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1.0 Introduction

The use ol four lypes of newer acouslical quantities has become accepted as an important companent of
an assessment of the acoustical properties ot a hall. We have developed software so thal lhese measures
can be calculated convenienlly whila in the hail using a portable computer and a Morwegian Electronics
type 830 real time analyser{1]. The measurement systemuses a specially modified calibrated blank pisiol
as a source, and each measurement is based on the meaan of 4 shols ¢ minimize the variations between
blank cadridges. We have in several cases used the measurement system to identify acoustical
problems in particufar hails. Ongoing work (0 compare values obtained from the measurement techniques
of ditferent researchers and to measure the effect of small changes to a hall, have led to the present siudy
to consider the accuracy and reproducibilty of these quaniities. Allhough there are many variations of
each type of measure, a total of only 5 quantities are mentioned in this papar. In general, other quantities
are ilound to be strongly correlated with one of thase 5 measures.

¢80 is a measure of the balance between clarity and revarberance and is defined as follows:
o8 Lo

C80 = 10log { J paitldt /'J pitidt }.dB
o 08

where p{l) is the instantaneous pressure response.

G is a measura of the overall strength or level relative to a fixed source sirength, and is delined as follows:

G = 10log [J pidt  / I p2altiat }.dB
1] 0

wheare palt) is the anechoic pressura response at a distance of 10 m.

" AT is the conventional reverberation time measured using the Schroeder imegrated impulse response
lechnique and using a straight line (it to the porlion of the decay between -5 and -30 dB. The early decay
time, EDT, was measured in a similar manner but over only the lirst 10 d8 of decay. While RT values
relate to other physical properties of the hall, EDT is more closely related to subjectively perceived
reverberance. The lateral energy traction, LF, is a measura of the fraction of the early arriving energy that
arrives from lateral directions, and is related 10 the subjective sense of spatial impression. &t is defined as
foliows:

.08 L8
LF = I C pRtde / I plit)dt
0 4]

where pL(t) is the figure of eight microphone pressure response.

Proc.1.0.A. Vol 10 Pan 2 (1988) o 399.




3

Proceedings of The Institute of Acoustics

..AUDITORIUM ACOUSTICS MEASURES

2.0 Accuracy and Reproduciblity for One Source-Recelvar Combination

To deotermine how reproducible the resuts were for individual scurce-receiver combinations,
measurements at a particular location were repeated, including re-positioning the source and receiver, 5
times over a period of several hours. Figure 1 shows an example of the results for C80 values. Similar
measuraments were made with ihe source or the receiver moved 10 or 30 cm in each direction from the
initial pesition. Figure 2 is an example of these results for the recelver moved 30 cm. in each direction.

It is easier o consider these differences by calculating the mean and the standard deviation about the
mean lor each condition, Figure 3 is an example of these standard daviations for C80 values.
Measurements were made al 2 locations in the Opera of the National Arts Gentre in Ottawa, and the larger
of the 2 standard deviation results is plotted in each case in these figures. Thé lowest curve is the
standard deviation of the repeated measurements at the samae location, and thus indicales how accurately
ong can repeal the C80 measurement including the ermors ol re-positioning the source and receiver. At
mid frequencies CB0 values werg repealed within just over 0.25 dB. Itis also seen from Figura 3 that cao
values vafied mora as the source or receiver were moved lurther away from the central position, but that
even 2 10 cm. movement produced measurable changes. Thus to repeat a measurement, one musl
ralocate the source and recaiver vary precisely. in the same hall we measured at a total ol 42 source-
receiver combinations. The standard deviation about the mean of afl these measuremenis is also shown
for comparative purposes. it is indicative of the spatial variations in this hall, but larger or smallar values
could be lound in olher halls. The results of Figure 3 indicate thal it is possible to measure sulliciently
accurately 10 correctly describe the spatial variations of C80 values.

Figure 4 plots a similar set of slandard deviations for G values. The emours on attempting to repeat a
measurament at the same location ware a little larger than for C80 values, because these results were
also influenced by tha small variations In the strength of the source from one shot to another. It is not
possibie to datect differences over a distance of only 10 cm, but the reproducibility Is certainly sufficieni 1o -
accuralely characterize the spatial variations ol G values in the hall.

The maximum slandard deviations of EDT and RT values are shown in Figures 5 and & respactively. As
expacted it was more difficult to accurately répeal EDT measurements than RT measurements. However
in bath cases the measurements seem to be sufliciently accurate to characterize the spatial variation in
the hall, and a movement of 30 cm or kess led o readily measurable changes in these quantities.

Figure 7 plots the various maximum standard deviations for LF values. ForLF values it appears that even
a 10 cm movemaent of the source or the receiver can tead to measurabie changes. The quile fow overall
mean LF values of this hall may contribute to the small spatial variation of LF vahes within the hall.

Small changes in the acousticat properties of the room, errors in re- posiioning the source or receiver, as
wall as the constancy and directivity of the source woukl etfect the accuracy of these measurements. In
patticular G values might be even mora accuralely repeatable with other types of sources, but more
directional sources would introduce quantitatively unknown etfects.

These results indicate how accuralely each type of measurement can be reproduced and the emors that
are likely from small differances in the position of the Source or receiver. For G values it is also of interest
10 verity that they are of the comect absoclute magniude. To do this G values ware measured at the 42
source-recelver combinations in (his hall by bolh the gun impulse source method and with an ILG lan
sound power source. The overall mean G values are compared in Figure 8. It Is seen that the two
methods agree within 0.5 dB or less in all octave bands above 125 Hz. White the gun source has been
lesled to be reasonably omni-directional, the fan source is not and so ditferences can occur depending on
the oriemation of the fan source. There are also problems measuring the necessary source sound power
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levels in a reverberation chamber sufficiently accuralaly at 125 Hz. in view of these practical limitations, i
is thoughl Lhal this result represents good agreement between Lha two methods.

Both G values and LF values are also dependent on ihe accuracy with which the microphone is calibrated
and Is stable over time. This is particularly a problem with LF values as two different microphones are
involved and one of these must be a figure of eight pattern microphone. Thus ong must use studic type
microphones that are usually more difficult 1o calibrate and may be less Stabla over time. As an example,
measuring an LF value of 0.2 with 0.5 dB calibration errors in each microphone could resultina measured
value somewhere between 0.15 and 0.25. Thus while the need lor caraful caliration s cbvious, there is
perhaps a need for a more easily calibrated figure of eight microphone.

3.0 Accuracy of Measuremeni of Hall Mgan Values

Even i each source-receiver combination is measured accurately, there is stilt the question ol how many
source and receiver posilions are necessary lo accurately delermine the mean characteristics of a hall.
This was examined by first comparing the mean resufis oblained for only one central source position with
mean values over 3 separate source posilions in the same Ottawa hall. C80 values changed by as much
as 0.5 dB, G values by up lo 1.0 dB, EDT valuss by up {o .15 seconds, and RT values by as much as 0.04
sgconds. The changes for these four measures were generally largest at lower frequencies with
practically no eHect at higher frequencies. LF values varied by as much as 0.05 with some smaller
changes at all Irequencies.

The question of the necessary number of source-receiver combinations was also considered by arbitranily
dividing the 42 combinations inlo four groups each containing 10 or 11 source-receiver combinations
distriputed over all parts of the hall. In this way one can determine the dierences that would have
resulted if only 10 or 11 source-receiver combinations had been used instead of 42,

Figure 9 plots the mean CB0 values from each of these 4 groups with the overall mean of alt source-
receiver combinations, 1 is seen from this figure thal using 1/4 of the positions could lead to difterences of
uplo 1,0 dB relative to the overall mean valses. As mean C80 values vary by only a few dB between
* halls[2), an ermror of 1.0 dB sesms unacceptably large. Thus in this case 10 source receiver positions is
not considered to be enough. Of course one does not know whal errors are presemt with the mean of 42
source-receiver positions, tut they would be smaller, parhaps varying approximately as the the square
root of Ihe number of source receiver positions used.

The mean G values tor each of the 4 sub-groups and the overall mean values are shown in

Figure 10. The maximum difference between the group means and the overall mean was approximately
0.8 dB and occurred at 2000 Hz. An error ol aimost 1.0 dB is again probably unacceptably large because
the between hall variation of mean values Is typically only a few decibels[2].

For EDT vatues, shown in Figure 11, the largest ditterences between the group means and the ovarall
means ware a ltlle greater than 0.1 seconds except at 125 Hz where larger differances existed. RT
values are nol shown but tha associated differences wore smaller raaching a maximum of appmxlmately
0.02 seconds above 125 Hz.

Figure 12 compares the 4 group means and the overall mean LF values. The largest ditferences betwoen
the overall mean vatues and the group means was about 0.05. Gade[3] found hall mean LF values relaled
to hall width, but his besl fit regression line indicated changes of LF values of only 0.17 from 20 1o 40
metre widihs. Thus an error ol 0.05 would appear to be quite significant.
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It Is ditlicult to generalize these results but in the case of this large hall increasing the number of measured
source-receiver combinations from 10 10 42 produced uselul increases in the accuracy of the overall mean
values of all 5 quantities.

X ndilons of the Hall
For two indepandent measurements of ihe same hall 1o achieve the same result, the hall must be in
exactly the same condition. In some halls there may be many variables that may be ditficult to repeat
exaclly. The details of the condition of the stage were found to be quite imporant. Measurements were
mads in Roy Thomson Hall in Toronto for combinations of 3 source and 3 receivar positions with and
without music stands and some risers an the stage. In all cases the stands did not obstruct 1he diract path
betwaen the source and the receiver. '

Figure 13 shows the measured mean CB0 values for these two conditions, Indicating that details of the
slage conditions can vary the mean C80 values by 1 dB at frequencies above 125 Hz and more at 125 Hz.
Figure 14 shows (he efect ol the stands and risers on G values. Hare again the maximum ditferences
ara approximately 1 dB. The eflect ol the stands and risers on the EDT values produced ditferances of up
1o 0.15 seconds at medium and higher frequancies, and up to 0.2 seconds al lower Irequencies. The
eflect on RT values are not shown and were much smaller. LF values were influenced most at 250 Hz
whare they changed by a littls in excess of 0.1. At other frequencies Ihe changes were ‘much less.

5.0 Concluslong

These results give some praliminary indications of the reproducibifity of Individual measurements of 5
newer auditorium acouslics measuras, and demonsirate (he need to use quile large numbers of source-
receiver combinations 1o accurately assess the overall hall mean vatues of each measure. It was found
possible to make individual measurements sufficiently accuratety to assess tha spatial variation of the
newer measures, and that measurable changes in these quanlilies cccurred over distances of 30 cm or
less. To oblain accurate hall mean values it is suggested thal measurements should be made at a
minimum of all combinations of 3 different source posilions and 10 lo 12 receiver positions in large halls.
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