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Motivation 
 Bird Strike Risk and Mitigation Measures 
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Motivation 
 Role of Air Traffic Control 

Chart 4 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 



Concept 

Chart 5 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
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Concept 

Chart 6 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
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fast-time simulations 



• air traffic simulation platform 
 

• bird movement model 
 

• collision model 

Fast-Time Simulation Environment 

Chart 7 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 



Simulation Environment 
 Air Traffic Simulation Platform 

Chart 8 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

BlueSky Open Air Traffic Simulator 
 

• real- and fast-time simulator 
 

• vizualization and evaluation of  
• air traffic flows 
• ATM concepts 

 
• modular structure 

 
• open data & open sources 

 
 

 
 

 
 

 



Simulation Environment 
 Bird Movement Model 

Chart 9 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

source: robinradar.com source: govtech.com 



Simulation Environment 
 Bird Movement Model: Direct Airport Environment 

Chart 10 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

 

input 
• time-stamped 2D positions  
• id 
• category 

 

processing 
• at least 20 positions per bird 
• categories: small, medium, large, flocks 



Simulation Environment 
  Bird Movement Model: Extended Airport 

Chart 11 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

Method based on 
- van Gasteren et al. 2008    
- Dokter et al. 2010 
- Lensink & Kwak 1985 
- Hüppop et al. 2006 

input  
• bird reflectivity 
 
 

• velocities in u and v direction 
 

processing 
• bird number (𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 11 𝑐𝑐𝑐𝑐2) 
• constant speed (SD =  5 𝑚𝑚

𝑠𝑠
) 

• constant direction (SD = 45°) 

𝜂𝜂 =  𝜌𝜌𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 [
𝑐𝑐𝑐𝑐2

𝑘𝑘𝑘𝑘3] 



Simulation Environment 
 Collision Model: Protected Zone Aircraft 

Chart 12 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  =  𝑏𝑏 ∗ ℎ = 𝑏𝑏 − 2 ∗ 𝑟𝑟𝑓𝑓 ∗ ℎ𝑤𝑤 + 𝑛𝑛𝑒𝑒 ∗ 𝑟𝑟𝑒𝑒2  ∗ π + 𝑟𝑟𝑓𝑓2 ∗ π 
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Simulation Environment 
 Collision Model: Protected Bird 

Chart 13 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
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based on Graham 1996 



Chart 14 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

June 

July 

August 

February 

March 

April 

January May September 

October 

November 

December 

Verification 
 Simulation Setup 

high medium 

low very low 

336 Scenarios 



Results 
 Bird Strike Rate: Number of bird strikes per 10,000 flights 

Chart 15 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

Air Traffic Intensity Bird Strike Rate 

high 21.59 

medium 19.48 

low 21.78 

very low 15.07 

Eindhoven (reference)* 12.33 

* average for the period from 2007 to 2016 

last-minute 
escapes? 
unreported 

strikes? 



Results 
 Altitude Distribution 

Chart 16 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
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Results 
 Bird Strike Rate and Altitude Distribution 

Chart 17 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

Airport Bird Strike Rate Bird Strike Rate 
(theoretical) 

high 21.59 41.43 

medium 19.48 42.43 

low 21.78 38.25 

very low 15.07 25.62 

Eindhoven (reference) 12.33 



Results  
 Seasonal Distribution 

Chart 18 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 



• simulation environment developed 
• bird movement and collision model 

 

• promising results achieved 
• bird strike rate 
• altitude distribution  
• seasonal distribution 
 

• next step 
• develop collision avoidance algorithm 

Conclusions 

Chart 19 > Simulating the Risk of Bird Strikes > SESAR Innovation Days 2017 > 29 November 2017 
 

Monte Carlo  
Simulations 

Thanks! Questions? 
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