
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-5108-9350-4 

13th USA/Europe Air Traffic 
Management Research and 
Development Seminar 2019 

Vienna, Austria 
17 - 21 June 2019 

 

 

 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2019) by The European Organisation for Safety of Air Navigation (EUROCONTROL) 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2020) 
  
For permission requests, please contact The European Organisation for Safety of Air Navigation 
(EUROCONTROL) at the address below. 
  
The European Organisation for Safety of Air Navigation (EUROCONTROL) 
Rue de la Fusee 96 
1130 Brussels 
Belgium 
 
 
Phone:  +32 2 729 90 11 
Fax:  +32 2 729 90 44 
 
infocentre@eurocontrol.int 
 
 
Additional copies of this publication are available from: 
 
Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 
 
 
 

TRAJECTORY MANAGEMENT 
 
INTEGRATED TIME-BASED MANAGEMENT AND PERFORMANCE-BASED NAVIGATION 
DESIGN FOR TRAJECTORY-BASED OPERATIONS................................................................................................... 1

Roland M. Sgorcea, Lesley A. Weitz, Ryan W. Huleatt, Ian M. Levitt, Robert E. Mount 
 

ENROUTE TRAFFIC OVERFLOWS VERSUS ARRIVAL MANAGEMENT DELAYS .......................................... 11
Raphaël Christien, Eric Hoffman, Karim Zeghal 

 

USING MACHINE-LEARNING TO DYNAMICALLY GENERATE OPERATIONALLY 
ACCEPTABLE STRATEGIC REROUTE OPTIONS .................................................................................................... 20

Antony D. Evans, Paul U. Lee 

 
SAFETY 
 
ANALYSIS OF SAFETY PERFORMANCES FOR PARALLEL APPROACH OPERATIONS WITH 
PERFORMANCE-BASED NAVIGATION ...................................................................................................................... 30

Stanley Förster, Hartmut Fricke, Bruno Rabiller, Brian Hickling, Bruno Favennec, Karim Zeghal 
 

MODELLING GO-AROUND OCCURRENCE............................................................................................................... 39
Lu Dai, Yulin Liu, Mark Hansen 

 

WHAT IS THE POTENTIAL OF A BIRD STRIKE ADVISORY SYSTEM?.............................................................. 49
Isabel C. Metz, Thorsten Mühlhausen, Joost Ellerbroek, Dirk Kügler, Jacco M. Hoekstra 

 

DEVELOPMENT OF A COLLISION AVOIDANCE VALIDATION AND EVALUATION TOOL 
(CAVEAT): ADDRESSING THE INTRINSIC UNCERTAINTY IN TCAS II AND ACAS X.................................... 58

Sybert Stroeve, Henk Blom, Carlos Hernandez Medel, Carlos García Daroca, Alvaro Arroyo Cebeira, Stanislaw 
Drozdowski 

 
SEPARATION 
 
ENACT: GENERATING AIRCRAFT ENCOUNTERS USING A SPHERICAL EARTH MODEL ......................... 68

James A. Ritchie III, Andrew J. Fabian, Nidhal C. Bouaynaya, Mike M. Paglione 
 

LEARNING REAL TRAJECTORY DATA TO ENHANCE CONFLICT DETECTION ACCURACY 
IN CLOSEST POINT OF APPROACH PROBLEM ....................................................................................................... 78

Zhengyi Wang, Man Liang, Daniel Delahaye, Weilu Wu 
 

A MACHINE LEARNING APPROACH FOR CONFLICT RESOLUTION IN DENSE TRAFFIC 
SCENARIOS WITH UNCERTAINTIES.......................................................................................................................... 86

Duc-Thinh Pham, Ngoc Phu Tran, Sameer Alam, Vu Duong, Daniel Delahaye 
 

GUARANTEED CONFLICT: WHEN SPEED ADVISORY DOESN’T WORK FOR TIME-BASED 
FLOW MANAGEMENT .................................................................................................................................................... 98

Xiyuan Ge, Minghui Sun, Cody Fleming 
 

AUTOMATION FOR SEPARATION WITH CDOS: DYNAMIC AIRCRAFT ARRIVAL ROUTES .................... 108
Raúl Sáez, Xavier Prats, Tatiana Polishchuk, Valentin Polishchuk, Christiane Schmidt 

 
COMPLEXITY 
 
COST REDUCTIONS ENABLED BY MACHINE LEARNING IN ATM .................................................................. 118

Hartmut Helmke, Matthias Kleinert, Jürgen Rataj, Petr Motlicek, Christian Kern, Dietrich Klakow, Petr Hlousek 
 

CHARACTERIZING NATIONAL AIRSPACE SYSTEM OPERATIONS USING AUTOMATED 
VOICE DATA PROCESSING ......................................................................................................................................... 128

Shuo Chen, Hunter Kopald, Rob Tarakan, Gaurish Anand, Karl Meyer 

 
 



INTEGRATED AIRPORT/AIRSIDE OPERATIONS 
 
FIELD EVALUATION OF THE BASELINE INTEGRATED ARRIVAL, DEPARTURE, AND 
SURFACE CAPABILITIES AT CHARLOTTE DOUGLAS INTERNATIONAL AIRPORT .................................. 138

Yoon C. Jung, William J. Coupe, Al Capps, Shawn Engelland, Shivanjli Sharma 
 

ASSESSMENT OF THE AIRPORT OPERATIONAL DYNAMICS USING A MULTISTATE 
SYSTEM APPROACH ..................................................................................................................................................... 148

Álvaro Rodríguez-Sanz, José Manuel Cordero, Beatriz Rubio Fernández, Fernando Gómez Comendador, Rosa 
Arnaldo Valdés 

 

A COMPARATIVE ANALYSIS OF DEPARTURE METERING AT PARIS (CDG) AND 
CHARLOTTE (CLT) AIRPORTS .................................................................................................................................. 158

Sandeep Badrinath, Hamsa Balakrishnan, Ji Ma, Daniel Delahaye 
 

DEPARTURE MANAGEMENT WITH ROBUST GATE ALLOCATION ................................................................ 168
Ruixin Wang, Cyril Allignol, Nicolas Barnier, Jean-Baptiste Gotteland 

 

IMPACT OF STOCHASTIC DELAYS, TURNAROUND TIME AND CONNECTION TIME ON 
MISSED CONNECTIONS AT LOW COST AIRPORTS ............................................................................................. 177

Hasnain Ali, Yash Guleria, Sameer Alam, Vu N. Duong, Michael Schultz 

 
NETWORK AND STRATEGIC FLOW MANAGEMENT 
 
A NOVEL AIR TRAFFIC FLOW MANAGEMENT MODEL TO OPTIMISE THE NETWORK 
DELAY ............................................................................................................................................................................... 188

Sergio Ruiz, Hamid Kadour, Peter Choroba 
 

OPERATIONAL CONCEPT OF TRAFFIC PATTERN CLASSIFIER FOR OPTIMAL GROUND 
HOLDING.......................................................................................................................................................................... 198

Adriana Andreeva-Mori, Naoki Matayoshi 

 
UAS 
 
MODELLING AND SIMULATION FOR RELIABLE LTEBASED COMMUNICATIONS IN THE 
NATIONAL AIRSPACE SYSTEM ................................................................................................................................. 207

Izabela Gheorghisor, Angela Chen, Leonid Globus, Timothy Luc, Phillip Schrader 
 

SENSE AND AVOID CHARACTERIZATION OF THE INDEPENDENT CONFIGURABLE 
ARCHITECTURE FOR RELIABLE OPERATIONS OF UNMANNED SYSTEMS ................................................ 217

Maria Consiglio, Brendan Duffy, Swee Balachandran, Louis Glaab, César Muñoz 
 

OPTIMIZING COLLISION AVOIDANCE IN DENSE AIRSPACE USING DEEP 
REINFORCEMENT LEARNING ................................................................................................................................... 226

Sheng Li, Maxim Egorov, Mykel J. Kochenderfer 
 

A GEOMETRIC APPROACH TOWARDS AIRSPACE ASSESSMENT FOR EMERGING 
OPERATIONS................................................................................................................................................................... 236

Parker D. Vascik, Vishwanath Bulusu, Jungwoo Cho, Valentin Polishchuk 
 

EXTRACTION AND INTERPRETATION OF GEOMETRICAL AND TOPOLOGICAL 
PROPERTIES OF URBAN AIRSPACE FOR UAS OPERATIONS............................................................................ 246

Jungwoo Cho, Yoonjin Yoon 
 

DENSITY-ADAPTING LAYERS TOWARDS PBN FOR UTM .................................................................................. 253
Vincent Duchamp, Leonid Sedov, Valentin Polishchuk 

 
COMPLEXITY 
 
CLUSTERING AIRCRAFT TRAJECTORIES ON THE AIRPORT SURFACE ...................................................... 263

Andrew Churchill, Michael Bloem 
 

IDENTIFYING ANOMALIES IN PAST EN-ROUTE TRAJECTORIES WITH CLUSTERING AND 
ANOMALY DETECTION METHODS .......................................................................................................................... 272

Xavier Olive, Luis Basora 
 

DATA-DRIVEN PRECURSOR DETECTION ALGORITHM FOR TERMINAL AIRSPACE 
OPERATIONS................................................................................................................................................................... 282

Raj Deshmukh, Dawei Sun, Inseok Hwang 

 



ENVIRONMENT 
 
ADVANCED OPERATIONAL PROCEDURE DESIGN CONCEPTS FOR NOISE ABATEMENT ...................... 289

Jacqueline Thomas, Alison Yu, Clement Li, Pedro Manuel Maddens Toscano, R. John Hansman 
 

CONDENSATION TRAILS IN TRAJECTORY OPTIMIZATION ............................................................................ 300
Judith Rosenow, Hartmut Fricke 

 

USING WIND OBSERVATIONS FROM NEARBY AIRCRAFT TO UPDATE THE OPTIMAL 
DESCENT TRAJECTORY IN REAL-TIME ................................................................................................................. 309

Ramon Dalmau, Xavier Prats, Brian Baxley 

 
NETWORK AND STRATEGIC FLOW MANAGEMENT 
 
AIRWAY NETWORK FLOW MANAGEMENT USING BRAESS’S PARADOX .................................................... 319

Qing Cai, Chunyao Ma, Sameer Alam, Vu N. Duong, Banavar Sridhar 
 

STRATEGIC FLIGHT CANCELLATION UNDER GROUND DELAY PROGRAM 
UNCERTAINTY ............................................................................................................................................................... 331

Christine Taylor, Shin-Lai Tien, Erik Vargo, Craig Wanke 
 

OPTIMIZING SUCCESSIVE AIRSPACE CONFIGURATIONS WITH A SEQUENTIAL A* 
ALGORITHM ................................................................................................................................................................... 341

David Gianazza 

 
PERFORMANCE ANALYSIS AND METRICS 
 
STATISTICAL MODEL TO ESTIMATE THE BENEFIT OF WAKE TURBULENCE RE-
CATEGORIZATION........................................................................................................................................................ 351

Nastaran Coleman, Dave Knorr, Almira Ramadani 
 

SPACING AND PRESSURE TO CHARACTERISE ARRIVAL SEQUENCING...................................................... 360
Raphaël Christien, Eric Hoffman, Karim Zeghal 

 

VERTICAL EFFICIENCY IN DESCENT COMPARED TO BEST LOCAL PRACTICES..................................... 369
Pierrick Pasutto, Eric Hoffman, Karim Zeghal 

 
SURVEILLANCE 
 
GLS APPROACHES USING SBAS: A SBAS TO GBAS CONVERTER.................................................................... 378

Thomas Dautermann, Thomas Ludwig, Robert Geister, Lutz Ehmke, Max Fermor, Matthew Bruce, Markus 
Schwendener 

 

DIRECT MODELLING OF FLIGHT TIME UNCERTAINTY AS A FUNCTION OF FLIGHT 
CONDITION AND WEATHER FORECAST ................................................................................................................ 385

Noboru Takeichi, Taiki Yamada 
 

AIR TRAFFIC CONTROLLER USE OF INTERVAL MANAGEMENT DURING TERMINAL 
AREA METERING........................................................................................................................................................... 395

Randall Bone 
 

REDUCED SEPARATION IN US OCEANIC AIRSPACE BENEFITS ANALYSIS THROUGH 
FAST-TIME MODELLING ............................................................................................................................................. 405

Dan Howell, Rob Dean, Joseph Post 
 

BENEFITS AND COSTS OF ADS-B IN EFFICIENCY APPLICATIONS IN US AIRSPACE FAST-
TIME MODELLING RESULTS AND PRELIMINARY ECONOMIC ANALYSIS.................................................. 415

Dan Howell, Rob Dean, Gary Paull 

 
HUMAN FACTORS 
 
ANALYSIS OF LONG DURATION EYE-TRACKING EXPERIMENTS IN A REMOTE TOWER 
ENVIRONMENT .............................................................................................................................................................. 425

Prithiviraj Muthumanickam, Aida Nordman, Lothar Meyer, Supathida Boonsong, Jonas Lundberg, Matthew 
Cooper 

 

VALIDATION OF AN EMPIRIC METHOD FOR SAFETY ASSESSMENT OF MULTI REMOTE 
TOWER.............................................................................................................................................................................. 435

Lothar Meyer, Maximilian Peukert, Billy Josefsson, Jonas Lundberg 
 



SOLUTION SPACE CONCEPT: HUMAN-MACHINE INTERFACE FOR 4D TRAJECTORY 
MANAGEMENT ............................................................................................................................................................... 445

Rolf Klomp, Rick Riegman, Clark Borst, Max Mulder, René Van Paassen 
 

CONFORMAL AUTOMATION FOR AIR TRAFFIC CONTROL USING CONVOLUTIONAL 
NEURAL NETWORKS .................................................................................................................................................... 454

Sjoerd Van Rooijen, Joost Ellerbroek, Clark Borst, Erik-Jan Van Kampen 

 
TRAJECTORY PREDICTION 
 
ITERATIVE LEARNING CONTROL FOR PRECISE AIRCRAFT TRAJECTORY TRACKING IN 
CONTINUOUS CLIMB OPERATIONS......................................................................................................................... 464

Almudena Buelta, Alberto Olivares, Ernesto Staffetti 
 

PREDICTIVE DISTRIBUTION OF THE MASS AND SPEED PROFILE TO IMPROVE 
AIRCRAFT CLIMB PREDICTION ............................................................................................................................... 473

Richard Alligier 
 

A HEURISTIC ALGORITHM FOR AIRCRAFT 4D TRAJECTORY OPTIMIZATION BASED ON 
BEZIER CURVE ............................................................................................................................................................... 483

Weibin Dai, Jun Zhang, Daniel Delahaye, Xiaoqian Sun 

 
WEATHER 
 
EVALUATION OF A DYNAMIC WEATHER-AVOIDANCE REROUTING TOOL IN ADJACENT-
CENTER ARRIVAL METERING .................................................................................................................................. 493

Miwa Hayashi, Doug Isaacson, Huabin Tang 
 

MODEL PREDICTIVE CONTROL APPROACH TO STORM AVOIDANCE FOR MULTIPLE 
AIRCRAFT ........................................................................................................................................................................ 503

Dinesh B. Seenivasan, Alberto Olivares, Ernesto Staffetti 
 

ADVANCED QUANTIFICATION OF WEATHER IMPACT ON AIR TRAFFIC MANAGEMENT - 
INTELLIGENT WEATHER CATEGORIZATION WITH MACHINE LEARNING............................................... 512

Stefan Reitmann, Sameer Alam,  Michael Schultz 
 

QUANTIFICATION OF WEATHER IMPACT ON ARRIVAL MANAGEMENT ................................................... 522
Martin Steinheimer, Christian Kern, Markus Kerschbaum 

 

ESTIMATING FLOW RATES IN CONVECTIVE WEATHER: A SIMULATION-BASED 
APPROACH ...................................................................................................................................................................... 530

James C. Jones, Yan Glina 
 

AN APPROACH TO EN-ROUTE SECTOR DEMAND PREDICTION SUBJECT TO 
THUNDERSTORMS ........................................................................................................................................................ 540

Alfonso Valenzuela, Antonio Franco, Damián Rivas, Daniel Sacher, Jürgen Lang 

 
PERFORMANCE ANALYSIS AND METRICS 
 
TIME-BASED DELIVERY ACCURACY REQUIREMENTS FOR ACHIEVING PERFORMANCE 
BASED NAVIGATION OBJECTIVES........................................................................................................................... 550

Matthew R. Pollock, Lesley A. Weitz, Jared A. Hicks, John M. Timberlake 
 

A SPECTRAL APPROACH TOWARDS ANALYZING AIR TRAFFIC NETWORK DISRUPTIONS ................. 560
Max Z. Li, Karthik Gopalakrishnan, Hamsa Balakrishnan, Kristyn Pantoja 

 

IDENTIFYING THE SOURCES OF FLIGHT INEFFICIENCY FROM HISTORICAL AIRCRAFT 
TRAJECTORIES .............................................................................................................................................................. 570

Xavier Prats, Ramon Dalmau, Cristina Barrado 

 
SYSTEMS AND TOOLS TO IMPROVE ATM PERFORMANCE 
 
SCHEDULING IMPROVEMENTS FOLLOWING THE PHASE 1 FIELD EVALUATION OF THE 
ATD-2 INTEGRATED ARRIVAL, DEPARTURE, AND SURFACE CONCEPT ..................................................... 580

William J. Coupe, Hanbong Lee, Yoon Jung, Liang Chen, Isaac Robeson 
 

STOCHASTIC TAIL ASSIGNMENT UNDER RECOVERY ...................................................................................... 590
Yifan Xu, Sebastian Wandelt, Xiaoqian Sun 

 

ACCRUED DELAY APPLICATION IN TRAJECTORY-BASED OPERATIONS................................................... 600
Husni Idris, Christopher Chin, Antony Evans 

 



ALTERNATIVE RESOURCE ALLOCATION MECHANISMS FOR THE COLLABORATIVE 
TRAJECTORY OPTIONS PROGRAM (CTOP) .......................................................................................................... 610

Alexander Estes, Michael Ball 

 
COMPLEXITY 
 
PREDICTING AND ANALYZING US AIR TRAFFIC DELAYS USING PASSENGER-CENTRIC 
DATA-SOURCES.............................................................................................................................................................. 620

Philippe Monmousseau, Daniel Delahaye, Aude Marzuoli, Eric Feron 
 

CAUSAL DEMAND MODELLING FOR APPLICATIONS IN EN ROUTE AIR TRAFFIC 
MANAGEMENT ............................................................................................................................................................... 630

Ivan Tereshchenko, Mark Hansen 
 

Author Index 




