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Design and optimization of microphone array for acoustic beamforming
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[ Abstract] Aiming at the problem that the current microphone array has low recognition resolution for medium and low frequency
sound sources ( especially low frequencies below 200 Hz ), this paper proposes a microphone array design based on beamforming
algorithm that has better recognition performance for medium and low frequency sound sources (150 ~2 500 Hz). The microphone
array adopts involute as the form of spiral arm, and multiple spiral arms are evenly distributed around the center of the array. The
Taguchi method is used to select and optimize the geometric parameters of the array, and the optimal combination of parameters and
the contributions of geometric parameters to the performance of the spiral array are analyzed. Using the best combination of
parameters, the spiral array proposed in this paper is compared with other array designs. The results show that the best parameter
combination of the spiral array is 30 microphones, 500 mm aperture, 10 arms, and base circle radius 110 mm; the parameter that
has the greatest impact on the overall performance of the array is the number of microphones, with a contribution of 28.93% ; The
base radius and the number of arms contribute 22.76% and 21.15%, respectively; the smallest impact is the aperture, which
contributes 16.75%. The comparison results show that the array beamwidth coefficient value proposed in this paper is the smallest,
433.590 m/Hz, and the resolution performance is the best; the average dynamic range is 7.03 dB, the standard deviation is 2.88 dB,
and the dynamic performance is good.

[ Key words] microphone array design; acoustic beamforming; mid-low frequency noise; Taguchi method

Jie 2k ) KA AR AL 7 g5 1451 BRBEIE 4 51 if £

0 3 3 T A B2 B A S AR, e T %5

BT 0 R Y B A% 7R SR B A AT Ry, LA
FE T HOO MR R R A S O A PERE , BRI N
FHFM g ek, 2L 7 2515 25 (6] A B2
WG 1] B AR [R) AR B 5, 4940 L 25 A B9 A B
2B, 5T PHAE N1 WIS (A JE 5 1 Elisabet %5 A
IR bl Al R (RSB 0 B 2 N1 B g ]
B E s s MR & ISR, TR LT AR 5
M R S T AR e M R R) A DoughertyLSJ .
Arcondoulis 25 A" {5 FH R 22 42 e TR (51 i

YEZEI I : BOUH(1995-) , 55 WiL0TE A, RTG53,

BIHEE . BOLE Email; emily929@ 126.com
WfsEHHEA: 2020-10-28

TREIG, DK I BE B 2 15 117 7 2 R IE 1o
B 7 /T

PR AR RS OK AR IEE R BT 32 F AT
PR BERE 2N 2, X R T - A% R B B A T R T
Dougherty > $& H T Dougherty Xf ¥ 12 jie £k [4 5] ;
Arcondoulis % A" 48 —Fh B T HEROBUE A X HLA%
7 Z P AERES O BR8P A A
SEAT IR BE MRS 1T 775 . 7E Dougherty 2 12 i€
BRSNS R T 3T Dougherty $8 %R ek

L e B RN ¢+ 4% it 5 & A




53

BOCHE, 25 RT7H AR BUE e 7 2 s 85 01k 147

1 22 B 53 ; Christensen'® 1 Hald 25 A0 45 1
T B&K W 2 Tt 2 AR 2R AR o A
Underbrink ' "*' Z U2 i€ 4 51| 7E Dougherty [ 51) it K7
AT e e AR R R A 0 T R I LA
o PLERESIBT, BT TR 945k 01T,
B SR A TUART 288000 1 ORI Ak D7 T B

TEAENE Tl A= 7 S T AR v A RS 7
— R H LA MR R 5] 0 52 T MR S R TE
4 000 HzLAF i s sty el o F R, 4 I
AR R 200 Hz DA RS B R0 & 2
e R TP TR — A, O T S % 5
Mg P R R 20 B Y 7 R AR 75 ]
B E 2 ok B A AL AR R i K A 1] A, 2 B ol
175 ARSI AR IR S [ PRI & T AR, 4 . f
PRI ER 85 14 XU A sh e 2t ™ B 4 v
R P PO AT A5 75 SR B SB[ 3 L 2
BN AL 206 H . Amaral 55 N2 EF R B
AT, 800 Hz HYMIATUAF HEAT IR, 2 th 1 —F
WETHE [ 5] ELXT R 5 %) JLAT S 880G AT T 1R, 55 %
Lo 43 B A [ B 3 (4 1 R, 45 SRR W . 78 800 ~ 20 000
Hz 307 N, SCHR T4 H0 i B9 o BEIE RE L T2
RS, AH 2 SCHR B> S 80 UK S . Fonseca
EYNGEE S8 TS S uN i py R R BN ()
A RS H AT T SRR A, H
PZCHR AR 73 S A TR Y LR R B AR R 2
B B S PERE Y 520 K/

i 1k AR SCER N 150~2 500 Ha [ IS
AT T AR B 500k, it T —Fh 2
WETERE ¥ T 28 3 AR A% P A8 [ 4, AR SCR AT
(Taguchi ) VEXT AR LA Z50H (I FESN i#EAT T IE A
SEYS M AR B 5 250 A R Taguchi H
(1) ANOVA J7 53 0 51 JLART 22 500 T B 91 1 i
DURREE K/, FERAES ARG T X i T A
SCHR R AL P 2R P51 5 AL 6 Fh S5 BESI RPERE,
GYBTAS R AR SCHR S A A D8 o B E R AR/ |
e RE R, RIS Sh &Sk RE R

1 BESIEHRigit

AR SO A% P i R 81 R ] 2 W8 B =X
R SR IR GERE B L a8 S 0 A Y, SRR A £ TR
RIHITE K A P 88 o A TE T IR e Lk b 7El%
PRI S A GRS, 14 P A A A%
e A ST LR BEE ML

P 1 ARSI Y 2R T R AL e A%

MEaN 2R R IR, AERE T FRS i i i 2 LA R
ZH. B EKALAE R D, BV AMEAL 75 28 A 1
1 B R R RTR N 1, B/ IME TR BRI AR 1, (B
/I G IR RIE G T 2 i JE [ ) 5 % 75 25 A5 1
H O, BHeE L H N, 3 B 2 30 LR L 7= 4 5L

E Nmo
B N ER AL 75 2838 AL R 2R B AR A N
Fyw =Ty, m=1,...,N, (1)
mw=ﬁ3m—n,m=nmww (2)

IR LRI P G O AT AR A A5 TR
HIRI R O 2 (G A 7 25 5] [ A 0 ) 7K SF- o7
B IR AR D S SRR ) PR SE S 5 [ fie e i
Ko AR ZAMER G IR, A MG SR AR
Q, -1
N (3)

AR T 2 i) B, AR TR R RT Sy 0) 4 o
(FEMEIR R LR P 2 2 I 28 — ML 8 ) |
AR AL RS N

(n-1),n=1,.,0,,m=1,--,

g & &7, 000 87 0
0,, = — ¢tangcos ¢—=+++ —cos ¢—=* +
e e ern,mﬂ 00 ern,mg

2
%(m 1) = 2,00, m= 1, N, (4)

SR

% ye WA

1 EEREIGEHREE(LaAEEEES)
Fig. 1 Schematic diagram of microphone array ( the red spiral arm

as the reference)
BERE JLAT SRR, ORI A « B8 fLAR I
B RN A5 7 i AR 9 K, T AR AT 3] .
B RAL AR f/IME PR BRI s B IR L
e 2% B H 12 75 4% 28 30 K AL 75 48 1Y [0 42 0
.



148 E I B 2 o A TS B A O B
Al \ S 7 ’ﬁ}< ﬁl? 'jﬁ;t"ﬂ‘/\” o
2 BAIABSBNETIRRA P TR
2.1 BESIMERETH S EIRE . Aswm o
2 W R, O T X, . ) £
U PR S B N AMEFT RIS 5 1 A% 5 ] “
PRHALE N X, VRS G B X, RS K, T s
WSS o AP AL S BB TR P oA (a) =ikl (b) el

p(Xg) ZG(X”X(),XS)(](XS) , (5)
r-s',O SKGr e 0)

(l(Xj,yx(),Xs) =—e J s,i 75,0 , (6)
r. .

/E\:q:" a(Xz,Xo’Xs) j{l{?ﬂ_@@, Q(Xs) A
SUIRREL = X, - X, | ROR ARG AR
PEES; o = | X, = X, | R 75 TERIBES ot 1 BE B
KMWHGj=+v/-1,

T TR P 18 AR i B ) AL 2 ) 0 451
o I P (B HEA T AR BN . AR B &= A (X,) FR
N R, R E R ALE X, AW
a(X;,X,,X,) , HHaimon .

p,(X)=h (X)) "p(X,), (7)

Horp, FAr H AR T KK & p, R
FOIE ) HH A

We AR OB eS0T 7 U I e oRxk
PR PITAE Y- T AT 49 41 0 4 330 245 21 9 R ) 3%
B, Ui B FHARAL (P PR 18] A% A S
S HACHE R, Y)5RiE B AT LIE AL .

B(X,))=Elp,(X)p, (X)) "]=
h (X)) "E(pp") h(X,) =h (X,) "RR(X,) , (8)
Hop ) E Fon R E, BAR =7 FonE e,

R 7 R % v WS

X

X

2 fEEREIAKRE
Fig. 2 Principle of microphone array scanning
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Fig. 3 Definitions of beamwidth and dynamic range
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Tab. 1 Table of parameter levels

REE 530
PG , p — w
a4 A fLi2 B(r,,,/ mm) B C KB4 D(ry/ mm)
1 30 300 6 90
2 60 400 8 100
3 90 500 10 110
4 120 600 12 120
F2 EXTHF
Tab. 2 Table of orthogonal tests
YRGE S
S , »
L RA A LA B/ (1, /mm) e C AR D/ (ry/mm)
1 30 300 6 90
2 30 400 8 100
3 30 500 10 110
4 30 600 12 120
5 60 300 8 110
6 60 400 6 120
7 60 500 12 90
8 60 600 10 100
9 90 300 10 120
10 90 400 12 110
11 90 500 6 100
12 90 600 8 90
13 120 300 12 100
14 120 400 10 90
15 120 500 8 120
16 120 600 6 110
RI EXIHRER
Tab. 3 Results of orthogonal tests
YIAEEME SRR I RSN R () PN L
95 Cpy/ (m - Hal) . PS5 Cpy/ (m - Hal) .
DR/ dB opr /dB DR/ dB opr /dB
1 361.293 7.170 4.486 9 376.996 8.00 4.92
2 438.702 6.897 3.810 10 449.806 9.01 5.05
3 433.590 7.030 2.880 11 518.211 9.66 4.61
4 543.969 6.209 2.790 12 622.631 9.75 4.49
5 383.531 7.720 4.910 13 383.536 8.47 5.53
6 429.244 8.504 4.380 14 464.519 9.65 5.57
7 522.253 8.810 4.230 15 503.895 10.02 4.61
8 554.498 8.980 3.730 16 583.932 10.21 4.25
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Tab. 4 Results of function M calculation

LR PRE(E SR ) PRA(E BRI PRA(E
1 226.047 7 250.753 12 286.730
2 242.345 8 230.320 13 250.408
3 177.630 9 231.853 14 268.121
4 244.431 10 252111 15 231.832
5 243.930 11 247.304 16 243.067
6 221.083
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Fig. 4 Diagram of Taguchi method process
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Tab. 5 The parameter contribution to the value of function M

5 i
HEE  WEFHM STEE %

L ARAEL A 3 3.42 28.93
L& B(r,,./ mm) 3 1.98 16.75
EE S C 3 2.50 21.15
FR42 D(r,/ mm) 3 2.69 22.76
W2 3 1.23 10.41
&it 15 11.82 100

3 hEXIEESH

X T R Y 22 MR T B S £ 75 4 K 57
BT S A S E 4 8 1Y B 2 MUK M 4H A1
HEBAENTIE ) S S5 A 6 Bzs | M3 2 8
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Fig. 8 The reference array
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Tab. 6 Beamwidth and dynamic range performance of different arrays
%) Cpy/ (m -+ Hz") 7S DR/ dB SAVEFEARHEZE o/ dB
SR W LB 2 15 75 4 5 51) 433.590 7.03 2.88
Archimedes B2 [#%1] 485.993 7.17 2.97
Arcondoulis BRHERE 51 538.387 6.68 3.11
B&K £ 451 530.045 6.22 2.83
Dougherty #2725 519.404 7.16 3.19
Dougherty 22 B2 TiE/ 157 502.010 6.96 2.83
Underbrink 22384 5E 8 3 508.335 6.99 2.95
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FES I LA 4548, T a5k h A AL F 8 B0 H BE51 110 mm FEASCRE S 1 JLAT RIS vp X T 2525 1L fE
FLARPAR R AT T IR A R R B AR DU SRR B R AL A AR, SRR N 28.93% 5 IR
B LSRR, e e A% 0 SR R T 58 iR R [~ 4 A0 e 8 B, 5T k2 0 33l O 22.76% Al
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2 500 Hz PN A4 FEPE RE Sefd, XoF 1 A0 0 o 6 B 2R 4K
Cpy TH N 433.590 m/Hz; shASMERE R 47, ha i Fl
54 7.03 dB, brifi2= K 2.88 dB, Z¢ -, ME51 rh i 43
PEREAF R T — 2 i
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