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Abstract. As a technology that allows sound to be heard only in spe-
cific areas in public spaces, the directional sound of parametric speakers
has been attracting attention. The parametric speaker is also expected
to have a wide range of uses, in settings ranging from shopping malls to
museums for presenting information sound. The purpose of this study is
to measure evaluate the Speech Recognition Threshold (SRT) of para-
metric speakers and compare with that of loudspeakers at various noise
levels through experiments. It can also reveal how much the parametric
speaker can reduce the noise heard by non-target users, which is unavoid-
able with loudspeakers.

Through experiments, the volume required to transmit an informative
sound to a particular listener is about 12.61 dBA less than the level
necessary for the loudspeaker. Moreover, the SRT of the surrounding
people is about 2.48 dBA higher than that for the loudspeaker. Based
on the results, the volume received by people in the surrounding area,
including environmental noise, was calculated, and the effect of noise
reduction is discussed. This study provides important insights for the
flexibility in the design of the sound space.
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1 Introduction

The primary objective of soundscape design for public places is to create a com-
fortable space. Sound is an essential factor in the spatial comfort [7,17,19],which
can thus be increased by reducing noise levels. One of the methods often used
is masking noise with comforting sounds. For example, there are studies have
examined the effects of playing sounds of streams and birds in traffic noise [6,
15], and masking noise with the sound of fountains [14, 18]. Since outdoor noise
is uncontrollable, masking it increases the comfort level. In contrast, sounds with
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Fig. 1. One of the applications of the parametric speaker [9] : A system in which only
the person viewing the advertisement can hear the sound by using parametric speakers
improves the effectiveness of advertisements and spatial comfort.

controllable volume, such as announcements of exhibits in a museum or adver-
tisements on digital signage, are noisy to people who are not interested in them.
In other words, unlike traffic noise, controllable sound is perceived by both peo-
ple who need to hear it and those who do not, and both types of listeners are
in the same space. When sound is emitted by a loudspeaker, it is perceived as
noise by those who do not need it, and their comfort level is decreased. If the
sound is masked with a comforting sound as a countermeasure, the people who
need to hear it will be unable to do so.

Therefore, the directional sound of parametric speakers has been attracting
attention as a technology that allows sound to be heard only in specific areas in
public spaces. A parametric speaker is a device that arrays ultrasonic waves while
transmitting a signal that demodulates them into audible sound by using the
nonlinearity of their propagation through the air, resulting in audible sound with
a narrow directionality [4,20]. Whereas conventional loudspeakers diffuse sound,
parametric speakers emit sound in a straight line, which has the advantage of
limiting the target area and causing less noise. Another feature of this system is
that it is easier to localize than loudspeaker stereophonic sound due to reduced
crosstalk [5].

One of the applications of the parametric speaker is the delivery of sounds
that accompany advertisements on digital signage [9]. This study proposes a sys-
tem in which only the person viewing the advertisement can hear the sound by
using parametric speakers, as shown in Fig. 1. This system has been reported to
improve the effectiveness of advertisements compared with those without sound
while reducing noise and improving spatial comfort relative to the use of loud-
speaker. However, the disadvantage is that it tends to be noisier than silence,
and the advertising is registered by fewer people in the surroundings compared
with a loudspeaker. That is, there is a trade-off between usage effectiveness and
spatial comfort when using parametric speakers.
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Fig. 2. The experimental environment and conditions.

Sound often contains linguistic information that the listener needs to under-
stand, especially in situations using parametric speakers. The parametric speaker
is also expected to have a wide range of uses, in settings ranging from shopping
malls to museums. Therefore, it is important for the future sound design of
public spaces to clarify how loud the emitted sound must be so that it can be
understood in various noisy environments and what the noise level is at that
time.

The purpose of this study was to quantitatively evaluate the degree of noise
abatement. The Speech Recognition Threshold (SRT) of parametric speakers
was measured and compared with that of loudspeakers at various noise levels
through experiments. The threshold of understanding was calculated not only for
the person receiving the spoken information but also for the people around them
who were not meant to receive it. This information can be used to quantitate how
much louder a parametric speaker must be compared with a loudspeaker when
it is actually used in a public place. It can also reveal how much the parametric
speaker can reduce the noise heard by non-target users, which is unavoidable
with loudspeakers. This enables soundscape designers to evaluate the degree of
contribution to spatial comfort. By examining environments ranging from quiet
to noisy, such as museums and shopping malls, a variety of different conditions
can be covered.

2 Experimental Environment

The experiment was conducted in an anechoic chamber to measure the SRTs
of people who need information and those who do not. The experimental en-
vironment is described in Fig. 2. In the experiment, the sound was emitted by
a parametric speaker and loudspeaker at various noise levels. For background
noise, loudspeakers were placed in the four corners of the chamber to produce
sound. The participants sat in chairs and judged whether they could hear the
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Fig. 3. Spectra — (a) Background noise, (b)Examples of the spoken word
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Fig. 4. Examples of the time plot of the spoken words : "nodomoto” means throat,
and ”"genninn” means reason.

target sound. The loudspeaker and parametric speaker that emitted the target
sound were to be installed in the center or at the sides. The speakers was placed
in front of the participants for the center placement and out of their line of sight
for the side condition, as shown in Fig. 2. A list of the equipment used is given
in the table at the top right of Fig. 2.

The background noise was white noise with an FIR digital filter (according
to ITU-T Rec. G.227). The spectrum of this noise is shown in Fig. 3 (a). The
noise volume was set at 20-80 dBA, and was changed by increments of 10 dBA.
The volume is defined as the average volume measured by a sound level meter
set up where the participants were sitting. For volume calibration, a 1 kHz sine
wave was used. The sound was calibrated to a sound pressure equivalent to that
of the background noise or the target sound.

SRT measurement experiments need to use native languages with uniform
syllable and parenthetical densities. If the target sound is not in the native
language [13,11,12], or if the number of syllables or the degree of familiarity
varies [1,2], the recognition threshold will decrease and accurate data will not
be obtained. Since this experiment was conducted entirely with Japanese partic-
ipants, the FW07 dataset [10] in Japanese was used for the transmitted sound.
This dataset contains words with four syllables and has been previously used in
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Fig. 5. Experiment procedure of the test started at the minimum volume.
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SRT experiments by Japanese researchers [8,16]. Since familiarity density [3]
can also be selected, this experiment used a high familiarity word set to create
a language environment close to that of daily life. Loudness normalization (ITU
BS.1770-3 standard) was performed for all spoken words speech, and the volume
was set to be the same. The time plot of the spoken words is shown in Fig. 4,
and the spectrum is shown in Fig. 3.

The participants of this experiment were 14 undergraduate or graduate stu-
dents (9 males and 5 females) with an average age of 22.64 years. The experiment
was conducted after explaining the details of the experiment and obtaining the
participants’ consent in advance. Before the experiment, we conducted a sound
field threshold measurement to confirm that the participants had normal hear-
ing.

This experiment was reviewed and approved by the ethics committee of the
University of Tsukuba (Faculty of Engineering, Information and Systems, Per-
mission number: 2020R434).

3 Procedure

In the experiment, the words were played in an environment where background
noise was always present. Participants typed the words that they heard on a
PC. The researcher watched the input text by mirroring it to determine if it
matched the actual words played and then used a switch to increase or decrease
the volume. If the test started at the minimum volume, the sound was increased
by 10 dBA every time a wrong answer was given. After that, the volume was
decreased by 2 dBA when a correct answer was given and increased by 2 dBA
after another wrong answer. Repeat these steps, and end the audio presentation
if it turns into a wrong answer for the third time. These steps were repeated, and
the audio presentation ended after a third wrong answer. This procedure was
repeated but starting with the maximum volume, and the sound presentation
was ended after the third correct answer. The volume at which the percentage of
correct answers was 50% was set as the SRT, which was taken from the midpoint
of the volume when the answer reversed from incorrect to correct or vice versa.
The above experimental procedure is shown in Fig. 5.
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Fig. 6. (a) The SRT results for each speaker and location. High SRT is better for the
Side because it is harder to hear; low SRT is better for the Center because it requires
less volume.

(b)The volume flowing to the side when the center receives the sound. The smaller the
Side is than the Center, the less sound will flow into the Side.

There were four experimental conditions: a loudspeaker or parametric speaker
was used; the speaker was placed in a central or lateral location; the test started
at the minimum or maximum volume; and the words were read out loud in a
male or female voice. The experimental conditions and sound settings are shown
in the right corner of Figure 2. The volume of the target sound is defined as the
average volume measured by a sound level meter placed where the participants
were sitting with the speaker placed in the center of the room. For example, a
target volume of 40 dBA means that this is the volume that the participant heard
when the speaker was in the center, and the speaker output the same volume
when it was at the side. The volume range was 20-80 dBA for the loudspeaker
and 20-70 dBA for the parametric speaker on the basis of equipment and ear
protection.

4 Results and Discussion

The SRT results for each speaker and location are shown in the Fig. 6 (a).
For the loudspeaker, the SRTs are almost the same between the center and
side placements at all background volumes. The SNRs, which is the difference
between the background noise volume and the SRT, and their average were
calculated. The calculated results are about -1.44 dBA for the Center and -
1.21 dBA for the Side. In other words, this implies that when the listener can
understand the sound, the people around them can also hear the same content.
This feature is appropriate for wide announcement applications. However, it
is not suitable if sound is intended for only a specific individual or when the
surrounding environment needs to remain quiet.

With the parametric speaker, the SRT is different between the center and side
placements. The average SNR of the SRT is about -13.88 dBA for the Center and
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Table 1. The calculated volume received by people in the center and surrounding area,
including environmental noise, and the differences between loudspeaker and parametric
speaker.

Loudspeaker Parametric Speaker

Background| SRT [ Side [ Total | SRT [ Side [ Total | Diff
20 29.27 | 27.27 | 28.02 | 22.59 | 14.10 | 20.99 | 7.02

30 31.41 | 29.38 | 32.71 | 23.21 | 14.65 | 30.12 | 2.59

40 38.34 | 36.23 | 41.52 | 26.59 | 17.66 | 40.03 | 1.50

50 46.80 | 44.58 | 51.10 | 32.68 | 23.09 | 50.01 | 1.09

60 56.16 | 53.83 | 60.94 | 38.84 | 28.59 | 60.00 | 0.94

70 65.20 | 62.75 | 70.75 | 49.98 | 38.52 | 70.00 | 0.75

80 72.71 | 70.17 | 80.43 | 58.98 | 46.54 | 80.00 | 0.43
unit:[dBA]

1.27 dBA for the Side. The volume required to transmit an informative sound
to a particular listener is about 12.61 dBA less than the level necessary for the
loudspeaker. The results also show that people around the particular listener
cannot hear much of the information in the sound. The phenomenon described
as “whispering in the ear” by the participants of the experiment is thought to be
due to the self-demodulating nature of parametric speakers as well as the fact
that the SRT is quite small. Moreover, the SRT of the surrounding people is
about 2.48 dBA higher than that for the loudspeaker. Furthermore, the volume
flowing to the side when the center receives the sound is shown in Fig. 6 (b).
The average volume heard by a person at the side is -2.26 dBA lower than that
heard by the person at the center for the loudspeaker and -10.92dBA lower for
the parametric speaker. There is a difference of about 8.66 dBA between the
speakers.

Based on the above data, the volume received by people in the surrounding
area, including environmental noise, was calculated. For example, in a 50 dBA
environment, the SRT of the target person is 46.80 dBA for the loudspeaker.
Based on a linear approximation of the volume relationship shown in Fig. 6 (b),
the volume received by the people around the target was calculated to be
44.58 dBA. This means that the people around the target listener are exposed
to a combined noise level of 50 dBA + 44.58 dBA = 51.10 dBA. In contrast, the
volume level at which the advertisement sound can be heard in a 50 dBA envi-
ronment with the parametric speaker is 32.68 dBA. In this case, the surrounding
people will receive 23.09 dBA, as indicated in Fig. 6 (b). The overall noise level
is 50 dBA + 23.09 dBA = 50.01 dBA. In other words, when changing from a
loudspeaker to a parametric speaker, the people around the target listener hear
about 1.09 dBA less sound. The same calculation reveals the differences in noise
levels, as shown in Table 1. The smaller the background sound level, the larger
the difference in the overall noise level. It can also be shown quantitatively that
there is a difference at all background sound levels, as shown in Fig. 7. Com-
pared with the loudspeaker, the parametric speaker is expected to improve the
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Fig. 7. Compared with the loudspeaker, the parametric speaker is expected to improve
the spatial comfort level of non-target individuals, as they receive almost no unneces-
sary information. The overall volume is also reduced, which allows for more flexibility
in the design of the sound space, such as adding other announcements or environmental
sounds.

spatial comfort level of non-target individuals, as they receive almost no unnec-
essary information. The overall volume is also reduced, which allows for more
flexibility in the design of the sound space, such as adding other announcements
or environmental sounds. In particular, it is quantitatively confirmed that it is
possible to create a space design in a quiet environment such as a museum that
allows people to listen to explanations without interfering with other viewers.
As a limitation, the background noise in the experiment was filtered white
noise for generalization. This is a noise with small amplitude variation, whereas
in real life, the amplitude can vary greatly (e.g., road traffic noise and speech
announcements). It is necessary to investigate how the SRT changes in that
case, especially when the words are delivered by parametric speakers. In addi-
tion, the anechoic room is a free sound field with no reverberation. In real life,
reverberation is also a factor, so its influence needs to be studied in the future.
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