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Foreword @
ISO (the International Organization for Standardization) is a worldwide federation of national standard e

\ ational Standards
adopted by the technical committees are circulated to the member bodies fo Publication as an

ISO 3382-2 was prepared by Technical Committee ISO/TC 43, Acoustics, Subcommittee SC 2.

It has been agreed with the Technical Committee |

30O/TC 43, Acoustics, Subcommittee SC 2, Building
acoustics that this document should form a new Part .

acoustical parameters should be made Part 1. In thi y.it will be clear that the two standards are closely
related but that they cover different applications{ '

measurement of other room acoustic param
deals with the measurement of reverberatio

s. Part 2 will not repeat the technical details of Part 1, but it
e, only, in any kind of room.

ISO 3382 consists of the following parts
parameters:

— Part 1: Performance rooms;

— Part 2: Reverberation time In

The Annexes A, B and C are for info

Introduction

measurements according to the ISO 140 series and sound power measurements according to the 1ISO 3740
series.

iv © 1SO 2005 — All rights reserved
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In some countries building codes specify the required reverberation times in classrooms and other categories
of room. However, in the vast majority of rooms it is left for the design team to specify and design for a
reverberation time that is reasonable for the purpose of a room. It is the hope that the present standard may
contribute to the general understanding and acceptance of the importance of reverberatigh tihe for the quality
and usability of rooms.

more often in rooms where it is relevant. It seems obvious that even a ve
better than no measurement.

Two different evaluation ranges are defined in the standard, 20 dB a
been given to the 20 dB evaluation range for several reasons:

e The subjective evaluation of reverberation is related to the early part.of

e The signal-to-noise ratio is often a problem in field measureme
get a evaluation range of more than 20 dB. This requires a signal

working group, and this procedure j
in this standard.

these standards is suited for measurements’ii rooms like those mentioned above. Thus the present standard
e measuring standards for acoustic properties of buildings.

© 1SO 2005 - All rights reserved \"






DRAFT INTERNATIONAL STANDARD ISO/DIS 3382-2

Acoustics — Measurement of room acoustic paramete
Part 2: Reverberation time in ordinary rooms

1 Scope

performance spaces.

2 Normative references

The following referenced documents are ind
references, only the edition cited applies.
document (including any amendments) applies.

pensable for the application of this document. For dated
undated references, the latest edition of the referenced

ISO 140 (all parts), Acoustics — Measurement of sound-insulation in buildings and of building elements

ISO 10052, Acoustics — Field
equipment sound — Survey met

ents of airborne and impact sound insulation and of service

ISO/FDIS 18233, Acoustics — Application ©f new measurement methods in building acoustics

ISO/CD 3382-1:2005, Acoustics - Measurement of room acoustic parameters - Part 1: Performance spaces

IEC 60268-1:1985, Soun??ewp 1ent — Part 1: General

IEC 61260, Electro acoustics.—,Octave-band filters and fractional-octave-band filters

NOTE 2  The decay directly obtained after non-continuous excitation of a room (e.g. by recording a gunshot with a level
recorder) is not recommended for accurate evaluation of the reverberation time. This method should only be used for
survey purposes following the procedure for survey measurements.

© 1SO 2005 - All rights reserved 1
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3.2

interrupted noise method

method of obtaining decay curves by direct recording of the decay of sound pressure level after exciting a
room with broadband or band limited noise and turning it off

3.3
integrated impulse response method
method of obtaining decay curves by reverse-time integration of squared impulse responses

3.4

impulse response
plot as a function of time of the sound pressure received in a room as a result of an acous
room by a Dirac delta signal

sweep and transform the measured response back to an impulse response.

3.5

reverberation time

T

time, expressed in seconds, that would be required for the sound pressure | decrease by 60 dB

NOTE The range to be evaluated is defined by the times at which the decay curve first reaches 5 dB and 25 dB
below the initial level, respectively. A value for 7 based on the decay rate over an extended dynamic range of 30 dB is also
allowable provided the results are appropriately labelled. In case of ambiguity the measure for T using the decay
between 5 dB and 35 dB should be labelled T3. Using 5 dB 25 dB, the result should be labelled Tx.

3.6
large room volume )
a room volume over 300 m

4 Measurement conditions

4.1 General

In many commonly encountered To the number of people present may have a strong influence on the
reverberation time. Preferably re ion—time measurements should be made in a room containing no
people. However, it may normall

For precision measurements the sound source should be as close to omni-directional as possible (see
ISO/CD 3382-1, A.3.1). The sound source should not be strongly directional for any level of accuracy. For the
survey and engineering measurements any loudspeaker which is not strongly directional may be used. It shall

2 © 1SO 2005 — All rights reserved
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produce a sound pressure level sufficient to provide decay curves with the required minimum dynamic range
without contamination by background noise.

4.2.2 Microphones and analysis equipment

deriving the impulse responses; or

— to a signal recorder for later analysis.

4.2.21 Microphone and filters

The microphone should be as small as possible and preferably
of 14 mm. Microphones with diameters up to 27 mm are allowed, if the
of the free field response type but supplied with a random incidence corre
filters shall conform to IEC 61260.

4.2.2.2 Apparatus for forming decay record of level
The apparatus for forming (and displaying and/or evaluating) the dec cord shall use any of the following:

a) exponential averaging, with continuous curve as output;

b) exponential averaging, with successive dis¢réte sample points from the continuous average as output;

c) linear averaging, with successive dis
between performance of averages).

averages as output (in some cases with small pauses

The averaging time, i.e. time consta

gf an exponential averaging device shall be less than, but as close as
possible to 7/30. Similarly, the ave i

of a linear averaging device shall be less than 7/12. Here T is

gcayrecord is to be evaluated visually, adjust the time scale of the display so that the
slope of the record is as ¢l

033| )
NOTE 1 The averaging time\of"an exponential averaging device is equal to 4,34 (=10 Ig e) divided by the decay rate in

NOTE 2 Copm al level recordérs, in which sound pressure level is recorded graphically as a function of time, are
usually equiva nential averaging devices.

exponential averaging device is used there is little advantage in setting the averaging time very
. When a linear averaging device is used there is no advantage in setting the interval between points

used, peak~evel indicating devices shall be used for checking against overloading.

© 1SO 2005 - All rights reserved 3
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4.3 Measurement positions

4.3.1 General

The number of measurement positions is chosen in order to achieve an appropriate coverage init
Table 1). The numbers in the table are minimum values. In rooms with a complicated g
measurement positions should be used. A distribution of microphone-positions shall be chos
anticipates the major influences likely to cause differences in reverberation time througho room.

Table 1 — Minimum number of positions and measurement

Survey Engineering® \TGﬂS/I/ n
Sourc_e-rr_ucrophone 2 6 12
combinations
Source positions >1 >2 \j) >2
Microphone positions >2 > >3
Number of decays in each <ZS
position (interrupted noise 1 3
method)

@  For the interrupted noise method uncorrelated sources may be used simultaneously.

b Forthe interrupted noise method and when the result is used for a correction term a rotating microphone boom may be used instead
of multiple microphone positions.

€ For the interrupted noise method and when the result is used for a correction term to other engineering-level measurements, only
one source position and three microphone positions are required

For the interrupted noise method the total number of decays is normally obtained by a number of repeated
decays in each position. However, it is also/allowed, to take a new position for each decay, provided that the
total number of decays is as prescribed.

sition according to the use of the room. In small rooms such
as domestic rooms and when no normal positio ist, one source position should be in a corner of the room.
Microphone positions shall be at least half a wavelength apart, i.e. a minimum distance of around 2 m for the
usual frequency range. The distance_from any microphone position to the nearest reflecting surface, including
the floor, shall be at least a qua gth, i.e. normally around 1 m. Symmetric positions should be
avoided.

Source positions may be chosen as the norm

NOTE It is essential that the microphofie positions are not too close together. Otherwise the number of independent

easurement positions. The minimum numbers given in Table 1 are the

lose to any source position in order to avoid too strong influence from

m distance d,,,, in metres, can be calculated from:

(1

g, in cubic metres;
¢ is the speed of sound, in metres per second;

T is an estimate of the expected reverberation time, in seconds.

4 © 1SO 2005 — All rights reserved
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4.3.2 Survey method

The survey method is appropriate for the assessment of the amount of the room absorption_for noise control
purposes, and survey measurements of the airborne and impact sound insulation.
e nf a

measurements in ISO 10052. Survey measurements are made in octave bands, only.

is assumed to be better than 10% for octave bands, see Annex A.

Make measurements of the reverberation time for at least one source-position. Find the average of results
from at least two microphone-positions, see Table 1.

4.3.3 Engineering method

Make measurements of the reverberation time for at least
source-microphone positions are required, see Table 1.

4.3.4 Precision method

5.1 General

Two methods of measuring the re
and the integrated impulse response m

ation time are described in this standard: the interrupted noise method
od. Both methods have the same expectation value. The frequency

S bé used and the signal fed into the loudspeaker shall be derived from broadband
andom electrical noise. When using a pseudo-random noise, it shall be randomly ceased,
sequence. The source shall be able to produce a sound pressure level sufficient to

broadba |se spectrum may be shaped to provide a pink spectrum of steady-state reverberant sound in
the enclosure from 88 Hz to 5 657 Hz. Thus the frequency range covers the one-third-octave bands with mid-
band frequencies from 100 Hz to 5 kHz or octave bands from 125 Hz to 4 kHz.

© 1SO 2005 - All rights reserved 5



ISO/DIS 3382-2

For the engineering and precision methods, the duration of excitation of the room needs to be sufficient for the
sound field to have achieved a steady state before the source is switched off. Thus it is essential for the noise
to be radiated for a minimum period of 7/2 seconds. In large volumes the duration of the excitation shall be at
least a few seconds.

decays and the sequence of these sums is used as a single ove
evaluated. It is important that the sound power emitted by the
measurements. This is the preferred method.

ource/ is kept the same for all

5.3 Integrated impulse response method

5.3.1 General

The impulse response from a source position to a ition in a room is a well-defined quantity, which
can be measured in a variety of ways (e.g. using pistol shots, spark gap impulses, noise bursts, chirps or m-
sequences as signals). It is not the aim of thig'standard to exclude any other method that can yield the correct
impulse response.

5.3.2 Excitation of the room

The impulse response can be measured directly an impulse source such as a pistol shot or any other
source that is not reverberant itself as Iong as its spectrum is broad enough to meet the requirements of 5.2.1.

noise (eg. maximume-length sequences) may be used if the requirements for
aracteristics of the source are fulfilled. Because of the improvement in signal-

filtered impulse response. For further details see ISO/CD 3382-1:2005.

NOTE In the limit of an infinite number of measurements with interrupted noise, the ensemble averaged decay curve
will be identical with that of a single integrated squared impulse response.

6 © ISO 2005 — Al rights reserved
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6 Evaluation of decay curves

For the determination of Ty the evaluated range for the decay curves is from 5 dB to 25 d
state level. For the integrated impulse response method the steady state level is the
integrated impulse response. Within the evaluation range a least-squares fit line shal 0 d for the

helow the steady

curve or, in the case of decay curves plotted directly by level recorder, a straight line sha anually
as closely as possible to the decay curve. The formula for the least square method is give . Other
algorithms that provide similar results may be used. The slope of the straight line_gives the rate d in
decibels per second, from which the reverberation time is calculated as 7,, = 60/g determination of T3y

the evaluation range is from 5 dB to 35 dB.
If the technique used for determining the reverberation time is based on evaluati gs/plotted out by a

level recorder, then a visual "best fit" line may be substituted for a comp
as reliable as a regression analysis.

7 Measurement uncertainty

7.1 Interrupted noise method
Due to the random nature of the excitation signal, the measurement uncertainty of the interrupted noise
method strongly depends on the number of avérages performed. Ensemble averaging and the averaging of

individual reverberation times have the sarie/dependencies on the number of averages. The standard
deviation of the measurement result 7o or T; pectively, can be estimated from

1+190/n
U(T20)20,88XT20 —_—
\} N BTy

G(T30)=0,55><T30

(2)

®3)

where

n is the number o

easured in each position;

N is the number o i:pendent measurement positions (combinations of source and receiver
positions);

0,71 x f;, and for one-third-octave filter B = 0,23 x £, where f; is the mid-band frequency
z. Octave band measurements give a better measurement accuracy than one-third-octave
ith the same number of measurement positions.

d impulse response method

The measurement uncertainty using the integrated impulse response method is of the same order of
magnitude as that using an average of » = 10 measurements in each position with the interrupted noise
method. No additional averaging is necessary to increase the statistical measurement accuracy for each
position.

© 1SO 2005 - All rights reserved 7
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7.3 Lower limits for reliable results caused by filter and detector

In the case of very short reverberation times the decay curve can be influenced by the filter and the detector.
Using traditional forward analysis the lower limits for reliable results shall be:

BT >16 and

T > 2Tdet
where
B s the filter bandwidth in Hz;

Tget is the reverberation time of the averaging detector.

NOTE Very short reverberation times may be analysed using the time reversal techniq ibed in ISO/CD 3382-
1:2005. In that case the lower limits for reliable results are B 7> 4 and T > Tgei/4.

8 Spatial averaging

ombined either for separate
is spatial averaging shall be

The results measured for the range of source and microphone positions ca
identified areas or for the room as a whole to give spatial average values.
achieved by either of the following procedures:

a) Arithmetic averaging of the reverberation times.
individual reverberation times for all the indep
deviation may be determined to provide a
reverberation time.

spatial average is given by taking the mean of the
ent source and microphone positions. The standard
of accuracy and the spatial variance of the

b) Ensemble averaging of the decay curves,/The individual decays are superposed with their beginnings
synchronised, see 5.2.2.

9 Statement of results

9.1 Tables and curves

The evaluated reverberation times 3 equency of measurement shall be stated in a table. The result
may also be plotted in the form of

ate that the measurements were made in conformity with this International Standard. It

of the room tested;

b) sketch plan of the room, with an indication of the scale;

8 © ISO 2005 — Al rights reserved
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c) volume of the room;
NOTE If the room is not completely enclosed, an explanation shall be given of how the stated volume is defined.

d) condition of the room (furniture, number of persons present etc.);

e) temperature and relative humidity in the room during the measurement (precision method
f)  type of sound source;
g) description of the sound signal used;

h) degree of precision (survey, engineering or precision) including de
positions, preferably shown on a plan together with an indication o

ails of the ¢ and microphone
eights of the positions;

i) description of measuring apparatus and the microphones;

j)  method used for evaluation of the decay curves, either co ted leastsquares best fit or a visual best fit

(clause 6);

k) method used for averaging the result in each position (5!
I) method used for averaging the result over the positions (Clause
m) table with the measuring results;

n) date of measurement and name of the m ring organisation.

© 1SO 2005 - All rights reserved 9
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Annex A
(informative)

Measurement uncertainty

A.1 General

The measurement uncertainty of decay rate measurements has been studied in [1] and [2].

positions is denoted N.

The variance of the grand average d is

var(d) = %vars(d) + ﬁvare(d) (A1)

The relative variance of the reverberation time is

var(T') _ var(d) (A2)

T2 d?

Thus, the estimated relative standard deviatiopof the average reverberation time (also known as the standard
uncertainty) is ﬁ

- a2 nd

o(T) |var(d) 1 |varg(d) Varg(d)
R W\/ T (A.3)

A.2 The interrupted noise

In [1] the ensemble variance and te:atial variance were derived for the case of measurements using the
interrupted noise method. By inserting the results from [1] equations (2.55) and (2.56) in (A.3) we get

a(_T) e 1+ 51 (A.4)
T T
where
B is the bandw Hz;

G and A &

=T T4 iS-theratio/of measured reverberation time and the reverberation time inherent in the measuring
apparatus.

T4et is the reverberation time of the averaging detector. For some typical values of D and y the values of the
constants G and H can be taken from Table A.1.

10 © 1SO 2005 — Al rights reserved
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The equations (2) and (3) in the main body of the standard are taken for the parameter y = 5.

Table A.1 — Values of the constants G and H

Evaluation range, D G H
dB % |y=3]y=5|y=10
10 175 | 2,67 | 3,32 | 3,87
20 88 | 1,72 | 1,90 | 2.04(
30 55 1,42 | 1,52 | 1,59

Y &
20
\
1
5 \\//
10
5
0 | L 1 111 -
10 10000
X
Key
—Q—SUI’VGY

—=— Engineering

—a— Precision

ime
20, %

ultiplied by the reverberation time. The curves represent survey-, engineering-
and precision method
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Figure A.2 — The relative standard deviation fr measurements of T20 in third octave bands as a

For the integrated impulse response
corresponds to the averaging of a e ber of excitations in the same position, if the interrupted noise
method had been used, see [2]. Forthe gstimation of the standard deviation of a measurement result equation

(A.4) may be used with a value of n =\10

12 © 1SO 2005 — Al rights reserved
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Annex B
(informative)

Evaluation of non-linear decay curves

B.1 General

The measurement of reverberation time is based on the assumption that within the eva oh range a straight
ome information about the extent
d'in this annex.

iL, (B.1)

i=1

mean -

§IA

The square of the correlation coefficient is
Z (Lest i ~Lmean )

m
z mean

i=1

P2 ==

(B.2)

The squared correlation coefficient can ha
corresponds to 7= 1. The non-linearity para
linearity

any value between 0 and 1 and a perfectly straight decay curve
eter £ is introduced as the permillage deviation from perfect

& =1000(1-r2) %o (B.3)

late part of the decay. The reason for this is that the decay represents a mixture of decaying
erent decay rates. If the absorption is not evenly distributed on the surfaces of the room the

evaluated-from the measurement depends on which part of the decay curve is used. Consequently the result
is less reliable than if the decay curve is not bent.

© 1SO 2005 — All rights reserved 13
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The curvature parameter C is based on the two evaluation ranges of 20 dB and 30 dB and it is introduced as
the percentage deviation from a perfectly straight line

T
C =100 x(ﬂ—1] %
Ty

Typical values of C are 0% to 5%. Values higher than 10% indicate a decay curve, which is far from
straight line and the value of the reverberation time estimated from the decay curve may-be suspicious.
Negative values should not occur and they may indicate an error in the measurement.

&
X
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Annex C
(informative)

Formulas for the least square fit method

C.1 Algorithm

The reverberation time may be evaluated by using linear regression analysis e least-squares fit

procedure. This means that the decay curve is approximated by a straig

L., =a+bt, (dB) (C.1)

est,i
where
a s the intercept of the straight line, in dB,
b is the slope estimate, in dB/s,
t; is the time of sample number /, in s.

According to the least-squares fit procedure th ercept and slope estimates shall be determined as follows

a= Lmean _btmean (C.2)
Z(ti Li ) —Mlean Lmean
h=-"-— (C.3)
z (tiz ) -m triean
i=1
where
1 & \
Lmean = Li o | (C4)
m i
(C.5)
(C.6)
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