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Abstract

Phase importance in single-channel speech enhancement

1) Amplitude Estimation

2) Signal Reconstruction [1]

The current study addresses two questions:

1) STFT or harmonic phase?

2) Harmonic Phase: Unwrapped phase versus linear phase?

1. Notations

e y(n),z(n)...noisy and clean speech at time index n

Y (k,1), X (k,1) ... noisy and clean speech spectra, at frequency index k and
time frame index [

¢y (k, 1), ¢ (k, 1) ... noisy and clean spectral phase

¢« (k,1) ... estimated clean spectral phase

2p(n), X,(k, 1) ... phase-enhanced signal and spectrum

G(k, 1) ... amplitude enhancement gain function

| X (K, 1)| ... amplitude-enhanced speech spectrum

2. Harmonic Model Plus Phase Decomposition

e Speech segments are modelled as sum of harmonics.
e Harmonic phase decomspotion results in linear and unwrapped phase parts:

L

P(h,1) =h Z wo()(t(W) = t(l" = 1)) + 2V (hfo (1), 1) + Ya(h, 1),

/=0

Unwrapped phase: ¥ (h,1)

Linear phase: ¢, (h,1)

where i (h, 1) is the linear phase and ¥ (h,!) is the unwrapped phase at
harmonic h and time frame .

e Unwrapped phase consists of minimum phase (vocal tract) ¥min(h,l) =
ZV (hfo(1),1) and phase dispersion ¢4 (h, 1).

e Unwrapped phase estimate is given by subtracting linear phase from ¢ (h, ).

3. Proposed Framework
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4. Experiment Setup

50 GRID speech files corrupted with babble noise at -5 to 15 dB SNR.
Fundamental frequency estimation using PEFAC.

Harmonic model phase decomposition from COVAREP.
Combination with conventional amplitude enhancement MMSE-LSA

| X (k, )| = Gk, D|Y (k, )],

where G (k, 1) is the gain function tabularized with prior and posterior SNRs.
e Using overlap-add on the phase enhanced spectrum gives

X (k1) = X (, )] P D,
The phase-enhanced signal &, (n) is given by applying overlap-add routine.

5. Comparison Category Rating (CCR)-Test

Comparison: oracle linear phase with oracle unwrapped phase versus phase-
enhanced signal using clean STFT phase. The results are rated within [—3, 3].
Result: on average the oracle unwrapped phase achieves —0.8 versus clean
STFT phase with a confidence interval of +0.1.

6. Importance of Harmonic Phase Parts (left) and Comparisons with Other Phase Estimators (right)
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7. Observations

e CCR Test revealed that a proper modification of harmonic phase and smoothed unwrapped phase provides similar perceptual quality versus clean phase.

e Proof-of-concept experiment showed that a proper linear phase together with a successful modification of the unwrapped phase contribute the most to
an improved signal reconstruction. Audio examples available at httpo://www2.spsc.tugraz.at/people/pmowlaee/ICASSP2016.html

e The importance of joint modification of linear and unwrapped phase was validated.
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