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Summary
The background noise in large shopping malls or atria covered by glass is typically and dominantly
generated by the people present. The combination of a large hall volume with the presence of many
hard surfaces is responsible for audible late sound reflections. Although the total sound level in
shopping malls is not extremely high, background noise can have a substantial impact on acoustic
comfort in restaurants integrated in such spaces, and thus on the behavior of their visitors. Our study
is based on a number of laboratory perception tests, in which two test persons were exposed to a
controlled time varying auralized background restaurant sound in which they were supposed to lead
a dialogue. The sound levels of two talking people were monitored and analyzed in terms of their
vocal output under different noise conditions and privacy settings.
PACS no. 43.55.+p, 43.66.+y

1. Description of the experiments
Experiments were designed for two kinds of
“distance setting”, three kinds of “privacy settings”
and one background noise profile. In each
experiment a vocal output of two talking people
sitting opposite each other was monitored. People
were seated in the listening room of the acoustic
laboratory at TGM Wien, at the table arranged to
evoke the restaurant environment. The width of the
table between the two people was 80 cm. Two
different distance settings (DS) were used in
experiments. In the first one (DS1), a fixed distance
of 80 cm was presumed between the two talking
people not allowing them to move in order to get
closer to each other (for sake of improvement of the
signal to noise ratio). In the “flexible distance”
setting (DS2), test persons were allowed to change
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their mutual distance by moving head forwards, in
order to increase the speech intelligibility and
speech privacy at the same time. Their mutual
distance was monitored by a camera and measured
by a scale placed behind them. In each of the two
distance settings, three kinds of “privacy settings”
(PS) were applied. In the first one “privacy
setting 1” (PS1), no special request was asked to
test persons and they could freely talk and adopt
their voice to background sound so that they could
easily communicate with each other. In the second
setting, “privacy setting 2” (PS2), a balance
between speech privacy and speech intelligibility
was questioned. Test persons were asked to
optimize their vocal output so, that a partner at the
table could follow the conversation but a virtual
person sitting at 1,6 m distance wouldn’t. In the
third setting “privacy setting 3” (PS3), a virtual
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Figure 1 Profile of a background noise level, used during perception tests

Figure 2 Example of a sound sample with indication of analyzed signal (gray) and silent and/or unwanted sounds in a
speech recording (red).

person was sitting at the distance of 3,2 m.
12 people (6 male, 6 female) have participated on
laboratory experiments. In total 36 dialogues were
analyzed. Each test person was wearing an open
headphone and microphone placed at 5 cm from
his/her mouth. Controlled, time varying background
noise, typical restaurant sound, was played through
headphones
to
both
test
participants
simultaneously. The background sound pressure
level profile is shown in the Fig.1.

2. Results and Analysis
Data analysis was performed on a calibrated
recording of speech. For calculation of the sound
pressure level, an integration interval of 25 ms was
used. This value was optimized based on strong
fluctuation in speech in time. In order to perform an
analysis that expresses the vocal effort of a talking
person, silent parts as well as coughing or “hmm”
sounds were removed from recording before the
analysis.
Example of an A-weighed sound pressure level in a
time domain with indication of kept (gray) and
removed (red) parts is shown in the Figure 2.
2.1.

Test A1 (distance setting 1): Fixed
distance between subjects (80 cm)

First set of tests (Test A1) was performed under the
fixed distance between the two test persons (DS1).
Statistical analysis was applied on each time

Figure 3 The signal-to-noise ratio at the position of
listener at the distance 80 cm.

step/interval based on perceived background noise
level, as shown in Figure 1.
The Figure 3 shows the signal to noise ratios kept
under different background noise levels. Signal was
calculated from a voice recording of talking person
at 5 cm from a persons’ mouth and recalculated at
the position of the ears of a partner in conversation
(i.e. the other test subject). The background noise in
the tests was the controlled noise played via opened
headphones in listeners ears. We can see a trend
between the 3 privacy settings. As expected, the
largest values of S/N ratios are in case of privacy
stetting 1, (Figure 3, blue bars) where privacy of
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Figure 1 Statistical analysis of voice level at different background noise levels.

speech was not considered. The largest differences
between privacy setting 1 and privacy setting 2
were observed at low levels of background noise,
which is a logical result. At very low levels of
background noise, such as 70 – 80 dB, where S/N
is from - 5 to - 10 dB, it is not expected that
someone at a near table (at 1,6 m distance) will be
able to follow the conversation easily.
In case of the tests "without limitation", i.e. privacy
setting 1 where subjects were not requested to keep
eye also on their speech privacy, a quasi linear
increase and decrease of vocal output is observed
(Figure 4 – left).
The absolute sound levels are higher than in cases
where speech privacy was also involved. Similar
trend is observed for privacy setting 2, but the
sound levels are slightly lower, mainly for lower
values of background noise. In case of privacy
setting 3, there were no significant differences in
comparison with a case where people were not
restricted to keep a privacy of speech.
2.2.

Test A2 (distance setting 2):
distance between subjects

see that the nearest approaching distance is at
maximal background noise level (of 80 dB).
Interestingly both privacy settings PS2 and PS3
resulted in the same values at the highest noise
conditions, whereas the PS1 has allowed people to
keep larger distance of 65 cm.

Variable

In the second set of tests (Test A2), the starting
distance between the talking test persons was
80 cm, but head movements were allowed during
the experiment.
The nearest physically possible distance between
the two talking people was ca 40 cm, however
people were reaching distances only up to 55 cm
between them. If we look at the results showing the
head movements of test persons (Figure 5) we will

Figure 5 Distance between the tested subjects under
different background noise conditions.

If we look at the statistical analysis of speech signal
by means of LA,10 and LA,90, we can see that the
variation in speech levels are less pronounced at
higher levels of background noise (ca 14 – 15 dB).
In cases, in which people were exposed to relatively
low levels of noise, the sound pressure level
variation in their speech was reaching significantly
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Figure 6 Difference between the LA,10 and LA,90 showing
spread of values.

Figure 8 The signal-to-noise ratio at the position of
listener at the variable distance.

higher values between 16 – 22 dB difference
between LA,10 and LA,90 (Figure 6). Whereas the
distance between people was under increasing
background noise changing almost lineary in all
privacy settings, the variations in sound levels were
very similar for noise of 70 and 80 dB and (very
similar for PS2 and PS3). Also amplitude variations
in speech were very similar for noise levels
17 – 60 dB. It can be therefore concluded, that level
variations are changing more abruptly when
background noise level is increasing from 60 to
70 dB. Results from the 3 different privacy settings
are shown in the Figure 7. There is an obvious
difference between the three settings. The flexible
distance has helped to reduce the voice levels by

ca 10 dB in PS2 in comparison with PS1.
Interestingly also results of PS3 were strongly
affected by the flexibility in mutual distance
between people.
The Figure 8 illustrates the signal to noise ratios in
experiments in which people were allowed to move
their heads towards each other. If we compare these
results with those from the test A1 with fixed
distance betwen people, only little differences in
S/N in average are observed. The most significant
is the improvement in S/N ratio in privacy setting 2.
The fact that people were allowed to change the
distance betwen them has help them to improve the
S/N ratios up to 5 dB, (while keeping the speech
privacy).

Figure 7 Statistical analysis of vocal effort and calculation of equivalent level of vocal effort depending on the
background noise level.
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3. Conclusions
In this article a vocal output of people under
different background noise conditions was
monitored. 2 different distance settings and 3
different privacy settings were compared. There
was a significant difference found between the two
distance settings and also between the privacy
settings. In case of flexible distance and allowed
head movements, improved signal to noise can be
reach around 5 dB while keeping the same privacy
conditions and has also helped to reduce the voice
levels by ca 10 dB in PS2 in comparison with PS1.
Acknowledgement
This research has been performed in the framework
of H2020-MSCA-RISE-2015 “PaPabuild„ project
(grant agreement No. 690970).
References
[1] M. Rychtáriková, Psychoakusticke testy v
stavebnej akustike, Bratislava: Vydavatel'stvo
Slovenskej Akademie Vied, 2015.
[2] B. Rohrmann, „Soundscapes in restaurants,“
Melbourne.
[3] M. Rychtáriková a G. Vermeir, „Soundscape in
Restaurants,“ 1997.
[4] W. M. To a A. W. L. Chung, „Restaurant noise:
Levels and temporal,“ Noise & Vibration
Worldwide, pp. 11-17, 2015.
[5] A. White, The effect of building enviroment on
occupants: thr acoustics of dining Spaces,
Robinson College, 1999.
[6] L. H. Christie, Psycho-to-building acoustics:
Are bars, cefes and restaurants acceptable
acoustical
eniromenments?,
Wellington:
Victoria University, 2004.
[7] F. Leccese, G. Tuoni, G. Salvadori a M. Rocca,
„An analytical model to evaluate the cocktail
party effect in restaurant dining rooms: A case
study,“ Elsevier, zv. 100, pp. 87-94, 2015.
[8] L. N. W. Lena a H. N. N. Elaine,
„Characterization of speech understanding in
various types of noise,“ J. Acoust. Soc. Am., zv.
132, pp. 2642-2651, 2012.
[9] M. P. N. Navarro a R. L. Pimentel, „Speech
interference in food courts of shopping centres,“
Applied Acoustics, zv. 68, pp. 364-375, 2006.
[10] J. M. Kates a K. H. Arehart, „SNR is not enough:
Noise modulation and speech quality,“ rev.
Acoustics, Speech and Signal Processing,
Vancouver, 2013.

- 1987 -

[11] M. Garnier a N. Henrich, „Speaking in noise:
How does the Lombard effect improve acoustic
contrasts between speech and ambient noise?,“
Computer Speech and Language, zv. 28, pp.
580-597, 2013.
[12] Y. Lu a M. Cooke, „Speech production
modifications produced in the presence of lowpass and high-pass filtered noise,“ J. Acoust.
Soc. Am., zv. 126, pp. 1495-1499, 2009.
[13] L. Folk a F. Schiel, „The Lombard Effect in
Spontaneous Dialog Speech,“ Interspreech, pp.
2701-2704, 2011.
[14] J. H. Rindel, „Verbal communication and noise
in eating establishments,“ Applied Acoustics,
zv. 71, pp. 1156-1161, 2010.
[15] J. H. Rindel, „The Acoustics of places for social
gatherings,“ rev. EuroNoise 2015, Maastricht,
2015.
[16] L. Zelem, V. Chmelík a M. Rychtáriková,
„Acoustic condition in restaurant,“ Akustika,
2016.
[17] L. Zelem, V. Chmelík, H. Muellner a M.
Rychtáriková, „Technical challenges in
preparation of listening tests,“ rev. ATF 2017,
Zagreb, 2017.
[18] L. Zelem, V. Chmelík, M. Kassáková a M.
Rychtáriková, „Optimization of listening test for
monitoring of Lombard speech and Cocktail
party effect,“ Mutenice, 2017.
[19] L. Zelem, V. Chmelík, R. Monika a G. Christ,
„Analysis of the acoustic behavior of people in
a restaurant,“ rev. EuroRegio, Porto, 2016.

Euronoise 2018 - Conference Proceedings

- 1988 -

