
Enhancing Airspace Safety and Capacity 
using PBN

Enhancing Airspace Safety and Capacity 
using PBNusing PBN

Bangkok TMA Case Study
using PBN

Bangkok TMA Case Study

Present by AEROTHAIPresent by AEROTHAI

PBN Seminar and The Eighth Meeting of
The Asia/Pacific PBN Task Force

PBN Seminar and The Eighth Meeting of
The Asia/Pacific PBN Task ForceThe Asia/Pacific PBN Task Force
9-13 May 2011, New Delhi, India
The Asia/Pacific PBN Task Force
9-13 May 2011, New Delhi, India

1



TopicsTopics

- Analysis of Current Baseline Scenario

- Current SIDs/STARs and their Limitations

- Agreement on Project Objectives and Scope

- Agreed Performance Criteria

- Options to be evaluated

- Option 1: Open-STAR

- Option 2: Point MergeOption 2: Point Merge

- Performance Evaluation

- Capacity

- Delay

- Workload

E i t
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- Environment

- Recommendations by ICAO and IATA



Analysis of Baseline ScenarioAnalysis of Baseline Scenario

3



Assessment of CNS/ATM Infrastructure for Bangkok TMAAssessment of CNS/ATM Infrastructure for Bangkok TMA

Communication

• 100% VHF Direct-Voice Communication

Surveillance

• 100% Radar-coverage

• PSR, SSR at both Suvarnabhumi and Don Mueang

• Surface Movement RADAR and Multilateration at Suvarnabhumi

• ADS-B implementation is on-goingADS B implementation is on going

ATM System

• Eurocat X
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• Maestro available



Assessment of CNS/ATM Infrastructure for Bangkok TMAAssessment of CNS/ATM Infrastructure for Bangkok TMA

Navigation

• VOR/DME and 4xILS/DME available for Suvarnahumi• VOR/DME and 4xILS/DME available for Suvarnahumi

• VOR/DME and 3xILS/DME available

• 100% VOR/DME and DME/DME Coverage

• GNSS performance and interference are well-tested and being 
it d i l timonitored in real-time.
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Assessment of CNS/ATM Infrastructure for Bangkok TMAAssessment of CNS/ATM Infrastructure for Bangkok TMA

6VOR/DME VOR/DME -- 1010,,000 000 ft ft DME/DME DME/DME -- 1010,,000 000 ft ft 



Assessment of Fleet Capability at VTBSAssessment of Fleet Capability at VTBS

Aircraft Type 
(Departure)  %

Aircraft Type 
(Arrival) % 

A320 WTC M 16.42
B744 WTC H 9.28
A333 WTC H 9.36

A320 WTC M 16.14
B744 WTC H 9.27
A333 WTC H 9.20

A306 WTC H 9.31
B772 WTC H 7.37
A319 WTC M 5.95

C

A306 WTC H 9.28
B772 WTC H 7.39
A319 WTC M 5.84

B733 WTC M 4.74
AT72 WTC M 5.30
B734 WTC M 4.73
B773 WTC H 4 09

B733 WTC M 4.74
AT72 WTC M 5.35
B734 WTC M 5.03
B773 WTC H 4 08
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B773 WTC H 4.09
Others  23.45

B773 WTC H 4.08
Others  23.69



Assessment of Fleet Capability at VTBSAssessment of Fleet Capability at VTBS

STAR and SID 
• Almost all aircraft capable of RNAV-1 

• Operate pre-PBN RNAV(GNSS) SID/STAR since the beginning of 
airport operation in 2008.

Approach
• About 70% of aircraft capable of RNP APCH with or w/o Baro-VNAVAbout 70% of aircraft capable of RNP APCH with or w/o Baro VNAV

• RNP APCH w/ Baro-VNAV can be designed to provide back-up to ILS
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• Similar case for VTBD



Assessment of MET ConditionsAssessment of MET Conditions

• Tropical Rain

• Some fogSome fog 

P i t S th N th i d f th S (9 th / )• Prominent South North wind from the Sea (9 months/year)

• North South Wind in “Winter”

• Every now and then, strange wind contradicting wind pattern 
at VTBS and VTBD
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Baseline Scenario: Current TMA and Route StructureBaseline Scenario: Current TMA and Route Structure

Airports

• 2 airports within close vicinity

• VTBS – Suvarnabhumi – 2 runways (01/19)

• VTBD – Don Mueang – 2 runways (03/21)VTBD Don Mueang 2 runways (03/21)

• Mostly flat terrain

10



Baseline Scenario: 

Current SIDs/STARs and their Limitations

Baseline Scenario: 

Current SIDs/STARs and their Limitations

Current SID/STAR VTBS19 and VTBD21
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Baseline Scenario: 

Current SIDs/STARs and their Limitations

Baseline Scenario: 

Current SIDs/STARs and their Limitations
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Baseline Scenario: 

Current SIDs/STARs and their Limitations

Baseline Scenario: 

Current SIDs/STARs and their Limitations

• 20 Crossing Points – potential conflicts

• Requires a lot of radar vectoring and levelling off

• both during departure and arrival

• increase workload for both ATCs and pilots

• High fuel consumption and CO2 emission due to low-altitude radar vectoring 
and restricted climb during departures

• Prone to TCAS alerts and aircraft incidents• Prone to TCAS alerts and aircraft incidents
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Baseline Scenario: 

Current SIDs/STARs and their Limitations

Baseline Scenario: 

Current SIDs/STARs and their Limitations

One day of actual RADAR track
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Baseline Scenario: 

Current SIDs/STARs and their Limitations

Baseline Scenario: 

Current SIDs/STARs and their Limitations

23NM

• RADAR vectoring for extended downwind now extended beyond 20 NM

• Beyond the service area of ILS as depicted in ICAO Annex 10
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• Some false-ILS captures have been reported

• Safety hazards, especially for future parallel approach operations



Expected Growth and Limitations: Why 125% and When?Expected Growth and Limitations: Why 125% and When?

2019 @ 2.5% 
growth

Mid 2014 @ 
5% growth
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Actual Growth: 10% ++Actual Growth: 10% ++
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Throughput – Baseline 19 ops

Max 
demand ≈
48/hr



Throughput –Baseline 19 ops +25%

Max 
demanddemand ≈
58/hrAOT declared  

runway 
capacity 76/hr



Delay – Baseline 19 ops (TMA inner)

Ave delay ≈ 13.5 
mins per flight  ‐

total ≈ 340 mins 
delay per 

i hoperating hour



Delay – Baseline 19 ops + 25% (TMA inner)

Ave delay ≈ 15.5 mins 
per flight  ‐

total ≈ 550 mins 
delay per operating 
hour 

(+ 62% over baseline)



Workload  - Baseline 19 ops (TMA inner)



Workload - Baseline 19 ops + 25% (TMA inner)

≈ 18% increase in≈ 18% increase in 
workload in inner 
TMA sectors



Agreements on Project Objectives, Scope and Agreements on Project Objectives, Scope and 
Performance MatrixPerformance Matrix
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Agreement on Project ObjectivesAgreement on Project Objectives

The National Working Group at its 21st Meeting endorsed the 
following objective statement. 

“Enable the maximum use of potential runway capacity

Subject to

• Maintain system safety

• Minimise system delaysy y

• Optimise controller workload

• Minimise environmental impact”
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• Minimise environmental impact



Agreement on Project ScopeAgreement on Project Scope

• Revision of SID and STAR for Suvarnabhumi and Don Mueang 

• I t d ti f RNP APCH ith B VNAV• Introduction of RNP APCH with Baro-VNAV

• Revise Airspace Structure and Existing Conventional IFPs as Necessary
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On-going Works on Revising SID and STAROn-going Works on Revising SID and STAR

• Two alternative options are being evaluated

• Option 1: Open STAR to downwind

• Option 2: Point Merge
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Option 1: OpenOption 1: Open--STARSTAR
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On-going Works on Revising SID and STAR: 

Option 1 – Open STAR

On-going Works on Revising SID and STAR: 

Option 1 – Open STAR

Proposed Open-STAR with SID VTBS RWY 19
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On-going Works on Revising SID and STAR: 

Option 1 – Open STAR

On-going Works on Revising SID and STAR: 

Option 1 – Open STAR

Proposed SID/STAR VTBD RWY 21 
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On-going Works on Revising SID and STAR: 

Option 1 – Open STAR

On-going Works on Revising SID and STAR: 

Option 1 – Open STAR

Overall Open-STAR Proposal
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On-going Works on Revising SID and STAR: 

Option 1 – Open STAR

On-going Works on Revising SID and STAR: 

Option 1 – Open STAR
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Option Option 22: Point: Point--MergeMerge
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On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

Eurocontrol Point Merge Concept

S d lMerge 
point

Direct-to

Speed control
Descent

Sequencing legs
vertically separated and at constant distance
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vertically separated and at constant distance



Point-Merge Concept

• Developed by Eurocontrolp y

• Endorsed by ICAO and documented 
in ICAO Doc. 9931: Continuous 
Descent Operations (CDO) ManualDescent Operations (CDO) Manual
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On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

On-going Works on Revising SID and STAR: 

Option 2 – Point Merge



On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

• Oslo, Dublin, Rome 
• Others interested (Geneva, Brussels, Munich, …)
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On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

Proposed Point Merge-STAR with SID VTBS RWY 19
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On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

Proposed SID/STAR VTBD RWY 21 
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On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

Overall Point Merge-STAR Proposal
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On-going Works on Revising SID and STAR: 

Option 2 – Point Merge

On-going Works on Revising SID and STAR: 

Option 2 – Point Merge
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Performance EvaluationPerformance Evaluation
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Evaluation MethodologyEvaluation Methodology

Performance Comparison: p

Open-STAR vs. Point Merge

• Use fast-time simulation tool as utilized by Eurocontrol

• Conducted by independent experts (To70).

• Acceptance Committee from ATC Suvarnabhumi, ATC Don Mueang 
d P d D i
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and Procedure Design

• Expert recommendations received by ICAO/IATA PBN Go-Team.



Agreement on Project ObjectivesAgreement on Project Objectives

The National Working Group at its 21st Meeting endorsed the 
following objective statement. 

“Enable the maximum use of potential runway capacity

Subject to

• Maintain system safety

• Minimise system delaysy y

• Optimise controller workload

• Minimise environmental impact”
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• Minimise environmental impact



Traffic Demand ScheduleTraffic Demand Schedule

Traffic demand 
l l b dlevels based on 
percentage over 
current traffic
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Delay PerformanceDelay Performance

Open-STAR

Point-mergePoint merge
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Capacity & Workload PerformanceCapacity & Workload Performance
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Environment Performance: Track MilesEnvironment Performance: Track Miles
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Environment Performance: Track MilesEnvironment Performance: Track Miles
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Environment Performance: Track MilesEnvironment Performance: Track Miles

Average Track Mile Delta 

= (Design Track Miles – Baseline Track Miles) x Actual # of Flights ( g ) g
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Environment Performance: EmissionEnvironment Performance: Emission

Open-STAR Design Point Merge Design

Sequencing Method Low altitude radar vectoring
at 3000-7000 ft

High altitude planned sequencing
leg at about 10000 ft

Design Overhead over 
Enhanced Baseline

Arrival +14.1 NM
Departure -1.8 NM

Arrival +8.2 NM
Departure +1.7 NM

Trajectory Predictability Low – Aircraft is required to High – Pilot can utilize FMSajec o y ed c ab y ow c a s equ ed o
fly heading mode due to
radar vectoring.

g o ca u e S
capability, more suitable for CDO
operation

Emission Level due to Higher LowerEmission Level due to 
Sequencing

Higher Lower
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Environment Performance: NoiseEnvironment Performance: Noise
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Performance Comparison SummaryPerformance Comparison Summary

Performance Comparison between Point-Merge and Revised Open-STAR

• Capacity: 

• Point-merge can support higher traffic throughputs both for arrival and departure• Point-merge can support higher traffic throughputs, both for arrival and departure

• Point-merge can support upto 175% of the current traffic as compared to 125% by 
Open-STAR.

• Delay: Point-merge has much better delay performance.

• Workload: Both designs have acceptable controller workload

• Environment:Environment: 

• Point-Merge has lower environmental both in terms of noise and carbon 
emission
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ICAO/IATA Expert RecommendationsICAO/IATA Expert Recommendations
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ICAO/IATA RecommendationsICAO/IATA Recommendations
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ICAO/IATA RecommendationsICAO/IATA Recommendations
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ICAO/IATA RecommendationsICAO/IATA Recommendations
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SummarySummary

• Expected Benefits of Point-Merge Design

• Reduce number of route crossings and conflicts in aircraft altitudes

• Enhancing throughput and capacity

• Reducing delay

• Increase predictability of flight path aircraft track dispersion is well defined• Increase predictability of flight path aircraft track dispersion is well-defined

• Reduce pilot workloads using FMS Direct-To instead of RADAR vectoring

• Reduce communication and frequency block

• CDO-embedded design

• Can support single-runway approach through a traffic coordinator
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• Can support independent simultaneous parallel approach reduce arrival airborne delay



SummarySummary

Potential Challenges of Point-Merge Implementation

• Require larger airspace However, Bangkok TMA is large enough.

• Reduce some flexibility

• New concept for ATC Take time and effort to educate and implement

• Changes in mind set and work habit are required• Changes in mind-set and work-habit are required. 

• Need airspace and sectorization adjustments may require infrastructure changes,
especially on control positions and communication infrastructures
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Airspace Sectorization: BaselineAirspace Sectorization: Baseline
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Airspace Sectorization: Point MergeAirspace Sectorization: Point Merge
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Thank you for your attention.Thank you for your attention.Thank you for your attention.


