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Recorded signal consists of speech and additive noise

Y [k, l ] = S[k, l ] + N[k, l ]

Assumption: speech and noise are uncorrelated with eachother
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Single-Frame Signal Model
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[1]

[1] J. Benesty, J. Chen, and E. A. P. Habets, Speech enhancement in the STFT domain. Springer Science &
Business Media, 2011.
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Y = S + N

Estimate speech

Ŝ = HY
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yyy = sss + nnn

Estimate speech

Ŝ = hhhHyyy
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Single-Frame Signal Model
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Typical parameters
Frame length:
16 - 32 ms
Overlap:
50 %

Multi-Frame Signal Model
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Typical parameters
Frame length:
4 - 8 ms
Overlap:
≥ 75 %
Vector length:
6 - 24 ms
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Multi-Frame Signal Model
Decomposition of speech vector sss [2]

sss = γsγsγsS︸︷︷︸
correlated speech

+ xxx ′︸︷︷︸
uncorrelated speech

with normalized correlated speech vector

γsγsγs = E[sssS∗]
E[|S|2] = rsrsrs

φS

Multi-frame signal model

yyy = γsγsγsS + xxx ′ + nnn︸ ︷︷ ︸
undesired: uuu

[2] Y. Huang and J. Benesty, “A multi-frame approach to the frequency-domain single-channel noise reduction
problem,” IEEE TASLP, vol. 20, no. 4, pp. 1256–1269, May 2012.
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Muti-Frame Wiener Filter (MFWF)
Cost-Function

hhhMFWF = argmin
hhh

{
E

[
|hhhHyyy − S|2

] }

MFWF solution [2],[3]

hhhMFWF = RRR−1yyy γγγsssφS

=
RRR−1yyy γγγsss

γγγH
sss RRR−1yyy γγγsss︸ ︷︷ ︸

MF-MPDR

φS
φout

Y︸︷︷︸
postfilter

Noisy correlation matrix: RyRyRy = E[yyyyyyH ]
Output noisy PSD: φout

Y = (γsγsγs
HRRR−1yyy γsγsγs)−1

Distortionless assumption: φS = φout
S

[2] Y. Huang and J. Benesty, “A multi-frame approach to the frequency-domain single-channel noise reduction
problem,” IEEE TASLP, vol. 20, no. 4, pp. 1256–1269, May 2012.
[3] D. Fischer and T. Gerkmann, “Single-microphone speech enhancement using MVDR filtering and Wiener
post-filtering,” in Proc. IEEE ICASSP, Shanghai, China, Mar. 2016, pp. 201–205.
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Parameter Estimation

hhhMFWF =
RRR−1yyy γγγsss

γγγH
sss RRR−1yyy γγγsss︸ ︷︷ ︸

MF-MPDR

φS
φout

Y︸︷︷︸
postfilter

2 parameters to estimate in MF-MPDR filter

Noisy correlation matrix RyRyRy
(2 existing approaches)
Normalized speech correlation vector γsγsγs
(2 existing approaches + 1 proposed approach)

2 parameters to estimate in postfilter (refer to paper)
Speech PSD φS
Noisy output PSD φout

Y
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Parameter Estimation for MF-MPDR
2 existing approaches to estimate either RyRyRy or γsγsγs

Direct: estimate correlation r̂rr in main filterbank
Indirect: Wiener Khinchin based estimation of correlation [4]

IDFT of PSD φ̂ is correlation r̂rr

2 STFT filterbanks used for parameter estimation:
Auxiliary : high time resolution & high frequency resolution
Main: high time resolution & low frequency resolution
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Time frames

Main

[4] K. T. Andersen and M. Moonen, “Robust speech-distortion weighted interframe Wiener filters for single-channel
noise reduction,” IEEE TASLP, vol. 26, no. 1, pp. 97–107, Jan. 2018.
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Estimation of noisy correlation matrix: RyRyRy
1 Indirect: Build Hermitian Toeplitz correlation matrix from

correlation vector estimated using Wiener Khinchin approach
[4]

2 Direct: First-order recursive smoothing

[4] K. T. Andersen and M. Moonen, “Robust speech-distortion weighted interframe Wiener filters for single-channel
noise reduction,” IEEE TASLP, vol. 26, no. 1, pp. 97–107, Jan. 2018.
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Evaluation
Speech material: 176 s (92 s female, 84 s male)
from TIMIT database [6]
5 noise signals: babble, white Gaussian noise (WGN),
traffic, modulated WGN, crossroad noise
SNRs: 0, 5, 10 dB

STFT filterbank Frame shift Analysis window length
Main 1 ms 4 ms

Auxiliary 1 ms 16 ms

Length of correlation vectors and matrices:
8 frames (corresponding to 11 ms of data)
Speech quality measured using PESQ improvement over noisy
signal, using clean speech as reference [7]

[6] J. S. Garofolo, “DARPA TIMIT acoustic-phonetic speech database,” in NIST, 1988.

[7] “ITU-T recommendation P.862. Perceptual evaluation of speech quality (PESQ): an objective method for
end-to-end speech quality assessment of narrow-band telephone networks and speech codecs,” Feb. 2001.
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Evaluation of MF-MPDR Filter

Indirect estimate of γsγsγs leads to poor performance

Best PESQ scores achieved using proposed combined approach
together with direct RyRyRy

Direct estimate of RyRyRy achieves better PESQ scores than indirect
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Speech: Noisy: WF: MF-MPDR Filter: MFWF:
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var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}



5.4857273


var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton1'){ocgs[i].state=false;}}


5.4334826


var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton2'){ocgs[i].state=false;}}


5.4857273


var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton3'){ocgs[i].state=false;}}


5.4857273


var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton4'){ocgs[i].state=false;}}


5.4857273
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Conclusions

Compared performance of different estimators for required
parameters of MFWF

Proposed combined estimation approach achieves highest
objective speech quality improvement in MF-MPDR filter

MF-MPDR filter keeps speech distortion low

Applying a Wiener postfilter can further improve speech
quality (refer to paper)
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