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Motivation

High-quality numerical simulations in room acoustics re-
quire a detailed knowledge of the acoustic reflection char-
acteristics of the materials in the room, in order to real-
istically model the interferences between multiple sound
reflections at the room boundaries. While different stan-
dardized measurement methods exist for the determi-
nation of the absorption coefficient and reflection fac-
tor these methods can generally not be applied in-situ.
Thus time-consuming laboratory measurements and the
supply of material samples are required. Driven by the
obvious demand for a reliable in-situ measurement tech-
nique, a new pu-probe based method has emerged during
the last years, which derives the reflection factor based on
the simultaneous measurement of sound pressure and ve-
locity [1]. However, previous investigations of the setup
and publications by other authors have shown that the
measurement results are affected by various uncertainty
factors [2]. The ongoing present study aims at the iden-
tification, separation and quantitative assessment of the
uncertainty factors related to diffraction effects at the
source and sensor, as well as to calibration issues. We
therefore conduct impedance measurements in a well-
controlled environment and compare these to results of
BEM simulations, where we can gradually increase the
amount of geometric detail of source and sensor to inves-
tigate their influence on the measurement result.

Model of Measurement Setup

The measurement setup is modeled and simulated nu-
merically with the indirect BEM in frequency domain.
The frequency range of interest is between 20–7000 Hz.

The loudspeaker and sensor geometry are supposed to
have an effect on the measurement result. Therefore, the
measurement instrumentation is modeled with a high de-
gree of detail as shown in Figure 1 for the loudspeaker
and for the sensor. Additionally the surface velocity dis-
tribution of the loudspeaker membrane was measured by
a laser doppler vibrometer.

Validation of Approach

In order to validate the numerical model and the assump-
tions made so far, an exemplary and controlled measure-
ment scenario is chosen. It introduces a perfectly reflect-
ing and flat surface in a known distance to the sensor and
loudspeaker as shown in Figure 1. It is worth mention-
ing that the loudspeaker is completely isolated from the
sensor in terms of structure-borne sound transmission.
The sensor is positioned by very thin and shaped metal

Figure 1: Controlled measurement scenario in the anechoic
chamber with reflecting floor and simulation of the setup.

rods directly on the hard floor. The measurement was
conducted using the ITA-Toolbox [3] with an exponen-
tial sweep. The non-linearities of the loudspeaker were
monitored and the total harmonic distortion was always
kept below a limit of 0.5 %.

The results shown in Figure 2 for the measured and sim-
ulated field impedance are in very good agreement. The
absorption coefficient is calculated by using the itera-
tive method to calculate the surface impedance by Al-
varez [4]. The floor is expected to show an absorption
coefficient of almost zero which is not the case around
4 kHz in either simulation or measurement results due to
second reflection of the reflected sound from the surface
at the sensor. The distance between sensor and surface
was 2 cm.

Simulations in a Closed Volume

A desired use of the measurement setup is e.g. inside of
cars, in order to determine the reflection factors of the
different surfaces. To model this, a simulation was car-
ried out in a shoe-box shaped small enclosure, where the
impedance of one surface was to be determined and the
surrounding walls were given an impedance correspond-
ing to different absorption values. Figure 4 shows that
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Figure 2: Comparison of simulation and measurement of free
field impedance for the given setup.
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Figure 3: Absorption coefficient calculated from the simu-
lated and measured free-field impedance for the given setup.

good results can only be achieved if the surrounding walls
have a high absorption so that reflections from the side
do not have a large impact.
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Figure 4: Simulated absorption coefficient for different re-
flection factors of surrounding walls.

Uncertainty Evaluation

The distance between the sensor and the surface is a
critical factor for the correct determination of the surface
impedance and has great impact on the uncertainty of the
result [2]. Hence, the absorption coefficient calculated
from this impedance suffers from this error as well. As
can be seen in Figure 5 for α = 0.2 and α = 0.7 the
error increases with decreasing absorption and increasing
uncertainty of the distance. Furthermore it is dependent
on frequency.
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(a) α = 0.2
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(b) α = 0.7

Figure 5: Error in absorption coefficient due to mismatch of
the distance between sensor and surface.

Conclusion

The approach to simulate the measurement setup using
BEM was validated successfully. The comparison of the
real and an ideal pu-sensor shows that reflections and
diffractions at the sensor geometry (for materials with
low absorbtion) cause narrow-band deviations from the
correct result. Influences of the measurement environ-
ment, e.g. inside a car, in terms of reflections from ob-
jects in the vicinity of the sample cause problems. This
is not directly solvable by time-windowing at least not
for low frequencies. A smaller sensor could solve this
problem. The geometry of the setup has an influence on
the result. Especially, small errors in the estimated dis-
tance between sensor and surface lead to high errors in
the impedance and therefore in the absorption coefficient
measured in-situ.

Acknowledgments

The ITA-Toolbox (www.ita-toolbox.org) has been used for
measurements and post-processing. Thanks to the developers
of Playrec, PortAudio and Steinberg ASIO SDK.

References

[1] H.-E. de Bree, The Microflown E-Book. Microflown Tech-
nologies, Arnhem, 2009, (Last viewed August, 2011).

[2] E. Brandao, R. C. C. Flesch, A. Lenzi, and C. A. Flesch,
“Estimation of pressure-particle velocity impedance mea-
surement uncertainty using the monte carlo method,”
JASA, 2011.

[3] P. Dietrich, M. Guski, M. Pollow, M. Müller-Trapet,
B. Masiero, R. Scharrer, and M. Vorländer, “ITA-Toolbox
– An Open Source MATLAB Toolbox for Acousticians,”
in Fortschritte der Akustik – DAGA, 2012.

[4] J. Alvarez and F. Jacobsen, “An iterative method for de-
termining the surface impedance of acoustic materials in
situ,” in Internoise 2008, Shanghai, China, 2008.

DAGA 2012 - Darmstadt

326


