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Abstract

As various driving automation system (DAS) are commonly used in the vehicle, the over-trust in the DAS may
put the driver in the risk. In order to prevent the over-trust while driving, the trust state of the driver should be
recognized. However, description variables of the trust state are not distinct. This paper assumed that the outward
expressions of a driver can represent the trust state of him/her-self. The explicit behaviors when driving with DAS
is seen as those outward expressions. In the experiment, a driving simulator with a driver monitoring system was
used for simulating a vehicle with the adaptive cruise control (ACC) and observing the motion information of the
driver. Results show that if the driver completely trusted in the ACC, then 1) the participants were likely to put
their feet far away from the pedals; 2) the operational intervention of the driver will delay in dangerous situations.
In the future, a machine learning model will be tried to predict the trust state by using the motion information of
the driver.

I. Introduction

In recent years, the driving automation system (DAS) has been installed in the vehicles along with the im-
provement of sensor accuracy, calculation processing speed, and the recognition performance by using artificial
intelligence technology. The DAS controls the vehicle based on analyzing the information observed by sensors.
However, the different DAS has different requirements for usage conditions, e.g., driving task and operational
domain. The SAE international defined the DAS into five levels [1]. The levels one to three of the DAS require
the driver to be fully or partially involved in the driving tasks, e.g., parts of the vehicle control and emergency
intervention. The driver may easily trust in the DAS when the driver does not understand the functional boundaries
of the DAS. Especially when a situation is beyond what the DAS can respond, the issue of “over-trust” will put the
driver in danger. The cause of the over-trust could be considered in that the driver cannot appropriately understand
the system design, purpose, mechanism, and ability of the DAS. To prevent the driver’s over-trust in the DAS is a
big challenge and final goal of our study.

In our previous study [2], the over-trust in the levels one to three of the DAS is defined as that the DAS cannot
respond to certain driving tasks while the driver trust it can. Consequently, there are two judgment conditions of
over-trust: 1) the driver is trusting in the DAS, 2) the DAS cannot respond to driving tasks. Based on this
definition, a model of the over-trust mechanism was proposed in [2]. The driver’s part in the proposed model is
based on two theories — the mental model [3], and the risk homeostasis theory [4]. The driver will construct
a mental model of the DAS through repeated use. This mental model explains the thought process of the driver
about how the DAS are functioning in the real world. The driver recognizes the situation of the DAS by feedback
information from an HMI of the DAS and compares the predicted result by using the mental model with the
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actual situation of the DAS in order to adjust his/her trust state. After that, the driver combines the trust state
for the DAS, the perceived hazards from the traffic environment and the vehicle, and the driving skill to evaluate
the perceived risk that is subjective. According to the risk homeostasis theory [4], the driver determines driving
behavior by comparing the perceived risk with his/her acceptable risk level and controls the body to complete
the driving maneuver. It is called risk compensation behavior. In the vehicle’s part of the proposed model, the
DAS uses a variety of sensors to observe the environmental information and the vehicle state information. Above
information is analyzed to generate control signals for supporting the driver to complete the driving tasks. This
paper considers the trust as a psychological activity, and the reliance as a behavioral manifestation of the trust.
The driver will take reliance behaviors when this driver trusts in DAS. Moreover, if the DAS cannot respond the
driving tasks, then the vehicle will out of control. In this case, the driver is over-trusting in the DAS.

The final goal of this study is to prevent over-trust based on the above two conditions. This paper is the first
step towards our final goal–analyzing explicit behaviors when a driver is trusting the DAS.

II. Previous studies of the trust in automation

Some early research on human-to-machine trust focused on the automated production lines that analyzed the
relationship between the user’s trust and strategy [5, 6]. In the study field of human-robot interaction, the trust of
human in robots is a hot research direction [7, 8]. With the automation of the vehicle, the problems of the driver’s
trust in the automatic driving system were focused on. Itoh investigated the changes of the driver’s reliance when
the driver trusted in an ACC going through multiple events [9]. He analyzed the velocity at braking, the time
headway, and the time-to-collision to confirm that the ADAS was over-trusted by the drivers. Abe et. al focused
on the driver’s trust in an automation vehicle when it was overtaking and passing [10]. The experimental result
showed that the driver’s trust in an automation vehicle may be affected by the velocity of ego vehicle, the lateral
distance from the object, and steering maneuver start time when it was overtaking. In the above studies, the short-
term changes in the driver’s trust could not be observed because participants were asked to evaluate their trust after
each experiment. In [7], they observed the trust in real-time but the trust states were taken in every 25 seconds. In
this paper, continuous data of the driver’s trust state needs to be observed to investigate the effects of the driver’s
trust states on driver’s behavior. An evaluation method for continuously observing the driver’s trust status was
used in this study.

III. Hypothesis

In this paper, the effect on the driver’s motion under the driver’s trust state was analyzed. A great example of
the level one DAS – adaptive cruise control system (ACC) is applied in experiments. The ACC can operate the
accelerator and brake of the vehicle in a driving situation. Note that the ACC is designed to be difficult to react to
stationary objects [11]. The driver’s trust in the ACC may be easier established because ACC takes longer time
to operate the vehicle than other ADASs (level one DASs). We assume that there are different driving maneuvers
for drivers with different trust state in the ACC. For example, if the driver is completely trusting in ACC, then the
driver’s right foot places next to the pedals, and the pedals are not operated. If the driver is moderately trusting the
ACC, then the driver’s right foot puts on the brake pedal, ready to intervene in the ACC. If the driver is completely
distrusting in ACC, then the driver presses on the brake pedal to cancel the ACC’s control. Therefore, there are
two hypotheses of experiments as the following. Based on the above assumption, the motions of the driver’s right
foot and leg can be used to represent the driver’s trust state in ACC. There are two hypotheses of experiments as
the following.

Hypothesis 1: The driver will move the right foot away from pedals when the trust increases in ACC.

Hypothesis 2: The high trust in DAS will delay operational intervention of the driver in dangerous situations.

IV. Overview of experiments

The purpose of this experiment is to clarify the effect on the driver’s motion under the driver’s trust states. A
virtual vehicle with ACC is implemented on a driving simulator (DS). Figure 1 shows the driving simulator used
in the experiment. The DS bases on the CarSim DS ver.2018.1 with sensors option. It has three 4K displays and
a gaming steering-pedal controller. In the DS, the ego vehicle runs at a constant speed 100 [km=h] by ACC when
there is no preceding vehicle. The following driving is carried out while keeping the target inter-vehicle distance
when there is a preceding vehicle. The target inter-vehicle distance is computed from the time headway (2 [s]) and
the safety margin (2 [m]). Note that the sensor of ACC is in the front of the vehicle at the center, and its detection
range was 100 [m] with ±1 [deg]. The OpenPose [12] is used to observe the motions of the driver’s right foot and
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