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BiLSTM-Based Mask Post-Processing Method for a
Generalized Figenvalue Beamformer

Tlhoon Song®, Hong Kook Kim’
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AdutkslEl 7-f-Fk(generalized eigenvalue, GEV) WA thalld mlo]m2E ofdo] ol HEHA R Tzt
FAol| oEsA] womiA g Ao S48 —7—7‘3 = oltk GEV RIEAE 9dlMe el 54 2 A
o] A ~dEeld WU JPAS Falof ek B =weldE GEV WS 91 ok Addy] wiwe
(bidirectional long short-term memory, BiLSTM) A7 7[vt o]zl wmixzm Fxje] 7|HE Aok} Alk=
BiLSTM= thfd A5 549 2~ ERaals qlHer 3fa o|xl vka3ms eploR slo] shgEm, BILSTM
o7 FAE oAl vpam s Agsle]l §A4 2 o] AY ~dER] we s Fala, o]F o

238 53] GEV 71E38 A3} P, BiLSTM 7]k 2 A% o]l vhr=zE GEV WAz A==
46l F7HHCRE A EEo] clean 54 FA AT Mol 8%k A= whHe] AeE Hriskr] 15t
CHIME-3 dlo|ejillel]l A-g3le] At A3} 7]&8] BiLSTM 7|4k oAl vk~3 A4S GEV WAl A-83k
73-5-9} w|asled, Agksl HbHeo| perceptual evaluation of speech quality (PESQ)°ll*] 0.34 mean opinion score
(MOS)<} signal-to-distortion ratio (SDR)ll4] 0.91 dBS 7RAls}sich

Key Words : Generalized Eigenvalue (GEV) Beamforming, Speech Enhancement, Bidirectional Long
Short-Term Memory(BIiLSTM), Ideal Binary Mask Estimation, Post-Processing

ABSTRACT

Generalized eigenvalue (GEV) beamforming can estimate a target speech signal from a multi-channel
microphone array in noisy environments, where it does not rely on the array structure as well as
direction-of-arrival (DOA) of the target speech. The GEV beamformer is realized by using power spectrum
density (psd) matrices for the target speech and noise. This paper proposes a binary mask post-processing
method based on a bidirectional long short-term memory (BiLSTM) neural network for GEV beamformer. The

BiLSTM is trained by using spectrograms of multi-channel input speech and ideal binary mask as input and
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outputs, respectively. Then, the estimated binary mask is applied to multi-channel noisy speech signals to

obtain the speech and noise psd matrices. To further improve the quality of enhanced speech, the estimated

binary mask is also applied to a post-processing stage of the GEV beamformer. The performance of the GEV beamformer

is evaluated on a task of CHiIME-3 by measuring the perceptual evaluation of speech quality (PESQ) and signal-to-distortion

ratio (SDR). Experiments show that the GEV beamformer employing the proposed binary mask post-processing method

improves PESQ and SDR by 0.34 mean opinion score (MOS) and 0.91 dB, respectively, compared to the conventional

BiLSTM-based mask estimation method.
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(bidirectional long short-term memory, BiLSTM)!
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Fig. 1. Process of obtaining enhanced speech from
multi-channel speech
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Enhanced Speech
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Fig. 2. Block diagram of the proposed BiLSTM-based binary mask estimation method for GEV beamforming
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Fig. 4. Spectrogram  comparison; (a) mnoisy input
speech, (b) enhanced speech by GEV beamforming
employing a conventional BiLSTM-based mask
estimation, and (c) enhanced speech by GEV
beamforming employing the proposed
post-processing method of  BiLSTM-based mask
estimation with post-IBM
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Table 1. Comparison of PESQ and SDR of GEV
beamforming employing a conventional and proposed
BiLSTM-based binary mask estimation method

Noise Type Model PESQ | SDR (dB)
Noisy data (6-ch) 1.71 0.28
Bus BiLSTM[17] 2.88 5.70
BiLSTM+Post-IBM 3.14 8.14
Noisy data (6-ch) 1.51 1.15
Cafe BiLSTM[17] 2.60 7.01
BiLSTM+Post-IBM 3.01 7.20
Noisy data (6-ch) 1.50 1.26
Pedestrian BiLSTM[17] 2.68 7.03
BiLSTM+Post-IBM 3.04 7.14
Noisy data (6-ch) 1.51 0.63
Street BiLSTM[17] 2.69 6.92
BiLSTM+Post-IBM 3.02 7.83

Noisy data (6-ch) 1.56 0.83
Avg. BiLSTM[17] 2.71 6.67
BiLSTM+Post-IBM | 3.05 7.58
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