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Offline = Online

e Offline: Utterance wise beamforming vector estimation

e Online: Low latency beamforming vector estimation
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Low latency mask estimation

1. Bidirectional LSTM = LSTM

2. Sequence normalization = Recursive mean normalization
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[USTFT size = 1024
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IBSTFT size = 1024 [USTFT size = 512
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Databases

CHIME-4

e Simulated and real data recordings
e 6 channels

e 4 types of real background noise

WS J-VoiceHome

e Simulated data: WSJ speech data convolved with RIR from
VoiceHome

e 8 channels

e dynamic and realistic background noise between 0dB and 10dB
(Includes speech like noise for example TV, french Dialog etc.)
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CHIME-4 STFT sizes

Method STFT size . WER
simu real
channel #5 - 13.36 18.60
Offline 1024 8.39 10.01
1024 937 13.32
Onli 512 8.70 12.66
niine 256 854 11.71
128 957 1214

o As expected: online beamforming slightly worse than offline
o WER results extremly dependent on STFT size
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CHIME-4 frequency smoothing

Method STFT size  Smoothing . WER
simu real
channel #5 - - 13.36  18.60
Offline 1024 - 8.39 10.01
1024 ‘—/ 9.37 13.32
Online S50 1071
256 P ' '
v 8.29 11.89

Spectral smoothing :
o reduces the effect for higher STFT size

o Only small effects on lower STFT sizes

Heitkaemper Smoothing along Frequency

-

9/11



Heitkaemper

'L(‘ PADERBORN UNIVERSITY
WS J-VoiceHome

Method STFT size Smooth. noise .
all other  sp-like
ch #1 - - 2573 18.42 28.30
Offline 1024 - 1330 1270 1352
Online 1024 - 17.70 17.01 17.94
v 16.85 1510 17.47
256 - 1796 16.85 18.36

e Small STFT sizes seem not to work with speech-like noise

e Spectral smoothing works on speech-like noise
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Conclusion

e Block online neural network supported beamforming depends on
stable initialization

e Problem may be reduced by spectral smoothing or reducing the
STFT size

e Optimal STFT dependent on the noise scenario

Next steps

e Evaluating the system on databases with moving speakers
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WER

Method STFT size .
simu real
channel #5 - 13.36 18.60
. 1024 8.39 10.01
Offline 256 8.05 10.22
1024 037 13.32
onlin 1024, 256 window  8.67  12.52
ine 512 8.70 12.66
256 854 11.71
128 057 12.14
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WER [%]

Method STFT size Smoothing .
simu real
Offline 1024 - 8.39 10.01
1024 v 8.39 10.11
1024 - 937 13.32
. 256 - 8.54 11.71
Online
1024 v 8.70 12.01
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WER

Method STFT size Smoothing
near far
ch #1 20.82 23.6
Offline 1024 - 12.78 14.15
1024 - 18.40 18.84
Online 256 - 16.64 17.02
1024 v 17.08 17.37
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