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Design and training of codebook for CELP coder
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ABSTRACT. The technique of Code Excited Linear Prediction
(CELP) developed in the last years are used in voice coding system
that provide a good quality at low and very low bit rate; CELP
schemes with trained excitation codebook<are able to- accurate
reproduce more complex waveform than stochastic \CELP schemes.
The vectors of the excitation codebook ‘are adapted to a training
speech sequence using an iterative algorithm. Comparative listening
test with CELP that use stochastic codebook have shown quality
improvements in objective SNR.-and subjective listening test,
concerning transition region between unvoiced and voiced signals.

1 CELP coding of speech

CELP speech coders [GG92] employ an analysis-by-synthesis technique to
characterize the excitation signal for a reconstruction filter (LPC filter).

A CELP coder, schematic illustrated in fig. 1, performs first a LPC
analysis. LPC parameters are coding and sending to the CELP decoder. In
coder, LPC parameters are used in order to compute the speech residual, as
a difference between original speech signal x(n) and a synthetic speech

signal )Ac(n) locally generated by filtering, in LPC synthesis bloc, an

excitation signal extracted from the codebook and multiplied with a gain
factor. A perceptual weighting filter, based on LPC coefficients, introduce
some perceptual improvements in the closed loop analysis. The search
objective is finding the excitation signal from the codebook that, after
filtering, produce a signal identical to the input signal.

The speech residual, after short and log term prediction (long term
prediction are not represented in fig.1), are closely to a Gaussian distributed
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signal, so stochastic codebook, generated by Gaussian process are used to
predict the residual of speech.
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Figure 1 CELP Speech coder

In order to reduce the complexity of codebook search, some particular
structure for the stochastic codebook was proposed [SA85, Soh91].

An ultimate solution is an algebraic codebook, containing sparse
ternary vector, which have“only 0, +1 and -1 value. Such a stochastic
codebook can be deterministic /organized [KB92], with some advantages
concerning computing complexity.

2 Training the CELP codebook

CELP codebook, stochastic or deterministic, obtains a relatively high
accuracy in stationary parts of voiced speech. Problems arise in transition
region where the memory of long term predictor is not yet adapted to the
changed signal characteristics.

As shown in fig. 2, CELP with trained excitation codebook can
reproduce more accurate a complex excitation signal.

The proposed codebook training method the excitation vectors are
adapted to a training speech sequence by applying an iterative optimization
scheme based on classic LBG algorithm [LBG80], [CRL92]. According to
LBG algorithm, two steps are performed successively. In the first step, the
data training set are vectorial coded using the given codebook. In the second
step, the centroid of all data vector assigned to the same codeword is
calculated.
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Figure 2. Speech excitation signal for unvoiced and voiced speech

In order to assure a minimum coding error in CELP coding process, in
the training process is used an error measure similar to the error measure
used in search process. For a given set-of N-dimensional training data
{xi(n)} the cumulated error for all input vector belonging to a region P; of a
codebook vector c;is given by:

3 (x,(n)— gie, (n) *h, (n))’
¢ = 2 & NI
" D x(n)

n=0
where x;(n) is the i-th data vector, g; is the optimum gain value and
hi(n) denote the impulse response of the cascaded synthesis filter and
weighting filter.” Minimizing &, leads to a set of linear equation for a given

(M

value g;, and each iteration to find the optimum codebook is followed by an
iteration in order to optimize the gain value.
3 Experimental result

The proposed method for training the CELP codebook was simulated for the
coding of speech signal limited to the telephone bandwidth.
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A simplified CELP algorithm based on [ITU96] was used for testing a
variety of codebook. The tests were made using all type of codebook:
stochastic, algebraic and trained. Codebook size was selected in range 32-
1024.

An improvement of SNR of 1,25 to 2,0 for the trained codebook
relative to the stochastic and algebraic codebook was computed.

Comparative listening tests show a more natural sound speech.

Future experiments are oriented on training the algebraic codebook, in
order to determine by training sign and position of the pulse.
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