
 

Increasing driver awareness through translucency on
windshield displays
Citation for published version (APA):
van Amersfoorth, E., Roefs, L., Bonekamp, Q., Schuermans, L., & Pfleging, B. (2019). Increasing driver
awareness through translucency on windshield displays. In Proceedings of the 11th International Conference on
Automotive User Interfaces and Interactive Vehicular Applications: Adjunct Proceedings (pp. 156-160).
Association for Computing Machinery, Inc. https://doi.org/10.1145/3349263.3351911

DOI:
10.1145/3349263.3351911

Document status and date:
Published: 22/09/2019

Document Version:
Accepted manuscript including changes made at the peer-review stage

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.1145/3349263.3351911
https://doi.org/10.1145/3349263.3351911
https://research.tue.nl/en/publications/520eac93-ae33-47df-bd16-2a7bfcd32a0e


Figure 1: Concept of translucent
road objects: Using large-scale
windshield displays and video
streams (e.g., from a lead vehicle),
the objects around the driver can
be made translucent. The idea is
that this supports the driver in
anticipating for example
pedestrians who plan to cross the
road.
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Abstract
When driving a car, important objects (e.g., pedestrians)
are often hidden by surrounding vehicles which can delay
drivers’ reaction times. In this paper we therefore explore
how an augmented reality enabled windshield display can
improve the drivers’ capabilities. By overlaying of what is
behind nearby vehicles onto the own windshield, these ve-
hicles can be rendered translucent. In a simulator exper-
iment we evaluate the influence of three levels of opacity
on driver and braking behavior. Results indicate a trend of
translucency decreasing the required braking time.

Author Keywords
Windshield displays; translucent cars; augmented reality;
driving safety.

CCS Concepts
•Human-centered computing → Mixed / augmented re-
ality; Displays and imagers; Interactive systems and tools;
Interface design prototyping;

Introduction
According to the World Health Organization, road accidents
are the ninth leading cause of death and will continue to
rise if no counteraction is taken [7]. This highlights the need
to increase traffic safety. The driver’s view is often restricted
by other road users or objects (e.g., other cars) which lim-
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its the driver’s ability to early react to moving pedestrians
or bicyclists behind them. Our goal is therefore to explore
how this limitation can be reduced through augmented re-
ality (AR) by means of a fully registered windshield display
(WSD, [4]), which makes nearby vehicles translucent and,
thus, allows the drivers to see what is behind them.

Research Questions and Contribution
In this paper we explore the influence of making objects
translucent through an AR-enabled windshield display on
driving behavior. We focus on the relationship between
the level of opacity of nearby obstacles (vehicles) and traf-
fic safety and want to find out to what extent traffic safety
can be increased by implementing AR-WSDs in vehicles
to make other nearby vehicles translucent? To answer this
question, the following sub-questions are formulated:

• How does driver reaction time change when making
nearby vehicles translucent?

• How does making nearby vehicles translucent affect
the feeling of safety for a drive?

Related Work
Connected cars will be able to share data, potentially en-
abling windshield displays to show a live feed of what is
behind nearby cars on the windshield and thereby having
those cars appear translucent. However, until now most
in-car augmented reality research focuses on navigational
tasks: Car brands such as BMW have already implemented
augmented reality driving assistance features and investi-
gated the possible risks involved [6]. Research on the com-
bination of augmented reality, car-to-car communication,
and windshield / head-up displays, is still in its infancy and
mostly focusing on technical aspects. The technology that
our research is based upon is already at an early stage,
however today’s head-up displays are still relatively small

and limited in capabilities which fatigues drivers [10]. Simi-
larly, car-to-car technology is only taking off slowly.

The idea of making parts of the environment translucent is
already around for a few years: Gomes et al. investigated
the idea of making the lead vehicle transparent but mainly
focused on technical aspects regarding car-to-car commu-
nication and generating the correct image [3]. Rameau et
al. show the possibility of embedding a live wireless video
stream (of the lead vehicle in front of the driver) in the wind-
shield of a car [8]. However, they did not evaluate the in-
fluence on driving behavior and safety. In contrast, Tachi
et al. investigated the idea of making parts of the driver’s
own vehicle translucent to reduce blind spots [9], similar to
BMW [1]. Yasuda & Ohama instead looked at making the
environment translucent with a special focus on walls for
instance at intersection [11]. Lindemann & Rigoll investi-
gated subjective perceptual aspects of making parts of the
environment translucent [5]. Blankenbach suggests that
see-through techniques could improve traffic safety [1], but
head-up displays must grow in size to enable this, which
happens to be the current trend.

To our knowledge, prior work did not extensively evaluate
the impact of combining these technologies on driver be-
havior and driving safety. As a first step, we want to un-
derstand how making the environment translucent affects
driving behavior.

Concept
Similar to Gomes et al. [3], the idea of our concept is to em-
ploy the video streams of cameras in the surrounding of the
car (connected via Car-to-X communication to other cars
and infrastructure) and render them in a way that the con-
tent blends into the driver’s view on the windshield display.
Thus, the driver’s view is augmented by overlaying objects



(e.g., the lead vehicle, see Figure 1) with what is behind
them. This creates a sense of translucency of these ob-
jects, which can be adjusted for instance with regard to the
level of translucency. We expect that this helps the driver
to anticipate objects which are expected to cross the car’s
trajectory (e.g., crossing pedestrians) and, thus, helps to
reduce reaction time and improve driving safety.

Experiment
We conducted a controlled within-subject experiment in or-
der to investigate how making the environment translucent
helps to decrease the driver’s reaction time to events where
objects suddenly appear which need to be avoided.

Pilot Study
First, we conducted a pilot study with three external partic-
ipants to identify potential points for improvement with re-
gard to procedure and measurements. This study focused
on the entire procedure: We evaluated aspects related to
participant comfort, objective and subjective measurement,
along with technical details. We used the feedback from this
study to streamline and improve the process of conducting
the main experiment.

Figure 2: A participant is driving
during the experiment.

Method and Participants
In a within-subject experiment, we investigated how three
different levels of opacity (independent variable, levels:
10%, 60% and 100%) affect the driver’s braking behavior as
one indicator of situation awareness. We recruited 20 par-
ticipants (10 female, 10 male) through local mailing lists and
personal invitations. The participants were aged between
18 and 24 years and held a valid drivers license.

Apparatus
We used a static driving simulator developed by Green
Dino [2] for our experiment (Figure 2) and prepared three
routes, each with at least four and maximum seven situ-

ations where we measured the reaction time to occurring
events. At every measuring point we confronted the drivers
with a situation in which they had to prevent a collision by
braking (e.g., pedestrians crossing, trucks backing up, etc.).
On each route the driver experienced a different opacity
level of for the surrounding cars (i.e., the cars with in the
driver’s field of view). Every participant drove each route.
While the order of the routes was fixed, we counterbal-
anced the order of the opacity levels using a Latin Square.

Procedure and Setup
We welcomed the participants in our lab and asked them
to fill in a consent form and a basic demographic question-
naire. Next, we introduced the participants to the simulation
environment and let them drive for a while to get accus-
tomed to the simulator. For the main part of the experiment,
we asked the driver to ride along each of the three different
routes (conditions) where we varied the object translucency
per route. We balanced the order of the opacity levels using
a Latin Square. As dependent variables, after each trajec-
tory driven in the simulator, we asked the participants about
their feeling of safety on a five-point Likert scale. In addi-
tion, we measured the driver’s reaction time. The reaction
time was calculated as the time difference between the mo-
ment when the braking situation occurred and the moment
when the participant started to brake. After the experiment
we conducted additional semi-structured interviews about
the experiment and the concept itself. Here, we focused on
the feeling of safety, the improvement of the experiment and
the concept itself. Control variables are gender, age, and
drivers licence possession.

Results
Our preliminary experiment shows that the reaction time
slightly decreases with increasing translucency (i.e., with
decreasing opacity) of nearby vehicles (Figure 3). We cal-



culated a one-way repeated measures ANOVA to determine
whether there were statistically significant differences in re-
action times for the three opacity conditions. There were no
outliers and the data was normally distributed, as assessed
by box plot inspections and a Shapiro-Wilk test (p > .05),
respectively. The assumption of sphericity was violated, as
assessed by Mauchly’s test of sphericity, χ2 = 435.638,
p < .001. Therefore, we applied a Greenhouse-Geisser
correction (ε = 0.998). While Figure 3 shows a trend re-
garding reaction times, the analysis did not elicit statistically
significant changes in response times over different opacity
levels, p = 0.076.

Looking at the drivers’ feeling of safety, our results indicate
a slight increase in safety perception at an opacity level
of 60% compared to 10% and 100%. However, the data
contains many outliers and is far from being normally dis-
tributed.

Figure 3: The reaction times
decrease with increasing
translucency. However, these
differences were not significantly
different in our preliminary
experiment.

Discussion
Our data analysis suggests that the average reaction time
slightly decreases as opacity level decreases, but we did
not find a significant relation between those two variables.
A possible explanation for this is a low opacity might in-
crease the driver’s demand by having to focus too much
on additional objects in the environment. Since the results
from the safety survey during the experiment were widely
spread, we cannot draw conclusions from this data. A pos-
sible explanation is that the questions were subjective and
depended on too many external variables.

Limitations
We conducted the study in a simulation environment, which
may have created a rather unrealistic perception of the
concept. As the subjective feedback some participants
mentioned to be relatively unaware of the concept. Due

to technical limitations, there was also no possibility to let
a lead vehicle drive in front of the participant continuously.
This would have yielded to more consistent results since
each reaction time measurement would have been directly
related to vehicle opacity. Some measuring points were
missed, either because of a premature or late braking re-
sponse. This might be caused by participants focusing
mainly on the middle display of the simulator, indicating
that it felt unnatural to look at the other screens. The di-
versity of the ‘dangerous’ situations was rather low which
made participants quickly recognize and anticipate the pat-
terns of ‘dangerous’ situations, which might have influenced
the results. Furthermore participants of the sample were
rather young, suggesting that a follow-up experiment should
be conducted with a larger variety of participants. We ac-
knowledge that our experiment was a very early exploration
beyond technical limitations, of which some already have
been explored [3]. For a future (real-world) experiment we
suggest to implement a car following situation where the
opacity of the lead vehicle can be changed.

Conclusion & Further work
In this paper we present first insights in how users perceive
and react to AR windshield displays which make objects
in the environment translucent. With our preliminary study,
we gain initial insights in how such a technology affects
the driver. While further studies are required to investigate
the impact of this approach in the real world, we hope to
stimulate a discussion on how to use windshield displays for
safety purposes when driving manually by bridging the gap
between research on car-to-X communication for increased
traffic safety, advanced AR uses for windshield displays,
and real-time image processing applications. Combining
these relatively new technologies allows for an interesting
perspective for future use cases of large-scale windshield
displays.
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