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Introduction
The surface impedance of materials can be determined exper

imentally in the free field or in situ by measuring sequentially the 
transfer function at two locations using a single microphone if the 
excitation signal can be controlled [1], However as no experimental 
system is perfectly linear and repeatable, errors will be introduced. 
The objective of this work was to verify experimentally the mea
surement system of surface impedance using the residual pressure- 
intensity index. The method presented here can be used to examine 
the stationarity and repeatability of an experimental system.

Expression for residual pressure-intensity index

The biased impedance Z  can be expressed as a function of 
equivalent phase errors defined in terms of the characteristics of mi
crophones [2] . In the configuration of measurements adopted here, 
the microphone is oriented parallel to the surface of the material and 
the measurement is little sensitive to the vent effect in reactive field. 
The biased impedance Z  depends only on the equivalent phase error 
4>e between the signals measured at two positions: 
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The residual pressure-intensity index is given as

L Ko =  lOlogÜTo ~  lOlogfca/ \<j)e | (dB). (2)
As only one channel is used in the impedance measurements, the 
equivalent phase error here does not include the electronic phase 
mis-match. However if the repeatability properties of a system are 
not perfect (non-linear effects for example), equivalent phase error 
will be introduced. This error can be represented as the difference in 
phases between two average transfer functions H i and H 2, which 
are determined using N  time acquisitions without changing the po
sition of the microphone <f>e =  A rg{JÏi H 2}  =  <fi — ÿ i ,  <p i 
and Ç>2 are the phases of H i  and H 2 respectively (for a = 0). 
As and (p2 are random variables and have Gaussian distribu
tions, it is natural to determine <j)e by calculating the standard de
viation of the phase of the transfer function ip. Since the two sets 
of measurements are independent of each other, C ov[^ i, <p2\ =  0, 
Var[<£i — <p2] =  2 a 2[ip\/N.  The equivalent phase error can be
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Fig.l -  Standard deviation cr[ip] (in degree) estimated using

150 experimental samples H m ( m  — 1, 2, 3 . .  . 150).

defined statistically from the variance of tpi— ip2 by\<f>e \ fa 

The standard deviation of the phase of the transfer function is esti

mated byor[<p] ~  y j ~  w h e r e =  A rg{ H }

with H  =  ( 1 / M )  X^m=1 The residual pressure-intensity in
dex becomes

I n  h n

^ " - 1 0  log V T ^ i  (dB)- (3)

Eq. (2) shows that the residual pressure-intensity index L k o  is de
pendent on the standard deviation of the phase of the measured trans
fer function, the separation distance of the microphones, frequency 
and the number of acquisitions.

Verification of experimental system using L k o

In order to determine experimentally the variance <7 2 [<p] of the 
phase of the transfer function, a series of transfer functions H m 
(m m 1,2,3, . . .  M ) were measured using a single microphone at the 
same position in the sound field. The measurements were done in a 
semi-reverberant room. The glassfiber sheet was put on the floor of 
the room. A microphone was placed 10 cm from the surface of the 
material. A loud-speaker used in the impedance measurement was 
driven by a determinist broad-band signal. Fig. 1 shows the stan
dard deviation cr[y>] estimated from 150 measurement samples. It is 
noted that <j[ip\ >  50° at frequencies /  <  100 Hz. The measured 
values L k 0 were calculated using cr[<p] in the case of a =  10 cm 
and a =  0.5 cm respectively. The results are presented in Fig. 2, 
for N  — 32. It is shown that for a  =  10 cm, L ko >  20 dB at 
frequency range 300 <  /  <  20000 Hz. Hereaswhena =  0.5 cm 
L ko >  20 dB in the frequency range 2 <  /  <  20 kHz.

Conclusion
A technique using pseudo-random sequences and a single mi

crophone for in situ measurement of the acoustical properties of ma
terials was validated experimentally by measuring the residual pressure- 
intensity index L k o - TTiis verification allows us to obtain the impedance 
using a single microphone without phase-mismatch errors as in the 
two microphone method. It was shown that this technique has frequency- 
range limitations determined by the distance between the two micro
phone positions.
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Fig. 2 -  Variation o f L  K  a (,n dB) with the frequency fo r two distances between 
microphones (a) a  =  10 cm; (b) a  =  0.5 cm.

-  14 -


