PROCEEDINGS OF THE INTERNATIONAL DISPLAY WORKSHOPS, VOL.29, 2022

DES5/VHF6-4L

Late-News Paper
Invited

How Users Experience Autonomous Vehicle Driving:
Provision of Information Through AR HUD

Vassilis Charissis

Vassilis.Charissis@gcu.ac.uk
Glasgow Caledonian University, Virtual Reality and Simulation Laboratory
School of Computing, Engineering and Built Environment, G4-0BA, Glasgow, UK

Keywords: Autonomous Vehicles, Augmented Reality, Head-Up Display, User Experience, Human-Computer Interaction.

ABSTRACT

This work examines if the provision of information through
Augmented Reality (AR) Head-Up Display (HUD)
alleviates passengers' anxiety during autonomous vehicle
(AV) driving. The evaluation was performed in a VR driving
simulator, by ten volunteer users. The preliminary results
present the benefits and drawbacks experienced by the
users.

1 Introduction

Traffic flow is a vital element of daily commuting and
travelling by car. Typically fluctuations in the volume of
vehicles in a given segment of the road and their average
speed could create traffic congestion.

A similar effect could be the output of various weather
conditions that result in a decreased average speed of the
volume of the vehicles. Road conditions, road works and
other infrastructure issues could create or increase
additional traffic congestion issues. As such, maintaining
an average speed for all the vehicles involved in each
segment of the road could potentially reduce traffic flow
fluctuations. The above could have significant benefits on
the environment, and commuting time [1].

The automatic adjustment of speed, starting and
stopping of the flow simultaneously by all the neighbouring
vehicles, however, could only be achieved through
autonomous vehicles (AV) which will use a combination of
technologies related to sensors, Vehicular Adhoc
Networks systems (VANETS) and machine learning (ML)
amongst other [1-3]. However, AV level 4 where the
vehicle can operate in fully autonomous mode deprives
the driver of any possible interaction with the driving
process [4]. As this emerging technology is unfamiliar
territory for typical drivers, it creates evident anxiety
regarding the readiness level of the vehicle to manoeuvre
effectively through complex daily driving scenarios [4-6].

This work explores the impact of autonomous vehicles
and their implications for user experience. In addition, the
paper investigates the use of HUDs to alleviate the users’
anxiety by presenting the follow-up manoeuvres of the AV
in contrast to the existing process in which the user/driver
is unaware of the vehicle’s short-term plan of action. The
latter has been highlighted as a major anxiety issue for AV
driving of level 4 autonomous capabilities [6].
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To alleviate or reduce this issue and provide a level of
preparation for the driver and the passengers before any
manoeuvres are performed by the AV, we opted for the
provision of Augmented Reality visualisation through a
full-windshield Head-Up Display (HUD) [7,8]. Previous
studies related to HUD interfaces have shown that
improved human performance and reduced driver
anxiety were achieved for different driving scenarios and
conditions [9-12]. Overall this work presents the interface
design (ID) and user experience (UX) feedback from the
ten volunteer users’ that experienced and evaluated the
near collision driving scenarios with and without the use
of the HUD in a fully AV immersive VR simulation. In
conclusion, the paper discusses the outcomes of this
preliminary evaluation and offers recommendations for
the development of comparable interfaces that could
further alleviate the driver's anxiety within fully
autonomous driving vehicles.

2 Project Rationale

To identify the effectiveness of the information
provided through the proposed HUD interface in contrast
to the absence of any information provided, we have
developed an evaluation process to identify users’
experiences and preferences. The evaluation scenario
involved a near collision event and last-moment
manoeuvring response from the AV. This event occurred
seamlessly in two different simulations with and without
the provision of information through the prototype HUD.
The evaluation of emerging technologies software and
hardware could be a challenging task in real-life
scenarios. Therefore the simulation of systems and
activities that could compromise safety in real life should
be tested in virtual environments. The latter has been
applied in different fields such as medicine, engineering
and built environment [14-17].

2.1 Software and Hardware Requirements

A. Software

The evaluations were performed on our in-house VR
driving simulator. The simulator is built upon the Unity3D
game engine offering flexibility in the 3D visualisation
and relevant coding libraries.
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The simulator presents a large section of motorways
that connect Glasgow to Edinburgh and Stirling, cities in
Scotland. The overall length of the road is 28 miles. The
motorway is simplified intentionally to a homogenous
three-lane plus hard shoulder lane road. The simulation
entails different weather options, lighting conditions and
terrains. The 3D visualisation of this track also
accommodates the main landmarks and vegetation
alongside the route aiming to immerse further the local
driver participants. The simulation software is also coupled
with a recording application that records several variables
such as vehicle speed, position on the road, distance from
neighbouring vehicles, braking and acceleration.

B. Hardware

The simulator's hardware is installed in the Virtual
Reality Driving Simulator (VRDS) laboratory. The
simulation vehicle is a real-life car (Mercedes A Class
2003) situated in the middle of a CAVE (Cave Automatic
Virtual Environment) room as depicted in the simulator
schematic in Figure 1.
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Fig. 1 VRDS Laboratory Set-Up

The CAVE supports surrounding projections that
immerse fully the driver. Furthermore, the system
immersion benefits from a 5.1 surround audio system and
an in-vehicle vibration system for enhancing the realism of
the simulated environment.

2.2 HUD Systems for Evaluation

The HUD interface developed for this experiment was
based on previous studies developed to support driver
decision-making and reduce response times (RTs) in an
imminent  collision  situation.  Specific ~ symbolic
representations and positioning of the interface, produced
a hybrid version of the User Interface (Ul) as can be seen
in Figure 3. However, the particular Ul had only one task —
to present to the driver the manoeuvring process that the
AV was about to execute. As such the Ul symbols followed
a minimalistic design and familiar colour coding [18-21].
This manoeuvre was presented in a form of one to two
steps with colour-coded arrows and the estimated speed
required to complete the collision avoidance task as
shown in Figure 2.

2.3 Participants

Ten users participated in this preliminary study who
held valid UK driving licences and were aged between 20
and 65 years old. The 10 users were 5 female and 5 male,

coming from different social and professional backgrounds.
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Fig. 2 The Autonomous vehicle (AV) provides visual
information through the AR HUD preparing the driver
for any collision avoidance manoeuvres [22].

2.4 Evaluation Process

The user evaluation was performed in three stages.
In the first stage, the user completed a pre-questionnaire
which collected primarily demographic information.
In the second stage of the experiment, the users
experienced a fully autonomous driving simulation which
challenged the AV system to circumvent a potential
collision in a high-speed motorway environment. This
simulation was performed twice; once with and once
without the provision of the imminent manoeuvring
process of the HUD system. The simulations’ lasted for
10 minutes each and they were randomly selected for
each user. The duration of each simulation was
approximately 10 minutes. The third stage of the
experiment required the user to complete a post-
questionnaire and provide their subjective feedback
regarding the efficiency of the HUD to reduce their
anxiety.

3 Evaluation Results & Discussion

The results acquired from the evaluation process
received from the users on the post questionnaire
highlighted some interesting points, concerns and
expectations. . A five-scale Likert system was utilised to
measure the users’ responses. The post-questionnaire
statements are presented in Table 1 below.

Table 1. Post-Questionnaire Characteristics

Q1. | felt comfortable/safe with the AV driving without
any information provided.
Q2. | felt comfortable with the AV driving with HUD

information provision.

Q3. The HUD interface was simple and informative.

Q4. The HUD interface needs more information.

Q5. The HUD interface was using familiar symbols.
Q6. The HUD was offering a relaxing experience.
Q7. The HUD information was stressful.

Q8. | would prefer audio instructions as well.

Q9. HUD is reducing my anxiety during AV driving.
Q10. | | trust the AV manoeuvring process.
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Fig 3. Post Questionnaire Responses - AV and UX1

In particular, 70% of the users responded in Q1 that they
were not feeling comfortable/safe when the AV was driving
without any input from them, as illustrated in Figure 3. The
Q2 presented encouraging results as 60% of the users
responded that the HUD provision of information was
comforting, as it was preparing them for the imminent
manoeuvres. In Q3 the HUD scored 90% of positive
answers highlighting that simple clear information during
near collision situations could alleviate partially the anxiety
levels. However, Q4 divided the users’ opinions as 50%
required additional information to be displayed. The Q5
highlighted that familiarity with the user interface elements
was sufficient for this type of task, scoring 90%. The Q6
statement was aimed to confirm the results of the Q2 and
identify any change of opinion by the users.Their
responses in Q6 however confirmed the results of Q2
scoring 80% positively with users agreeing that the HUD
was offering a more relaxing experience. In turn statement
Q7, reinforced the previous statements as only 20% of the
users found the HUD information stressful. On follow-up
feedback from the users that provided this feedback, they
stated that knowing through the visual interface that a
potential collision might occur and fast manoeuvring is
required was panicking them.

This confirms a long-standing debate that occurs in
other disciplines as well, such as medicine. In the latter,
some patients would like to know all the relevant
information about their treatment whilst others prefer to
remain unaware [23]. Inturn, 30% of the users responded
on Q8 that they would like to have audio information as
well. Potentially in the case that the HUD presents the
visual information the addition of audio instructions might
be superfluous as the driver won't be able to operate the
vehicle. The additional sensory feedback through audio
might increase occupants' anxiety, although this would
require further research to establish the type of audio,
volume, frequency and other details that might affect the
results. Once more a different statement (Q9) aims to
investigate further and confirm if the users were indeed

more relaxed with the use of HUD. Q9 received 80%
positive feedback. Finally, Q10 aimed to acquire the
overall users’ notion regarding their trust in autonomous
driving choices and efficiency. Notably, only 20% of the
users responded that they feel comfortable with AV
driving and thy trust the system.

4  Conclusions

The paper presented a preliminary evaluation aiming
to identify the benefits or drawbacks of information
provision through AR HUD in AVs. The hypothesis that
maintaining the vehicle’s occupants informed about
collision avoidance manoeuvres performed by
autonomous driving, could reduce passengers' anxiety
was tried. Ten users experienced AV driving and
collision avoidance in imminent collision scenarios in a
VR Driving Simulator, with and without the provision of
information by a prototype HUD. The evaluation results
presented that users were more relaxed knowing what
will happen rather than being oblivious to the robotic
driving process of the vehicle. A small percentage
prefered to remain unaware. The latter group of
responses is of interest for future evaluation of such Uls
that could aspire to provide better user experience to a
larger segment of the drivers’ population. This could
potentially support and increase human trust in the
artificial intelligence that drives current and future AVs.

References

[1] B. Friedrich,” The Effect of Autonomous Vehicles on
Traffic”, in M. Maurer et al. (eds.), Autonomous
Driving, pp 317-334, (2016). DOl 10.1007/978-3-
662-48847-8_16

[2] R. Kianfar et al., "Design and Experimental
Validation of a Cooperative Driving System in the
Grand Cooperative Driving Challenge," in IEEE
Transactions on Intelligent Transportation Systems,
vol. 13, no. 3, pp. 994-1007, Sept. 2012, doi:
10.1109/TITS.2012.2186513.

[3] F. Michael, D. Drikakis, and V. Charissis. "Machine-
Learning Methods for Computational Science and
Engineering" Computation 8, no. 1: 15, (2020).

IDW '22

1006



[4] M. Beggiato, F. Hartwich, and J. Krems,
“Physiological correlates of discomfort in automated
driving”. Transportation research part F: traffic
psychology and behaviour 66 pp. 445-458. (2019).

[5] N. Dillen, M. llievski, E. Law, L. E. Nacke, K.
Czarnecki, and O. Schneider. “Keep Calm and Ride
Along: Passenger Comfort and Anxiety as
Physiological Responses to Autonomous Driving
Styles”. In CHI Conference on Human Factors in
Computing Systems (CHI '20), April 25-30, 2020,
USA. ACM, New York, 13 Pages, (2020).

[6] T. Kobayashi, T. lkeda, Y. O Kato, A. Utsumi, I.
Nagasawa, and S. Iwaki. “Evaluation of Mental Stress
in Automated Following Driving, 3rd International
Conference on Robotics and Automation Engineering
(ICRAE). IEEE, pp.131-135, (2018).

[7] S.Wang, V.Charissis, and D.Harrison, “Augmented
Reality Prototype HUD for Passenger Infotainment in
a Vehicular Environment”, in Advances in Science,
Technology and Engineering Systems Journal
(ASTESJ), vol. 2, no. 3, pp. 634-641, (2017).

[8] T. Tsuruyama, A. Hotta, T. Sasaki and H. Okumura,
"Multimirror Array Optics for Augmented Reality
Devices in Automotive Applications,” in IEEE
Consumer Electronics Magazine, vol. 8, no. 5, pp. 86-
91, 1 doi: 10.1109/MCE.2019.2923897, (2019).

[9] V.Charissis J. Falah, R. Lagoo, SFM. Alfalah, S. Khan,

S. Wang, S. Altarteer, KB. Larbi, and D. Drikakis,
“Employing Emerging Technologies to Develop and
Evaluate In-Vehicle Intelligent Systems for Driver
Support: Infotainment AR HUD Case Study” Applied
Sciences.;11(4):1397. (2021)

[10] V Charissis, S Arafat, W Chan, C Christomanos,
“Driving simulator for head-up display evaluation:
driver’s response time on accident simulation cases.”
In Proceedings of the Driving Simulation Conference,
Asia/Pacific DSC’06, Japan Society of Mechanical
Engineers, AIST Tsukuba, Japan, pages 11 ,(2006)

[11] A. Riegler, A. Riener, C. Holzmann. “A Systematic
Review of Virtual Reality Applications for Automated
Driving: 2009-2020", Frontiers in Human Dynamics,
vol. 3, doi:10.3389/fhumd.2021.689856, (2021).

[12] A. Riegler, A. Riener, C. Holzmann. “A Research
Agenda for Mixed Reality in Automated Vehicles”. In
19th International Conference on Mobile and
Ubiquitous Multimedia (MUM '20). Association for
Computing Machinery, New York, NY, USA, 119-131.
https://doi.org/10.1145/3428361.3428390, (2020).

[13] L. Morra, F. Lamberti, F. G. Prattico, S. L. Rosa and
P. Montuschi, "Building Trust in Autonomous
Vehicles: Role of Virtual Reality Driving Simulators in
HMI Design," in IEEE Transactions on Vehicular

Technology, vol. 68, no. 10, pp. 9438-9450, Oct. 2019,

[14] V. Charissis, B.M. Ward, M. Naef, D. Rowley, L. Brady
and P. Anderson P. “An Enquiry into VR Interface
Design for Medical Training: VR Augmented Anatomy
Tutorials for Breast Cancer" in The Engineering
Reality of Virtual Reality 2008, 27-31 January, San

1007 IDW 22

Jose, California, edited by lan E. McDowall,
Margaret Dolinsky, Proceedings of SPIE Vol. 6804
(SPIE, Bellingham, WA 2008) 68040, (2008).

[15] Y, Zhang, H, Liu, Shih-Chung Kang, M, Al-Hussein,
“Virtual reality applications for the built environment:
Research trends and opportunities”, in Automation
in Construction, Elsevier, vol. 118, 103311, ISSN
0926-5805, (2020).

[16] S. Alfalah, D.K. Harisson, V. Charissis and D. Evans
“Investigation of Multimodal Interaction and 3D
Simulation Environment for Prototype Healthcare
System”, in Journal of Enterprise Information
Management (JEIM), (Eds.) Mustafee N., &
Katsaliaki K., Vol. 26 Iss: 1/2, pp.183 - 197, ISSN:
1741-0398, (2013).

[17] V. Charissis, J. Ramsay, B. Sharples, M. Naef, and
B.S. Jones, “ 3D Stereoscopic Design of
Submersible Rescue Vehicle and Rescue Mission
Simulation, in International Conference of Warship
2008: Naval Submarines, The Royal Institution of
Naval Architects, 10-11 June, Glasgow, UK, (2008).

[18] G. Meixner, C. Muller. “Retrospective and Future
Automotive Infotainment Systems—100 Years of
User Interface Evolution. Human—Computer
Interaction”. In Automotive User Interfaces, 1st ed.;
Springer: Berlin/Heidelberg, Germany, 2017; pp. 3—

[19] NHTSA. Human Factors Design Guidance for
Driver-Vehicle Interfaces, p.260, Available online:
https://www.nhtsa.gov/sites/nhtsa.gov/files/docume
nts/812360_humanfactorsdesignguidance.pdf
(accessed on 28 September 2022). (2016).

[20] R. Lagoo, V. Charissis and D. K. Harrison,
"Mitigating Driver's Distraction: Automotive Head-Up
Display and Gesture Recognition System," in IEEE
Consumer Electronics Magazine, vol.8, no.5, pp.79-
85, doi: 10.1109/MCE.2019.2923896. (2019).

[21] K. Bram-Larbi, V. Charissis, D. Harrison, M.S. Khan,
R. Lagoo and D. Drikakis. “Collision avoidance
head-up display: design considerations for
emergency services' vehicles”. in IEEE International
Conference on Consumer Electronics (ICCE). IEEE,
IEEE International Conference on Consumer
Electronics (ICCE), Las Vegas, Nevada, United
States, (2020).

[22] K. Bram-Larbi, V. Charissis, M.S. Khan, R. Lagoo,
D. Harrison, and D. Drikakis. (2021) Intelligent
Collision Avoidance and Manoeuvring System with
the Use of Augmented Reality and Artificial
Intelligence. In: Arai K. (eds) Advances in
Information and Communication. FICC 2021.
Advances in Intelligent Systems and Computing, vol
1363. Springer, Cham. https://doi.org/10.1007/978-
3-030-73100-7_32

[23] J. B. Kadane, M. Schervish and T. Seidenfeld, “Is
Ignorance Bliss?” The Journal of Philosophy, Vol.

105, No. 1 (Jan., 2008), pp. 5-36. (2008).



