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a b s t r a c t

Nowadays phased microphone arrays have become a standard technique for acoustic
source mapping. Compared with the conventional delay-and-sum beamforming method,
deconvolution approaches such as DAMAS successfully improve the spatial resolution,
however require high computational effort. Without optimizing DAMAS algorithm, re-
cently DAMAS with wavelet compression computational grid (denoted by DAMAS-CG1)
has reduced significantly computational run time of DAMAS in applications (Ma and Liu
(2017) [17]), and Liu (2017) [16]), however DAMAS-CG1 has an inevitable deficiency that
the occurrence probability of aliasing increases slightly for complicated sound source. This
paper proposes a novel algorithm that DAMAS with computational grid compressed by
discarding grid points with non-positive beamforming (denoted by DAMAS-CG2). Appli-
cation simulations and an airfoil trailing edge noise experiment show that DAMAS-CG2
not only reduces significantly the computational run time but also retains the spatial
resolution of DAMAS on original grid. Moreover DAMAS-CG2 overcomes the inevitable
deficiency of DAMAS-CG1, and is simpler and more practical than DAMAS-CG1, although
DAMAS-CG2 is usually less effective than DAMAS-CG1.

& 2017 Elsevier Ltd All rights reserved.

1. Introduction

Nowadays phased microphone arrays have become a standard technique for acoustic source mapping [1]. The con-
ventional delay-and-sum (DAS) beamforming algorithm constructs a dirty map of source distributions from array micro-
phone out pressure signals [2]. Although conventional DAS beamforming is simple and robust, its main disadvantages
include poor spatial resolution particularly at low frequencies [3] and appearance of ghost sources due to side-lobe effects
[4,5].

Deconvolution approaches have been developed to overcome the disadvantages of beamforming, through reconstructing
a clear map of source distributions from dirty map by iteratively deconvolution. Some well-known deconvolution ap-
proaches used in acoustic field include Non-Negative Least-Squares (NNLS) [6], CLEAN [7], DAMAS [8], CLEAN-SC [9] as well
as compressive sensing algorithm [10–13]. In these deconvolution approaches, DAMAS is the breakthrough due to it makes
deconvolution become well established in the acoustic field. Unfortunately, deconvolution approaches require a relatively
high computational run time compared with the conventional beamforming [14]. With less computational run time of
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deconvolution, it is possible to reduce significantly the cost of measurements, and to improve the ability of real-time display
and online analysis. A lot of effects of researches have thus been devoted to reducing computational run time of
deconvolution.

For reducing computational run time of deconvolution, one strategy is applying more efficient deconvolution algorithms
such as Fourier-based algorithms (e.g. DAMAS2 [15], FFT-NNLS [16]). Spectral procedures are applied in these Fourier-based
algorithms, under an assumption that PSF is shift-invariant, tantamount to assuming that the source field consists of plane
waves. However this assumption is invalid in most aeroacoustic applications, especially when the distance between the
observation plane and the microphone array is not large compared with the extension of the region of interest.

An alternative strategy to reduce the computational run time of deconvolution is using compression computational grid
that only contains the significant grid points and does not contain the redundant grid points. This strategy is based on the
fact that computational run time of deconvolution decreases with the decrease of the number of computational grid. In
previous work [17], DAMAS with wavelet compression computational grid (denoted by DAMAS-CG1) has reduced sig-
nificantly computational run time of DAMAS in applications, particularly when sound sources are just located in a small
extent compared with scanning plane and a band of angular frequency needs to be calculated. However DAMAS-CG1 has an
inevitable deficiency that the occurrence probability of aliasing increasing slightly for complicated sound source.

In order to not only reduce the computational run time of DAMAS but also overcome the deficiency of DAMAS-CG1, in
this paper we propose a novel algorithm that DAMAS with computational grid compressed by a new method (denoted by
DAMAS-CG2). The rest of this paper is organized as follows. Conventional beamforming and DAMAS are introduced in
Section 2. The new algorithm DAMAS-CG2 is illustrated in Section 3. Some application simulations are examined in Section
4. An experimental application for aeroacoustic noise is examined in Section 5. A discussion is presented in Section 6. Finally,
conclusions are given in Section 7.

2. Conventional beamforming and DAMAS

Fig. 1 illustrates a setup with a planar microphone array that contains M microphones and has a diameter of D, as well as
a 2-D region of interest. Stationary noise sources are located in a x-y plane at a distance of z0 from the centre of the
microphone array. The length of the scanning plane is L¼ α( )z2 tan /20 , where α is the opening angle. The source plane is
divided into S¼N�N equidistant points.

In conventional beamforming, cross-spectral matrix (CSM) for each test case data set is firstly calculated using si-
multaneously acquired data from the microphone array. The acquired data of each microphone are divided into I frames.
Each frame is then converted into frequency bins by Fast Fourier Transform (FFT). For a given angular frequency ω, CSM is
averaged over I blocks
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Fig. 1. Sketch of setup with a planar microphone array and a 2-D region of interest. Origin of the coordinate system is placed in the centre of the
microphone array.
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