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The same procedure is applied to a question asked by user. Then some kind of intersection of two sets is 

obtained. The first set is previously obtained set for text documents and the second set is obtained by applying 

morphological analysis and hypotheses generation procedures to text representation of a question. The resulting 

answer set is obtained by extraction of words that are consistent with the question word from that intersection and 

sorting it in decreasing order of ranks. 

For now proposed method is restricted to provide only one word answers without taking into account the context 

in which the words are used. In future those restrictions will be removed. 

The proposed method of generating and ranking of hypotheses was implemented with a number of restrictions 

and tested on a database of news articles (over 3500 documents). Studies of the developed system showed positive 

results and proved its suitability to the task. Now the main goal of research is to develop algorithms of deductive, 

inductive and abductive logical inference. Those algorithms will help to answer such questions, the answers to 

which are not contained in the indexed documents in explicit form. 
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A MULTIRESOLUTION SPECTRAL SUBTRACTION ALGORITHM FOR NOISE SUPPRESSION IN 
AUDIO SIGNALS 

Tkachenko M., Lukin A. 

Moscow State University, Faculty of Computational Mathematics and Cybernetics, 

Laboratory of Mathematical Methods of Image Processing 

Noise is an undesirable signal appearing during transmission or measurement of another clean signal. There are 

two categories of noise, by spectral properties: stationary (the one that does not change in time) and non-stationary.  

Additive noise is summed with the clean signal y[t] and does not depend on it: x[t] = y[t] + noise[t], where t is 

time and x[t] is the observed signal. Constant hiss from a microphone or an amplifier, electric hum are the examples 

of additive stationary noise. 

In this paper, we propose a method for suppression of additive stationary noise using a multiresolution STFT 

(short-time Fourier transform). This approach is able to improve quality of many audio processing algorithms (such 

as noise reduction) by adaptively varying STFT time-frequency resolution based on local properties of the signal: 

estimates of spectrogram sparsity. 

The simple method of spectral subtraction (SS) is widely used for reduction of additive stationary noises. It 

works with a fixed STFT window size. Long windows provide good frequency resolution and achieve accurate se-

paration of closely spaced noise and signal harmonics. However long windows sizes also lead to poor time resolu-

tion and increase smearing of transients (sharp attacks or fast changes in the signal). On the other hand, short-

window STFT processing is inefficient in terms of frequency resolution and possible depth of noise suppression. 

A filter bank with a fixed window size cannot provide good frequency and time resolution simultaneously. It is 

required to select best resolution for each local part of the signal during the processing. We propose using a multire-

solution STFT to solve this problem.  

The algorithm of MR STFT consists of three parts:  

1. Calculation of several copies of the signal processed with different STFT window sizes; 

2. Estimation of smearing (or sparsity) for local spectrogram areas for each resolution; 

3. Mixing of the resulting spectrograms based on spectrogram sparsity estimates.  

The effect of this adaptive algorithm is selection of high frequency resolution for tonal signals and selection of 

high time resolution for transients. 

A noise reduction system based on MR STFT has been created. Several modifications of spectral subtraction 

rules have been implemented, including a highly effective method of Non-Local Means for smoothing of a “musical 

noise” artifact. During algorithm testing we have found optimal range of STFT sizes for the MT STFT frameworks, 

sizes of spectrogram mixing areas and other key parameters. 

We have compared the performance of a simple spectral subtraction (SS) with several STFT window sizes, SS 

based on MR STFT (SS MR STFT), and SS with a Non-Local Means based on MR STFT. It has been shown that 

SS MR STFT produces results significantly different with a simple SS: after processing with a simple SS noise 

power decreased by 13.00 dB, while with SS MR FFT – by 16.10 dB. The application of a Non-Local Means 

smoothing has removed musical noise and further improved overall processing quality. 
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