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ABSTRACT

The quality of low bit rate speech using linear prediction is
largely dependent on the model used for the excitation signal.
In this paper a new Linear Predictive Coding (LPC) excitation
model is introduced. This excitation model is composed of a set
of orthogonal functions called zinc functions that are well-suited
for modeling the LPC residual signal. The zinc basis functions
are used in a low bit rate, multi-pulse LPC speech coding
system. Results show that, given a fixed segmental signal-to-
noise ratio, with similar computational complexity, the Zinc
Multi-Pulse LPC (ZMPLPC) system is more efficient than a
conventional Multi-Pulse LPC (MPLPC) system. Subjective
listening tests also indicate a preference for the ZMPLPC
system.

1. Introduction

Linear Predictive Coding (LPC) provides one of the most
powerful methods for efficient coding of speech. At bit rates of
2.4-9.6 kbits/s, well below bit rates associated with conventional
speech coding techniques (e.g., 64 kbits/s for PCM and
32 kbits/s for ADPCM), LPC speech is often characterized as
being highly intelligible although below toll quality.

Linear predictive coding of speech is a source encoding
method whereby the human speech production mechanism is
modeled as a spectrally white glottal excitation signal applied to
a vocal tract that acts like a filter superimposing a formant
structure (or resonances) on the excitation to generate
speech [1]. The glottal excitation signal is generated by the
regular opening and closure of the vocal cords during voiced
speech and by the relaxation of the vocal cords during unvoiced
speech. The vocal tract is modeled by an all-pole filter that is
excited by an excitation signal called the LPC excitation.

The quality of LPC speech is directly related to the model
used for the LPC excitation signal. It has been shown [2-5] that
improving the model used for the LPC excitation has a definite
impact on the quality of the LPC synthetic speech. Some of the
widely used models are given in [2-10] and include, the ideal
impulse train model, the glottal pulse model (3], the mixed
excitation model [4], the Fourier series model [6], the chirp signal
model (8], the multi-pulse model [9], and the code excitation
model [10].

In this paper a new LPC excitation model is presented,
based on representing the LPC excitation with a set of basis
functions, called zinc functions. The zinc functions are studied
and a benchmark comparison between zinc function and Fourier
series modeling of the LPC excitation is given. A multi-pulse
system where the LPC excitation is constructed using the zinc
basis functions instead of the conventional ideal impulses is
presented; and improvements in speech quality and segmental
signal-to-noise ratio over a conventional multi-pulse system are
shown.

1. Zinc Function Decomposition of a Band-Limited Signal -
Signal representation (or modeling) based on orthogonal
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function decomposition provides a very attractive method for
quantitatively representing a given signal. Using a finite set of
orthogonal zinc functions with similar characteristics to the
excitation signal, we are able to greatly reduce the modeling
error. Two important characteristics of the voiced LPC
excitation are that they are band-limited and pulse-like. It is
therefore desirable to represent these signals with a set of basis
functions that are also band-limited and pulse-like.

The zinc function is defined as
z(t) = A Sinc(t) + B Cosc(t),
where

Sinc(t) = [sin(2nf,t)]/2nf t,

)

(2
and
Cosc(t) = [1—cos(2nf t)]/2xf 1. (3)

Here A, B, and f,(=1/T_) are constants. Time domain
characteristics of the zinc function are shown in Fig. 1, and it is
easy to show that the spectrum of z(t) is given by

|2(6)| = (A* + BY)'/2, If] <f,
=0, [f] ‘>t

(4)

and
arg Z(f) = — sgn(f) tan™'(B/A). (5)

Clearly z(t) is pulse-like and band-limited, with the cutoff
frequency being f.

Our goal is to obtain a family of zinc functions that are
orthogonal and complete. For this purpose let us define a set of
functions consisting of time-shifted zinc functions, that is,

z,(t) = A Sinc(t — A;) + By, Cosc(t — A,). (6)

The orthogonality property of the functions in Eq. (6) is
dependent on the parameter A,. It can be shown [11] that if A,
is set to nT,, where n is any integer, then the ‘resulting set of
zinc functions in Eq. (6) are orthogonal. Note also that each
zinc function is itself composed of two orthogonal functions,
namely Sinc(t) and Cosc(t).
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Figure 1. Zinc Function Time Domain Characteristics

(where A% + B2 = 1 and 2xf, = 1).
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