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ABSTRACT

Acoustics measurements in occupied rooms arevelgtiare due to many kinds of difficulties. Theresf, no proto-
col for acoustics measurements is available in pieclirooms. During the year 2009, the room acosigiioup at
LAM (Equipe Lutheries-Acoustique-Musique, Institléan Le Rond d’Alembert, Université Pierre et M&igrie,
Paris) performed a series of acoustical measurenmemusic halls in Paris. The halls were chosecoimsideration
of their historic, architectural or acoustic importe. The fifteen rooms selected include quiteschffit architectural
designs. The measurements were made both in emgtiynaccupied rooms. A particular protocol waseleped for
the measurements in the occupied halls, which wemged out just before real concerts. This proti&described in
this paper. Critical decisions both at technical addhinistrative level are discussed. Technical dees include
among others the kind and the level of the sougreas as well as the number and the selectioh@fécording po-
sitions. Administrative decisions comprise the riegimn with the directions of the halls and themragement of the
public’s behaviour. The main difficulties and th®posed solutions will be presented.

INTRODUCTION

To our very days, Room Acoustics literature is lagki
documentation on the acoustic behaviour of occupiedns.

Despite the consensus that this behaviour charmyepared

to empty rooms, the nature of this change is nditkmewn.

Still lacking is a widely accepted and used prot@r@bling
the accumulation of a sufficient quantity of datel deading
to objective conclusions on the acoustics of ocadippoms.
For example, such acknowledged references on raomsa
tics as [1,2] do not propose any protocol, hor d&€3 3382
[3]. The reasons for this absence are not diffitulfind, and
observing their nature can help understanding whpsure-
ments in occupied rooms are so rare.

Rather than on the technical plan, difficulties ysmerge
on the administrative and logistic plans. Taking decount
to these difficulties, we have implemented a protabtat
allowed us to carry out a series of acoustic measants in
as much as 15 occupied theatres and halls in Raziading
the most important ones.

Our goal is not to suggest a universal protocolnfie@asuring
occupied room, but to share our experience wittersthn
order to contribute to the elaboration of futurenpaigns.
PROTOCOLE

Preparing for the campaign

During the year 2009, the room acoustics group AML

(Equipe Lutheries-Acoustique-Musique, Institut Jeap
Rond d’Alembert, Université Pierre et Marie Curierifa
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performed a series of acoustical measurements gicrhalls
and theatres in Paris. The halls and theatres sedeeted for
their historical, architectural, or acoustic intdre

Having decided to include measurements in occugeths,
several questions had to be answered: How to obtaimu-
thorisation from hall managements? How to convihed
managements in cases of resistance? How to maih&ge t
noise from the public? How to ensure a satisfacsigpal-to-
noise ratio? Which excitation signal to use? Homglshould

be the intervention? How many measurement positions
would be possible?

At the beginning we were expecting many difficugti®ue to
a lack of references adapted to our case, we vezoed to
test solutions as we advanced.

Technical decisions

We developed a specific protocol for the measurésnen
order to more easily obtain authorizations and eguently
to increase the number of measured halls.

However, we wanted to respect room acoustical staisd
Thus, we used same equipment for measurements pity em
and occupied room: a dodecahedral source, a sufewoo
box, a sound card, a microphone, and a laptop ctanpu

We decided to make measurements right before csnoér
the normal programming of each hall. The excitatignal
was an exponential sine-sweep. Tests were carngdta
choose levels comfortable for the public while eimgysuffi-
cient signal/noise ratios for the calculation obastical indi-
ces. The selected levels were calibrated in anhaecoom
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atL (p, 10) =59 dB and L (p, 10) =67 dB (dependingtioe
volume of the rooms). Calibration was necessary usra
inverse filters for pre-equalisation were computfed each
source level. The impulse responses obtained iupped
room were not used for auralisation, since the aidgvels
required for auralisation largely exceeds comfdealalues
for the public.

On the other hand, it was necessary to increasesigmal
duration to 30 seconds in order to improve thealigm-noise
ratio. The cost is a longer duration for the measent ses-
sion.

After discussion with a few hall managers, we coded that
the duration of the measurement sessions in oatupiem
right before a concert should not exceed 3 to 4utes The
number of positions of recording had therefore eadduced
to the minimum. Taking into account this optimatation of
a session and the duration of the signal, we dddidleeduce
the protocol to 2 positions of microphone, with twe-
cordings at each of them, and one position of sbarcstage.

The requirement was therefore a team of 3 to 4operso
remove the equipment after measurements in ordespmect
the 4 minutes’ duration of the session. One pessiznat the
computer, one handles the microphone and the feesttioe
source.

Asking for authorizations

The method chosen for obtaining authorizations was
sending of official letters to the technical dims, followed
up by phone calls.

Much care was taken when writing the letters. Amaoimeg
arguments, we highlighted the originality of thempaign,
the importance of better knowing the acousticalavedur of
occupied rooms, the benefit for hall managemeritecésa
detailed report was promised), the descriptiorheftechnical
protocol and the promise that the measurementosessiuld
not annoy the audience nor would delay the conceur:
association with the leading French research ingiit
(CNRS) obviously helped as well.

Despite all these precisions, the letters were timdystarting
point for negotiations. A few days after their sexyd we
called the hall managements for a more direct cbratad for
finding a date for the measurements. We frequan#y un-
derstandable hesitation from the managers, makingdes-
sary to find persuasive and dedicated argumentéioaach
case.

We sent letters to 28 halls in the hope to recegiwsitive
responses from some 6 of them. To our surpriseatitieori-
sations arrived one after the other until we redch® halls,
and had to stop the demand because of agendaaiotstAt
that time, only two halls had answered negatively.

The halls involved in our campaign are: Salle FleBastille

Opera, Abbesses Theatre, Athenée Theatre, Chapejial Ro

in Versailles, Chatelet Theatre, Salle Cortot, Japaailture
Centre, Louvre Auditorium, Theatre of Porte Saintriifia

Auditorium of Orsay Museum, Maison de Radio France,

Ranelagh Theatre, Theatre de la Ville, and the nizgdirof
Cité de la Musique.

Managing public attendance

The very first measurement in occupied room waglare. It
took place at the Theatre of Porte Saint Martidune 2009.
The failure was due to the only variable which weeld not
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control before experimenting the protocol in a reahcert
situation: the behaviour of the public.

We had agreed with the hall managements tiey would
inform the artists of our intervention and asktfogir permis-
sion, whereasve would inform the public on site, right be-
fore the intervention.

Therefore, on the day of the first measurement, lpafore
the start of the concert, a member of our teanogattage on
scene and addressed the public with the followingrhs:
“Good evening, Ladies and Gentlemen! We come
from the Musical Acoustic Laboratory and are
making a series of acoustic measurements in the
concert halls of Paris. During the next minutes, we
will record some sound signals in this hall, the: w
will remove the equipment and the performance
will start normally. It would be important that you
remain silent during our intervention, please. Tan
you very much. ”

The sound signals recorded at the Theatre of Faitg Mar-
tin were never used, because the noise from thécpwhs
very loud.

Reflecting on the reasons of such behaviour fronptiigic,
we concluded to the low level of efficiency of aammuni-
cation. Therefore, we decided to change our appraad be
more rigorous and precise in our communication tioyplea-
sizing the importance of silence and explaining vwia ex-
pected from the public. Moreover, we decided toehan
stage one person who would raise his/her arm whéesig-
nal was played. Here is the final formulation of #ddress to
the public:

“Good evening, Ladies and Gentlemen! We come

from the Musical Acoustic Laboratory, a research

unit from CNRS. We are making a series of acous-

tic measurements in the concert halls of Paris, and

today we have a particularly important task: meas-

uring in an occupied hall. | explain in a few wards

we will play a 30 seconds’ sound signal. The signal

will be played 4 times: 2 times for each micro-

phone position. Then we will remove the equip-

ment and the performance will start normally. Our

full intervention will take 3 to 4 minutes at most.

Your participation as a public is very important,

and when the signal is played we really need your

silence, otherwise the measurements will be use-

less. To help you, my colleague will raise his arm

when the signal is played, because the beginning

and the end of the signal are not audible. Whige hi

arm is raisedplease do not speak nor mougast

but not least, we have been working on these meas-

urements for a long time and this is the most impor

tant moment of the whole research. Therefore, |

count on your collaboration. Thank you very

much.”

This new address, and especially the strategy t@ lume
person on stage, ensured the success of the meesiisein
the following 14 occupied halls. The silence thigamed
was the more remarkable event of the whole sefieseas-
urements. The signal ratio/noise was sufficientugmofor
obtaining clean impulse responses and calculatiagatous-
tic indices.
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We can visualize some results in the following &ctm-
grams:

Figurel. pectrogram of recordingin T tetSain
Martin (public present: 414 people; capacity: 186ats).

Figure 4. Picture taken during measurements at Theatre de la
Ville.
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- Figure 2. Spectrogram of rerng in Thtr de la Ville
(public present: 950 people; capacity: 1012 seats).

Figure5. Picture taken during measurements at Bastille
Opera.
igure 3. Spectrogram of the recording in e Chételt Thea-
tre (public present: 1500 people; capacity: 23@s3e

The background noise produced by the public at et
Theatre was 11dB lower than in Theatre of Portet9dar-
tin. The difference reached 15 dB between Theatrearfe
Saint Martin and Theatre de la Ville. Notice thedmpared
to Theatre of Porte Saint Martin, the public at dthe de la
Ville (same seating capacity) was more than twisdaage,
and 3 times larger at Chatelet Theatre.

The presence of musicians on stage was ruled oot $tart
because we feared that it would most probably @dsere@ur
chances to obtain authorizations for the measuresm&as-
tille Opera was the only room where the musiciapsewpre-
sent during measurements. They remained in theesteh i
pit, ready for the performance which took placentigfter Figure 6. Picture taken during measurements Chatelet
our intervention. In this only case, the stage aing were Theatre.

down, to prevent viewing the decors for the opera.
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Musique
CONCLUSIONS

The protocol presented in this paper made it peessibcarry
out a series of acoustical measurements in realecbsitua-
tions in a few music halls and theatres in Parfe ®chnical
decisions, the administrative approaches and tlategly for
managing the public were the determining factons tfe
success of the campaign.

An unexpected result from the measurement camplaign
been the recognition of our research group byhallmanag-
ers of the concert halls and theatres visiteds ttaw easy for
us to carry out specific measurements or even ke tar
students to visit the halls.

Quantitative results and their interpretations Wwél published
in forthcoming papers.
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