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Optimizing performance in realistic noisy environments:

» Using multi-condition models instead of clean models for better performance in noise
» Concentrate on RealData test set as it is closer to real situations and offers more room for improvement

» Beamform 8-channel audio into a single enhanced channel using proposed PBF-GSC system combining
Generalized Sidelobe Canceller (GSC) and Phase-error based filtering (PBF)

Generalized Sidelobe Canceller (GSC) Phase-error based filtering (PBF)
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« Adaptive LMS filter using SGD iteratively filters * The phase errors are combined into a masking
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Speech Recognition Results: ;

SimData RealData
Nearl | Farl | Near2 | Far2 | Near3 | Far3 | Avg. | Near | Far Avg,
Baseline | 16.76 | 18.35 | 20.78 | 32.75 | 24.79 | 39.96 || 25.55 | 49.92 | 47.54 || 48.73
FBFonly | 16.66 | 17.35 | 16.88 | 23.35 | 18.94 | 27.95 || 20.18 || 37.11 | 38.15 || 37.63
HTK GSConly | 1750 | 18.65 | 17.14 | 21.93 | 18.84 | 27.71 || 20.29 || 37.66 | 37.44 || 37.55
PBFonly | 1659 | 17.64 | 16.93 | 23.01 | 19.01 | 27.69 || 20.14 || 36.92 | 37.85 || 37.38
17.43 | 18.67 | 17.14 | 22.03 | 18.89 | 27.52 || 20.27 || 35.68 | 36.66 || 36.17

Kaldi DNN Proposed | 1317 [ 1252 | 11.00 | 1333 | 12.63 | 17.54 || 13.36 || 32.32 | 33.56 | 32.94
Kaldi SGMM 11.52 | 11.44 | 9.66 | 12.56 | 11.09 | 15.25 || 11.92 || 28.68 | 30.89 || 29.79

Beamform




Speech Enhancement

* PBF-GSC output is enhanced further by online pa |S| La—1 |S| L
estimation of gamma modeling of speech power: p (|q ) _ ( ) exp | —b ( )

where o2 denotes the variance of the speech I'(a)os

spectrum and (a;b;L) are distribution parameters,
while the Gaussian distribution is used to model
the noise complex spectrum distributions.

« MAP estimator gives a closed form solution for G — 1 + 1 4a —3
the spectral magnitude estimate: 5 (l N E) J b\ 2 Ary (1 n E)
where & and ¥ denote the prior and posterior - £ 4 (1 + f) J £

SNR estimates at each time-frequency index

Speech Enhancement Results:

SimData RealData
Nearl | Farl | Near2 | Far2 | Near3 | Far3 || Avg. || Near | Far | Avg.
Cepst Distance | 3.30 | 3.71 | 5.01 | 5.58 | 4.76 | 5.35 || 4.62 - - -
Loglike Ratio | 058 | 0.64 | 0.79 | 1.00 | 1.00 | 1.12 || 0.86 - - -
Seg SNR 6.61 | 6.16 | 423 | 325 | 419 | 419 | 4.58 - - -
SRMR 5.3 572 | 626 | 537 | 5.15 | 442 | 537 | 7.97 | 7.65 || 7.81

Cepst Distance | 2.15 | 248 | 275 | 3.88 | 2.88 | 3.94 || 3.01 - - -
Loglike Ratio 026 | 031 | 039 | 057 | 048 | 0.67 || 045 - - -

Measure

Single-channel

8-channel
Seg SNR 11.08 | 10.1 6.84 5.76 7.35 4,53 || 7.61 - - -
SRMR 4.09 | 4.15 3.5 3.67 3.90 3.21 3.75 3.67 | 3.79 || 3.73
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