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figure 2.1 - A general scalar quantization system.
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Table 2.2: Performance of SBC systems at 16 Kbps.
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Figure 3.6 - A vector quantization system with forward gain control.
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Figure 4.1 - A SBC system with "vertical” vector guantization.
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Table 4.3: Performance of a "vertical” SBC system with noise shaping.
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Figure 4.2: A SBC system with "horizontal" vector quantization.
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Table 4.4: Parameters of a SBC system with "horizontal™ wvector
quantization.
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Table 4.5: Performance of a SBC system with "horizontal” wvector
quantization.
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Table 4.6: Parameters of a SBC system with "horizontal” wvector
quantization and gain adaptation.
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Table 4.7: Performance of a SBC system with "horizontal” vector
quantization and gain adaptation.
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Table 4.8: Performance of a 5BC system with tree-structured
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Table 5.2: BLER values for given BER, with and without protection.
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Figure 5.2: Typical spectrum of the VBD signal used in the

simulations.
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Abstract

This research deals with Subband Coding systems - SBC -~ for speech
conpression, and is mainly concerned with the quantization mechanism
in those systems.

subband coding of speech is a well-known frequency domain method for
speech coding, -and 1is especially efficient at medium-band rates
{8~16Kbps). In this method, the speech signal (s separated into
several subbands, using an analysis filter bank, and each band is
coded separately, according to analytical-(e.g. SNR) or subjective
{(hearing) criteria. The c¢oded signals are transmitted through a
digital channel, and are decoded at the receiver and recombined to
form tne reconstructed speech signal.

The system design Is conventionally seperated into two: filter bank
{or ~ analysis-synthesis system} design for transmitter and receiver,
and the design of the guantizers, used in the subband signals’ coding
and decoding. This research, as menticoned above, is concerned with the
tatter problem,.

The , SBC syslems that are in use today, usually employ quantizers such
as ~ADPCM, that may be called "Scalar Quantizers”, for they work upon
the-coded sighal sample by sample. Nevertheless, the last few vyears
have, seen the emergence of Vegtor Quaulizers -~ VQ - baged upon
simul tanous coding of several adjacent samples. Vector quantizers are
not new in the literature, but their popularity had grown as of late,
following the publishing ¢f a straight-forward design algorithm, and
with the technological advancements permitting their real-time
implementation.

Vector quantizers are used today as building blocks for many speech

coding schemes, and, amongst others, were proposed to be incorporated

into SBC systems. Nonetheless, a thorough work covering all the
.



aspects of such a system, with concrete propositions for applications,
based upon simulations, was not published as yet. Such propositions
and-experimentations are included in this work

The scope of this research c¢overs, on one hand, the conventionatl
system3, with scalar gquantization, and on the other hand, some
algorithms for the incorporation of vector coders int¢ the system. The
proposed systems were tested, to ensure their appiicability to
real-time implementations, and all those tests are documented in the
work as well, The main conclusion, regarding SBC-VQ systems, is that,
although at higher medium-band rates (e.q. 16Kbps) the improvement in
quality does not justify the computational burden, it seem3 that at

lower rates (e.g. 9.6Kbps) the "vector" scheme can not be matched by
the "scalar” cone.

Concluding the work are proposals for further research in SBC-VQ

systems, having the goal of enhancing their quality and decreasing
their complexity, beyond the results described in this project.





