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The existence of environmental noise introduces a mismatch between clean training conditions
and recognition conditions which are noisy, hence significantly degrades the accuracy of speech
recognition systems. A number of methods have been developed to reduce this mismatch and improve
the robustness of speech recognition in noisy environments. Their examples are spectral
subtraction, cepstral mean normalization (CMN), vector Taylor series (VIS), and parallel model
combination (PMC). These methods are derived on an extensive framework, which is based on
Boltzmann—-Gibbs statistics and Shannon entropy. Under this framework, it is assumed that noise
and speech are uncorrelated. Therefore, the linear addition between speech and noise holds.
It is well known that Gaussian distributions maximize Shannon entropy under appropriate
constraints. For that reason, they are used to model speech and noise. Accordingly, noisy speech

is also assumed to follow a Gaussian distribution.

A speech pattern however is a complex system. Ina speech pattern, various long-term correlations
exist among its different spectral components in complex ways in varjous time scales. Therefore,
it is not surprising that the short-time speech spectra do not follow Gaussian distributions,
but show heavy-tailed distributions instead. For this reason, it is very likely that the
short—time spectra of noisy speech do not follow Gaussian distributions either. In addition,
several studies have shown that the cross—term exists in the short—time power spectra of noisy
speech. This cross~term has been shewn to significantly degrade the performance of speech
recognition. These inaccurate assumptions hamper the performance of the robust speech
recognition methods. It is found that the same accuracy as when using clean speech cannot ke

obtained even when noise spectra are accurately estimated.

Recently, a theory of non-extensive statistics has been introduced to explain several phenomena
in complex systems. This framework is a generalization of Boltzmann—Gibss statistics. This
framework reiies on two non—extensive functions, g-exponential (g exp) and g-logarithmic (g
-log) functions. In this framework, the entropy is redefined, which is called Tsallis entropy.

This entropy is a generalization of Shannon entropy and a non-extensive one. Also in this
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framework, heavy—tailed type distributions can be derived. One of them is called the gGaussian
distribution. The ¢-Gaussian distribution is a generalization of the Gaussian distribution.
This framework has successfully represented many phenomena in complex systems in statistical

mechanics, economics, finance, biology, astrenomy and machine learning.

In this thesis, we implement the framework of the non-extensive statistics for robust speech
recognition to solve the problems of the cross—term and non—-Gaussianity of noisy speech. We
propose two methods: ¢-log spectral mean normalization (g-LSMN} and g¢-spectral subtraction

{g-5S),

Our first method, ¢-1.SMN, is a feature normalization methed. Feature normalizatien is a well
established method to remove convolutive noise. Conventional feature normalization methods are
usually performed either in the cepstral domain or the log spectral domain. In the conventional
approaches, the logarithmie funetion is utilized to transform a convolutive relation between
speech and convolutive noise in the time domain inte an additive one in the log spectral or
cepstral domain. However, the cross—term introduces nonlinearity between speech and convolutive
noise. It cannot be removed by conventional methods. In ¢-LSMN, we utilize the g¢-log function
and its properties and introduce a new domain, g—log spectral domain. By doing so, we can
naturally represent noisy speech including the cross~term. We derive a feature normalization
technique in this domain, which is an extension of the log spectral mean normalization (LSMN)}
to the g-log spectral domain. Our method not only normalizes speech features but also removes
the cross—term. Our experiments on a synthesized noisy database, Aurora-2, and a real noisy
environment database, CENSREC-2, confirmed that ¢-LSMN outperformed the traditional feature

normalization methods.

Our second method, ¢SS, is a spectral subtraction method, which is a popular method for removing
additive noise. In spectral subtraction, it is assumed that noise and speech are uncorrelated
and follow Gaussian distributions. Thus, noisy speech also follows a Gaussian distribution.
Spectral subtraction is derived by maximizing the likelihood of ncisy speech with respect to
its variance. In ¢SS, we assume that noisy speech follows the g—Gaussian distribution. We then
derive ¢-SS in a similar way as spectral subiraction is derived. We found that the g-Gaussian
distribution fits the noisy speech distribution better than the Gaussian distribution does.
Our speech recognition experiments confirmed the effectiveness of ¢SS compared to the

conventicnal spectral subtraction method on the Aurora—2 and the CENSREC-2 tasks.
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