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Passenger Individual Posture in Level 5
Automated Driving

1. Introduction

1.1.1. Literature about the development of AV (Level 5)

This study focuses on Automated Vehicles (AV) driving in Level 5 Full Driving Automation (SAE
International, 2020). A level 5 AV can fulfil the role of conventional drivers, which means all
vehicle participants are passengers. Without the requirements and restrictions of driving, the
passengers in a level 5 vehicle can perform full-time Non-driving-related activities (NDRAs) or
tasks while the car is in motion (Pfleging et al., 2016). Compared with driving-related activities
(DRAs) that involve all the activities for Dynamic driving tasks, NDRAs include all other tasks like
communicating, eating, relaxing, etc. (SAE International, 2020).

According to the NDRAs investigation of Pfleging et al., watching out of the window is the most
frequently performed activity (85%), followed by texting (74%), talking to other passengers
(72.3%), listening to music/radio/audiobooks (72 %), and drinking and eating (54 %). Additional
activities over 10% mentioned are calling (26.7 %), sleeping (22.3 %), and office tasks (16 %).
This research focuses on the individual behaviours of the AVs so that the social-related
activities are excluded. The selection of NDRAs for this research are A. Smartphone use, B. Rest
and relax (looking out of the window), C. Deskwork, D. Eating and Drinking, and E. Sleeping.

1.1.2. Literature about postures

Due to their potential to draw attention from the primary driving task, NDRAs are still ranked as
secondary or tertiary priority in the current design process (Yang et al., 2018). However, In the
context of highly automated vehicles (HAV), the driving postures related to the DRAs are no
longer necessary to be optimised. Compared to the plenty of studies on driving postures, the
research on comfortable and preferred postures for NDRAs is lacking (Shayegan et al., 2023).
The research of comfortable non-driving postures (NDPs) is more complicated than the study of
driving postures, because an NDRA can be performed in a variety of postures and, conversely,
the same posture can relate to several NDRAs (Grebonval et al., 2021). As a result, we have a
many-to-many issue with NDPs requiring structured posture classification. Fleischer & Chen
(2020) conducted a research test with 25 participants and qualitatively classified NDRTs
corresponding postures. The study of Grebonval et al. (2021) evaluated the seating postures of
13 participants in quantitative classification and found that preferred joint postures were
influenced by several factors, including gender, seat design, driving venue, stature, symmetry,
age, etc. (Schmidt et al., 2014). According to Kyung & Nussbaum (2009), asymmetrical postures



may be caused by distinct duty requirements on each side of the body (e.g. right side is for
controlling tasks while the left side is for supporting tasks), which remain an unexplored
territory with NDPs.

1.1.3. Literature about posture collection without seat

All participants in level 5 AVs as passengers have all-time only performing NDPs, resulting in
different requirements for the seat and car interior, which should be different from the driving
posture-centred interior (Yang et al., 2018). The car seat configuration of level 5 AVs does not
need to start from the Accelerator Heel Point (AHP), indicating a fresh perspective in the car
seat design. According to Reed et al. (1999), possible human postures exceed the range of
postures with current seats.

NASA has documented the neutral body posture (NBP) that muscles in a naturally relaxed
position with zero-g space (NASA STD 3000). As shown in Figure 1, the NBP can be presented in
segment angles with horizontal and vertical reference axes (Han Kim et al., 2019). The concept
of NBP is highly influential in the commercial automotive industry (NASA, 2013). However,
sitting posture on Earth is still influenced by one-g gravity. Inspired by the zero-g neutral body
posture, the study planned to explore the neutral body posture in a one-g gravitation avoiding
the limitations of seats.

[ 12° 69
Figure 1. NASA-STD-3000 specifications for neutral body posture. (Han Kim et al., 2019)

1.1.4. Research question
With the absence of driving tasks and the freedom to perform NDRAs in future Level 5 AV and
inspired by the zero-g neutral body posture, the study planned to explore the neutral body



posture in various NDRAs in a one-g gravitation setting avoiding the restrictions of seats itself.
This drives us to the research question on what are the optimal seat postures for the selected
NDRAs in Level 5 AV? And how are these postures compared to postures in current car seats and
non-gravitational settings?

2. Methods

A study that invites participants to build their own seats with designed building blocks was done
to answer the research question. The study compared an ideal seat participants built with a
typical car seat in a prototype buck. Prior to the experiment, a pilot study was done with 2
participants and the protocol was adjusted accordingly.

2.1.1. Participants

Thirty-seven participants below 40 years old joined the study. The age was restricted since
these people are expected to be passengers of future level 5 AVs. One participant was excluded
from the analysis due to invalid data. The participants consist of 18 males and 18 females.
Participants were selected based on their BMI and ethnic origins with a maximum age of 40
years old. Their self-reported stature, self-reported weight, ethnic origins, and age were asked
during the participant recruitment. The study included an approximate 5th to 95th percentile of
the Dutch population stature (1714 to 1942mm for Dutch males, 1598 to 1809mm for Dutch
females) based on a survey by Molenbroek et al. (2017). Participants from a European ethnic
origin were favoured since the study is done based on Dutch anthropometrics. The maximum
age was introduced as level 5 AV is for future cars. Due to the use of 3D scanners with light
sensors, participants were screened without a history of epilepsy. Additionally, participants
were required to wear light and relatively tight clothing for the test.

2.1.2. Ethics

This research was approved by the Human Research Ethics Committee of Delft University of
Technology on January 4%, 2024, application number 3725. Each participant completed an
informed consent form before beginning the experiment. Participants were compensated €30
after the completion of this 2-hour study.

2.1.3. Research setup
This task was done with 2 different seat supports/seats.
e Testing environment A: Build-your-own seat with foam blocks. According to Figure 6, the
testing region on the ground has a dimension of 2m x 2.7m. This is the space available in
a full-size SUV. There was a carpet in the middle of the ground square for better friction.
e Testing environment B: an AAAA seat in the buck shown in Figure 3. The initial setting for
this seat was maximum aft, maximum lowest, minimum seat tilt, maximum upright and
lowest headrest setting.



Figure 2. Testing environment A Figure 3. Testing environment B

As shown in Figure 2, the testing environment had various sizes of foam blocks as building
options. Partial foam blocks were modified with Velcro for extra fixtures. Figure 4 shows the list
of the 43 foam blocks in use. The full block B1 is 72x20x10cm. Based on feedback from the pilot
study, backrest support was provided to increase the building efficiency (Figure 2). Participants
could freely choose which block to use or not to use without any requirements, and the
researchers were not allowed to give suggestions.

B1/4*2 \.
BI/4*6
BI/2A*2 @ B1/2B*6 ' =/ |
BI/2A*6 N
BI*2 [ \
——BI*6
_ B4*2
oy ) — Bs*2

B3*2

Hook(Male) Loop(Female)

Figure 4. Foam block size and number and hoop-loop mechanism



2.1.4. Procedure

The procedure begins with an introduction, including a background description and a pre-test
guestionnaire (Figure 5). The testing space is prepared to the original position as shown in Figure
2 and Figure 3. Participants then undergo anthropometric data collection and receive an
explanation and practice of the building rules for foam blocks. In Part A, participants build their
own seat, confirm the first most comfortable posture for one NDRA, undergo 3D scanning, and
confirm any additional comfortable postures before completing a post-questionnaire of comfort
and discomfort scales. This process is repeated for NDRA 2-5. In Part B, participants sit on the
AAAA seat, adjust it for comfort with the same NDRA, confirm comfortable postures, and then
complete the same post-questionnaire, also repeated for NDRA 2-5. The session concludes with
an interview. Participants are divided such that half start with Part A and the other half with Part
B, with the NDRA sequence (A. Smartphone use, B. Rest and relax/watching out of the window,
C. Deskwork, D. Eating and Drinking, and E. Sleeping) randomised for each participant.

Repeat for NDRA 2-5

Part A* - NDRA 1** Part B* - NDRA 1

Introduction  Build your own seat * Sit on Blue seat (AAAA)

« Confirm the first most comfortable « Confirm the first most comfortable
* Background description
posture posture
* Pre-test questionnaire . .
i 3D scanning « If any, confirm the second/third most

* Anthropometricdata collection

« If any, confirm the second/third most comfortable posture
comfortable posture « Post questionnaire

* Buildingrules explanationand practicing

* Post questionnaire

*Half of the participant starts with Part A, while the other half start with Part B.
**The sequence of NDRA is randomized per participant

Figure 5. Test procedure

2.1.5. Measurement methods

All anthropometric measurements were conducted using the DINED method (Molenbroek et al.,
2017). Anthropometric data collection includes measuring body weight, stature, and sitting
height. Additional measurements involve shoulder sitting height, hip breadth, shoulder breadth,
and the distance from buttock to knee. Popliteal height, buttock to popliteal distance, and eye
height while seated are also recorded. These measurements provide comprehensive data on
body dimensions.

A pretest questionnaire was made to collect participants’ previous experience with automated
driving and their preference towards NDRAs. A post-questionnaire was created to assess each
participant's comfort or discomfort after each activity. A 0-10 scale simple comfort and
discomfort score and a 0-10 scale local postural discomfort was used as this study was in an
early design phase and focused on non-experts (Anjani et al., 2021).



Video recording was made for process documentation, while a 3D scanner of Artec EVA was
used for posture documentation. A set of joint angles with kinematic constraints can describe
and specify the body postures (Reed et al., 1999). A skeleton tracking recording was made for
optimal postures using the Microsoft Azure Kinect DK as the 4D camera. The distribution of
Kinects in Testing environments A and B is shown in Figure 6, Figure 7, Figure 8, and Figure 9.

Special equipment was required for NDRAs. While each participant was asked to use their
smartphone for A. Smartphone use, a weight scale was used to collect the smartphone's
weight. The weight scale was used to document the weight of the laptop in use for each
participant for Deskwork. As shown in Figure 6, Figure 7, Figure 8, and Figure 9., Dolls were
placed in both test environments as the view of looking out of the window for NDRA B. Rest
and relax. The placement of the dolls was done to be able to see left, front, and right and also

far and near.
=]

1.8m

Driving direction

1.9m 1.9m

2.6m

:’ Carpet

. 4D Camera

I Dolls for watching out of the windows

2m

Figure 6. Testing environment 4 - Top view
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\:| Carpet

. 4D Camera

| [ 1 — I Dolis for watching out of the windows




Figure 7. Testing environment A - Front view

. 4D Camera

1 Dolls for watching ottt of the windows

D Buck

- SgRP

1.8m

Figure 8. Testing environment B - Top view

. 4D Camera

1.6m
1.5m
5m
6m

1

i Dolls for watching out of the windows

D Buck

. SgRP
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Figure 9. Testing environment B - Front view

2.2. Data analysis

With the multiple data collection equipment, five types of data were collected: 1) demographic
data with anthropometric data and participant’s previous automated vehicle experience; 2)
subjective comfort and discomfort questionnaire results after each NDRA; 3) skeleton tracking
joint position data of the optimal posture for each NDRA; 4) 3D scanning meshes of the optimal
posture for each NDRA of testing environment A; 5) video recordings with interview
transcriptions.



The first three numeric data were imported into the Python NumPy version 1.26.4. A Wilcoxon
signed-rank test is conducted to determine if there are differences in the mean ranks between
various variables and clusters. The Wilcoxon test is employed because Comfort, discomfort, and
joint position typically do not follow a normal distribution. A Spearman's Rank-Order Correlation
analysis is conducted to discover if there are correlations between anthropometric data and joint
angle distribution. The 4) and 5) non-numeric data were combined for a visual categorization of
posture support. Qualitative assessments of the 3D scan results were independently coded by
two researchers, and the conflicts were discussed. The transcription of the final interview from
video recordings was summarized into qualitative insights.

2.2.1. Joint position into Joint angle of the optimal posture

Azure Kinect body tracked joints' position relative to the global frame of reference of the depth
sensor (Microsoft, 2022) in Figure 11. Then the targeting Joint angle was defined by the
combination of relevant joint positions (Figure 10). The numbering of the joint angles was
based on the study of Saputra et al. (2022). Calibrations were performed at the right knee angle
using manual measurements for each participant. This resulted in an accurate measurement of
the sensor. Based on a literature review by Schmidt et al. (2014), the detailed methodological
descriptions of the methodological assessment of joints are essential for understanding angles

related to the human body.
Head

30 28
31 , @29
26
e 1 3 Ta

17 2 9

Right Upper Limb Left Upper Limb

22 o 18

Right Lower Limb Left Lower Limb

23 19

24 20
25 21

Figure 10. The division of the joint group and the joint ID Figure 11. example of 4D camera detection

See Appendix Error! Reference source not found. for a detailed explanation of joint angle
construction. There are three methods of joint angle calculations in this study. Internal
comparison results of joint angles are calculated with the default method, while the external
joint angle comparisons are computed both with the reference planes and absolute angles
methods, following the procedures of Han Kim et al. (2019)and Kyung & Nussbaum (2009).
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With the method of NASA-STD-3000 and Han Kim et al. (2019), Figure 12 shows the
construction of the front reference plane with H points as the X axis, while the line of mid H
point and mid clavicle point as the Y axis. As shown in Figure 13, the right elbow joint is
projected to the front reference plane and P12 to P14 referred to the projected points.

Figure 12. Skeleton reference plane Figure 13. 3D joint projection with reference plane
demonstration

According to Kyung & Nussbaum (2009), the joint angle calculation method can be shown in
Figure 14. Except for the Torso angle and neck angle are calculated with the vertical axis, the
rest of the joint angles are absolute angles in the 3D dimension.

Upper neck Neck angle

Wrist angle

D\
Head of 3rd 7 \‘o\

metacarpal

El |
bow angle Lower neck

v,
Ankle angle I
. Knee angle
\v .
Shies phane ‘ Foot plane

Figure 14. Joint angle definition (Kyung & Nussbaum 2009)

The program used in this study did not give an accurate finger level detection, therefore hand
gestures would not be discussed further.

11



2.2.2. Posture support classification

Without an existing seat in testing environment A, participants could build various supports for
their optimal body posture from foam blocks. The non-numeric data of 3D scanned meshes and
video recordings were combined for a classification of posture support types, including armrest,
central table, lower leg support, etc. During the test, it was discovered that participants used
more foam blocks than they actually interacted with. Based on that, only the foam blocks that
give postural support or have direct contact with the body of the participants are considered.
Two researchers independently classified the additional support from the front-view 3D scan
meshes based on the coding in Table 1.

Table 1. Coding of seat support based on 3D scan meshes.

Armrest Left
Right
Table Left side-table Only side-table as an extension of armrest.
Right side-table Only side-table as an extension of armrest.
Central table Including tables in the middle and tables that
span left to right.
Leg support Lower leg-support To support the legs up, e.g. having crossed legs
on the seat.
Calf support Only having the calf supported, without the feet
touching the ground.
Side support Laying on the side If the participants sleep in a flatbed on their side.
Symmetrical seat-support Whether the seat has a symmetrical support for

the posture.

2.2.3. Crossed-leg postures classification

It indicates that adequate leg space is essential for a positive perception of comfort
(Stanglmeier et al., 2021). The non-numeric data of 3D scanning meshes, and video recordings
were further analysed for crossed-leg posture classification. To mark outlier posture, the
postures were classified into crossed-leg postures and non-crossed-leg postures. As shown in
Table 2, the crossed-leg postures were then categorized into four categories of ankle on the
ankle, knee on the knee, ankle on the knee (Ahn et al., 2013), and crossed leg with both legs on

the seat pan.
Table 2. coding of crossed-leg postures

Ankle on the ankle The lower limbs posture that participant put their ankle 1
above another ankle Lo )
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Knee on the knee The lower limbs posture that participant put their knee

above another knee f)[ \;\i\)
:LL }i? \~
Al
A
3!
“J
Ankle on the knee The lower limbs posture that participant put their ankle
above or under another knee « \I"\‘) o
[y j\
¥ \IJ !
| ‘f
y
L
o
Crossed leg with both legs The lower limbs posture that participant put their crossed
on the seat pan leg both on the seat pan. |
| )
3. Results

3.1. Participant demographics

Thirty-six participants were invited to participate in this study. All participants were healthy
adults with a maximum age of 40 years old. This age limitation is present as fully automated
vehicles are planned for future development. Participant demographics are presented in Table 3.
Half of the participants were male, and the other half female, which represents the world gender
distribution. The ethnicity of the participants was mainly Western European as this study was
conducted in the Netherlands. The question of their dominant hand was also asked to later
explain the symmetrically if their posture, where this study has 92% right-handed participants.

Table 3. Participant demographics

Age 23.9 + 2.9 Years old

Gender Male 50%
Female 50%

Ethnicity Western Europe 64%
(e.g., Germany, Sweden, United Kingdom)
East and Central Asia 22%
(e.g., China, Japan, Uzbekistan)
Eastern Europe 6%
(e.g., Hungary, Poland, Russia)
South and Southeast Asia 6%
(e.g., India, Indonesia, Singapore)
Sub-Saharan Africa 3%
(e.g., Kenya, Nigeria, South Africa)

Nationality Dutch 36.1%

13



Chinese 11%

German 8.3%
Dominant hand Left 8%
Right 92%

3.1.1. Anthropometric measurements

Participants were selected to cover the full distribution of Dutch anthropometric measurements
based on the DINED TU Delft database (https://dined.io.tudelft.nl). During the recruitment, a
sign-up questionnaire was filled-in by participants which include self-reported height and self-
reported weight. As shown in Figure 15 and Figure 16, the selection of height and BMI spans the
P5 to P95 population, ensuring an even distribution. This approach provides a representative
sample, accommodating a wide range of body types and promoting inclusivity in the study. The
participants in this study were spread out evenly based on their popliteal height and seated hip
breadth shown in Figure 17. Both measurements plotted are not correlated to each other,
therefore could show a better spread out of the participants recruited.

0 10 20 30 40 50 60 70 80 90 100
Male Female

Figure 15. Height distribution percentile from the Dutch anthropometrics database for Adults 20-60 years (Source: DINED
database TU Delft (dined.io.tudelft)

14 16 18 20 22 24 26 28 30 32 34

Underweight Normal Weight Overweight Obese |

Figure 16. The BMI (kg/m?) distribution of the participants.
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Figure 17. Distribution of participants based on their popliteal height and seated hip breadth in the Dutch anthropometrics
database for Adults 20-60 years Source: DINED database TU Delft (dined.io.tudelft)

Prior to the tests, researchers measured each participant with an anthropometric chair,
anthropometer and body weight scale. The average and standard distribution of these
measurements are present in Table 4. Most anthropometric measurements of the participants
have a high standard deviation, which indicates a good spread of the participants.

Table 4. Participant anthropometric measurements

Body weight 71+15.7 kg
Stature 1754 £+ 115.0 mm
BMI 23+ 3.6 kg/m?

Sitting height
Shoulder sitting height
Hip breadth

Shoulder breadth
Buttock to knee
Popliteal height

Eye height seated

15

910+ 47.5 mm
583 £36.5 mm
389+ 30.4 mm
415+ 41.3 mm
699 +41.7 mm
470 £ 46.8 mm
794 £ 46.1 mm



3.1.2. AV experience

22.2% of the participants have experienced a fully automated vehicle, 63.8% will and 36.2%
maybe be willing to use an AV in the future. NDRAs are already done by people on different
transport modes when they don’t have the task of driving shown in Figure 18, and with the
absence of a driver role, the occurrence of these NDRAs could increase. This figure shows that
smartphone use, and rest and relax were NDRAs frequently done in other transportation
modes. More participants were doing desk work in trains and airplanes, compared to in the
cars, busses, and trams. This might be due to the longer travel durations spent in trains and
airplanes, compared to the other modes.

40

Number of participants
[ [N ) N w w
o w o wv o (]

(€]

Car Bus Tram Train Airplane

B Smartphone use M Rest and relax (looking outside the window) M Sleep = Desk work M Eat & Drink

Figure 18. NDRAs currently done in different transport modes.

3.2. Subjective Comfort

Participants were asked to rate their current comfort by filling in a questionnaire which
contains subjective comfort (0-10), subjective discomfort (0-10), and local postural discomfort
(LPD) (0-10). These ratings were analysed by comparing the Build-Your-Own seat in setup A to
the current car seat in setup B, as well as zooming in on specific NDRAs conducted in the setup.

3.2.1. Overall subjective comfort and LPD of the Build-Your-Own seat compared to current
car seats
Result see Appendix C

3.2.2. Subjective comfort of each NDRA
Result see Appendix C
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3.3. Joint angles

The joint angles data collected through the Azure Kinect was further calculated with the default
method(Appendix B) for internal result comparisons, including the comparison between the
Build-Your-Own seat and AAAA, each NDRA and correlation with anthropometric data.

3.3.1. Joint angle comparison between Build-Your-Own seat and AAAA
Result see Appendix D

3.3.2. Joint angle comparison of each NDRA with Build-Your-Own seat

Result see Appendix D

3.3.3. Correlation of anthropometric data and Build-Your-Own Seat joint angle data
Result see Appendix D

3.4. Posture support classification

The foam blocks provide ultimate possibilities for posture support, which is crucial to
understanding further the relationship between posture and NDRAs.

Table 5 demonstrates the classification result of all postures into six categories. Lower leg
support includes calf support, side support while lying down and other support for the cross-leg
posture. Cohen's Kappa interpretation was conducted to testify the agreement of the
classification between the researchers. A Kappa value of 0.79, which is greater than 0.6 and
nearly reaches 0.8, indicates substantial agreement between the raters (Landis & Koch, 1977).
Only the classification agreed upon by both researchers is included in

Table 5. Figure 19 to Figure 23 show examples of posture support, including armrest, central
table, lower leg, calf support and side support for laying down posture.

In this study, armrests were preferred for smartphone use and rest & relax, providing necessary
support for these tasks. 56% of participants built a central table for desk work, highlighting its
importance for this activity. Calf support was favoured for sleeping, smartphone use, and rest
and relax for around 30% of the participants, indicating a need for lower leg comfort in these
scenarios. Additionally, 25% of participants preferred to sleep on their side, which cannot be
accommodated by the current car seat.
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Figure 19. Armrest Figure 20.Central Figure 21.Lower leg support Figure 22.Calf Figure 23.Side
support example table support example example support example support (laying
down) example

Table 5. Posture support classification with NDRAs

Right Left Central Lower Calf Side support Symmetrical
armrest armrest Table [T} support (laying down) support
support

A 67% 58% 3% 53% 31% 3% 72%
B 74% 69% 6% 43% 31% 0% 71%
C 48% 50% 56% 17% 11% 0% 83%
D 51% 49% 19% 22% 14% 0% 69%
E 28% 28% 0% 75% 33% 25% 83%
all 54% 51% 17% 42% 24% 6% 76%

3.5. Crossed-leg postures classification

Since the foam blocks can offer ultimate freedom for participants' posture, there are some
common relaxing postures with crossed legs, whereas uncommon postures like lying down on
the side are also observed. With only one posture for each NDRA, 66.7% of the participants had
at least a crossed-leg posture during the study, while 25% had three or more crossed-leg
postures. It indicates that some participants strongly prefer crossed-leg postures, and they
perform them in most of the NDRAs. Table 6 shows the classification result of crossed-leg
postures with each NDRA. It is shown that crossed-leg postures of the ankle on the ankle are
common in each NDRA, while 11% of participants tend to put their ankle on the knee only with
Rest and relax activity. The classification of crossed-leg postures can provide selection criteria
for further joint angle analysis.

Table 6. Outlier postures with crossed legs in each NDRA

Activity Crossed leg in ankle on the knee onthe ankle on the Crossed leg and
general or not ankle knee knee both legs on the
seat pan
A. Smartphone use 36% 25% 6% 3% 3%
B. Rest and relax 43% 26% 3% 11% 3%
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C. Deskwork 26% 20% 0% 0% 6%
D. Eat and drink 26% 17% 0% 3% 6%
E. Sleep 25% 22% 0% 3% 0%

3.6. One-g neutral body posture

As postures collected without existing seats, the Build-Your-Own seat Joint angle data can be
interpreted as the one-g neutral body posture with the influence of gravity on Earth. According
to Appendix B, One-g neutral body posture (Build-Your-Own seat posture) results are presented
in different calculation methods: including default, with reference planes, and absolute angles.
Due to the program's inability to accurately detect finger levels, hand gestures will not be
discussed further in this study.

3.6.1. Posture selection of One-g NBP

Outlier postures included in the results of the One-g NBP dataset-0 need to be further
identified and excluded to be able to be compared with other research. Table 7 explains the
exclusion of the postures in the new datasets after exclusions. Dataset-1 excludes the postures
in which participants build the foam blocks as beds while lying on the side and prone. Dataset-2
further excludes all the crossed-leg postures that are classified in 3.5 Crossed-leg postures

classification.
Table 7. One-g NBP Joint angle data set description

Dataset-0 Build-Your-Own seat original data
Dataset-1 Data set 0 excludes postures lying down on the side, and prone position
Dataset-2 Data set 1 excludes crossed-leg postures

3.6.2. One-g NBP with reference planes
Result see Appendix E

3.6.3. One-g NBP and AAAA with absolute angles
Result see Appendix E

3.7. End Interview

Participants generally expressed a preference for the Build-Your-Own seat configuration due to
the increased space and customization it offered. Many found it more comfortable and
appreciated the ability to adjust the seat to their liking. However, some participants noted that
the AAAA did not fit their body size well, resulting in discomfort, although the adjustability of
the AAAA buttons was appreciated. The need for better support, especially for the neck, was
highlighted by a few individuals for both seats. Overall, the Build-Your-Own seat was favoured
for providing more freedom and comfort, though additional support in certain areas was
desired.
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4. Discussions

4.1. One-g NBP with zero-g NBP

This study will compare the results of One-g NBP with reference planes to the updated NBP of
the NASA-STD-3000 (Han Kim et al., 2019) with results of 3.6.2. The projected joint angles
outside the 95% confidence interval of the bootstrap will be highlighted for further discussion.

4.1.1. Overall one-g NBP with Updated zero-g NBP data
Discussions see Appendix F.1.1

4.1.2. Each NDRA of one-g NBP with Updated zero-g NBP data
Discussions see Appendix F.1.1

4.2. One-g NBP and AAAA with recommended Joint angle for SUV

As shown in Appendix B, the joint angle of One-g NBP and AAAA was calculated following the
method of Kyung and Nussbaum (2009) with absolute angles in 3.6.3. The data that is out of the
recommended range of Kyung and Nussbaum (2009) is marked for further analysis.

4.2.1. Overall one-g NBP and AAAA with recommended Joint angle for SUV
Discussions see Appendix F.2.1

4.2.2. Each NDRA of one-g NBP recommended Joint angle for SUV
Discussions see Appendix F.2.1

4.3. Limitation and future works

The calculation method of the NBP joint angle is symmetrical, while the joint angle of the Build-
Your-Own seat is not symmetrical in the real case, which may cause an error in the comparison
result. Future studies focusing on the asymmetrical posture in a neutral body posture would be
needed to increase comfort in future vehicles. Moreover, the sitting duration for each
participant in each posture was short, neglecting the long-term effects of posture, especially
with crossed-leg postures. Longer test durations that exhibit changes in posture overtime will
be also necessary to ensure that the adjustments of the seating support in future vehicles could
cater to a comfortable position.

5. Conclusion

This study is done to explore the postures assumed by passengers in the absence of DRAs. The
freedom of conducting various NDRAs in future Level 5 AV will allow passengers to be in a more
NBP. This study introduces a neutral body posture in various NDRAs in one-g gravitation
settings avoiding the restrictions of seats itself. Participants were asked to construct a Build-
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Your-Own seat out of foam blocks to be able to conduct NDRAs in a comfortable position. Joint
angles and seat setting of the Build-Your-Own seat in one-g gravitation settings are present and
compared to the use of the current car seat and zero-g NBP.

Thirty-six participants (half male, half female) were invited to participate in this study with a
spread-out BMI and anthropometric distribution based on the Dutch anthropometric
measurements. Participants rate the Build-Your-Own seat higher in comfort, and lower in
discomfort and all LPDs compared to AAAA. The LPD ratings of the upper body and extremity
limbs were significantly improved in the Build-Your-Own seat.

Joint angles of the participants were measured, and significant differences were found in the
right shoulder, left and right thigh-trunk, left knee and left and right ankle between the Build-
Your-Own seat and AAAA, suggesting further posture optimization with these joint angles. The
postures assumed in the Build-Your-Own seat show much less correlation between body
measurements and angle ranges, indicating that participants adopted more diverse and
incoherent postures. The NDRA of Rest and Relax and Sleep exhibited more diverse postures
compared to other NDRAs, suggesting that posture freedom equates to comfort.

The seating support in Build-Your-Own seats was studied and found that armrests were
preferred for smartphone use and rest & relax, and a central table was necessary for desk work.
Calf support was favoured for sleeping, smartphone use, and rest and relax for around 30% of
the participants, indicating a need for lower leg comfort in these scenarios for certain groups of
users. Additionally, 25% of participants preferred to sleep on their side, which cannot be
accommodated by the current car seat.

With a single posture recorded for each NDRA, 66.7% of participants adopted at least one
crossed-leg posture during the study, and 25% exhibited three or more crossed-leg postures.
This suggests that some participants have a strong preference for crossed-leg postures,
frequently adopting them across most NDRAs. Crossed-leg postures with the ankle on the ankle
are common across all NDRAs, whereas 11% of participants place their ankle on the knee only
during Rest and Relax activities.

The comparison of one-g NBP results with reference planes shows that the two datasets have
similar counts, but Dataset 1 exhibits a higher standard deviation than Dataset 2, indicating that
Dataset 2 offers more consistent results. The one-g NBP results with absolute angles show that
the joint angles in Dataset 1 are generally flatter than those in AAAA, indicating a more
comfortable range. Both the one-g NBP analyses—using reference planes and absolute angles—
reveal that the angles for the NDRA of sleep are different from those of the other NDRAs.

Participants expressed a preference for the Build-Your-Own seat configuration in their
interview due to the increased space and customization it offered, though additional support in
certain areas was desired. The need for better support in the neck was also highlighted by a few
individuals.
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The comparison results highlight the challenges of directly applying zero-g NBP to future car
seat designs due to the significant influence of gravity on posture. Compared to the updated
NBP data, dataset 2 (without crossed-leg postures) shows the same statistical differences as
dataset 1. In dataset 2, while the joint angle ranges for Eat and Drink fall entirely outside the
95% confidence interval, the deskwork data includes three additional angle categories within
the interval, indicating greater postural similarities. The comparison results suggest that directly
applying NBP to future car seat designs is challenging due to the significant impact of gravity on
posture.

The postural results of the Build-Your-Own seat and AAAA are further analysed and compared
to comfortable ranges in an SUV in the literature. Differences in torso, right hip, left hip, right
ankle and left ankle were found in Build-Your-Own seat and literature, but only torso difference
was found for the AAAA. Without the limitations of existing seats, the optimal joint angle set
can extend beyond established boundaries, incorporating flatter angles. This might indicate

that the current car seats should be further improved to accommodate NDRAs in future Level 5
AV.

Future studies focusing on the asymmetrical posture in a neutral body posture would be

needed to increase comfort in future vehicles. Longer test durations that exhibit changes in
posture over time, including cross-ed leg postures, will be also necessary to ensure that the
adjustments of the seating support in future vehicles could cater to a comfortable position.
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Based on the scientific research  setting, the test will be conducted in a bold way
that will let the participants build their seats from scratch with building blocks
while executing the Non-Driving Related Activities (NDRAs).  The initial research
planned to collect various types of data, ranging from joint angles degree,
participants sitting 3D scan, physiological data, etc. With the data collected from
the collaborative research, the design problem would be how to analyse the data and
draw effective insights to create constructive constraints for level 5 car seat

design. The novel approach can lead to a fresh perspective to define car seat design
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anthropometric data, comfort evaluation, etc. with a combination of qualitative approach of observation and objective
feedback while the participants are conducting Non-Driving Related Activities (NDRAs). After the data collection process,
the data would be deformed, cross-validated and analysed to form numerous specifications and meaningful insights. Then
the insights and specifications would be translated into design guidelines for future car seats of automated vehicles, which
would be supported by a design example. A car seat design under the generated guideline would be tested and evaluated to
complete the feedback loop for the project.
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Throughout my master's study, | have had a huge interest in ergonomics,
which | believe can have a strong correlation with physical embodiment
design. With my future career plan, | want to still focus on physical
product development or experience. Based on that, | have acquired some
related  ergonomics experience in my ACD, AED course, and cognitive
ergonomics  electives. However, | have not yet explored the full process
that the ergonomics research result triggers and guides the design practice.
The graduation project  will  fulfil my need to connect front-end research
with back-end design development. Through the graduation project, | plan to
broaden my knowledge and competencies in ergonomics research about seating
comfort. | want to learn more about how to set up scientific research,
leading to design guidelines. Moreover, | plan to enhance my technical

skills like  blender, grasshopper and python, improving my analytical skills.
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