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Abstract— In this paper, we propose a novel speech 
enhancement method by using power spectra smooth of the 
speech and noise in Wiener filtering based on the fact that a 
priori SNR in standard Wiener filtering reflects the power ratio 
of speech and noise in frequency bins. This power ratio also 
could be approximated by the smoothed spectra of speech and 
noise. We estimate the power spectra of noise and speech by 
means of minima controlled recursive averaging method and 
spectral-subtractive principle, respectively. Then, the linear 
prediction analysis is used to smooth power spectra of the speech 
and noise in frequency domain. Finally, we utilize cross-
correlation between the power spectra of the noisy speech and 
noise to modify gains of the power spectra for further reducing 
noise in silence and unvoiced segments. The objective test results 
show that the performance of the proposed method outperforms 
conventional Wiener Filtering and Codebook-based methods. 

Index Terms—Speech enhancement, Wiener filtering, Linear 
prediction 

I. INTRODUCTION                     

The goal of speech enhancement is to remove a certain 
amount of noise from a noisy speech signal while keeping the 
speech component and reducing speech distortion as much as 
possible. Although the research on speech enhancement has 
been developed for a long time, the issues such as distortions 
to the original speech and residual noise sometimes created by 
the enhancement algorithms remain unsolved.  

Currently, single channel speech enhancement, such as 
Wiener filtering method in a frequency domain [1], spectral-
subtractive algorithm [2] and statistical-model-based method 
[3] [4], have become the core algorithms or baseline 
algorithms for further research. These baseline algorithms 
show the good performance for stationary noise. However, 
they may cause more artificial noise for non-stationary noise, 
especially in silence or unvoiced segments. After that, an 
alternative method based on a priori information about 
spectral shapes of speech and noise to substitute for iterative 
algorithm is codebook driven Wiener filtering (CDWF) [5]. 
Since the gains derived from shape codebook of spectra with 
respect to speech and noise could not match clean speech and 
real noise very well, it retains a lot of fluctuant background 
noise, especially in silence and unvoiced segments. Although 
this Wiener method and statistical-model-based method are 
effective, its performance entirely depends on the posterior 
SNR. Once the posterior SNR is not accurate for non-

stationary noise, the quality of the enhanced speech will be 
degraded. In order to compare the performance concerned 
later, we name this method as the baseline Wiener filtering 
(BWF). 

 
Fig 1. Block Diagram of the proposed method 

 
In this paper, based on a frequency domain Wiener filtering 

principle [1], we only use the smoothed power spectra of 
speech and noise to construct Wiener filter instead of using a 
priori SNR estimation used in [3] and priori information about 
the spectra of speech and noise used in [5]. We name this 
method as the power spectrum smooth based Wiener filtering 
(PSSBWF) in this paper for convenience.   

The main structure of the proposed method is shown in 
Fig.1. First, by taking the Fast Fourier Transform (FFT) of the 
input signal, we can get the magnitude and phase spectra of 
noisy speech. Then, minima controlled recursive averaging 
(MCRA) [6] method is applied to estimate the power 
spectrum of noise. By combining the power spectrum of noisy 
speech, the power spectrum of speech is estimated by spectral 
subtractive principle [2]. Considering the overestimation or 
underestimation of spectral subtractive algorithm, next, we 
need to smooth power spectra of speech and noise by linear 
prediction analysis (LPA) [7] for obtaining spectral shapes 
and gains of the speech and noise, respectively. After that, the 
Wiener Filter in a frequency domain is constructed by spectral 
shapes and gains of the speech and noise. In order to suppress 
the noise in silence or unvoiced segments, the gains of the 
power spectra about noise and speech used in the constructed 
Wiener Filter is modified frame by frame with the normalized 
cross-correlation coefficients (NCCC) between the power 
spectra of noisy speech and noise [8]. Finally, the enhanced 
speech is obtained by taking an inverse FFT and an overlap-
and-add (OLA).  
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The remainder of this paper is organized as follows. In 
Section Ⅱ, the baseline Wiener filtering method is briefly 
described. Wiener filter reconstruction based on the smoothed 
spectra of speech and noise is given in Section Ⅲ . The 
performance evaluation is presented in Section Ⅳ. Finally, we 
give the conclusions in Section Ⅴ. 

II. BASELINE WIENER FILTERING 

The standard Wiener filter in the frequency domain is 
generally expressed as follows: 

                     ( )( ) ( ) ( ) ( )s s nH P P Pω ω ω ω= +                      (1) 
where Ps(ω) and Pn(ω) are the power spectra of speech and 
noise, respectively.  

Let ( ) ( )k s nP Pξ ω ω= , the equation (1) can be written as  
( )( ) 1k kH ω ξ ξ= +                               (2) 

where kξ is defined as a priori SNR. Thus, the solution of 
Wiener filter depends on kξ , that is, it depends on the  power 
spectra of speech and noise, which we do not have beforehand. 
Fortunately, Y. Ephraim and D. Malah gave an effective 
method for estimating kξ in [3]. In order to compare the 
performance with the proposed method, we name this kind of 
Wiener filtering with a priori SNR estimation as the baseline 
Wiener filtering (BWF) for comparison in this paper. 

III. POWER SPECTRUM SMOOTH BASED WIENER FILTERING  

A. Power Spectra Smooth of the Noise and Speech 
From equation (2), we can see that a priori SNR kξ reflects 

the power ratio of speech and noise in frequency bins. This 
indicates that such kind of power ratio also can be 
approximated by the smoothed spectra of speech and noise.  

Based on LPA, the smoothed spectrum of speech or noise 
can be represented by 
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where G is gain, and { } 1,2, ,i i p
a

=
are the prediction coefficients 

that represent the shape of power spectrum, p is predictor 
order. In the frequency domain, the smoothed spectrum can 
be regarded as a fitting process of power spectrum. In this 
paper, p is set to 10 for speech and noise. 
    Generally, the parameters G and {ai} are estimated in time 
domain by LPA. But we do not know the speech and noise 
signals in time domain in advance. So, in this paper, we try to 
use the estimated power spectrum P(ω) of speech or noise 
instead of time-domain signal to estimate the auto-correlation 
coefficients r(i) used in LPA. According to the Wiener-
Khintchine theorem, r(i) can be expressed as follows: 
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Since P(ω) is a real even function, the equation (4) only has 
cosine terms. By using Levinson-Durbin recursive algorithm 
[7], we can obtain the prediction coefficients {ai}, and the 

residual energy of P(ω) can be calculated as follows: 
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The gain of speech or noise can be obtained as follows: 
          pG E=                                      (6) 

The key problem for solving equation (3) in frequency 
domain is how to obtain the power spectra estimation of noise 
and speech. In this paper, we adopted a direct method, that is, 
the power spectrum of noise Pn(ω) is obtained by effective 
MCRA method [6], and the power spectrum of speech Ps(ω) 
is obtained by subtracting Pn(ω) from the power spectrum of 
noisy speech. An main reason why we use the smoothed 
spectra instead of using the estimated Ps(ω) and Pn(ω) is that 
Ps(ω) estimated by spectral-subtractive principle often causes 
overestimation or underestimation. This will lead to a serious 
distortion for the enhanced speech. 

In order to avoid a negative estimation of Ps(ω) owing to 
inaccuracies in estimating the noise spectrum, we calculate 
Ps(ω) as follows: 

( )2
( ) ( ) ( )sP Y Nω ω ω= −                          (7) 

where |Y(ω)| and  |N(ω)| are the magnitude spectra of the 
noisy speech and the estimated noise, respectively. 

B. Construction of Wiener Filter 
Based on the smoothed spectra of speech and noise, we can 

construct the following Wiener filter: 
( ) ( ) ( ) ( )s s nH P P Pω ω ω ω= +                      (8) 

where ( )sP ω  and ( )nP ω are the smoothed power spectra of 
speech and noise, respectively. They are represented as 
follows, respectively: 
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where Gs and Gn are the gains of the power spectra for noise 
and speech, respectively. { }( )

1,2, ,

s
i i p
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the prediction coefficients of the power spectra for speech and 
noise, respectively. When noisy speech passes through this 
filter, the enhanced speech sounds soft and natural for 
listening. We cannot hear the vacuum feeling and fluctuant 
noise produced by BWF and CDWF aforementioned. But we 
can feel that the noise level is a little larger in silence and 
unvoiced segments. In order to further reduce the noise in 
these segments, we exploit the correlation between the power 
spectra of noisy speech and the estimated noise to modify 
gains Gs and Gn used in equation (9). The modified gains are 
given as follows, respectively: 

2 2 2 2,     (1 )n n s sG G G Gρ ρ= ⋅ = − ⋅                   (10) 
where ρ is the normalized cross-correlation coefficient 
(NCCC)  determined by 
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where |Y(k)| is magnitude spectrum of the noisy speech, |N(k)| 
is magnitude spectrum of the noise. M is FFT size, k is the 



index of frequency bins. 
   The calculation of ρ is based on the fact that there is 
correlation to some extent between the spectra of the noisy 
speech and noise in unvoiced and silence segments. Here, 
ρ varies frame by frame. 

Fig. 2 shows the variation of ρ versus clean speech 
waveform. In the ideal case (the estimated noise nearly 
matches the noisy speech), the value of ρ  will close to 1 in 
silence or unvoiced segments. While, due to the deviation of 
noise estimation, the ρ  approaches a larger value that is less 
than 1 in silence or unvoiced segments. For example, in Fig. 2, 
the ρ is about 0.9 in silence or unvoiced segments. It still can 
be used for modifying the gain of noise signal to suppress the 
background noise. On the contrary, ρ  decrease to a small 
value in voiced segments. Thus, it can be utilized to adjust the 
gain of speech signal in order to increase the energy of speech. 
The noise existed in silence segments and in unvoiced 
segments is almost suppressed and no artifacts are produced 
in the voiced segments by this kind of modification. 

 
Fig. 2. The variation of ρ  vs. clean speech waveform 

Fig. 3 shows an example for short-time energy comparison 
at 10 dB SNR for street noise. We found that the PSSBWF 
with NCCC has the lowest noise level in silence and unvoiced 
segments. This makes us more comfortable for listening 
compared with BWF and CDWF methods. Particularly, the 
NCCC plays an important role in reducing noise level. 

 
Fig. 3. Short-time energy comparison of the enhanced speech between BWF, 

CDWF and PSSBWF 

IV. PERFORMANCE EVALUATION 

In performance evaluation, the test speech is selected from 
NTT database including nine utterances from four female 
speakers and five male speakers. The length of each utterance 
is 8s. Four types of noise including white, babble, office and 
street are chosen from NOISE 92 database. The input signal 
to noise ratio (SNR) is defined as 0dB, 5dB and 10dB, 
respectively. The sampling rate of speech signal is 8 kHz. We 
used average segmental signal-to-noise ratio (SSNR) [9], 
average log-spectral distortion (LSD) [10] and Perceptual 
Evaluation of Speech Quality (PESQ) [11] to do the objective 
measurement of the enhanced speech quality. The SSNR is 
defined as follows [9]: 

2 2
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where M is the number of frame used for test. N is the length 
of frame. Here, the length of frame is 160 samples (20ms). 
X(n) denotes clean speech signal and X̂  indicates the 
enhanced speech or noisy speech. The LSD is given by [10]: 
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where l is the frame index, k is the index of frequency bins, M 
is the number of frame, Nfft-size is the FFT size. Here,  

512fft sizeN − = . 2( , )X l k  and 
2ˆ ( , )X l k  denote the power spectra 

of the clean speech and the enhanced speech, respectively. 
 

Table 1 Test Result of SSNR Improvement 
Noise Type Method 10dB 5dB 0dB 

 Noisy - - - 
white BWF 10.06 14.09 15.41 

 CDWF 6.67 7.18 7.64 
 Proposed 14.29 16.41 17.78 
 Noisy - - - 

babble BWF 6.75 8.40 9.01 
 CDWF 4.13 4.81 5.37 
 Proposed 11.18 12.73 14.23 
 Noisy - - - 

Street BWF 9.98 12.15 12.67 
 CDWF 8.77 9.69 11.05 
 Proposed 13.78 16.23 18.25 
 Noisy - - - 

Office BWF 9.93 10.60 11.18 
 CDWF 5.78 6.86 7.46 
 Proposed 12.67 14.59 14.21 
     

Table 1 shows the Test Result of SSNR Improvement 
compared with BWF and CDWF methods. The same MCRA 
noise estimation method [6] is used for BWF method and a 
priori SNR in equation (2) is obtained by [3] for BWF method. 
For the CDWF method, the size of shape codebook in terms 
of 10-dimension line spectrum frequencies (LSF) about 
speech spectrum is 1024 (10bit), the size of shape codebooks 
in terms of 10-dimension LSF about the spectra of white noise, 
street noise, office noise and babble noise are 8 (3bit), 8 (3bit), 
8 (3bit) and 16 (4bit), respectively. These priori shape 
codebooks of the spectra are trained by generalized Lloyd 
algorithm (GLA) [12] based on weighting distortion measure 
[13]. From Table 1, we can find that the proposed method 
produces a higher average SSNR improvement than other two 



methods for three kinds of input SNRs. The lower the SNR, 
the higher is its average SSNR improvement. From Table 2, 
we also see that the LSD of the proposed method is the lowest 
for four types of noise under three input SNR conditions. 

 
Table 2 Test Result of LSD 

Noise Type Method 10dB 5dB 0dB 
 Noisy 14.09 16.14 18.31 

white BWF 7.09 8.30 9.57 
 CDWF 10.46 12.03 13.78 
 Proposed 6.96 8.03 9.26 
 Noisy 10.60 12.35 14.24 

babble BWF 6.79 8.29 9.90 
 CDWF 8.82 10.30 11.92 
 Proposed 6.24 7.49 8.95 
 Noisy 9.26 10.91 12.68 

Street BWF 5.11 6.33 7.76 
 CDWF 7.00 8.31 9.72 
 Proposed 5.00 5.83 7.05 
 Noisy 9.56 11.24 13.06 

Office BWF 6.04 7.36 8.85 
 CDWF 7.79 9.20 10.74 
 Proposed 5.45 6.67 7.80 
     

PESQ test result listed in Table 3 shows that three kinds 
of methods all improve the speech quality in a certain degree. 
Although the PESQ result of proposed method is a little worse 
than that of BWF method, the auditory perception of the 
proposed method looks much soft and natural than BWF 
which has vacuum feeling. The reason why causes this 
phenomenon is that the proposed method slightly suppresses 
some speech components which have weak energy in some 
transition segments. However, the proposed method is almost 
better than CDWF for the PESQ test with three different kinds 
of SNRs. 

Table 3 Test Result of PESQ 
Noise Type Method 10dB 5dB 0dB 

 Noisy 1.97 1.60 1.36 
white BWF 2.67 2.32 2.04 

 CDWF 2.48 2.14 1.72 
 Proposed 2.51 2.22 1.85 
 Noisy 2.50 2.18 1.79 

babble BWF 2.69 2.36 1.91 
 CDWF 2.46 2.13 1.72 
 Proposed 2.66 2.34 1.99 
 Noisy 2.95 2.65 2.30 

Street BWF 3.22 2.97 2.70 
 CDWF 3.09 2.85 2.58 
 Proposed 3.07 2.89 2.55 
 Noisy 2.76 2.41 2.02 

Office BWF 2.90 2.61 2.23 
 CDWF 2.84 2.53 2.15 
 Proposed 2.84 2.55 2.18 

     

V. CONCLUSIONS 

In this paper, a novel speech enhancement method based on 
power spectra smooth of speech and noise is proposed. The 
smoothed spectra of speech and noise can effectively describe 
the power ratio of speech or noise in frequency bins, and 
makes the Wiener filtering easier for speech enhancement. 
Also, the introduction of the NCCC makes the constructed 
Wiener filter more effective for removing background noise 

existed in silence or in unvoiced segments. The objective test 
results show that the proposed method has a better 
performance, comparing with the reference methods, 
especially for reducing the vacuum feeling and fluctuant 
background noise. 
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