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1 Introduction

To reduce the noise level in a workplace, the main sources
have to be localized. This task can be done with a spherical
microphone array (SMA). When the microphones are flush
mounted to a rigid sphere surface, the SMA s referred to as
rigid. In this case, the Spherical Harmonic Beamforming
(SHB) algorithm is preferred since it allows to account for
the scattering effect of the acoustic waves onthe rigid sphere
[1,2]. When the microphones are fixed on an open wire
frame, i.e., transparent with respect to the acoustic waves, the
SMA s referred to asopen and the Generalized Cross-Corre-
lation (GCC) algorithm in the time domain can be used [2].
Both algorithms require the knowledge of the sound speed
and the microphones position. In this study, the effect onthe
acoustic image of anerror committed on these parameters is
investigated numerically. The error is introduced by using a
reference value for both parameters which is different from
the one used to generate the microphones signals. More spe-
cifically, the microphones signals captured by a rigid or an
open SMA placed in a room are obtained numerically using
a sampled range of sound speed values and degrees of preci-
sion of microphone position. Then these signals are used as
input to the SHBand GCC algorithms to calculate the acous-
tic image butwith thereference value for the sound speedand
the microphone positioninstead of those used to generate the
inputsignals. Themain lobearea isthe criterionused toevalk
uate theparameters influence on the acoustic image.

2 Algorithms
2.1 Spherical Harmonic Beamforming

The SHB algorithm principle is the decomposition of the
acoustic wave field measured onthe surface ofa sphere into
sphericalharmonics. Modal matrix of weights is given by

Wi (k1 6, 0) = Y3'(6;, ;) (1)

dTL

b, (kr,)
with k the wavenumber, 7, the SMA radius and (6,, ¢,) re-
spectively theelevationand azimuthal coordinates of thescan
grid points. In Eq. (1), Y7* is the spherical harmonic matrix,
b,, is the contribution of plane waves amplitude onthe sphere
and d,, isa weight parameter used to optimize the directivity.
The modal pressure is given by

Prm (k10 65, 0,) = @Y7 (65, 0,)p(kry, 0,.9,) ()
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with a, a weight parameter and p the acoustic pressure
measured at the microphone located at (6, , ¢, ). The spherical
harmonic functionis then given by

2 1(n— ! .
Y6, 9) = n4—7|r- EZ n Zianm(cose)e”"“J 3)

2.2 Generalized Cross-Correlation

The GCC algorithmemploys the inverse Fast Fourier Trans-
form of the cross spectrum C,,,,to estimatethe cross-correla-
tion R,,,, () between two microphones signals (u, v)
Nf—l
R, (1) = Z Cw(w]—)ei‘“ﬂ/"’f’ (4)
i=0
with the time lagt, discrete frequency j and number of ele-
ments of the frequency vector N, [2]. The acoustic image
A(6,,¢,) is then obtained with the arithmetic mean of the
projected cross-correlations
1
A(gl'(pl) = _Z Ruv(ruvl) (5)
Qp p=1
where Q,, is the number of microphone pairs included in an
array composed of @ microphones and z,,,,; is the timediffer-
ence of the timedelays of two microphones (u, v).

3 Methodology

3.1 Simulation parameters

The simulated environment isa room of 18 min length, 12m
in width and 5 m in height. Theroom reflection coefficient 8
is 1%. The SMA!is in the center of the room. The source is a
monopole located at4 m, ¢ =0° and 6= 90°, relative to the
SMA. The sourcesignalis a sine wave with frequencies rang-
ing from 250 to 2000Hz. The microphones signals are pro-
vided by the convolution of a source signal with the room
impulse response. One rigid and one open SMA are consid-
ered. Both SMA have a radius of 20 cm and include 48 mi
crophonesfollowinga t-design geometry.

3.2 Sound speed parameter

Speed of sound at atmospheric pressure depends on the tem-
perature and humidity. The range used forthesoundspeed is
basedonthe value of the sound speed between -40°Cto 50°C.
Different sound speed values are considered for the calcul
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ation of the microphone’s signals (as described in sec. 3.1)
ranging from 306 to 360m/s. To simulate the error on the
sound speed, the reference value of 343 m/s (20 °C) is used
to obtain the acoustic image using the SHB and GCC algo-
rithmsforeach set of microphones signals instead of theac-
tualsound speed usedto generate the microphones signals.

3.3 Microphone position parameter

This study considers multiple degrees of precision of micro-
phone position on the SMA. First, the microphones signak
are computed by each SMA with microphones coordinates
rounded to 0.001°,0.01° 0.1°,1°, 2°, the nearest factor of 5°
and finally the nearest factor of 10° To simulatethe erroron
the microphones position, the computation of the acoustic
image usingthe SHBand GCC is done using the coordinates
roundedto0.001°foreach set of microphones signals instead
of the actual positions used to generate the micro-phones sig-
nals.

3.4 Ellipse area at -3dB

The quality of anacoustic image canbe defined by the width
of its main lobe. Ona 2D map, an ellipse canbe drawn at-3
dB from the maximum of the main lobe. The area of thisel-
lipse is then used as a criterion for the acoustic image. A
smallerellipse area translates to a more precise acoustic im-
age. The ellipse area for the sound speed assessment is nor-
malized by the value measured at 343 m/s. For the micro-
phone position, the ellipse area is normalized by the value
measured with positions rounded to 0.001°. The normalized
ellipse area isdenoted NEA in the following.

4 Results

4.1 Sound speed

Figure 1 compares the NEA for boththe SHB algorithm with
a rigid SMA and the GCCwith anopen SMA for frequencies
ranging from 200 to 2000 Hz and sound speed values ranging
from 306 to 360 m/s. The sound speed hasa low impact on
the NEA forboth the SHB and the GCC. The NEA!is either
increased or decreased by less than 15% which isnot visible
on the acoustic image. Forthe SHB, the NEA increases as the
sound speed value grows for the frequencies lower than
1000 Hz and close to 2000 Hz. For the GCC, the NEA in-
creasesasthe soundspeed value grows for the full frequency
range.

4.2 Microphone position

Figure 2 compares the NEA for both SMA’s. The frequencies
range from 200 to 2000 Hz and the precision of the micro-
phone positions range from 0.001° to 10°. For the GCC, the
microphone position has close to no impact on the NEA for
the full frequency range. When the microphone position is
roundedto 1°and higher, the SHB isnot able to localize the
acoustic source at the lower frequencies. In this case, the
NEA values are meaningless.
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5 Conclusion

This paper investigated separately the effectofanerror onthe
sound speedand microphones position ontheacoustic image
obtained usingthe SHB algorithm (rigid SMA)and the GCC
algorithm (open SMA). The microphones signals captured by
a rigid and anopen SMA were numerically generated before-
hand using a sampled range of sound speed values and de-
grees of precision of microphones position. Then, the com-
putation of the acoustic image was done using the reference
values (343 m/s, 0.0019) instead of the actual value for each
set of microphones signals. The ellipse area at-3 dB is the
criterion used to evaluate the influence of both parameters.
Results have shown that an error on the sound speed has a
low impacton the SHB and GCC. It has been observed that
the SHB is sensitive to an error committed on the micro-
phones position, while the GCC is more robust. This can be
explained by thedependency of the SHB on the orthogonality
property which depends on the microphone position on the
sphericalarray.
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Figure 1: Normalized ellipse area per value of sound speed, a)
rigid SMA, SHB, b) open SMA, GCC. Dashed line at sound speed
reference value (343 m/s).

2000
1.2
= 11
a) g 1
Z 1000
§ 0.9
10.8
200
2000
12
11
1000 !
0.9
l0s
200

0.001 0.01 0.1 2 5 10
Rounded Coordinate <1< )

Frequency (Hz)

O
~

Frequency (Hz)

Figure 2: Normalized ellipse area per rounded coordinates of mi-
crophone position, a) rigid SMA, SHB, b) open SMA, GCC.
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