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Introduction  

ÅThis 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 

ÅThe 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. 

ÅSome 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. 

ÅThe 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. 

ÅHowever, we have not limited ourselves to EASA learning objectives.  The intention is to provide a 

comprehensive PBN manual, practical as well as theoretical.   

ÅFor 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. 

ÅThe 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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Introduction  

ÅDue 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. 

ÅAs naming conventions are changing as we write, we refer to both RNAV and RNP Approaches in this 

book.  For the time being, in Europe, they can be considered to be the same. (See p.101) 

ÅThis manual assumes that the reader is an instrument rated pilot or familiar with normal IR terminology 

i.e. óIAFô, óminimaô etc. IR terminology is used without explanation unless PBN concepts modify non 

PBN usage. 

ÅPPL/IR Europe retains copyright to its original content under Creative Commons Attribution 4.0 

International License 

ÅPPL/IR Europe welcomes feedback and questions via its website forum (www.pplir.org). Any person 

interested in operating aircraft under IFR in Europe is welcome to join. 
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Acknowledgements and notes  

 

ÅEdition 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. 

ÅErrors and omissions are entirely John and Timothyôs responsibility 
 

ÅPPL/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: 

ïplease 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 

ïplease 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 

ÅNone of the AIP or Jeppesen charts or Garmin screen shots in this manual may be used for 

navigation purposes 
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Do not use for navigation  
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RNP (RNAV) Approaches  

Different Types of Approach, and Different Types of Avionics  

On the next two pages is a summary of different types of RNAV 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: 

ÅTSO-C129() (non-SBAS) receivers, which use only GPS signals (eg GNS430) 

ÅTSO-C146() (SBAS) receivers, which, in addition to the GPS signal, receive a further correction 

signal that makes them far more accurate. (eg GNS430W, GTN) 

Å In Europe there are the following RNP (RNAV) (GNSS/GPS) approaches: 

 

 

 

 

 

 

 

ÅTSO-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. 

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

approaches the threshold. 

ÅLPV approaches can have minima to 200ô (the same as a Cat 1 ILS). 
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Type Annunciation Description 

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) 

* See p149 for Baro-VNAV 



How to fly an RNP (RNAV) Approach  

Using a GNSS Navigator in a Light Aircraft  

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

 

ÅBrief yourself thoroughly, from either Jepp plates or the AIP, well before commencing the approach.  In particular, 

note the positions of the IAFs, the ñcake sliceò TAA/MSAs for each sector serving those IAFs and the minima lines 

available (LPV, LNAV, LNAV/VNAV) and their minima for your approach category. 

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

ÅEnsure that the CDI is selected to GPS. 

ÅWhen 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. 

Å 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. 

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

ÅBefore the FAF, ensure that the expected annunciations (APR, LPV, LNAV, LNAV+V or L/VNAV, and GPS) and 

that no unexpected ones (LOI, INTEG) are showing. 

ÅAt 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. 

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

Å If the annunciator falls back to a lesser specification (eg LPV to LNAV) above 1000ô AAL, reset minima as 

appropriate and use the distance vs altitude table.  If it falls back below 1000ô AAL, go around. 

Å 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)  

Before describing PBN, we should start by explaining that PBN only forms part of a 

systematic way of determining: 

ÅWhat is to be achieved in an airspace (Airspace Concept) 

ÅHow it is to be achieved 

An Airspace Concept describes, amongst other things: 

ÅThe intended operations within an airspace 

ÅThe operational and technical requirements to achieve the intended operations 

The Airspace Concept includes: 

ÅCommunication 

ÅNavigation 

ÅSurveillance 

ÅAir 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  



11  

Airspace 
Concept 

Communications Navigation Surveillance 
Air Traffic 

Management 

Navigation 

Application* 

Navigation 

Specification 

Navigation 

Infrastructure§ 

RNAV RNP 

Performance 

Based 

Navigation 

No on-board 

performance 

monitoring 

and alerting 

On-board 

performance 

monitoring 

and alerting 

* Navigation 

Application includes 

pilot training and 

qualification. 

 

Introduction to PBN  

§ RNAV Systems Only 

 



ÅñTraditionalò IFR Navigation relies on aircraft 

crossing radio beacons and tracking to and from 

them directly, or via intersects 

Å This constrains IFR routes and procedures to what is 

achievable from a limited and expensive 

infrastructure of ground-based stations 
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ñTraditionalò IFR Navigation 

 

 

 

 

 

 

 

RNAV 

 

 

 

 

 

 

 

ÅArea Navigation (RNAV) is a method of navigation that 

permits aircraft to follow IFR routes and procedures 

based on any desired routing, subject to the system 

limits of the RNAV technology 

ÅModern RNAV in general aviation aircraft is based on 

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. 

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 RNAV systems have evolved will help the reader understand why it has 

proved necessary to develop PBN. 

 

Background to the Development of PBN  

1. The Basic Concept of RNAV  



Background to the Development of PBN  

2. How RNAV was Implemented  

Traditional IFR had a single, simple ñimplementationò 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 RNAV ñboxò could fly additional RNAV routes. However, the accuracy and 

predictability of an aircraftôs flight path was limited by a lack of standardisation  

Å in navigation equipment accuracy and reliability 

Å in how route and procedure data was entered, coded, interpreted and displayed  

Å in how pilots and autopilots would fly turns, intercepts, climbs to a fix and any other ñnon-

straight and levelò 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) 

Å eg. RNAV 1 (formerly P-RNAV), RNAV 5 (formerly B-RNAV) in Europe; MNPS (RNAV 10 

or RNP 4) in the North Atlantic. 
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The PBN Concept  

1. The Definition of PBN  
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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. 

Please note that in ICAO terms, ñNavigation Applicationò 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. 

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. 



The PBN Concept  

2. Application, Specification and Infrastructure  
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Navigation 

Application 
(use of Navigation Specification 

and Navaid Infrastructure) 

Navigation 

Specification 
(RNAV System Perf) 

Navaid 

Infrastructure 
(Ground and Space Based) 

RNAV X RNP X 

RNAV X RNP X 

X = Accuracy Value 

in nm 
(See pp20 and 26) 

RNP has onboard performance 

monitoring and alerting 



The PBN Concept  

3. Performance and Functionality Requirements  
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ÅóPerformance 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.ô 

(ICAO PBN Manual Doc 9613).  

ÅPBN is based on detailed navigation specifications, which contain performance and functionality 

requirements. 

 

 

 

±1nm ±1nm 
±35m 

SID STAR Approach 
±5nm * 

Enroute 

* In Europe.  2nm Elsewhere 



The PBN Concept  

4. Technology Independence  
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ÅPBN 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. 

ÅThe 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 yesterdayôs, todayôs or 

tomorrowôs equipment, as long as the required performance is achieved.  

 

 

 

 

 

ÅIn 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). 

DME/DME INS GNSS ??? 

X nm 

X nm 

Linear Angular Lateral  

2
4
 

Angular Vertical  



The PBN Concept  

5. Specification, Infrastructure and Application  
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ÅThe Navigation Specification prescribes the performance requirements in 

terms of accuracy, integrity, continuity and functionality for proposed 

operations in a particular Airspace. The Navigation Specification also 

describes how these performance requirements are 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. 

ÅThe 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. 

ÅThe 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. 

 



The PBN Concept  

6. An example of a PBN Specification  
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The components of a PBN Specification in terms of a navaid infrastructure, navigation specification 

and a navigation application can be difficult to grasp.  It is perhaps easiest to explain by way of 

example:- 

Å RNAV 1 and 2 

ï Navaid infrastructure: Radar environment with radio communications, and with GNSS, 

DME/DME and DME/INS availability. 

ï 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 ï GNSS, DME/DME RNAV or 

DME/DME/IRU RNAV approved to the RNAV 1 and 2 accuracy requirements. 

ï 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. 

 



ÅUnder PBN there are two general classes of specification,  

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

ï RNP (Required Navigation Performance), which does. 

ÅRNAV 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 

ï Referred to as ñRNAV Xò or ñRNP Xò where the ñXò indicates the lateral accuracy.  For 

example, RNAV 1 means an RNAV 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). 

 

 

 

 

ï 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. 

ÅFlight 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. 

 

The PBN Concept  

7. RNAV and RNP  
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5 nm 

5 nm 

RNAV 5 

1 nm 
1 nm 

RNAV 1 

1 nm 
1 nm 

RNP 1 

INTEG! 



The PBN Concept  

8. How PBN Procedures are Different  

 

 

21  

Traditional Procedures  PBN procedures  

ÅExecution is demanding 

ï selecting, identing and displaying 

navaids 

ï following track, distance and timing 

from raw data 

ï repeated for each leg 

 

ÅManagement is easy 

ï select the right chart and then follow 

the execution steps 

 

ÅExecution is easy 

ï following the GNSS guidance from 

waypoint to waypoint 

 

ÅManagement is more complex 

ï valid database, correct procedure 

loaded and verified 

ï RAIM availability checked (if SBAS* 

not available); GNSS, CDI and 

Autopilot mode selection 

ï avoidance of gross errors and 

ñWIDN?ò (whatôs 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 55 



The PBN Concept  

9. PBN Aircrew Requirements  
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Under the EASA Aircrew Regulation, since August 2018 pilots have been 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.  After August 2020 all IR holders will have to have a PBN 

qualification to fly IFR and most EASA licence holders already need a PBN qualification from August 2018. 

 

 

 

 

 

 

 

 

 

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 (RNAV) 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.  

 



PBN Navigation Specification by Flight Phase  

1. Introduction  
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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 ICAO 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. 



PBN Navigation Specification by Flight Phase  

2. Specs Normally Applicable to GA in Europe  
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RNAV 5  

VOR/NDB/DME  VOR/NDB/DME  VOR/NDB/DME  

ILS/DME/MLS  

Radar  

RNAV 5  

RNAV 1  

RNP 1  

RNP APCH  

 

Enroute 

Airspace 
Terminal 

Airspace 
Approach 

Legacy 

Navigation 

Performance 

Based 

Navigation 

RNAV 

RNP 

Radar  Radar  

RNAV 2  



PBN Navigation Specification by Flight Phase  

3. Complete List Graphic  
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Takeoff 

Cruise 

Landing 

SIDs 
RNAV 1 

RNAV 2 

RNP 1 

ARNP 1 

Enroute 
RNAV 5 

RNAV 2 

RNAV 1 

RNP 2 
 

(also RNAV 10, RNP 4, 

RNP 2 and Advanced 

RNP for Oceanic and 

Remote) 

STARs 
RNAV 1 

RNAV 2 

RNP 1 

ARNP* 1 

APPROACH 
RNP Approach 

RNP-AR Approach 

(* Advanced RNP) 



PBN Navigation Specification by Flight Phase  

4. Complete List  
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Navigation 

Specification 

Flight Phase 

Enroute 

Oceanic 

Remote 

Enroute 

Continental 
ARR 

Approach 

DEP 
Initial Intermediate Final Missed 

RNAV10 (RNP10) 10 

RNAV 5 5 5 

RNAV 2 2 2 2 

RNAV 1 1 1 1 1 1 1 

RNP 4 4 

RNP 2 2 2 

RNP1 1 1 1 1 1 

Advanced RNP  2 2 or 1 1 1 1 0.3 1 1 

RNP APCH 1 1 0.3 ï 0.1§ 1 

RNP AR APCH 1 - 0.1 1 - 0.1 0.3 ï 0.1§ 1 - 0.1 

RNP 0.3* 0.3 0.3 0.3 0.3 0.3 0.3 

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

   

ÅThe 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). 

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



PBN Navigation Specification by Flight Phase  

5. Additional Functionalities  
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Navigation 

Specification 

Additional Functionalities 

(Required or Optional) 

RF FRT TOAC 
Baro 

VNAV 

RNAV10 (RNP10) 

RNAV 5 

RNAV 2 

RNAV 1 O 

RNP 4 O 

RNP 2 O 

RNP1 O O 

Advanced RNP  R O O O 

RNP APCH O O 

RNP AR APCH Specific Requirements for RF & VNAV 

RNP 0.3 O O 

ÅRF   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 

 

ÅFRT   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.  

 

ÅTOAC   Time Of Arrival Control enables an aircraft to reach a 

waypoint within X number of seconds of a specific time.  

 

ÅBaro -VNAV  computes vertical navigation based on barometric 

pressure, rather than on GPS-based SBAS altitude.  (See 

Appendix 1 page 149) 

 

Å(RNP AR APCH  See Appendix 1, Page 154) 

 

Required 
 

Optional  O 

R 

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. 



Further notes on PBN Specifications  

1. Enroute Remote and Oceanic Navigation Applications  
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ÅApart from RNAV 5 and RNAV 10, all waypoints, procedures or approaches must be accessed from 

the receiver database. 

ÅNot all the specifications below are found in EU continental airspace. 
 

ÅEnroute Remote and Oceanic navigation applications  

ï RNAV 10 (RNP 10) 
Å RNAV 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.  

ï RNP 4 
Å 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. 

ï RNP 2 
Å 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.  

Å 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. 

 



Further Notes on PBN Specifications  

2. Enroute and Terminal Navigation Applications  
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ÅRNAV 5  

ï While primarily addressing requirements of RNAV operation in an ATS surveillance environment, 

RNAV 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. 

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

ï 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. 

ï 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. 

ÅRNAV 1 and RNAV 2  

ï 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. 

ï 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 RNAV 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. 

ï RNAV 1 and 2 for general aviation is usually based on the availability of one GNSS receiver, 

although DME/DME RNAV systems and INS are acceptable as long as they can achieve the required 

accuracy. 



Further Notes on PBN Specifications  

3. RNP 1  
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ÅRNP 1  

 

ï 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. 

ï 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 

ï 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). 

ï RNP 1 can be used, when authorised, in a non-radar environment below MEAs or MSAs up to 

the final approach fix.  

 

 



RNP Performance Requirements  

1. The Main Navigation Performance Criteria  

 

ÅThere are four main navigation performance criteria: 

 

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

position. 

2. Integrity is 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. 
 

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 

Å 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  

2. Total System Error  

 

Total System Error (TSE) is the sum of 
 

ïPath 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 
 

ïPath 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 ñconceptualò errors eg. selecting the wrong procedure, waypoint or autopilot mode, or simply turning in the wrong direction 
 

ïNavigation 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 
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Path -Terminators  

1. Introduction  

ÅIFR routes and procedures are designed using standardised specifications and criteria (ICAO PANS-

OPS in Europe.) 

ÅInstrument 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. 

ÅA key concept in ARINC 424 is that of the ñPath-Terminatorò ï 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 

ï 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  

2. Building Blocks  

ÅDifferent 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 ñPath-Terminatorò leg types 

ï these 23 Path-Terminator types are, in effect, the ñperiodic tableò 

of IFR procedure design and codification 

 

ÅWhen a Departure, Arrival or Approach procedure is loaded, the flight 

plan will include each of the path-terminators that make up the 

procedure.  

 

ÅSome receivers do not support all the leg types used at the start and 

end of RNAV procedures.  For example, in some earlier receivers (eg 

Garmin GNS530/430), an enroute flight plan consists only of one leg 

type: the basic ñTrack (from Fix) to Fixò (TF) between each of the 

waypoints entered.  

ï As a result, 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  
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IF leg type  

ÅThe Initial Fix Leg defines a 

database fix as a point in space 

ÅIt is only required to define the 

beginning of a route or 

procedure 

TF leg type  

ÅTrack to a Fix defines a great 

circle track over ground between 

two known databases fixes 

ÅPreferred type for straight legs 

RF leg type  

ÅConstant Radius Arc Leg defines 

a constant radius turn between 

two database fixes, lines tangent 

to the arc and a centre fix 

ÅOptional in Basic RNP 

CF leg type  

ÅCourse to a Fix Leg defines a 

specified course to a specific 

database fix 

ÅTF legs preferred over CF to 

avoid magnetic variation issues 

DF leg type  

ÅDirect to a Fix Leg defines an 

unspecified track starting from an 

undefined position to a specified 

fix 

FA leg type  

ÅFix to an Altitude Leg defines a 

specified track over ground from 

a database fix to a specified 

altitude at an unspecified 

position 

FC leg type  

ÅTrack from a Fix to a Distance 

Leg defines a specified track 

over ground from a database fix 

for a specific distance 

FD leg type  

ÅTrack from a Fix to a DME 

Distance Leg defines a specific 

track from a database fix to a 

specific DME Distance from a 

DME Navaid 



Path -Terminators  

4. ARINC 424 Path -Terminator leg types  
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FM leg type  

ÅFrom a Fix to a Manual 

termination Leg defines a 

specified track over ground from 

a database fix until Manual 

termination of the leg 

CA leg type  

ÅCourse to an Altitude Leg 

defines a specified course to a 

specific altitude at an unspecified 

position 

CD leg type  

ÅCourse to a DME Distance Leg 

defines a specified course to a 

specific DME Distance which is 

from a specific database DME 

Navaid 

CI leg type  

ÅCourse to an Intercept Leg 

defines a specified course to 

intercept a subsequent leg 

CR leg type  

ÅCourse to a Radial termination 

Leg defines a course to a 

specified Radial from a specific 

database VOR Navaid 

AF leg type  

ÅArc to a Fix Leg defines a track 

over ground at specified constant 

distance from a database DME 

Navaid 

VA leg type  

ÅHeading to an Altitude 

termination Leg defines a 

specified heading to a specific 

Altitude termination at an 

unspecified position 

VD leg type  

ÅHeading to a DME Distance 

termination Leg defines a 

specified heading terminating at 

a specified DME Distance from a 

specific database DME Navaid 


