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1. Introduction

The rapid advancement of autonomous driving technologies has expanded the range of passenger activities
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on personal electronic devices. However, according to sensory conflict theory (Reason, 1978), engaging in
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ABSTRACT

The prevalence of motion sickness among passengers using personal electronic devices, such as
smartphones, during vehicle journeys has become a growing concern. This issue is expected to
intensify with the increasing adoption of assistant or automated driving functions, which may lead
to non-driving tasks (NDT) being performed by all on-board passengers, including the user in the
“driver” seat during conditionally or fully automated driving modes. This trend presents challenges
related to motion sickness, particularly in terms of specific performance requirements for non-driv-
ing tasks. In response to the need to alleviate passenger motion sickness, we have developed an
easy-to-understand animation cue app that can be conveniently implemented on smartphones.
The motion cue conveys information about vehicle accelerations, including their directions and
magnitudes, using the metaphors of traffic signal colors and backward-moving lane lines, either in
straight or curved lane driving. Following several rounds of improvements based on moving-base
simulator and real car experiments, finally a successful cue design was found, which could signifi-
cantly alleviate motion sickness of passengers while engaging in NDT, with minimal impact on
their NDT performances. However, the study also revealed limitations to the sickness-alleviating
capability of our motion cue design, including potential lack of universal acceptance among differ-
ent users and reduced effectiveness in severely uncomfortable driving conditions. This work may
provide valuable insights for further visual cue improvements that can contribute in future carsick-

KEYWORDS

Motion sickness; non-
driving tasks; sickness
mitigation; visual cue;
driving simulator; real car
experiment

ness-proof vehicles.

1. Introduction

The rapid advancement of autonomous driving technologies
has expanded the range of passenger activities allowed inside
vehicle cabins, especially non-driving tasks (NDT) such as
watching videos and playing games on personal electronic
devices. However, according to sensory conflict theory
(Reason, 1978), engaging in NDT may lead to a conflict
between visual motion information perceived by the eyes
and motion information sensed by the vestibular system,
resulting in severe motion sickness symptoms. These symp-
toms, including yawning, distraction, dizziness, headache,
nausea, and vomiting, significantly affect the passenger ride
experience. Addressing motion sickness issues, or at least
mitigating their negative impacts, remains a significant chal-
lenge in the automotive and transportation industries. If fur-
ther considering the requirements of NDT performances,
i.e., effectively and productively using smartphones on a
moving vehicle without sickness concerns, substantial
research in the field of human-computer interaction is
needed.

Mitigating motion sickness in intelligent vehicles can
involve various measures, starting from trip planning
(“which kinds of transportation”), to motion planning
(“route” or “lane”), to motion control (“powertrain® +
“braking” + “steering” + “suspension”), and finally to
human-vehicle-interfaces (HMI) within the cabin.

In recent years, many studies have focused on how to
plan vehicle motion to make passenger more comfortable.
For example, since the low-frequency vertical acceleration
below 0.5Hz is more prone to evoke motion sickness,
motion sickness dose value (MSDV) can be calculated by
weighting acceleration at different frequency bands to indi-
cate the severity of motion sickness, according to ISO 2631-
1:1997 (International Organization for Standardization
[ISO], 1997). Subsequently, researches confirmed that hori-
zontal acceleration contributes similarly to motion sickness,
so MSDV can also be calculated by weighting longitudinal
and lateral accelerations (Donohew & Griffin, 2004; Golding
et al., 2001). With this, it is feasible to reduce the amplitude
of low-frequency acceleration prone to cause motion sick-
ness (Li & Hu, 2021) or to directly add MSDV in the cost
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Abstract Abstract:

Autonomous vehicle, though rapidly developing, still faces several challenges, one of which is motion sickness. It is
necessary to mitigate motion sickness without sacrificing driving safety. Even if experiencing the same vibrational
stimulus, people experience maotion sickness differently. However, in the field of motion planning that considers motion
sickness, current studies are mostly focusing on how to reduce the discomfort index in general ways, i.e. not considering
for any specific passenger. Therefore, to exploit further potential of sickness mitigation, two important issues need to be
solved, 1) how to predict the motion sickness level; 2) how to plan a sickness-less trajectory. To this end, firstly we
construct a radial basis function neural network model to predict the motion sickness level of passenger, based on the
extensive experimental data that we accumulated previously. Then, we integrate this passenger-specific model into
trajectory planning in autonomous vehicles, which is formulated as an optimal control problem. Finally, two typical
scenarios prone to evoking motion sickness have been simulated to validate the proposed algorithm, including the lane
change while decelerating and the longitudinal accelerating scenarios. Results demonstrate that our algorithm can
generate safe and comfortable trajectories that are customizable according to passenger's specific susceptibility to
motion sickness. Particularly, for those highly susceptible to motion sickness, our algorithm can reduce their motion
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Personalized Trajectory Planning Algorithm Considering Passenger
Motion Sickness Level

Binbin Tang, Tingzhe Yu, Linhui Chen, Jiajie Zhang, Biao Xu, Daofei Li

Abstract— Autonomous vehicle, though rapidly developing,
still faces several challenges, one of which is motion sickness. It
is necessary to mitigate motion sickness without sacrificing driv-
ing safety. Even if experiencing the same vibrational stimulus,
people experience motion sickness differently. However, in the
field of motion planning that considers motion sickness, current
studies are mostly focusing on how to reduce the discomfort
index in general ways, i.e. not considering for any specific
passenger. Therefore, to exploit further potential of sickness
mitigation, two important issues need to be solved, 1) how to
predict the motion sickness level; 2) how to plan a sickness-
less trajectory. To this end, firstly we construct a radial basis
function neural network model to predict the motion sickness
level of passenger, based on the extensive experimental data that
we accumulated previously. Then, we integrate this passenger-
specific model into trajectory planning in autonomous vehicles,
which is formulated as an optimal control problem. Finally,
two typical scenarios prone to evoking motion sickness have
been simulated to validate the proposed algorithm, including the
lane change while decelerating and the longitudinal accelerating
scenarios. Results demonstrate that our algorithm can generate
safe and comfortable trajectories that are customizable accord-
ing to passenger’s specific susceptibility to motion sickness.
Particularly, for those highly susceptible to motion sickness, our
algorithm can reduce their motion sickness degree by 21.55%
and 15.68% in the two above scenarios, respectively, compared
with the conventional planning algorithm based on polynomial.

Index Terms— autonomous driving, motion sickness, trajec-
tory planning, optimal control problem, ride comfort

I. INTRODUCTION

Autonomous vehicle is likely to induce more serious
motion sickness (MS), since the drivers are released from
driving tasks and it is even worse when they conduct non-
driving tasks (NDT), e.g. reading or gaming on phone. If not
well handled, this challenge would greatly affect passengers’
ride experience and undermine their trust in autonomous
vehicles.

There have been some studies that consider MS in mo-
tion planning of autonomous vehicles. For example, in [1],
various transition curves, e.g., B-spline, Bezier and Her-
mite curve, were evaluated to minimize MS probability.
Optimization-based approaches are the most straightforward

This work was supported by National Natural Science Foundation of
China (Grant No. 52372421) and the Department of Science and Technol-
ogy of Zhejiang under Grant 2022C01241 and 2023C01238. It was also
supported by a student project from Scientific Research Fund of Zhejiang
Provincial Education Department. The experimental works are supported by
the Engineering Innovation and Training Center in Polytechnic Institute of
Zhejiang University.

The authors are with the Institute of Power Machinery and Vehicu-
lar Engineering, Zhejiang University, Hangzhou 310027, China. (e-mail:
dfli@zju.edu.cn)

and extensively adopted. For instance, the subjective vertical
conflict model was used for minimizing the motion sickness
incidence (MSI) in turning [2] and lane change scenarios
[3]. A trajectory planning method based on Nonlinear Model
Predictive Control was developed for highway driving in [4].
Optimal Control Problem (OCP) formulation was used to
plan one MS-optimum velocity profile on a given section of
road [5]. Referring to ISO 2631-1:1997 [6], a frequency-
shaping approach was proposed to optimize acceleration
profile, specifically by rearranging the acceleration distri-
bution at different frequencies to reduce the low frequency
acceleration around 0.16 Hz [7].

Understably, even if experiencing the same vibrational
stimulus, different passengers usually suffer differently from
MS. This is due to the fact that different people are dif-
ferently susceptible to MS, as suggested in the work [8].
However, in the field of motion planning that considers MS,
current studies are mostly focusing on how to reduce the
discomfort index in general way, i.e. not considering MS for
any specific passenger.

Therefore, to exploit further potential of sickness mitiga-
tion in automated vehicles, two important issues need to be
solved, 1) how to predict the MS level; 2) how to plan a
sickness-less trajectory.

As for the prediction of MS, it is common to use phys-
iological data during the ride, such as electrogastrography
(EGQG), electrodermal activity (EDA), electroencephalogra-
phy (EEG), electrocardiography (ECG), attempting to indi-
cate MS levels. Combined with the latest machine learning
developments, a mapping between these indicators and the
subjects’ MS level is possible to be established. For example,
a machine learning algorithm for predicting passenger MS
level based on EEG data was designed, whose classification
accuracy can reach over 95% [9]. In another research, a
multi-modal fusion model has been proposed to predict
MS level more consistently and accurately based on mul-
tiple physiological data [10]. However, in these studies the
vibrational stimuli were not considered as model inputs,
which means the model is not sufficiently related to motion
itself. Additionally, even with the most advanced on-board
occupant state monitoring system, these physiological data
are not easy to access, due to concerns of privacy or sensor
costs.

To this end, this paper contributes in two ways as follow.

1) We construct a radial basis function neural network

(RBFNN) model to predict the MS level, based on
the extensive experimental data that we accumulated
previously. The model inputs mainly consist of motion

979-8-3503-9946-2/23/$31.00 ©2023 IEEE 5591
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