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ABSTRACT

When opened in 1966, the main concert hall in Del&g was fitted with six canopies above the stagdorm,

which were removed only six years later.During dlesign process of the renovation from 2007 to 2008sibilities
to re-introduce a stage canopy and influences apestand materials are investigated. Objective dicoparameters
obtained by carrying out measurements in the lalkaamined and compared to the results of segarstionnaire
rounds which gave an impression about the musicgargective judgement about the stage acousti@emoelen
and two other halls. From comparison between stitsgecesearch and measurements it was concludédntiraas-
ing support (ST1) and Early Reflections Strength-88%would be required to improve stage conditiorie Early
Reflections Strength (G5-80) is not a standardizzdmeter but might be proposed for ensemble comgitiThe in-
fluence of the proposed stage reflector is investig in a 1:10 scale model and by calculations witlay-tracing
computer model. The renovation of De Doelen is detad in September 2009. This article gives an\iger of the

investigations and the final measured objective sutgjective results of the stage acoustics in Del@wo In spring
2010 a similar investigations on stage acoustisstéleen place in the Maurice Ravel Auditorium Lyohwhich the
results also are incorporated in the paper.

INTRODUCTION
Despite good reviews after the opening, a few ykdes the

The main hall of De Doelen, Rotterdam, the Netheidais a canopies were removed, because they caused unwasted

concert hall for classical music with a volume dfoat
27,000 m3 and a seating capacity of 2242. In 26@all is
renovated and as a part of the renovation desigearch has
been done on the stage acoustics [1].

When opened in 1966, the main concert hall in Del&y,
was fitted with six canopies above the stage piatf{2,3],
see figure 1. Their function was twofold:

« to provide a large part of the audience with early

reflections;

* to create good ensemble conditions for the musi-
cians on stage.

Figure 1. De Doelen 1966, photo, vertical and horizontal
section
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flections at the recording microphone positions pedow the
canopy. Since then, a significant percentage ofotisbestra
was not completely satisfied with the acoustic ¢amas on
stage. During the design process of the renovagiossibili-
ties to re-introduce a stage canopy and influerdeshape
and materials are investigated. These investigatiamsisted
of:

« reviewing the existing situation trough measure-

ments and questioning the musicians;

e« scale and computermodel research of possible

canopies (and other possible improvements)

The renovation of De Doelen is completed in Septmb
2009. In the renovated situation, measurements baea
performed to evaluate the investigation results emmpare
them to the acoustical targets. Also the musicleng been
given the chance to evaluate the stage acoustiosgh a
new questionnaire.

REVIEW OF THE EXISTING SITUATION 2008
Questionnaire

In order to obtain a good overview of the opinia@asicern-
ing the stage acoustics, the musicians of the RiztterPhil-
harmonic Orchestra were asked to fill out four does
naires. They were asked to give their opinion ogirtown
playing conditions, the ensemble conditions, thegetand
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hall acoustics in general in De Doelen as welhaBé Singel
in Antwerp.

The questionnaire was anonymous, but the musiciare
asked to specify his or her instrument so the arsean be
related to a position on stage. To compare theestibg
opinions with acoustic parameters, the answers gieen a
score from minus 3 to plus 3 in the data processtigyure 2
gives an example of the output

4. How loud do you hear back the following instrument

groups?
25
Bviolins
g 20 DOviolas
° Ocelli
é 15 4 Odouble bass
5 Eharps
5 10 1 W grand piano
H Dwood
2 5 M brass
M percussion
0

scarcely (too) onthe good onthe (very) much
quiet  quiete loud loud  too loud
side side

Figure 2. Example of the questionnaire output for ensemble

conditions before renovation.

From the questionnaires the most important conmtusin
loudness and intelligibility is that the musicianfsthe Rot-
terdam Philharmonic Orchestra judge that De Dodliain
hall has:

- low loudness en intelligibility at the front ptishs of the
stage, especially for the strings;

- high loudness from the rear position of brass @erussion
to the other instrument groups.

The stage of De Singel is judged to be louder tharDoe-
len.

Improvements of the acoustic of De Doelen stagefare
cussed on an increase of loudness and intelliibdf the
strings and to reduce the shrill character of thiédnd make
it sound warmer.

Measurements

The goal of the measurements was to objectivelgriesthe
stage environment and, if possible, to correlate the sub-
jective judgement of the musicians.

The measurements are performed according to 1IS@ 338
in the unoccupied halls with orchestra furniturestage. The
stage risers were in the position equal to rehearsé con-
certo. The impulse responses between source amdphime
were measured at the following locations:

- at a distance of 1 m in the middle of the insteatrgroups;

- from source location 1 (cello’s) to the middletb& other
instrument groups;

- from source location 2 (trumpets) to the middiehe other
instrument groups;

- from source location 16 (leader) to the middlerad other
instrument groups.

The middle positions of the instrument groups weltesen

according to the orchestra formation of the comeston
January 17th and 18th, which is the American aearent.
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If not mentioned otherwise, the presented resdlthe mea-
surements are averaged over the octave bands 5200
Hz.

Comparison measurement results and musicians
opinion

The loudness and intelligibility of the musical tinsnent

depends above all things on the instrument itsesifjoud-

ness, its frequency range and its directivity. $tege and its
surroundings won't change the individual charaairthe

different instruments. But depending on the size fanch of

reflecting surfaces, the stage surroundings caneadg first

order reflections, which enhance the “natural” sbwf the

instruments.

It is noted that there is a significant individwakiation in the
response on the questionnaires. For that reasorespenses
are averaged. Nevertheless this average judgenitrdalso
have a limited accuracy. The number of measure@tiins
(Doelen, Singel) is limited and therefore the sgriaacous-
tical quality is rather low. These factors maket ikadifficult
to find a significant relation between measuredapaters
and subjective quality.

Loudness and intelligibility of the musicians’ own nstru-
ments

The opinion of the musicians on loudness and tredligibil-
ity of their own instruments is compared to the sweed
values of these support values ST1 and ST2 [4]alaat to
speech intelligibility, direct-to-reverb, claritfC§y) and defi-

nition (Dsg). All these parameters are derived from the meas-

ured impulse response. Except for the support)ear corre-
lation was found between the parameters mentiohedea
and the musicians’ judgement.

Generally it is considered that the support STlukhbe —-12
to -15 dB and the ST2 -9 to —14 dB. (Which is notages
ment that this is a sufficient condition, sinceluiehce of
coloration or typical reflection patterns are natluded).

It is noted that in the calculation of the ST1 ordflections
after 20 ms are taken into account. This makesdiffecult
parameter for musicians positioned at a distarg®tlean 3,5
m to a wall. In De Doelen this is the case for pesion,
brass and double bass.

For De Doelen, the musicians who judged the lousirods
their own instrument as on the quiet side are théng, the
violas and the cellos (and the double bass). Thisetates
well to the measured ST values of —16 to —17 dB.{dtaral
less loud instruments at the front of the stageivecthe least
early enhancing reflections from the stage surronged

In De Singel only a few musicians were not comyetap-
py with the loudness or intelligibility of their strument. This
also corresponds quite well with the fact thatSll values
are within the mentioned proposed range.

When the measured ST1's of the two stages are aedhpa
the musicians opinions in one graph, a clear tresu be
observed: a higher value for ST1 gives in generhlgher
score for loudness and intelligibility, See figde
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To what extend is your own instrument intelligible /

Proceedofghe International Symposium on Room Acousti8®A 2010

for individual instrument groups. But when askedwhioud
do you hear a particular instrument group”, a highalue

defined?
3,00 entirely -
seperate # violins
# violas
2,00 .
excessive cello
1,00 more than | ¢ double bass
° 1228 sufficient wood
] 0,00 y # brass
3 -17,4 UM good '
# percussion
-1,00 1 moderate
side
-2,00 insufficient
-3,00 . . . : scarcely
-20,0 -18,0 -16,0 -14,0 -12,0 -10,0

relates quite well to a higherG, see figure 4.

How loud do you hear the following instruments?

much too

Figure 3. Overview comparison measured ST1 values in De
Singel and De Doelen to the results of the Questioes.

Ensemble conditions on loudness and intelligibility

To evaluate ensemble conditions, the acoustic peteam
AL ons Dir/Rev, Go, Dsp and ST2 are derived from the
measured impulse responses and compared with tis¢ mu
cians opinions on loudness and intelligibility. TB&2 is in
this case not compared to the proposed value, dénduse of
its time window, it might be a good parameter talasate the
influence of the stage environment, especially wioaking
at possible improvements. Although one would expect
higher score on loudness or definition with a lowér.,,sor
higher Dir/Rev, G, Dso and ST2, no clear relation was
found. The main difference for ensemble conditibatveen
De Doelen and De Singel is that almost 70% of thsioens
judged the loudness and intelligibility of the wd as mod-
erate (or worse) in De Doelen, to about 45% in Dgd&. No
clear correlation between the mentioned parametedsthis
judgement has been found though.

To describe the influence of the stage environnmmthe
perceived loudness and intelligibility on stagg@asameter is
required that is related to loudness, but not dégenon the
distance between microphone and source. Otheriveselif-

ferences in distance at stage will dominate thaltiag val-

ues which makes them incomparable. To describénthe

ence of the stage surroundings on intelligibilignly the
early reflections are important (with no echoesflatters

present). Therefore the “strength” parameter Gsisdy but
with a time window from 5 to 80 ms after direct sdu
which excludes direct sound and takes into accoeffec-

tions from surfaces up to a distance of roughlyni4from

middle stage), which is of course arbitrary. Itaferred to as
Early Reflections Strength,sg in dB.

80
j p?(t)dt
G;_4, =10l0g-

S [dB
[ [dB] )

When the loudness of De Doelen stage was comparée t
Singel, it appeared that the averaggg@Gmeasured (at a
source to microphone distance larger than 5m) irsibgel is
1,3 dB higher than in De Doelen, even with largetatices
between the musicians. It also related quite veethe musi-
cians opinions. From the fact that at a certaivealf Early
Reflections Strength the judgement differs for défe in-
strument groups, it seems that it will be hardlsgible to
define an optimum value for all instruments. It nimydone
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3,00
loud # De Doelen -
violins
2,00 * * (too)loud | o De Doelen -
* on the loud cellos
1,00 side # De Doelen -
o brass
g 0,00 * good = De Singel -
0 violins
1,00 M LT on the quietl g Singel -
" — " _—% side g
L cellos
-2,00 *> = (too) quiet De Singel -
brass
-3,00 scarcely
-2,0 3,0 8,0
Gsg0 in dB

Figure 4. Comparison of Ggoto the musician’s opinion

The G.g ws therefore also used to evaluate the influerfice o
the proposed alterations in De Doelen on the entseodndi-
tions, with the aspiration to enhance thggacross stage.

INVESTIGATIONS DESIGN PROCESS

A stage reflector is proposed to improve the suppbithe
front of the stage and the ensemble conditions. Jtage
reflector is positioned at a height of 10.5 m abtineefront of
the stage and has slightly curved panels for diftuseflec-
tions back to the stage. The reflector will be pHra sus-
pended technical ceiling, the other parts of tl@shnical
ceiling will be acoustically transparent.

By means of a 1:10 scale model and a computer model
(CATT-Acoustic) the influence of the proposed reftecas

well as the influence of the original (1966) reftacis inves-
tigated. The original stage reflector consistegirfcanopies
and the front three were (according to pictures draavings
from then) quite tilted, and therefore primarilyfleeting to

the audience and as such not back to the stagaléeégure

1).

It is noted that besides the proposed reflectoerotéflectors
have also been investigated. A smaller reflectaega little
improvement, especially at the edges of the staAgkrger
reflector gave too much influence in the audiene=aand
reduction of the reverberation time.

Scale model
Figure 6 gives a photo of the scale model from tehhe

investigated stage reflector. Figure 7 gives theasueed
impulse responses from B1 to M2 and from B2 to M1.
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Figure 5. Scale model impulse responses with stage reflecto

(red) and without (blue), measured from B1 (celtosy12
(trumpets)

The stage reflector clearly fills the gap betweba early
reflections from the existing stage enclosure dreddeiling,
which is marked by the green arrow. Within the awstru-
ment groups (B1-M1 and B2-M2) the ST1 increases ith
and 0.7 dB respectively at positions at the fronthef stage.
For a position more in the middle an increase wamd of
1.7 dB.

Between the instrument groups, it can be conclubatifor
all positions the early reflections strengths (g increases
with about 1.5 dB (averaged), see also figure 8t #iso
incorporates the measured influence of the origief&ctor.

Scale model measurements G5-80

10,0
. 50
% ¢ . + Without canopy
8 N % s N . + Canopy 1966
1) * . + Canopy 2008
(O] . Py

0,0 *
-
-5,0 T T T
4,0 6,0 8,0 10,0 12,0

Distance source - microphone

Figure 6. Measured G5-80 on stage in three scale model

configurations: without canopy (blue), canopy 19piik)
and reflector as proposed (green)

Computer model

Most important objective of the computer model stiga-
tion was to determine the impact of the stage ctdleon the
reverberation time of the hall. With the proposefiector the
impact on the RT due to the reflector is minus Q.Wisich
will be compensated by other means (reduction ebgiion
of walls, ceiling, chairs). Just like in the scatedel, the
computer model calculations show that adding tagestef-
lector fills the gap between early reflections fréme enclo-
sure and the relative late reflections from thestaxg ceiling,
resulting in an increase in ST1 anglggof about 1 dB.
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MEASUREMENTS AFTER RENOVATION

Figure 7. Overview of De Doelen after renovation

Just before the official opening of the hall, measents
were performed in the hall. The measured suppoit 8The
front of the stage is enhanced from -17 dB befon@vation
to -15 dB after the renovation with canopy. The dzely
reflections strength (§30 at the different positions is en-
hanced with 1 to 3 dB (averaged +1.5 dB), as caneba s
from figure 8.

Early reflection strength G5-80 [dB] before (unoccupied)
and after renovation (occupation simulated)

8,0
6'0 *
. B G5-80 before renov S1

= 40 AR
o #G5-80 before renov S2
h=h " am *
8 20 LY = = G5-80 after renov S1
1 [
o #G5-80 after renov S2

0,0 *

-2,0

5,00 7,00 9,00 11,00 13,00

distance source - microphone [m]

Figure 8. Measured G5-80 on stage in before renovation
(2008, red), and after renovation (2009, green)

The musicians have expressed themselves as veitvpos
towards the acoustic changes of the renovationoieg to
their opinion the ensemble conditions have improsigdifi-
cantly. Although the number of musicians that wathesias-
tic about filling in another questionnaire was dgdess than
before the renovation, the opinion on the ensemtelitions
was much better, as can be seen from a comparidiguce

9 to figure 2.

ISRA 2010
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4. How loud do you hear back the following instrument

groups?

7
'é i M violins
2 Oviolas
g4 O cell
S 3 O double bass
E O harps
£ 2 )
3 B grand piano

1 I I ‘ N O wood

0 T T M brass

scarcely (too) onthe good onthe (very) much B percussion
quiet  quiete loud loud  too loud
side side

Figure 9. Example of the questionnaire output for ensemble
conditions after renovation.

STAGE ACOUSTICS MAURICE RAVEL, LYON

For the Concert Hall Maurice Ravel in Lyon, Peutz was
asked to investigate the stage acoustics and pessib
provements. One of the questions for this investgavas to
evaluate the negative opinion of the musicianshmnstage
acoustics.

The Maurice Ravel is quite a large concert hall, asfe-
cially very wide (59m), with a arena like publicaseg ar-
rangement, see also figure 10. The stage is vemyela
(425 m?) and although the ceiling above the stageather
low (12 m) the measured impulse responses on stage a
significant gap between the direct sound and tiygortant
early reflections, see also figure 11.

Figure 10. Plan of the Maurice Ravel Concert Hall, Lyon.

EDTRT,ETC in frequency band: 20 to 13019H
T T

Level (dB re. max.)

Time (sec)
Figure 11 Measured (squared) Impulse Response Maurice
Ravel on stage from B1 (cello) to M17 (conductorhve
significant gap between direct sound and “earl§ferions
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For this investigation measurements were perforinethe
unoccupied hall and listening sessions were helgegéral
rehearsals. The measured support ST1 on stage5igo-1
-17 dB.

The musicians of the de I'Orchestre National der,ythe
main user and house-orchestra of the Maurice Réasle
filled in the same questionnaire as the musicidrnthe Rot-
terdarm Philharmonic Orchestra.

When comparing the musicians opinion on the ensembl
conditions to the measurement results, also incdse only a
correlation was found for the early reflectionsesgth (G.

g0). Figures 11A and 11B give an example of the compar

of the musicians judgement and the ST1 and thg (& is
noted that the ST1 is meant for the musician’s gqgion on
the loudness of their own instrument and not foseenble
conditions, but it gives a good starting point hink about
these matters).

In this case the musicians were asked how loud ¢heyhear
the other instrument groups. The answers are asdrager
the musicians of a certain instrument group. Ttaplgs show
the musicians judgement versus the measured pamamet
derived from the impulse response between thosaiment
groups of source and receiver. As for the brasgreelation
is hard to find for both ST1 ands@, it is simply (too) loud.
For celli and woodwind, a linear fit can be madbeTinear
fit of the ST1 is initially the opposite of what i® be ex-
pected: a higher ST1 between instrument groupssléad
lower judged loudness. In case of thgggthe result is more
in the line of expectations, as a highergg@deads to a higher
judged loudness

4. How loud do you hear the following instruments?

o 300
]
K}
o
2 2,00 >
.
1,00
g 0,00 > o & celli
3 - * * wood
w0 =~ -0 4 brass
1 -< — ~Lineair (fit)
~ -
- * <. -
-~
-2,00 *
>
K]
5
& 3,00
6 4 2 0 2 4 6
ST1[dB]
4. How loud do you hear the following instruments?
3,00 >
°
3
o
K]
o
2 2,00 *
*
1,00
g 000 . . ¢ cel
] * - ¢ wood
.- 7 e @ brass
1,00 - — -Lineair (fit)
t o
-2,00 *
>
3
s
& -3,00
0 2 4 6 8 10

G5-80 [dB]

Figures 11A and B Comparison between musicians judge-
ment (y-axis) to the measured parameter (x-axispve:

perceived loudness of celli and wood compared tb @Tass
excluded from fitting), below: idem compared to &%-
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DISCUSSION

On stage, the sound pressure level due to a cestairce
depends for a very large part on the distance legtvihe 1
source and the receiver, because these distaneanainly
within the Hall Radius (or Critical distance). Evgrgrameter
measured on stage that includes the direct soupends
therefore for a significant part on the distanceveen source

and receiver, which makes it very difficult to usas a pa- 2
rameter for an acoustic description of the stagérenment.
If we want to have an acoustic parameter to desctfite 3
stage environment, it is to be preferred to exclingedirect
sound. 4

Measurements on stage are usually performed witinoisi-

cians on stage. This is certainly to be preferredhfa mea-
surement point of view: musicians make noise aedrépro-
ducibility will certainly decrease with a livelyade environ-
ment. The direct sound between a source (musiciiumn
ment) and receiver (musicians of other instrumentt)part-

ly be blocked by other musicians. The differencevieen the
measurement situation and the situation judgechbynusi-
cians is for that matter quite different. Excluditige direct
sound from the measured parameter will decreasedifier-

ence, at least partly.

The parameter used in this investigation, theJGloes ex-
clude the direct sound, which might explain a dertarrela-
tion between the measured values and the musigialge-
ment. The range up to 80 ms is arbitrary thougtlthécase
of De Doelen, the height of the stage reflector.§1@) cer-
tainly includes the measured ceiling reflection® ithe time
window up to 80 ms. A lot of the second or thirderreflec-
tions will also be incorporated. In the Maurice Blathe
ceiling height is at 12 m, which also will includiee ceiling
reflections to be within the 80 ms time windowhaligh the
first reflection with a distance of 12 m might bawally too
far for supporting or improving the intelligibilitgn stage.

On the other hand it is known that small distantesan
acoustically hard reflecting panel can result irparceived
coloration due to the comb filter effect. This nidga aspect
is not incorporated in a time window of 5-80 ms. @ation
or not, a reflecting panel at close distance wilh@nce the
perceived level.

Up till now there is not a specified optimum vafoe the G,
go- From the results a range of +3 to +6 dB seemseta b
suitable target, the smaller the spread measurexherstage,
the better. It is observed that a reflecting ré¢age wall in
combination with to the public opening oblique stegide
walls results in a larger£g, from back to the front than from
front to back, and therefore enhances the instrtsngiaced
at the back of the stage. Except for the Viennargrement
(in which the basses are on the back), this isllystinee posi-
tion of percussion and brass.
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