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Scope

Sufficient acoustic quality of speech communication is very important in many different situations and
places; classrooms in schools, auditoria, PA systems in public buildings, alert and warning systems in noisy
environments etc.

Speech transmission index (STI) is an objective method for prediction and measurement of speech
intelligibility. This is a guide how to use ODEON for calculating the speech transmission index in a room in
accordance with the international standards IEC 60268-16 [1] and I1SO 9921 [2].

This application note is not applicable for open-plan offices, which are dealt with in another ODEON
application note’.

This application note refers to ODEON version 12, all editions.

Method

Although IEC 60268-16 is a measurement method, the measurement procedure can be simulated in
ODEON, thus providing a tool for the acoustical design of performance spaces and other rooms where
speech communication is important, or for the design of a loudspeaker system in a room.

Two different types of cases will be discussed: Direct communication between two people in the same
environment and public address (PA) systems where an electro-acoustic system is used to address a group
of people.

The original method [1] is based on a special modulated speech-shaped signal and the measurement of
modulation transfer functions in seven octave bands with 14 different modulation frequencies. However,
an alternative and equally good method uses the impulse response as suggested by Schroeder [3]. This so-
called indirect method is the one used in ODEON.

Terms and definitions
Ambient noise
Noise due to all other sound sources than the communication speech.

Background noise level
Sound pressure level in octave bands due to ambient noise, spatially averaged over the relevant listener
area.

! http://www.odeon.dk/pdf/Application_note_1SO-3382-3_Offices.pdf
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Public address system
PA
Electro-acoustic system used to address a group of people.

Reference speech level
Speech level equivalent to 60 dB(A) at 1 m distance in front of the talker’s mouth.

Signal-to-noise ratio

SNR

Difference between the sound pressure level of the speech or test signal and the sound pressure level of
the background noise.

Speech intelligibility
Rating of the proportion of speech that is understood.

Speech transmission index
STI
Objective method for prediction and measurement of speech intelligibility.

Rapid speech transmission index

RASTI

A simplified and approximate measurement method for rating speech transmission in auditoria, with or
without sound systems.

NOTE 1: RASTI was defined in IEC 268-16:1988.

NOTE 2: RASTI is obsolete and should not be used any more.

Speech transmission index for PA
STIPA
A condensed and approximate version of the STI measurement method for PA systems.

NOTE: STIPA is only applied as a direct method, not relevant for the indirect method used in simulations.

STl (expected)
Value of STl calculated from the reverberation time and assuming an ideal exponential decay of energy.

NOTE: Due to direct sound and beneficial early reflections STI will normally be greater than STI (expected). So a comparison of the
actual STI with STl(expected) can reveal the quality of the acoustic design in the room. If STl is greater than STl(expected) then the
design is considered better that if the room was totally diffuse.

Tapping

Is the process of adjusting the electric power applied to a constant-voltage speaker system, by connecting
various input taps to the step-down transformer. The adjustment of the electric power leads to an
adjustment of the sound power emitted by the loudspeaker unit.

Vocal effort
Characterisation of the sound level emitted by a human speaker, quantified objectively by the A-weighted
speech level at 1 m distance in front of the mouth and qualified subjectively by a description.
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Voice alarm system
VA
Electro-acoustic system used to broadcast speech messages or warning signals in an emergency.

Sound sources

Three different types of sound source are considered in this application note, a human speaker, a sound
reinforcement loudspeaker system and a constant-voltage speaker system, also called a high-voltage audio
distribution system.

The case of a human speaker applies to class rooms, meeting rooms and small auditoria. The speech level
and speech spectrum have to be chosen according to the preconditions for the room.

Cases where the sound source is one or more loudspeakers include auditoria, concert halls and stadiums.
The constant-voltage speaker systems are typically applied in public areas, e.g. shopping centres, railway
stations, airports. Other important applications are voice alarm (VA) systems in noisy working places, e.g.
off-shore installations.

Human speakers

The important acoustical parameters for a sound source representing a human speaker are the speech level
and the directivity, both given in octave bands. The source for generalised speech level data is the
American Standard ANSI 3.5 [4], which has data representing four different levels of vocal effort; normal,
raised, loud, and shouted, see Table 1.

The directivity of human speakers is available from a Canadian study [5]. In this research report several
factors were investigated, and it is concluded that the directivity is not significantly affected by vocal effort,
gender, or language (English or French).

Among the predefined sound sources in ODEON you will find two that are relevant to this application:
BB93 NORMAL_NATURAL.SO8 and BB93 RAISED NATURAL.SO8. The name of the source files reflect the
fact that these sources are as defined in the calculation guidance to the British Building Bulletin 93 [6]. The
data at the 125 Hz octave band are not available from ANSI 3.5 but are required for the STI calculations,
and thus the speech level at 125 Hz has been chosen to be 6 dB lower than the 250 Hz level.

The original data for speech level are given as sound pressure levels (SPL) at a distance of 1 m in front of the
speaker’s lips in the free field. This kind of data is relevant for a communication system where a
microphone is placed in front of the speaker. However, for room acoustic applications it is more useful to
define the sound source by the radiated sound power. Consequently, these data have been calculated and
are also shown in Table 1.
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Table 1 — Speech spectra in octave bands for different vocal effort. SPL at 1 m in front of the mouth
from ANSI 3.5 [4] and the calculated corresponding sound power levels. The additional data at 63
and 125 Hz have been suggested in [6].

Frequency, Hz 63 125 250 500 1000 2000 4000 8000 A-weighted
ANSI 3.5, SPLat 1m, dB

Normal 57,2 59,8 53,5 488 43,8 38,6 59,5
Raised 61,5 656 623 568 51,3 426 66,5
Loud 640 703 70,6 659 599 489 73,7
Shouted 650 74,7 798 758 689 582 82,3
Sound power levels, dB

Normal 450 550 653 690 630 558 498 44,5 68,4
Raised 480 59,0 69,5 749 71,9 63,8 57,3 484 75,5
Loud 520 630 721 796 80,2 729 659 548 82,6
Shouted 520 630 73,1 840 893 824 749 64,1 91,0

Vocal effort

Which vocal effort to choose, depends on the circumstances. For application in schools the British guideline
BB93 [7] specifies the raised voice effort when calculating STI for teacher to student communication and
the normal voice effort for student to student communication.

ISO 9921 [2] has slightly different definitions and more levels of vocal effort, see Table 2.

Table 2 — Vocal effort of a male speaker and related A-weighted SPL at 1 m in front of the mouth [2].

Vocal effort Ls,a1m
dB
Relaxed 54
Normal 60
Raised 66
Loud 72
Very loud 78

In a noisy environment, the very loud or shouted vocal effort may be relevant. If SPL at 1 m exceeds 75
dB(A) (shouted), the speech quality is substantially reduced, making it more difficult to understand. For that
case the normative Annex A of ISO 9921 [2] specifies that the STl calculation shall be made with a speech
level that is reduced by:

AL=04(Lsp1m— 75)dB for Lgsq1m >75dB

So, if for instance the vocal effort of shouted is assumed, the spectrum shall be as in Table 1, but the
overall A-weighted level should be reduced by 0,4 (82,3 — 75) = 2,9 dB. In this way the effective signal-to
noise level is reduced, which leads to a somewhat lower result of the STl calculation, and thus the reduced
speech quality is taken into account.
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Loudspeakers - Input signal
For a loudspeaker system the acoustic chain starts with speech that reaches a microphone, followed by
amplifiers and equalizers and one or more loudspeakers.

In relation to the STI parameter the input signal is supposed to represent speech and the input to the
electro-acoustic system may be from a microphone or playback. The input signal may then depend on the
gender (male or female speech), vocal effort, and distance from the mouth to the microphone. Speech
spectra for male and female speech that should be used for the STl calculations are given in Table 3.

Table 3 — Speech spectra in octave bands relative to the A-weighted SPL for different gender. This data are
from IEC 60268-16 [1], except the 125 Hz value for females, which has been suggested in ISO 9921 [2].NB,
these speech spectra should only be applied to electro-acoustic systems.

Frequency, Hz 63 125 250 500 1000 2000 4000 8000 A-weighted
Males, dB - 2,9 2,9 -0,8 -68 -12,8 -188 -24,8 0,0
Females, dB - -4,4 53 -1,9 -91 -158 -16,7 -18,0 0,0

Comparing the IEC speech spectra in Table 3 with the ANSI speech spectra in Table 1, there are obvious
differences. While the ANSI spectra apply to the far field (1 m or longer distances), the relative IEC spectra
in Table 3 apply to close distances, typically a microphone distance of only 5 cm from the mouth. The origin
of the IEC spectra is dull, but may go back to very early measurements at the Bell Laboratories in the
1930’ies or 1940’ies. The spectra show unexpected high values at the low frequencies (125 — 250 Hz), which
may be explained by the so-called proximity effect’.

The male speech is generally recommended to assess speech transmission channels [1, A.3.4]. The reason is
that female speech is considered to be more intelligible than male speech, so the latter is a kind of “worst
case”. In addition to different speech spectra, there also applies gender-specific weighting factors, so e.g.
the 2 and 4 kHz octave bands are given more weight for female speech compared to male speech. The
parameters STl (male) and STI (female) are calculated by ODEON.

Loudspeakers for sound reinforcement - Qutput signal

The important acoustical parameters for a sound source representing a loudspeaker are the sensitivity, the
frequency response and the directivity in octave bands. Loudspeakers for sound reinforcement are low
impedance speaker systems (8-ohm speaker systems).

Loudspeaker types

Low impedance loudspeakers are divided into different types: Passive loudspeakers, for direct connection
to a power amplifier; active loudspeakers, with equalization/processor/cross-over required before
amplification, and powered loudspeakers, with built-in equalization/processor/amplification.

2 Proximity effect is the increase in the low-frequency sensitivity of a microphone when the sound source is close to it.
The proximity effect may be responsible for speech spectra showing emphasis in the low-frequency range.
5
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Data for the acoustic simulation are best taken from the Common Loudspeaker Format (CLF) database.
There are two file formats, either CLF1 in octave bands or CLF2 in 1/ 3 octave bands and with a finer
angular resolution of the directivity patterns. Both file formats can be taken directly into the ODEON source
editor. An example of the data information in a CLF1 file inside the CLF viewer is seen in Figure 1. The CLF
viewer is free for download from this site: http://www.clfgroup.org/viewer.htm. The loudspeaker shown

here will be applied later in example 2.
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Figure 1 — Example of loudspeaker data in the CLF1 format. Marked in red: Sensitivity and maximum gain.

The maximum input is either in terms of electric power (in W) of as input voltage (in V rms). In either case
the Gain (in dB) indicates the maximum setting for the loudspeaker. The sensitivity is the SPL in octave
bands on axis at 1 m with a gain of 0 dB (typical reference 1 W or 2.83 V — according to the 8 Ohm
loudspeaker convention). In the ODEON source editor menu the overall gain and the equaliser can be used
to adjust the actual output level of the loudspeaker.

Constant-voltage loudspeakers - OQutput signal

The amplifier uses a transformer to step up the voltage of the audio signal to reduce the loss over the
speaker cable, and the voltage is stepped back down at the loudspeaker. Typically used for PA and VA
systems where high sound quality is not required. Commonly referred to as 70-volt speakers (in North
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America) or as 100-volt system (Europe). When the loudspeaker data are in the correct format, the overall
gain = 0 dB corresponds to the electrical input of 1 W. When the actual tapping is different from 1 W, the
corresponding value of overall gain is calculated from:

tapping>
————] dB
1w d

Overall Gain = 10 log(

Primary nominal tappings:

142 20,0 W
2:3 11,0W
3:4 5.0wW
20W 1:3 40w
2:4 20W
1:4 1.0wW
1:2  250W
223 140w
25W 3:4  65W
1:3 50w
2:4 2,5W
1:4 1.5wW
@ I 2GExdembIIB-HLIIC T4 Gb-50°C £ Ta +50°C 1 = Red, 2=Yellow
II 2D Ex tb ITIC T105°C 3=Green, 4 = Blue
SPL at 1W/1m sine wave
B IC
1o d8SPt e - - - X ¢ O—— Anti-static PA / Black
100 ] il 5 1 10T ) — e-chamber, push terminals
Jaxl Weight w/ transformer ........cccecereevececneareenn. 2,2 kg
" ' Vil ([ E ", P —————— ... 66/ 67
/ 1 Max / min amb temp....c.cccieverenscennnnnnne. 30°C [ -50°C
8 f Rated / MaX. POWEN .....ccceevisruessesnnenennnees 19 W [ 30 W
. T L (T eeeeerreee 100 0B | 102 dB
2 \ SPLrated power 15 W VET ..vvowmernes . 116d8 113dB
\_~/|  SPLrated power 20W Ver ........coeuues .. 117d8 115dB
60 SPL rated pOwWer 25W VEF ......c.ourururesecserennnnes 118 dB 116 dB
Effective freq range......ccccoeeevereeeeennnn.. 380 — 7000 Hz - 450-6000
- ms|  Dispersion (-6dB) 1kHz / 4kHZ.........uue........200° / 50° 1057 / 35°

20 Hz 50 100 200 500 1K 2K 5 10k 20¢ Directivity factor, Q (1 kHz)......ccc.v.. e 1,8

Figure 2 — Example of data sheet for a loudspeaker. This comes in three versions (15W, 20W, 25W) each
with six possible tapings. Marked in red: Sensitivity 105 dB SPL 1W/1m and tapping 3W.

An example of a loudspeaker data sheet is shown in Figure 2. The possible tapings for the 15W version
correspond to different settings of the overall gain in ODEON as shown in Table 4. This loudspeaker will be
applied later in example 3.
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Table 4 — Example of the conversion from tapping in W to overall gain in dB.

Tapping Overall
W gain dB
15,0 11,8
8,0 9,0
4,0 6,0
3,0 4,8
1,5 1,8
0,8 -1,0

Receivers

The receiver positions should be placed according to the use of the room. The typical height above the floor
is 1,2 m for a seated adult and somewhat lower to represent children. For schools the BB93 [7] specifies the
receiver height of 0,8 m for nursery school, 1,0 m for primary school, and 1,2 m for secondary school.

Background noise
The background noise is an important parameter in the STl calculation, especially when the background
noise is high. It is specified as background noise SPL in octave bands.

Table 5 — Examples of sound power levels to be used to calculate the overall noise level in an open-plan
space for teaching [7].

Frequency, Hz 63 125 250 500 1000 2000 4000 8000
Sound power levels, dB
Open-plan space -
general working (per 15
students)

Dining space (per 60
students)

62 62 62 62 57 52 47

Speech at normal level
(per person)

Quiet student being
addressed by the - 30 32 32 30 28 26 20

teacher (per student)

In some cases the background noise must be calculated prior to the STl calculation. The ODEON model of
the room can be used modelling the noise sources and their emitted sound power levels. The most
common sources of background noise are heating and ventilation equipment or noisy machinery.

In the case of open-plan schools the BB93 guideline [7] provides some examples of typical noise sources
due to human activities, see Table 5.

Results
The STl can take values between 0 and 1. In order to evaluate the results, the five step rating shown in
Table 6 is often preferred. So, STI > 0.60 is good and is often aimed at in an auditorium. However, the JIND
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(just noticeable difference) for STl is found to be 0.03 by Bradley et al. [8]. So, in the latest edition of IEC
60268-16 [1, Annex F] a scale with 12 qualification bands labelled from A+ to U is suggested, see Table 7.
This scale has steps of 0.04 i.e. approximately one JND.

Table 6 — Intelligibility rating and relations to STI Table 7 — Nominal qualification bands for STI [1].

and phonetically balanced (PB) word score [2]. Qualification
- band ST

Intelligibility - leBa-r:/:/r:jtjUI A+ >0,76
rating A 0,72t0 0,76
score (%) B 0,68t0 0,72
Excellent >0,75 >98 C 0,640 0,68
Good 0,60to 0,75 93t098 D 0,600 0,64
Fair 0,45to0 0,60 80to 93 E 0,56 t0 0,60
Poor 0,30to 0,45 60 to 80 F 0,520 0,56
Bad <0,30 <60 G 0,480 0,52
H 0,44t0 0,48
I 0,40to0 0,44
J 0,36 to 0,40

U <0,36

Excellent intelligibility rating (STl > 0.75) is unusual in room acoustics; in large and relatively noisy public
rooms the intelligibility rating fair (0.45 — 0.60) is a realistic goal for a PA system. Examples of
recommended minimal performance ratings are shown in Table 8. For VA systems in very noisy working
environments like off-shore installations, the rating poor (STI > 0.30) is a realistic goal.

Table 8 — Recommended minimal performance ratings for intelligibility and vocal effort after 1ISO 9921 [2].

Minimum .
S . C Maximum
Application intelligibility
; vocal effort
rating
Person-to-person communication
. Good Normal
(prolonged normal communication)
Person-to-person communication .
- Fair Loud
(critical)
Public address in public areas Fair Normal
Alert and warning situations (correct .
. . Fair Loud
understanding of critical words)
Alert and warning situations (correct
. . Poor Loud
understanding of simple sentences)
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Example 1 - Human speaker in auditorium
The room used in this example is an auditorium, which is known to be difficult acoustically. It seats 200
people, the volume is approximately 1160 m* and the mid frequency reverberation time is 1.8 s.

First the background noise is set in the Room setup menu, see Figure 3. A spectrum dominated by low
frequencies is chosen, and the A-weighted SPL is 30 dB(A).

ﬂ File Toolbar Options Tools Window Help !_TJ"L_E_TJ|__;|

coFa ITLENF OMD| ¢mMa&xBALT 2% EE RYEY

Caloulation parameters I I Air conditions [STI parameter jmodel chedk |

Background Meise for 5TI, U{nn) etc. {only 125-8000 Hz for STI calculations)

Total levels
Neise at 63 Hz octave band 50.0| 45

Lirear 50.4 dB

Neise at 125 Hz octave band
A-weighted 301 dBiA)

Moise at 250 Hz octave band :
Background noize levels
Neise at 500 Hz octave band
Neise at 1000 Hz octave band
Noise at 2000 Hz octave band

Noise at 4000 Hz octave band

Neise at BO0O Hz octave band

|Apply NC curve | |NC15

Frequency?Hz)
Model chedk
Max accept., Warp

Max accept., wall overlap I 0.050

Air conditions
Temperature
Relative humidity

[ Disable air absorpton

Figure 3 — Setting the background noise in the Room setup in ODEON. In this example a low frequency noise
spectrum with 35 dB(A) is assumed.

Next, the sound source is defined. For this example is selected a human speaker with spectrum and vocal
effort representing a raised voice, see Figure 4. The SPL on axis at 10 m is 46.5 dB(A), which corresponds to
66.5 dB(A) in a distance of 1 m.

The calculations are made using the grid response. This allows both a visual overview of results, see Figure
5, and at the same time useful statistical data can be derived, see Figure 6.
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Figure 5 — A grid map showing the STl in the auditorium. The source is a human speaker with vocal effort
raised. The results are displayed with the 12-step scale defined in Table 7.
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Figure 6 — Statistical data related to the grid map calculation of STI shown in Figure 5. The 5 percentile is
0.49, i.e. STI > 0.49 in 95 % of the grid area. Similarly, the median-value (the 50 percentile) is 0.52.

Example 2 - Sound reinforcement in auditorium
The auditorium from example 1 is used again for this example of a reinforcement loudspeaker system. The
background noise and the receiver grid are the same as in the previous example.

Two loudspeakers are used as sound sources. The positions are shown in Figure 7. Figure 8 shows the
ODEON source editor menu for one of the loudspeakers. Full access to the loudspeaker data as in Figure 1
is available by clicking the CLF icon. In accordance with the measurement method in IEC 60268-16 [1] the
male speech spectrum is applied to the equalizer setting. Thus, this calculation should only be applied for
the STl calculation; for other purposes, and especially for auralisation, the speech spectrum should not be
set in the equalizer.

The result of the calculation is shown in Figure 9, where the speaking person is omitted.
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[Odeon©1985-2013 _Licensed to: Odeon A/

Figure 7 — A view into the model of the auditorium with the sound sources (red) and five receivers (blue).

File Toolbar Options Tools Window Help

COBS DBLEF OM0 | ¢® 8@ ANT T 5 EE| MBEY W ¢ o owis oo wmnm

& 3D Edit Source - Job 2

Point Source Editor, source: 7
30 Direct

Description
]LSP with male speech Right

Position and Crientation Delay

X 0.5 Him LEET | Z a3 »|n IE L T [Too ms
Aim towards this receiver
gl

Azimuth |_yp Elevation|_qq »|| ® Rotation [y vl °lE

Directivity pattern
Source description Sub directory | yamahaproaudio),
Talker loud

Talker loud i IF211295p.CFL o

L3F with male speech Left Level Adjustment
7T, ! ? T £ Fregency 63 125 250 500 1000 Hz

Total power
107.4 dB

100.6 dB(A)

| Sound Power File 94.5 99.2° 100.2° 1023 97.3 97:4 dBreaE

+ Overall gain 00 dB

Total SPL at 10m

+EQ 00 [ 29[ 28 [ 08 [ =8 [- 8.8 [ 248 dBlﬂeqﬂ“lem AU thol
76.1 dB(&)
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Figure 8 — Defining one of the loudspeakers in the source editor. The source file is the same as in Figure 1,
and the detailed information in the CLF1 file is available by clicking the marked CLF icon. Note that the
equalizer is set in accordance with |IEC 60268-16 [1] with the male speech spectrum from Table 3.
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Figure 9 — A grid map showing the STl in the auditorium. The sources are the loudspeakers marked as P6
and P7. From the statistical data related to this grid map, the median-value (the 50 percentile) is 0.58.

Example 3 - PA/VA system

This is an example of calculations with a PA voice alarm system for an off-shore installation.

The background noise is assumed to be 85 dB(A) with a pink noise spectrum, i.e. the same SPL in all octave
bands.

The loudspeaker chosen for this case is the same example as in Figure 2. In Figure 10 is seen how one of the
loudspeakers is defined in the ODEON source editor. The tapping is chosen to 3W and the gain is set
accordingly. Note that for these calculations the equalizer is not used, i.e. a pink noise spectrum is assumed
instead of the male speech spectrum. The reason is that this kind of loudspeaker has a very limited
frequency range, and sound is mainly emitted in the three octave bands 500 — 2000 Hz.

For security reasons there are two independent loudspeaker installations, and calculations must be made
for each of them and for both together. However, only one of them is active in this example.

With the selected position and tapping of the loudspeakers the STl shall be at least 0.35 in the area where
people can have access, but at the same time a 1 kHz alarm tone shall produce a SPL that does not exceed
115 dB. The number of loudspeakers, their position and tapping must be selected in order to fulfil these
requirements as closely as possible. Both SPL and STl results are shown in Figure 11. The statistical data
from the grid response calculations is particularly useful for this kind of calculation.
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Figure 10 — How to define the loudspeaker from Figure 2 as a sound source in ODEON. The overall gain is set
to 4.8 dB corresponding to a tapping of 3W, see Table 4.
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Figure 11 — Calculation results for a PA voice alarm system presented in grid response plots supplemented
with results from the cumulative distribution function. Upper part: the SPL at 1 kHz. Lower part: the STI. NB:
In this example, only half of the loudspeakers are active.
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