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Abstract - In this paper, a new approach for frequency-selective 
noise spectral subtraction is proposed, based on the Magnitude 
Spectral Subtraction (MSS) technique and the two-channel 
Generalized Sidelobe Canceller (GSC) for noise spectrum 
estimation. A comparison of the proposed and the conventional 
noise spectral subtraction techniques is given, based on computer 
simulations, in terms of noise attenuation performance and the 
ability to avoid speech distortion. Simulation results clarify that 
less amount of speech distortion is obtained whereas higher noise 
attenuation can be achieved, as compared to the conventional 
noise spectral subtraction technique. 
 
Keywords - noise reduction, speech enhancement, spectral 
subtraction, adaptive beamforming, etc.   
 

I. INTRODUCTION 
Several Noise Reduction (NR) techniques have been 

proposed to eliminate the additive background noise in order 
to improve speech intelligibility [1]-[5]. Depending on the 
number of microphones in the system, the NR techniques are 
then categorized into 2 groups; i.e. single-channel and multi-
channel NR techniques. The frequency-domain single-channel 
NR approaches, such as the Spectral Subtraction (SS) 
technique [2], are normally employed, as compared to the 
time-domain ones, due to their low computational complexity. 
However, by increasing the amount of noise spectral 
subtraction, the speech distortion is perceived as ‘musical 
noise’ [3]. It is suggested in [6] that the Magnitude SS (MSS) 
technique introduces less amount of musical noise than the 
Power SS (PSS) one. Thus it is chosen in this paper to use 
MSS for noise reduction. 

By using spatial information, the multi-channel NR 
techniques have been introduced to obtain better estimate of 
the noise and interference signals than the single-channel NR 
techniques [4]. As a result, improved Noise Attenuation (NA) 
performance is obtained when the more accurate estimate of 
the noise spectrum is achieved. Recently, the two-channel 
Generalised Sidelobe Canceller (2chGSC) algorithm is 
proposed to be employed together with the NR techniques in 
order to remove the interfering signals [8]. 

In order to control the amount of speech distortion while 
achieving sufficient level of noise reduction, it is therefore 
proposed in this paper to employ the variable and frequency-

selective noise subtraction parameter for the MSS technique, 
which is employed together with the 2chGSC algorithm. The 
performance of the 2chGSC+MSS algorithm that employed 
the proposed scheme for variable subtraction is compared 
under various acoustic environments to that using fix 
parameter for noise subtraction. 

This paper is organized as follows. In section 2, the 
2chGSC+MSS algorithm is described. The proposed noise 
subtraction parameter to be employed in the 2chGSC+MSS 
algorithm is presented in Section 3. Simulation results are 
given in Section 4, followed by the conclusions in Section 5. 
 

II. THE TWO-CHANNEL NOISE REDUCTION 
ALGORITHM 

The two-channel NR technique employing Generalized 
Sidelobe Canceller has been proposed in [7] to estimate the 
noise spectrum so that noise reduction can be obtained 
sufficiently. A block diagram of the 2chGSC algorithm is 
given in Fig. 1.  
 

kδ
1̂( )s n

2̂( )s n

1( )y n

2( )y n

( , )U k l

 
Fig. 1 A block diagram of two-channel NR algorithm 

                                                                                        
The two noisy speech signals, which are obtained from the 

first microphone and second microphone, is modeled as a sum 
of clean speech signal ( )s n and the t hm interfering noise 
signals, ( )b n  , as represented by 
 
       yi n = s n + ∑ bm n- i-1 δm , i=1,2M

m=1                       (1) 
 
where i  is the number of microphones, M is the number of 
noise sources and mδ  is the time delay of the m-th interfering 
noise source. The two noisy signals are then transformed into 
the frequency domain using Short-time Fourier Transform 
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(STFT). The speech spectrum is cancelled by subtracting the 
noisy spectrum obtained in the second microphone from that 
obtained in the first microphone to get the noise-only 
spectrum. 

The analysed spectrum is divided into p  uniform 

subbands. The speech cancelled spectrum in the thp  subband 

is given in terms of the integrated noise spectrum in the thp
subband, ( , )pN k l , as  
 

        , 2 ,                    (2) 
 
where 

1
u u

p pk k k− ≤ <%  is the discrete frequency components 

between the adjacent thp  subband for 1,2,..,p P=  when P 
is the number of subband and u

pk  is the maximum frequency 

component in each thp  subband. The discrete frequency 
component is 1,2,...,k K= when employing K-point STFT. 
     Assuming that the speech signal and the interfering noise 
signals are uncorrelated, the Direction of Arrival (DoA) of the 
virtual noise source, ˆ

pδ , of the thp subband in the first 
microphone can be calculated as 

  

      ′ 2 , ,
, ,  

                    (3) 

Similarly, the same procedure is taken to find ˆ
pδ  in the 

second microphone [7]. 
The integrated noise spectrum in the thp  subband is then 

obtained to be 
 

, ,

, , , ,                                                 2

, , 1 , , , ,

        (4)                                                                                                   

 
where 0 1γ< <  is the forgetting factor controlling the rate 
of noise reduction. The noise compensator is given by 
 

                       , ,                                (5) 

 
whereas ,

ˆ ( , )pre
p iN k l%  is the estimation of the noise spectrum in 

the previous frame. The noise spectrum in each microphone is 
calculated over the entire frequency region as 
 
       , ∑ , ,             1,2                     (6) 
 

Finally, the enhanced speech spectrum at each microphone 
is obtained by subtracting the estimated noise spectrum from 
the noisy speech spectrum in each channel. The combination 
of the 2chGSC algorithm with the MSS technique to obtain 
two-channel NR algorithm is demonstrated as shown in Fig.  2.  

∑

ˆ ( , )iN k l

( )iy n ( , )iY k l ˆ ( , )iS k l ˆ ( )is n

 
Fig.  2 A block diagram of the SS algorithm 

 
The estimated enhanced speech spectrum, ˆ ( , )iS k l , is 

obtained as  given by 
 
 

,
| , | | , |,      | , | | , |

| , |,                                                                (7) 
 
 
where α is the noise subtraction parameter and ρ is the 

noise floor parameter. The estimate of  ˆ ( , )iS k l   contains both 
magnitude and phase is shown below as 
 
              ,  ,  ,                                       (8) 
 
where ( , )k lyθ   is the phase of the noisy spectrum in each 

microphone. Then ˆ ( )is n  is obtained by performing Inverse 
STFT. The enhanced speech signal from the first microphone 
( 1i = ) is used in this paper.  
 
III. THE PROPOSED NOISE SPECTRAL SUBTRACTION 

PARAMETER 
In the conventional SS technique, the noise subtraction 

parameter α  is fixed across the whole frequency spectrum. If 
the parameter α  is to be increased for further noise 
subtraction, largeα , however, introduces speech distortion. 
On the other hand, by reducing the α  factor to preserve 
speech quality, the additive noise source is not sufficiently 
eliminated.  

It is therefore proposed in this paper that the parameter α  
to be frequency dependent. High value of α  is chosen when 
the speech spectral components are more dominant than the 
noise spectral components, i.e. in the low-frequency region. In 
order to preserve speech spectral components, the value of α
is chosen, on the other hand, to be very small when the noise 
spectral level is high, i.e. in the high-frequency region. 
Therefore the noise subtraction parameter, , in eq.(7) is 
chosen to be dependent on the frequency components of the 

α



5 

 

difference between the noise. For each thl  analysis frame, the 
variable noise subtraction parameter is obtained and updated 
by  
          , 1 , ,                                 (9) 
where 0 1μ< < , 0γ > , k represents the frequency components. 
The difference between the noisy signal and the enhanced 
speech signal as given by 
 
                 , , ̂ ,                                    (10) 

 
IV. EXPERIMENTS AND RESULTS 

The performance of the 2chGSC+MSS algorithm that 
employed the proposed scheme for variable subtraction was 
compared under various acoustic environments to that using 
fix parameter for noise subtraction. 
 
A. Experimental conditions 

In this paper, two noise acoustic environments: one-noise-
source and three-noise-source conditions were evaluated. To 
model the effect of noises on both microphones, Additive 
White Gaussian Noise (AWGN) were employed in the 
experiments. Various input SNR levels were investigated (5-
25dB). 

The length of the signal was 25ms and it was sampled at 
8kHz. The frame shift was 12.5ms and the window function 
was Hamming. The analyzed spectrum was divided into 100 
subbands (P=100). By employing the sampling rate of 8kHz, 
the bandwidth of each subband was therefore equal to 40Hz.  
 
B. Objective Evaluation 

The output signal-to-noise ratio (SNR) was used to 
measure the noise attenuation performance. It is defined as 
 
   10 ∑

∑ ̂
          (11) 

 
where N is the number of samples. When the output SNR is 
greater than input SNR, the NR algorithm gives improved 
noise attenuation performance. On the other hand, there will 
still be some interfering noise on the enhanced speech signal 
when the output SNR is less than input SNR.  
     The other measurement was Log-spectral Distance (LSD) 
which is the difference between the log spectrum of clean 
speech signal and that of the noisy signal. LSD is used to 
measure the distortion of the desired speech, given by 
 

 ∑ ,   | , |         (12) 
 
where J is the number of speech activity frames and ( , )S k l  
and ˆ ( , )S k l are the clean speech spectrum and the enhanced 

speech spectrum for the thl analysis frame. A low LSD level 
indicates the low level of speech distortion. 
 
 

C. Simulation results 
Experimental results in two acoustic environments are 

demonstrated in this subsection. By considering at the one-
noise-source environment, it is shown in Fig3 that the NA 
performance of the 2chGSC+MSS technique with the 
proposed α is better than the one with fixedα . In addition, 
from Fig. 4, the former one has lower LSD level than the latter 
one. Therefore, 2chGSC+MSS with proposedα  introduces 
low level of speech distortion than the one with fixedα . 

The NA performance of these investigated algorithms in 
the three-noise-source case can also confirm with the one-
noise-source case, i.e. the NR technique with proposed α
gives higher output SNR than the one with fixed α  as shown 
in Fig. 5. It is interesting to notice that the output SNR for 
both acoustic environments when using the proposed α  are 
the same for all cases. For speech distortion, it can be shown 
in Fig. 6 that the proposed α  yields the lower amount of 
speech distortion, as compared to the fixed α . 
 
 

 
Fig.  3 NA performance of the 2chGSC+MSS with fixed and proposed  
subtraction factor ( )α for one-noise-source environment 

 

 
Fig. 4 LSD improvement of the 2chGSC+MSS with fixed and proposed 
subtraction factor ( )α for one-noise-source environment 

 

 
Fig. 5 NA performance of the 2chGSC+MSS with fixed and proposed   
subtraction factor ( )α for three-noise-source environment 
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Fig. 6 LSD improvement of the 2chGSC+MSS with fixed and proposed 
subtraction factor ( )α for three-noise-source environment 

 
V.  CONCLUSIONS 

This paper has proposed a frequency-dependent parameter 
for noise subtraction to be used in a two-channel Noise 
Reduction (NR) technique that employs the Generalised 
Sidelobe Canceller (GSC) and the Magnitude Spectral 
Subtraction (MSS) method. It has been demonstrated based on 
computer simulations that the proposed scheme yields better 
Noise Attenuation performance than the NR technique with 
fixed subtraction parameter. Furthermore, it has been shown 
via the LSD plots that lower level of speech distortion is 
obtained by employing the proposed subtraction parameter, as 
compared to the conventional one. Hence, the proposed 
frequency dependent noise subtraction parameter introduces 
low amount of speech distortion while achieving sufficient 
level of noise reduction. 
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