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Computational sound plays an important role in digital computer entertainment.
Traditionally, fixed set of sound data is prepared beforehand and the system simply
plays these sounds at runtime. However, as the demand for high quality virtual
experience increases, there is an increase need for synthesizing appropriate sound
interactively responding to user control at runtime. Unfortunately, technology
development in sound effects is lagging behind compared to those for visual effects
and there remain various difficulties to bring interactivity in sound processing.
For this reason, according to the increases of its interactivity, it arises a
problem that the efforts of the artist for designing a lot of sounds one by one
would be increased. On the other hand, the user would be dissatisfied with a control
device which has only a limited degree of freedom due to the difficulty for
manipulating the sound. Furthermore, although it becomes important to render the
sounds with appropriately calibrating to the individual specifications or tastes
of each user, there is a problem that it is difficult for the designer to gather
such the information beforehand. To address these problems, this thesis presents
methods to bring higher interactivity to computational sound by reducing
computational cost and user’ s operation cost.

First, we discuss interactivity in the design of physically based sound.
Although a sound designer needs to design appropriate material properties for
physically based sound, exploration of the design space of physical parameters
directly is unintuitive and difficult. This thesis addresses this problem by an
example—based user interface that optimizes inversely the material from a few
example inputs of sound clips by the user. Second, we discuss interactivity in
the control of singing voice synthesizer. A user needs to continuously input lyric

and melody to use singing voice synthesizer in improvisational performance.



However, inputting them both simultaneously is difficult with standard input
devices. This thesis addresses this problem by predicting latent lyrics desired
by the user in realtime from the input of a standard control device. Finally, we
discuss interactively in calibration of 3d spatial sound. Although it is necessary
to calibrate a spatial audio system to adopt them for a specific user, traditional
calibration procedure is expensive and time consuming. This thesis addresses this
problem by adaptation of the system for a specific user using an user interface
that requires simple pairwise comparison tasks.

To achieve these goals, this thesis builds a computational model behind each
task in precomputation, and exploits the model to reduce computational cost or
user’ s operation cost at runtime. Specifically, in the design of physically based
sound, we present dramatically fast vibrational analysis using precomputed mesh
simplification algorithm using machine learning and hierarchical component mode
synthesis, which allows material optimization at interactive rate. In the control
of singing voice synthesizer, we present a method to estimate latent lyrics as
higher DoF parameters from the input of lower DoF control device using machine
learning of lyrics dataset at precomputation phase. Finally, in the calibration
of 3d spatial audio, we propose a machine learning model that allows adaptation
of the system to a specific user using individual and non—individual factors of
dataset which are extracted at precomputation. This thesis describes the details
of each method and presents the results of numerical evaluations and empirical
studies with end users. These methods, in which the ideas are based on the
improvements the interactivity of runtime applications by user interfaces using
precomputation, have generality and can be widely applied to similar problems in

other domains.
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