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E T SDW-MMSE 0y~ XHFAEETR @R R ak 75 04
$EE, X BEEY, BREY

(1. R KRFHAR S H b0, 5 43007252, BRILKRZFLERREVR A 128 & MR G L Wb A E 5=, 5L
430072)

#  E . & K #45 % b (Signal-tonoise ratio, SNR)zfi w T, 5 L4 4R (Generalized eigenvalue,
GEV)A R R AEEAZABEALEMNG P, EXLFNFFARTEHFHM BT ER A, 45
B AHEFHRA ALRE L TR NP fiﬁf_(Mlmmum mean square error, MMSE) &9 £ & # 4% it
7k, tid it 6]}\i?;-j"%ﬁ-ﬂﬁE%(Speechdistortion weight, SDW) , 8§ Bk R foi& 5 K L Z 1)
MR EXZ, MRS TR T SDW-MMSE & )~ SUS AE(E AR R s ik . i i KM R &A%t R
WESRRTFESOFE AR RBE LHERE, —F KT SDW-MMSE #3844, % 4
FHE LUK GBS, AMFE AT SDW-MMSE ¢ 7 U IEMA AR R B RIBEEE. 4
AEBREREAN AIRBGRRYR T A TALERMTREERTRE, A M EERILE 3
FRAYFAMEMRE.

KEEE: EFTRR, UMK RBRRIHFTIRE BT EART ;R AMARK ST
FESZES: TNII2.35 MEFRER A

Generalized Eigenvalue Robust Beamforming Based on SDW-MMSE

LI Hailong"?, YANG Fei'?, YANG Shitong"?, LU Xiaoqing"*

(1. School of Electrical Engineering and Automation, Wuhan University, Wuhan 430072, China;2. Hubei Key Laboratory of Power
Equipment &. System Security for Integrated Energy, Wuhan University, Wuhan 430072, China)

Abstract: Under the criterion of maximum output signal-to-noise ratio (SNR) , the problem of difficult
control of complex-valued coefficients in generalized eigenvalue (GEV) beamforming is encountered, and
severe distortion of the output signal can be caused in complex acoustic environments. To address the issue
of complex—valued coefficient estimation, a complex-valued coefficient estimation method based on
minimum mean square error (MMSE) is proposed in this paper. By introducing a speech distortion weight
factor (SDW ), the weight relationship between noise reduction and speech distortion is adjusted, thereby
proposing a method for generalized eigenvalue robust beamforming based on SDW-MMSE. The power
spectra of the target and noise signals are estimated using maximum likelihood method, and the main
generalized eigenvectors are then determined. Furthermore, the complex-valued coefficients are
estimated , and the complex coefficients are combined with the principal generalized eigenvector to obtain
the generalized eigenvalue robust beamforming filter vector based on SDW-MMSE. Through simulation

experiments, it is demonstrated that the proposed beamforming method effectively eliminates coherent and
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incoherent noise, and exhibits robust performance with high output SNR and low speech distortion.
Key words: speech enhancement; generalized eigenvalue beamforming; minimum mean square error;

speech distortion weight; maximum likelihood parameter estimation
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Fig.1 Relationship between speech evaluation index and speech distortion weight factor p
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Fig.2 Relationship between speech evaluation index and reverberation time
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Table 1 Relationship of speech evaluation index with noise type and input SNR

o GEV-BAN GEV-PAN GEV-MMSE GEV-SDW-MMSE
1]
WEkE 0 SNR/ SDI/ SNR/ SDI/ SNR/ SDI/ SNR/ SDI/
SNR/dB PESQ PESQ PESQ PESQ
dB dB dB  dB dB dB dB dB

—5 0.09 6.05 1.31 048 340 1.27 20.06 —4.83 3.38 2142 —450 3.49

540 564 1.67 584 3.09 1.61 2434 —5.75 3.72 2546 —5.40 3.75

babble 5 11.18 5.30 2.09 11.62 2.74 199 2881 —6.71 4.00 29.75 —6.35 4.02
10 17.46 5.00 249 1795 219 233 33.29 —7.72 420 34.16 —7.34 4.20

15 2451 469 285 25.06 1.56 2.67 37.69 —9.02 4.33 38.52 —854 4.32

—5 —1.21 6.79 138 —1.04 4.05 140 13.16 —4.87 3.39 1531 —4.52 3.49

3.65 6.31 1.72 393 3.64 1.72 17.94 —5.86 3.72 19.88 —5.48 3.78

factory1 5 8.94 586 2.10 9.29 319 208 2274 —6.88 4.01 2451 —6.49 4.04
10 14.61 5.50 2.51 15.00 2.75 240 2754 —7.93 4.21 29.18 —7.51 4.22

15 20.86 5.20 286 21.30 2.17 2.69 3244 —9.21 434 3398 —8.71 4.34

—5 —1.76 488 1.72 —1.40 2.56 1.64 1556 —5.14 3.36 17.78 —4.77 3.47
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Fig.3 Spectrograms and waveforms of different beamforming methods under actual situation
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