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1 Introduction

Microphone arrays are an efficient tool for localizing acous-
tic sources [1–3]. The acoustic field is recorded by a set of
distributed microphones. Then the microphone signals are
processed in order to build a noise source map which high-
lights the source positions. The standard technique is the De-
lay And Sum (DAS) beamforming which can be performed
in the frequency domain via the cross-spectral matrix [1, 2]
or in the time domain via the cross correlation of the micro-
phone signals [3]. In the frequency domain, DAS beamform-
ing is known to be less efficient at low frequencies, there-
fore several techniques based on inverse methods have been
developed to improve its performances [1, 3]. In this study,
DAS beamforming is implemented with the generalized cross
correlation in the time domain. The arithmetic, geometric or
harmonic means of the spatial likelihood functions are used
similarly to Padois et al. [4]. The influence of the number of
microphones is investigated with numerical data in the case
of a standard circular microphone array.

2 Source localization method

Generalized cross correlation of the microphone signals

The cross correlation Rxmxn
(τ) is a useful function to esti-

mate the time delay between two microphone signals xm and
xn. Commonly in microphone array processing, the cross
correlation function between two signals is obtained by the
inverse Fast Fourier Transform of the cross-spectrum Cxmxn

which allows prefiltering operation

Rxmxn
(τ) =

Nf−1
∑

k=0

W (k)Cxmxn
(k) exp

(

j2π
k

Nf
τ

)

, (1)

where W (k) is the prefilter and k is the frequency index. The
technique used to prefilter is the PHAse Transform (PHAT)
which allows removing the magnitude of the cross-spectrum
in order to only retain the phase information. This technique
is named the Generalized Cross-Correlation (GCC) or GCC-
PHAT when the PHAT prefiltering operation is used (in the
following the PHAT prefilter is used but the term PHAT is
omitted for simplicity).
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Spatial Likelihood Function of a microphone pair

The peak value of the cross correlation provides the time de-
lay between the microphone signals. This time delay cor-
responds to a set of potential source positions. If the cross
correlation function is interpolated over spatial locations rl

where the source is searched, the resulting map is typically a
hyperbola in two dimensions, this map is called Spatial Like-
lihood Function (SLF). However, the source position cannot
be accurately detected with a single hyperbola (i.e a single
microphone pair). If three microphones are used, three hy-
perbolas can be defined. If the SLFs are summed, the max-
imum value corresponds to the intersection of the hyperbo-
las and provides the source position. Commonly, the micro-
phone array output signal yAM (rl) is obtained by computing
the Arithmetic Mean (AM) of the SLFs determined for Mp

microphone pairs as

yAM (rl) =
1

Mp

Mp
∑

p=1

Rp(τrl), (2)

where Rp is the cross correlation function of microphone
pair p and τrl = ∆tml − ∆tnl is the time lag for the spatial
source location l.

Generalized mean of the SLFs

In the case of the GCC and Mp microphone pairs, the geo-
metric mean (GM) and harmonic mean (HM) [4] are given
by

yGM (rl) =
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where |·| denotes the absolute value. The influence of the
number of microphones, therefore the number of microphone
pairs, is investigated with numerical data in the following sec-
tion.

3 Influence of the number of microphones on
the noise source map

Numerical set-up: case of a standard circular microphone

array in front of an acoustic point source

An acoustic point source, arbitrary located at (x =
−0.25, y = 0, z = 0.25) m, generates a white noise signal.

Art ic le publ ished in Canadian Acoust ics ,  vol .  44 no 3 (2016)
https:/ / jcaa.caa-aca.ca/ index.php/jcaa/art ic le/view/2985



A standard circular array with a radius of 20 cm is set in front
of the source 1 m away. The center of the circular array is
located at (x = 0, y = 1, z = 0) m. Therefore, the distance
source-array is 1 m and the source is outside the inner cir-
cle of the array. This kind of array is commercially used and
the geometry is convenient for investigating the decreasing of
number of microphones. The time delay between each mi-
crophone pair signal is computed via Eq.1. The noise source
maps are obtained by using the AM (Eq.2), GM (Eq.3) and
HM (Eq.4). The scan zone is a square with side equal to 1 m
and discretized with 2601 points (51 × 51). The only differ-
ence between the noise source maps is the combination of the
SLFs.

Noise source maps: case of a 20-microphone circular ar-

ray

The noise source maps provided by the three different means
are shown in Fig 1. With the AM, the source position is cor-
rectly detected. However, the number of side lobes is very
large due to the number of microphones. Moreover, the side
lobes level is high which may prevent the localization of a
source with a weaker level. When the GM and HM are used,
all the side lobes are removed and the main lobe is narrower.
The best noise source map is provided by the HM with a sharp
main lobe.

Figure 1: Noise source maps obtained with the AM, GM, and HM
in the case of a 20-microphone circular array. The black circles is
the source position. The blue dots are the microphone positions. The
colorbar is in dB.

Noise source maps: case of a 5-microphone circular array

Now, the number of microphones is reduced to 5. The noise
source maps provided by the three different means are shown
in Fig 2. With the AM, the number of side lobes is smaller
due to the decreasing of microphone pairs. However, the side
lobes level is higher because there is less destructive inter-
ferences. With the GM and HM, the noise source maps are

similar to Fig 1 without side lobes and with a sharp main lobe.

Figure 2: Noise source maps obtained with the AM, GM, and HM
in the case of a 5-microphone circular array. The black circles is the
source position. The blue dots are the microphone positions. The
colorbar is in dB.

4 Conclusions

This paper deals with a source localization technique based
on the generalized cross correlation in the time domain. Com-
monly, the Arithmetic Mean (AM) is used to average the
spatial likelihood functions. In this study, the AM has been
replaced by the Geometrical and Harmonic Mean (GM and
HM). Two numerical cases involving a large or a small num-
ber of microphones were investigated. In each case, the GM
and HM outperform the noise source map provided by the
AM by removing the side lobes and narrowing the main lobe.
Moreover, the GM and HM are less sensitive to the decrease
of number of microphone as compared to the AM.
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