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The capacity ‘wall’The capacity ‘wall’
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The capacity “wall” is a safety “wall”The capacity “wall” is a safety “wall”
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Safety feedback based design

Air traffic 
operation design

Safety / Capacity
Assessment
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Risk FactorizationRisk Factorization
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Interacting Particle System (IPS)Interacting Particle System (IPS)

• Simulate Np particles (all starting outside D1)

• Freeze each particle that reaches the next urgent level within time T  

• Make Np copies of frozen particles

• Repeat this until the most urgent level has been reached

• Count the simulated fraction Yk that reaches level k

• Estimated collision risk =  Y1  x  Y2  x  Y3  x … x  Ym

Proof of Convergence for Strong Markov process
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Agents in Example model

•Aircraft

•Pilot-Flying

•Pilot-Not-Flying

•ASAS

•Airborne GNC (Guidance, Navigation and Control)

•Global CNS (Communication, Navigation and 
Surveillance)
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Safety related event levels
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MACNMACMSISTCMTCEvent

MTC    =  Medium Term Conflict
STC     =  Short Term Conflict
MSI =  Minimum Separation Infringement
NMAC = Near Mid-Air Collision
MAC   = Mid-Air Collision
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Monte Carlo simulated scenariosMonte Carlo simulated scenarios

Two aircraft head on encounter

Eight aircraft encounter
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iFLY project
- 18 Partners from universities + industry
- Period: May 2007- August 2010
- NLR is coordinator

Key research questions:
- At which en-route traffic demands is self 
separation sufficiently safe ?

- Which complementary support services from
ground ATM are needed in order to accommodate
higher traffic demands ?
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Thank you

Your questions are welcome

Thank you

Your questions are welcome
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Scenario 3 
Random traffic, high density
Scenario 3 
Random traffic, high density

� Eight aircraft per packed container
� 3 times as dense above Frankfurt on 23rd July ’99
� factor 4 lower dense 
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High density random trafficHigh density random trafficHigh density random trafficHigh density random traffic

3/43/43/43/4 →→→→ 3333

Traffic density Traffic density Traffic density Traffic density 


