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adding an

e Without a human onboard
e What prioritization

between two tugs ?
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soliciting atco input




online exercise

< C' | @ https://docs.google.com/forms/d/15t2rIQUZgqR-E8AMV1kgT3bzGemNabMD Sy | @ @
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Training: TaxiBots
TB : Example # 4 73 sce||1ar|os
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Revue / Review

' Veuillez choisir I'option qui correspond le mieux a votre choix de priorité entre les taxibots.
Please select the option that best matches your pricntization approach for the taxibots.

J'ai regardé les critéres de chagque taxibot et cheisi celui qui semblait étre globalement "le meilleur” / Looked at
the criteria of each aircraft and picked the taxibot that seemed to be globally "better”

Je n'ai utilizé a pricr gqu'un seul critére ; si jamais le critere était identique entre les aviens, j'al utilisé un second
critére et ainsi de suite / Chose between aircraft based on one criterion, if they were equal, used ancther critericn
until | feund cne "better” than the other

Other:

Veuillez choisir les critéres que vous avez utilisés. Si vos critéres ne sont pas dans cette liste, écrivez-les
dessous, séparés par une virgule.

Please choose the crteria that you used. If your criteria are not in the list, write them below, separated by a comma.
Temps de roulage avant / Time called pricr

Temps d'arrivé prévue / ETA

Trajet prévu [ Predicted trajectory
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online exercise

&« C' & https://docs.google.com/forms/d/15t2rIQUZgqR-E8AMV1kgT3bzGemN8bMrD iy @ 9
Training: TaxiBots
TB : Example # 4 73 sceharios
| I I I * I I 1 \-I ! |
. | I I I [ I I I * | |
U | I I I ] I I I | |
Revue / Review
' Veuillez choisir I'option qui correspond le mieux a votre choix de priorité entre les taxibots.
Please select the option that best matches your pricntization approach for the taxibots.
J'ai regardé les critéres de chagque taxibot et cheisi celui qui semblait étre globalement "le meilleur” / Looked at
the crtena of each aircraftaod nicked the towibet that ceomed to be globglly Uhetter
enawiscaproil o 17 participants (11 airports represented;
until | found cne "better” .
e France, Spain, Turkey, USA)
e Analysis:
Veuillez choisir les crif e Linear multivariate regression model with
dessous, séparés par | . .
Please choose the criter |Og|Ca| variables
Temps de roulage 2 e One-way Kruskal-Wallis ANOVA
Temps d'arrivé prévu . .
Trsiet prévu | premcj e Mann-Whitney Wilcoxon rank-sum test
Zise 1sae = ) 4 SESARWPE 1Dec2015 4 /17
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cues used during test

Taxibot 1 | Taxibot 4
_.giy-._
Called: -5 Called: -10
mins . mins
|
|
ETA: +2 : ETA: +10
mins I mins
[
[
AD8 ! A15
‘H— - ':.ék. —————————————

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

| Autonomous
'ﬁu tug Called: -10
HHH.
e Radar image of generic intersection at generic airport
‘(ERTA‘E Lsuape“/;; Ag%s (- SESARWPE 1Dec2015 5 /17



cues used during test

?””“ﬂ Called: -5

Called: -10 |

Aircraft \

......
e Radar image of generic intersection at generic airport
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cues used during test

Taxibot 1 Taxibot 4
Called: -5 Called: -10
mins mins
ETA: +2 ETA: +10
mins mins
A0S A15
e Radar image of generic intersection at generic airport
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Taxibot 1

Called: -5

mins

ETA +2

mins

Equal distance
from intersection

e
EE%@%@%@%@%@%% 4

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

Taxibot 4

Called: -1

mins

Called: -5

ELE

mins

ETA: +10
mins

ADB

e Path after intersection (PathAfter; Turn, Straight)
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e Estimated time of arrival at Destination (ETA; +2 mins, +10)

e Visual representation of non-quantified information
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TaxiPrior

g -
i b
o oo
& T £
—~ O

& 2 E
s

: QO

e o
=0 ... o -
T - e ... -
- “ .
% %
5 5 :
% .
% F
% o
EH %
% :
3 .
! [
i .
L]
% 5
{1 :
% [
% e
1 ;
% L
% f
1 |
)
%
!
%
!
%
(1
5
%
%
%
1
%
%
!
%
H
%
1
H
%
1
]
{1
%
%
1
%
%
{1
(1
H
%
{1
%
L]
k|
%
. .
- _._.ﬂ_ el
st =i S
i - N i sy
St 5 -
= oI C e o
L —_ o emm e
e b s o o
o — Mssa e el
e e
i o 11
i C .
£ B 5 3 3
[ sEEEEE R R e R e e e

R S R R R R S R
i i
iy
e
sgmann
%
1 5
= e Ea
gy i
e e
TR s %
E e o
PR P Sl
sEEmaaE Foe
o
E
B
R =
Bastinti

: -10 mins, -5)

101

to intersection (TaxiPr
e Visual representation of non-quantified information

Taxi time prior
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design of experiments

0: bolth low Ilevel
A

Taxibot 4

alled: -5

mins

o 3>l fractional factorial design (Xu 2004) — 81 runs, three levels
e Example: with NAC cue
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Mo dern : :
Ta xiin design of experiments

[ [ [ [
ﬁ 1: one high level, one low level
Taxibot 4

Called: -5

mins

o 3>l fractional factorial design (Xu 2004) — 81 runs, three levels

e Example: with NAC cue

[
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design of experiments

Q 2: both high level
Taxibot 4

Called: -5

NS

ETA: +10

NS

o 3>l fractional factorial design (Xu 2004) — 81 runs, three levels
e Example: with NAC cue
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assumptions

1. Empty tugs operate5 atuibot -

¥ aconstant velocity
| alle i i Tt e
mins | el B i

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

1. Empty tugs operatei atoibot 2

a constant veloutyl

o ]

i L ﬁ" 2. Tugs are equipped with
| = i data link (no radlzo‘;____‘

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

1. Empty tugs operaté atdbot
a constant veloutyl

il [

2. Tugs are equped W|th
data link (no radlo;

‘3. Stopping a tug requires
~ tablet interaction

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

- 1. Empty tugs operateat =~

a constant velocity

| " 2. Tugs are equped WIth

data link (no rad|0)

3 Stdpping a tug requires

~ tablet interaction

4. Data link transferis .- B .

~instantaneous

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

y = P1x1 + Poxy + o+ Bsxs + Bra(x1Vxy) + Pas(x4Vxs)
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cue usage

- Y = Bixi+ Boxa + o+ Bsxs + B1, (VX)) + Bas(x4Vis)
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e All cues except PathAfter are significant

 Primary cue is relative position of each tug to intersection
— Secondary cue used is either NAC or ETA
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cue usage

y :,.:ﬁlxl + ﬁZxZ + et ﬁ5x5 + ﬁlz(x1Vx2) + ﬁ45(x4Vx5)

1F + ]

05} HEE T L |
g |
g = Taxibot 4 |
& 0F T =
3 1 Called: -5 Called: -5 |
alled: - ‘-
(; 05F J_ mins mins |
2
ol ETA: +10
| / mins
A5k | 1 \ BO7 -
— TR > = - =4
1 2 3 4 5 1V 2 10005 1
w

e gt o g
& v \g Q° & =

Use of ETA cue

C ¥ - o
® A? R & .
) ,g-“\Q <" | - Delay to tug+ETA2 greater impact than
QO

tug+ETA10
* All cues except PathAfter are { _ Perhaps still accounting for airport

 Primary cue is relative positio] location
— Secondary cue used is either NAC or ETA
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cue usage by airport, exp, country

ETA: +2 ATCo from larger
TaxiPrior: -10 airports more
----- =]~ likely to choose
1 tug with low
values
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cue usage by airport, exp, country

ETA: +2 ATCo from larger ATCo with more ETA: +10
TaxiPrior: -10 airports more experience are TaxiPrior: -5
----- =]~ likely to choose more likely to —< @--1E-
1 tug with low choose tug with
values high values
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cue usage by airport, exp, country

ETA: +2 ATCo from larger ATCo with more ETA: +10
TaxiPrior: -10 airports more experience are TaxiPrior: -5
----- =]~ likely to choose more likely to —< @B
1 tug with low choose tug with
values high values

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

ETA: +2 ATCo from larger ATCo with more ETA: +10
TaxiPrior: -10 airports more experience are TaxiPrior: -5
----- =]~ likely to choose more likely to —< @B
1 tug with low choose tug with
values high values

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

ETA: +2 ATCo from larger ATCo with more ETA: +10
TaxiPrior: -10 airports more experience are TaxiPrior: -5
----- =]~ likely to choose more likely to —< @B
1 tug with low choose tug with
values 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

EEER

Non-french
ATCo choice

r <"”’<§>‘“
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oA

Beta Values
(TN Io

1 2 3 46

- ,,..eﬁ:..._._. - ! .&E‘ o = - Highest beta
T -“6 ?/. ?‘ ? O values
-2 Participant
1 2 3 4561 2 3 451 2 3 461 2 3 461 2 3 45 |oreportedcue
Cue number (1: PosRel, 2: PathAfter, 3: NAC, 4: TaxiPrior, 5: ETA) usage

 Two highest beta values plotted against self-reported cue usage
e Almost 1/3 mismatch (5 out of 17 participants)
e Cannot always rely on participant qualitative feedback
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limitations of study

Position relative N° of aircraft ETA to destination
to intersection behind each tug ETA: +2 ETA: +10

= = 5 E4 T E | B4

e Physical study limitations — information not presented similar to
real working conditions

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

e Only one type of decision making strategy (Take the Best)

 No information regarding their charges (e.g. departure manager,
airport flight duty period)

e Future end game: operational requirements (based on detailed
use studies)
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follow up studies

V

Effect of Technology on Vehicle Airport Taxiing Prioritization (Part 2)
January — February 2016

i
AFR414 .i AFR325
|
Called: -10 : Called: -5
mins : mins
|
|
ETA: +2 : ETA: +10
mins I mins
|
|
19L | A02
—
A320 1005 j A380
|
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e |nitial investigation into autonomous
| tug conflict resolution strategies =
1ational study with static

 Number of aircraft behind tug
* Estimated time to destination
1p study planned
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ATCos ? Contact me (zarrin.chua@gmail.com) for
study online link !
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