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Abstract 
 
    The spectral subtraction is one of the best methods for elimination of stationary noise 
from degraded speech signal. Here we turn to research about the nonlinear spectral 
subtraction standard method and improved model. After studying the nonlinear method 
we turn to this matter that whether it can improve the quality of enhanced speech signal 
or not, with applying the LPC analysis. 
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I. INTRODUCTION 
 
    Using a suitable method is a very important goal to elimination of stationary noise 
from degraded speech signal and enhancing its quality in speech communication 
systems. Therefore, many methods are assessed such as linear spectral subtraction (LPC 
analysis) and nonlinear spectral subtraction.  
Many researchers assumed the linear and nonlinear spectral subtraction methods alone 
and achieved desirable results [3],[4],[5] . 
In this paper, we want be predict if combination of nonlinear and LPC method, will 
enhanced the results of nonlinear method or not.  
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II. Nonlinear spectral subtraction  
 
 The basic of new nonlinear spectral subtraction method is a combination of two 
important theories [1]. 
- The noise improvement model is used where obtains in the course of a speech paused.  

- The nonlinear subtraction is used when a frequency dependent signal to noise ratio 
(SNR) is obtained. This means that in spectral subtraction a minimal factor is used in 
high SNR in turn.  
 

III. The standard nonlinear spectral subtraction 
 

In standard method, the spectral subtraction is doing in the following equations and 
eliminate a standard short-term noise spectral from degraded speech signal that in this 
condition [1],[2]:  

)(X.)(H)(Y iii ωωω = (1) 
So in this equation:  
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)(B̂)(X̂)(D iii ωωω −= (3) 
In above equations )(ωiy  is estimation of enhanced speech signal. In frame i, )(ωix  is 

estimation of short-term spectral speech in frame i, |)(ˆ| ωiB  is estimation of the noise 
magnitude in frame i, |)(ˆ| ωix is estimation of the degraded speech signal magnitude in 

frame i and )(ˆ ωiB is estimation of short-term noise in frame i. 

We can compute the magnitude of |)(ˆ| ωix and |)(ˆ| ωiB with these equations:  
      

( ) )(B)(B̂)(B̂ iBiBi ωλωλω −+= − 11& (4) 
( ) )(X)(X̂)(X̂ iXiXi ωλωλω −+= − 11&

 (5) 

So the quantity of xλ  and Bλ  with implementation determines in this interval: 

3.01.0 << Bλ (6) 

7.03.0 << xλ (7) 
So in this interval the best quantities are 2.0=Bλ and 5.0=xλ . 
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IV.  The improvement nonlinear spectral subtraction method by 
)(ωα factor 

 
 
An improvement of noise model in nonlinear spectral subtraction method 
determines by |)(ˆ| ωiB and )(ωα . )(ωα is an overestimated factor that is jointing 
with frequency and we can estimate it when pauses speech compound with noise 
[1]. Here we can estimate )(ωα by this equation:  
 

( ))(ˆmax)( ωωα ii B= (8) 
 
that usually )(ωαi is averaging amount for all frames i and is in this like:[1] 

|)(ˆ|5.1)( ωωα ii B=  (9) 
 
Therefore we can use from this equation for nonlinear spectral subtraction: 

))(B̂),w(),(()(X̂)(D iiiii ωαωρφωω −= (10) 
 
That in the (10) equation amount of signal to noise ratio )(ωρi  is determined by 
this equation: 
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φ  is a nonlinear function that it determines the magnitude of spectral in basic 
amount of signal to noise ratio )(ωρi  and its amount is in this interval : 

)(B̂))(B̂),(),(()(B̂ iiiii ωωωαωρφω 3≤≤ (12) 
 
and amount of it determine by using of this equation and depended to the )(ωρi  
factor:  

( )
)(

)(
)(B̂),(),(

i

i
iii ωργ

ωα
ωωαωρφ

+
=

1
 (13) 

In this equation γ is an important factor that is depended on variation range of 
SNR )(ωρi .  
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V. The using of linear prediction coding (LPC) analysis for 
improvement of nonlinear method 

 
This method in addition to decreasing the musical noise cause to increase the 
quality of enhanced speech signal. This method is included in two separate parts: 

1. noise estimation part 
2. spectral subtraction part 

 

5-1: Noise estimation part 

In common spectral noise is estimated from pause frames, but in this method is 
used from LPC analysis for estimation of noise. This approach includes applying 
the LPC analysis on the degraded speech signal; we calculate the number of 
coefficients named LP coefficients. In fact these coefficients include specifications 
of speech signal, because in calculating the LP coefficients we use Auto 
correlation function and just as we know the auto correlation function applies the 
act of averaging on the signal. Now if these signals to be degraded speech signal, 
noise eliminated nearly with the act of averaging. For this reason we can say that 
LP coefficients only are includes the properties of speech signal. Now, we use 
from this coefficients for generation of inverse LPC filter:  
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and with applying the degraded speech signal to it, we see that output signal is 
very similar to noise signal and we suppose it as estimation of noise in the 
degraded speech.[3] 

 

5.2 Spectral subtraction part 
 
In this part estimated noise in prior part, eliminated by spectral subtraction from 
speech signal and we will see the enhanced speech signal in output. 
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Figure 1 : Block diagram of LPSS method 

 

Implementation  
 
In this part we will study the said methods. We operate in this form, first select the 
clean speech signal from TIMITS database, and then we produce by using white 
Gaussian noise generated by the degraded speech signal. After generating the 
degraded speech signal we apply them to the standard and optimized by α  factor 
nonlinear systems as input. Then we compare the generated outputs for the 
purpose of signal to noise ratio (SNR), transient state graph and spectrogram.  
In the next step we apply the generated outputs of prior nonlinear methods as 
input of LPC system. Then we compare the generated output with the results of 
prior part. 
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Table 1: Test results without LPC 
Measurement type: signal to noise ratio (db) Clean Signal: 
sampled clean speech signal from TIMIT database Added 
noise to clean signal : White Gaussian noise .  

Input SNR 
15 db 10 db 5 db 

Enhancement Method 

15.6749 11.9915 7.5525 NSS 

16.4670 12.3650 1.6459 NSS With alpha 
 

 
 
 

Table 2: Test results with LPC 

Measurement type : signal to noise ratio ( db) Clean 
signal :sampled clean speech signal from  TIMIT database  
Added noise to clean signal : White Gaussian noise  

Input SNR 
15 db 10 db 5 db 

Enhancement Method 

16.1436 12.1325 7.7897 NSS 

16.9756 12.5360 8.4943 NSS With alpha 
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Figure 2: Transient state graph a) clean speech signal b) degraded speech signal 
(SNR=5db) c) Enhanced speech signal with NSS method  d) Enhanced speech 
signal with LPNSS method 
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Figure 3: Spectrogram a) clean speech signal b) degraded speech signal 
(SNR=5db) c) Enhanced speech signal with NSS method  d) Enhanced speech 
signal with LPNSS method 

 

Conclusion 
 
With paying attention to the SNR quantities and generated transient state graph 
and spectrogram in part (5) we will see that improvement of nonlinear model has 
better results relative to the standard state.  
With applying the LPC analysis to each of the prior methods you will see that the 
results of each of them have improved.  
Therefore, we can use LPC analysis as an effective method for improvement of 
nonlinear spectral subtraction methods. 
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