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Opening and Introductions Opening and Introductions 
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→ Javier Cabrera Espinós 
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Delivery methodology: 
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General Considerations General Considerations 
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General Considerations General Considerations 
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General Considerations General Considerations 
“complex” PBN approval  
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General Considerations General Considerations 
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General Considerations 



16 Bangkok, Thailand 03/02/2020 
16 

General Considerations General Considerations 
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General Considerations General Considerations 
“non-complex” PBN approval  
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General Considerations General Considerations 
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PBN 

Key Definitions I 

Performance Based Navigation 
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Key Definitions I 
There are two kinds of navigation specifications: 
→ RNAV area navigation and  
→ RNP required navigation performance. 

 
Main objective: reduce lateral spacing between routes 
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Key Definitions I 
These specifications are similar. The key difference is: 
→ RNP specification: a navigation specification that includes a 

requirement to have an on-board performance monitoring and 
alerting system  

→ A RNAV specification does not have such a requirement. 
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Key Definitions I 
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Key Definitions I 
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Key Definitions I 
Monitoring and alert systems 
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Key Definitions I 
Monitoring and alert systems 
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PBN 
ERROR 

Key Definitions I 

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

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

Key Definitions I 
RNP and RNAV specifications 
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Key Definitions I 
RNAV 
→ Traditionally, the "required navigation performance" was ensured 

by the mandatory use of certain equipment on board. 
 

→ The development of new equipment and technologies made it 
impracticable to continue with this laborious method of selection. 
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Key Definitions I 
RNP 
→ Instead of equipment, it is focused on Functional Requirements 
→ Each "TYPE" RNP defines the navigation performance for all users 

of a given airspace and has a correspondence with the navigation 
capability available in that airspace 
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In short: global non-harmonization 
between RNP applications 

Key Definitions I 
Wide variety of Functional Requirements 

Variety of Sensors 
Required for 
Navigation 

Different 
requirements for 

crews 



32 Bangkok, Thailand 03/02/2020 
32 

Key Definitions I 
PBN specifies that the performance requirements of the aircraft 
RNAV or RNP system must be defined in terms of  
→ Accuracy  
→ Integrity  
→ Availability  
→ Continuity  
→ Functionality  
required for proposed operations in the context of a particular 
airspace 
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Key Definitions I 
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Key Definitions I 
Performance based navigation 
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Key Definitions I 
Performance based navigation 

 
Availability  
(09) Definition “percentage of time (annually) 
that the services of the system are usable by 
the navigator”  
(Alt: proportion of time during which reliable 
navigation information is presented to the crew, 
autopilot, or other system managing the flight 
of the aircraft)  
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Key Definitions I 
Performance based navigation 
 
Continuity  
(05) Definition “capability of the system to 
perform its function without unscheduled 
interruptions during the intended operation”  
(Alt from ICAO SARPS: It relates to the capability 
of the navigation system to provide a navigation 
output with the specified accuracy and integrity 
during the approach, assuming that it was 
available at the start of the operation)  
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Key Definitions I 
Performance based navigation 
 
Integrity  
(06) Definition “a measure of the trust that can 
be placed in the correctness of the information 
supplied”  
The system must have the ability to provide 
timely and valid alerts to the user  
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Key Definitions I 
Provide a uniform and harmonized 
interpretation of the RNP and RNAV 
specifications. 

Address the performance requirements of 
navigation of new RNP specifications applied 
to airspace of terminal area and approach. 

PBN Objectives 
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EQUIPMENT 
LIMITATIONS 

PBN 
ERROR 

TSE 
TOTAL 

SYSTEM 
ERROR 

Key Definitions I 
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Key Definitions I 
TSE: Is the deviation from the nominal or 
desired position and the aircraft’s true 
position, measured in nautical miles. 
 
It should remain equal to or less than the 
required accuracy expected to be 
achieved at least 95 % of the flight time 
by the population of aircraft operating 
within the airspace, route or procedure. 
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NSE 
NAVEGATION 

SYSTEM 
ERROR 

PDE 
PATH 

DEFINITION 
ERROR 

FTE 
FLIGHT 

TECHNICAL 
ERROR 

TSE  

TOTAL 
SYSTEM 
ERROR 

Key Definitions I 
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Key Definitions I 
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PBN  
Flight Phases  

Navigation 
Specification 

Key Definitions I 
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Key Definitions I 
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Key Definitions I 
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Key Definitions I 
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Key Definitions I 
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Key Definitions I 
Depending on the navigation sensor, ANP is 
compared with the RNP:  
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Key Definitions I 
Depending on the navigation sensor, ANP is 
compared with the RNP: 
 
Boeing  
When ANP exceeds RNP, an UNABLE RNP 
message is displayed to the flight crew. This 
indicates that the FMS position does not 
meet the required accuracy, so the procedure 
(such as an approach) must be aborted.  
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 CE 965/2012  

Key Definitions I 
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Key Definitions II 

PBN Operational Approvals Workshop 
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RNAV5  
(B-RNAV) 

Study case: 
 
 
 
 
 
 

Basic random area navigation 
 

Key Definitions II 



53 Bangkok, Thailand 03/02/2020 
53 
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3.-AIRWORTHINESS 
EQUIPMENT REQUIREMENTS 

4.-EQUIPMENT AND 
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Index 

Key Definitions II 
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Key Definitions II 
Random area navigation (RNAV) 
→ Method of navigation that permits aircraft operation on any 

desired course within the coverage of station-referenced 
navigation signals or within the limits of a self-contained system 
capability. 
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GROUND BASED NAVIGATION 
 

RANDOM AREA NAVIGATION 
 
 

Key Definitions II 
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GROUND BASED NAVIGATION 
 

RANDOM AREA NAVIGATION 
 
 

Key Definitions II 
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Key Definitions II 
From "Conventional" to 
Area Navigation 
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Area Navigation 
→ The International Civil Aviation Organization (ICAO) Definition: 

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

→ Area Navigation is the key enabler for Performance Based Navigation (PBN). 
→ Area navigation enables the aircraft to fly a path, or "leg", between points, 

called "waypoints", which are not necessarily co-located with ground-based 
navigational aids. 

 
 
 
 

 
 

Key Definitions II 
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Summary 
→ Conventional navigation involved defining routes structures between ground–

based NAVAIDs. 
→ Area Navigation, which defines routes as any desired path, is a key enabler for 

PBN. 
→ In Terminal Airspace aircraft fly between either flyover, or fly-by waypoints. 
→ Only aircraft with an on-board navigation computer (RNAV system) can 

perform Area Navigation. 
→ An aircraft’s position is calculated by the RNAV system using inputs from 

ground-based, space-based NAVAIDS or on-board self-contained systems. 

 

Key Definitions II 
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Key Definitions II 
How an aircraft flies a route 
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Key Definitions II 
RNAV system functionality 
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Key Definitions II 
Total System Error (TSE) 
 
 
 
 
 
When an aircraft is certified, it has been demonstrated that all of the errors 
combined, the aircraft is able to fly within the required performance 95% of the 
flight time. 

 

Presenter
Presentation Notes
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Key Definitions II 
Summary 
→ RNAV Systems provide Navigation, Flight Plan Management using waypoints, guidance and control together with 

Display and System Controls. 
→ Navigation computers are not all the same, they may be simple or complex and may or may not have a database 

which is aircraft operator (AO) specific. 
→ The navigation computer defines and displays the path using waypoints that are inputted by the pilot or called up 

from the database. 
→ The aircraft’s position is calculated by the RNAV system using inputs from ground-based, space-based NAVAIDS, 

or on-board sensors. This position is then compared to the defined path to provide path steering. 
→ Accuracy and consistency to fly the desired path depends on the aircraft capabilities and functionalities. 
→ Navigation accuracy requirements in PBN are based on the Total System Error, which is the error between the 

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

2.-ACRONYMS 

3.-AIRWORTHINESS 
EQUIPMENT REQUIREMENTS 

4.-EQUIPMENT AND 
LIMITATIONS/ERRORS 

Key Definitions II 
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RNAV  
Area Navigation 

RNP 
Required Navigation 

Performance  

VOR 
VHF (Very High 

Frequency) Omni-
directional Radio- range 

DME 
Distance Measuring 

Equipment 

GNSS                    
Global Navigation 
Satellite System 

SBAS                
Satellite-Based 

Augmentation System 

EGNOS             
European 

Geostationary 
Navigation Overlay 

Service  

Key Definitions II 
List of acronyms 
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Key Definitions II 
List of acronyms 

INS 
Inertial Navigation 

Systems  

FMS 
Flight Management 

System  

HSI 
Horizontal Situation 

Indicator  

MCDU 
Multipurpose Control 

Display Unit  

ADC 
Air Data Computer  

IRS 
Inertial Reference 

Systems  

ADI 
Attitude Director 

Indicator 

LORAN            Long 
Range Navigation 
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1.-DEFINITION 

2.-ACRONYMS 

3.-AIRWORTHINESS 
REGULATORY REQUIREMENTS 

4.-EQUIPMENT AND 
LIMITATIONS/ERRORS 

Key Definitions II 
Index 
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DISPLAY OF 
DISTANCE AND 

BEARING TO THE 
ACTIVE 

WAYPOINT 

DISPLAY OF 
GROUND SPEED 
OR TIME TO THE 

ACTIVE 
WAYPOINT 

NAVIGATION 
DATA STORAGE 
FUNCTION (AT 

LEAST 4 
WAYPOINTS) RNAV5 

CONTINOUS INDICATION 
OF AIRCRAFT POSITION, 

RELATIVE TO  FLIGHT 
PATH DISPLAYED TO THE 

PILOT FLYING, ON A 
NAVIGATION DISPLAY 

SITUATED IN HIS PRIMARY 
FIELD OF VIEW 

Key Definitions II 
Airworthiness regulation requirements 
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Key Definitions II 
RNAV and RNP specifications include requirements for 
certain navigation functionalities. At the basic level, these 
functional requirements may include:  
a) continuous indication of aircraft position relative to track to 

be displayed to the pilot flying on a navigation display situated 
in his primary field of view;  

b) display of distance and bearing to the active (To) waypoint;  
c) display of ground speed or time to the active (To) waypoint;  
d) navigation data storage function; and  
e) appropriate failure indication of the RNAV or RNP system, 

including the sensors. 
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1.-DEFINITION 

2.-ACRONYMS 

3.-AIRWORTHINESS 
EQUIPMENT REQUIREMENTS 

4.-EQUIPMENT AND 
LIMITATIONS/ERRORS 

Key Definitions II 
Index 
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RECEIVE 
INFORMATION 

PROCESS 
INFORMATION 

DISPLAY 
INFORMATION 

Key Definitions II 
Equipment 
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VOR Antenna 

GPS Antenna 

DME Antenna 

GPS Transceiver 

VOR Transceiver 

DME Transceiver 

RECEIVE 
INFORMATION 

RECEIVE 
INFORMATION 

RECEIVE 
INFORMATION 

Key Definitions II 
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FLIGHT 
MANAGEMENT 
SYSTEM 

PROCESS 
INFORMATION 

MULTIFUNCTION DISPLAY UNIT 

Key Definitions II 
GPS Transceiver 

VOR Transceiver 

DME Transceiver 
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DISPLAY 
INFORMATION 

EXTERNAL 
ANNUNCIATOR 

Key Definitions II 
FLIGHT 
MANAGEMENT 
SYSTEM 

MULTIFUNCTION DISPLAY UNIT 
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Key Definitions II 
Equipment 
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Key Definitions II 
Automatic determination of the aircraft’s position? 



77 Bangkok, Thailand 03/02/2020 
77 

Key Definitions II 
Made ​​from Flight Management Systems and data obtained from one 
or a combination of the following sensors: 
→ DME/DME Distance measurement equipment 
→ DME/VOR Very High Frequency Omni-directional Radio- range 
→ INS Inertial Navigation System or IRS Inertial Reference Systems 
→ GPS Global Positioning System 
→ LORAN Long Range Navigation  
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DME 1 

DME 2 

DME 3 

Key Definitions II 
RNAV 5 (B RNAV) 
DME/DME 
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Key Definitions II 
RNAV 5 (B RNAV) 
→ DME (disadvantages): 

→ Coverage limitation: 200 NM radius 
→ No update zones: 1NM radius 
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 WAYPOINT 1 

 VOR/DME  
 WAYPOINT 2 

Key Definitions II 
RNAV 5 (B RNAV) 
VOR/DME 
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Key Definitions II 
RNAV 5 (B RNAV) 
→ VOR (disadvantages): 

→ VOR ground stations transmit within a VHF 
frequency band of 108.0 – 117.95 MHz. 

→ The signals transmitted are subject to line-
of-sight restrictions. Therefore, its range 
varies in direct proportion to the altitude of 
receiving equipment.  
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Key Definitions II 
RNAV 5 (B RNAV) 
GPS 
→ Global Positioning System 

→ Is a satellite based navigation system. It uses a 
digital signal from each satellite to send data to the 
receiver.  

→ The receiver can establish a line of position (LOP) on 
the Earth 
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Key Definitions II 
RNAV 5 (B RNAV) 
GPS 
→ Global Positioning System 

→ A second LOP will provide two possible 
locations 
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Key Definitions II 
RNAV 5 (B RNAV) 
GPS 
→ Global Positioning System 

→ A third LOP will resolve that to a single 
position. 
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Key Definitions II 
RNAV 5 (B RNAV) 
GPS (Disadvantages) 

→ A receiver calculates its position in 3D 
(X/Y/Z) and GNSS-time, based on the 
signals of multiple satellites: 
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Key Definitions II 
RNAV 5 (B RNAV) 
GPS (Disadvantages) 

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

(X1 – X)² + (Y1 – Y)² + (Z1 – Z)² =  (t1.c – CB.c)² 
(X2 – X)² + (Y2 – Y)² + (Z2 – Z)² =  (t2.c – CB.c)² 
(X3 – X)² + (Y3 – Y)² + (Z3 – Z)² =  (t2.c – CB.c)² 
(X4 – X)² + (Y4 – Y)² + (Z4 – Z)² =  (t2.c – CB.c)² 

With:  X1, Y1, Z1 = 3D coordinates of satellite 1 when its signal was emitted 
 t1 = Time when the signal was emitted by satellite 1 
 X, Y, Z = Position of (and calculated by) the receiver (= 3 unknown factors) 
 CB = Clock Bias = Time error of receiver with respect to the “GNSS time”  (= 4th unknown factor in the equation, as “receiver 
 time” is very inaccurate) 
 c = Speed of the signal = Speed of light (300.000 km/hour, or 300.000.000 m/s) 

 

 
 

 



87 Bangkok, Thailand 03/02/2020 
87 

Key Definitions II 
RNAV 5 (B RNAV) 
GPS (Disadvantages) 
→ Clock bias 

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

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

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

→ This explains the need of a 4th satellite for exact 3D-positioning, to help solve the 4th 
unknown factor: CB 
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Key Definitions II 
 → Ephemeris error 

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

→ Clock drift 
→ Each satellite has a precise Cesium beam atomic clock. They drift slowly (fractions of 

second per year), but they do drift. 
→ Ionospheric and tropospheric distortion  

→ This is error sustained by the satellite signals passing through the earth's 
atmosphere. 
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Key Definitions II 
Effects of Space Weather on Aviation: 
→ Communication 
→ Navigation 
→ Avionics 
→ Radiation 
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Key Definitions II 
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Key Definitions II 
Space Weather Report (SWR)  
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Key Definitions II 
Tropospheric Interference: 
→ the signals originate from outer space (vacuum, no matter) and travel through 

the atmosphere, that becomes more dense closer to the Earth => “Bending” or 
Refraction of the signal (that travel in a curved pattern, not in a straight line!), 
when encountering denser medium 
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WGS-84 (sphere) Real Earth (rock) Ball 

Key Definitions II 
The Earth is more of a “sphere” than a ball, in shape 
→ GPS and Galileo use WGS-84 as reference, for the Earth: it considers the Earth’s 

circumvent as a perfect sphere 
→ Unfortunately the Earth still is a “Rock” in the Universe that is gently forming 

into a sphere, even after millions of years… 
→ This explains why altimetry is difficult using GNSS-technology! 

 



94 Bangkok, Thailand 03/02/2020 
94 

Augmentation of a global 
navigation satellite system 

(GNSS) is a method of improving 
the navigation system's 
attributes, through the 
integration of external 

information into the calculation 
process.  

Some systems transmit 
additional information about 

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

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

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

GNSS 
Augmentation 

Key Definitions II 
RNAV 5 (B RNAV) 
GNSS Augmentation 
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Satellite-Based Augmentation 
System (SBAS)  

Ground-Based Augmentation 
System (GBAS)  

Aircraft-Based Augmentation 
System (ABAS)  

Key Definitions II 
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Key Definitions II 
Satellite-Based Augmentation System (SBAS)  
→ System that supports wide-area augmentation through the use of additional 

satellite-broadcast messages.  
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Key Definitions II 
Satellite-Based Augmentation System (SBAS)  
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Key Definitions II 
Ground-Based Augmentation System (GBAS)  
→ System that supports augmentation through the use of terrestrial radio 

messages. Composed of one or more accurately surveyed ground stations, 
which take measurements concerning the GNSS, and one or more radio 
transmitters, which transmit the information directly to the end user 
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Key Definitions II 
Aircraft-Based Augmentation System (ABAS)  
→ On board the aircraft, the augmentation take the form of 

additional information being blended into the position 
calculation. Many times the additional avionics operate via 
separate principles than the GNSS and are not necessarily 
subject to the same sources of error or interference. 
 

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

→ In order for a GPS receiver to perform a RAIM or Fault 
Detection function, a minimum of 5 satellites with 
satisfactory geometry must be visible to the GPS receiver. 
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RNAV 5 (B RNAV) 
INERTIAL NAVIGATION 

SYSTEM (INS) 

(Inertial Measurement Unit ) 

(Inertial Navigation System) 

SPEED 

ATTITUDE 

HEIGHT 

POSITION 

Key Definitions II 
Inertial Navigation System (INS) 
→ A block diagram of an inertial measurement unit (IMU) combined with 

navigation equations to form an inertial navigation system (INS). 
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Key Definitions II 
Inertial Reference System (IRS)​ 
→ A block diagram of an inertial measurement unit (IMU) combined with 

navigation equations to form an inertial navigation system (IRS).​ 
(Inertial Measurement Unit ) 

(Inertial Navigation System) 

SPEED 

ATTITUDE 

HEIGHT 

POSITION 

It uses a ring laser 
gyro instead of 
the conventional 
rate gyro to sense 
angular rate 
about the roll, 
pitch and yaw 
axes. 

RNAV 5 (B RNAV) 
INERTIAL REFERENCE 

SYSTEM (IRS) 
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Key Definitions II 
RNAV 5 (B RNAV) 
Long Range Navigation (LORAN)  
→ Is a hyperbolic radionavigation system where 

broadcasting stations transmit a precisely 
timed signal.  
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Key Definitions II 
RNAV 5 (B RNAV) 
Long Range Navigation (LORAN)  
→ The receiver calculates the time difference 

between each of the pulse sequence to 
determine the distance from each transmitter 
to create a hyperbolic line of position (LOP). 
The location is defined by the intersection of 
both LOPs.  
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Key Definitions II 
→ Ionospheric disturbances 

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

→ Solar events  

→ A common cause failure that can disrupt both Loran and GPS. The good news is that 
while both GPS and Loran are affected by solar storms, the degradation occurs at 
different times. Loran is affected by ionospheric changes which occur soon after the 
solar storm occurrence; GPS is affected some days later when Loran has fully 
recovered. 

→ Power line carriers 

→ A lot of equipments use the electrical transmission lines to communicate data which 
may cause interferences to Loran receivers 
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Key Definitions II 
→ Altimetry System Error 

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

→ Put more simply, ASE is the difference between the altitude that the pilot, ground 
controller and aircraft systems believe the aircraft to be at, and the actual altitude. 
To be compliant with international standards the ASE of an aircraft must be less than 
245 ft.)  
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Key Definitions II 
→ Height Monitoring Systems (HMU) 

 Height Monitoring Units in Europe.  
→ They determine the geometric height and position of an aircraft by comparing  the 

time of reception of the SSR transponder signals at different receiver locations.  
→ When completed, the monitoring produces the ASE readings for each aircraft. 

 
 
 
 
 
 

EUR Region HMU Locations 
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Key Definitions II 
→ GPS Monitoring Unit (GMU)  

→ Portable carry on device used to estimate the ASE of a single flight for one aircraft. 

→ ADS-B Height Monitoring System 

→ New method of Height monitoring which utilizes the geometric height data 
transmitted in the aircraft’s ADS-B broadcasts. 
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Key Definitions II 
Aircraft ASE profile that has a low ASE and is also stable over time 
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Key Definitions II 
In contrast, the next example shows the long term ASE curve for an individual 
aircraft where deteriorating ASE has not been identified during scheduled checks.  
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Key Definitions II 
The graph below shows the ASE curve for an individual airframe showing an increase 
of ASE from approximately -50 feet to over -150 feet in 1 year. The vertical line 
illustrates when this aircraft came to the attention of the EUR RMA and took action. 
Improvement in performance after the operator changed faulty pitot heads is clear 
to see.  
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Key Definitions II 
Aberrant ASE 
→ An RMA may recommend a State or operator to 

investigate the performance of an aircraft which is 
aberrant if the typical performance is over a pre-set 
limit (typically 200 ft.) or if the ASE characteristic 
indicates a significant trend towards non-
compliance. 

 
→ The ASE of any individual airframe shall be less than 

±245 ft.  
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Poor paint finish in static port sensitive areas  

Static port 
erosion 

Key Definitions II 
Damage to static ports and pitot tubes  
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CENTER HOLES HAVE BEEN 
ELONGATED 

Key Definitions II 
Damage to static ports and pitot tubes  
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RVSM Maintenance Tests 

Key Definitions II 
Adequacy RVSM inspection procedures  
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Key Definitions II 

QUESTIONS 
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Key Definitions II 
1. (RNP): 

a) Designed to reduce the standard vertical separation between aircrafts 
flying between FL290 and FL410. 

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

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

d) Special training procedures for using the weather radar system. 
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Key Definitions II 
1. (RNP): 
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b) It´s an application of the Traffic Alert and Collision Avoidance System 
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Key Definitions II 
2. Related to Aircraft-Based Augmentation System, the RAIM 

function stands for: 
a) Reduced Antenna Integration and Maintenance for ILS applications. 
b) Receiver Autonomous Integrity Monitoring for aviation GPS applications. 
c) Range Antenna Indicator Malfunction for TCAS applications. 
d) Receiver Autonomous Integrity Monitoring for aviation weather radar 

applications. 
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Key Definitions II 
2. Related to Aircraft-Based Augmentation System, the RAIM 

function stands for: 
a) Reduced Antenna Integration and Maintenance for ILS applications. 
b) Receiver Autonomous Integrity Monitoring for aviation GPS applications. 
c) Range Antenna Indicator Malfunction for TCAS applications. 
d) Receiver Autonomous Integrity Monitoring for aviation weather radar 

applications. 
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Key Definitions II 
3. Which of the following options are related to cause Global 

Positioning System (GPS) errors 
a) Ephemeris error, Clock drift, Ionospheric and tropospheric distortion.  
b) Hysteresis error, Compression error and static distortion. 
c) Pressure variation caused by skin waviness effects.  
d) Poor paint finish in static port sensitive areas. 
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Key Definitions II 
3. Which of the following options are related to cause Global 

Positioning System (GPS) errors 
a) Ephemeris error, Clock drift, Ionospheric and tropospheric distortion.  
b) Hysteresis error, Compression error and static distortion. 
c) Pressure variation caused by skin waviness effects.  
d) Poor paint finish in static port sensitive areas. 
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Key Definitions II 
4. The purpose of Static Source Error Correction (SSEC) is 

a) To produce a minimum residual static system error.  
b) To minimize ionospheric distortion. 
c) To generate guidance beams at microwave frequencies for guiding aircraft 

to landings. 
d) To improve the Runway Visual Range (RVR) at landing. 
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Key Definitions II 
4. The purpose of Static Source Error Correction (SSEC) is 

a) To produce a minimum residual static system error.  
b) To minimize ionospheric distortion. 
c) To generate guidance beams at microwave frequencies for guiding aircraft 

to landings. 
d) To improve the Runway Visual Range (RVR) at landing. 
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PBN Operational Approvals Workshop 
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Key Definitions III 
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Key Definitions III 
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Key Definitions III 
Navigation Specifications 
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Key Definitions III 
Navigation Specifications 
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Key Definitions III 
Navigation Specifications 
→ In terms of PBN the required 

performance can be considered as the 
following: 
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Key Definitions III 
Other requirements to achieve desired performance levels 
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Key Definitions III 
Navigation Specifications 
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Key Definitions III 
Navigation Specifications 

 



133 Bangkok, Thailand 03/02/2020 
133 

Key Definitions III 
Navigation Specifications 
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Key Definitions III 
Waypoints 
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Key Definitions III 
Waypoints 
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Key Definitions III 
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Key Definitions III 



138 Bangkok, Thailand 03/02/2020 
138 

Key Definitions III 
Radius to Fix (RF) 



139 Bangkok, Thailand 03/02/2020 
139 

Key Definitions III 
Fixed Radius Transition (FRT) 
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Key Definitions III 
Description of a 'LEG' and how 
an aircraft flies it 
En-Route and Terminal 
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Key Definitions III 
Aircraft RNAV system and Database 



142 Bangkok, Thailand 03/02/2020 
142 

Key Definitions III 
Using the data 
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Key Definitions III 
Creating the Path 
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Key Definitions III 
Flying the Path 
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Key Definitions III 
Implications of cross Specification qualification 
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Key Definitions III 
Advanced – RNP (A-RNP) 
A-RNP is a Navigation Specification that was specifically developed to cover all 
phases of flight under a single certification and operational approval. 
Note: High continuity is required for oceanic/remote continental operations. 
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Key Definitions III 
Navigation aid infrastructure  
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Key Definitions III 
Space Based Augmentation Systems (SBAS) 

Presenter
Presentation Notes





149 Bangkok, Thailand 03/02/2020 
149 

Key Definitions III 
Ground Based Augmentation Systems (GBAS) 
Supports precision approaches down to CAT I today. GBAS corrections could also be 
used by suitably equipped RNAV systems. 
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Key Definitions III 
Implications for PBN 
 Positioning Accuracy 
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Key Definitions III 
Positioning Accuracy 
 



152 Bangkok, Thailand 03/02/2020 
152 

Key Definitions III 
On-board autonomous navigation capability 
 Inertial Reference Systems (IRS): 
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Key Definitions III 
Integrity 
 AAIM: 
  Integrity monitoring is 
  provided on the flight 
  deck by linking the GPS 
  receiver with either an 
  Inertial system or a  
  Barometric altimeter 
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Key Definitions III 
Navigation Applications  
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Key Definitions III 
En-route navigation 
 En-route segments 
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Key Definitions III 
En-route navigation 
 Benefits of PBN 
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Key Definitions III 
Terminal Airspace Navigation 
 SIDs 
  The following image shows an example of 
  a departure. It demonstrates that, when 
  RNAV is used, as there is no need to  
  overfly NAVAIDs, shorter track miles can 
  be provided. This will result in more  
  efficient use of airspace and fuel. 

 
 



158 Bangkok, Thailand 03/02/2020 
158 

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

Key Definitions III 
Terminal Airspace Navigation 
 



160 Bangkok, Thailand 03/02/2020 
160 

Key Definitions III 



161 Bangkok, Thailand 03/02/2020 
161 

Key Definitions III 
Terminal Airspace Navigation 
 Approach 
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Key Definitions III 
Terminal Airspace Navigation 
 Approach 
  RNP APCH 
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Key Definitions III 
Terminal Airspace Navigation 
 Approach 
  RNP APCH 
 
  If the pilots can't see the runway as they 
  approach the minimum altitude they will 
  initiate the missed approach procedure. 
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Key Definitions III 
Terminal Airspace Navigation 
 Approach 
  RNP APCH with Vertical   
  guidance (APV) 
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Key Definitions III 
Terminal Airspace Navigation 
 Approach 
  RNP APCH with Vertical   
  guidance (APV) 
 
  APV BARO VNAV 
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Key Definitions III 
Terminal Airspace Navigation 
 Approach 
  RNP APCH with Vertical   
  guidance (APV) 
 
  APV SBAS 
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Key Definitions III 
Advanced RNP (A-RNP) 
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Key Definitions III 
Examples of Navigation Specifications in different areas of operation 
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Stakeholders Uses of PBN 
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Stakeholders Uses of PBN 
Stakeholders 
→ Airport Operators 
→ Aircraft Operators 
→ Other: 

→ Industry Representatives 
→ Public 
→ Community Groups 
→ Airport Authorities 
→ Government Officials 
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Stakeholders Uses of PBN 
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Stakeholders Uses of PBN 
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Stakeholders Uses of PBN 
Airport Operators 
→ The involvement of airport operators benefits procedure design 

by potentially enabling the maximum achievable environmental 
benefits given local constraints allowing the community buy in, 
and aiding in the seamless implementation of FAA's NextGen 
Program.  
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Stakeholders Uses of PBN 
Airport Operators Concerns 
→ The concerns of airport operators related to the design of flight 

procedures serving their airport include efficient access of 
passenger and aircraft to the NAS, meeting environmental 
requirements for the airport, satisfying the needs of the 
communities proximate to the airport, maximizing airport 
revenue, and minimizing operational costs.  
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Stakeholders Uses of PBN 
Airport Operators Contributions 
→ Airport personnel can address these concerns by engaging in the 

procedure development process.  
→ The airport operator is recognised as a primary stakeholder in 

PBN development. 
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Stakeholders Uses of PBN 
Communities 
→ Input from community representatives is valuable in helping lo 

ensure that the needs of the community are understood and 
considered in the procedure design.  
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Stakeholders Uses of PBN 
Concerns 
→ The concerns of communities proximate to airports regarding 

flight procedure design include the concentration of aircraft 
noise, increases in air traffic, local air quality, and the 
preeminence of air traffic. 
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Stakeholders Uses of PBN 
Contributions 
→ Communities can address these concerns by being aware of and 

understanding the procedure development project and having 
opportunities to voice their concerns. Representative bodies also 
offer the opportunity for education regarding PBN procedures. 
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Stakeholders Uses of PBN 
Aircraft Operators 
→ Aircraft operators are typically a project sponsor and may design 

their own procedures for an airport. 
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Stakeholders Uses of PBN 
Aircraft Operators concerns 
→ Aircraft operators want to ensure the usability of the published 

procedures. They typically want designs that they can use and 
that are approved by ATC. Additional concerns of aircraft 
operators include design for fuel and lime savings as well as 
providing reliable access to airspace and airports.  
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Stakeholders Uses of PBN 
Aircraft Operators contributions 
→ Aircraft operators can contribute with specific information 

fundamental to the procedure design including defining their 
normal operations, understanding of their flight planning process, 
the capacities of their aircraft, the typical\weights and climb 
profiles and the current and planned PBN. 
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Stakeholders Uses of PBN 
Challenges 
→ Planning 
→ Outreach 
→ Technical design 
→ Utilisation 
→ Process 
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Stakeholders Uses of PBN 
Challenges 
→ Planning 

→ An airport master plan should consider the timing and effects of PBN 
implementation capacity and traffic demand, facility requirements, 
alternatives, noise, and implementation schedules for major capital 
improvements.  

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

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

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

→ Challenges in outreach include community opposition and resources. 
Community opposition to PBN procedures may be due to limited 
knowledge and understanding and can hamper the implementation of 
procedures.  

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

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

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

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

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

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

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

→ Regarding stakeholder needs, achieving the benefits at the proposed 
procedures, while adjusting their design to meet the needs of all the 
stakeholders without compromising the design objectives, can be 
challenging. 
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Stakeholders Uses of PBN 
Challenges 
→ Technical design 
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PBN Benefits / Implementation Matters 
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PBN Benefits / Implementation Matters 
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PBN Benefits / Implementation Matters 
PBN Benefits 
→ PBN represents a fundamental shift from sensor-based to performance-based 

navigation and offers a number of advantages over the sensor-specific method 
of developing airspace and obstacle clearance criteria. 
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PBN Benefits / Implementation Matters 
PBN Benefits 
→ reduces the need to maintain sensor-specific routes and procedures, and their 

associated costs; 
→ avoids the need for developing sensor-specific operations with each new 

evolution of navigation systems, which would be cost-prohibitive; 
→ allows for more efficient use of airspace (route placement, fuel efficiency and 

noise abatement);clarifies how RNAV and RNP systems are used; and 
→ facilitates the operational approval process for operators by providing a limited 

set of navigation specifications intended for global use. 
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PBN Benefits / Implementation Matters 
PBN Benefits 
→ PBN can potentially enable operational benefits in the areas of safety, flight 

efficiency and airspace capacity, as well as improved cost-efficiency and 
reduced environmental impact. 



199 Bangkok, Thailand 03/02/2020 
199 

PBN Benefits / Implementation Matters 
PBN: 
→ Improves Safety 

→ Reduces CFIT 
→ Consistent predictable flight plans 
→ Stabilized approach paths 

→ Improves Operating Returns 
→ Reduces fuel costs 
→ Reduces investments in ground based systems 
→ Reduces time in flight through more direct routes 

→ Increases airspace capacity 
→ More efficient direct routes 
→ Reduces airspace conflicts 

→ Is environmentally friendly 
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PBN Benefits / Implementation Matters 
Benefits in terms of ATC: 
→ Safety culture 
→ Fewer radio transmissions 
→ Lower chance of readback/hearback errors 
→ Greater predictability 
→ Airspace containment 
→ Fewer go-arounds 
→ Less transit occupancy time in airspace 
→ Changing roles and responsibilities 
→ Best practices involving stakeholders in design 
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PBN Benefits / Implementation Matters 
Implementation 

→ Pilot Training 
→ Aircraft Systems 
→ Names, definitions and charts 
→ Global Harmonization 
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PBN Benefits / Implementation Matters 
Pilot Training 
→ Globally, pilots do not have the same knowledge and skill level with regard to 

PBN. Since no worldwide standardization exists on this, the scope, length and 
methods of training, as well as trainer knowledge and skills, may vary 
considerably. 
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PBN Benefits / Implementation Matters 
Aircraft Systems 
→ Aircraft automation is becoming more precise and more complex resulting in 

divergent user platforms based on the operator’s avionics and aircraft 
manufacturer requirements. The systems should preferably made upgradable, 
have common “look and feel” characteristics with common procedures 
between applications and aircraft, and be intuitive for the pilot to readily 
interpret the information displayed. 
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PBN Benefits / Implementation Matters 
Names, definitions and charts 
→ As with any new technology there are many definitions, names and criteria and 

these are still evolving. This may create confusion among pilots, airlines and 
regulators. 
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PBN Benefits / Implementation Matters 
PBN Naming Convention 
→ Currently, the PBN approach procedure naming convention is not standardized 

throughout the world and is inconsistent with the PBN navigation 
specifications. Examples of differing naming conventions used by States include 
RNAV (GPS) RWY XX, RNAV (GNSS) RWY XX, RNAV (RNP) RWY XX.  

  
  
  
  
  



206 Bangkok, Thailand 03/02/2020 
206 

PBN Benefits / Implementation Matters 
PBN Naming Convention 
→ The ICAO Circular 336 provides guidance to assist States and other 

stakeholders with the transition from RNAV to RNP approach chart 
identification. This circular provides the necessary guidance to States on how 
to make that transition. From 1 December 2022, only the term RNP will be 
permitted, e.g. RNP RWY XX or RNP RWY XX (AR) will be acceptable while 
RNAV, GPS and GNSS will not be. During the transition period however, it is 
possible to have a considerable variation in the IAP designation policies of 
different countries. 
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PBN Benefits / Implementation Matters 
Global Harmonisation 
→ The lack of standard ICAO SARPs leads to different implementation approaches 

in different countries. For example, SESAR and NextGen (USA programme) have 
provided regional implementations of PBN but these are not globally 
harmonized. There is also a lack of harmonized state implementation of PBN 
phraseologies 
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