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Fig. (2.2): Discrete all pole model.
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Fig. (3.1): Input stage of the analysis system.
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Fig. (3.3): Cepstral residual computing - parallel way.
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Cp(n) = cp(n}-<c,(n)> (3.15)
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ABSTRACT

Linear Predictive Coding (LPC) is an efficient and well known
method for low bit rate speech coding (e.g. 2400 bps). This method is
based on the classic speech production model which is a Linear time-
© oo varying - filter; excited by one of the following input signals:-
periodic impulses with varing period according to the pitch or white .
noige. The filter is assumed to be an all-pole filter. This assumption
was found to give Qood results and is particularly suitable for

applying linear prediction.

‘The LPC synthesized speech is not natural sounding. To regain its
naturalness, one can use the residual signal (which would result in
exact reconstruction but requires many bits for encoding), instead or
as an addition to the classical BUZZ-HISS excitation. One efficient
way of uéing this residual is to encode its spectral envelope in the
cepstral domain,.and to use the cepstral coefficients to shape the
gpectrum of the BUZZ-HISS excitation signal before it enters the

synthesis filter.

When using'thé LPC algorithm on noisy speech, a drastic
degradation .in synthesized speech quality appears. This degradation is
due to the fact that the noisy speech model is no longer an all-pole
model, thus the LPC algorithm does not estimate its spectral envelope
sufficiently well. Therefore, to apply the LPC algorithm on noisy

speech the effect of noise must be reduced.

This work describes two methods for applying LPC to noisy

speech,

The first method is based on the assumption that noisy speech has
a pole-zero model, where the poles are due to the speech and are the
same as those for the clean speech, whereas the zeros are due to the

noise. Pole-zero decomposition is done using the Derivative of the



Phase Spectrum (DPS).The poles coefficients are then used in the
synthesis filter. In simulations of this system it was found that the
decomposition algorithm does not provide a good estimate of the

spectral envelope and in particular of the formants.

Thé second method uses LPC with cepstral residual coding preceded

~ by Spectral Subtragtion (SES);whichwis;a,well?knownmspeech”enhancementwwm

method. In simulating this system, two major problems were
encountered: the first was instablity of the synthesis filter, to
which a solution is presented in this work. The second problem was
that the usual SPS algorithm method was found to be unsuitable for the

system, and a modification of the.method was required.

To test the performance of the systems described above, a
spectral matching measure was used. This measure was found to
correlate weil with speech quality while dealing with clean speech,
but inadequate when dealing with noisy speech. Due to this fact,
subjective informal listening tests were used to examine the quality
of the two Bpeech-coding systems. Using these tests, it was recognized
that the firét method produces very distorted speech, although the
spectral matching measure indicated that this method is efficient.

-'Usiﬁgmﬁhe same liétéhing teéts, the-second éoding.syétem wés fbund to
provide an improvment in speech quality, over the ordinary LPC

Vocoder.





