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Increase of Side-lobe Level Difference of Spherical Microphone Array by
Implementing MEMS Sensor
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ABSTRACT

A method for increasing the difference of side-lobe level in spherical microphone array is
presented. In array signal processing, it is known that narrow interval between sensors can increase
the difference between main lobe and side-lobe of array response which eventually increase the
source recognition capability. Recent commercial array being used, however, have shown certain
limitation in using the number of sensors due to its costs and geometrical size of array. To overcome
this problem, we have adapted MEMS sensors into spherical microphone array. To check out the
improvement, two different types of spherical microphone array were designed. One array is
composed with 32 regular instrument microphones and the other one is 85 MEMS sensors.
Simulation and experiments were conducted on a sinusoidal noise source with two arrays. The time
history data were analyzed with spherical harmonic decomposition and beamforming technique. 85
MEMS sensors array showed the improved side-lobe level suppression by more than 4 dB above the
frequency content of 2 kHz compared to 32-sensor array.
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1. Introduction recognition capability by implementing

large

In this paper, a spherical microphone array has
been developed to increase its sound source

FChungnam National University, Dept. of Aerospace Eng.
E-malil : jchoi@cnu.ac kr
Tel : +82-42-821-6683, Fax : + 82-42-825-9225
* Chungnam National University, Dept. of Aerospace Eng.
«x Korean Air

0816

number of MEMS sensors. An array capability
can be represented with both beamwidth and
side-lobe suppression level appeared in array
response. Beamwidth at -3 dB of main lobe
shows the resolution of the array and the
difference of level between main lobe and side
lobe indicates how well the array distinguish real
noise source from ghost source.



Commercial spherical array has shown an
effort of sizing an array to fit measurement
conditions such as indoor or vehicle interior
noise.! Considering such sound field, the array
should be small enough not to block wave
propagation and large enough to house sensors
inside. Such spherical array has usually used
instrument microphone which provides flat
sensitivity over broad frequency band up to 20
kHz. Though its good performance, the
instrument microphone has a volume itself
including amplifier, wire and so on. Consequently,
the number of sensor should be limited when
being used in spherical array.

The primary objective of the present work is to
estimate the side—lobe level difference due to the
distribution of Next, design and
construction of spherical array by implementing
MEMS sensors is described. Description of
experiment is followed by comparison of
simulation and experimental results.

SEensors.

2. Theoretical Background

2.1 Spherical Harmonic Decomposition

The incoming sound is assumed to be the
infinite series of plane waves. Then, sound wave
received from all direction can be Fourier
transformed on the sphere.z’ 3 The spherical
Fourier transform of f is expressed as

fam = L2 7 £(8, )Y (6, §)dBdep (1)

where spherical harmonics of order n and
degree m are defined by

(2n+1) (n-m)!
4 (n+m)!

Y8, ¢9) = P™(cos 8)e™®. (2

The  associated Legendre function BM
represents standing spherical wave in 6 and
e'™® traveling spherical wave in ¢.

2.2 Sound Pressure on Sphere
The incident plane wave arriving from a
direction (6,, ¢;) with amplitude w on the sphere

1s given by

pl(lgorv e'n(;b)
=37 Wil @Bk, k¥ (6, V(0. 8)
n=0m=-n
(3)

where k is the wave number, r is the radius of
the sphere. The subscript | means the direction
of arrival of sound wave. The coefficient b, is

b, (kr,ka) =
_an| s _ jrn(kr)
4n(=0) (j n(kr) hin(kr) fin (kr)> rigid surface.
Am(—i)"j, (kr) open surface

(4)

The coefficient of Fourier transform of

pressure is found by
ﬁlnm = W(el' ¢I)Bn(krl ka)YT{n*(le ¢l) (5)

2.3 Beamforming

The sound field is analyzed by using
beamforming method. Beamforming provides a
spatial filter response at a certain point by adding
array signal associated with the propagation
direction. The power distribution is calculated
from the product of array steering vector and
Fourier transformed pressure.s’ 6

3. Experiment

Two spherical microphone arrays were built
and experiments were conducted. One spherical
array with a radius of 0.12 m has 32 instrument
microphones. The configuration of array is like
the vertex of a soccer ball which has euqi-
distance between each other. The other array
with 85 sensors uses MEMS microphones and
has linear distribution along altitude(Fig. 1).
Sensors are evenly distributed along each
altitude, on the other hand, angular distance
between each altitude is not even. The
coordinate of the both array are referred to the
appendix.
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When sound field was measured with 32-
sensor array, four National Instrument (NI) PXI-
4472 data acquisition boards were used. In case
of 85-sensor array, other data acquisition
system was designed with 8 multiplexers (MUX).
Each MUX handles a set of 8 channels and is
controlled by a NI USB-6259 DAQ board. Each
set of acoustic signal was sampled sequentially
while one reference microphone located on pole
of the sphere collecting the data as every
moment each set of channel was acquired.

Several frequencies of sinusoidal noises were
measured in an anechoic chamber and the array
signal was processed by using spherical
harmonic decomposition. Noise was measured 1
m away from the spherical array. Furthermore,
since the speaker is practically a point source,
measurement was made to observe the effect
due to the distance change.

4. Discussion

Experimental and simulation results of 32-
sensor array and 85-sensor array are compared.
Maximum Side-lobe Level (MSL) from the
frequency of 500 Hz up to 8000 Hz is shown in
Fig. 2. MSL result indicates the difference
between main-lobe level and next largest side—
lobe level which means that the larger the MSL,
the better the array distinguish real noise
sources from imaginary ones. At 500 Hz and
1000 Hz, 32-sensor array and 85-sensor array
does not show much difference in MSL. From
2000 Hz up to 8000 Hz, MSL shows more than 4
dB difference. Though 85-sensor array shows
large difference over all frequency bands, any
typical trend is not observed.

In Fig. 3, beamwidth from both arrays shows
similar results. It is because the beamwidth is
mainly dependent on the size of the array rather
than the number of sensors or spacing between
sensors. However, if the size of the array
increases assuming of using the same number of
sensors, the spacing becomes wider which, at
the same time, gives a negative effect of
degrease in MSL as shown in Fig. 4.
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MSL of 85-sensor array measurement along
the distance changes is shown in Fig. 5. The
simulation result means that the incident sound
wave is coming from a far field. Measurement
above 2000 Hz shows similar level change
compared to the simulation. Experimental results
at 2000 Hz and 4000 Hz show 2 dB less than
simulation.

#

Fig. 1. Spherical Array with 85 MEMS Sensors
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Fig. 2. MSL Results from Experiments of 32-
sensor array and 85-sensor array
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Fig. 3. Beamwidth Results from Experiments of
32-sensor array and 85-sensor array
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Fig. 4. Beamwidth Results from Simulation of
32-sensor with Various Radii
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Fig. 5. MSL Results of 85-sensor array between
Simulation and Experiments along  with
Measurement Distance Changes

4. Conclusion

This paper presented an improvement of side—
lobe level suppression capability of a spherical
array by wusing MEMS microphones. Two
different type of spherical array was designed
and tested with single noise source. The
comparison of simulation and experimental
results over various frequency contents has been
made. 85-sensor array achieved good
improvement in side-lobe level difference while
beamwidth was observed to have no significant
improvement due to the array size. MEMS
microphone proved to be very practical in
building a spherical array.
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APPENDIX

A. Coordinate of array with 23 microphones B. Coordinate of array with 85 microphones
cH |THETA| PHI | cH |THETA| PHI CH |THETA| PHI | CH |THETA| PHI
1 814 | 900 17 | 123.9 | 89.4 1 21 15 44 90 | 2025
2 | 534 | 887 | 18 | 166.7 | 1154 2 21 | 75 | 45 | 90 | 225
3 | 669 | 1286 | 19 | 99.1 | 119.1 3 | 21 | 135 | 46 | %0 | 2475
4 | 263 | 1415| 20 | 1235 | 1469 4 21 1 196 1 a7 | 90 | 270
5 | 695 | 1700 21 | 9.3 | 1606 s | 21 1266 | a8 | o0 |2025
6 | 797 | 2008 | 22 | 1198 | 1909 T
7 | 4564 | 2150 | 23 | 152.7 | 2191 : ol R g
8 | 778 | 2350 | 24 | 1148 | 2313
9 | 564 | 2705 | 25 | 133.1 | 269.1 s 4 | 3| & | 195 ) B
10 | 146 | 2728 | 26 | 956 | 269.9 9 44 | 60 | 52 | 113 | 375
11 | 771 | 3088 | 27 | 1146 | 3002 10 44 2 53 | 113 | 86.25
12 | 46.7 | 3264 | 28 | 1536 | 3272 11 | 44 | 120 | 64 | 113 | 7875
13 | 844 | 2401 | 290 | 1202 | 349.0 12 | 44 | 150 | 85 | 113 |101.25
14 | 614 | 113 | 80 | 961 | 204 13 | 4 | 180 | 86 | 113 |123.75
15 | 286 | 378 | 31 | 1338 | 246 w20 o7 | 1% [eazs
16 | 689 | 505 | 32 | 999 | 57.6 e Lol on & 76 wn

16 | 44 | 270 | 59 | 113 |191.25
17 | 44 | 300 | 60 | 118 |213.75
18 | 44 | 330 | 61 | 113 |236.25
19 | 67 | o 62 | 113 |258.75
20 | 67 | 225 | 63 | 113 |281.25
21 | 67 | 45 | 64 | 113 |308.75
22 | 67 | 675 | 65 | 113 |326.25
23 | 67 | 9 | 66 | 113 |34875
24 | 67 |1125| 67 | 136 | o

25 | 67 | 13 | 68 | 136 | 30

26 | 67 |1575| 69 | 136 | 60

27 | 67 | 180 | 70 | 136 | 90

28 | 67 |2025| 71 | 136 | 120
20 | 67 | 225 | 72 | 136 | 150
30 | 67 |2475| 73 | 136 | 180
31 | 67 | 270 | 74 | 136 | 210
32 | 67 |2925| 75 | 136 | 240
33 | 67 | 315 | 76 | 136 | 270
3a | 67 |sars| 77 | 136 | 300
3% | 90 | o 78 | 136 | 330
3% | 9 | 225 | 79 | 159 | 15

37 | 90 | 45 | 80 | 1589 | 75

38 | % | 676 | 81 | 189 | 135
39 | %0 | 9 | 82 | 159 | 195
40 | 90 |1125| 83 | 159 | 265
a1 | 90 | 135 | e | 159 | 315
42 | 90 |1575| 8 | 180 | o

43 | %0 | 180
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