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{H MVDR Sk R @ AR , % 58 45 1 35 15 5 A0 B A4 45
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beam decomposition and synthesis, GSMDS) J§ R IE i,
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ey (1, f) R T RS S R IR, (1,
£ R M1 Bl M R FE SRS, WPE Bk
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FRIPER TR T 1 BRI 0.04 m, 2555
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AR L PN E B T ) 2 0 R R i A AR
(R e AT o S 5 5 B K T GSMIDS i B Jli 33
PAH T4 88/ CBF \MVDR R IE 532, 7R %0
RGP 0 R Ty ) 45 30 A0 Dk R 3 T B B
N, HEMRKAR, X2 7 a1 {5 5 19 40 1 s, il
NERE IO . I HLE 2S5 0 Rl A 0 5 B RN S5 K
RELERR RS | B GSMDS I 5 BB 125 7E 4% 4
R0 Pl A XS B ACE 3 S 7 1) 345 1 e 1 R 7, A A
AN, 25 FFTIR, GSMDS I H I Uk e AE A

[Fi) A5 40 L P ) i S5 7 1) 8 445 B 54 194 J5¢ A el 7
1, SR 1

Wi i 5 2% it S5 28 B2 o7 FH 1) 25 P I o 3 O
H, A — K ER 4 8.6 mx7.8 m x
4.0 m, TR R 1) 4 22 58 RUALE AL bR R (4.3 m,
3.9m,h),i =1 ~4, ' h, =3.61 m +0.04 m x
i MR AT A N ZETER 01 ~ 04, 25 PR IR B[] 34
0.5s, BEHE—BmH 5 s Mgl Sctem 34t
FEO MFEAME S r, =(4.3m,y,,1.65m) (j =1
~9) BUWHEA, HP y, =1.4m +0.5 m xj, KK AT
AP IRALE A1 ~ 9 R IR E S A2 XL 01 i
LRGP T I ficfE 0(0 e [ - 45 °,
45 °1) , 155 REEHE N 16 kHz, {552 Mili K Ky
0.032 s, & FRBCH LG

T HC R Image 357 SEATIR A BE 5 B, 315
PR IR A 5 5 S FE HEIGE 15 5 4T WPE
FARMAL B EE RS Sl — LR 2 &
A FLARAS T 2 3 5 p T A an = (15) By
Ro

G =20 1og10(/{°“') (15)
Ain

Hrr, A, RS ES R EE; A, A
WEEE SR, ¢ X845, Ak dB,
HIEl 6 (a) WPE 2% 18 ) ~F- 24 4% 25 {8 7 £ 141 A 401
WPE Z iR M AT 2 1 7 S 38 25 K F7E -1 ~0 2
1], W] WPE ZHIR W 5 15 & 155 1% BE St B Il /) , 31X
P53 RE 12 U8/ N A T AR TR Il 325 Y o

[ 6515 5 118 o o DU 5 BT O
#t ( perceptual evaluation of speech quality, PESQ)
22V Ry i 48 bR, PESQ 8K A 3618 35 I
MiEn, HE 6(b) iR WPE EIRIATEiES (S
PESQ {47 £k & ] %1, WPE 25 1R Wi J5 18 5% 15 5 1Y
PESQ {ELAH L F R O ) o 15 5 245 A 7 13
A PFEET R WPE IR 5 13 55 09152 i &
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£ WPE IR M5, #E47 GSMDS I AU L 5
TR, GSMDS I AR B3 38 117 ) 15 5 5 i i R
BOEXF A 7 fs . AW RTAL, GSMDS i AE
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6 ARAEEFES WPE XRBINEHESHNEHIEEER%&EM PESQ EiT&E
o WPE IR 545 5 i, AT I145 7 .28 GSMDS 1 B i3 8 5 11
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& . “' -l "'." . HHT 1 SRR 5 5 I T 25 K - 23,20 dB,
01 2 4 6 MIHLTFRIRATHOME 5542 T 23,80 dB, [l 3
I ) / s g E sy AN
s 57 LTI 35 K BT HI 35 2383 dB,
GSMDSHIHIEH (55 et v _— .
1 T : x CBF U HUE iU 345 21 - 234 25 7K F- 2 11, 40 dB,
> i 5 TS N N
E, W | R GSMDS MR AR ST 9K S 47, MVDR
g , , ORI B R A )P H R 35 KT 19,14 dB,
' e © GSMDS HEREHEAEKTIT 4. 06 dB, LRI GSMDS
s
b F 48 T‘;?\/:bi% N
B7 GSMDS HIEWAMEHEEE A S FALLY CBE MVDR SEARERA IR 7 S AT
o i B fiE S f2 2l
P35 S 3 b R XS 56 7 ) (43 1 5 7 e ) S BV AE 1] 3
SR AR B B
30 2.6 T T -
s GSMDS ——@—— REVERB
CBF —a—— WPE
25 . . e = === MVDR [ 251 : csmos |1
g ¢ v v ——
g 20 | - N Z o) :
e S e e L S 2 e — e ———3
B *r—" *— ® ———o
- 23 + - o
15 ,p—o—o—'/\v—k—g_‘,}
0 — . : . A A Pl 25 s . . . . :
-45 =37 =27 -14 0 14 27 37 45 =45 =37 =27 -14 0 14 27 37 45
AR bicli- 7
(a) F-H938 25 BT (b) PESQ fAHT L
8 AEAEEFIES GSMDS EREKILRIEEES FHEHEENLEF PESQ EITLE

8 (b) Fis AR J7 1) 4% 7 P a5 GSMDS {7 3

T SR AT 1 5 05 5 1 PESQ AT AL, R,

GSMDS I HTE B8 58 J5 115 35 15 5 10 PESQ {H ik
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S T GSMDS 15 i P S5 AT B0 28 P 1) 3 5 1 1%

H1, GSMDS i R 18 4 1) 4 R AE AR A3 B 100 ~
500 Hz i KT B4 B 1 500 ~ 3 400 Hz, 1M1 5155
Vo | SR = NG NI 7 N R A 4
GSMDS U B B 5 B 45 B 1 5 15 5 76 A [R) B 2 1)
Rett AR T W2 S BUE RS HE E S AN
A B BE A7 AR 22 5, BB A5 5 Kalad /I i
AN [, 3K — ] 0, AR SCH A NLMS [
B fR P A R AR TR SR S 1R BEAR A . Y
1] NLMS H 2l £ 8 1515 3 {5 5 B SO AR [R]
I 2R R A3 25 RECE A aNE 9 s . X TiE
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0.5 1
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8
a 0.0
|ZE
= |
-0.5F
k3
-1.0 | L " L f
0 1 2 3 4 5 6
INFTR] /s

(a) TR S IR K

B S T EE AL, AnE Sk BORIE ¥ 45 R B
T BT R 25 T M 2R RBGRE R 1, FEIE
55 MRE SR AR KBS, SRAF 55 6 080 A ( FE £k Z 136
43) , NLMS 3 25 35 500k e A A0 B 5/ NI 1 25 &
B, U8/ N, B 1k I A 2o 5 A g ) 3R 7
TR SR E ISR AL /NI FE R A A 18 720 Ab (552
Z )43 ) , NLMS 3 25 1815 530 1 418 w2 34 25, 344 5 i)
JIE, By L 0 28 SR U/ 0N 5 LR 1 i) J3E 3 /0l O i e
GSMDS I FIE L fii Hh 0415 35 1555 76 S 7] A B3 fg g
JERARE [, T B R 3 i

1.05

|

|

|

I'Mw: % WJL

141

(]

ylw /

e
PRI X 10*

(b) B35 REELA

0.95

|
|
|
|
I
I
1 |

0.90

B9 NLMS BzhiEmifHiEsE SR ENEs RMELE

B 10(a) AAFETT 457 I8 A NLMS H g3 £5
FEEES NP ET LB, Aharm,
NLMS 3 25895 J5 4507 018 35 5 5 19 - 243 25 Ky
H AR, SF- 1448 35 7K SF-h 21. 50 dB, M b T CBF 3%
FOE ISR I B HE 5 10,10 B, LS 5 7 1] - 1

TR AR, Bty ) 1 JE B R SN Rl vk 34 H b i
FFH# 25 R 22,70 dB, & 10(b) AN [E 7 [ 45 7
JE i NLMS [ gl 3 25 98795 5 155 15 5 19 PESQ fH.
MAHRRT T, NLMS 34 25 9815 )5 09185 155 1) PESQ {H
AHLE T GSMDS #5815 ¥ {5 5 1Y PESQ {H 15 3| W] I

2.60
i ——e— REVERB
S —p 255 ~fp— GSMDS
24.5 7 e GSMDS-NLMS
ol ——A— GSMDS-NLMS | | 250l & ~ CBE-NLMS
e MVDR-NLMS
- 235 /——/\‘_‘\ 245} - \
T 2304 . o A “-*\~\* N
i;:ﬁ 225 ] @240 e , i,
A -

220 7 — — —
ool 2359 . _—

215

2.30 M

510 ) SN———)

- 225

20.0 . N - = - v 2 20 1 i 1 1 i " 1

-45-37 =27 -14 0 14 27 37 45 245 37 27 14 0 14 27 37 45
il 2 biili- Y
(a) VAT (b)PESQ {72k
10 AEAEEFERES NLMS B3gEH AT ESESHNENEHRERNEEM PESQ ET&E
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ERAREIR 20244FE 12 A 34 % F 128

ek A LT 25 R T ET AR S 1734 0. 22, Ho g
J7 a1 PESQ K, Sk 2. 53, A He Rz iR e i
ElE e 17 0.20, [AAF, 5 CBF fil MVDR 5.3k
HEATXTHE , A T 5 ( GSMDS-NLMS) 37 PESQ 7K
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Abstract

Aiming at the problems of reverberation interference and poor directivity of the main lobe during indoor direc-
tional speech enhancement, an indoor directional speech enhancement method for superdirectivity beamforming
based on Gram-Schmidt mode-beam decomposition and synthesis ( GSMDS) is proposed. Firstly, the weighted pre-
diction error is used for dereverberation, then GSMDS superdirectivity beamforming is used for directional target
speech enhancement, and then the normalized minimum mean square error automatic gain control algorithm is used
for gain adjustment of the enhanced speech signal to control the loudness stability, so as to complete directional en-
hancement of the target speech. Among them, the gain regulation step also compares the frequency band equaliza-
tion control algorithm. The numerical simulation results show that compared with conventional beamforming( CBF)
method, the gain of the proposed method is improved by 10. 1 dB and the maximum average gain is up to 22.7 dB.
Meanwhile, the perceptual evaluation of speech quality( PESQ) value of the speech quality in the endfire direction
is improved by 0.2, compared with the original received reverb speech signal. The four-element endfire array ex-
periment is carried out in a decorated room. The experimental results show that this method can obtain good direc-
tional enhancement effect in a decorated room.

Key words: indoor directional speech enhancement, Gram-Schmidt mode-beam decomposition and synthesis

(GSMDS) , superdirectivity, automatic gain control, endfire array
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