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Motion sickness mitigation in autonomous vehicles by calming effect
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ABSTRACT – Non-driving related tasks inside an
autonomous vehicle is expected to induce motion
sickness symptoms. This study explored the vibration
from a wearable forearm haptic device to mitigate the
symptoms. A total of 20 participants took part in this
within-subjects study. They were driven around a predetermined route in an instrumented car while watching
a video. Motion sickness level was evaluated by
questionnaires including the participant’s heart rate.
Results suggested that there was indeed a calming effect
through the vibration that helps reducing motion
sickness symptoms.
INTRODUCTION
The advent of autonomous vehicles is proving to
be an eventuality rather than a possibility in the current
context [1]. Autonomous vehicles’ occupants are
expected to be more productive while travelling by
doing non-driving tasks such as working on a laptop,
watching a video, socializing with other occupants, or
just doing nothing by observing the road scenery [2].
However, as mentioned by Diels [3], the occupants are
likely to suffer from motion sickness symptoms.
Motion sickness is the uncomfortable feeling that
anyone can experience which could lead to symptoms
such as dizziness, sweating, headaches, drowsiness, and
vomiting due to disturbance of their sense of balance by
constant motion [4]. Motion sickness is known to be
correlated with pulse rate variability (PRV) [5]. PRV
represents the activity of two subsystems of our
autonomic nervous system; the sympathetic and
parasympathetic nervous systems. The sympathetic
nervous system is linked with the fight-or-flight
response that occurs in response to a stressful condition
(i.e. motion sickness), while the parasympathetic
nervous system is linked with the rest-and-digest
response that occurs in response to help in calming the
body down [6].
Patting is a commonly used form of touch used to
convey feelings to loved ones or to calm a child down.
This leads to the idea of using vibrations to simulate
affective touch similar to someone patting the forearm.
It can be used to achieve a calming effect on occupants
by invoking the parasympathetic nervous system while
riding in an autonomous vehicle. Hence, the purpose of
this study is to investigate the calming effect on

occupants inside an autonomous vehicle while doing a
non-driving related task (watching a video).
METHODOLOGY
Wizard of Oz autonomous car simulation method
that was inspired by Baltodano et al. [7] was used.
Based on Karjanto et al. [8] method, the defensive
autonomous car driving style was simulated. The
experiment was conducted using an instrumented car
called Mobility Lab [9] as shown in Figure 1.
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Figure 1 Mobility lab.
All participants were subjected to two
experimental conditions, with (test-condition) and
without (control-condition) the wearable forearm haptic
device (see Figure 2). The only task for the participants
inside the instrumented car was watching a video. A
minimum gap of three days (between the two
conditions) was adapted for each participant to reduce
motion sickness effects that might have arose from the
first condition of the experiment. A fullycounterbalanced order (2! = 2 orders) was applied to
balance potential order or learning effects. In order to
ensure experimental consistency, all sessions were
conducted on the exact same route on the Eindhoven
University of Technology terrain. The independent
variable was the presence or absence of the device, and
the dependent variables were assessments on motion
sickness level of the participants using the Motion
Sickness Assessment Questionnaire (MSAQ) [10], a
multidimensional method of assessing level of motion
sickness across four constructs (gastrointestinal, central,
peripheral, and sopite), and using PRV analysis.
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CONCLUSION
Overall the results suggest that there was indeed an
effect of vibrations on the autonomic nervous system
during a simulated autonomous vehicle journey,
although the subjective measurement reported
otherwise. These results provide an interesting design
direction that can be taken by car manufacturers as the
autonomous future beckons.
4.

ACKNOWLEDGEMENT
This project is supported by Department of
Industrial Design, Eindhoven University of Technology,
the Netherlands.
Figure 2 Experiment setup inside mobility lab.

REFERENCES
[1] Reed, R. (2012). IEEE Says That 75% Of Vehicles
Will Be Autonomous by 2040. Retrieved from
http://www.thecarconnection.com/news/1079261_i
eee-says-that-75-of-vehicles-will-be-autonomousby-2040
[2] Kyriakidis, M., Happee, R., & de Winter, J. C. F.
(2015). Public opinion on automated driving:
Results of an international questionnaire among
5000 respondents. Transportation Research Part
F: Traffic Psychology and Behaviour, 32, 127–
140.
[3] Diels, C. (2014). Will autonomous vehicles make
us sick? In S. Sharples & S. Shorrock (Eds.),
Contemporary Ergonomics and Human Factors
301–307.
[4] Reason, J. T., & Brand, J. J. (1975). Motion
Sickness. Oxford, England: Academic Press.
[5] Gil, E., Orini, M., Bailón, R., Vergara, J. M.,
Mainardi,
L.,
&
Laguna,
P.
(2010).
Photoplethysmography pulse rate variability as a
surrogate measurement of heart rate variability
during non-stationary conditions. Physiological
Measurement, 31(9), 1271–1290.
[6] McCorry, L. K. (2007). Physiology of the
Autonomic Nervous System. American Journal of
Pharmaceutical Education, 71(4), 78. Retrieved
from
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC19
59222/
[7] Baltodano, S., Sibi, S., Martelaro, N., Gowda, N.,
& Ju, W. (2015). The RRADS platform: A Real
Road Autonomous Driving Simulator. Proceedings
of the 7th International Conference on Automotive
User Interfaces and Interactive Vehicular
Applications - AutomotiveUI ’15, 281–288.
[8] Karjanto, J., Md. Yusof, N., Wang, C., Terken, J.,
Delbressine, F., & Rauterberg, M. (2018). The
effect of peripheral visual feedforward system in
enhancing situation awareness and mitigating
motion sickness in fully automated driving.
Transportation Research Part F: Traffic
Psychology and Behaviour, 58, 678–692.
[9] Karjanto, J., Yusof, N. M., Terken, J., Delbressine,
F., Rauterberg, M., & Hassan, M. Z. (2018).
Development of On-Road Automated Vehicle
Simulator for Motion Sickness Studies.
International Journal of Driving Science, 1(1), 1–
12.

RESULTS AND DISCUSSION
Figure 3 depicts the average of MSAQ results as a
subjective measurement. It could be seen that most
participants rated the implementation of the wearable
forearm haptic device was indeed worsening the motion
sickness level by 1% to 6%. This could be that the way
they answered the questionnaire subjectively depended
on the individual.
3.

Figure 3 MSAQ results.
On the other hand, the continuous measurement
using a PPG sensor shows a reduction in motion
sickness level. This result was based on the root-meansquare of successive differences (RMSSD) in the PRV
analysis (see Figure 4). An increment in the RMSSD
was found to be correlated with the increment in the
parasympathetic nervous system [11], indicating a
decrease in motion sickness.

Figure 4 PRV results based on RMSSD.
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