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A study on adaptation of hidden Markov models to

improve the performance of a speech coding system*

Tadashi Yonezaki

Abstract

This thesis focuses on adaptations of hidden Markov models (HMMs) for improving the
performance of speech coding systems.

Low bit rate and channel robustness are required for speech coding system. These have
been investigated individually as a source coding system and a channel coding system.
They have been improved by modeling the encoded object. Joint source and channel
coding, which augments channel robustness based on a source model, was proposed recently.
Therefore, modeling of speech signal and utilization of it are important issue for an efficient
speech coding system. HMMs have been widely used in application of speech recognition
systems as an efficient source model of speech signal. Adaptations of HMMs to a speech
coder could realize an efficient coding system.

Several speech coding algorithms, which utilize HMMs, have been proposed. However,
none of them can acquire toll quality decoded speech signal. HMMs could be adapted to
not a speech-coding algorithm itself but a conventional speech coding system that achieve
toll quality for improving the performance. Two steps of inquisitions are required for this
purpose; an adaptation algorithm of HMMs and an efficient modeling of code sequences
which are derived from the coding system. This thesis focuses on the former subject,
and the adaptation algorithms of HMMs are proposed and assessed. The assessments are
carried on adapting the proposed algorithms to a simple coding system that quantizes
spectral envelope parameter of speech signal.

The proposed algorithms are briefly described following. HMMs estimate the output

probability of a symbol sequence as a source model. The probability is dynamically changed

*Doctor’s Thesis, Department of Information Processing, Graduate School of Information Science, Nara
Institute of Science and Technology, NAIST-IS-DT9861027, March 24, 2000.



iv

corresponding to the status of the model. First, an adaptive coding system based on the
output probability is proposed in this thesis. The shorter lengths of codes are assigned
to the symbols that are likely to occur so that the average code length would be shorter.
This approach realizes a low bit rate speech coder but is easy to suffer from channel errors
because of its ‘adaptively constructed variable length coding system’ property. The ap-
proach that augments channel robustness, while it remains low bit rate, is also investigated.
Second, error correction approach based on the output probability of a symbol sequence is
presented. This approach estimates the transferred symbol in a sense of maximum likeli-
hood approach under constraint of the received symbol sequence. The efficiencies of these

approaches are evaluated by computer simulation.

Keywords:

speech coding, HMM, data compression, error correction
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