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Abstract

This research aims to understand various environmental sounds, such as sound
source signals and class of sound sources, from signals observed by the microphones,
with the aim of high level human-robot interaction. Specifically, this research
focuses on “environmental sound segmentation” for active section detection, sound
source localization, sound source separation, and classification for various kinds of
environmental sounds.

In recent years, there has been a lot of research on automatic speech recogni-
tion and speech synthesis to enable human-robot interaction. For real-world ap-
plications, robust methods are required due to noise and multiple acoustic events.
Various methods such as sound source localization, sound source separation, and
classification have been proposed in acoustic signal processing, robot audition, and
machine learning for use in real-world environments containing multiple overlapped
sound events.

Traditional approaches use the cascade method, incorporating individual func-
tions based on array signal processing techniques. The main problem in these
methods is accumulation of errors generated at each function. Because each func-
tion is optimized independently regardless of the overall task, each output might
not be optimal for subsequent blocks.

Recently, deep-learning-based end-to-end methods using a single-channel mi-
crophone that does not use a conventional cascade system have been proposed.
These studies have made it possible to perform multiple functions, such as sec-
tion detection, sound source localization, sound source separation, and classifica-
tion, simultaneously on a single network. Most previous studies, however, have
dealt with only two classes of sounds, speech and others, with few studies tar-
geting multiple classes of sounds such as environmental sounds. In performing

more general-purpose interactions, robots must not only separate human voices



but environmental sounds, which include many classes. These methods dealing
with human voices can be extended to environmental sounds containing multiple
classes. The duration of sound events and those frequency components, however,
may vary greatly from class to class, which may degrade performance. Addi-
tionally, performance deteriorates with overlapped sounds from multiple sources,
because a single-channel microphone does not exploit spatial features.

Multichannel-based methods have been proposed. These methods can improve
the performance of sound source localization and sound source separation by utiliz-
ing spatial features depending on the direction of arrival. However, in addition to
sound source localization and sound source separation, it is necessary to perform
classification by utilizing spectral features in the environmental sound segmenta-
tion. Normally, the direction of arrival and the class are not correlated each other
because the relative angles of the sound sources and microphones are not fixed.
Therefore, in environmental sound segmentation that uses these features simulta-
neously, the network overfits to the relationship between the direction of arrival
and the class.

This paper proposes an deep-learning-based environmental sound segmentation
method that integrates section detection, sound source localization, sound source
separation, classification to prevent error accumulation as in traditional cascade
methods. In addition, we propose a method for dealing with spectral and spatial
features simultaneously in multichannel environmental sound segmentation.

Chapter 1 describes the motivation, objectives of this study, and technical
issues of related works, and then describes the structure of this dissertation.

In Chapter 2, we first define the environmental sound segmentation, which
deals with section detection, sound source localization, sound source separation,
and classification in an integrated manner. Related works on environmental sound
segmentation are divided into two approaches: the cascade approach and the inte-
grated approach, and each of these issues is described. After that, we explain the

positioning of this dissertation.
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Chapter 3 describes a single-channel environmental sound segmentation that
integrates section detection, sound source separation and classification. We pro-
posed a method that combines sound event detection and semantic segmentation
methods, which is robust to different sound event lengths across classes. The ef-
fectiveness of the integrated method in preventing the accumulation of errors was
evaluated by comparing it with a traditional cascade approach using array signal
processing techniques. The robustness of the proposed method to environmental
sounds with various event lengths and spectrum was then tested by comparing the
proposed method with conventional single-channel methods. Simulation experi-
ments using the created datasets including 75-class environmental sounds showed
that the proposed method can prevent the error accumulation of traditional cas-
cade methods and is robust to different event lengths.

Chapter 4 describes the method using multichannel microphones. Using mul-
tichannel microphones, spatial features such as inter-channel phase difference be-
tween microphones can be used to estimate the direction of arrival and to separate
the sound sources coming from different directions. However, periodic functions,
such as inter-channel phase difference and the direction of arrival, have disconti-
nuity points and therefore learning can be unstable when used in neural networks.
Chapter 4 focuses on the task of sound event localization and detection and pro-
posed a technique to handle periodic functions such as the inter-channel phase
difference and direction of arrival of sound sources efficiently in a neural network.
The performance of the proposed method was evaluated in comparison to con-
ventional methods using the periodic function and it was shown to reduce the
estimation error of the direction of arrival.

In Chapter 5, we proposed a multichannel environmental sound segmentation
method that does not overfit to the relationship between the direction of arrival
and the class. This method prevents overfitting to the relationship between the
direction of arrival and the class by explicitly separating the sound source local-

ization and separation block from the sound source separation and classification
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block. Simulation experiments using the created datasets including 75-class envi-
ronmental sounds showed that the proposed method improved the segmentation
performance compared to conventional methods. When the sound sources arrived
from a same direction, the sound source separation and classification block was
able to correct the sound sources that could not be separated by the sound source
localization and separation block. In other words, the proposed method was able to
efficiently exploit spectral and spatial features while preventing the accumulation
of errors in the sound source localization and separation block.

Chapter 6 summarizes and concludes this dissertation.
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