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A new field measurement method for sound absorbing materials is proposed. The sub-
tractive holographic technique is applied to reject spurious interferences and to extract
waves scattered by a sample. The application of holographic techniques for room acous-
tics promises greatly to observe the effective absorption characteristics of materials.
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1. INTRODUCTION

There have been a number of investigations on the
measurements on absorbing materials for room
acoustics. The material characteristics are usually
measured in anechoic?’ or reverberation chambers?’
using pure®# or pulsed® tone wave forms.

In practical field measurements, however, it is not
enough only to check how the absorbing materials
work, because several objects composed of many
kinds of materials are generally situated in rooms
with complexity. Several attempts using tone burst®’
or correlation method”® have been made to estimate
their whole effects including mounting conditions
together with surrounding situations, but have much
difficulty to estimate materials’ own characteristics
and require a frequency analysis to determine an
absorbing coefficient of a particular frequency. As
the matter of course a pure tone wave has been con-
sidered not to fit for such purposes.

In the present paper, we propose a new field mea-
surement method for absorbing materials using the
subtractive holographic technique in order to reject
spurious interferences, to average unavoidable violent
field variations and to extract waves scattered by a
sample. In audio frequency range acoustical holo-

graphy has been likely disregarded for the reason of
its poor resolving power except for such special
applications as finding out the sound radiation
sources.”’'® However, the resolution will be of
secondary importance because we have only to take
an interest in only the maximum intensity value of
the reconstructed image.

2. THE PRINCIPLE OF
MEASUREMENT

Subtractive holography!?’ applied to the principle
of measurement is based on three sets of holograms
as shown in Fig. 1. H, is the hologram recorded by
setting the sample material under test, Hy is one done
by replacing it by the rigid wall and H; is one done
by replacing it by the perfectly absorbing material,
respectively.

H, may be regarded as containing two components
of scattered waves, namely, H, caused by the other
area except for the sample and H; by the sample
itself. Hy may be expressed as Hy= RH,, where H,
is waves reflected from the rigid wall occupied by the
same area as the test sample and R is its amplitude
reflection coefficient.

HA=H1+HR=H1+RHJ (1)

109

NI | -El ectronic Library Service



The Acoustical Society of Japan
Eo 2T | — <
R = R=0
\w () Y
Ha Hg He
Ha =Hy tHg Hg =Hy tH, He=H,
=H1+RH2

Fig. 1 The principle of measurements.

In the same way, Hy and H, are expressed as follows.
Hy=H,+H, ( 2 )
H.=H, ( 3 )
The holographic absorption coefficient @, may be

defined by the following absorption coefficient of
the sample.

1 o 1__ HAB 2
m=1-RP=1=| 2 @)
where
H,c=H,—H,, (5)
and
Hyc=Hyz—H;. (6)

On the other hand the maximum amplitude value
of the reconstructed point source image is, as well
known, described by P.c=ROL[AZ? for the sub-
tractive hologram H,¢ and Pgc=ROL/AZ for Hgc
under one dimensional Fresnel approximation, where
O is the amplitude of the point source, L the holo-
gram aperture, A the sound wave length and Z; the
distance between the hologram and the point source,
respectively. Then Eq. (4) should be reexpressed as

P,; |?
7
P (7)

OLh=1——

3. MEASUREMENT SYSTEM

Figure 2 shows the block diagram of the experi-
mental set-up for complex amplitude hologram con-
struction.!?> The hologram is recorded by mixing
received signals with a pair of temporal reference
waves shifted by 77/2 each other.

The reconstructed waves may be computed by
applying Fast Fourier Transform techniques to the
well known Kirchhoff’s equation

. ek

0.’=—.LSS 0"_““dS1,
]/\ S, ry

where A and k: wavelength and wave number of
sound,

O: object waves

r,: distance to reconstruct image

(8)
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Fig. 2 Block diagram of the experimental
set-up.

S.: aperture of hologram

4. EXPERIMENTAL RESULTS

4.1 Fundamental Experiment

The experiment is carried out in an ordinary room.
Figure 3 shows that square of the maximum ampli-
tude values of reconstructed point source images
which are marked O are coincident with sound in-
tensities marked x, which are square values of de-
tected voltage at any point of the hologram aperture
in variable thickness of glasswool. Then the sound
energy through the hologram aperture must be pro-
portional to square of the maximum amplitude value
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Fig. 3 Square of the maximum amplitude
of reconstructed image versus thickness
of glasswool.
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Fig. 4 Behavior of two sheets of the sample.

of reconstructed point image. This is another mean-
ing that Eq. (4) is describable by Eq. (7).

4.2 Typical Experiment

A glasswool under test is 24 kg/m?® in density, 2 m
in length, 50 mm in thickness and 0.6 m or 0.3 m in
width. Three sheets of glasswool are chosen as the
hologram H: condition. Their absorption coeffi-
cient is preliminarily measured as almost 1.0 from
0.5 to 10 kHz range by the acoustic tube method.
Figure 4 shows the behavior of two sheets of sample.
The aperture of the hologram is taken as only one
dimension i.e. 0.9 m and sampling points are 5 mm
apart. The distance between the former and the
receiver is 2.3 m, respectively. The absorption co-
efficient ¢, measured by the acoustic tube method is
also shown in the figure. In higher frequency range
both results agree fairly well.

S. DISCUSSIONS

5.1 Observable Area

In Fig. 5 (c), observed relative intensity values are
regarded as almost 0.1 which means the absorption
coefficient of 0.9, if / is over 0.4 m in width. They
correspond fairly well to theoretical results of such a
simple model as shown in Fig. 5 (b). Therefore, it
may be concluded the observable area should be
roughly equal to that of the geometrical imaging
method.

5.2 Averaging Process

In spite of subtraction process described as Egs.
(5) and (6), violent fluctuations of the sound field
remain as shown in Fig. 6 (a). The source image

1.Om

/1111101 I

[ ——>

t =[00Omm l Qy 1- Qo
.Om [.4m l4m
f=1kHz ,
O.Sm—Sp—>
mIc U— micL—>

() Experimental set-up. (b) Simple equivalent model.

1.0¢4

o
@

o
D

- f=1 kHz

- — theoretical
o observed

— I (Relative Intensity)
o
o

o o
o N

1 1 1 1 I 1 "
0.0 0.2 0.4 0.6 0.8 1.0m

————=> | (width of glass wool)
(©) Sample width effect for the recon-
structed image.

Fig. 5 Sample width effect for the holo-
graphic method using a simple equivalent
model.

shown in Fig. 6 (b), however, is smoothly recon-
structed. This would be considered that holographic
techniques are a sort of signal averaging process
detailed as follows.

Considering one dimensional model for simplicity,
Eq. (8) should be reexpressed as a conventional inte-
gral as follows,

()’(xz) =—0 S°° g(xDh(x,—x,)dx, (9)

1
JA

where
gx)=0(x)) for |x,|<h,
=0 for |x,|>h,
h(x,—x)=e *2fp,
x;: coordinate of the hologram
x,: coordinate of the image

2h,: the aperture of the hologram.
where function h(x) is so called the point spread
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Fig. 6 The record of hologram and the
reconstructed image.

function or the impulse response. So the reconstruct-
ed image is regarded as the wave front traveling
reversely from the hologram weighted by A(x,—x;)
toward the original point. In accordance with this
definition the average value x over N sampling points
is expressed as follows

_ 1 Z .
X=— 21 O(x1)h(x—x15) A 10)
where
N=2h1/Ax .
As N approaches infinity,
1 (=
X=—5- S g(x)h(x— x1)dx; . 11

Both of Egs. (8) and (11) are the same form except
for constant factors.

5.3 Proposal on Standard Absorbing Materials

In previous discussion, we have assumed Ho is
given by the complete absorbing material. Such a
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Fig. 7 Absorption characteristics of the
membrane system backed with the hard
wooden board.

condition, however, is not easy to realize. Using the
standard material with a known amplitude reflection
coefficient R'(#0), Eq. (7) is easily exchanged by

PAO
Pso

If a thin membrane causing flow resistance is
stretched a quarter wavelength away from the rigid
wall, high absorbing effect is experienced.'® Figure
7 shows the frequency characteristics of a membrane
resistance backed a hard wooden board. The values
marked O indicate the holographic absorption co-
efficients measured by the present method, and ones
marked x and @ do the normal incidence absorption
coefficients measured by the acoustic tube method
under the stretched or the loosed condition, respec-
tively. About a quarter wavelength interval results
in the maximum absorption effect in each case, be-
cause of the highest velocity of air particle at the
membrane position.

Table 1 shows the calibrated absorption coeffi-
cients of the individual quarter wavelength membrane
systems measured in the anechoic chamber of which
walls should be assumed as the perféctly absorbing
material in H¢. In Fig. 8, the values marked © which
indicate the holographic absorption coefficients of a
sheet of sample backed by a hard wooden board are
observed by means of the proposed membrane sys-
tem and Eq. (12), and ones marked x are done by
means of the anechoic chamber wall and Eq. (7),

2
ap=1— (1—R)+R'| . (12)
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Table 1 Absorption coefficients «’ cali-
brated in the anechoic chamber and
standard amplitude reflection coefficients
calculated by R'= v1—o.

f&Hz) 0.5 1.0 2.0 4.2 8.3*
o’ 0.86 0.76 0.96 0.77 0.27
R 0.37 0.49 0.20 0.48 0.85

* The membrane is 3/42 apart from the hard wooden
board.
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Fig. 8 Experimental results referenced by
the 1/4 wavelength membrane system as
the standard material, by the anechoic wall
as the perfectly absorbing material and by
the acoustic tube method as a well known
means.

respectively. Both results agree fairly well. The
results which are obtained by the well-known acoustic
tube method as a typical condition of the normal
plane wave incidence are shown by @ marks.

6. CONCLUSION

We have proposed and successfully proved a new
method for the measurement of absorption coeffi-
cient of materials. This method has following four
features: 1) It is possible to measure in an ordinary
room, without preparing an anechoic or a reverbera-
tion room, by the subtractive holographic technique
rejecting spurious field. 2) It is not necessary to
remove constructed absorbing materials by attaching
alhard board in front of them for hologram Hj and
a known absorbing index material for hologram H.
3) Violent field variations are automatically smoothed
out by the holographic data processing. 4) The ob-

tained values can be regarded as evaluating the ab-
sorbing effects in some limited area including the
effects of mounting and surrounding conditions as
well as the materials’ own features.

The application of holographic techniques for
room acoustics will show great promise in the ob-
servation of the effective absorption characteristics
of materials, if resolved following problems: 1) How
to construct standard absorbing materials, as pro-
posed in Fig. 7? 2) A finite material indicates a
different effect from the materials’ own feature by
reason of so called the edge effect through diffraction,
especially at higher frequency range. Is it possible to
separate edge effects from whole? 3) The tube meth-
od shows the one limited estimation characterizing
materials’ own feature and the reverberation room
method does the other limited estimation including
influences of modes and edge effects. Generally our
results would not be coincident with both. Is it pos-
sible to relate this method with either or both for
easy measurement on real materials in an ordinary
room? 4) Is it possible to estimate an equivalent ab-
sorption coefficient of a room corner or a absorbing
complex rib construction?
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