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L. INTRODUCTION

In order to eredit an anechoic room Jocated in the Acoustic Laboratory of Centro Nacional
de Medios de Proteccidn (Sevilla, Spain) and devoted to the subjective assays compiled in the
national standard UNE 7#=011-9[, we have evaluated its reverberation time. That standard
stablishes 1.6 5 as the higest value allowable for teverberation time (RT) of the room in each
interesting band.

The room has an aproximate useful volume of 5'5xdxd m’. It is framed by a concrete
parallelepiped mounted on clastic elements and lined by 80 cm length fiber—glass wedges.

2. MEASUREMENT METHODS

There are not suitable methods in order to determine RT as short as the usual ones in a
room with these characteristics. The international standard [SO 3382, or the related UNE?,
describe the reverberation time measurements but guidelines for the measurement of very
short reverberation times are not included.

Consequently, the measurement method has been
defined according to other experiences performed in
similar situations (talk studios)®,

In the traditional method a broadband noise source
is used and after the source is switched off the decay \
curve is registered. In order to avoid the aleatory
signal fluctuations it is necessary 1o average scveral
decay eurves in each point. To obtain a more precise
dn:sc‘r[pliun nf.ll'u: inhunr‘m run.-urhurill_inn of the POOM, b 7 Caparserinic fpalic- rexmmar of
spatial averaging for different positions source=mi= 4 o ove filters.
crophone are necessary. Thercfore two source points
with three microphon positions for cach one have been used.

Another method uses a gun shot as impulsive cxcitation to obtain the room impulse
response. As Schrieder showed”, the oom decay curve can be calculated from a backward
integration of the sguarcd impulse response. The main advantage of the last method is the
removal of the stochastic signal fluctuacions. In this case onc cxcitation is enough in cach
point to achicve an equivalent decay curve to the average curve oblained by infinile excita—
tions using the interrupted noise. Additionally, the spatial averaging is also recommended in

this case.
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2.1. Limitations Caused by the Bandpass Filters
The reverberation time measure- el
ments are usually analized in '/, or Y,
octave bands. Howewver, such filters
may modify the measurements owing
to the characteristic deadening of ils
response. In agreement with the refe-
renee’ adecuate decay curves will be

obtained only if:

BT, > 16 i | !
where B is the filter bandwidth and T, 17 IR y T
is the reverberation time o be measu- -
red. If the previous requirement is not -
verified the obtained. value for T, may .. - s . — e T
be lower or higher than the real one. el L bl e SR e Lo

2 T ig. fsfie o if ;
If the signal is time-reversed ap— | (& 2 Characteristic decay lime process

plied to the filters, it has been sho-
wed® that a much lower distortion in
the decay curve is obtained. [f the first
5 dB are not considered in the decay .. —
curve evaluation, the requirement (1)
can be replaced by

BT, > 4 (2)

The advantage obtained by rever— .4|' WW—
[

sing the signal in the time-is-deeta the
asymetrical impulse response filters. In
the Fig. 1 is shown the characteristic
response curve produced by a Y, octa= -
ve band filter. The response tail pro- ...
duces a decay that must be smaller that
the decay to be measured in order 1o e e wawas P s
dispose reliable resulis. Fig. 3 Characteristic time impulse response,
2.2, Limitations Due fo the Detector

It has been shown [5] that 1o avoid the detector influence, wich has a time constant 1, in
the extinction the average time, T, must verify the condition:

T,
T =32¢,< -2 3)
N
where T, is the reverberation time to be measured. If this requirement is not observed the
measured value will be higher than the carrect one.
In this case is also better to apply the time-reversed analysis because the detector response
is faster when the signal increases,

If this method is applicd, acording to [6], the condition (3} can be replaced by:

14
If the conditions (1}—(4) are observed and the first 5 B are removed, has been showed”,
that the measured reverberation time differs less than 1% from the right value.
2.3. Limitations Related to the Measurement Method
The detectar averaging time is connected with the filter bandwith so that B-T_21 to obtain
significative results. This is a well known relation for the stationary signal analysis. The
pussibility of averaging decay measurements allows to fulfill this requirement in the extine-

T, =21,<
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tion processes: the number of excitations, M, must be:

B{N_T) =1 - Ny r——. (3

In order to minimize the number .
of excitations, the average lime [
must be as large as posible, provi- = S
ded that (3) or (4) conditions are il
observed. The reversed time analy-
sis has an additional advantage
because it allows to choose a higher
T,, value. In our case T, ='f,,, 5 and
N_. =06 where selected.

For the impulse response method
is not necessary to consider condi- e
tion (5), s0 that only one excitation
in each point is enough.
2.4, Limitations Caused by the
Sampling Time Interval

One of the advantages of the
expanential  averaging s the
possibility to choose the sampling
time interval 7, and the averaging
time T, independently. If we like to
have, at least, » sample points for
the regression line for a D 45 ran-
ge, in the decay curve, must be
verified:

!|i\iii|
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Fig. 4 Time —space averaged decay curve af 100 Hz

D R T o~ o~ a g~y ey
Toe $ T =5 (6) e

. . Fip. 5 Ty versus frequency.
The characteristic/minimun & % drequency.

practical values are D=2{ d4f and
n=3. Then, if T,=3 ms, is possible
to evaluate a I0 dB range for Fry
Tz 5. il

3. EQUIPMENTS

A Briel&fKjer 27233 real time
analyzer has been used for the
measurements. The method of mea-
surements and analysis was auto—
matized through the corresponding
analyzer autosequences,

The time response o noise inte=
rmupted or impulse was registerad
on disc for ils time-teversed ana-
lysis.

The detector averaging time has been chosen so that the limit for reliable results of
reverberation time was 13.7 mes, (4).

In order to observe the requirement imposed by (5) for the lower interesting band (100
H?z), 6 excitations in each point has been used {only reversed analysis has been used).

The noise was generated by the analyzer itself, amplified by the 8&K ES007 amplificr and
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Fig. & Filter and detector limits for reliable T resules.
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transmited inside the room by the B&K BRII2ZTA source.

4. MEASUREMENTS RESULTS

For the imterrupted noise method the 8/ was about 50 &8, in all interesting bands. Fig.
2 shows a caracter{stic time decay process and Fig. 3 a characteristic time impulse response.

The reverberation times have been evaluated using the time (6 extintions por each source—
microphone position) and spatial (2 source = 6 microphone positions) averaged decay curves,
In this method has been used a lineal regression with a 25 dB interval starting 5 B under the
stationary signal level.

The averaged decay curve for 100 Hz '/, octava band is shown in Fig. 4,

The reverberation time values versus frequency are shown in Fig. 5. These values have
been obtained applying the diferent methods that have been described before.

Finally, in the Fig. 6 appear the measured averaged values, and the filters and detector
limits in order to obtain reliable results.

5. CONCLUSIONS

From the data plotted in Fig. 5 we can notice that the two measuring methods (interupted
noise and integrated impulse) give concordant results in all the interesting frequency bands,
except for the values that are Jower than 125 Hz. In this last case the interrupted noise met-
hod give higher reverberation time values.

For frequencies above 400 Hz the measured valves are over the filter and detector imposed
limits. This fact allow us to accept the obtained results as reliables.

For frequencies below 400 Hz the measured values are slightly lower than the limits im-
posed by '/, octave band filters, For this reason the registered time signal was again analized
using 1.-", octave fillers. The obtained results (black points, Fig. 5) comrespond with the ',
octave band measured values and consequently, praclu,all].r for all bands, the rcsults are now
over the-limits imposed by the filters.

Finally, taking into account the precision of the used method, we can conclude that the
room verify widely, concerning reverberation times, the requirements imposed by UNE 74—
0i1-21 for all interesting bands. In faet, the measured values represent only the 3.5% from
the highest allowed value (in the worst case).
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