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1. INTRODUCTION

Recent developments in concert halls and recording rooms have produced unoccupied
background noise levels approaching the threshold of hearing [1]. A recent study looked at
the minimum levels in concert halls during perionnances to try to determine audience noise (2].
However. the measurement wasot the lowest level that occurred ineach octave band tor
the duration ot the peflonnance, so the resulting spectrum may not have been achieved in
practice. it was decided to record performances from ttie audience position with a calibrated
microphone to enable the dynamics at performance and the actual noise profile to be
investigated.

The above studies were concerned with either concert halls or recording venues. Staged
pertom-iancee have more activity. and ltwas decided to investigate itthere was a diiierence
in noise during opera. ballet or concert periorrnances.

2. BACKGROUND NOISE

Background noise In an auditorium can mean many things. tor example:

1) The quietest achievable noise level.
2) Noise that is continuously present in the building.
3) Noise continually present during thepertormance.
4) All noises not pan of the pertormance.

To distinguish between the diiierent examples above. (1) will be called the absolute minimum.
This is at importance for recordings where special care can be taken. such as switching all
some piem or restricting access to areas [1], Background noise will be used to refer to example
(2). which would be measured in an unoccupied hall in penonnance condition. This Is the most -
commme measured and specified noise type. it will often be the subject of pericrrnance tests
in contracts. (3) will be referred to as the ambient noise. which will be the minimum level during
an actual pen‘orrnance. This would include any constam sources associated with the
performance, such as computers. motors. lens and amplification as wall as audience noise.
Finally. the total noise heard by the audience (example (4)) will include incidental and '
intrusive noise. such as stage mad'iinery operating. coughs and occasional loud external
noise: (such as helicopters and fireworltsl). The use olthese terms difiers 1mm 354142 [3). which
is concerned with environmental noise but is one or the law cases where the measurement of
background noise is closely specified.
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For most of a pertorrnance. noise will be masked by the wanted signal. the performance Itself.

However. during quiet passages. noises may impinge on the concentration otthe audience

and distract from the performance. Mere the noise is associated with the perionnance such

as mechanical noise by musical instruments, this may not cause dissection. However. a cough

by a member of the audience or the noise of stage machinery may destroy the mood. in staged

performances. there is more visual activity. and usueliy more machinery and noise associated

with the permanence. This may be unavoidable. as in the case of hard dance shoes on a

sprung floor. The aim in this project is to measure the ambient noise in a variety of

pertormances and compare it with the background noise. This may establish whether the

background. incidental and intrusive noise effects the ambient noise in a perfonnanoe. This

investigation has concentrated on making calibrated recordings of dill'erent types at

performance In the Royal Opera House. Covent Garden. and interpreting the results.

3. MEASUREMENT

3.1 Parfonnsnces
Four recordings were made. of performances of opera. ballet. a vocal recital and a final

rehearsal of the opera. at the Royal Opera House. Govern Garden in July 1992. The unoccupied

noise was measured in November 1992. The Opera was Rossinis ll Viaggio a Reirns. a comic

opera with a large cast. shows and medium sized orchestra. The rehearsal started at 10am with

photographers taking photographs throughout. creating a noticeable amount of noise, (mainly

shutters and winders). The performance was at 7.30 pm. The ballet was La Fille Mal Games with

soloists and a large corps, The recital was Baritone and piano. with the performers on a

temporary stage over the orchestra pit and the main curtain down. in each case. there was a full

house and the temperature was high. measuring 27°C at one interval.

3.1 Unoccupied Noise

This was measured over 100 seconds using the same method as for performances. from the

seat position of the recital. The stage was set for a new opera production, and the auditorium

was not in full performance condition. There was an unidentified fan noise that was considered

louder than normal performance conditions.

5.3 Measurement Method
A 58K 2231 scund level meter with it? microphone attached was placed on a tripod at head

height roughly equidistant from the tour nearest heads In a rear stalls seat. The Ac (linear)

output of the meter was recorded on a portable DAT recorder. Calibration tones were also

recorded.

3.4 Analysis

The recordings were played back through a B&K 2143 analyser set to octave band linear

averaging at 1.05 and the spectra stored every second. The resulting data file was transtcn‘ed

to a database and spreadsheet for analysis. The results from Act II of the opera, Act I of the

ballet and first hall of the recital are presented in this paper. These were chosen as the quietest

sounding sections. Each recording was analysed from the end of the applause at the beginning
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olthe act to the end of the music or the start of the applause at the end of the act, whichever
was later. This meant that some applause. and In the case of the recital. waiting time between
songa. were Included. Intervals were not Included. The lowest reading In each band. Irrespective
of time (stsflsdcelminlmum). corresponded to the minimum levels as measured by Newton 5.
'Jarneslzl. although their measurements were based on 0.125 sec samples. The statistical
mlnInum may not have occurred in the measurement.

The number of samples meeting each NC curve was determined by testing the bands from
83H: to am: for a given sample against the criterion values.

The quietest sample (actual minimum) was taken as the sample with the lowest A-welghted
level In the lowest achieved NC band. This is an actual measured sample,

NC curves were chosen for analysis as they are widelyused and specified. and were originally
Intended tor occupied rooms, although other criteria could have beenused [4145146117]

4. RESULTS

4.1 Objective results.

The number of samples and the percentages meeting NC criteria are shown in Table 1. Figure
1 shows the actual and statistical mlnlma and L.lor the unoccupied noise. Similar results lorthe
Opera perlorrnance are shown in figure 2. Figure 3 shows the actual minlrne for all five
measurements. The statistical levels for three frequency bands, A-weighted and linear levels for
the opera pertormance are plotted in figure 4. A normal distribution will show up as a straight line
on this type of plot (and a steady level will be a horizontal line). Figure 5 shows the A-weighted
statistical levels lor all five measurements.

4.2 ~ Subjective results.

Most oi the audience do not enter a quiet hall. There is a general 'hubbub' which dies down as
the periomtence begins. The quietest moments occurred at pauses In orchestral passages
in the ballet and opera, and at the and of a song in the recital. In the opera, the same passage
was quietestlnrehearsal and performance. On iistenlngio the opera rehearsal, the quietest
momentwas punctuated by many camera clicks. As a member at the audience. the rehearsal
seemed much noisier. In the recital, the audience started to clap or relax, and became
noisier, when the singer relaxed at the end of a piece. even it the pianist was clearly still
playing. It is important to remember that there are visual as well as auditory cues in any
performance.

The temperature during theperformances may have contributed to the noise as the atmosphere
was very close and not very comfortable.

4.3 Discussion of results.
The decision to use 1s averaging is supported by the lowest samples containing pairs of
adjacent results with very similar levels.
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Figure 5 shows the opera measurements tanning an almost straight line from L.” to L,

Indicatinga norrnel distribution. The rehearsal and pertonhance lines are almost identical.

indicating that final rehearsals may be used in place of perlonnances for measurements of

opera. The curve tor ballet tollows a nom-iaI dlstnbution approximately 3 dB above the opera

in the range L. to L“, but drops from the might line to almost the same point as the operas

at L993. The recital curve tollows a straight line from L,I to L“I with the level being

approximately 3 dB below the opera level. From L. to L.,the recital curve is noticeably lower

than either of the staged performances. The higher levels tor the recital above L“, is probably

due to the applause. The unoccupied noise shows little venetian. as expected.

The probability plot indicates that the sound levels may be considered It three sections:

between L. and L," the levels appear to be detennined by the pertormance, with ballet louder

than opera. which is louder than recitals. Above L.o the levels are probably dominated by

applause and below L, by the ambient noise, which in this case is quieter tor the recital than

the opera or ballet. but is still significantly louder than the background (unoccupied) noise.

The statistical and criterion analysis show that In each pedormance act analysed there was a

period of 2 seconds where the minimum levels occuned. In each case during a musical

silence. This would seem to support the idea at a 'moment of silence' induced by the music.

However. this minimum level is still above the background noise. in the staged performances the

actual mlnitna are almost aMays about was above the unoccupied minima. suggesting that

ambient noise would completely mask background noise. This is not the case tor the recital,

especially in the 250 end 500 Hz bands. The lower levels lor the recital may be due to the

staging dlllerences or show that the audience Is quieter lor concert performances. High

temperatures may have increased the audience noise tor all at the pertormances.

There are dillerences between the statistical and actual minima. Although these dinerenoes are

not large (up to 2 dB). this could be important if a hall was to be rated by occupied noise. The

samples meeting the lowest NC rating were the lowest dBA levels In each case but there is

not enough data to test dBA as an indicator. The rapid rise trim the minimum levels to L.

suggest that the iatterwould not be a good indicator for ambient noise in an occupied auditorium.

For a performance act of 1 hour, L. would give the lowest 35 seconds which would not detect

a 'mornent of silence' at 2 seconds where the minimum level occurred. Lm may be a

reasonable indicator but this would require lunhar testing and a meter capable oi detecting this

to be of any practical use.

The high readings at 16kl-iz may be due to Tv monitors which are used in staged production.

5. FURTHER WORK

In this experiment, standard equipment was used. The SLM was set for a minimum SPL of 20

dB (tin). In the higher lrequency bands this was above the measured noise. For future

measurements and especially in very quiet concert halls quieter measurement systems will be

needed. A dynamic range at 70-80dB in the recording chain is a iirnit tor lull range recording or
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louder programmes. More processing power would provide greater resolution in time and
frequency. giving more detail at impulsive and Intrusive noises.

0. CONCLUSIONS

Because of the small number at perton'nences that have been analysed to date. any
conclusions must be extremely tentative. There does appear to be a quiet moment of
approxhietuy 2 seconds in each not~ related to the music. when the minimum ambient level
occurs. The emblem level appears to be higher tor opera and ballet than for a recital. where the
background noise may be affecting the minvnurn ambient level. However. the measured
minimum ambient level was not greatly atlected by intrusive noise from photographers. The
resuh so far suggest that the unoccupied noise will be masked by the ambient noise during
a staged performance. More anatysls is needed to see it the ambient noise or pertormance
does at times approach the unoccupied noise and to relate the perception of noise to the
measurements made. This investigation suggests that for pertorrnencee considerable
thoughtlsrieeded asto whet issctualiy meant by background noise. how it is perceived
during performances and therefore how It should be measured. Subjective assessment
suggests that Intrusive noise (especially impulse sources) do not allect unoccupied or
ambiem noise measurement and this iaanother area to be investigated.
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Table 1 - Samples meeting NC Criteria
Noise Criteria : Percentages of samples

N615 NCZO N625 NC39 N635 N640 N645
O 0 0 0.13 0.74 1.61 3.21

0 0 0.23 0.81 1.37 4.04
0 0 0.16 0.46 0.92 1.59
0 0.38 1.65 3.22 5.53 7.85
94 97 100 100 100 100

Radial

0
Belle! Performance 0

0
Unnoecupied Hall 1

Noise Criteria : Number of sample.
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O O
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0
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o
Unnoocupied Hall 1
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