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Abstract

The rapid advancement of technology, particularly in autonomous dri-
ving, has brought about a profound transformation in the automotive in-
dustry. This paper introduces a research-driven strategy aimed at tackling
emerging challenges related to non-driving activities in autonomous vehi-
cles, with a specific focus on mitigating motion sickness. Recognizing the
growing prevalence of light usage in the cockpit and the expected rise in
non-driving engagements, this study underscores the urgent necessity for
innovative solutions. Through comprehensive research on future mobility
trends, levels of driving automation, and user experiences, this paper pro-
poses a novel automotive seat concept tailored to alleviate motion sickness
arising from increased non-driving activities in autonomous vehicles.

The proposed seat design features a wrap-around structure to facilitate
enhanced privacy and flexibility in both personal and group activities. A
key component of this solution is the Anti-motion Sickness Light Warning
System, strategically integrated into the seat’s backrest. Leveraging ISELED
technology, this system offers real-time synchronization with autonomous
driving systems, issuing light warnings to passengers prior to unexpected
movements, thereby minimizing the likelihood of motion sickness. While
demonstrating promising outcomes, the paper acknowledges certain limita-
tions. These include the necessity for further exploration of interactive ele-
ments within the seat design, research to exploit the potential of advanced
lighting effects using ISELED technology and ergonomic considerations for
the seat itself. By shedding light on the impact of autonomous driving on
user experiences, this study contributes to the ongoing discourse and un-
derscores the pivotal role of technology in shaping the future of automotive
design.

Introduction

In recent years, vehicle interior lighting has undergone significant ad-
vancements owing to rapid technological progress and evolving user prefer-
ences. The 2022 Mercedes-Benz EQS integrates innovative lighting solutions
throughout its interior. With up to 13 strategically positioned functional
lights (see Figure 1), this model not only enriches the driving and passenger
experience but also underscores the pivotal role of lighting in automotive
design.
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Currently, lighting design has shifted from being supplementary to es-
sential within the cockpit, significantly enhancing the driving and passen-
ger experience. This trajectory is expected to continue, with future automo-
tive lighting applications becoming even more innovative and diverse.

Figure 1. Interior of Merce-
des-Benz EQS 2022 (Drive,
2022)

Literature Review

The literature review of this paper primarily focuses on future mobility
and cockpit design. It commences by examining future transportation sce-
narios and delves deeply into potential changes in cockpit configurations.

1. Future Mobility

The future of mobility will witness significant changes in the role of auto-
mobiles, particularly with the emergence of autonomous vehicles. The dis-
cussions are summarized in three main aspects: driving automation, new
contexts, and new scenarios.

Driving Automation
Autonomous driving technology has witnessed rapid advancement, ne-
cessitating standardized taxonomy and definitions to classify the various

levels of automation. Society of Automotive Engineers International has Table 1. SAE J3016 Levels of Dri-

established a widely recognized standard with its classification of autono- e Automation (SAE Interna-
mous driving into five levels (SAE International, 2021). tional, 2021)

SAE J3016™ LEVELS OF DRIVING AUTOMATION™
INTERNATIONAL. Learn more here: sae.org/standards/content/j3016_202104

SAE
LEVEL 0"

SAE

LEVEL 5"

SAE SAE
LEVEL 3" | LEVEL 4~

You are driving whenever these driver support features You are not driving when these automated driving
are engaged - even if your feet are off the pedals and features are engaged - even if you are seated in
What does the you are not steering “the driver’s seat”

human in the
driver’s seat
have to do?

You must constantly supervise these support features; When the feature These automated driving features
you must steer, brake or accelerate as needed to requests, will not require you to take

maintain safety over driving

you must drive

Achieved Transition  Practical Unrealistic
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Table 2. Estimated passenger
vehicles sold with autonomous-
driving technologies installed, %
(McKinsey, 2023)

Venanzio Arquilla, Shangyi Bai

Through the comparison of various levels of autonomous driving tech-
nologies and assessing the current market adoption, the author contends
that Levels 0 to 2 autonomous driving have nearly achieved widespread
application in real-world scenarios. Even Level 3 autonomous driving, de-
spite its capability to take over most driving tasks from human drivers, still
requires human drivers to remain fully engaged in vehicle operation, pre-
senting a technical challenge (see Table 1).

Estimated passenger vehicles sold with autonomous-driving technologies installed, %

Level 4 highway pilot

B Level 3 highway pilot

Level 3 traffic jam pilot

B Level 2 advanced
B Level 2 entry

B Level 1
M Level O

Delayed case Base case Accelerated case
B Level 4 urban pilot 100 gy 100 e — 100 [
4+ I —
12
17
] °

—
I —
57

I
2030 2035 2030 2035 2030 2035

Through the comparison of various levels of autonomous driving tech-
nologies and assessing the current market adoption, the author contends
that Levels 0 to 2 autonomous driving have nearly achieved widespread
application in real-world scenarios. Even Level 3 autonomous driving, de-
spite its capability to take over most driving tasks from human drivers, still
requires human drivers to remain fully engaged in vehicle operation, pre-
senting a technical challenge (see Table 1).

Table 2 illustrates the projection that vehicles will ultimately achieve SAE
Level 4, or driverless control under certain conditions (McKinsey, 2023).
Level 4 autonomous driving has found extensive applications, particular-
ly in the field of autonomous taxis, highlighting its broader potential as a
future mainstream autonomous driving technology. The author holds high
expectations for the significant potential that Level 4 autonomous driving
technology can demonstrate in future transportation scenarios.

New Context

In the evolving landscape of future mobility, the role of automobiles is
poised for significant transformations. Autonomous vehicles, in particular,
will redefine concepts of ownership and sustainability, leading to new be-
havioral patterns, evolving demands, and the emergence of innovative ur-
ban mobility systems centered around vehicles.

One relevant concept in recent years is Mobility as a Service (MaaS),
which embodies a novel idea that redefines our perception and engagement
with mobility. It can be seen as a concept, a contemporary phenomenon ac-
companied by emerging behaviors and technologies, or even as a revolu-
tionary transport solution that seamlessly integrates various modes of trans-
portation and mobility services (Jittrapirom, P. et al., 2017).

Additionally, a new approach known as “Mobility as a Feature (MaaF)”
considers mobility services as inputs into a broader activity-based para-
digm of service delivery. It acknowledges that transport and travel stem
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from broader needs, emphasizing the importance of integrating non-trans-
port services to effectively meet these needs (Hensher, D. A., & Hietanen, S.,
2023).

The emergence of both Mobility as a Service (MaaS) and Mobility as a
Feature (MaaF) is poised to profoundly impact the future landscape of mo-
bility. The convenience of this ecosystem will further reduce the demand for
private transportation, blurring the boundaries between private and public
transportation, presenting a unique scenario for future mobility.

New Scenario

Dannemiller, K. A. et al. (2023) introduced intriguing concepts - trav-
el-based activities (TBAs) and activity-based travel (ABT). This represents
the first comprehensive exploration of the kinds of activities that individuals
are likely to pursue when relieved from the task of driving in the era of fully
automated vehicles (AVs). They refer to such activities as travel-based activ-
ities or TBAs. The results indicate that the highest impact of AVs will likely
be on the number of long-distance trips, with such trips increasing.

2. Future Cockpit

Given the changes in future mobility, the role of the future cockpit be-
comes flexible and diverse with the advent of the driverless era. Therefore,
there are four challenges to be faced when researching and designing the
future cockpit: privacy, safety, activities, and driving experiences (Kun, A.
L. etal., 2016). Among them, the latter three are the most widely concerned.

Driving and Safety

Under the premise of L4 autonomous driving, artificial intelligence can
address most driving safety concerns for humans. However, three main se-
curity issues persist: Taking over Requests (TORs), visualization of speed,
and lane change decisions (Shah, A. H., & Lin, Y., 2020). This emphasizes the
necessity of traffic warning systems in the era of autonomous driving. Even
though driving behaviors are no longer the primary focus, passengers still
require access to pertinent traffic information in specific situations.

Driving and Activities

The study of non-driving behavior of drivers and passengers under L4
autonomous driving conditions primarily focuses on two main aspects: in-
dividual behavior and group interaction.

For individual behaviour, several surveys have highlighted some pri-
mary activities, including sleeping, listening to music, browsing mobile
phones, reading, and admiring the scenery outside the window (Hecht, T.
et al., 2020; Parida, S. et al., 2020; Pfleging, B. et al., 2016; Pollmann, K. et al.,
2019; Russell, M., 2011).

What’s more, group interactions in the context of autonomous driving
primarily revolve around communication (Ive, H. P. et al., 2015). However,
it’s important to note that there is still a relatively limited amount of research
in this area. Nevertheless, these studies lay the foundational groundwork
for subsequent design endeavors.

Driving Experience

In the era of L4 autonomous driving, the driving experience, also known
as the ride experience, presents two significant aspects that deserve atten-
tion: psychological experience and physical experience.

Psychologically, when users are no longer in control of the car’s oper-
ations, understanding the vehicle’s intentions becomes essential for them
to feel safe and secure. Locken, A. et al. (2016) point out that the transition
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Table 3. Frequency and severity
of motion sickness for adults
while watching video or reading
in a moving conventional vehicle
(Sivak, M., & Schoettle, B.,
2015)

Venanzio Arquilla, Shangyi Bai

from human drivers to automation raises complex issues. One of the key
challenges, particularly in Level 3 automation, is the “Increasing complexi-
ty” of the automation systems. With the growing complexity of automation,
it becomes harder for drivers to understand and monitor the car’s actions.

Activity
Measure — - :
Viewing video Reading
Frequency: . \
Often, usually, or always 15% 26%
Severity: . .
Moderate or severe 15% 32%

Physically, it is posited that an increasing number of non-driving activi-
ties will make motion sickness a more significant concern in self-driving ve-
hicles compared to traditional, human-driven vehicles (Sivak, M., & Schoet-
tle, B., 2015) (see Table 3). This expectation arises from the fact that the three
primary factors contributing to motion sickness, namely conflicts between
vestibular and visual inputs, the inability to predict the direction of motion,
and the absence of control over the direction of motion, are heightened in
self-driving vehicles. However, it’s worth noting that the frequency and se-
verity of motion sickness are influenced by the specific activities that indi-
viduals engage in while in the vehicle, rather than the act of driving itself.

Design Opportunity

In the context of driving automation, considerable attention has been giv-
en to the sense of safety, and various solutions have emerged. However, in
the context of Level 4 autonomous driving, non-driving activities are poised
to significantly expand and diversify within the cockpit, potentially leading
to increased occurrences of motion sickness among passengers. Therefore,
the author contends that motion sickness arising from non-driving activities
in the era of autonomous driving presents a promising design opportunity.

1. Motion Sickness

Causes

Spencer Salter et al. (2019) underscore the increasing prevalence of rear-
ward-facing seats in automated vehicles (AVs). However, adopting a rear-
ward orientation in AVs may compromise the passenger experience, par-
ticularly with regard to motion sickness. Meanwhile, Michael J. Griffin and
Kim L. Mills (2002) noted that the direction of motion (fore-and-aft or later-
al) did not significantly impact the occurrence of motion sickness.

Michael J. Griffin and Maria M. Newman (2004) further emphasize the
importance of the visual scene in motion sickness within cars. They recom-
mend mitigating motion sickness by providing visual information while
deepening understanding of the various factors influencing its occurrence
or relief.

In addition, research by Ouren X. Kuiper et al. (2020) indicates that un-
predictable motion induces motion sickness more significantly compared
to predictable motion. These findings suggest that motion sickness arises
from the disparity between sensed and expected motion, rather than simply
being unprepared for the motion.

Existing Solutions
Addressing motion sickness stemming from the aforementioned causes,
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several potential solutions have emerged. For instance, Dominique Bohr-
mann et al. (2020) explored the efficacy of active seat belt retractions as a
countermeasure against motion sickness. Millard F. Reschke et al. (2006) at-
tempted to alleviate motion sickness-related gastrointestinal symptoms and
motor disorders while inhibiting vestibular-autonomic pathways by using
stroboscopic light synchronized to the motion pattern.

It is noteworthy that Bohrmann, D. et al. (2022) demonstrated, through a
prototypical LED feedback system visualizing longitudinal driving dynam-
ics in the passenger’s peripheral visual field (see Figure 2), that integrating
peripheral visual information in automated vehicle experiences could po-
tentially enhance users’ situation awareness and reduce the occurrence of
motion sickness.

In summary, the prevalence of motion sickness is expected to rise sig-
nificantly with the widespread adoption of autonomous driving, attribut-
ed to unique seating orientations and unpredictable motions. While vari-
ous methods exist to alleviate motion sickness, providing users with visual
stimuli that align with their expectations and anticipated motion appears
the most promising and practical approach. Light, therefore, emerges as a
favorable medium to intervene in this process.

2. User Research

To gain a deeper understanding of the characteristics of individuals suf-
fering from motion sickness and to identify the final target demographic for
the design, the author developed the following questionnaire and distribut-
ed it to a broad spectrum of respondents (see Table 4).

322

Figure 2. Illustration of pro-
totypical LED feedback system
(Bohrmann, D. et al., 2022)



Research on Motion Sickness Phenomenon

1. Your gender [single choice question] *
OMale
OFemale

2. Your age
[Enter a number from 15 to 60]*

3. Do you often get motion sickness? [Single choice question] *
OYes
ONo (please skip to the end of the questionnaire and submit your answer sheet)

4. In which scenario are you more likely to get motion sickness?
[Single choice question] *

OLong-distance travel

OShort commute

OOthers .

5. Your travel companions are usually [single-choice question] *
OFamily

OCompanion

OFriends

OTraveling alone

OOthers .

Depends on option 1 of question 4

Table 4. Research on motion
sickness phenomenon

Venanzio Arquilla, Shangyi Bai

6. What type of vehicle do you usually ride in [Single choice question] *
OCar

OSUV/MPV

OOthers "

7. What do you usually do on a car ride? [Multiple choice questions] *
ClListen to music

OPlaying with mobile phone

[CChat with peers

[CIDiet

OcCall

CLook at the scenery

[IOthers.

8. What may cause you to get motion sickness [Multiple choice questions] *
[IClosed space/poor ventilation

[OPoor shock absorption/poor road conditions

OMany turns/many stops

[JSeat comfort

[Seating position

OOthers_____ "

A total of 117 questionnaires were collected for this survey, with 71 of
them deemed valid. The research results indicate that the majority of sur-

veyed individuals experience motion sickness during long-distance trips
(59.15%) with family (42.86%) or friends (30.95%), primarily due to unpre-
dictable traffic conditions (71.83%). This offers the author a clear design fo-
cus and scenario, which will be reflected in the construction of user profiles
and user journeys in the next phase.

3. Design Approach

Table 5. Persona in long-distance
travel ~with  friends  (Photo
retrieved on Unsplash)

Han Zhao

Huan Yang

* Handling the responsibility of navigation and * Experiencing motion sickness, affecting her
driving photography and navigation duties.

* Managing discomfort due to motion sickness * Coping with limited seating comfort and
while driving legroom

* Balancing the diverse interests anc

preferences of the group. group’s need for breaks

* Facing challenges in providing entertainment

* Balancing the desire for scenic stops with the * Seeking comfortable seating and

Based on the research findings, the author has chosen the scenario of
long-distance travel with friends to create personas (see Table 5) and user
journeys for the target users.

Needs Needs
* Ballling severe motion sickness. requirng

* Concern for her friends’ motion sickness,

medication and frequent breaks. especially Song Zhang's severe condition

* Valuing opportunities to savor local cuisine.

with music due to motion sickness.

* Ensuring her friends' comfort during rest
breaks and accommodations while satisfying

accommodations during rest stops. her own desire for adventure
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In the scenario of friends traveling together, it is crucial to consider both
the need for privacy for individual passenger behaviors and the flexibili-
ty required for group interactions. However, paramount considerations re-
main the demand for comfortable seat configurations and the mitigation of
potential motion sickness risks (see Table 6).

Planning Departing Travelling

= D

ning ®

Looking Forward To Comfortable Seats Reduces Motion
More Interactive Time And Interior Design Sickness During Activity

The analysis suggests that the seat is the closest and most effective touch
point with passengers. By offering flexible and comfortable seating options,
combined with a well-designed lighting system, there is an opportunity to
enhance the overall riding experience, including alleviating motion sickness.

- \

A—

324

Table 6. User journey of long-di-
stance travel with friends

Arriving

Motion
Sickness
Solution

Figure 3. Cockpit layouts resear-
ch (Photo retrieved on Pinterest)
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Project

1. Space Design

In preparation for designing the seats, thorough research and analysis
are essential to accommodate potential non-driving activities for both indi-
viduals and groups within Level 4 autonomous driving cockpits. Various
cockpit layouts from existing and conceptual designs have been examined
by the author (see Figure 3).

R0=004
BEHEEM

Figure 4. Graphical illustration After compiling and organizing numerous relevant conceptual designs,
the author meticulously categorizes and analyses them based on seat num-
ber, form, and layout (see Figure 4) with the aim of identifying designs that
meet specified requirements.

of researched cockpit layouts

Figure 5. Final design decision of Considering the configuration requirements of L4 autonomous driving
cockpit layout (such as the retention of driver’s seats), the selected design concept offers a
balanced approach, enhancing traditional cockpit layouts by replacing fixed
seating with four rotating seats (see Figure 5). This modification maintains
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basic functionality while enabling seats to rotate 90 degrees sideways, facil-
itating group interactions and significantly reducing motion sickness risks.
Such design ensures cockpit passengers’ flexibility and potential for inter-
action.

Moreover, the uniform and interchangeable design of all four independ-
ent seats expands market possibilities, reduces maintenance and storage
costs, and lowers potential manufacturing expenses.

2. Product Design

e

- -~

Inspiration

Among various case studies, “The Egg chair” by Arne Jacobsen (1959)
stands out as a significant source of inspiration (see Figure 6). This Danish
design masterpiece, crafted through experimentation with wire and plaster
in Jacobsen’s garage, profoundly influences the author’s design process. The
enveloping shape of The Egg Chair not only ensures ample privacy and
comfort but also provides an ideal location for integrating the lighting sys-
tem in later stages.

single car seat, } ------------------ Product Definition

[industrial design,} ------------------ Domain Definition
------------------ CMEF Constraint
[Arne Jacobsen,} ------------------ Style Constraint
[pure white background,} ------------------ Image Background
------------------ Lighting Configuration
[right angle shot} ------------------ Camera Setting

------------------ Stylizing Strength
----------------- Chaos Strength
------------------ Image Specification
------------------ Core Version
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Figure 6. The Egg Chair (Arne
Jacobsen, 1959)

Table 7. Prompt for references ge-
neration with Midjourney
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Al-facilitated Design

This project endeavors to explore how Artificial Intelligence Generated
Content (AIGC) can optimize workflows for industrial designers. The cho-
sen Al tool, the well-established Midjourney image generation platform,
aids in generating a series of visual references.

The author utilizes the prompt “single car seat, industrial design, white
color, Arne Jacobsen, pure white background, studio lighting, right angle
shot” (see Table 7). Despite minimal design-related terms beyond image
quality constraints, the inclusion of the somewhat biased term “Arne Jacob-
sen” ensures consistent and controllable style in the generated results, par-
ticularly concerning the later integration of the lighting system.

ddddSdded d
Jddxdddd%
dorddddddd s
dJd Y4 L4II T e J-

| % |
1£1 J

Figure 7. Generated references
(Photo generated by Midjourney)
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Ultimately, the author successfully generates numerous design refer-
ences using Midjourney (see Figure 7). However, the existing cues proved
insufficient for selecting and finalizing the design concept. The absence of
consideration for the lighting system’s positioning in the generation process
suggests utilizing this constraint to refine and approach the final design con-
cept.

Design Refinement

Given the necessity for the lighting system to coexist with passengers’
non-driving activities and convey specific informational content, the precise
placement is paramount.

Referencing Spector, R. H. (1990), who introduced the concept of periph-
eral vision, it’s noted that signals appearing within passengers’ peripher-
al vision are still noticeable. Additionally, research by Strasburger, H. et al.
(2011) highlights humans” ability to reconstruct and interpret compressed
and distorted information perceived peripherally, facilitating appropriate
information delivery during focused non-driving activities.

Consequently, three potential locations for the light—mnear the head,

shoulder, and body—were identified to effectively convey driving informa-
tion to passengers (see Figure 8).
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Figure 8. Potential location for
lighting system

HOODIE - Seat Design for Motion Sickness

As a result, the author developed HOODIE, a car seat designed to miti-
gate motion sickness resulting from Level 4 autonomous driving (see Figure
9). Enveloping passengers within a large shelter enhances privacy while the
anti-motion sickness light warning system, integrated into the shelter, re-
duces motion sickness occurrences through preemptive warnings.

Figure 9. HOODIE - Seat Desi-
gn for Motion Sickness

Figure 10. Examples of anti-mo-
tion sickness light warning sy-
stem
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Figure 11. Left (A): Static edge-
lit system. Right (B): Dynamic
direct-lit system (Blankenbach,
K. etal., 2019)

Figure 12.  Flexible cockpit
layouts in different scenarios

Venanzio Arquilla, Shangyi Bai

The anti-motion sickness light warning system alerts users before the au-
tonomous driving system detects motion trends. For instance, red lights in-
dicate braking or imminent collision, while yellow lights signal lane changes
or turns (see Figure 10). Furthermore, warnings are provided for accelera-
tions or take-over requests . This design also addresses passengers’ security
concerns regarding driving conditions.

A: Edge-lit B: Direct-lit

To ensure rapid light signal responsiveness to vehicle motion, the author
selected ISELED technology (Blankenbach, K. et al., 2019) as the technical
foundation. This technology addresses challenges associated with maintain-
ing luminance and color uniformity across various temperature conditions
in direct-lit light guides, which could synchronize effectively with in-car en-
tertainment systems, offering rich lighting effects and potential for develop-
ing more complex animations (see Figure 11).

As previously discussed, HOODIE'’s cockpit layout features four inde-
pendently rotatable seats, facilitating passengers’ mobility and communica-
tion and supporting various scenarios. For instance, the four scenarios de-
picted in Figure 12 demonstrate passengers’ ability to choose and configure
seat layouts according to different situations, allowing for individual activi-
ties or face-to-face communication.

Private Chat

Q
Interaction Business
Conclusion

In summary, extensive literature exploration supports the imminent
widespread adoption of Level 4 autonomous driving technology, which will
significantly impact urban transportation systems. The study underscores
the potential for personal transportation in long-distance travel scenarios
and addresses challenges posed by increased motion sickness through inno-
vative solutions like HOODIE.

Moreover, by analysing automotive cockpit layouts, the study proposes
a visionary concept tailored for Level 4 autonomous driving. This design
features four independently swivelling seats, aiming to prevent motion sick-
ness while accommodating diverse passenger activities.
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Limitation

While the proposed concept may mitigate motion sickness in future L4
autonomous driving, further exploration is needed regarding interactivity,
ergonomics, market analysis, and user strategies to enhance implementa-
tion comprehensively. These areas present opportunities for future research
and development, building upon this foundational exploration to create
stronger and more effective solutions for motion sickness in autonomous
driving scenarios.
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