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Image: http://www.decideursenregion.fr/Loire‐Centre/Innover‐
En‐Region/entreprises/technologies/TaxiBot‐le‐tracteur‐pour‐
avions‐revolutionnaire‐concu‐par‐TLD
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adding an autonomous tug

Image: http://www.decideursenregion.fr/Loire‐Centre/Innover‐
En‐Region/entreprises/technologies/TaxiBot‐le‐tracteur‐pour‐
avions‐revolutionnaire‐concu‐par‐TLD

• Without a human onboard
• What prioritization

strategy should be used to 
resolve potential conflicts
between two tugs ? 
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soliciting atco input
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online exercise

73 scenarios
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online exercise

73 scenarios

• 17 participants (11 airports represented; 
France, Spain, Turkey, USA)

• Analysis: 
• Linear multivariate regression model with

logical variables
• One‐way Kruskal‐Wallis ANOVA
• Mann‐Whitney Wilcoxon rank‐sum test
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cues used during test

• Radar image of generic intersection at generic airport
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cues used during test

• Radar image of generic intersection at generic airport

Information related
to each vehicle
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PosRel

• Position relative to the intersection (PosRel; Closer, Farther)

Equal distance 
from intersection
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PathAfter

• Path after intersection (PathAfter; Turn, Straight)
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ETA

• Estimated time of arrival at Destination (ETA; +2 mins, +10)
• Visual representation of non‐quantified information

+2
+10
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TaxiPrior

• Taxi time prior to intersection (TaxiPrior: ‐10 mins, ‐5) 
• Visual representation of non‐quantified information

-5 -10
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design of experiments

• 35‐1  fractional factorial design (Xu 2004) – 81 runs, three levels
• Example: with NAC cue

0: both low level
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design of experiments

• 35‐1  fractional factorial design (Xu 2004) – 81 runs, three levels
• Example: with NAC cue

2: both high level
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assumptions

1. Empty tugs operate at 
a constant velocity

• None of these situations occur near the runway
• Participants asked to respond in 5s or less
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assumptions

1. Empty tugs operate at 
a constant velocity

2. Tugs are equipped with
data link (no radio)

3. Stopping a tug requires
tablet interaction

4. Data link transfer is
instantaneous

• None of these situations occur near the runway
• Participants asked to respond in 5s or less



1 Dec 2015 /1712

cue usage

HFES Annual Meeting 2015 (Los Angeles, LA, USA)
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cue usage

HFES Annual Meeting 2015 (Los Angeles, LA, USA)

ݕ ൌ ଵݔଵߚ	 ൅ ଶݔଶߚ ൅	⋯൅ ହݔହߚ ൅ ଵଶߚ ଶݔ⋁ଵݔ ൅ ସହߚ ହݔ⋁ସݔ

• All cues except PathAfter are significant
• Primary cue is relative position of each tug to intersection

– Secondary cue used is either NAC or ETA

Use of ETA cue
‐ Delay to tug+ETA2 greater impact than
tug+ETA10
‐ Perhaps still accounting for airport
location
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cue usage by airport, exp, country

HFES Annual Meeting 2015 (Los Angeles, LA, USA)

ETA: +2
TaxiPrior: ‐10

ATCo from larger
airports more 
likely to choose
tug with low
values
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environmental cues. No changes in cue usage due to these variables.
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cue usage by airport, exp, country

HFES Annual Meeting 2015 (Los Angeles, LA, USA)

ETA: +2
TaxiPrior: ‐10

ATCo from larger
airports more 
likely to choose
tug with low
values

ETA: +10
TaxiPrior: ‐5

ATCo with more 
experience are 
more likely to 

choose tug with
high values

However this effect is very minor and dominated by the 
environmental cues. No changes in cue usage due to these variables.

French ATCos
more likely to 
prefer this one

Non‐french 
ATCo choice
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self‐reported vs observed

HFES Annual Meeting 2015 (Los Angeles, LA, USA)

• Two highest beta values plotted against self‐reported cue usage
• Almost 1/3 mismatch (5 out of 17 participants)
• Cannot always rely on participant qualitative feedback
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• Physical study limitations – information not presented similar to 
real working conditions

• Small sample of different cue values (e.g. different results if 
followed by another tug ? Different high/low ETA values ? )

• Only one type of decision making strategy (Take the Best)
• No information regarding their charges (e.g. departure manager, 

airport flight duty period)
• Future end game: operational requirements (based on detailed

use studies)

15

limitations of study

HFES Annual Meeting 2015 (Los Angeles, LA, USA)

Position relative 
to intersection

N° of aircraft
behind each tug

ETA to destination
ETA: +2  ETA: +10
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follow up studies

HFES Annual Meeting 2015 (Los Angeles, LA, USA)

Effect of Technology on Vehicle Airport Taxiing Prioritization (Part 2)
January – February 2016
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conclusion
• Initial investigation into autonomous

tug conflict resolution strategies
• Online international study with static

scenarios
• Closest to intersection

• Number of aircraft behind tug
• Estimated time to destination

• Additional follow‐up study planned
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questions ?
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ATCo and want to participate ? Or work with
ATCos ? Contact me (zarrin.chua@gmail.com) for 
study online link ! 


