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Abstract : Large displays in fully autonomous vehicles make touch screens hard to use because of reach limits. This study
proposes guidelines for gesture interaction with front large displays. A prototype system was built and tested in usability
studies that considered in-vehicle activities, age groups, and gender. Quantitative results on satisfaction and workload
(NASA-TLX) indicate that default gestures for each function should be familiar and require low physical and mental effort.
To improve accessibility, alternative gestures should be available for users with hand tremors or discomfort linked to specific

gestures. Interviews on preferred gestures for each function complemented the analysis. Based on these findings, final
guidelines for adaptive gesture interaction in fully autonomous vehicles are presented.
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Fig. 1 Most vehicles on the market(left), vehicles expected
around 2030(right)
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Table 2 Types of in-vehicle activity

In-vehicle activity Description

Both hands free and comfortably leaning

Rest .
back in the seat

Using a smartphone for texting, internet

Smartph
martphione browsing, and social media/SNS etc.
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Fig. 2 Gesture recognition equipment: webcam, front large

display and car seat used in the experiment

Fig. 3 Gesture interaction experiment environment
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Table 4 Analysis of overall mean values of gesture interaction
satisfaction and final selection
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Table 5 Analysis of overall mean values of gesture interaction
satisfaction and final selection
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Function . finger
point palm (up/down)
(up/down)
In-vehicle Smart Smart Smart Smart
L. Rest Rest Rest Rest
activity phone phone phone phone
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30s 567 | 567 | 517 | 55 | 6.17 | 567 | 5.17 5
40s 5.67 | 533 | 483 | 4.67 5 55 | 533 | 55
50s 55| 633 | 517 | 483 6 517 | 55 | 533
60s 5.83 6 55 | 467 | 517 | 65 | 583 | 55
p-value
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p-value 063
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NASA-TLX Scores by Age Group

Mental Physical Temporal Effort Performance  Frustration

Fig. 4 NASA-TLX scores for move index finger gesture in
volume control during resting state by age group
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Fig. 5 NASA-TLX scores for move palm gesture in volume
control during resting state by age group
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Table 6 Analysis of mean values of gesture interaction satisfaction

by gender
Item Play/Pause Volume control
Move indk
. Push Push ove mdex Move palm
Function . finger
point palm (up/down)
(up/down)
In-vehicle Smart Smart Smart Smart
L. Rest Rest Rest Rest
activity phone phone phone phone
Male 6.07 | 6.13 | 547 | 5.6 | 587 6 6.07 | 5.6

Female 547 | 573 | 48 | 467 | 5.6 | 573 | 487 | 553

p-value
(Kruskal 031 | 023 | 037 | 022 | 097 | 094 | 0.06 | 0.94
wallis H test)

Ttem Seek Next/Previous
Move index Pinch and . 3
Functi f Hand swipe Palm swipe
unction inger move . .
left/right left/right
(eftright) | (efurighty | (civrieht) | (lefUright
In-vehicle Smart Smart Smart Smart
L. Rest Rest Rest Rest
activity phone phone phone phone
Male 52 | 533 | 553 | 573 6 6.2 5 5.13

Female 427 | 453 | 48 48 | 587 | 56 4 4.2

p-value
(Kruskal 022 | 046 | 0.17 | 0.08 | 09 | 039 | 0.12 | 0.15
wallis H test)

NASA-TLX Scores by Gender

Fig. 6 NASA-TLX scores for move index finger gesture in
volume control during resting state by gender group
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Fig. 7 NASA-TLX scores for move palm gesture in volume
control during resting state by gender group
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Fig. 8 NASA-TLX scores for pinch and move gesture in the
seek function during resting state by gender group
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A F2] Aol A EFZ4A 7152 Move index finger
A2~ NASA-TLX effort 57} o]/ o] FA KT} 9]
v 3}A] 32k 0 ™ (p=0.04), Move palm A 2=%] NASA-TLX
effort H=7F oo WA BT folnehAl =%al(p=
0.045), 521 el A Z2 7]52] Pinch and move A=
2] NASA-TLX frustration <=7} oA o] P Wt} -9
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Table 7 Adaptive gesture interaction guidelines for large
display in fully autonomous vehicles

Default
gesture

Function Alternative Gesture characteristics

® Push point: familiar, low physical
demand, high recognizability, and
Play/ clear outcomes

Push point | Push pal
Pause ushpoin ushpaim | o Push palm: intuitive association with
a stop signal and added comfort for

users with finger discomfort

® Move palm: accommodates hand

tremors or gesture-related trauma

Move . .-
. Move with a larger recognition area for
Volume index e
palm added stability
control finger i
(up/down) | ® Move index finger (up/down):
(up/down) L .
intuitive, efficient, and comfort
similar to smartphone interaction
® Pinch and move: precise, stable
Move . control that also prevents conflicts
i Pinch and .
index between functions
Seek move . A
finger (lefuright) ® Move index finger(left/right):
(left/right) familiar, comfortable, and fast

execution

® Palm swipe: attention-demanding,
physically taxing, unnatural, and

- cumbersome (often two~step)

® Hand swipe: intuitive, natural, and

Next/ Hand
Previous swipe

low~strain with minimal distraction
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