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Abstract—A new method is proposed for noise power 

spectrum estimation providing speech enhancement in 

scenarios where non-stationary noise corrupt the target 

signal. DATE (d-dimensional amplitude trimmed 

estimator) was introduced for estimating power spectrum 

of AWGN (additive white Gaussian noise). Here an E-

DATE (extended-DATE) method is proposed extending to 

the noise power spectrum estimation for non-stationary 

noise which is a challenging field. Idea behind the new 

model is that the noise instantaneous power spectrum 

can be considered as approximately constant in each 

frequency bin and within a short time interval of interest. 

STFT as well as DWT (Discrete Wavelet Transform) is 

found to follow weak sparseness property. Since DWT 

provides good time-frequency resolution when compared 

to STFT here we are trying to replace STFT using DWT 

and compare the noise power spectrum estimation 

quality of these two methods. Instead of performing DFT 

on framed signals, DWT is implemented on framed 

signals. Performance of the proposed algorithm is 

evaluated in combination with noise reduction algorithm 

to provide better speech enhancement. 

Keywords—non-stationary; noise power spectrum; E-

DATE; STFT; DWT; enhancement 

 

I.  INTRODUCTION  

Non-stationary noise is a common source of 

corruption of speech signal. Removal of non-

stationary noise is a very difficult task when 

compared to removal of non-stationary noise 

properties change with time. There are various 

methods for removal of non-stationary noise from 

corrupted speech signal. The corruption of speech 

by non-stationary noise affect both quality and 

intelligibility of speech [1]. Noise power spectrum 

estimation algorithms are classified into: 

 Histogram-based methods 

 Minimal-tracking algorithms 

 Time-recursive averaging algorithms 

In histogram based methods maximum of histogram 

is estimated to provide noise power spectrum but 

due to high complexity (based on computational 

costs and memory resources) it is not widely used. 

In minimal-tracking algorithm, noise power 

spectrum is tracked using minimum statistics which 

is incorporating the assumption that the level of 

noise power spectrum is below that of noisy speech. 

Noisy signals are observed for relatively long time 

intervals to track speech power unlike other 

methods where noise power is tracked. The time-

recursive averaging algorithms are a class of 

algorithms which includes well known class of 

MCRA (Minima-Controlled Recursive-Averaging) 

and its modified versions like IMCRA (Improved-

MCRA) and MCRA2 algorithms. These algorithms 

find out the speech presence probability in each 

frame where probability of speech presence 

indicates the particular frame contains noisy speech. 

This paper proposes a modified version of E-DATE 

which is found to be efficient when compared to 

other noise spectrum estimation algorithms. E-

DATE was found to be efficient in terms of number 
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of parameters to be provided as input to algorithm 

[1]. It required only two parameters which were 

number of frames and lower bound on SNR. In 

DATE, d-dimensional observations provided are 

used to estimate noise power spectrum. After 

calculating norms of these d-dimensional 

observations they are arranged in the order of 

increasing norms and their amplitudes are trimmed 

in each given frequency bin. DATE is usually used 

in estimating stationary noise power spectrum such 

as that of AWGN. In E-DATE the scenario is 

extended to that of non-stationary noise power 

spectrum such as that of colored Gaussian noise, 

frequently encountered noises such as babble noise, 

airport noise, car noise etc. STFT is the transform 

used in E-DATE algorithm which follows the weak 

sparseness property coefficients produced after 

performing a transform can be fewer in number but 

also larger in amplitude so representation can be 

less complex in terms of number of coefficients. 

Almost all transforms follow the weak sparseness 

property. DWT is another transform which also 

follow this property and while replacing STFT by 

DWT it was found to provide better results in terms 

of output SNR and PESQ-MOS scores. The paper is 

organized as follows, section II gives an overview 

on need of speech enhancement followed by section 

III where a basic idea on noise power spectrum 

estimation using E-DATE algorithm is provided. 

Section IV gives the noise reduction involved after 

estimation of noise power spectrum followed by a 

discussion on results obtained in section V and 

conclusion and future work in section VI. 

 

II. SPEECH ENHANCEMENT 

Speech is basically a non-stationary signal and its 

power spectrum does not remain constant over time 

but for a short interval of time spectral 

characteristics of speech are almost assumed to be 

stationary. When these speech signals originate 

from noisy locations or is corrupted by noise during 

its transmission over a channel for the sake of 

communication purpose the need for getting rid of 

this noise is very important. Situations are large in 

number which demand enhancement of speech. 

Certain examples are background noise corrupting 

speech in cellular telephone systems, pilot’s speech 

being affected by or degraded by cockpit noise, in 

military grounds etc.[2]. In these situations quality 

as well as intelligibility of speech is affected. 

Speech enhancement aims at rendering speech with 

better perceptual quality for a listener. Since these 

algorithms suppress or reduce the corrupting factor 

which is noise these algorithms are also known as 

noise suppression algorithms. 

 

III. E-DATE IN NOISE POWER SPECTRUM 

ESTIMATION 

E-DATE is basically an extension to DATE 

algorithm where noise standard deviation is 

estimated for d-dimensional observations provided. 

These observations represent random presence or 

absence of random signals in AWGN which is 

independent and additive in nature. In these cases 

signals of interest are assumed to be randomly 

present or absent in noise and also have unknown 

distributions. DATE applies to any dimension when 

compared to conventional noise estimators which 

can act on only one-dimensional data. Norms of 

observations provided are arranged in increasing 

order followed by trimming of their amplitudes. 

Actually we are performing STFT over the 

observations using the fact that STFT follows the 

weak sparseness property. The observations which 

can be denoted as   R1, R2, R3….RN  are assumed to be 

mutually independent. Noise & signal are assumed 

to be independent and speech presence probability 

is upper bounded by ½. DATE basically depends 

directly on number of observations (N), dimension 

of observations (d) and lower bound on SNR ρ. 

A. DATE algorithm for estimation of noise 

standard deviation 

Inputs to the algorithm are basically finite sequence 

of real random vectors denoted as R1, R2, 

R3….lower bound on SNR ρ, a probability value H 

which depends on the number of observations and a 

constant gmin which is expressed as: 

                              (1)    

ξ(ρ) which depends on the lower bound on all 

possible SNRs and α which depends on Number of 

observations and dimension of observations. In the 

algorithm of DATE the initial process is generation 

of random vectors followed by sorting of their 

norms in increasing order to find out g
*
 such that if : 

norm(Rg) ≤ F
*
{R1, R2,..RN} ≤ norm(Rg+1) then g

*
=g and 

otherwise g
*
=gmin where F

*
 is the average of norms 
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of real random vectors provided. The noise standard 

deviation σ
*
 is expressed as: 

               σ
*
=F

*
(g

*
)/α                                   (2) 

While running the DATE algorithm for number of 

observations=100, dimension of observations=2 and 

probability of speech presence=0.5, we obtained the 

bias which is the average of biases obtained for 

number of tests per each SNR values which 

provides a 2-D matrix containing empirical biases 

of estimates returned by DATE for several values of 

SNRs and universal SNRs(used as a minimum 

value of SNR or a benchmark value)(Fig.2) and also 

NMSE which is a similar 2-D matrix containing 

empirical NMSEs of DATE for several values of 

SNRs and universal SNRs. The basic block diagram 

of DATE is provided in Fig.1: 

 

 

DATE algorithm is used to obtain the noise 

standard deviation from which noise power 

spectrum can be obtained which can further be used 

in noise reduction. Since DATE algorithm works 

well mainly on stationary noise removal for more 

challenging situations where non-stationary noise is 

to be removed an extension to DATE algorithm 

basically known as E-DATE is used. E-DATE 

extends the scenario of power spectrum estimation 

to that of non-stationary cases like airport noise, car 

noise etc. 

B. Weak Sparseness Property 

If STFT of noisy speech signals are taken to 

consideration, weak sparseness property is assumed 

to be satisfied. Noisy speech signals can be 

effectively represented by small number of 

coefficients with only those few coefficients having 

larger amplitudes when compared to other 

coefficients[6]. Those higher amplitude coefficients 

can be distinguished in presence of noise. Observed 

signal whether noisy signal or noise only signal can 

be expressed as: 

 

                        r(t)=x(t)+n(t)                              (3) 

where x(t) is signal component, which may or may 

not be present, n(t) is the noise component. This 

observed signal in time domain can be expressed in 

time-frequency domain after transformation using 

STFT. Since speech signal can be lengthy signal 

with its inherent properties changing with time, 

processing is done frame by frame. If p is frame 

index and q is the index corresponding to a 

particular frequency bin, the equivalent STFT 

transformed signal: 

         

R(p,q)=X(p,q)+N(p,q)                     (4) 

 The probability of presence of a signal component 

in addition to noise which is independent and 

additive in nature is less than or equal to ½ or upper 

bounded by ½. Presence or absence of speech[3] is 

provided by a Bernoulli distributed random variable 

ξ(p,q) and based on this the audio signal can be 

represented as ϴ(p,q) and the equation(4) can be 

represented as: 

     R(p,q)= ξ(p,q) ϴ(p,q)+N(p,q)                    (5) 

 
Fig.2. Bias of DATE for N=100 

 
Fig.1. Block diagram of DATE 



  
 
 

 
 

 

448 Haripriya.R.P., Lani Rachel Mathew, Dr. K. Gopakumar 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 4 

April 2017       

 

C. E-DATE algorithm 

E-DATE is basically used for noise power spectrum 

estimation for non-stationary noise types corrupting 

speech/audio signals which is an extension to 

DATE algorithm which is used in noise power 

spectrum estimation for basic stationary noise types 

like AWGN. E-DATE is used in finding out noise 

power spectrum over consecutive frames which are 

basically non-overlapping (Fig.3.). E-DATE 

algorithm has two basic implementations which are 

sliding window E-DATE (SW-E-DATE) and block 

based E-DATE (B-E-DATE). In block based E-

DATE we find out noise power spectrum estimate 

for a set of D frames, then find out noise power 

spectrum estimate for a set of D frames followed by 

next set of D frames etc. In SW-E-DATE, we 

update the frames by an increment of one instead of 

a set of D frames. Noise power spectrum obtained 

for airport noise 0dB SNR is shown in Fig.4. 

 

 

 

 

 

 

 

 

Fig.4. Noise power spectrum for airport noise of 

0dB SNR corrupting speech signal 

IV. NOISE REDUCTION USING  DWT BASED E-

DATE 

Initial step is estimating noise power spectrum 

using E-DATE and this noise power spectrum 

provides the data related to pure noise contained in 

corrupted speech. Next step is finding out the power 

spectrum of corrupted speech signal. Since both 

spectrums are available after these steps the basic 

noise reduction method of spectral subtraction[10] 

is used to reduce the noise content in corrupted 

speech by finding out power spectrum of speech 

signal only and using the information to enhance 

corrupted speech. Database used here is the 

publically available NOIZEUS database developed 

by Texas-Dallas University which contains about 30 

IEEE sentences corrupted by about eight real world 

noises[5].  In the modification proposed 

transforming of framed speech signal using STFT is 

replaced by wavelet decomposition of framed signal 

followed by thresholding of signal[7]. Noise power 

spectrum obtained using E-DATE based on DWT is 

provided in Fig.5. In wavelet decomposition the 

discrete-time or sampled signal is passing through 

number of filters and decomposed into different 

levels. Level of decomposition can be specified. 

After particular level decomposition of noisy signal 

frame, perform wavelet thresholding of noisy frame 

in the part where DFT of frames were taken in 

original algorithm. This is giving rise to modified 

E-DATE or DWT based E-DATE. The type of 

thresholding can also be specified. Minimax 

thresholding, Square root log thresholding, Rigsure 

thresholding, Heursure thresholding etc. are basic 

thresholding types. 

Fig.5. Noise power spectrum estimated using 

modified E-DATE 

 
Fig.3. Block diagram of E-DATE 
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Various wavelets ranging from daubechies, symlets, 

coiflets, biorthogonal wavelets etc. are used[4][8]. 

For each wavelet objective quality measures 

(PESQ) and output SNR was evaluated and in terms 

of best output SNR and highest PESQ daubechies 

order 8 and coiflet order 5 wavelets were chosen as 

best wavelet for airport noise corrupted and 

restaurant noise corrupted speech signal. When 

wavelet decomposition followed by thresholding 

was used there was improvement in output SNR and 

PESQ score when compared to usage of STFT. 

Clean speech, corrupted speech and enhanced 

speech is plotted in time domain (Fig.6) as well as 

their spectrograms (Fig.7) are plotted. The PESQ 

score and output SNR was found to improve when 

wavelet transform replaced STFT.STFT does not 

provide good resolution in both time as well as 

frequency simultaneously. Since DWT provides 

good time-frequency resolution when compared to 

STFT it can be used as a better transformation tool 

in speech enhancement. 

Fig.6. Noise reduction in time domain 

Output SNRs as a result of using E-DATE 

algorithm is compared with that of output SNRs of 

DWT based E-DATE noise spectrum estimation. 

PESQ-MOS scores were also compared with that of 

DWT based E-DATE algorithm. The results when 

carried out with airport noise and restaurant noise 

are shown below. Fig.8 shows output SNR 

comparisons for restaurant noise.Fig.9 shows output 

SNR comparisons for airport noise. Fig.10 and 

Fig.11 provides PESQ-MOS score comparisons for 

restaurant and airport noise respectively. 

 

 

Fig.11. PESQ-MOS comparison for airport noise 

 

 
Fig.7. Spectrograms for noise reduction 

 
Fig.8. SNR-out comparisons for restaurant noise 

  
Fig.9.. SNR-out comparisons for airport noise 

 

 
Fig.10. PESQ-MOS comparisons for restaurant noise 
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V. DISCUSSION 

     We have obtained results for airport noise as 

well as restaurant noise based on output SNRs and 

PESQ-MOS scores. For restaurant noise ranging 

from 0dB, 5dB and 10dB SNRs when STFT based 

E-DATE was used the output SNR values were 

obtained as: 4.4908, 5.9065 and 4.2518 

respectively. When DWT based E-DATE was used 

corresponding output SNR values were obtained as: 

4.6006, 6.0837 and 4.2992 respectively. The PESQ-

MOS scores for restaurant noise of 0dB,5dB, 10dB 

SNRs are 1.906,1.485 and 2.332 when STFT based 

E-DATE was used while it improved to 2.016, 

1.541 and 2.345 respectively when DWT based E-

DATE was used. Similarly for airport noise of 0dB, 

10dB and 15dB SNRs the output SNRs were 

obtained as 5.1024, 5.7981,5.8403 respectively 

when E-DATE based on STFT was used and when 

DWT based E-DATE was used the output SNR 

values were obtained as: 5.5099, 5.8771, 5.8486 

respectively. The PESQ-MOS scores when STFT 

based E-DATE was used were obtained as: 2.056, 

1.885,2.102 respectively and when DWT based E-

DATE was used the PESQ-MOS scores for airport 

noise improved to: 2.134,1.984, 2.110 respectively. 

From the output SNR improvement and also PESQ-

MOS improvement it is evident that the DWT-

based E-DATE performs better when compared to 

STFT based E-DATE in noise power spectrum 

estimation followed by noise suppression giving 

rise to better enhancement of speech.  

 

VI. CONCLUSION 

In the paper we have discussed about noise power 

spectrum estimation followed by its use in noise 

reduction leading to speech enhancement. An 

algorithm E-DATE which is basically STFT based 

is the main noise power spectrum estimator 

requiring only two parameters for performing the 

algorithm. As a modification to this existing E-

DATE algorithm we have implemented DWT based 

E-DATE which replaces the transformation of 

framed signal using STFT by DWT. Both STFT and 

DWT follows a property known as weak sparseness 

property which helps to represent transformed 

signals using fewer coefficients of larger amplitude. 

This reduces complexity of speech enhancement 

systems. Since DWT could provide better time-

frequency resolution when compared to STFT it is 

being tried out. We have evaluated the proposed 

DWT based method on two basically encountered 

noises which are airport noise and restaurant noise 

and found the improvement in output SNR and 

PESQ-MOS scores using modified method when 

compared to existing method. Subjective evaluation 

tests are to be conducted to support the work. 

Sounds are to be recorded from a number of 

speakers followed by noise mixing and 

implementation of modified/DWT based algorithm 

on the noisy files created after recording of speech 

from multiple speakers. 
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