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|. Speech Enhancement

® Noisy speech is a challenge:
 Surprise channel In surprise language
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® How to distinguish speech and interference!
* Energy peaks are speech (spectral subtraction)
 Energy troughs are noise (Wiener, log-mmse)
* Speech has a known form (Factorial HMM)
* Voiced speech Is periodic (Pitch-based)
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Noisy Channel Detection

® MIC channels are in a different formant

® Even after resampling,
noisy channels are very distinct:
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KWS on Noisy Signals

® WER is very poor

* only nonzero thanks
to common word 0P1 204773990 inine
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Spectral-Based Enhancement

® (Classic enhancement boosts loudest parts
e evaluated over 6 MIC utterances of OP|_ 204 _DEV
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RPCA Enhancement

® Decompose spectrogram
into sparse + low-rank

® Sparse activation H of
dictionary W

Chen, McFee & Ellis ' 4
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2. Pitch-Based Enhancement

Denbigh & Zhao '92

® Voiced Speech has near-periodic waveform

* Energy
concentrated

IN harmonics

® Given pitch,
keep only
those harmonics!?
* time-varying filter
e sinusoldal model

® Problems o .
* pitch errors I ;ﬁerW;n;mi;}s

e filtering artefacts
* unvoiced speech, graceful degradation
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Pitch Estimation in Noise

® Conventional pitch trackers are based on
periodic structure

* e.g.finding peaks in
autocorrelation

* not robust to noise
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® (Classifier-based approach
* don't predefine nature of prtch
* let a classifier learn from examples



Classification-based Pitch Tracker

. . . Lee & Ellis | 2
® Subband Autocorrelation Classification e

(SAcC) Pitch Tracker:

* Irained on nolsy speech with true pitch targets

short-time
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e Subband autocorrelation features
 PCA to reduce dimensions
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SAcC Results

® Excellent in-domain
results

e at low SNRs

e errors dominated
by \//U\/ SNR (dB)

Mean PTE of Wu and SAcC on RATS

® (Generalization
is good

* between different
RATS channels

RATS Channel
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Flat-Pitch Processing

® Time-varying filtering is tricky
e |f prtch variation and filter impulse response are on
a similar time-scale
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* resampling Is

enhanced
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Flat-Pitch Processing

® How to
enhance
flat pitch?

Noisy signal

* Wiener filtering

* Comb filtering

* “Phase Vocoder”
emphasis
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Flat-Pitch Results
® QOver 6 MIC utterances of OP| 204 MIC
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Summary

® Noisy Speech

* single distant mic in real-world environments

® Enhancement

* boosting spectrogram energy that appears to be
speech

* low-rank + sparse dictionary explorts knowledge

® Flat-Pitch enhancement
* trained noise-robust prtch classifier

 dynamic resampling to flatten pitch for
enhancement





