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e The target of this study
e To identify factors that influence collision avoidance
between personal mobility vehicles (PMVs)

| RS
_,... OpenAl. (2023). ChatGPT [Large language

| model]. https://chat.openai.com
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e Collision avoidance between pedestrians is achieved by acquiring their roles
and coordinating own behavior according to those rolesknorr et al., 2016; Basili et al., 2013)

 Role : whether the crossing point is passed first or second
e Leader : The person who passes the crossing point first
e Follower : The person who passes the crossing point after the Leader

e Coordination behavior : Acceleration/deceleration or changing route to
avoid a collision

e Coordination behavior is mainly performed by the Follower knorr et al, 2016)

Follower Leader
Coordinate Not Coordinate
own behavior own behavior
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* Information used for collision avoidance

e Pedestrians adjust walking speed and walking
path according to crossing angle and available
space (Basili et al., 2013)

e Pedestrians determine roles based on situational
information, such as subtle differences in the
distance to the estimated collision point(olivier et e
al., 2013) i 2t p

e Pedestrians determines the direction of
avoidance based on the orientation of the
partner's feet and body (watanabe et al., 2011)

Olivier et al. (2013)

* Information not used for collision avoidance

e Personal characteristics such as gender, height,
and personality(Knorr et al., 2016)

* Gaze from the partner does not influence W Lynch et al. (2018)
collision avoidance(Lynch et al., 2018)
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e When the partner is a PMVs, much of the information used in
collision avoidance with pedestrians is restricted.

™

R ]

Gaze information can be available
in the same way.

Body movements will not be available
in the same way.

* |n the case of collision avoidance between PMVs, gaze may be
a valuable sources for coordination behavior.
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Objective

e To investigate the relationship between gaze and coordination
behavior in collision avoidance between PMVs.

Hypothesis

e |f the partner’s gaze is a source of information in collision
avoidance between PMVs, then partner's gaze would be
relevant with coordination behavior.

1. The differences in gaze and coordination behavior between the
Leader and the Follower

2. The relationship between gaze and coordination behavior for each
roles.

December 4, 2023
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Task
* Avoiding collision by acceleration or deceleration.
* Designed the course to intersect at the center if they go straight

Measure & Apparatus
* Eye movements: Tobii Glasses 2 (Tobii Technology Co.)
* The pose and velocity: the 2D-LiDAR-based localization system(akai, 2023)

Tobii Glasses 2

A) Whill model C B) Position of 2D-LiDAR
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Gaze: The overlap between the participant's line of sight and the
partner's position.

the partner

the participant's D the location of
gazing area
eI

r:,'=,“_ Wl |

No gaze to partner Gaze to partner
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Coordination behavior: the amount of operation of acceleration
and deceleration up to the center point.

Accelerates once and then Accelerate once, then decelerate,
moves at a constant speed stop, and accelerate again
=Low operation =High operation

the center point
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* The Follower have more gazes to the partner and more operation
than the Leader
 The Follower gazed at the partner about 5.9 times more than the Leader.
e There are significant differences t(535) = -28.55, p < .001

e |n addition, the Follower coordinated own behavior about 1.1 times more
than the Leader.

e There are significant differences t(535) =-3.81, p <.001

TABLE 1
MEAN (5SD) OF AMOUNT OF GAZE AND OPERATION
Leader Follower

Gaze 014(.023) < .083(.053)
Operation  3.97(1.58) < 4.30(1.54)
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* The correlation between gaze and coordination behavior.
e Red line is significant correlation
e Black dotted line is not significant correlation

Leader’s Leader’s
Gaze Operation
Follower’s Follower’s
Gaze 14%** Operation

Correlation between Gaze and Operation for Each Role
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e Gaze to the partner is involved in partner’s coordination
behavior in collision avoidance between PMVs

e A positive correlation between gaze to the partner and the
partner's operation.

Leader’s Leader’s
Gaze Operation
10* P
.09*
Follower’s Follower’s
Gaze Operation

Correlation between Gaze to the Partner and Partner’s Operation for Each Role
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* In only the Follower’s case, the gaze to the partner was
correlated with own coordination behavior

Leader’s .08 Leader’s
€ = > )

Gaze Operation

Follower’s | ‘ Follower’s

Gaze 14*** ' Operation

Correlation between Gaze to Partner and own Operation for Each Role

 Why are there differences in gaze and coordination
behavior between roles?

—examined the timing of gaze for each role
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e Leader: gazes to the partner in the early stages of the trial, and then decreases

* Follower: gazes to the partner not only at the early stage of the trial, but also in
the middle stage of the trial

» Follower is gazing at the partner in the midpoint where coordination behavior is

required
Leader’s time to Follower’s time to Leader’s time to Follower’s time to
reach the center reach the center arrive at the goal arrive at the goal

/ _ -
I |: Role of Collision Avoidance

+ Follower
o Leader

—u

L]

L]
1

number of trial with gaze
o
L]

30.00 35.00

15.00 20.00 25.00

time(sec)
The x-axis is time(sec), the y-axis is the number of trials in which gaze was observed.
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GREM Discussion

e Gaze to the partner is associated with partner’s coordination

behavior regardless of role
* Gaze may be a signal to the partner to coordinate their behavior

e Causality is an issue for further study.

* Practices of gaze differ between Leader and Follower
e Leader gazes to the partner only in the early stages of the crossing
* Follower gazes to the partner until the middle stage of the crossing to

coordinate own behavior.

: %: Role of Collision Avoidance ’ ’

@ ' +#£§ +  Follower Leader S Leader S
N ! s ©  Leader i
E,mo s 1 Gaze Operation
E i%,; i i
L A 20
5 . g& Tl s
H ! Follower’s Follower’s
g i Gaze 14x** Operation

o] il

1000 1500 2000 2500 3000 3500 Correlation between Gaze and Operation for Each Role

0.00 500
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* In situ_ations where_the avaiIab_Ie informgtion is limited, the

llisi
* In a human-like mobility, it is difficult to reproduce
human-like body movements

~
.

Changetal., 2021

https://www.elmo.co.jp/product/robot/bellabot/
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REMLU Summary

e Gaze to the partner is associated with partner’s coordination

behavior regardless of role
* Gaze may be a signal to the partner to coordinate their behavior

e Causality is an issue for further study.

* Practices of gaze differ between Leader and Follower
e Leader gazes to the partner only in the early stages of the crossing
* Follower gazes to the partner until the middle stage of the crossing to

coordinate own behavior.
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* Since t
control

UDYVYRSESEVLON ?
ne experimental conditions are not

ed, a causal relationship cannot be

claimed.
* Therefore, we did not perform any analysis

related

to causality.

e BEX 3, AN
* I understand your comment is about™ "™
* If I understood correctly, your question is " .

e Sorry, |

didn’t understand that. Could you say it again,

more slowly or simply?
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One trial in set Switch sides in other trial
Participants 1 go straight from A to G Participants 1 go straight from Lto F
Participants 2 go straight from Lto F Participants 2 go straight from A to G

D E F
C G
B 15— H
Al P1 60° I
P2
L K J
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1. Differences in gaze and coordination behavior between roles

* The Follower gazes to the partner and coordinates own behavior more
often.

e These findings are consistent with the findings for collision avoidance
between pedestrians

2. Relationship between gaze and coordination behavior

e Regardless of roles, gaze to the partner was involved in the amount of the
partner's Coordination behavior

» This suggests that information from partner’s gaze may be a sources used
for coordination behavior

 There was no correlation between the Leader's gaze to the partner and the
Leader’s own coordination behavior.

 There was a correlation between Follower's gaze to the partner and
Follower’s own coordination behaviors.

» These suggests that only the Follower may have been looking at the
partner to coordinate their own behavior.
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1. This study provides evidence that gaze is an important source for
coordination behavior in collision avoidance between PMVs

 However, our results can only discuss correlations, so experiments are
needed to verify the causal relationship.

2. We extended the finding that the Follower mainly coordinates its
behavior to avoid collisions to the case of PMVs

 The Follower gazes to the partner and coordinates own behavior more often.

 Only the Follower may have been looking at the partner to coordinate his
own behavior.

e Our result suggests that when information is limited, people may
avoid collisions by using information that they would not normally
use

December 4, 2023 Global Research Institute for Mobility in Society of Nagoya University
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1. This study provides evidence that gaze is an important source for
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REMLU Experimental Design

 The experiment was conducted for a total
of five days.
* Four people per day
e Six sets were conducted per day
* One set constructed 24 trials

e One trial is from start to goal for both
participants

e Corse length is 10m

e Three crossing angle conditions were
prepared

* 60, 90, and 120 degrees
* Angle presentation order is randomized

* The two participants switched the left
and right sides.

* To avoid fixing the direction of the
partner.

=0
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Example for a 60° trial
Participants 1 go straight from Ato G
Participants 2 go straight from Lto F
Switch sides in other trial
Participants 1 go straight from Lto F
Participants 2 go straight from Ato G
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* Yuki Ninomiya
* field of study

* Cognitive Science, Cognitive Psychology
* problem solving, insight, reasoning

* Affiliation

* Global Research Institute for Mobility in Soaety (GREMO),
Institutes of Innovation for Future Society (InFuS),
Nagoya University, Japan

* Recent Work

* Ninomiya, Y., Iwata, T., Terai, H. & Miwa, K. (2024). Effect of
cognitive load and working memory capacity on the efficiency of
discovering better alternatives: A survival analysis. Memory &
Cognition, 52(1), 115-131.
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