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What is the “Perfect Flight?”
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Conventional Navigation [1920s]

Ground-based navigation aids (NAVAIDs)
 Aircraft Overfly NAVAID or Intersection

Display Accuracy is a Function of Distance
 Protected Area Grows (“Splayed”)

= Limited Design Flexibility



Area Navigation (RNAV) [1970s]

Ground or Space Based NAVAIDs

 Aircraft Fly Waypoints

Protected Area Constant (“Linear’)

= Increased Design Flexibility



Required Navigation Performance (RNP) [1990s]

Adds to RNAV

 On Board Monitoring & Alerting

 May Incorporate Radius to Fix
Turns

= Optimized Use of Airspace





Evolution of Air NavigationEvolution of Air Navigation

Conventional Navigation

Area Navigation (RNAV)

1920s

1970s

Performance Based Navigation (PBN) 2007

Area Navigation (RNAV)

Required Navigation Performance (RNP)

1970s

1990s



Conventional NavigationPBN

Existing Air Navigation SystemExisting Air Navigation System

RNAV RNP



Airspace ConceptAirspace Concept

Access - Improve airport and airspace access  in all weather
conditions and the ability to meet limiting obstacle constraints
caused by challenging terrains or restricted area
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RNP AR approaches will increase
runway access

Increase runway access, Increase safety, Reduce noise



Airspace ConceptAirspace Concept
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What is the “Perfect Flight?”
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Deriving Airspace ConceptDeriving Airspace Concept

Safety? Capacity? Efficiency? Environment? Access?
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COM NAV SUR ATM

AIRSPACE CONCEPT



Element of Airspace ConceptElement of Airspace Concept

ATM
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COM NAV SUR ATM
PBNPBNPBC PBS



Phases of FlightPhases of Flight



Phases of FlightPhases of Flight



C = Performance-Based Communication (PBC)

N = Performance-Based Navigation (PBN)

S = Performance-Based Surveillance (PBS)

ATM = Air Traffic Management

C = Performance-Based Communication (PBC)

N = Performance-Based Navigation (PBN)

S = Performance-Based Surveillance (PBS)

ATM = Air Traffic Management



Performance Based Navigation (PBN) ImplementationPerformance Based Navigation (PBN) Implementation
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Introduction to PBN

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

Note: Performance requirements are expressed in
navigation specifications in terms of accuracy,
integrity, continuity and functionality needed for
the proposed operation in the context of particular
airspace concept. Availability of GNSS SIS or some
other NAVAID infrastructure in considered within the
airspace concept in order to enable the navigation
application.
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ICAO PBN StrategiesICAO PBN Strategies
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ICAO Assembly ResolutionICAO Assembly Resolution

• State Letter on Issuance of ICAO PBN Manual (Doc 9613)

• States and planning and implementation regional groups (PIRGs)
to complete a PBN implementation plan by 2009 to achieve
– Implementation of RNAV and RNP operations (where required) for en

route and terminal areas according to established timelines and
intermediate milestones; and

– Implementation of approach procedures with vertical guidance (APV)
(Baro-VNAV and/or augmented GNSS) for all instrument runway ends,
either as the primary approach or as a back-up for precision approaches.

• 30% by 2010; 70% by 2014, and 100% by 2016
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Progress on Thailand ImplementationProgress on Thailand Implementation
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Since May 2007, Thailand National Working Group on PBN &
GNSS Implementation consists of representatives from:

- DCA Thailand

- Airlines

- Thai Pilots’ Association

- Airports of Thailand

- Aeronautical Radio of Thailand

Thailand WG on PBN&GNSSThailand WG on PBN&GNSS
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Since May 2007, Thailand National Working Group on PBN &
GNSS Implementation consists of representatives from:

- DCA Thailand

- Airlines

- Thai Pilots’ Association

- Airports of Thailand

- Aeronautical Radio of Thailand



Area 1: Policy & Implementation Planning

- Conduct feasibility, e.g. why should we implement PBN and GNSS?
How much would it cost?

- Define roadmap, e.g. where and when should we implement?

- Address regulatory issues, e.g. what regulations/legislations are needed?

Area 2: Establishments of Standards and Requirements

- Identify/Establish standards, e.g. how should we implement?
What actions are needed to be done? Who are responsible for doing what?
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Area 2: Establishments of Standards and Requirements

- Identify/Establish standards, e.g. how should we implement?
What actions are needed to be done? Who are responsible for doing what?

Area 3: Communication with Stakeholders

- Notify stakeholders, e.g. let other people know what we have planned
and accomplished.

- Gather feedback, e.g. what do other stakeholders think? How can we
improve what we have done?



Thailand PBN RoadmapThailand PBN Roadmap

2005 2010 2015 2020

En-route
RNAV 5 Possible RNP 2 or RNAV 2Basic RNAV

RNAV 10/RNP 4 for Some Oceanic Routes

Terminal
RNAV (GNSS ) SID/STAR
at Int’l Airports
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RNAV (GNSS ) SID/STAR
at Int’l Airports

RNAV 1 SID/STAR at Int’l
Airports

RNAV 1 SID/STAR
at Domestic Airports

RNAV 1 to RNP 1 transition at some TMAs

RNP 1 SID/STAR  at Non-Radar Airports

RNAV 1 to RNP 1 transition at some TMAs

RNP APCH (with Baro-VNAV) at Domestic and Int’l Airports

RNP AR APCH and/or GBAS at selected airports

Approach



PBN TMA ImplementationPBN TMA Implementation
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• 37 สนามบิน



Progress on PBN Approach Implementation forProgress on PBN Approach Implementation for
Phuket International AirportPhuket International Airport
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Phuket International AirportPhuket International Airport
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Existing Conventional Navigation Aids

• 1 Doppler VHF Omni-directional radio Range
(DVOR) for RWY 27 & RWY 09

• 1 Instrument Landing System (ILS) for RWY 27

Navigation Infrastructure at PhuketNavigation Infrastructure at Phuket
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• 1 Doppler VHF Omni-directional radio Range
(DVOR) for RWY 27 & RWY 09

• 1 Instrument Landing System (ILS) for RWY 27



DVOR

DVOR @ PhuketDVOR @ Phuket
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Localizer & DME

ILS @ PhuketILS @ Phuket

Glide Slope
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Localizer & DME

ILS @ PhuketILS @ Phuket

Current Localizer Course 1.4 degree Offset

Glide Slope
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Localizer & DME

ILS @ PhuketILS @ Phuket

Optimum Localizer Location 0 Degree Offset

Glide Slope
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Not advisable due to environment impacts
and lack of construction site



Summary: Limitations of Conventional NavigationSummary: Limitations of Conventional Navigation

Conventional

Runway 27 1.4-degree ILS offset

Runway 09 10-degree VOR offset
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Runway 09 10-degree VOR offset

No vertical guidance

High OCA at 850 feet



Procedures for Phuket 09Procedures for Phuket 09
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Yellow – Current VOR Track
Green - PBN Track



Procedures for Phuket RWY 27Procedures for Phuket RWY 27

Yellow – ILS Track
Green - PBN Track
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Flight Validation – On FlightFlight Validation – On Flight
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VOR APCH

RW 09

RNP APCH
RW27

RNP APCH
RW09



Summary: Safety Improvements with PBNSummary: Safety Improvements with PBN

Conventional PBN

Runway 27 1.4-degree ILS offset Straight-in approach

Runway 09 10-degree VOR offset Straight-in approach
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Runway 09 10-degree VOR offset Straight-in approach

No vertical guidance Vertical guidance

OCA at 850 feet OCA at 750 feet



Current ProgressCurrent Progress



Current ProgressCurrent Progress
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Safety and Efficiency Improvements with PBNSafety and Efficiency Improvements with PBN

Phuket (VTSP) Conventional PBN

Runway 27 1.4-degree ILS offset Straight-in approach

Runway 09 6-degree VOR offset Straight-in approach

OCA at 850 feet OCA at 750 feet

Samui (VTSM) Conventional PBN

Runway 17 Straight-in yet through
unstable weather area

Straight-in approach, yet able to
side-step to avoid the unstable

weather area
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Runway 17 Straight-in yet through
unstable weather area

Straight-in approach, yet able to
side-step to avoid the unstable

weather area

Hat Yai (VTSS) Conventional PBN

Runway 08 Unavailable due to
mountainous  terrain

Straight-in approach

Chiang Mai (VTCC) Conventional PBN

Runway 18 VOR circling approach with high
circling OCA/H

Runway aligned approach



w/o Baro-VNAV

Thailand PBN Implementation (1)Thailand PBN Implementation (1)


w/o Baro-VNAV

2015

w/o Baro-VNAV

w/o Baro-VNAV

w/o Baro-VNAV

w/o Baro-VNAV

w/o Baro-VNAV

w/o Baro-VNAV



Thailand PBN Implementation (2)Thailand PBN Implementation (2)



w/o Baro-VNAV

w/o Baro-VNAV

w/o Baro-VNAV

2016

2016

2015

2015





w/o Baro-VNAV

w/o Baro-VNAV

Thailand PBN Implementation (3)Thailand PBN Implementation (3)

2013 VTCP
(Phrae) Approach RNAV (GNSS) RWY01

(w/ BARO-VNAV) 2014

2013 VTUW
(Nakhon Panom) Approach

RNAV (GNSS) RWY15
RNAV (GNSS) RWY33

(w/ BARO-VNAV)
2014

w/o Baro-VNAV

w/o Baro-VNAV

VTUW
(Nakhon Panom)

RNAV (GNSS) RWY15
RNAV (GNSS) RWY33

(w/ BARO-VNAV)

2013 VTUI
(Sakon Nakhon) Approach

RNAV (GNSS) RWY05
RNAV (GNSS) RWY23

(w/ BARO-VNAV)
2014

2013 VTPH
(Huahin) Approach RNAV (GNSS) RWY16

(LNAV) 2014

50% (18 Airports) by the end of 201450% (18 Airports) by the end of 2014



PBN EnPBN En--route Implementationroute Implementation
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PBN En-route
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M752 connecting Suvarnabhumi with Australia

Expect RNAV-5 Navigation Specification

M502 connecting Suvarnabhumi with South Asia

Expect RNAV-5 Navigation Specification



PBN En-route
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Route Number of Flight
(Month)

Reduce Fuel Burn
(Month)

Reduce Carbon Emission
(Month)

Suvarnabhumi – Male 24 Flights ~1,488 Kg ~5,208 Kg

Fuel Saving from M502: Data from Bangkok Airways



• On-Going Initiatives : PBN Domestic En-route
– Domestic Enroute : 2.2 mil kg of fuel save / year

estimated
• Bangkok – Phuket

• Bangkok – Samui – Hat Yai

• Bangkok – Chiang Mai

• Bangkok – Udon Thani

• Bangkok – Ubon Ratchathani

• Implementation On-going
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• On-going Initiatives : PBN International Routes via ICAO
– Bay of Bengal – ICAO BOB Reduced Separation Minima

– South China Sea – ICAO South China Sea Route Review Task Force

PBN En-route: International
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