser converts this
reference to a signal providing clock
information to the Processor

Demodulation
and Code control

C/A code
generator

\Z Nav functions and user
| \ interface
Navigation

Message

 ——

Position,
Velocity,

Navigation and
Time

Signal Processor

[CLYCLNN  Data decoding

Meas”'eme”.t Satellite positions
Pseudo-range
calculation
Receiver position,
velocity and time

Time calculations
Measurement
—

Aviation navigation database and
charts. Radios and other sensors.

The Navigation processor’s task is complicated, because the GPS receiver has no
accurate time or position reference other than the satellite signals it decodes. These
specify the exact “GPS Time” of transmission — but the receiver doesn’t directly “know”
its own GPS Time of reception. The calculation method is described on the next page.
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6. The GPS Receiver: Calculation of time and position

Stage 1: The “pseudorange” . Stage 2: The accurate fix

* When the GPS receiver is started-up, its internal or “local” clock will be
inaccurate by an unknown error, called clock bias or offset, compared to
the reference GPS Time

A modern quartz clock may be accurate to one part in a million (ie. drift by one
microsecond every second). This means that after only 1s, the internal clock error can be
the equivalent of hundreds of metres (1us = ~300m at the speed of light). A unit that's
been switched off for a week or two could be inaccurate by ~1s or hundreds of thousands
of km.

The first stage of the navigation problem is to calculate “pseudoranges”
from the visible satellites to the GPS, ignoring the local clock offset.
These ranges are “pseudo” because they are all known to be wrong by
the same (unknown) local clock error

For any given satellite, the Receiver generates the satellite’s PRN code
internally, based on its “code book”, and starts the code sequence at the
time its local clock says the satellite should have started its PRN
transmission. The internal PRN code is then time-shifted until it matches
(locks-on) to the PRN code signal from the satellite. This time-shift, or
offset, is the (pseudo) elapsed time between transmission and the
reception Time of Arrival (TOA)

The Pseudorange is derived from the TOA, assuming a given speed for
radio wave travel and the decoded time of transmission from the satellite

» The 1023 bit PRN code is transmitted at 1000 times per second, and the Receiver can
judge the “start” of a bit to about 1%, so the maximum accuracy of the C/A code is ~3m

» By decoding the Navigation Message, the Receiver gets data that allows it to correct
Pseudorange for the following errors
— The SV (Satellite Vehicle) time offset from GPS time
— Basic ionospheric corrections from the Almanac
— Relativistic effects and receiver noise

* The Receiver calculates pseudoranges from different satellites
simultaneously, so they are all subject an identical local clock error

» The Receiver then uses the ephemeris (orbital) data in each
satellite’s Navigation Message to establish the satellite’s position in
space at the time of the Pseudorange calculation

It requires a minimum of 4 satellite pseudoranges to determine a 3D
navigational fix for the Receiver.

The GPS system specification is that 5 satellites should always be available above
a mask (elevation) angle of 7.5° (usually it is 6 or more)

With 4 satellite positions known and 4 pseudoranges calculated, the
navigation problem can be expressed as 4 equations with 4
unknowns (the unknowns being the x,y,z position of the receiver
and t, the clock bias error)

The Receiver calculates a solution to these equations and
establishes a position fix

With true (rather than pseudo) ranges, it would only require 3 satellite position
spheres to determine a fix intersect. However, with pseudoranges, a 3 sphere
solution would give the wrong range. 4 pseudoranges spheres won't intersect at a
point — because the ranges are not true and consistent with a single point in space.
The receiver, in effect, solves the equations to determine which value of local clock
error creates the best intersect of the 4 spheres

The receiver also calculates a Geometric Dilution of Precision (GDOP), based on
the relative position of the satellites (satellites close together provide a weaker fix)

« When more than 4 satellites are available, modern receivers use
various other algorithms to provide a better fix

Finally, the x,y,z position from the centre of the earth is translated
into latitude, longitude and altitude using the WGS84 datum, and
GPS Time is converted into UTC. (See page 48 on WGS84)

Velocity (ie. ground speed and ground track) is calculated using a
combination of rate of change of position and Doppler shift
measurement of the L1 carrier frequency of different satellites,
compared to the receiver’'s L1 oscillator frequency
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7. lllustration of the GPS navigation calculation

Stage 1: The “pseudorange”

1023 bits

Sample of the C/A PRN codes

\ %

31 rows

%

Each row is the code from one satellite

The Receiver generates the C/A PRN code for the satellite it is * All 31 satellites use the same L1 carrier frequency to transmit
. their C/A codes using the Code Division Multiple Access
try ing to lock on to.... (CDMA) method of multiplexing that allows them to “share”
1 o 1 1 o o 1 o 1 o 1 1 o o 1 1 1 o o 1 1 o 1 o o o o 1 o o o the same Car”er

._-_._I_-_-_.J l * A particular C/A code can be extracted from the “noise” of 31

superimposed signals by multiplying the inbound carrier with
the desired PRN code generated internally, and time-shifting
. A i A i the internal PRN until a correlation “spike” is achieved
...and SeekS a tlme-Shlft that Wl” prOVIde the beSt COI'I'elatlon betWeen o A full description is beyond the scope of this course. The

the L1 C/A signal and the internally generated code diagrams are illustrative rather than technically rigorous

1 0 1 1 0 O 1 0 1 0 1 1 0 O 1 1 1 0 0 1 1 0 1 0 0 0O o0 1
o 1 o 1 1 1 o 1

N e A :{[;:l_®_) B °Lowcorrelation:
wrong PRN code
o o o :E}®_> . * Better correlation:
correct PRN code, but

time shift wrong

:E]_Ca_) . + Best correlation:
correct PRN code

and best time shift

o o o 1

o o o
o o o

'

time shift
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8. lllustration of the GPS navigation calculation -

Stage 2: The accurate fix

Two dimensional illustration of the GPS navigation calculation

Determining pseudorange from 3 satellites results in The navigation processor solves these equations to
3 equations with 3 unknowns: the x,y position of the » determine a clock bias which gives the best intersect
receiver and t, the local clock bias between the three bias-adjusted “true” range arcs

Satellite position known from

/ Navigation Message ephemeris data
Best fit local clock bias

(allthree black arrows represent
Pseudoranges calculated from thesameclock bias)

/ PRN correlation time shift

Pseudorange arc _

~o

Truerange arc

Clock bias unknown, 3 -
thus receiver position

unknown Best fit position

solution

The actual method used is analogous to this; 4 satellites provide 4 range spheres, and thus 4
equations to solve for the unknown 3D Xx,y,z position of the receiver and its clock bias
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What is WGS84?

» Geodesy (or geodetics) is the science concerned with the study of the geometric shape
and size of the earth. It defines the coordinate systems and references used in surveying,
mapping, and navigation. Typically, such systems have 3 elements:

—a “Cartesian” reference or datum, defining the origin as the centre of the earth’s mass
and the x,y,z axes in terms of polar, equatorial and prime meridian planes

—an “Ellipsoidial” datum for latitude and longitude; based on the Cartesian datum and an
ellipsoid model of the earth’s surface

—a “Geoid” datum for elevation, determined by local variations in the earth’s gravity,
which represents Mean Sea Level and differs from the idealised ellispoid (“geoid
undulation”). See later page on GPS and VNAV.

« Many different global, regional and national geodetic systems are used for different
applications. National mapping coordinate systems tend to use a “local’ ellipsoid model of
the earth’s surface, which is a more accurate mathematical approximation for a
particularly country than any global ellipsoid.

* In 1960, the USA Department of Defense combined the different global reference systems
used by the US Navy, Army and Air Force into a standard “World Geodetic System”
known as WGS60. As terrestrial and space survey data improved, and working with
scientists and institutions from other countries, the DoD published improved datums in
1966, 1972 and 1984 (WGS66, WGS72, WGS84).

*+ WGS84 was selected as the Datum for the GPS system, and is now a fixed standard,;
minor subsequent updates have had no practical impact

« Countries continue to use national coordinate systems, although some have changed
theirs to conform more closely to WGS84. However, there can be differences of
hundreds of metres between WGS84 maps and other, relatively modern, national
and regional maps. For example, the UK’s Ordnance Survey grid (OSGB36) meridian is
6m west of the historical meridian monument at Greenwich and the WGS84 meridian is
103m east of it

* From the Eurocontrol WGS84 Implementation Manual:

» The World Geodetic System - 1984 (WGS 84) coordinate
system is a Conventional Terrestrial System (CTS), realised by
modifying the Navy Navigation Satellite System (NNSS), or
TRANSIT, Doppler Reference Frame (NSWC 9Z-2) in origin and
scale, and rotating it to bring its reference meridian into
coincidence with the Bureau International de I'Heure (BIH)-
defined zero meridian.

— Origin and axes of the WGS 84 coordinate system are defined
as following:

— Origin: Earth’s centre of mass

— Z axis: The direction of the Conventional Terrestrial Pole
(CTP) for polar motion, as defined by BIH

— X axis: Intersection of the WGS 84 reference meridian plane
and the plane of the CTP’s equator, the reference meridian
being the zero meridian defined by the BIH

— Y axis: Completes a right-handed, Earth Centred, Earth Fixed
(ECEF) orthogonal coordinate system, measured in the plane
of the CTP equator, 90° East of the x-axis

WGS 84 is an earth-fixed global reference frame, including an
earth model defined by the shape of an earth ellipsoid, its
angular velocity, and the earth-mass which is included in the
ellipsoid of reference.

BIH-Defined CTP (1984.0)
ZW(;S 84
BIH-Defined 4 Earth's
Zero Center
Meridian of
(1984.0) Mass

XWGS 84 YWGS 84
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10. Aviation charts and WGS84

Aviation charting datums GPS Navigators and WGS84
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« Aviation charts use 3 types of position data * The source of approved aviation GPS navigation and map data are
— Surveyed positions for topographic and terrain features, navaid positions and the ICAO-compliant charts published in national AlPs.

physical references, like runway thresholds
— Declared positions, defined by latitude and longitude (rather than any surveyed point)  « These are encoded into electronic databases and maps using the

for airspace boundaries and oceanic entry/exit points N ARINC 424 standard; proprietary standards may also be used for
— Calculated points, defined by a geometric relationship to a surveyed position (eg. a

fix based on a VOR/DME radial and distance) additional features like terrain and obstacle data and the electronic

depiction of paper charts
* RNAV waypoints are either calculated relative to navaids or at declared

latitudes and longitudes (although, of course, charts will often show both ~ * Aviation GPS receivers establish the aircraft's position in
the navaid reference and the lat/long of a waypoint) terms of the WGS84 datum. The aircraft position is then used

as the reference for the GPS navigation and map display
« Historically, each country used its own geodetic datum for aviation

charts. Navigating with ground-based aids, an aircraft could fly between ~ * In "'map display mode”, objects such as waypoints, ground features

countries that used datums hundreds of metres apart without any and airspace boundaries are displayed on the map relative to the
problem, since IFR terminal and approach charts used in the cockpit aircraft WGS84 position — based on the objects’ stored WGS84
were published with the appropriate local datum coordinates. Navigation data (eg. track and distance to waypoint,
cross-track error) is also calculated from the relative WGS84 co-
» However, work in Europe on radar and navaid trajectories in the 1970s ordinates of the aircraft and the waypoint or flight plan track.
demonstrated the inconsistency of national datums. For example, an
aircr_aft could appear on one country’s radar exactly at t_he declare_d o The WGS 84 map datum is displayed (Fig
longitude of an airspace boundary and 1km away from it on an adjacent *In mqst aviation GPS 10-38), this field cannot be changed.
country’s radar Receivers, the WGS84 A
datum can not be changed LLTZL L
*In 1989, ICAO adopted WGS84 as the standard * In non-aviation GPS, the
. . - AL
aviation geodetic reference system datum may be changeable
_ ) _ (eg. to be consistent with I
* This has been fully implemented in Europe and maps used for hiking or FUEL
North America; so that GPS-derived WGS84 marine navigation) POSITION FORNAY
positions, approved electronic charts used in GPS
i - iati Example from Garmin
receivers anq approved paper-based aviation charts GNS530 Pilot's Guide > 7
are self-consistent HSG

Figure 10-38 Units/Position Page
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11. GPS mapping illustration e

Data card with
current database

Satellite C/A Code and ..
L Navigation and
Navigation Message Signal Processor

Database supplier encodes |
AIP data from the current

Using WGS84 datum

Aircraft’s position AIRAC cycle I
(rjel;a tive to WGS84 GPS map objects, coded with WGS84 :
atum datum, depicted relative to aircraft’s position [

I

I

National AIS publishes WGS84-
referenced charts and procedures in
ICAO format in the AIP, updating them
according to the AIRAC schedule

Chart supplier publishes
paper charts for in-flight use
based on the current AIP

GPS satellite orbits, GPS-derived aircraft position,
electronic charts, in-flight paper charts and AlIP
charts all referenced to the same WGS84 datum

* The use of current, approved WGS84 charts and databases assures the consistency of GPS
navigation with radio aids, paper charts and surveyed airport, terrain and obstacle positions

* If non-approved, non-WGS84 or outdated charts or data are used, inconsistencies may arise that
could exceed the protection designed into IFR routes and procedures
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12. GPS and Vertical Navigation
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Definition of the “geoid” and Mean Sea Level

» The reference ellipsoid (global or local) for mapping datums is
necessarily a geometric shape — so that latitude and longitude lines may
be perfectly regular

Measures of elevation (or, in aviation terminology, altitude) also need a
datum; which, by convention, is Mean Sea Level (MSL). This is both a
vertical reference to measure from and a (gravitationally defined)
direction of up and down to measure along

Climatic, tidal, weather, current and local topographic effects cause the
sea level to fluctuate. At any given point, the actual sea level may be
measured over time to determine its mean. However, measured mean
sea levels do not fit well with any ellipsoid model of the earth - because
of the gravitational effect of irregularities in the earth’s shape and
composition (eg. variations in the density of the earth’s crust).

« In effect, where gravity is locally “stronger”, MSL will be higher. Why?

— water flows downhill under the influence of gravity. A still body of water will establish a
surface which, at all points, is perpendicular to the “down” direction

— in a perfect, ellipsoid planet of uniform density, “down” would always be towards its
geometric centre. In the case of an irregular body like the earth, the gravitational “down”
direction varies locally, rather than always pointing to the earth’s centre of mass. Hence,
the global MSL datum is an irregular surface of gravitational “equipotential”. At any point
on this surface, a plumb line or spirit level (simple devices for identifying local,
gravitationally “true” down ) would indicate a down perpendicular to the surface.

A “geoid” is the representation of the earth whose surface has the
property of gravitational equipotential and is used as the reference for the
Mean Sea Level datum

The distinction between the geoid and the ellipsoid model of the earth is
a significant one — MSL across the world can vary by 100m from the
WGS84 ellipsoid.

The geoid used in WGS84 is called EGM96 (Earth Geodetic Model 96),
most aviation receivers use this model to transform the Ellipsoid height
coordinate into an altitude above MSL

Aviation vertical navigation

* In aviation, altitude is measured from an MSL datum and pressure
altitude is measured from the ISA pressure datum of 1013.25
hectopascals

« In an aircraft, a barometric altimeter is used to indicate
— pressure altitude, directly, when set to 1013hp or 29.92” Hg

—altitude, indirectly, by using a local pressure setting (QNH) that
approximates to the MSL datum

» Under ICAO, the WGS84 datum is widely used as the standard for
lateral navigation. There is no corresponding standard datum for
Mean Sea Level in vertical navigation. Aviation charts and procedure
designs tend to be based on a local MSL datum

» Using barometric altimetry, these variations in MSL datum are not
observable to the pilot, because QNH is always referenced to the
local MSL datum used for charts and procedures

» Although modern aviation GPS receivers can display an altitude
derived from GPS position data and referenced to EGM96 Mean
Sea Level, this can vary significantly from the local MSL datum

» Thus, all enroute and terminal IFR vertical navigation

uses barometric altimetry, not GPS altimetry
Example, from the Garmin GNS530W Pilot’s Guide

WARNING: The altitude calculated by the 500W-series
is geometric height above mean sea level and could
vary significantly from altitude displayed by pressure
altimeters in aircraft.

* Terrain warning systems also use Radar and GPS altitude inputs to
avoid depending on the manual setting of QNH
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Appendix 3: Sources of Navigation Data - AN
1. An overview of standards relevant to databases
ICAO Annex 15 states that ‘Contracting States shall ensure that the integrity of aeronautical data
is maintained throughout the data process from survey/origination to the next intended user’
Originators » AIS » C:::::::;al » Users
* ICAO doc 8168 PANS OPS
Data standards - FAA TERPS o FETEA B SO Eﬂggggé%%Am
how is data originated to a * ECAC Guidance Material « EUROCAE ED 77 data orocessing quali
consist.ent standar(‘i? e *...etc . — quality assurance for the supply B assurgnce for (?o?nmetrycial * FAATSOs
S assurgd |2 ca a sta.n.d.ards for the design of IFR of AIS data used in databases providers that create * EASA ETSOs
processing* facilities and procedures, and the databases from AIS data — technical certification for IFR
format of AIS data GNSS equipment

FAA AC120-138,

+ EASA modification approval

— airworthiness approval for IFR
GNSS units (or Type
Certification for original
equipment in newer aircraft)

* FAA: 14CFR Part 91 or 135

* EASA: Part-NCO

 Airplane Flight Manuals and
. The AIRAC cycle AFMISupplements

— ICAO standard for publishing additions and revisions to AIP data based on a schedule of calendar
dates and a process associated with those dates to ensure all users receive timely and
“synchronised” updates

* The ARINC 424 standard
Coding standards — standard for the structure of aviation navigation databases, including the type of data records
how are databases created (eg. Airports, VORSs) and the coding of data fields (eg. runway elevation, VOR frequency)
from AIS data? — includes standards for coding routes (airways) and procedures (terminal, approach)
as well as individual facilities and waypoints

Update standards
how are databases kept
current?

* Navigation data management and quality assurance is a specialised topic, most of which is beyond the
scope of this course

* The focus in this appendix is on the basics of the Do200A/ED76 standards and the AIRAC cycle, and
details of ARINC 424 relevant to users of GNSS equipment
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2. The Do200A and ED76 standards
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RTCA and Do200A, EUROCAE and ED76

RTCA (Radio Technical Commission for Aeronautics) is a US non-profit organisation that develops standards
for communications, navigation, surveillance, and air traffic management (CNS/ATM) with the participation of
government, academic and industry stakeholders. RTCA recommendations are used by the FAA as a basis for
policy and regulatory decisions

RIEA} http://www.rtca.org

EUROCAE (the European Organisation for Civil Aviation Equipment) is a non-profit organisation, formed in
Switzerland in 1963 to provide a European forum for developing standards for electronic airborne and ground
systems. Its recommendations are used by EASA for policy-making

http://www.eurocae.eu

RTCA D0200A and Eurocae ED76 are equivalent, they were developed in the late
1990s to regulate the quality assurance of navigation databases supplied by commercial
providers (such as Jeppesen, EAG, Lufthansa Systems) to airline, commercial and
private users.

Do200A/ED76 were designed to meet the accuracy and integrity requirements of
RNP applications

Airline and commercial operators are subject to quality management regulation (eg. JAR-
OPS 1.035). The Do200A/ED76 standard may be used as a means of ensuring
compliance for databases in Flight Management Systems (FMS)

For non-commercial GA operators, the requirements for a database are specific to the

airworthiness approval of an IFR installation and the limitations imposed by the Flight

Manual (eg. a GNSS unit may only use an approved database and data card, they have

part numbers like any other aviation component)

—for RNP 5 above MSA, a current database is not required, but paper charts must be
used to verify data in an expired database

—for RNP approaches, a current database will be a requirement specified in the
AFM GNSS section or supplement

For the interested reader, a source of further detail on the
methods of navigation data quality assurance is the
Eurocontrol website, eg. the document “Integrity of
Aeronautical Information - Data & Quality Management”
(2003, AIM/AISD/DI/0007)
http://www.ecacnav.com/downloads

The full set of original sources for data standards are

— ICAO Annex 4, International Standards and
Recommended Practices : Aeronautical Charts

— ICAO Annex 11, International Standards and
Recommended Practices: Air Traffic Services

— ICAO Annex 14, International Standards and
Recommended Practices: Aerodromes and Heliports

— ICAO Annex 15, International Standards and
Recommended Practices: Aeronautical Information
Services

— ICAO Document 8126, Aeronautical Information Services
Manual AN/872

— ICAO Document 9613, Manual on Required Navigation
Performance AN/937

— EUROCAE document ED-76; Standards for Processing
Aeronautical Data. RTCA Inc. document DO-200A is
technically equivalent to ED-76. A reference to one
document, at the same revision level, may be interpreted
to mean either document

— EUROCAE document ED-77/RTCA DO-201A, Standards
for Aeronautical Information

— EUROCAE document ED-75A/RTCA DO-236A, Minimum
Aviation System Performance Standards: Required
Navigation Performance for Area Navigation.
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Appendix 3: Sources of Navigation Data
3. Database Supplier Approvals. Type 1 and Type 2 Letters of Acceptance (LoA)
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* The Do200A/ED76 standard was published in 1998

* International agreements have been developed to reduce the burden of manual checks and to certify Database
Suppliers as conforming to Do200A/ED76 and other defined conditions. There are 2 kinds of certification:

— the Type 1 LoA applies to databases that are not specific to any particular avionics system or aircraft, one can
think of it as a “wholesaler” approval. The Type 1 LoA holder can not release databases directly to end users

— the Type 2 LoA applies to databases compatible with specified avionics systems and may be released
directly to end-users. The GA owner/operator is thus concerned with Type 2 LoA suppliers

» Suppliers are certified by the regulatory agency in their home country (eg. the FAA for Jeppesen, EASA for EAG,
Transport Canada for CAC) and mutual acceptance of this certification has been agreed

* Honeywell, Garmin and Jeppesen hold Type 2 LOAs, but since these are equipment-specific, an operator
must check that they apply to their particular model of receiver and database
— Garmin received a Type 2 LoA from the FAA for the G1000 and 400/500 series in April 2007

— some modern IFR GPS units do not have a Type 2 LoA database available, but the Jeppesen data they use is
Do0200A/ED76 compliant, meeting the RNAV 1 requirement. The operator must check the status of their
individual receiver model
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Appendix 4: ARINC 424

1. Introduction
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« ARINICC was founded in 1929 as “Aeronautical Radio Inc”, owned by the four major US airlines
of the time and taking on responsibility for all ground-based, aeronautical radio stations. Since the
1930s, the company has developed various standards for aircraft electronics

— eg. for the trays and boxes used in panel-mount radios, and the ARINC 429 standard for
interfaces between different kinds of avionics

*The first RNAV systems, in the late 1960s, did not store any navigation data; they were basic
VOR/DME “shifters”

*In the early 1970s, avionics manufacturers began to introduce Flight Management Systems (FMS)
with a stored database of navigation facilities, each using a proprietary standard

* An industry committee was formed to standardise how FMS navigation data was formatted and
coded, and this led to the adoption of ARINC Specification 424 in 1975

* The early versions only accommodated individual navaids and waypoints. ARINC 424-3, published
in 1982, introduced the ‘path-terminator’ concept (see Section 1b of this manual) and allowed
procedures and approaches to be coded

*ARINC 424 is updated as new navigation technology and RNAV applications emerge, the current
version (as of March 2015) is 424-20

» The rest of this section will cover two ARINC 424 topics relevant to GA pilots
— the structure of navigation databases and records
— the conventions used for coding and naming database waypoints

175


http://www.arinc.com/

Appendix 4: ARINC 424

2. Database Structure
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» The database consists of ~30 different types of “Record”, each with 132 characters of data organised into a particular
structure of “Fields” (several characters representing an item of information, eg. a frequency)

Record Types 132 characters per Record, organised into different Fields for each Record type

VHF Navaid

132 characters

Waypoint

\H |

|

Holding
AIrport ==--s-=-emmmme e
Gate

SID, STAR, Approach

Runway

NDB Navaids

Localiser and Glide path

Company Route
Localiser Marker

Path Points

Airport Communications
MSA

Airways Marker
Cruising Tables

FIR/UIR

GRID MORA

Enroute Airways

Enroute Airways Restrictive

Enroute Communications

Preferred Routes
Controlled Airspace

28|29

Example, characters 28-30 of the Airport
Record are defined as the “Longest
Runway” Field, the data content in this
illustration “125” means the longest
runway is 12,500 feet

HEAREST AIRFORT
ERG DIS

Example: Airport data from Garmin 530 “NRST” page

Example: definition of Fields in an Airport Record

Column Field Name (Length) Ref

1 Record Type (1) 52
2thru4 Customer/Area Code (3) 53

5 Section Code (1) 5.4

6 Blank (spacing) (1)

7 thru 10 Airport ICAO Identifier (4) 5.

11 thru 12 ICAO Code (2) 5.14
13 Subsection Code (1) 55
14 thru 16 ATA/IATA Designator (3) 5.107
17 thru 18 Reserved (Expansion) (2)

19 thru 21 Blank (spacing) (3)

22 Continuation Record Number (1) 5.16
123 thru27 5.73
28 thru 30 "~ ' 5.54
31 IFR Capability (1) 5.108
32 Longest Runway Surface Code (1) 5.249
33 thru 41 Airport Reference Pt. Latitude (9) 5.36
42 thru 51 Airport Reference Pt. Longitude (10) 5.37
52 thru 56 Magnetic Variation (5) 5.39
57 thru 61 Airport Elevation (5) 5.55
62 thru 64 Speed Limit (3) 5.72
65 thru 68 Recommended Navaid (4) 523
69 thru 70 ICAO Code (2) 5.14
71 thru 75 Transitions Altitude (5) 5.53
76 thru 80 Transition Level (5) 5.53
81 Public/Military Indicator (1) 5.177
82 thru 84 Time Zone (3) 5.178
85 Daylight Indicator (1) 5.179
86 Magnetic/True Indicator (1) 5.165
87 thru 89 Datum Code (3) 5.197
90 thru 93 Reserved (Expansion) (4)

94 thru 123 Airport Name (30) 5.7
124 thru 128 File Record Number (5) 5.31
129 thru 132 Cycle Date (4) 5.32
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3. There are Four Kinds of ARINC 424 Record
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Examples:

VHF Navaid Company Route SID, STAR, Approach
Waypoint---------------------------T--> Enroute Airways A
Holding i Enroute Airways Restrictive i
Airport i Preferred Routes i
Runway i_______________________________________________________________.=

NDB Navaids Example: waypoint record included in route & procedure sequences

Records of specific locations
such as radio navaids,
traditional fixes and
intersections, RNAV waypoints
and airports

Some fields are common to all
these types of record (eg.
latitude & longitude, ICAO
identifier), others are specific to
the type of point

\ 4

Most types of records are
“independent” of each other,
except for airports, which
have a basic record plus
several associated records
for individual runways,
gates, ILS facilities etc.

» Complex routes coded as a
named sequence of Path-

» Simple routes which are a
named sequence of fixed points

* Route data (eg. for an Airway)

includes * May include Speed and Altitude
- fix sequence number limits associated with each fix

- fix identifier

- route type

- RNP applicable

- max/min altitudes

- “Rho”: distance in nm to next fix

- “Theta”: magnetic bearing to next fix

A 4 \ 4

« A fix or waypoint will have both its own “stand-alone” record,
and its record repeated within any Route and Procedure
sequences it is part of

« A waypoint may be designated as “Fly-Over” in one route and
“Fly-By” in another

Note: these four kinds of Record are not a formal ARINC distinction, only used here for descriptive purposes

Terminators (see Section 1b)

Examples:

MSA

FIR/UIR

GRID MORA

Enroute Communications
Controlled Airspace

* Other record types, mostly
relating to communications and
airspace

» Use is specific to individual
receiver models eg. mapping
function, airspace alerting, ATC
frequency advisories, minimum
IFR levels

A4

IMPORTANT NOTE

* Most GNSS maps only depict Class
B, C and D airspace. For example,
Class A is omitted because in the
USA it is the entire airspace above
FL180. However, this means that
low-level Class A (and Class E & F)
airspace in Europe is not displayed
and airspace alerts are not provided
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4. ARINC 424 Coding: Coordinates
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Coordinate fields in ARINC 424

* The ARINC 424 latitude and longitude fields use the
following convention:

- Latitude is stored as nine alphanumeric characters in
the form “N” or “S” plus degrees, minutes, seconds,
and hundredths of seconds, eg. N50575196

- Longitude is stored as ten alphanumeric characters in
the form “W” or “E” plus degrees, minutes, seconds,
and hundredths of seconds, eg. E007270361

* There are 60 seconds in a minute of arc

* Paper charts in the AIP or from commercial suppliers
usually use degrees, minutes and decimal tenths of a
minute of arc, not tens of seconds of arc

* GNSS units typically convert the ARINC format and
display degrees, minutes and decimal hundredths of
a minute of arc, not seconds of arc

Paper chart and database examples

Example: from Jeppesen paper chart

*57.5 minutes of arc

H L
N50|-5_7.:5.} Decimal point indicates the last 5 is
0.5 minutes of arc, not 50 seconds

Example: from Garmin 530 database
#°57.51 minutes of arc

" «not 57 minutes of arc and
51 seconds

REGIOH

Note the decimal point, and the single
POSITION apostrophe minute symbol after the
group of 4 digits, both indicating
minutes and a decimal fraction of
minutes

This illustrates one of the many reasons manually-entered waypoints may not be
used for RNP Approaches, and only with caution in other aviation applications

- confusing seconds of arc with decimal fractions of a minute of arc is easily
done and can result in errors of up to 1/3 of a nautical mile
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5. ARINC 424 Coding: Magnetic Variation
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Coding of magnetic variation GNSS calculation and display of magnetic tracks

* GNSS equipment normally displays directional
guidance in terms of magnetic tracks and bearings

* Thus, ARINC 424 records always include the
magnetic variation associated with fixed points

* There are three types of magnetic variation field

- measured Magnetic Variation, used for physical
location records, such as Airports

- Station Declination, used for VORSs, which is the
tested difference between true north and the 360
radial of the VOR

- Dynamic Magnetic Variation, used for RNAV
waypoints, which is derived from a computer model
rather than actual measurement

* Bearings along an Airway, and the headings and
tracks in Path Terminators, are all coded with
reference to magnetic north

» There are various magnetic north references available
- local (at a given point) or regional

- measured at a given time, or values valid for a period
of time such as 1 year or 5 years

* Although ARINC databases do include the magnetic
track or VOR radial along routes and procedures, these
will typically not be used by GNSS navigation
processors

* Instead, the receiver will calculate magnetic track
based on the latitude and longitude of waypoints and
the magnetic variation along the route segment. This
calculated track (DTK) may ‘jump’ by 1 degree along
relatively short route segments, as a result of rounding
and changes in magnetic variation

» The magnetic variation may be sourced from the fields
associated with waypoints in the database, or from the
receiver’s internal magnetic variation model

» « Small differences of ~1 degree are common between charted magnetic tracks and

receiver-calculated magnetic tracks

 If the waypoint cross-check of a GPS flight plan reveals no discrepancies, such
small differences may be ignored and the GPS-derived magnetic track used
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6. Introduction to Names and Identifiers
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* ICAO Annex 11 defines the international standard for the designators of navaids, waypoints, airways and procedures
* Where a waypoint is marked but not named in AIP charts, ARINC 424 provides standards for creating names

* Where a procedure does not include all the waypoints needed for RNAV guidance, the state can define additional
“Computer Navigation Fixes” (CNF) or the database supplier will create CNFs and assign them database identifiers

“ ICAO Identifiers Database ldentifiers

. . The record name in a database. Generally the
A short letter or alphanumeric version of a

The full “prose” version of the name of a facility, name, corresponding to the ICAO Annex 11 same as t_he 1540) 'de'.“'f'er- L ARG A28
- - may require some variation. CNFs may only
waypoint or procedure standard. Published on paper charts, and

transmitted as a Morse ident by radio facilities MEVE £ da_tabase GENITEY EE M8 P56
chart designator

Examples
London Heathrow EGLL E|G]L[L]
Daventry DTY (D] T|Y]
waypoint name is the same as identifier < KENET (K[EIN|E[T]
Lambourne Three Alpha LAM 3A [L]A[M[3]A
a CNF created by the database supplier and not published in paper charts (c|1]2]7]

* Identifiers are not always unique, waypoint and procedure naming conventions change and databases are an
inherently different format that can not perfectly “mirror” paper charts
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7. Understanding Naming Conventions and Coding is Essential for PBN Operations
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Example of an accident resulting in 160 fatalities m

H‘“ . Controlled flight into terrain accident near Cali, Rozo NDB [R|0[Z]O]
Colombia, December 20t 1995 ¥ ' Romeo NDB R AR - |
American Airlines Flight 965, Boeing 757-223, N651AA both in Colombia /

ARINC 424 does not permit duplicate identifiers within
the same country, hence full name used for Rozo

T\\\
~

NG651AA

Colombia with different names despite its prominent display as "R" on the approach chart, was not available for selection as "R"
but the same identifier “R” from the FMS, but only by its full name. The evidence indicates that this information was not known by
the flight crew of AA965.”

Comments that the crew did
not cross-check the RNAV
waypoint with published chart
coordinates

“Although the differences between the presentation of the same information could be confusing, and the
selection of Romeo instead of Rozo can be understood according to the logic of the FMS, the fact remains
that one of the pilots of AA965 executed a direct heading to Romeo in violation of AA's policy of
requiring flight crew members of FMS-equipped aircraft to verify coordinates and to obtain approval
of the other pilot before executing a change of track through the FMS”

Comments relating to . . . . . . . . L
differences in ARlNg 424 “Furthermore, considerable additional differences existed in the presentation of identical navigation
names from those in paper information between that on the approach charts and that in the FMS data base, despite the fact that the

Extracts from the Accident Report of Colombia’s Aeronautica Civil (with emphasis added) Sl
Comment relating to non- ™
unique identifiers: two NDBs in “The investigation determined that because of rules governing the structure of the FMS database, Rozo,

-

charts. Similar issues apply same company supplied the data to both. For example, DME fixes for the Cali VOR DME runway 19
when CNFs are used that do approach that were labelled on the charts as D-21 and D-16 were depicted on the FMS using a
not appear on paper charts different nomenclature entirely, that is, CF19 and FF19. The company explained that it presented data in
the FMS according to a naming convention, ARINC 424, developed for electronic data, while data presented
on approach charts met requirements of government civil aviation authorities”

» *The single-pilot GA IFR operator can face GNSS challenges that have defeated experienced
professional crews from the best airlines

«28 years after the Cali accident, these issues are still very relevant to GNSS database users

This accident report is worth reading in full, see http://aviation-safety.net/database/record.php?id=19951220-1 181
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8. Overview of Databases Identifiers
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“ Routes and Procedures Procedure Waypoints

Airports

+ 4 letter ICAO identifier eg. EGLL
» ‘K’ added to US 3 letter codes, eg. KLAX

VORs and VOR-DMEs
» Usually a 3 letter identifier eg. ABC

» Sometimes a 2 letter identifier, but no longer used for

VORs in Europe

NDBs
» 1, 2 or 3 letter identifier eg. A, AB, ABC

Enroute waypoints

5 character alphanumeric names; usually either 5
letters (the ICAO “5 letter name-code” or 5LNC) or 3
letters and 2 numbers representing a VOR reference
and a DME distance in the form aaann

Other “point” records in databases

» Although encoded in ARINC 424 databases, other
facilities (eg. ILSs, runways) are usually not directly
accessible by the GPS user except as part of Airport
or Procedure records

A 4

» Published identifiers and database
identifiers are generally identical

* Note that some identifiers are not unique,
except within a country or geographic
region (within Europe, mainly applies to
NDBs)

BEIEIEIE] Airways

EIEIE] Terminal procedure names

EEEEE Approach procedure names

+ Alphanumeric identifiers of 2-5 characters. But, not
supported in most panel-mount GPS units

* ARINC 424 permits alphanumeric identifiers of up to
6 characters

» The leading letters usually refer to a fix at the start
or end of a procedure. In the case of a 3 letter VOR
identifier, the “aaana” format is used. If the fix is a
5LNC, the last letter of the 5LNC is dropped and the

procedure name format is “aaaana”
alalaln]n]

» Alphanumeric identifiers of 3-6 characters are used
- 3 characters might specify an approach not
specific to a runway, eg. simply ‘NDB’
- 5-6 characters are typical, eg. ‘ILS27’ or ‘ILS27R’

» They may be specified as starting from an approach
transition waypoint or starting with vectors to
intercept the final approach track

\ 4

* Terminal procedure database identifiers are
published in [square brackets] on paper
charts

» Approach procedure identifiers are usually
the same as the charted procedure names,
but see page 101 for potential ambiguities

Terminal waypoint names

“Strategic” waypoints: EEEEE

» Terminal waypoints of major significance to ATC, often
designating the start and end or routes and major transitions

» Use the 5LNC or the 3 letter identifier of a navaid

» Terminal waypoints solely for use in the specific terminal area
and not designated as strategic

“Tactical” waypoints:

‘Tactical’ RNAV terminal waypoints use a 5 character
alphanumeric. The first two letters (‘aa’) are the last two

e

letters of the airport ICAO code, the “X” is either a letter code
(eg. orientation N,E,S or W) or a digit, and the last 2
characters (“nn”) are digits from 00 to 99

* In older procedures, where a tactical waypoint does not have
a suitable name, a CNF identifier will be created using a 5
character alphanumeric, in the form “Dnnna”, based on the
“bearing/distance” convention

Approach waypoint names
* May be named and published (eg. a navaid or 5LNC)

» May be published but with only a generic name (eg. the
Outer Marker, or a Final Approach Fix) or no name, in which
case a CNF identifier will be created using the Airport CNF

convention

» Procedure waypoint names are only unique
within a terminal area or for a particular airport

* Note the similar format used for RNAV Tactical
waypoint identifiers and the Bearing/Distance
convention for CNFs
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9. Since identifiers are not always unique, how is a specific record located?

PPL/IR EUROPE

Is the Identifier
unique?

How is the right
record selected if
duplicates exist?

How is a record
identification
confirmed?

. . . Terminal Approach

* ICAOQ 4 letter airport
codes are unique
worldwide

* (n/a: no duplicates)

» Check the airport
name in the database
to confirm ICAO code

* 5LNCs are unique

* ..but not all enroute
intersections use 5LNC
identifiers

« NDB and VOR
identifiers are not
unique

» Be familiar with how and when the GPS identifies
that duplicate records exist for an identifier
« Select the record with the correct name and
- geographic region

 Gross error check of RNAV waypoint position with
paper chart and radio instruments

» Procedures and
procedure waypoints
are unigue to a

articular TMA

 Confirm correct airport
» Select runway,
~~ transition and
procedure identifier

» Approaches and
final/missed approach
waypoints are unigue to

a particular airport

+ Confirm correct airport
+ Select runway,
transition and approac

type

i i
; i
i » Check procedure waypoints with paper chart i
i terminal and approach waypoints should only be |
] selected from within a loaded procedure i
i » Check the end waypoint of the STAR matches the i
i transition at the start of the approach i

FACILITY. CITY & REGIDH

upT 4B
NDB
AUSTRIA
NDB
FRANCE

/7
/,

ABSAH
ABSAH

AUSTRIA

N POSITION

N 47°17.32
EB11°38.16°

LOG/AH|

kOPUL
TAHET

BIS pET

FRED

31308

MX BRDCST

1
/7
7/

TRANHS

|LOGAN

RUHHAY

1
. . 1
Example: select geographic —caccecoeoo2 > Confirm facility name  data for gross error 1.Confirm airport / v H 1.Confirm
region from GNS530W list of correct check and radio correct 14 3. Select E airport
duplicated records available for cross-check 2.Select procedure transition W correct
a given identifier selection identifier 4. If applicable,

select runway

v

/ 2.Select procedure

(DA identifier — check
3.Select list for multiple

transition similar procedures
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10. When are database waypoints different from those on paper charts?

2. When waypoints are not named
on paper charts, or where only a
generic “label” is used

1. When paper chart names are not

suitable for ARINC 424

3. When a waypoint does not exist
on paper charts, but is required for
coding a procedure

* ARINC 424 limits waypoint database
identifiers to 5 character, and duplicate
identifiers are not permitted within a single
country

* Examples:

- unnamed fixes or intersections

- unnamed turning points in procedures (eg.
simply defined by a time, lead radial)

- points on procedures labelled only with a
DME distance (eg. D4.5), which is not
sufficiently unique to be used as a database
identifier

- points with generic labels such as FAF, IAF,
OM; which, again, are not unique enough —
a single airport may have numerous such
points

* Note that a “generic” name (eg. D4.5) may be used as
a database identifier if it is unique within the
procedures at a particular airport

\ 4 \ 4

* When RNAV and the use of FMS databases
were relatively new, paper charts in the USA
and Europe would often have fix and
intersection names not compatible with
ARINC 424

» However, in Europe, AIP charts have been
updated so that ARINC-compatible names are
used in all enroute navigation

* Procedures where the paper chart
description is adequate but too “ambiguous”
for the more deterministic coding needed in
databases. Examples:

- the localiser intercept after a base turn will
often not have a published waypoint, but
GNSS systems may require one to establish
the track segment from the intercept to the
FAF

- the point at which a DME arc is intercepted
will often not have a paper chart waypoint
defined, but one may be needed for the
path-terminator coding in a database

\ 4

* ARINC 424 has coding rules for creating waypoint names when suitable names are lacking,
and for creating Computer Navigation Fixes (CNFs) when suitable waypoints are lacking

* These coding rules can be summarised as 3 waypoint conventions:

— Enroute waypoint naming convention

— Procedure CNF Bearing/Distance convention

— Airport CNF convention

» Each of these conventions is described in the next pages
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11. Enroute Waypoint Naming . ==

If an enroute fix has a published name If an enroute fix or intersection is
which is not suitable for ARINC 424 published without a name
» The method applied in ARINC 424 coding is as follows » The identifier is constructed from the identifier of, typically, the nearest
airway VOR (which is the reference for the waypoint) and the distance
A. If the name is greater than 5 letters, various rules are applied to from that VOR
shorten it to a “"5LNC” « If the distance is less than 100nm, the identifier format is the three
€g. ‘COTTON bec,omes EEEEn letters of the VOR ident followed by a two digit distance,
eg. ‘CLEAR LAKE’ becomes HIMINIEE eg a waypoint 35nm from “ABC” VOR: AEEHBA
B. If the 5LNC rule results in duplicate identifiers, a 4 letter name with a . lLth\e/gi;t%ncet is 100('11?19thhthle iotletwmmg'r f'(t)rm?:rls tdh_etthree letters of
suffix number is used, eg. [CILIAIK|1MCILIAIK][2] e iaent préceded Dy the 1ast two digis ol the distance
J eg a waypoint 135nm from “ABC” VOR: HEHEREE
C. Where more than one short identifier is published, ARINC 424 uses a * If unnamed waypoint is collocated with a named waypoint on a different
long name for one of the duplicates eg. I and IEREINN route structure then the named waypoint’s identifier is used

* European enroute charts have been updated with airway waypoint identifiers that are always
compatible with ARINC 424, hence the paper charts and databases should be highly consistent

* The three formats used are navaid identifiers, 5SLNCs and the ‘reference VOR plus 2 digit distance’

Example of Airway waypoints

Jeppesen E(LO)2 low altitude Jeppesen low altitude enroute Garmin GNS480 airway route
enroute chart (paper) chart (PC version in JeppView)
A ! —

Note square > J TALL Modify
brackets and E ° o™

OTTISH — . Seo
cross symbol  TMA (=] — ~~VOR __

indicating a CNF  (D/E/C) identifier Y

database identifier “>~_

which has no flight | “Ss,__ "4 5 gn
plan filing or ATC R a ,\' Reference A
function, only aids o : 723s  VOR and £.1n
SR T [, Wt L 4 L - Lm
pilot orientation. r’,\,a‘l&'x [nA”/.é """ distance 11
"""""" identifier I
L '
' l@ e [ ., 1t FRL
- emimo  identifier SAVE|[EXEC |EGds (0]

Source: www.jeppesen.com GPS NavData Services > Documentation and Support > see PDF download of NavData name conventions 185
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12. Reference: Extract from Jeppesen Enroute Chart legend

" [P — 2

. . airspace fix or S
CANARIES GCCC UIR (G) mileage break. i,
—1 _I'—'——-_l___.__ '
PAKAR GOOO UIR (G) N
FIR/UIR -B:;-..r'lr.':'ar'y ifﬂﬁﬁﬂfﬂx |
name, identifier and *-—-—-- A S !
airspace category

i
- ~

’

5,

" Database identifiers are enclosed in brackets [ABROC]. Database N
identifiers are officially designated by the controlling state authority
or they may be derived gy Jeppesen. In either case, these identifiers
have no ATC function and should not be used in filing flight plans nor

should they be used when communicating with ATC. They are shown
only to enable the pilot to maintain orientation when using charts in
.concert with database navigation systems. ;

N,

P L L T T T Ter———,
e

__________________________________________________________________________________________________________________________

* Note: the nomenclature of waypoint names is sometimes confusing.
« “Database identifier” can be a generic term for the ARINC 424 short, coded name of any navaid, fix, airport etc.

* In the context of the chart legend above, “database identifier” means a Computer Navigation Fix name which is
not part of the normal published ATC route (although the underlying turning point is, in this case).

* When CNFs are published in state AIP sources, they will be included in paper charts [in square brackets]; if they
are created by Jeppesen, they will only be found in the database
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13. Introduction to Computer Navigation Fixes (CNF)

* CNFs are created when a waypoint required
for coding Terminal or Approach Procedures CNFs

Charted
Waypoints

Normal

IS . ) ) CNFs that are both in waypoints
- either marked in paper charts without an CNFs that only RNAV databases and I
i ifi i i ifi “ ic” appear in RNAV aper charts (but may appearing in
identifier, or with an identifier too “generic databases P pha o different both databases
V |
to meet ARINC 424 standards Examples hemin) and paper charts

- or does not exist in paper procedure charts E“E mmmﬂm
“CI27” is a final approach EE/E\EE MONOX is the initial

- CNF identifiers defined by state AIS sources < CNE which d | N
included i harts [i rac which does not™«poggL » s the CNF at the approach fix, published with

are included in paper charts [in square appear on the paper Chart. jniorcc ot the DME are. -y o i Published v
brackets], CNFs defined by Jeppesen appear and the lead-in radial  database with this identifier

only in the database which is not named on

the chart
LFBZ ILS 27 Procedure, MONOX transition: »u =
Garmin GNS530W display extracts LFBZ/BIQ N BIARRITZ, FRANCE
BAYONNE-ANGLET 23 567 05 ({1-1) ILS Rwy 27
' TNy LF(R)<40 A Z
1 i) Z
MON?X “IZ LF(R})-34 A
————— % LFR)-40 A
Coverage of GS azimuth limited }-="~ %@ LF(R)-40 B
I to 5° South of LOC axis. _.-=~ .
Other CNFS, —_ po2oL T P e 1{%
seenextpages NGNS T @40 920 Z
Ped FIz7.—. | e 3
e, || el — EniciesTinto sector 1, 2 and area of 2
_-séctor 3 ite of holdi 11 Z
RUEBZ CI2T ™\ --sSéler 3 epposite of helding patiern
than 190 KT. o 080°,%
& s 087 Tﬁ?\"”
-— i~ IR}
Approach ILS 27 w30 2T TSl MHA 3000\ 091° N\ oo Ent 408
\ MAX 7000~ pEETm== MAX 210 KT LFi{R}-40 A
1310 s the initial o “,
tangential track MONOX 043 _ %
along the DME 2 o A BN\, 7 g
arc from MONOX dme arc BTZ 12.0: S RS ; D13.182Z ?f/f BIDAC]
posoL —137; 52 I 0t N
i . 1090
" e LIS BIZ (34182 ¥ (710 111.3582 ) 02
@ D4.8 BZ .
CI27 27115 i 7 B2 6es

Source: Jeppesen JeppView airway manual, Garmin GNS530W simulator software 187
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14. Procedure “bearing/distance” CNFs

. _|n the_ PreViOUS example, why is the Procedure waypoint “bearing/distance”
identifier “D0O80L” used for the CNF at » CNF convnetion

N
the end of the DME arc? - In SIDs, STARs and Approaches, this convention is used to

g, \F(R17A0 A Z create an identifier for unnamed fixes or DME fixes
iz,

7 LFR)-34 A
Z o
2 LE(R]-40 A

Q\S Pitnng, LFRI-40B - The identifier is always a 5 character alphanumeric in the
g BD 1 na
Less than 130 KT: / \_'41 last character is a
iy o ol first _ o letter code for the
characteris ~ Middle 3 digits are the distance from the
always “D” radial from the reference point

reference VOR (or
other reference point)

.0 BTZ < (1A
16182° 24750 BIDAC]

7 27I°D£

D7.18T.

- The distance letter code is A=1nm, B=2nm....Z=26nm
eEunnl OSSOl 1318 820 - Distances are rounded to the nearest integer (i.e. A is used

GNS530W for 0.1nm to 1.4nm, B for 1.5nm to 2.4nm etc)
ei'f;gﬁg )\ posoL - If the distance is greater than 26nm, the Enroute waypoint
convention is used (3 letters of the VOR ident plus 2 digit
distance)

- The A-F letter codes are easy to remember as 1-6nm
respectively. It is worth being familiar with G=7nm, H=8nm,
[=9nm, J=10nm, K=11nm, L=12nm.

-Hence, in the example above, the waypoint on the BTZ 080 radial and 12nm DME arc
is given the identifier “D0O80L”

- Procedure “bearing/distance” CNFs are only unique within a TMA

»

Source: Jeppesen JeppView airway manual, Garmin GNS530W simulator software 188
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15. Airport CNFs

——
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*In the previous example, why is there a
CNF called “CI27” on the final approach

track prior to the FAF?

-/

area of
pattern
more

HA 3000 091°

=)
o\ Y.
ZA\

[~
%
Less than 130 Ena.

Entry inte racetrack
only via holding.

Dil.0
BTZ

MAX 7000
AX 220 KT

oA, /eTe
i Di3.0oBTZ
/ g?’i%?f ! D13.1BZ
iLs DME

(271° 1113882 ) T 02

Garmin
GNS530W
display
extracts

CIZ27

2715

.0l
\cﬂc&o'.c
oAt AR

MAX 210 KT
5.9

k4

U
g

s
7]

[l

4 L) ;II

» Airport CNF convention

- This convention allows CNFs to be created for all the fixes
GNSS equipment needs to provide guidance throughout an
approach procedure, which may not be published or have
an ARINC 424 compatible name

- The identifier is a 4 or 5 character alphanumeric in the

format:
. ka mma If there are parallel
thlSt letter _detf;nes > runways, the 5th
€ waypoint type \_'_l characteris an L,C
\ or R runway suffix

2nd |etter defines the approach type,
if there are multiple approaches to
this runway, otherwise it is the 2nd
letter of the waypoint type code

2 digits are the
runway identifier

- The various codes for the waypoint type and approach type
are detailed on the next page

-In the “CI27” example above, the “C” indicates a final approach track fix, the “I”
indicates an ILS procedure, and the “27” that the procedure is for runway 27

- Airport CNFs are unique to an individual Airport only. In the example above, there will
only be a single instance of a CNF identifier “Cl27” associated with LFBZ. Many other
airports, including ones in the same TMA, can have an identically named CNF

Source: Jeppesen JeppView airway manual, Garmin GNS530W simulator software
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16. Airport CNF codes

A single approach procedure More than one procedure
. . . ) Procedure type codes used
exists for a given runway exists for a given runway

First two characters of the CNF First character of the CNF » Second character of the CNF
identifier are the Waypoint Type identifier is the Waypoint Type identifier is the Procedure Type

Initial Approach Fix
Intermediate Approach Fix
Final Approach Course Fix
Final Approach Fix

Missed Approach Point

Initial Approach Fix
Intermediate Approach Fix
Final Approach Course Fix
Final Approach Fix

Missed Approach Point

S

ILS Approach
Localiser Approach
VOR/DME Approach
VOR Approach

NDB Approach

Step-Down Fix Step-Down Fix NDB/DME Approach
. . Rarely . .

Runway Centreline Fix ™ Used Runway Centreline Fix RNP APCH

Touchdown point Touchdown point GNSS Approach

Runway Fix
Outer Marker

Middle Marker

= CNFs unique

These are 8 of the most common types,
see next page for the full list of 25

» - The only unfamiliar, but frequently used, waypoint type is the Final
Approach Course (or Capture) fix, CF or C_

- Many older GNSS systems can only provide guidance from one waypoint

to a runway,
I e iy f;osiﬂneelg to another. Without the CF/C__ fix, they could not provide track guidance
ottor code along the final approach to the FAF following an intercept (eg. a base turn

Back course Marker

If an approach marker has an identifier, that will
be used in preference to this CNF convention

or radar vectors) that did not commence with a published waypoint

- Hence, many approach procedures are coded with a CF/C_ fix after
the intercept of the final approach track and before the FAF

Source: www.jeppesen.com GPS NavData Services > Documentation and Support > see PDF download of NavData name conventions
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17. Extract from Jeppesen NavData documentation

-
EU ROPI;:.

Full List of 25 Approach types » w:‘:::;“t Matrix of Waypoint and Approach type combinations

NXXS<CAVWPDOITZErAS-"IONMOO®>»

Approach Transition

LLZ Back course Approach

LORAN Approach

VOR/DME Approach

VOR Circle-To-Land Approach

FMS Approach

IGS (Instrument Guidance System) Approach
Helicopter Approach

ILS Approach

LLZ only Circle-To-Land Approach

LLZ Back course Circle-To-Land Approach
Localiser only Approach

MLS Approach

NDB Approach

GPS Approach

NDB/DME Approach

RNP APCH

VOR Approach with DME Facility

TACAN Approach

NDB Circle-To-Land Approach

VOR Approach (Non-DME Facility)

MLS Type A Approach

LDA (Localiser Directional Aid) Approach
MLS Type B and C Approach

SDF (Simplified Directional Facility) Approach

ILS(I ILS(L) ILS(B) VOR(D) VOR(V) VOR(S

IAF AB AD AV AS
IF I I IL IB ID v IS
FACF Cl CL CB CD CcvVv Cs
FAF Fl FF FB FD FV FS
MAP MI ML MB MD MV MS
TDP TI TL TB TD TV TS
RCI RI RL RB RD RV RS
Step-Down Si SL SB sD SV SS

NDB(N) NDB(Q) MLS(M) RNAV(R) TACAN(T) LORAN(C)
IAF AN AQ AM AR AT AC
IF IN IQ IM IR IT IC
FACF CN cQ CM CR CT CC
FAF FN FQ FM FR FT FC
MAP MN MQ MM MR MT MC
TDP TN TQ ™ TR TT TC
RCI RN RQ RM RR RT RC
Step-Down SN SQ SM SR ST SC

IGS(G) LDA(X) SDF(Z) FMS (F) GPS(P) HEL(H)
IAF AG AX AZ 1F AP AH
IF IG IX 1z 2F P IH
FACF CG CX cZ 3F CP CH
FAF FG FX FZ 4F FP FH
MAP MG MX MZ 5F MP MH
TDP TG X TZ 6F TP TH
RCI RG RX RZ 7F RP RH
Step-Down SG SX SZ 8F SP SH

VOR NDB LOC BAC MLS MSL

C-T-L(E) | C-T-L(U) | C-T-L(J) C-T-L(K) (W) (Y)
IAF AE AU AJ AK AW AY
IF IE 0] IJ IK W Y
FACF CE Cu CJ CK CW CcY
FAF FE FU FJ FK FW FY
MAP ME MU MJ MK MW MY
TDP TE TU TJ TK ™ TY
RCI RE RU RJ RK RW RY
Step-Down SE SuU SJ SK SW SY
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18. Summary of “Point” Terminology
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- The terminology around “types of point” can be confusing, because it is not always consistently defined and
applied. The tables below provides some guidance on the use of various terms

Enroute and Terminal points

Term Definition LI T
chart

& name
A identifier

Specifically, a geographical point
defined by reference to radio aids,
also, in general, includes any of the
below

Fix

A fix defined by the intersection of

IS EEEE two VOR radials

A geographic point defined by

\?VgAvoint coordinates rather than radio aids;
yp the RNAV equivalent of a fix

In general, any of the above, also
Waypoint locations of a radio aid. Sometimes

specifically an RNAV waypoint
Computer A fix or waypoint used in databases
Navigation  but not for ATC or flight plan filing
Fix (CNF) purposes

In general, the primary record name
Database in a database for any of the above.
Identifier Sometimes, specifically the name of

a CNF

& DME
distance or
unnamed

& identifier

(fly-by
example)

Any of the
above

Identifier, if
shown and
different from
the published
name, will be
in [square
brackets]

& identifier

usually one
symbol
used for all
fix and
waypoint
types,
except
radio aids

Approach waypoints

Traditional PBN
Term Definition
procedure procedure

IAF
Initial Approach Fix, Intermediate
Fix and Missed Approach Point
IF definitions are exactly the same
in PBN procedures as in
MAP ‘traditional’ IFR approaches
(or MAPY)
Final Approach Point — used only in
a precision approach, the point at
FAP which the intermediate approach
altitude or height intersects the glide
path
Final Approach Fix — used only in a
FAE non-precision approach (NPA), the

fix which defines the start of the
descent to MDA/MDAH

& name & name

..or navaid
symbol & name

..or navaid
symbol & name

In paper charts, not defined as a
fix, but a DME distance may be
marked at the FAP

In databases, an “FF/F_“ CNF is
defined at the FAP

Fix and fix name depicted on
paper charts and databases (may
be a CNF identifier for a DME fix)
NPAs without a fix (eg. NDB approach
based only on timing) will have a
“FF/F_" CNF defined in the database

Note: in the late 1990s, it was proposed that the waypoints in RNP
APCHs should be called “IAWP, IWP, FAWP, MAWP” (with “WP” for
Waypoint replacing “F” for Fix). This new terminology was abandoned,
but some older publications and charts still use the “-WP” notation
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1. Training course objectives and structure
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- Here is a suggested PBN training course:

Theory Training objectives (key points)

General PBN theory
- RNAV and RNP Concepts

PBN theory
- changes to charting and documents to reflect PBN
- required navigation equipment for enroute and approaches

Charting, database and avionics topics
- Waypoint naming concepts

- the ‘TF’ and ‘CF’ path terminators

- fly-by and fly-over waypoints

Simulator and/or Flight Training objectives

Operational procedures and practices
- Normal procedures
- Contingency procedures

Use of GNSS Equipment

- retrieving a procedure from the database

- briefing the procedure, comparing it with the charted procedure
- action to be taken if discrepancies are noted

- tactically modifying the flight plan

Flying procedures

- Horizontal tracking and turn anticipation

- Approaches with Vertical Guidance and vertical control techniques,
- Use of automatic pilot and flight director

- Implications of system malfunctions not GNSS related

PART 1: GROUND THEORY
Self-study method:

A pilot may use this manual to self-study PBN theory. The Instructor could helpfully
conduct an oral exam to ensure the pilot is fully proficient in the key knowledge items

listed in the table on the left

or, Classroom training method:

The instructor or an ATO may conduct classroom training to cover the required PBN
material in this manual. This may involve one or more 2-3hr classroom sessions,
depending on how much preparation and reading the student has done

PART 2: PRE-FLIGHT BRIEFING
The pre-flight briefing sessions may
require 1-2hrs, and should include:
Use of GNSS Equipment
Operational procedures

Particularly covering approach
procedures, and using the actual
aircraft or training device checklist/ops
manual

PART 3: SIMULATOR OR FLIGHT
TRAINING

The training syllabus we recommend is
based on 2 “notional” lessons

1. Normal operations

2. Contingencies

The objective is for the pilot to
demonstrate proficiency to the
standards required of Instrument Rating
holders and the specific requirements
of GNSS. The minimum time this will
require is probably 2-3hrs for a
candidate who is current in IFR and
RNAYV operations.
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Lesson 1: Normal Operations

Element of Lesson Content recommendations

1. Pre-flight preparation

2. RNAV SID No.1
(manually flown)

3. Short cruise segment

4. RNAV STAR No.1
(manually flown)

5. RNAV SID No.2
(autopilot)

6. Short cruise segment

7. RNAV STAR No.2
(autopilot ) with
continuous descent at
required or maximum
performance

Tactical changes

Briefing of route and procedure charts. Availability of non-RNAV procedures

RAIM check using AUGUR (requires internet access) and the GPS unit’s built-in prediction tool, SBAS NOTAMs
Briefing on power, pitch and configuration for arrival

Other items in accordance with the checklist or ops manual

A normal IFR departure, flying the SID to its terminating point
note the path-terminators at the start of the procedure which may not be supported by the receiver, and the transition to enroute
guidance

A cruise segment to the start of the arrival procedure, using an enroute flight plan
a simulator should be slewed as required to reposition the aircraft, only 10mins in the cruise are needed to complete the pre-
arrival checks

A normal STAR, transitioning to a low approach and go-around
practising the transition from the arrival to the approach should be included where practical

Repositioning as required

A normal IFR departure, flown using the autopilot, to the SID airways terminating point
note the point on the procedure at which autopilot may be engaged, and the use of available VNAV features

* A RNAV STAR, transitioning to a low approach and go-around, flown using the autopilot in coupled modes

Subject to the type of aircraft flown/simulated, this procedure should be flown at highest arrival speed attainable up to the
published chart maximum, and, if possible, at 160KIAS to 4 nm on the approach

The RNAV STAR should offer a continuous descent profile (most do, but some older procedures have a stepped arrival)

A pilot’s instrument training will have been conducted at the aircraft’s normal arrival/approach speeds, and it useful for the
RNAYV 1 training to include faster arrivals that may be requested by ATC. The limiting speeds for gear and flap, good engine
management and speed control in the transition to the glidepath should be briefed pre-flight.

» The procedure training above should ideally include at least one each of an unplanned hold, a change of procedure, and a direct-
to clearance to an intermediate waypoint
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Lesson 2: Contingencies

Element of Lesson Content recommendations

1. Pre-flight preparation * Briefing of route and procedure charts.
» Review of RNAV and other contingency procedures in the check list or ops manual

2. Non-GNSS * To include at least one RNAV STAR (flown manually or using the autopilot) in which GNSS performance is normal, but other
contingencies: simulated failures or contingencies are introduced which the pilot must manage whilst flying the full procedure

RNAV SID (optional)  The failures may be specific to the aircraft type, but may include instrument, electrical, engine and fuel system problems; icing or

Short cruise (optional) storm avoidance; and, in a multiengine trainer or aircraft, an engine failure may be simulated during the arrival

* The failures should permit the procedure to be flown in full, but the debriefing should emphasise circumstances in which an
alternative course of action or declaring an emergency would be needed

RNAV STAR No.3  This element of Lesson 2 should include at least one tactical change (unplanned hold, change of RNAV procedure, vectors)

Repositioning as required

3. GNSS Contingencies: This should include one RNAYV terminal procedure in which a simulated loss of GNSS capability takes place (eg. a failure of the
receiver or an SBAS/RAIM, Loss of Integrity) in which the pilot must follow the checklist contingency procedures and then fly a

RNAV SID (optional) conventional or radar-vectored arrival
Short cruise (optional) « If a simulator is used which permits other GNSS failures, these may be included (eg. a discrepancy in a cross-check between
RNAV STAR No.4 GNSS position and radio aids)

RNAYV 1 differences training or completion of training

If the aircraft or simulator used for Lessons 1 and 2 is not representative of the actual aircraft or specific model of receiver to be used for RNAV terminal operations,
the course should be completed using an appropriate combination of representative PC RNAV simulator software, flight training device or aircraft

Element of Lesson Content recommendations

1. Pre-flight preparation « Briefing of route and procedure charts. Availability of non-RNAV procedures
* RAIM check using the receiver unit’s built-in prediction tool
« Briefing on power, pitch and configuration for a high speed arrival
» Review of RNAV normal and contingency procedures in the check list or ops manual

2. Normal RNAV » To include at least one RNAV procedure (SID, STAR or RNP Approach) and at least one tactical change (unplanned hold, change
Procedure of RNAV procedure, vectors)
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RNP Approach simulator and/or flight training

« The training and operating requirements for RNP Approaches are summarised in the table below. A training course could

have the following three parts:

Theory Training objectives (key points)

General PBN theory

RNP Approach theory

- PBN procedure designs and coding

- RNP Approach procedure charts, limitations and minima

- requirement for current database and database procedures
- required navigation equipment for RNP 2D approaches

Charting, database and avionics topics
- Waypoint naming concepts

- the ‘TF’ and ‘CF’ path terminators

- fly-by and fly-over waypoints

Simulator and/or Flight Training objectives

Operational procedures and practices
- Normal procedures
- Contingency procedures

Use of GNSS Equipment

- retrieving a procedure from the database

- briefing the procedure, comparing it with the charted procedure
- action to be taken if discrepancies are noted

- tactically modifying the flight plan

Flying PBN procedures

- RNP Approaches with and without vertical guidance and associated
control techniques

- use of automatic pilot and flight director

- missed approach and contingency procedures (eg. loss of RAIM/SBAS)
- ATC procedures

PART 1: GROUND THEORY

Self-study method:

A pilot may use this manual to self-study PBN and GNSS theory. The Instructor could
helpfully conduct an oral exam to ensure the pilot is fully proficient in the key
knowledge items listed in the table on the left

or, Classroom training method:

The instructor or ATO may conduct classroom training to cover the key PBN material
in this manual. This may require one or more 2-3hr classroom sessions, depending on
how much preparation and reading the student has done

PART 2: PRE-FLIGHT BRIEFING PART 3: SIMULATOR OR FLIGHT
The pre-flight briefing sessions may TRAINING

require 1-2hrs, to include: The training syllabus is based on 2
Use of GNSS Equipment “notional” lessons

GNSS Operational procedures 1. Normal GNSS operations
Using the actual aircraft or training 2. GNSS contingencies

device checklist/ops manual The objective is for the pilot under

training to demonstrate proficiency to
the standards required of Instrument
Rating holders and the specific

requirements of RNP approaches. The
minimum time this will require is
probably 2hrs for a candidate who is
currentin IFR and RNAV operations.
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Element of Lesson Content recommendations

1. Pre-flight preparation « Briefing of route and procedure charts. Availability of conventional approaches and alternates
« If required, RAIM check using AUGUR (requires internet access) and the receiver’s built-in prediction tool
* Briefing of GNSS and ‘normal’ IFR checklist items
» Entering a GNSS flight plan from departure to destination

2. IFR departure and » A normal IFR departure and short cruise segment, using GNSS
short cruise segment
(manually flown)

3. RNP Non-Precision Pre-Arrival
Approach (manually « Selecting and checking the Approach procedure
flown) » Determining the appropriate IAF

« Activation of the procedure

Flying the PBN procedure

» Gross error check approaching the IAF, and check that the receiver is in TERM mode
* GNSS and Navigation instrument mode selection

» Check activation of APP/LNAV/LPV mode prior to the FAF

* Flying CDFA, commencing MA to avoid flying below the MDA

Flying the Missed Approach
» Manually re-initiate waypoint sequencing and activation of the Missed Approach procedure
» Mode selection and pilot actions in non-RNP missed approach segments

Repositioning as required

4. LPV Approach » As above, but flying the glidepath
(manually flown or
using autopilot)

5. RNP Approach with This procedure should include all of the “normal” items in Element 3 above, but it should be a scenario in which the instructor
tactical changes simulates a series of ATC tactical changes; for example:
(manually flown or * An unplanned hold at the IAF
using autopilot) « During the hold, a change of runway requiring a new procedure to be loaded

* A direct-to clearance to the IAF
» A missed approach, followed by Vectors to the FAF of the same procedure

SIDs and STARs « Although not essential, the lesson may include, if possible, use of the GNSS with SID and STAR procedures prior to the approach.
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Element of Lesson Content recommendations

1. Pre-flight preparation * Briefing of route and procedure charts.
» Review of GNSS and other contingency procedures in the checklist

2. Non-GNSS * To include at least one RNP approach (flown manually or using the autopilot) in which GNSS performance is hormal, but other
contingencies: simulated failures or contingencies are introduced which the pilot must manage whilst flying the approach
* The failures may be specific to the aircraft type, but may include instrument, electrical, engine and fuel system problems
RNP Approach No.4 « In a multiengine trainer or aircraft, an engine failure should be simulated during the arrival

* The failures should permit the approach to be flown in full, but the debriefing should emphasise circumstances in which an
alternative course of action is preferable

» This element may also include tactical changes if appropriate (unplanned hold, change of PBN procedure, vectors)

Repositioning as required

3. GNSS contingencies: * This could include at least one RNP APP in which a simulated loss of GNSS capability takes place (eg. failure of the receiver,
SBAS/RAIM or LOI) during the procedure, such that the pilot must initiate the missed approach prior to the MAP.
RNP Approach No.5 » The instructor should judge the training value of then flying to an alternate airport with a conventional procedure versus simulating

a restoration of GNSS capability and completing the approach on a second attempt
« If a simulator is used which permits other GNSS failures, these may be included (eg. a discrepancy in a cross-check between
GNSS position and radio aids)

RNP Approaches differences training or completion of training

If the aircraft or simulator used for Lessons 1 and 2 is not representative of the actual aircraft or specific model of receiver to be used, the course should be
completed using an appropriate combination of representative PC simulator software, flight training device or aircraft

Element of Lesson Content recommendations

1. Pre-flight preparation « Briefing of route and procedure charts.
* RAIM check, if applicable, using the receiver’s built-in prediction tool, as required
» Review of GNSS normal and contingency checklist procedures

2. Normal PBN » To include at least one approach procedure (RNP, or conventional approach using the receiver for supplementary guidance) and
procedure including at least one tactical change (unplanned hold, change of procedure, vectors)
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Below is a list of the abbreviations used in the book. Where an explanation is included in the text, a page number is given.
2D Two Dimensional 102 CR Course to Radial 37 GBAS Ground-based Augmentation 57
3D Three Dimensional 102 CRC Cyclic Redundancy Check System
5LNC Five-Letter Name-Codes 182 CS Control Segment GDOP Geometric Dilution of Precision 51
ADF Automatic Direction Finder CTP Conventional Terrestrial Pole GLONASS Global Navigation Satellite 57
AF Arc to a Fix 37 DA Decision Altitude System
AFM Aircraft Flight Manual DF Direct to Fix 36 GLS GBAS Landing System 57
AIM Aeronautical Information DIS Distance (to next waypoint) GNSS Global Navigation Satellite 47
Manual (FAA) DME Distance Measuring Equipment System
AIRAC Aeronautical Information 72 DP Departure Procedure GPS Global Positioning System a7
Regulation And Control DTK Desired Track GPSS GPS Steering
AIS Aeronautical Information EASA European Aviation Safety GS Groundspeed
Service Agency HA Racetrack to Altitude 38
AOPA Aircraft Owners and Pilots EGM96 Earth Geodetic Model 96 168 HAL Horizontal Alert Level 67
Association EGNOS European Geostationary 58 HDOP Horizontal Dilution of Precision 51
APCH Approach 24 Navigation Overlay Service HF Racetrack to Fix 38
APR Approach 24 EHSI Electronic HSI (ie Glass) HM Racetrack to Manual 38
APV Approach with Vertical 104 ENR Enroute HPL Horizontal Protection Level 67
Guidance ETA Estimated Time of Arrival IAF Initial Approach Fix
ARINC Aeronautical Radio Inc 175 ETSO European Technical Standard ICAO International Civil Aviation
A-RNP Advanced RNP 158 Order Organization
ATC Air Traffic Control EU European Union IDF Initial Departure Fix 145
ATS Air Traffic Services FA Fix to an Altitude 36 IE Initial Fix 36
BIH Bureau International de FAA Federal Aviation Authority IE Intermediate Fix 88
I'Heure (USA) IF Intermediate Frequency
BIPM Bureau International des FAF Final Approach Fix IFR Instrument Flight Rules
Poids et Mesures FAS Final Approach Segment LS Instrument Landing System
BPSK Binary Phase Shift Keying FC Fix to a Distance 34 IMC Instrument Meteorological
CIA Coarse/Acquisition 160 FD Fix to a DME Distance 34 Conditions
CA Course to Altitude 37 FD Fault Detection 55 INS Inertial Navigation System
CAA Civil Aviation Authority FDE Fault Detection and Exclusion 55 IRU Inertial Reference Unit
CD Course to DME Distance 37 FM Fix to Manual termination 35 JAA Joint Aviation Authorities
CDA/CDFA Constant Descent (Final) FMS Flight Management System KIAS Indicated Air Speed in Knots
Approach FRT Fixed Radius Transition 154 Lof A Letter of Authorization
CDI Course Deviation Indicator G/S Glideslope LDA Localiser type Directional Aid
EER gogrseftlc; Fdix | 36 32 genAeraI A(;/iation LNAV Lateral Navigation 7
ode of Federal 0-Aroun o :
Regulations (FAA) GAGAN GPS Aided GEO Augmented 57 LNAVHY éﬂféﬁ;’t\:‘a\"gm'on + Advisory !
Cl Course to an Intercept 37 Navigation =
CNF Computer Navigation Fix 77 - Loss of Integrity >2
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Below is a list of the abbreviations used in the book. Where the definition is included in the text, a page number is given.
LPV Localiser Performance with 118 RAIM Receiver Autonomous 54 TSE Total System Error 33
V(_ertical Guidance Integrity Mo_nitoring TS0 Technical Standard
MA Missed Approach RF Radius to Fix 36 Orders
MAP or MAPt  Missed Approach Point 124 E:ZMS Eadiq Frequelniy - = us User Segment 48
ini i i anging and Integri
B o EmTme
; RNAV Area Navigation 12 uTC Universal Co-ordinated
(H.efght) . RNP Required Navigation 20 Time
mﬁﬁs m:::mzm EZ:/?;;%Q:“tUde 13 Performance VA Heading to Altitude 37
Performance Specification igg: R iprF;c;AaLét: R L VAL Vert|c.al Alert Level 67
MOC Minimum Obstacle Clearance 43 RWY Runway VD Heading to DME 35
MSA Minimum Sector Altitude 80 SBAS Satellite based 56 term_ln&lthn -
MSAS MTSAT Satellite Augmentation 57 Augmentation System VDOP  Vertical Dilution of 51
System SID Standard Instrument VER \P/Irsjfl"glr: ht Rules
MSL Mean Sea Level Departure _ R
NOTAM Notice to Airmen SPS Standfard Positioning Service 160 VI Heading to Intercept Leg 38
NPA Non Precision Approach 100 SRA i;;ﬁg?gce Radar 108 VLOC  VOR/Locator
NSE Navigation System Error 33 ss Space Segment 49 VM Heading to Manual 36
PA Precision Approach 104 STAR Standard Arrival Tgrmination _
PANS-OPS Procedures for Air Navigation sTC Supplemental Type VMC Visual Meteorological
Services — Aircraft Operations Certificate Conditions
PAR Precision Approach Radar 104 SV Satellite Vehicle 48 s Vertical Navigation —
PBN Performance Based Navigation 14 TC Type Certificate VOR VHF Omnidirectional
PDE Path Definition Error 33 TDOP Time Dilution of Precision 51 Range _
PDOP Position Dilution of Precision 51 TERM Term?nal 128 VPL Vertical Protection Level 67
PI Procedure Turn 38 TERPS Terminal Instrument 172 VR Heading to Radial 38
PinS Point in Space 151 TF _l;rrg(c::s(:gr'(:a; 36 WAAS  Wide Area Augmentation 58
FolA Pilot Operating Handbook TAI International Atomic Time 163 Sl :
PRN Pseudorandom Number 156 TMA Terminal Manoeuvring Area WGS84  World Geodetic System 168
PSE Path Steering Error 33 TOA Time of Arrival datum 1984
PSK Phase Shift Keying 156 TOAC Time Of Arrival Control 27 LU What's it doing now? -
QNH Atmospheric Pressure at MSL
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