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This paper aims to improve the automatic speech recognition (ASR) performance under noisy and
reverberant environments in order to widen the applications of ASR. Noise reduction is essential, but,
before noise reduction, it is necessary to detect speaker positions. Chapter 2 proposes prior distributions
of a speaker direction to achieve more accurate source localization.

Chapter 3 describes front—end techniques prior to ASR. There are two types of speech enhancement:
dereverberation and noise reduction. First, dereverberation method using single microphone is proposed.
This method can estimate a reverberation time and eliminate reverberation from speech. Second, noise
reduction methods using multi microphones are proposed: combination of binary masking based on the
estimated source direction with independent vector analysis and initial value settings of multi—channel
non—negative matrix factorization. After speech enhancement, it is important to detect speech activity
accurately from noisy speech. Density ratio estimation is applied to model parameter estimation, which
can reduce the number of models from two (speech and noise models) to one (density ratio model) and improve
the robustness against noise.

Chapter 4 describes back—end techniques. The main target is discriminative training methods, which
retrain ASR models to minimize their objective functions related to the number of ASR errors. This chapter
applies discriminative training methods to linear discriminant analysis of acoustic features and two ASR
models (acoustic model and language model). In addition, by extending their objective function, this
chapter proposes to construct complementary systems that output hypotheses different fromoriginal system.

The final chapter validates the effectiveness of the proposed method on various challenges of noisy
and reverberant ASR. On the second CHiME challenge, discriminative methods are effective for noisy ASR.
On the third CHiME challenge, it is effective to select the best system that is suitable for the target
environment from multiple systems. On the REVERB challenge, the above—mentioned dereverberation method
and discriminative method for system combination are effective. For the second CHiME challenge and REVERB

challenge, our team achieved the best performance.
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