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ABSTRACT

There is a certain tendency in the design of teeaty make the halls quite large. From a perspediwnatural speech intelligibility
and strength of speech this is disadvantageousubecan actor’s voice has a certain, limited losgnBased on V.M.A. Peutz’
ALcons theory regarding the influence of signalgeoiatio on speech intelligibility and its practites deduced that room volumes
have to be limited to 3500-4000%rt0 maintain sufficient loudness for natural speedbund level measurements during perfor-
mances in a theatre with natural speech have bedormed, to determine background noise levelhienhall due to the audience
and to investigate the signal/noise ratio of themcvoice at the audience. Results confirm easisumptions.

NATURAL SPEECH

Suitability for natural speech can be considered psmary
requirement for theatres. Compared with reinforgeeesh,
natural speech provides more intimacy and involvemeth

the actors, a more natural room impression, a batieustic
localisation of the actor matching the visual losztion.

When designing theatres the intelligibility of natluspeech
should therefore not be overlooked.

Intelligibility and ALcons

A true measure for the speech intelligibility i® tharameter
AL .ons (Articulation Loss of Consonants). This is the peite
age of wrongly understood consonants to be detexnby
test persons, because they are the ones who uattkrdthe
speech intelligibility is not only determined byetlransmis-
sion channel (e.g. the room), but also by speaktrer
effects (proficiency of speaker, complexity of nexps, fa-
miliarity with content etc.). The speech intellidity can be
judged as good if the AL,svalue is below 10%, reasonable
if between 10 and 15% and bad above 15%.

In 1971 V.M.A. Peutz has proposed a simple preaficti
method for speech intelligibility in rooms, expredsn AL-
cons. Peutz presented a set of equations to prédigt.s
from a few easily assessable acoustical paramdierdp to
a critical distance for intelligibility (B) the AL,,sincreases
quadratically with distance:

Dc = O QT—V [m] (€N
2T2
ALcons= M +a [%] 2)
\Y
with:
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D = distance to the source (m)

Q = directivity of the source (@1.4 kHz)

T = RTgo= reverberation time of the room @1.4 kHz (s) or
the average of 1 kHz and 2 kHz octave bands.

V  =room volume ()

a = zero correction factor for a certain speaksetier
combination (proficiency) usually between 1.5% and
12.5%. In Aleons graphs a theoretical ideal value of
a=0% is implicitly assumed.

For D=D, AL ;onshas a constant value:

Alcons=9T +a [%] 3)

The maximum value for Alssis limited to 100%. In figure
1 the relation between Al,sand D/Q} is graphically shown
for several values of T.
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Figure 1. AL.ynsas a function of D/Dand T[1]

In theatres the value for.misually is between 10-15 m, de-
pending on the position, direction and directivity the
source. Because usually the audience is partly déatpond
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this distance, and these parts are most criticghroéng
speech intelligibility, distances above. Will be regarded
further.

Strength and room absorption

To fulfil the requirements for a good intelligittyli of AL ons
<10%, the reverberation time T should be below 1.acs
cording equation 3, assuming an ideal theoreticdlies of
a=0%. If a practically more realistic value for tfaetor a is
assumed, for instance a=2%, the reverberation Tirskould
not exceed 0.9 s (1-2kHz). Slightly lower valued afown to
0.8 s will be appreciated in smaller theatres fptiral
speech intelligibility. However, usually lower vak for T
should be avoided because this leads to increasees/for
the average room absorptia@n,,, and a reduction of the
strength G, thus compromising the strength for nahtu
speech. Alternatively the room volume should betkap
small as possible. This will be illustrated next.

For a cubic volume V (f the total surface area of walls,
floor and ceiling $; (m?) is:

S0 =6 [V )2 @
The average room absorptiap,.m, can be written as:

A Vi 3

aroom=——=——=

S ®)
Sot 6T Sot 36T
From equation 5 it can be seen that the average edxsorp-
tion does not only depend on T but also on the rgolame.
The strength or gain G (dB) can than be written as:

G =31-10log ——2drem ®)
4(1— O’room)

The factor (1-0,00m) represents the amount of sound energy
of the source that is not absorbed by the firdectibn but
goes into the room and “becomes” reverberant eng2py
Equation 5 and 6 can be graphically represented Bo-
called G-RT plot in figure 2. In this graph alsarsodesign-
lines for concert halls [3,4] and rehearsal roorgk dre
drawn.

Concerthalls:

1| ___ Cremer/Muller

_____Nijs/De Vries
Rehearsal rooms:
____ Peutz/Valk

0 5 10 15 25
G (strength) [dB]

Figure 2. G-RT plot with some design ling%4,5]

A red dotted line is drawn in figure 2 to illuseathat if the
demand of ¥1.0 s for a theatre has to be fulfilled and the
room volume increasesy increases accordingly and the
strength G decreases significantly.

ALcons and noise

Equations 2 and 3 do not incorporate the influenfcaoise
on speech intelligibility and A, Based on experiments in
years before 1970, Peutz stated that equation dmigwalid
for a signal-to-noise ratio (S/N) of 25 dB or high&or

2
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SIN<25 and 2D, he proposed a relation that is graphically
represented in figure 3 [1], where Alsincreases exponen-
tially with decreasing S/N.
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Figure 3. Alnsas a function of S/N and([T]

This exponential relation between ALs and S/N can be
described by:

Lps—Lpn+10

s * (1+10g(0.009T))

ALwnS:(loo—a)*lou +a (7)

with:

Lps= lineair speech level at listener (dB). This ie #um of
the direct (Lg) and reverberant (Lpsound (wide band
or A-weighted value, for natural speech these tave
most the same value [6]).

Lp,=noise level in PSIL (preferred speech interfeeen
level), which is the average level of the 500 Haid
and 2 kHz octaves. This level is usually 5-6 dB lowe
than the A-weighted level [6].

If S/IN is expressed in dB(A) instead of PSIL, theps! of
figure 3 will start at S/IN=20 dB(A) instead of atNs25.
Also equation 7 is limited tog11 s, otherwise the term be-
tween brackets would become positive and the,Alwould
increase with S/N.

Figure 4 gives the similar relation as in figureb8t focusses
on values of T (1-2 kHz) that occur in theatres.

ALcons as function of S/N ratio (D>Dc)
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Figure 4. AL ynsas function of S/N for 5 values of RT.

Figure 4 illustrates that in a theatre with 1.0egerberation
time, the S/N has to exceed 17 dB to achieve a neat®
speech intelligibility for @xD,, and S/¥23 dB for a good
speech intelligibility, assuming an ideal theoratigalue of
a=0%. With a reverberation time of 0.8 s a 3 dB lo®#&\ is
allowable for the same intelligibility, thus allowg a higher
tolerance for noise. This is another reason to @im0.8 s
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reverberation time in a theatre. For reverberatimes above
1.0 s and BD, only a reasonable intelligibility is achievable.

If a practically more realistic value for the facta is as-
sumed, a higher S/N or a shorter reverberation tiitiebe
necessary to reach the same intelligibility. If fostance
a=3% is assumed, it can be deduced from equatibat3n
order to achieve a good intelligibility (AL,<10%) for =D,
the reverberation time should not exceed 0.8 sSiNdhas to
be at least 25 dB.

Signal-to-noise ratio of natural speech in a theatre

The signal-to-noise ratio (S/N) of natural speatla itheatre
can be described by the following equation:

Lps- Lpn =Lw +10|Ongource- 31+ Grheatre- Lpn (8)

with:

L, =linear sound power level of the actor (dB);

Qsource the effective directivity of the source in retatito its
direction to the listener. In a situation where ator
(Q=2.5) is speaking 90° off axis (not facing ths- li
tener) a effective value of Q&1 towards the listener
can be assumed;

Gineatrs= the effective strength of the theatre at a cerliai
tener position for an omnidirectional source atpa-s
cific source position, including the energy lostwithe
stage area. Unlike G in a concert hal,.$g. depends
on the position of the source relative to the stagen-
ing. Usually an averaged G value is calculated hiaat
been averaged over the measuring positions beyond
10m distance of the source.

Assume a theatre with a background noise level aitti-
ence of Lp = 25 (PSIL), a reverberation time of 1.0 s and an
actor speaking 90° off axis at a normal level Wit 70 dB
and a=0%. Based on equation 7 and figure 4 the ralnim
requirement should then be S/ to achieve a reasonable
speech intelligibility (AleonS15%). This means that the re-
quired speech level should be¢l3p42 dB. Equation 8 then
becomes:

Gtheatre= +3 [d B] 9)

This has certain consequences for the design dftrdse
These will be discussed further, after the intraiducof a
new parameter Qm

New parameter Qroom foOr theatres

Usually there is a direct (sight-)line between thsurce
(mouth/head of actor) and the listener, so thectliseund
from the source to the listener is usually not nleded. In
many situations and for several seats the diragigonay be
too weak, and the reverberant level becomes of miajoor-
tance for speech intelligibility. This reverberaaund level
depends on reflections in the hall.

Unlike a concert hall, a theatre usually has twopbed vol-
umes, the hall and the stage. For any source positi stage,
a certain part of the source-energy will radiate ithe stage
area and will be almost completely absorbed, eithethe
stage curtains or by the walls or the ceiling of tftage
tower. This part of the source’s sound energy wit be
reflected into the hall and will therefore not ailmiite to the
reverberant sound level in the hall. The remaingag of the
source energy radiates directly into the theatreutjh the
stage opening, and determines the reverberant lavtie
hall. The ratio between both energy parts deperalalynon
the opening angle of the source into the theauealso on
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the source directivity and direction, the sourcsifimn and
the size of the stage opening. This ration can umntified
using a new parameter, This is the directivity factor of
the relative opening angle of the source to thé (fralom”).

A longer subscript using “Qurce-room Would perhaps be more
clear, but for reasons of simplicitydQ» will be used further.

In figure 5, a ground plan is given of theatre O@e8el in
Zwolle (NL), in theatre-mode. On stage the stag#as are
schematically drawn. Four different source posgiare indi-
cated on stage together with the resulting operingles
through the stage opening. The resulting valueLfgy;, are
also indicated. These values depend strongly orsthece
position (forestage, backstage).
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Figure 5. Ground level plan of theatre “de Spiegel” in
Zwolle. For 4 different source positions, the horital open-
ing angle to the halfy) and the resulting value of,§,are

indicated.
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In figure 6 a cross-section of the same theatreSpiegel in
Zwolle is given, with the hall set in theatre modé&e mo-
vable ceilings are drawn at the corresponding Ibwegght,
thereby limiting the volume of the hall to 3,500 emd re-
ducing the reverberation time to 0.9 s. [8]. Instluross-
section, the same four different source positioesiradicated
on stage together with the resulting opening antilesugh
the stage opening and the resulting values fgy,Q
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Figure 6. Cross-section of theatre “de Spiegel” in Zwolle.
For 4 different source positions the vertical opgrangle to
the hall §) and the resulting value of{, are indicated.

Figure 6 also illustrates that the sound-reflecsitagge floor is
acoustically usefull. Depending on the source pmsitall

floor reflections that enter the hall through thage opening
will contribute to the reverberant level in thelhalso some
floor reflections will cause a strong early refleat towards
specific listeners shortly after the direct soutitereby im-
proving the (early) sound level and intelligibility
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For an omnidirectional source, the directivity facof the From table 1 it can be seen that from the foureddifit source
relative opening angle of the source to the roomg.gfdcan positions, the source position on the forestaghdonly one
be calculated based on the opening angles in thizombal that leads to a limited reduction of reverberantrgblevel in
and vertical plane, according: the hall (-1.1 dB). With the source in the stagenipg 3 dB
is lost, and for positions more backwards even driginergy
-1
0 360* 180 losses occur.
Qroom: — =—"— (20) N . .
47T ,8 y In case of a directional source, for instance admmwpice,

significant reductions of reverberant energy shaalkb be
accounted for. The usual directivity of a humanceois
Qsource2.5 (on axis). During a performance however aoract
is not always facing the same listener, and islestyuspeak-

with:
Qroom= directivity factor of the relative opening angiéthe
source to the hall

B = horizontal opening angle towards stage opening ing to the side, facing 90° off axis. In this case effective
v iver.tlcal opening angle tc?wards stage opening directivity to the listener of Q=1 will be appropriate.
Q = solid angle, which fulfils: Assuming this directivity and a position of the acin the

stage opening, the value of,Q, will be 2, and an energy

By ) loss of —3 dB should be accounted for according taoua?2.
Q=[[sin6dgdy (11)

%% Design values for G and V of a theatre
Because of the reduced reverberant sound leveltleatre,
caused by the energy loss of the source into tgesirea, a
higher value of G has to be required in the desfgmtheatre,
to compensate for this loss. A compensation ofastl +3 dB
seems reasonable regarding table 1, assuming aagave
source position around the stage opening. Usirgydbirec-
tion together with het previous equations 9 anditl@an be
deduced that, in order to realise at least a redderspeech
intelligibility for D=D,, the design value of G has to fulfil:

If a directional source is used, determination Qf,RQbe-
comes more elaborate, and a more precise integrstiould
be performed of the angle dependant sound intefisii,¢))

multiplied by the surface area to deliver the ralgvpart of
the total sound power level () radiating into the hall.

Energy loss of the source into the stage area

The reduction of the reverberant sound level)ipa theatre
compared with the value of Lpf the same source in a single
volume, can be calculated using the factor “10lggf G=+6 [d B] (15)
Consequently @areCan be calculated as:

Only when regularly using forestages lower value& anay
Gtheatre= G — 10|Og Qroom (12) be allowed.

Based on equation 15 the allowable room volumeghiea-
tres can be deduced. Assuming a simplified cubianae for
which the equations 4 to 6 are valid, a standar@TGplot
can be used. In figure 7 this plot is graphicaipresented,
together with the two boundary lines for designthgatres:
Under the red horizontal line is an area for whagplies:
T<1.0 s (AleonsS10%). To the right of the vertical line is an
area for which applies: X6 dB. When both requirements are

With:

G = strength factor as a measure of the soundymetsvel
at a point in a hall with an omni-directional scei@n
stage, minus the sound pressure level of the same
source at 10 m distance in an anechoic chambeeer f
field [7], expressed as:

j pz(t)d'[ combined, the result in an area with sufficientegbeintelli-
G= 10|ng—[dB] (13) gibility, indicated by the grey rectangle in figufe

[ phdt o —

0.11,25600 Limit
™, 12800 RT;=1.08

or: 501 abs. coeft . %DD Volume [m3]
G=Lp—-Lw+31 [dB] (14) = o
Implicitly G is independent of source position, aese it is = -

originally defined for concert halls where all scaienergy is

emitted into the volume of the hall.
0.5

In table 1 the values of several parameters reggvritie dif-

ferent source positions in the situation of fighrend 6 are 025——= e e L
summarised, together with the energy loss for anidinec- G (strength) [dB]
tional source according equations 10 and 12. Figure7. G-RT plot with 2 boundary-lines for theatre

(T<1.0 s, &6 dB).
Table 1. Factors determining the energy loss of an omnidi-

rectional source into the stage area for 4 diffesenirce However, not every position in the shaded partgfre 7 is
positions (see figure 5 and 6) suitable for theatre-use. A value for T=0,5 for 308 nt
Source position Opening angles Q,om  Energy loss theatre, for instance, is undesirable. A furthetision there-
relative to stage (hor; vert. (°)) -10l0gQoom fore is desirable. With reference to the logarithrdesign
opening (m) (dB) relations between T and V as used for concert fzaits re-
+3 225: 225 1.3 1.1 hearsal rooms (see figure 2), the following relati@tween T
0 180; 180 2 3 and V for rooms suitable for natural speech is psegl:
-3 120; 150 3.6 -5.5
-10 55: 90 13 11 T= 0417logV - 055 (16)
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In figure 8 equation 16 is combined with the desigea for
sufficient speech intelligibility of figure 7. A gal theatre for
natural speech should be designed primarily witheresult-
ing shaded green area.

10.0 T i T T T T

50 abs. coeff.
s Limit
RTg=1.0s

201

f 0.50
Ll 4
1 Limit Ghall>+6 dB ““““"\‘\\‘\\\ ““ .
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| g \\‘
028 E') 5 1|0 15 20 2l5
G (strength) [dB]

Figure8. G-RT plot with 3 boundary lines for
theatre design (T<1.0 s26 dB, eq. 16)

From figure 8 it can be concluded that the corraedpt
maximum volume for a theatre that has to fulfil thasic
requirements as mentioned before, is in generaltadh®00

to 4.500 m, under the assumptions made before. Specific
adaptation of this value depending on the situatidhhow-
ever be necessary, because the G-RT graph of figuee
based on several simple relations (eq. 4 to 6}, ah@ more
complex in reality, as will be discussed next.

Adapted description of G and Lp;

In reality there are usually two different averaesorption
coefficients, that are not necessarily the sameofm hand
the average room absorption coefficient,, that is aver-
aged over all room surfaces and that determinegether-
beration time. On the other hand there is the aecedsorp-
tion coefficient as seen from the sourcg,[9]. The factor
(1- asourcd represents the energy ratio of the source as seen
from the source that is not absorbed by the feection but
goes into the room and “becomes” reverberant endiging

a non-omnidirectional sound sourcg,,ce can be signifi-
cantly higher tharo,.m in reality. The previous equation 6
should therefore be more precisely written as:

G = 31-10log—2den a7
4(1 - O'source)
With:
Oy0om = @verage room absorption
Osource average absorption seen from the source
Sot = total surface area @nof walls, floor, ceiling of the
room.

In reality a hall or theatre usually does not haveubic
shape, so the value of,Scan be different from the one fol-
lowing from equation 4.

Instead of using the general equation 17, thateotglthe
contribution of the direct sound, a more specificualation

of total sound level is usefull, and preferablydependance
with distance. The total sound level is the enécgatm of

the direct sound J4 and the reverberant sound levgl. [The

direct sound Ly fulfils:

Lpa = Lw+10log Qsourzce (18)
4r
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At the critical radius Rthe direct sound and the reverberant

sound have the same level. If the energy loss timtostage
area is incorporated using the directivity factog,Q Re
becomes dependent of the source position andsfulfil

— Qsouchr(me (19)
3001 (1 - O’source)
The reverberant sound level at the critical radus
Lpr = Lw+10log gsourzce (20)
or:
Lp = Lu— 10|ogﬂ ~10l0gQroom(21)

(1 —Qa: source)

In reality the reverberant sound level does appetto have
a constant value but decreases with distance ¢a0ked by a
non-diffuse sound distribution. This decrease efrétverber-
ant field with distance can be described by:

kW

A= F [d Bidoubling of distanc% (22)

with:
k = constant or room type indicatdi(3+0.1)
h =room height (m)

If equation 19 is compared with equation 1, it bardeduced
that 0. is 3,16 times the critical radius .Rprovided
Osource=0,17 and the reverberant level is constant. llityda,

(where Lp/Lp,=-10) will be larger, because the reverberant

level is not constant but decreases fropaBcording equa-
tion 22.

The energy loss of the reverberant sound level timostage
area is not implemented in a standard G-RT plat,can be
incorporated implicitly by requiring a higher valder G

compared with the real value in the theatrg. &), as is
done by transferring equation 9 into equation 15.

Application for two different theatres

The theory and equations as mentioned and explaiefede,
have been implemented to compare two differentttbsa

Picture an intimate, compact theatre (A) with alsr@ume
of V=2.800 ni, 650 seats, optimised sightlines (minimally
sloped floor profile) and three balconies. Its roestume per
seat has a limited value of 4.3/pp.

Theatre B is a flat-floored theatre with a retrat@dtleacher
and the same amount of seats (650). Due to itguietieatre
B has no balconies. Due to the addittional heightired for
theatre technical bridges the volume of the audigpart is
much larger than theatre A, and is 7.000 Tihe volume per
seat for theatre B is rather large for a theatre rfatural

speech (11 Afpp).

In figure 9 and 10 the floor plan andd the crossise of
both theatres is schematically drawn.
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Figure 9. Schematic ground plan of theatre A (green)
and theatre B (red)
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Figure 10. Schematic cross-section of theatre A (green)
and theatre B (red)

Assuming that both theatres will have the samerbmration
time (T=0.9 s), theatre B will need to have moreoabsnt
walls to reach this reverberation time and consetiyidas a
higher value fora,,,, Theatre B will also have a higher
value of o, due to the steep audience arrangement. Ac-
cording equation 21 both higher values reducedompared
with theatre A, which is unbenificial for the stggh of natu-

ral speech. The several input parameters and etéclipa-
rameters have been summarised in table 2.

Table 2. Data of two different theatres (see figure 9 4y

Parameter theatre A  theatre B
V (M) 2,800 7,000
n (seats) 650 650
h (m) 12 14
Tec (1 kHZz) 0.9 0.9
Qroon 2 2
Osource 0.15 0.45
Qoo | 035 | 055
G (dB) +7 +2
Resulting values with source in middle of stage
opening:
Gtheatn (dB) +4 -1
R. (m) 4.9 9.7
D. (m) 15.8 25
3.16*R. (m) 15.6 31
D@ Lpy/Lp, =-10 20 45
dB (m)

If a G-RT plot is used, resulting values for bdtkdtres G=7
dB for theatre A and G=2 dB for theatre B, as is iat#d in
figure 11. However, these are not the actual stremglues
that will be measured in these theatres, due teraesimpli-
fications in the G-RT plot as discussed before: €hergy
loss into the stage area is not implemented, tlveedse of

Proceedifgbe International Symposium on Room Acousti8RA 2010

the reverberant level is not implemented, seperaliges for
O 0om@nd0syceCannot be implemented.

50} abs. coeff. i

E B e = \g\‘\\\“ﬁ \\‘“\\\“{“" ]

< \“ *
40 25,85 7 10 15 2 %

G (strength) [dB]

Figure 11 G-RT plot with indicated position of theatre A
(green points) and theatre B (red point)

In order to evaluate the resulting sound levels eodes-
ponding values for strength more precisely tharetbasn a
G-RT plot, the actual decrease of sound level witance
should be calculated with implementation of thepdatons
as discussed before. Based on the inputparameteesval

table 2 and equations 18 to 22, the decrease abtalesound
level with distance has been calculated for théH1 &ctave
in both theatres. The relation between this totaing level
and distance to the (point-)source is graphicalyresented
in figure 12. In these graphs it is assumed bo#atiies that
half of the source energy is lost into the staga d€Q,on=2).

In the graph the critical radius JRand a value for D(@-10

dB) is indicated for both theatres. In table 2 salvealues for
the expected critical distance are summarisedstititing that
actually Q3 is not necessarily the same as 3.16 timg&r

similar to the —10 dB distance. For theatre B théstaikces
are larger than in theatre A, due to the higheuwd of thea-
tre B. The expected background noise level is aldacated
in the graph.

Decrease with distance, two theatres with RT60=0.9 s

L L 1 L Il L L
—— Direct
™~ - - Lpreverb: V=2800
—— Lptot: V=2800 -
b - - - Lpreverb: V=7000
10 dB — Lptot: V=7000
™~
g \\
k- [
Z N
S
H ey
i SuELml
| 1 1
® 3 Relative noisk ldvel(1HHz) ] = 4
_ [ 3|_ Relati noise Igvel 1t R Rll:cl DL
v v
7

02 020315 04 05 083 08 1 125 15 2 25 4 5 52 8 W s ™ = s
distance from source (mi

Figure 12 Decrease of sound level with distance calculated
for two different theatres A (green) and B (red)eTue line
gives an indication of expected noise level, asegraiaver-

age speaker as source.

From the calculated decrease with distance as givéigure
12, the G values (@1kHz) in both theatres can bweatk
Also the averaged G value (@1kHz) for positionsvabb0
m distance from the source can be calculated. &kelting
averaged G-values become G=4 dB for theatre A ard G
dB for theatre B. Clearly there is a significant ledilerence
noticeable between theatre A and B for similar fistg dis-
tances. In the rear seats of theatre B the soura igveven
lower than at 10 m distance in a free field.
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These resulting (averaged) G-values can not dyrdoetl de-
rived from the G-RT plot as is indicated along #haxis in
figure 11.

Figure 12 also illustrates that if the backgroumise levels
are 40 to 45 dB below,. as can be expected in theatres
assuming a source power level of a speaker gf6h-70
dBL, the resulting S/N in theatre B will become lovean
10-15 (@1kHz) or 15-20 PSIL. For distances beyondaD
reasonable speech intelligibility than is no longehievable
(see figure 4). For distances closer thantiiz detrimental
effect of the limited S/N ratio on the intelligiltyt will how-
ever partly be compensated due to the contribubibthe
direct sound.

S/N measured during theatre performance

To gain practical data about the actual speechideard
background noise levels in theatres during perfoces,
several measurements have been performed.

Theatre “De Spiegel” in Zwolle (NL) has a room vole of
3,500 m3 and 0.9 s reverberation, and is graplicalbre-
sented in figure 5 and 6. The decay with distaneasured
with a point source on stage is graphically givefigure 13.

Decrease of soundlevel with distance, Theatre setting De Spiegel, Zwolle
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Figure 13. Decay with distance in theatre De Spiegel in
Zwolle in theatre-mode, measured with an omni-dioeel
source in the stage opening.

In this theatre sound level measurements have lpeen
formed during a theatre play with non-reinforceéesh. In
figure 14 several measurement of the equivalenhddevel
Leq are given.
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128 250 500 i3 2k ak
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Figure 14. Measured sound level Leq @row 12 during a
theatre performance with non-reinforced speectbia “
Spiegel” in Zwolle. Red line is background noiseclewther
coloured lines are several speech fragments ofsaa(@ach 2-
3 minutes, 46-52 dB(A)). Red: 28 dB(A), 30 dBL, 24 PSIL
Yellow: 45 dB(A), 47 dBL. Resulting S/N=17 dB(A), 23
PSIL.
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The background noise level during the performanas w
about 24 PSIL or 30 dB(A). Based on the correspandin
octave values it can be determined that for theesbgpoken
parts of the play the resulting S/N was 23 PSIlLordB(A)

at this specific listening position in this theatfiéhis means
that for distances beyond.Pnly a reasonable speech intelli-
gibility can be expected. Because the measuringtiposat
row 12 was well within a distance of.Brom the average
actor’s position, see figure 13, the actual speeiiligibility
experienced at this position was good.

During the measurements the actor was moving ardbed
stage and talking with a variable sound power laveliffer-
ent directions, so there is no specific sourcetosiwith a
fixed directivity, loudness, and corresponding,Q@ A un-
ambiguous determination of the actor's sound poereel-
based on the sound levels measured is thereforpassible.
Visual recordings of the actors have not been madepr
each measurement assumptions have to be madeefacth
tual source position, the related energy loss thm stage
area as well as the source directivity and directi®ased on
figure 13 with the decay with distance measurethis thea-
tre a level decrease at row 12 gfL,-27 dB does occur.
From the speech levels measured as given in fiidran
indication for the sound power level of the actoas be de-
duced, that results in a value qf#473 to79 dB(A) assuming
an average directivity towards the measuring pmsitdf
QsourceQroom =2, for instance Q.1 and Q.,=2. Values
of L,=68 to 74 dB(A) can be deduced ifQ:.3Qroom =3 is
assumed during the performance.

In future measurements additional visual recordiofighe
performance should be performed to get a more @kpli
feedback about the actual source position duriegotirform-
ance, and to obtain unambiguous data about théorelbe-
tween the sound levels measured and the actor'siqms
loudness and direction.

Conclusions

The Al,,ns¢ method gives an interesting possibility to deduce
design guidelines for theatres suitable for natspalech. The
preferred reverberation time for theatre should80,9 s,
and its volume limited to 3500-4000°nTo obtain sufficient
signal/noise ratio in theatres the sound energy io® the
stage area should be minimised, by applying a fagesas
well as minimising the space for technical equiphtirectly
behind the stage opening, so that actors can agprtee
stage opening closely. On the other hand sufficgain of
the theatre-room itself is necessary, the presasveuch the
strength of the actor’s natural speech. To re#fisethe room
volume should be as small as possible and enesgyitdo
walls and audience should be minimised, using lbsog-
tion of the walls and a limited slope of the audien
arrangement. Further investigation into the acteutical
distance for intelligibility in larger theatres irlation the
room properties, source position and —10dB distaisce
planned in future.
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