
Data-driven Spatiotemporal Simulation Of Ground 

Movements Of Aircraft For Preventive Airport 

Safety

The 2019 Winter Simulation Conference 2019

Dr. Pingbo Tang; Yanyu Wang; Zhe Sun and Dr. Yongming Liu 



1. Introduction

2. Methodology

3. Preliminary Results

4. Conclusion & Future Work

Outline

2



2

Motivation

1011.5 millions

Capacity 

Pressure

Capacity 

Pressure



Introduction

The Ground Area of Los Angeles 

International Airport (LAX) from the 

Google Earth

4



Introduction

5



Introduction

6



Introduction

7

429 commercial aircraft were involved 

in ground collisions (i.e., push-back, taxi, 

and so on), resulting in 973 fatalities.
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Salmon, P. M., Read, G. J., Stanton, N. A., & Lenné, M. G. 

(2013). The crash at Kerang: Investigating systemic and 

psychological factors leading to unintentional non-compliance 

at rail level crossings. Accident Analysis & Prevention, 50, 

1278-1288.

• Where are the high collision risk 

locations on the airport ground?

• How can we help ATCs/ pilots to 

avoid collision risks?
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Aircraft Type Definition

Geometric Information Input

Quantitative Spatiotemporal Modeling Collision Detection

Airport and Aircraft

Data Source

Airport Display Information

 & Trajectory Data Input 

Aviation Regulation

Scenarios Definition

NATS API

Group Typical Aircraft

Ⅰ CESSNA 421 Golden Eagle

Ⅱ CRJ/ SAAB 340

Ⅲ BOEING 737-700/ AIRBUS A-320

Ⅳ B767/ AIRBUS A-310

Ⅴ B777/ B787/ A330

Ⅵ BOEING 747-8/ A380

Quantitative Spatiotemporal 

Simulation Model
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Airport Surface Detection Equipment, Model X (ASDE-X)

ASDE-X is a surveillance system using radar, multilateration and 

satellite technology that allows air traffic controllers to track surface 

movement of aircraft and vehicles. 

Call Sign Latitude Longitude Time Stamp

EVA015 33.93979 -118.40815 1505202239

EVA015 33.93978 -118.40814 1505202240

EVA015 … … …

Methodology of Establishing Quantitative 
Spatiotemporal Simulation • Data Source



Four different scenarios of aircraft in conflicts

14

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Methodology of Establishing Quantitative 
Spatiotemporal Simulation • Collision Scenarios



Four different type of scenarios of potential 

collisions in the stand area. 15
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Methodology of Establishing Quantitative 
Spatiotemporal Simulation • Collision Scenarios
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Proximity Case:

Distance < 50 meters

Methodology of Establishing Quantitative 
Spatiotemporal Simulation • Algorithm
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Methodology of Establishing Quantitative 
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Methodology of Establishing Quantitative 
Spatiotemporal Simulation • Model
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Preliminary Results

Spatial distribution of proximity cases based on the 

ASDE-X data analysis to identify the crowded area in 

LAX airport
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09/12/2017

11:20:00AM-
12:20:00PM

Node Name Congested Times Node Name Congested Times

343 11973 354 27

318 2905 250 21

216 1577 355 15

215 1303 182 13

87 1144 454 10

265 939 269 8

88 836 268 8

317 692 263 8

129 274 299 6

249 104 217 6

100 104 408 4

411 96 356 4

401 87 219 4

128 52 307 2

127 50 303 2

298 48 178 1

175 37 174 1

119 28 143 1

“Crowded Spots” identified from the LAX data, the collision 
location is close to one of the spot with many proximity events

LAX Airport Layout

Collision Location

Number of 
Proximity 
Events

Node Number 
on the Airport 
Map
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Preliminary Results

One Time Simulation Collision Report.
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Conclusion:
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• The spatiotemporal distribution of the proximity situations derived from 

ASDE-X data can be a good historical indicator for predicting the likelihood 

of collisions at certain times and around certain areas of airports.

• The proximity cases mostly occurred between standing aircraft and takeoff 

aircraft in taxiing and most proximity cases occurred in the terminal areas.

• With the detailed geometry simulation model, the authors can help pilots to 

detect collision risks.



Future Work
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• 1) Complete more simulation for all four scenarios defined in this paper; 

• 2) Conduct more statistical analysis about the spatiotemporal distributions 

of proximity events and use those statistical analysis results to define 

random parameters related to spatiotemporal conflicts between aircraft 

movements on the ground; 

• 3) Examine more detailed geometric representations of aircraft for 

understanding how detailed geometric information influence the reliability of 

collision prediction produced by the simulation.
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