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Studies on information representation of pitch

from the viewpoint of information theory*

Shin-ichi Maeda

Abstract

This thesis proposes a model of sensory information representation, especially in-
formation representation of pitch from the viewpoint of information theory. Acoustic
signals, which are provided to auditory system, have a plenty of redundancy. Psy-
chophysical studies suggest that the neural system utilizes prediction actively, which is
closely related to the utilization of the redundancy. Typical evidence of prediction ap-
pears in some illusions, where illusions are caused by the prediction of natural sensory
information. The neural code that reduces the redundancy of the information is often
called an efficient coding.

In this thesis, I exemplify not only an illusion in perceiving a pitch, but also some
physiological findings, by using an auditory model based on entropy maximization.
The entropy means here the joint entropy and it is maximized in a hierarchical manner
consisting of two stages. This algorithm does not guarantee exact maximization of the
joint entropy, but has a biologically reasonable architecture.

Next, I present a model that improves the above two-stage entropy maximization
model into a nonlinear noisy independent component analysis (ICA). The derived learn-
ing rule naturally involves a linear ICA as well as a linear noisy ICA. This model is
able to also simulate the psychological findings of pitch sensation.

Finally, I discuss why the entropy maximization or ICA is important for an efficient
code. The code efficiency is discussed from a viewpoint of rate-distortion theory, i.e., an

efficient code corresponds to a lossy compressed code. Vector quantization is known as

*Doctor’s Thesis, Department of Information Systems, Graduate School of Information Science,
Nara Institute of Science and Technology, NAIST-IS-DT0161032, March 24, 2004.

iii



the best lossy source coding method among the block codes because of its satisfactory
ability of expression. Although it can represent any block codes and has optimization
methods that guarantee local optimality, the required encoding and optimization com-
putation increases exponential to the input length. I propose an optimization method
of a product code, which avoids the computational problem of vector quantization by
a reasonable restriction of model architecture. The performance of the product code is

evaluated by a simple problem.

Keywords:

information theory, independent component analysis, prediction, audition, pitch sensa-

tion
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