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Measurement of the acoustlc impedance by using beamforming method in a free-field
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ABSTRACT

In this paper, a beamforming technique is introduced to measure the acoustic impedance at both normal and oblique
incidence in a free field. The acoustic impedance is obtained by separating incident and reflected signals using the adaptive
nulling method which is one of the various beamforming algorithms.  To obtain better results, pressure vector commonly used
in array signal processing is replaced with the transfer function vector between each microphone and the white Gaussian noise
is suppressed by a wavelet shrinkage technique. The experiments conducted in a semi-anechoic room show that the proposed
method is efficient and accurate in measuring the acoustic impedance of sound absorbing materials under a free field condition.
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Fig.1 Schematic illustration for beamforming method.
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Fig. 2 Experimental setup for relative phase calibration.
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Fig.3 Experimental setup for measuring the acoustic
impedance at normal incidence

Fig. 4 & 4 Akl thad 598 54 A
ERVE AolBAL Al e AAR F

972

&% YNAAE ANE A9 a9A B A
of tiet vl A¥olrt THA Hi= ZAAF o]
Beg AHgale] & FHo| 1¥A @& Feun
24 9 MgE A3E 4SS BHojFErh 59
olgst A& F2E vl 1A v HE
3 A,
1 T T T
XX
OSQéX O with de-noising
OWQ - x  without de-noising
= 05} &0
o 3
'E & @, Real part
g %@%@9 .
S Oy BeRg,
g &
o 8
g 05 éé@;e@x X Faa
= -0.5¢ O ol ey
% 3 595%%‘36 e Imag part
-2100 1000 2000 3000 4000 5000 6000
Frequency (Hz)
(a) Reflection coefficient
1
mﬁ‘@@
[+] o
= 0.8} 5@98 o
X
[ab]
2 Y
= 06f NP
= [e]
O XOOO
c [&0) B
S 04r L of ®x
= o
2 | x
S 02p =
< 0 %o, O with de-noising
><X fors X without de—noising
0 | 1 1 1 1 1
300 1000 2000 3000 4000 5000 6000
Frequency (Hz)
(b) Absorption coefficient
Fig. 4 Comparison of the measured results by
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Fig. 5 Comparison of the results with impedance tube
and beamforming methods at normal incidence.

impedance at oblique incidence.
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Table I.  Properties of the test material. x2S

[ —
Thickness (mm) 10 )
(1) F9%, A, 2003 “HEH RS o8 AAH
Bulk Modulus (kg / m®) 81.81 HEAL Al 547, daasleseed=ey, A 13 4
Al 6 5, pp. 438~444.

Flow resistivity (MKS Rayls/m) 48210 (2) Jean F. Allard, Benita Sieben, 1985, “Measurements of
acoustic impedance in a free field with two microphones and a
spectrum analyzer”, J. Acoust. Soc. Am. 77(4), pp. 1617~1618

Structure Factor ( -) 1.05 (3) VY. Champoux, J. Nicolas and J. F. Allard, 1988,

] “Measurement of acoustic impedance in a free field at low

Porosity ( -) 0.88 frequencies”, Journal of Sound and Vibration 125(2), pp.
313~323.

Viscous characteristic length (zm) 46.46 (4) Masayuki Tamura, 1985, “Spatial Fourier transform
method of measuring reflection coefficients at oblique

Thermal characteristic length (zm) 128.50 incidence. I: Theory and numerical examples”, J. Acoust. Soc.
Am. 88(5), pp. 2259~2264.

(5) Masayuki Tamura, Jean F. Allard, Denis Lafarge, 1995,
“Spatial Fourier-transform method for measuring reflection
coefficients at oblique incidence. I11: Experimental results”, J
Acoust. Soc. Am. 97(4), pp. 2255~2262.
4. A= (6) R. Lanoye, G.. Vemeir, W. Lauriks, 2006, “Measuring the
free field acoustic impedance and absorption coefficient of
sound absorbing materials with a combined particle velocity-

2 ErdAeE A 2deA 4 94 A pressure sensor”, J. Acoust. Soc. Am. 119(5), pp. 2826~2831.
A} QJA}e] AL tEle] AlHO S duu A ) IYen-Yu Shfih, Jyh-ICher:jg Chen, Ren-ﬁhyan Licu, 2005,
[ . _ - “Development of wavelet de-noising technique for PET
Sst] S Fdd WEY WS AkEsivh images”, Computerized Medical Imaging and Graphics 29, pp.
Faes aRFor Eol7] falA =% WEtA 297-304 _

ATk B2 WEE2 ALLElol o ol E o ol.a (8) Y. Y. Kim, J.-C. Hong, 2001, “Frequency response

o= ‘j—or o 1= i Fe-shtovf T]_] =9= o8 function estimation via a robust wavelet de-noising method”,

sto] F5& AASUT ol EE I A 9 Journal of Sound and Vibration 244(4), pp. 635~649.

A& BABEO 24 1000Hz olske A F3k4 ) “P(Q) Y?on Jae tl_(imt,_ Yeon Jgne Ka}ng, Jung Soo dKIT 2005%

o arameters estimation and performance prediction o

o3 o oo 2~ o= FA

AellAf gt J_%k = ¥= T RS sl Z:“c& acoustical materials”, ICSV12 Proceedings.

3 W og =H3 5SS dyuAs FBH =34 (10) Joseph C. Liberti JR, Theodore S. Rappaport, 1999,
ol o|2Aowm =AS k=7 H|wslo otz Smart antennas for wireless communications: 1S-95 and Third

#k 5 ol _ﬁ; ;r_ OO %kj_ }Jlj 1A o Generation CDMA Applications, Prentice Hall, Upper Saddle

W dse A 538 FAYALY A5 River.

o A ¢k 400~6400Hz 7F ] =43 A3k (11) Don H. Johnson, Dan E. Dudgeon, 1993, Array signal

o] AlMEl A EHE Algsle] d& gul & o3 E):rlci)]i:fissmg: concepts and techniques, Prentice-Hall, Englewood
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