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ABSTRACT

Despite the recent advancement in driver assistance systems,
most existing solutions and partial automation systems such as SAE
Level 2 driving automation systems assume that the driver is in the
loop; the human driver must continuously monitor the driving en-
vironment. Frequent transition of maneuver control is expected be-
tween the driver and the car while using such automation in difficult
traffic conditions. In this work, we aim to predict driver takeover
timing in order for the system to prepare transition from automa-
tion to driver control. While previous studies indicated that eye gaze
is an important cue to predict driver takeover, we hypothesize that
traffic condition as well as the reliability of the driving automation
also have a strong impact. Therefore, we propose an algorithm that
jointly consider the driver’s gaze information and contextual driving
environment, which is complemented with the vehicle operational
and driver physiological signals. Specifically, we consider joint em-
bedding of traffic scene information and gaze behavior using 3D-
Convolutional Neural Network (3D-CNN). We demonstrate that our
algorithm is successfully able to predict driver takeover intent, using
user study data from 28 participants collected in simulated driving
environments.

Index Terms— Driver’s trust, Autonomous driving, Multimodal
system, Joint embedding

1. INTRODUCTION
With the recent advancement of intelligent autonomous driving tech-
nologies, more vehicles have been equipped with SAE Level 2 (L2)
autonomous driving functions [1]. With L2 automation, the driver
shares control of the vehicle with the autonomous driving system,
and the driver is required to keep monitoring the driving environ-
ment and be ready to take over control of the vehicle at any time
for safety and responsibility. Although such transitions are not very
frequent during freeway driving, with the increased complexity of
target situations envisioned for driving automation, we expect more
frequent transitions of control between the driver and the automa-
tion. While transition of operation can be smoothly achieved even
in the existing systems, it does not mean that the driver is mentally
prepared to drive (i.e., fully aware of the surrounding situation). In
order to achieve a smooth transition, it is important to predict drivers’
takeover intention in automated vehicle (AV) and help the driver re-
gain the awareness on the driving situation. In addition, by detecting
driver’s takeover intention, the system can also adjust the aggres-
siveness of the driving style if the main cause of the takeover is AV’s
driving style, which may result in reduced unnecessary takeovers in
non-risky situations.

Previous studies demonstrated that driver’s gaze and physiologi-
cal information are effective behavioral signals for driver’s status es-
timation, including trust [2,3], attention [4,5] and anomaly detection
[6, 7]. Yet, those factors are highly dependent on scene conditions,

due to the fact that tasks to increase the driver’s awareness in com-
plicated situations naturally increase driver’s workload [8,9]. There-
fore, we propose to combine contextual driving environment infor-
mation and the driver’s gaze information to detect signs of driver’s
takeover behavior robustly against different traffic conditions.

This study considers driver’s behavior under urban traffic con-
ditions, where the complexity of the driving conditions change fre-
quently depending on the surrounding traffic participants. In our
driving simulator, we implement driving scenarios with different
driving reliability levels based on the complexity of the traffic con-
ditions. For example, when the reliability option is set to a low level,
the automatic driving simulator system occasionally makes abrupt
brakes. We collect driver behavioral and physiological signals while
driving the traffic environment. Participants are instructed that the
system is L2 automation, thus the driver are required to monitor the
driving environment and be ready to take over the control to avoid
accidents or breaking traffic rules. We predict driver’s takeover using
this data. The key contributions of this paper are summarized below.
• We collect a dataset for driver takeover detection tasks, consisting
of driver behavioral (gaze and takeover behavior) and physiological
signals for different driving conditions and automation reliability1.
• Using the dataset, we demonstrate that our proposed method,
which uses a 3D-CNN module to extract joint embedding of the
driver’s gaze heatmaps and road scene images, outperforms several
baseline methods.

2. RELATED WORK
It is important to predict the driver’s intention to provide a safe and
comfortable driving experience. Various approaches have been pro-
posed to predict driver’s maneuvers by analyzing and understand-
ing the driver’s behaviors and mental state [10–13]. Studies sug-
gested that trust in and usability of autonomous driving systems play
an important role in the interaction between the driver and the sys-
tem [14–17].

Molnar et al. [17] used the time for a participant to place her/his
hands back on the steering wheel after a vehicle’s request for take-
back alert (also known as takeover request (TOR)) to understand the
driver’s trust level on the automated technology. Du et al. [18]
extracted features from the driver’s physiological signals (i.e., heart
rate and galvanic skin response (GSR)) and driver’s gaze informa-
tion to predict the driver’s takeover performance after the vehicle
raises a TOR in L3 autonomous driving. They also considered the
traffic density (i.e., light or heavy oncoming traffic) as environmental
factor in their system. In this work, we jointly consider driver’s gaze
location, the contextual driving environment, the driver’s physiolog-
ical signals and vehicle’s CAN-Bus data to detect driver’s takeover
behavior under different traffic conditions. Our system also uses the

1The dataset will be made available for research purposes at
https://usa.honda-ri.com/datasets.




