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Abstract: Nowadays, people are exposed to noise on a daily basis. Therefore, in an overvibrant urban environments
electrical vehicles operating at low speed are too quiet to be detected by pedestrians (especially vulnerable group are visually
impaired people) and urban residents in general. Thus, electric vehicle warning sounds are sounds created to alert and warn
pedestrians to the presence of electrical vehicles (e.g. hybrid electric vehicles, plug-in hybrid electric vehicles and all-electric
vehicles) moving at low speeds. The goal of this paper is to determine through a case study what the pedestrians would desire
and prefer the electrical vehicle warning audio signals to sound like. The case study involved 201 participants who had the task
to fulfil a specially designed questionnaire for this purpose. Regarding the questionnaire, the participants were not prepared in
any way for the testing they were just advised to keep in mind that the warning sound they select for the “role” of a pedestrian
should not be irritable at the same time for the “role” of a driver. The results obtained from the questionnaire were analyzed
and discussed in the paper. When speaking about the concept of smart cities and the legislation around the whole world today
this is certainly a hot topic where the opinion of pedestrians and future drivers should not be overlooked.
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with an internal combustion engine (/CE) can be as large as 6
dB(A) at 10 km/h [6]. Unfortunately, much later, when
developing higher speeds both types of cars become equally
loud mainly due to tires noise.

In urban environments, for pedestrians (especially the
visually impaired ones) this significantly lower sound level
makes it quite difficult to detect electrical vehicles [6].

Since 2009 the Japanese government, the U.S. Congress
and the European Commission are studying legislation in
order to determine a minimum level of sound for plug-in
electric and hybrid electric vehicles when operating in
electric mode, so that visually impaired people, other
pedestrians and cyclists can hear them coming and detect
from which direction they are approaching. Several tests and
research have shown that vehicles operating in electric mode
can be particularly hard to hear below 32 km/h [7-10].

1. Introduction

People are exposed to different sound environments on a
daily basis. Noise pollution is often overlooked when
compared to other different environmental pollutions (e.g. air
pollution, water pollution, soil pollution etc.). Long exposure
to noise pollution can be displayed as a bad mood, fatigue,
insomnia, headache and loss of concentration, which causes
reduced work ability and ultimately permanent hearing
impairment [1-3]. Concerning the noise pollution, electrical
vehicles represent the future especially when compared to
vehicles with internal combustion engine [4] (see Figure 1
[5D-

However, at low speeds electrical vehicles produce very
little noise, or to say it even harshly, in these urban
environments they are practically inaudible. For example, the
noise level difference between an electrical vehicle and one
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Figure 1. The future — electrical vehicles [5].

In 2011 the European Commission composed a guideline
for Acoustic Vehicle Alerting Systems (4VAS). The goal of
the guideline was to present recommendations to
manufacturers for a system to be installed in vehicles to
provide an audible signal to pedestrians and vulnerable road
users. The guidelines are proposed for hybrid electric and
pure electric highway-capable vehicles. The guideline
recommends that the AVAS should automatically generate a
continuous sound in the minimum range of vehicle speeds
from start-up to approximately 20 km/h and during reverse-
driving, if applicable for that vehicle category, and in
addition lists the types of sounds that are not suitable. It also
gives a choice that the 4V4S may have a pause switch to stop
its operation temporarily [11]. On February 6™ 2013, the
European Parliament decided that the draft legislation states a
number of tests, standards and measures that must first be
developed for an Acoustic Vehicle Alerting Systems (4VAS)
to be mandatory in the future. The approved amendment
determines that “the sound to be generated by the AVAS
should be a continuous sound that provides information to
the pedestrians and vulnerable road users of a vehicle in
operation. The sound should be easily indicative of vehicle
behaviour and should sound similar to the sound of a vehicle
of the same category equipped with an internal combustion
engine” [12]. In April 2014 the European Parliament
approved the legislation (Regulation (EU) No 540/2014) that
requires the Acoustic Vehicle Alerting Systems, which is
obligatory for all new electric and hybrid electric vehicles.
The new instruction proposes a transitional period of 5 years
after publication of the final approval of the April 2014
proposal to comply with the regulation [13, 14].

Bearing in mind all of the aforementioned, the motivation
for this research was to find out the pedestrians “wishes” and
expectations regarding the warning sounds which will be
added to electrical vehicles in order to preserve and improve
traffic safety. The target study group are mainly younger
people who just obtained their driving licence or people who

are preparing for their driving test since electrical vehicles
are the future and it can be expected from that type of group
to give significant results.

2. The Methodology in the Study

This case study will address the issue of electric cars in
everyday traffic. The research will focus on assigning a
desirable (both for pedestrians and drivers) and, at the same
time, detectable warning sound to an electrical vehicle in the
daily traffic. In addition, the participants were given
instruction to especially keep in mind slow moving of the
vehicle and breaking of the vehicle.

Age
Gender

1. Have you obtained your driving licence?
a) Yes
b) No

2. Are you an “active” driver (do you drive almost every
day)?

a) Yes

b) No

3. Do you find it logical and desirable that electrical vehicles
should be assigned a warning sound which imitates a car with
internal combustion engine?

a) Yes

b) No

4. (If you answered the previous question with No) Which of
the following sounds do you consider suitable and detectable
as a warning sound for electrical vehicles?

a) Modulated noise

b) Beeping (the sound that most cars make when

you don’t have your scatbelt on)

¢) Sound of an electrical motor

d) Song

e) Your suggestion

Please keep in mind that the suggested warning sound has
the task of warning the pedestrians and at the same time not

irritating the driver.

Figure 2. The design of the questionnaire.

The target group involved 201 participants with a median
age of 19 years old. 91% of participates are male and 9%
female.
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For the purpose of this research a specially designed
questionnaire was designed. The participants had to fulfil their
age and gender otherwise the questionnaire was anonymous.
The participants were not prepared in any way for the testing
they were just advised to keep in mind that the warning sound
they select for the “role” of a pedestrian should not be irritable
at the same time for the ‘“role” of a driver [15]. The
questionnaire consists of four questions shown in Figure 2.

3. The Results

As previously stated, the study involved 201 participants
(i.e. median age of 19 years old, 91% of participates are male
and 9% female). 40% of the case study participants have
already obtained their driving licence (i.e. 87 of them) while
60% were in the process of obtaining their driving licence
(please see Figure 3.).

Driving Experince
60%

50%
40%
30%
20%
10%

0%

With driving licence Preparing for driving test

Figure 3. Driving experience distribution of the survey participants.

Out of 87 of them with driving licence 45% considers
themselves as everyday drivers which is shown in Figure 4.

Frequency of driving

Other

= "Everyday" drivers

Figure 4. Frequency of driving for the participants who have attained their
driving licence.

A) The preferred warning sounds for the group with
driving licence

The majority of the group “drivers” has decided that the
most suitable warning sound for electrical vehicles would be
the sound of a car with internal combustion engine (i.e. 45%).
27% of participants think that a sound of an electrical motor
would be a better solution, while 21% of them would add a
sound of modulated noise. Only 7% of young drivers would
like that their cars emit a musical signal while no one would
like that their electrical vehicle beeps. The results for the
“drivers” are shown in Figure 5.

The preferred warning sounds for
"drivers"

27% l

= Sound of a car with internal combustion engine

= Modulated noise
Sound of an electrical motor

= Song
Figure 5. The preferred warning sounds for the group with a driving licence.

B) The preferred warning sounds for the group in the
process of obtaining their driving licence

Within the group of “non-drivers” (i.e. 37% of them)
thinks that the most appropriate warning sound for an
electrical vehicle would be the sound of a car with internal
combustion engine. 34% of them would prefer the sound of
electrical motor while 18% would use modulated noise. Once
again nobody would like beeping as a warning sound. 11% of
“non-drivers” would like a musical signal as a warning sound
for their electrical vehicle. The results for this group are
shown in Figure 6.

The preferred warning sounds for '""non-
drivers"

-

= Sound of a car with internal combustion engine
= Modulated noise
Sound of an electrical motor

= Song

Figure 6. The preferred warning sounds for the group with no driving
licence yet.
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4. The Discussion

Comparison of results
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Figure 7. Comparison of results for the “drivers” and “non-drivers” group.

If we compare the results of drivers and non-drivers, they
are quite similar especially in the cases of modulated noise
and songs as examples of warning sounds for electrical
vehicles (shown in Figure 7). In addition, we can conclude
that the minority of participants would desire these two
examples as warning sounds for their electrical vehicle. The
majority of drivers would prefer that their electrical vehicle
sounds like an internal combustion engine car. During the
study we got the answer from many participants, in particular
the drivers, to quote: “We want that a car sounds like a car”.
The non-drivers are more open to the solution that an
electrical vehicle has a different sound than a “regular” car.
They are more opened to a solution of adding a sound of an
electrical motor to the electrical vehicle as a warning sound.
This would distinguish the electrical cars from cars with
internal combustion engine in everyday traffic. An important
question concerning the overall quality of life is which one of
these two sounds would increase more the noise levels in
urban environments. In addition, there is a question of the
drivers’ annoyance. It is quite logical that the majority of
people (both drivers and pedestrians) want that “a car sounds
like a car” simply because they are used to it.

5. Conclusion

In this paper we have presented the results of a short study
which aim was to discover the pedestrians’ preferences
concerning the warning sounds which would be added to
electrical vehicles in order to preserve and improve traffic
safety. At low speed electrical vehicles produce very little
noise (i.e. they are practically inaudible in urban
environments) and therefore pose a danger for pedestrians,
especially for visually impaired ones.

In this research the target study group were mainly
younger people who just attained their driving licence or
people who are preparing for their driving test. The group is
not selected randomly. Since it can be expected that electrical
vehicles are the “future” then it can also be expected from
younger people that they will be the ones driving them and
thus, from a scientific point of view that type of group would
give significant research results.

In order to gain their opinion, we have designed a
questionnaire for this study. It was found that regardless of
the fact if the participant has a driving licence or is in the
process of obtaining one two warning sounds have imposed
i.e. the sound of an internal combustion engine car and a
sound of an electrical motor. The explanation that we got
from the participants for the first choice (an internal
combustion engine car) can actually be attributed to a human
habit (people are used to a “sound of car”). The explanation
for the second choice (i.e. electrical motor) was that since it
is an electrical car it would be quite logical that it sounds
more like an electrical motor rather than a “regular” car and
that there should exist a distinction between these two types
of vehicles.

Regardless of the final choice there are still a few
questions or to say problems to be tackle through real case
scenario experiments and laboratory listening which we plan
to do in our future work. This future research should answer
the question how loud the warning sound should be in order
to be notice in urban environments. Another concern is how
much will be adding the warning sounds contribute to the
overall traffic noise pollution and bearing in mind all of the
aforementioned, which sound is a better choice i.e. a sound
of an internal combustion engine car or a sound of an
electrical motor. Finally, the results of this case study can
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serve as a certain guideline for all manufacturers in terms of
their final choice for a warning sound for their brand of
electrical vehicles.
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