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Introduction

Acoustic vector sensors (AVSs) are ca-
pable of measuring acoustic particle ve-
locity and pressure. Its applications in-
clude:
- Acoustic situational awareness
- Noise localization and tracking
- Indoor Acoustics
- NVH analysis in automotive

Considering under-sampled AVS array, the questions addressed in this work include:

- Study the effect of grating lobes for unambiguous DOA estimation
- Performance analysis of classical and MVDR beamformer based DOA estimation
- The behavior of the beamformers for the interference cancellation tasks.

Preliminaries

The data with M AVSs and D far-field narrow-band sources can be modeled as:
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The beam pattern of an AVS array for a single source (at DOA φ):
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The beam pattern of an AVS array in terms of an equivalent APS array and the VGM
term,
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(a) r = 0.5, M = 9, φ = 90◦
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(b) r = 1.5, M = 9, φ = 90◦

Cramér-Rao lower bound for DOA estimation

For a scenario with two uncorrelated sources (φ1, φ2), the CRLB can be written as:
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σ2
n

2N

([
K1 0
0 K2

])−1

, (3)

Kq

σ2
q

= 8π2
M∑

i=1

(

rT
i

∂u(φq)

∂φq

)2

+M −
2M (Bp(φ1, φ2))

2 sin2(φ1 − φ2)

4M 2 − (Bp(φ1, φ2))
2 (VGM(φ1, φ2))

2; ∀q = 1, 2.

For two sources scenario with M = 9, N = 10, and φ1 = 90◦,

(a) APS ULA, SNR = 0 dB (b) AVS ULA, SNR = 0 dB

For multi-source scenario with M = 9, N = 10, φ1 = 90◦, φ2 = 60◦ and φ3 = −90◦,

(a) AVS ULA, SNR = 10 dB (b) AVS ULA, r = 2.5

Classical and MVDR beamformer

Under single source scenario, the spectrum estimate based on Classical (CBF) and
MVDR beamformer at the grating/main lobe locations:
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For M = 9, φ = 90◦, the variation of maximum side lobe level (MSL) for CBF and
MVDR,

-5 0 5 10
0

0.2

0.4

0.6

0.8

1

AVS CBF
AVS MVDR

(a) r = 2.5

1 2 3 4 5
0

0.2

0.4

0.6

0.8

1

AVS CBF
AVS MVDR

(b) SNR = 10 dB

Interference cancellation

The beam pattern synthesis problem for an AVS array can be written as:
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Formulation of a beamformer minimizing maximum level side lobes with distortion-less
response:
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Beam pattern synthesis for φ0 = 60◦ and interference locations, φn = 90◦, 120◦.,
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(a) Zero Forcing beamformer
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(b) Beamformer from (7), {α, β} = 1


