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About ten years ago room acocustic parameters for analysis
of the performers’® room acoustic conditions ware ﬂw-lnpad
at the Acoustics Laboratory, Technical Unlversity of
Denmark [l1]. Since then thelr use in research and
consulting have given valuable experience regarding their
advantages and limitations, which will be discussed in
the following.

THE FARAMETERS AND THEIR PRACTICAL MEARSUREMENT

The mathematical definitions of the parameters as
presently used by us are shown in Table 1. Apart from
Early Decay Time (EDT), the list contain three 'Support'-
parameters, which are all measured at a fixed distance
of only one metre from the cmni directional source. (Both
transducers are also placed one metre above the floor.)
Thus they all three measure some portion of the scund
energy reflected back to the performer from the room
relative to the emitted direct sound energy.
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Table 1: Mathematical definiticns of ST-parameters.

Some of the names and definitions have changed since [2],
in which cur general layout of measurement positions and
some field experiences were described:

5Tsur1y vsed for measurement of ensemble conditions is
the new name for 5Tl in order to avoid confuslon with
5TI, (Speech Transmission !I'.n:l-r:.' It is at.rj.h;j.ng, that
this parameter measured with this short transducer
distance has had success as a descriptor of the ease of
hearing other orchestra members, whereas our parameter
originally intended for this purpose (EEL) failed in this
respect when applied in actual halls [2]. The reason
probably is, that the calibration of 5T,,., 18 much more
stable than that of EEL {compared to the ImlIl measuremant
interval of relevance - see later), and that when position
averaged, 5T,y describes adequately well the average
density of early reflection energy on the platform, which
= conaidering the lack of control with other factors such
as local scattering within the orchestra and the complex
positioning and directivity patterns of the individual
instruments - is all that one can hope to test with
present day technigues. Only in cases where relacively
small reflectors have been specifically oriented so as
to direct "ensemble” reflections from ocne end of the
platform to another, is it cbvious that placing the scurce
and microphone close together as prescribed for ETmh
measurements may yleld wrong results. However, normally
the effect of such reflectors can still be measured by
gelecting the positions carefully.

STygta) 9@scribing support from the room of the sound from
the musicians® own instrument replaces the formerly used
5T2, in which "2" stands for an upper integration limit
of 200 ms. Although the majority of the reflection energy
wili have arrived within the first 200 ms, this change
allews the total build up of reflected, energy to be
considered by the measurement.

5T 4y replaces C5 (=Clarity measured one metre from the
source) for describing the impression of reverberance,
and - as one would have hoped - the ratioc between STy,
and 5Tyuryy 88ems to be useful for describing the degree

of masking of ensemble information by loud reverberation
(as described later).

During measurements of the S5T-measures on orchestra

platforms, these should be equipped with chairs and music
stands in order to:

1) provide scme absorption and scattering as a rough
subgstitute for the absent susicians, and

2) to avoid too large and unrealistic reflectlons
from eventual risers.

However, the furnishing should be removed within a two
metre distance from the transducers, whereby only the
direct sound and the (almost hall-independent) floor
reflection components will fall within the 10 ms window
in the denominator of the ST formulae. (In the loweat
octave of interest, 250 Hz, these two components will
be smeared out over the whole 10 ma interval.) Likewlise,
with proper concern about the orientation of music stands

.and chairs, the scattering from these cobstacles will be

fairly weak after 20 msec, where the integration in the
numerator starts. Thus the ST-parameters will mainly
measure the influence of major surfaces arcund the
crchestra platform - as intended. On the other hand, the
20 ms limit implies, that the transducers should be placed
at least 4 metres from any wall, celling or reflector
of interest. Therefore, 1f one wishes to apply these
parameters in smaller rooms (i.e. rooms which do not
accomodate a full symphony crchestra), the 20 ms limit
mast be reduced - and the furniture removed.

EDT like 5T ,,., i8 intended for measurement of rever-
berance; but it has an additicnal role as a more precise
megasure of timbre, since the 1/1 octave band valuas of
EDT are probably less influenced by statistic random
fluctuations than the 5T values.

The S5T-parameter values are normally measured ln and
averaged over the four 1/1 octaves from 250 to 2000 He.
After further averaging owver positions (both done
arithmetrically), the random varlatlions becoms very small
as seen later.

CALIBRATION

In all threa ST-definitions, the reflection energy is
measured relative to the emitted direct socund. Therefore,
calibration is only needed in those octave bands where
the loudspeaker might not be adequately ocmpidirectional.
In these octave bands it is necessary to establish the
ratio between the power response and the pressure response
of the loudspeaker in a microphone pesition fixed relative
to the loudspeaker directivity pattern and at one metre
distance from the center. If for instance the emitted
power is found to be lower than that corresponding to
the value obtained by multiplying the intensity (deriwved
from the pressure measurement) with the area of the
measurement sphere = 4 * 0 * 1 m®, then this difference
should be added as a positive correction to the ST-value.
{The fixed microphone position should be chosen in front
of a gently varying maximum of the directivity pattern
rather than near one of the sharper and more position-
sensitive notches.)

MEARSUREMENT ACCURACY RND REPRODUCIBILITY

Like most other energy-fraction measures, the 5T-
parameters show large random variations compared with
the variance of interest: between halle or positions.
In order to estimate this random warlance a special
measurement session was carried ocut in a regular shoe
box hall with a 130 m* orchestra platform. Around each
of the three normal measurement points, four additional
points were chosen 30 em left/right and forwards/backwards
of the "exact” positions (as was also done in a similar
investigation by Bradley and Halliwell [3]). This 30 cm
distance corresponds well with the average accuracy of
positioning the transducers in pre-selected measurement
points.

On average, the standard deviation (5TD) found from the
30 cm displacements were very close to 1 dB for all thres
ST-parameters and all four octave bands. Using this figure
as an external estimate, the STD after averaging over
the four octaves becomes: 1l/egrt(4) = 0,5 dB, and after
further averaging over three positions: 1/egrt(4%3) =
0,3 dB.

This accuracy may also be illustrated by our experience
after having repeated measurements in the same hall (in
all cases with a pericd of more than five years between



the two tests). The same test signals and transducers
ware used for all measurements; but most of the
electronics hardware was changed in 198%. The results
regarding 5T, , can be compared im Table 2 below:

Frequency averaged values of STearly [dB]
Hall Year Pos 1 Pog 2 Pos 3 Rver.
1982 -15.8 -14.5 =13.2 =14.5
DR
1387 -15.7 =13.1 =14.0 =14.3
1983 =14.1 | =13.7 =12.1 -131.1
MA
1990 =14.8§ -14.2 -11.4 =13.4
1983 | -10.2 | -s.9 | 5.3 | -s.B
HG
1991 =10.58 -2.4 =8, 8 =9.8

Table 2: t;onj,pjaz‘isms of repeated measurements in three
alls.

While differences in the order of 1 dB sometimes cccur
in individual positiona, it is seen that the reproducibi-
lity of the position and frequency averaged values is
within 0.2 4B in all three cases.

An error as small as this is aleo necessary keeping in
mind the relevance of small wvarlations. Thua; an
architecturally (and probably also subjectively) dramatic
20 % reduction e.g. in the height of the celling or in
the distance betwean the side walle will result in ST,
increasing only about 1 dB. (Such expected changes can
be found from the empirical prediction formulas listed
in [4], which were developed by ptatistical analysis of
acoustic and geometrical data from over 35 halle.}
Correspondingly, the interval for opkimal values of ETpary
for sympheny orchestras is alse rather narrow: from about
-13 to -11 dB.

A CONSULTING EXPERIENCE

Recently, we had the opportunity to apply these platform
meagsurement technigues Ln an interesting consulting job.
One of the regional symphony crchestras in Denmark asked
to have the acoustics of their rather small rehearsal
hall {in the following dencted "Reh."} changed towards
the conditions as found in the larger hall used for their
regular concert performances {“Per.").

In order to analyse this problem and the feasibility of
fulfilling this wiah, chiective measurements as described
above were carried out in five positions in both halls
and compared with subjective opinicns obtalned from
interviews with musiclana representing each of the main
pectiona in the orchestra.

Hall Hall Platform Platform Ceiling Sidewall
code | Volume Volume Area Height Angle
ml ml m2 m degraas
Reh. 5.000 1.800 260 T o
Per. 14,100 2.200 245 & 33

Table 3: Basic geometric data for two halls.
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Fig. l: EDT and 5Ty., data from two halls (see text[.

The main geaometric data for the two halle are listed in
Table 3. Regarding acoustic differences, neither 5T,
nor AT revealed any clear picture. hActually, their
frequency averaged values were equal in both casea (=12.7
dE and 1.4 pec., respectively). Howswver, large differences
- especially towards low frequencies - are clearly seen
from the curves of EDT and 5Ty,,, versus frequency shown
in Fig. 1.

Tha subjective judgements were also very clear:

Ensemble ls difficult to achieve in Reh. dus to an
gxcessively loud and muddy socund, while the only problem
in this respect in Per. is, that the deep insktrumenta
are difficult to hear.

There iz almast too much suppork for cnes own inskrument
in Reh., while especially the deep strings lack this
support in Per.

There is too much Reverberance in Reh., while there is
too little ("non existent® at low frequencies) in Per.
In view of thelr functions, it would have baan more
advantageous if that situation had been reversed!

Timbre L8 good in Reh., while in Per. there Le no warmth
and attack noise from instruments is highly exposed.

Ao ST,,ryy walue of -12.7 4B should not cause any
difficelties in ensemble. Therefore, as also indicated
by the musicians’' statements, the cause of the problem
in Reh. may rather be found in the &8T),,~curve as too
much late sound = particularly at low freguencies - ma-—
sking the octherwise useful ensemble informaticn.

With the average RT=values being similar in boath halls,
it is aleo eeen, that the differences regarding the
"amount” of reverberance between these halls is judged
from the difference in reverberant level (a8 measured
by &Ty;:,) caused by the different volumes rather than
in a different slope of the decay curve. However, an
attempt to match the level of reverberation in Reh. ko
that in Per. would require RT in Reh. to be reduced ko
abkout 1 sec., whereby at least final chords would clearly
be judged as even dryer here than in Per. This illustrates
why a large and & small space can never be made to sound
alike. With RT Per. actually being lesa than optimal
particularly at low freguencies, it was anyway not
recommended to reduce RT Ln Reh. that far.

Az a result of this investigation we recoomended absorbing
panels (membrane and perforated panel types) to be
installed in Aeh. in order to reduce RT to about 1.2 sec.
at all fregquencies. however, the paint is to place this
abgorption mainly on surfaces situated far from the crche-
stra whereby only 8T, and not 5T, will be changed.
Regarding the lack of bass ln Per., we have suggested
adding thickness and masa to the thin plywoad panels;
of which the orchestra shell is made.

The renovation of the rehearsal hall is taking place while
these lines are written, while no decissicons about changes
in Fer. have yet been made.

CONCLUDIMNG REMARES

It is hoped, that it has been demonstrated how refined
measurement technigues; and knowledge of thair limitations
opens up for more precise consulting regarding acoustic
daslgn and renovation of crchestra platforms.

Two of our students: Claus Lynge Christensen and Flemming
Hejakov Rndersen did the 1991l-series of measurements in
HG including the tests on random variance.
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