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(Improvement of Microphone Array Performance in the Low
Frequencies Using Modulation Technique)

B =RoHE AE Wz /e ol MEMY AFF fd EAL AAFonH AN A& AA A5 s
A Wk YAY S7A AY ulo]ZZE ofold Afd e AAS ¥ o, dude Fe Ase daME
delay-and-sum WEWO2E HAS WIS 2E Wuelo] dygoe mi e AAT & Qo 2y U
o ABAE diasing® Heb7] 3 25 Aso] WA vlo|IRESE EHAcE s ARRe 242 NEo 5101
AA AR Gee] 3L B AANA ot Bue] Azol g YA WES ZA S WA AR ojuelE
olgg wyn RN oy e wenlbl 2o Aowe) gt Hx o 1 W E L FErso] mE nlo| AR E ME
Tz dof stk Qe sHew e Ao AE YoM E mEN gods g F WES Ay aME
ojgole] =7)7 AAk s Bl QT A FYZL FAN F2 ARESE AE Wz 7S WEYo| o4
AozA AZw By AEE 173 BP0 SU0TH A4 379 nfo|ARE ofoldNE AFTH td AL FY ¢
Q= Aol itk SxtF AY vlo]laRE olgolo] At WHE HEF AP ATo|A s1Ee WEEo) wE Feo AR
3 4Rl & AAYE & % Ut}

Ol:op
-L

‘ Abstract

In this paper, we employ the modulation technique for improving the characteristics of beamformer in the low
frequencies and thus improving the overall noise reduction performance. In the 1-dimensional uniform linear microphone
arrays, we can suppress the narrowband noise component using the delay-and-sum beamforming. But, for the wideband
noise signal, the delay-and-sum beamformer does not work well for the reduction of low frequency component because
the inter-element spacing is usually set to avoid spatial aliasing at high frequencies. Hence, the beamwidth is not uniform
with respect to each frequency and it is usually wider at the low frequencies. In order to obtain the beamwidth
independent of frequencies, subarray sysbemsmmmm and multi—beamforming[sl have been proposed. However these
algorithms need large space and more microphones since they are based on the theory that the size of the array is
proportional to the wavelength of the input signal. In the proposed beamformer, we reduce the low frequency noise by
using modulation technique that does not need additional sensors or non-uniform spacing. More precisely, the array signals
are split into subbands, and the low frequency components are shifted to high frequencies by modulation and reduced by
the delay-and-sum beamforming techniques with small size microphone array. Experimental results show that the proposed
technique provides better performance than the conventional ones, especially in the low frequency band.
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Fig. 1. The structure of  delay-and-sum
beamformer.
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Fig. 2. Beampattern of delay-and-sum
beamformer at 300 Hz and 1500 Hz.
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