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Methods of sound di�usion assessment presented in literature require information on directional properties
of the sound �eld in stationary state. These methods are complicated and not often applicable in measurement
practice. Measurement of the sound �eld di�usivity during its formation can be assessed from sound level decay
curve deviation from a linear shape. With this method, the degree of di�usivity has been determined in three
rooms. Measurements were performed in rooms di�ering in volumes and sound absorption. Changes in sound
decay uniformity were noted, which can be translated into di�usion coe�cient changes. Results indicate that
di�usion increases as room absorption decreases. Di�usion does not depend on room volume. Changes of sound
decay uniformity follow trends that are well described by power function.

PACS: 43.55.Br, 43.55.Cs

1. Introduction

Sound di�usion measurements have been performed
since the early �fties of the 20th century, when Schroeder
presented equations describing di�usion [1]. Bodlund's
research resulted in cross-correlation coe�cient for the
sound pressure [2]. Other authors describe sound di�u-
sion at a given observation point as the degree of sound
energy uniformity coming from various directions [3, 4].
The observation point can be regarded as a sphere di-
vided into planes facing various directions, with sound
energy in acoustic stationary �eld measured when pass-
ing through each of them. Spatial nonuniformity of sound
energy is calculated by dividing the total of the sound
energy which came through individual planes by the en-
ergy of isotropic sound �eld. Detailed description of dif-
fusion in a room in its modal state was given by Nelisse
et al. [3]. Modal density is investigated in order to achieve
adequate di�usion. This work describes a method based
on geometric approach to sound propagation in a room.
Loutridris [5] introduced new di�usion measure based on
the assumption that impulse response can be regarded as
multifractal signal. Impulse response is regarded as mul-
tiplicative, multifractal signal due to the observation that
cascades of randomly di�used re�ections generate multi-
fractal structured re�ections. Thus singularity spectrum
width is a stable measure of di�usion in small rooms.
Singularity spectrum width of ideally di�used �eld equals
zero.

2. Two methods of sound di�usion measurement
2.1. Spatial method in stationary �eld

Shroeder and others investigated 3D stationary sound
�eld [6, 7] exploring directional properties of di�used
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sound �eld. One-dimensional sound di�usion index is cal-
culated for all measured directions. Furduyev and Tun
described the method of measuring di�usion index in 2D
�eld [8]. In this method, a directional microphone rotat-
ing in a horizontal plane is applied. In a perfectly di�used
�eld, energy value is constant for all the measured direc-
tions. Sound di�usion index in stationary state measures
energy response of the room for all horizontal directions,
then the response is averaged for one-dimensional di�u-
sion index. For this purpose, polar diagram of the micro-
phone output is recorded in the room and in an anechoic
chamber, with stationary noise emitted by a loudspeaker.
Sound di�usion index ds in the stationary state is de�ned
as:

ds = 1− Ameasur

Aref
. (1)

Aref , Ameasur � area of polar diagram bounding sound
energy measured in anechoic chamber and in the room,
respectively.
If stationary noise is considered as a series of individ-

ual impulses, sound decay phenomena excited by them
overlap one another. Sound response of the room is then
considered as time superposition of individual sound de-
cays (Fig. 1).
Spatial methods require advanced measurement tech-

niques e.g. rotational microphone or spherical micro-
phone. The need for a simple method of comparable
accuracy arises. The method should facilitate the room
impulse response, because of the ease of measurement
and comparison of the already measured rooms.

2.2. Time method in non-stationary �eld

Room impulse response is considered as a non-
-stationary state of acoustic �eld. An analysis of the sub-
tle structure of impulse response reveals that the state
of sound dispersion changes during sound �eld forma-
tion. As impulse decay begins, early energy consisting
of direct sound and strong, discrete re�ections induces

(A-197)



A-198 K. Leo

Fig. 1. Stationary and non-stationary �eld � signal
from the source and comparison of the room's responses.
In stationary �eld, room's response is time superposi-
tion of individual impulse responses. Build-up process,
stationary state and decay process shown with dotted
line. Di�used �eld in both �elds is assumed. I � sound
intensity, W/m2, t � time, s.

high nonuniformity of sound level decay. Later on, late
energy consisting of many di�used re�ections leads to
uniformity of decay. Measurement of nonuniformity of
sound level decay enables us to determine sound di�u-
sion in the room [9]. Figure 2 shows how di�erent areas

of sound level decay are built in this work. The degree
of nonuniformity can be calculated from Eq. (2).
Nonuniformity index Sa of sound level decay equals [9]:

Sa =
Areal

Aideal
. (2)

By analogy to Eq. (1), sound di�usion index dt in non-
-stationary state equals

dt =
Aideal −Areal

Aideal
= 1− Areal

Aideal
= 1− Sa, (3)

where Aideal and Areal is energy of sound level decay of
perfectly di�used �eld and the measured �eld, respec-
tively.

3. Estimation of sound di�usion

3.1. The method

Acoustic measurements in three rooms before and after
acoustic adaptation have been performed. Rooms vary-
ing in volume, shape and sound absorption were chosen.
Typical acoustic treatment was performed in each room.
Details of acoustic adaptation are described in Tables I
and II.

TABLE I

Investigated rooms, each room was measured without and with acoustic adaptation.

Classroom 1 Classroom 2 Church

abbreviation S14 S72 JEZ

volume [m3] 195 264 19 341

dimensions [m] 7.62× 7.75× 3.3 6.5× 12.5× 3.3 35× 32× 28

reverberation time T30 [s] (before
acoustic adaptation, f = 1 kHz)

0.8 1.7 6.78

indoor materials lime plaster,
windows, parquet

lime plaster,
windows, linoleum

lime plaster, windows,
stone �oor, wooden pews

place and type
of additional

acoustic adaptation:

ceiling:
Ecophon Gedina

ceiling:
Ecophon Master Alpa +

Master Gamma
rear wall:

Ecophon Panel
(3 setups of adaptation)

walls:
perforated
plasterboard

In each room impulse responses were registered by
multilength sequence (MLS) technique with a pair of di-
rectional GENELEC 8020A speakers and an omnidirec-
tional microphone. One measurement point in reverber-
ant �eld was chosen in each room.
Nonuniformity of sound level decay was estimated ac-

cording to the method described in (1.2) above. Nonuni-
formity of impulse responses was determined by taking
into account the increasing dynamic step ∆L. Dynamic
step is increased by lowering the value of L2 while L1

remains constant � see Fig. 2.

3.2. The results

Nonuniformity of sound level decay vs. dynamic step
is well described with power function (see Fig. 3). Dy-
namic step as a measure of sound energy decay has been
chosen, because it enables a comparison of nonuniformity
of decay in rooms of di�erent reverberation times. Dy-
namic step could be easily transformed into time value,
but the comparison of decay nonuniformity in di�erent
rooms would not be so explicit. Power trend line coe�-
cients are shown in Table II.
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TABLE II

Power trend line coe�cients (a, b) describing the emergence of nonuniformity of room impulse response
(y = axb). Coe�cients are shown for broadband. Predictions of Sa value for (−5 dB; −65 dB) and
(−5 dB; −95 dB) dynamic step of echogram are calculated according to trend line coe�cients. Surfaces in

di�erent states of absorption in rooms are presented. A � , E � ; � classes of sound absorption. NAD

� not adapted, AD � adapted, S14 � classroom 1, S72 � classroom 2, JEZ � church.

Room S14 S72 JEZ

NAD AD NAD AD1 AD2 AD3 NAD AD

surfaces

condition

adaptation

setups

re�ecting
surfaces

ceiling
� A class

re�ecting
surfaces

ceiling,
middle
section

� E class
ceiling,
sides

� A class

ceiling
� middle
section

� E class
ceiling
sides

� A class
rear wall
� A class

ceiling
� A class
rear wall
� A class

re�ecting
surfaces

parts
of walls

� A class

a 8.64 7.51 8.77 7.71 5.94 8.13 9.60 9.47

b −0.65 −0.57 −0.63 −0.58 −0.45 −0.59 −0.71 −0.70

R2 0.995 0.997 0.993 0.996 0.989 0.998 0.995 0.995

Sa(−5;−65) 0.61 0.73 0.66 0.71 0.93 0.74 0.52 0.53

dt(−5;−65) 0.39 0.27 0.34 0.29 0.07 0.26 0.48 0.47

Sa(−5;−95) 0.47 0.58 0.51 0.56 0.78 0.58 0.39 0.40

dt(−5;−95) 0.53 0.42 0.49 0.44 0.22 0.42 0.61 0.60

3.3. Discussion

• As shown in Fig. 3, the degree of nonuniformity is a
descending function of the dynamic step. Increas-
ing value of di�usion in non-stationary state can be
calculated with Eq. (3). The increase in the di�u-
sion in these rooms is proportional to the nonuni-
formity of sound level decay. In the early stages
of impulse response di�usion process, nonunifor-
mity can reach values larger than 1. A calculation
of di�usion according to Eq. (3) can give mislead-
ing results of negative di�usion index values. Thus
it is supposed that the value of di�usion index in
non-stationary �eld approaches the value of di�u-
sion index in stationary �eld as dynamic step is
increased. The duration of the di�using process
in non-stationary state is in�nite. In measurement
practice, the largest possible time window or the
dynamic step of impulse response should be con-
sidered.

• Power trend line (a and b coe�cients) well describes
changes of sound nonuniformity in the room. The
coe�cient a is inversely proportional to the speed of
di�usion changes. Both a and b describe degree of
di�usion in stable state according to dt in Eq. (1),
when the value of dynamic step is very large. Ap-
proximation with trend line enables the calculation

Fig. 2. Sound decay curve in di�use (a) and non dif-
fuse (b) sound �eld (sound level vs. time), dynamic step
∆L indicated as di�erence between values L1 and L2.
Nonuniformity of sound decay can be calculated at a
given dynamic step. Di�erent values of dynamic step
obtained by lowering L2 value, while L1 remains con-
stant can give di�erent values of nonuniformity. Aideal

and Areal is bounded by level L1 and L2 sound level
decay energy. Aideal and Areal is energy of sound level
decay of perfectly di�used �eld and the measured �eld,
respectively.

of di�usion index in larger dynamic step � value
not available in practical measurements. While the
dynamic step reaches in�nity, index dt can be re-
garded as equal to ds.

• The calculated values of di�usion index dt in
Table II are rising when dynamic step is increased.
This is consistent with the expectations.
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Fig. 3. Nonuniformity of sound level decay (according
to Eq. (2)) vs. increasing dynamic step, ∆L for di�erent
rooms, with and without acoustic adaptation. NAD �
not adapted room, AD � adapted room. Fitting trend
lines (- - - -, 125 Hz) as well as their equations and R2

coe�cient values are shown.

• Di�erent shape of nonuniformity curves (Fig. 3) re-
veals di�erent speed of di�usion formation in the
rooms. Where only one surface has been adapted,
di�usion forming rate is smaller than in a non-
adapted room.

• Greater dispersion in the frequency of nonunifor-
mity and its forming rate is noted in small rooms
(Fig. 3), especially in adapted rooms.

4. Summary

Measuring di�usion in non-stationary state is equiva-
lent to stationary state measurements. This has practical
consequences, i.e. it simpli�es measurement method. Dif-
fusion, expressed either with ds or dt coe�cients, can be
calculated from the linearity of sound level decay. Mea-
surements performed in rooms varying in sound absorp-
tion and material placement show signi�cant di�erences
in sound di�usion index dt. More measurements are
needed to clarify the correlation between values of ab-
sorption coe�cient, placement of sound absorption ma-
terials, room shape and sound di�usion indices. The cor-
relation between various di�usion measures should be es-
tablished.
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