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Abstract 4. Proposed Phase Estimation Method

e Phase-aware speech processing: fundamentals-applications [1,8]. —

e s phase processing possible? [2,4] TSUP on

e Existing methods: Temporal Smoothing of Unwrapped Phase (TSUP) [2] ref. harm. h

and Maximum a Posteriori (MAP) [6], STFT phase improvement [4]

e Phase-aware processing in speech enhancement (see [1, Ch. 3]) D) D)

o Here: phase invariance property to estimate clean spectral phase poiy Ay (b1 A (bl Frhancod
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1. Notations and Signal Model

For each frame index [, the noisy speech is given by: 5. Signal Synthesis

W (h,l)...instantaneous phase N N n —
The enhanced harmonic phase is transformed to the STFT domain by modifying

H;

Fo(l the frequency bins within the main lobe width of the analysis window:
y(n,l) = Z A(h, 1) cos (h <27 ;( )n + ®(h, l)) +v(n,l), a y Yy v
s A - ~
h=1 I(|hwo (VK| +4,1) = <% - quﬁ(h,z)>
x(n)...clean signal
v(n,1) : noise at frame [ and time n h : harmonic index with h € [1, H;] B(R,1)
H; : number of harmonics at frame [ ®(h,1) : unwrapped phase . _ - . .
Fo(1) : fundamental frequency, £, : sampling frequency where‘w = Np(.l)/2, Np(l)/2], Np(l) minimum value of either N, or fre
) o quencies close to neighboring harmonic N, (1) = min(N,, wo (1) K/(27)). We
Y (k, 1) : noisy DFT spectrum X(k, 1) : phase-enhanced spectrum obtain the phase-enhanced signal in STFT domain by:
9(k,l) = LY (k,1) : noisy DFT phase 9¥(k, ) : enhanced DFT phase N 8 .1)
K : DFT length with k € [0, K — 1] [ : frame index X (k, 1) =Y (k, )]’

N, : analysis window main lobe width  £(n) : phase-enhanced signal #(n) is given by applying the inverse DFT of X (k, [) followed by overlap-add.

2. Phase Invariant (Pl) and Phase Quasi Invariant (PQl) Properties

6. Experiment Setup

Phase Invariant (PI): for a harmonic signal, Zverev [9] proposed phase invari-
ant (P1) property, determined for each triplet of the harmonic components if their
frequencies satisfy the following set of equations:

{f1 = K1Fy, where K1 =1,2,...

Speech: GRID corpus, 50 utterances (specakers: 10 female, 10 male)
Noise: NOISEX-92: white and babble, mixed at SNR € {0, 5, 10} (dB)
Methods: MAP [6], STFT phase improvement (STFTPI) [4], proposed.
Robustness to F, estimation errors: oracle-Fy vs. blind scenario
Evaluation criteria: APESQ, ASTOI, AUnRMSE in (dB) [7].

In PESQ, the proposed method outperforms others.

In terms of phase estimation error (UnRMSE), MAP [6] is the best.
Listening examples at: www2.spsc.tugraz.at/people/pmowlaee/PQI

f2 = KoFy, where Ko = K1 +1,K1+2,...
fs = K3Fy, where K3 = 2Ky — K.
Then the Pl denoted by AW (1), is given by:
W(1,0) + ¥(3,0)

AU(l) = —W(2,1)
2 s )
_ 21,0 ; (3,0 —®(2,1). 7. Experimental Results
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Phase Quasi-Invariant (PQI): was introduced by Vorobiov [5], between com- s
ponents with frequencies hFy(t) and hFy(t). For an arbitrary pair {h,h} € g g o2
[1, H;] we obtain: E o1 Em
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3. Temporal Smoothing of PQI 0T s 0 oy 5 10
A — SNR SNR
Given pre-enhanced reference phases W (h, 1), PQl values are given by: ) __ 15
. h[. - W(h,l) - h u N
Az (b 1) = =~ (\Il(h,l) - M) 8 I g "
h h ox.h z Z os
h S, =}
We temporally smooth the PQI as follows: b <o
_ 1 NG - Bl 05 ;
AT (h,1) = LW ST AR, ° . ° ’ SR ’
lew I ap (blind) [ stitpi (blind) I proposed (blind)
W : the set of frames that lie within a range of 100 milliseconds around frame 1. [ map (oracle-FO) [ stftpi (oracle-F0) [EEEE proposed (oracle-FO0)
N > ) N - I
.
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