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ABSTRACT

In this paper the vector quantization (VQ) of the
LSP (Line Spectrum Pairs) coefficients of the CELP
(Code Excited Linear Predictive) coder is addressed.
Methods to reduce the complexity of VQ are proposed.
First a method, which determines the search zone for the
input vector's nearest neighbour in the codebook by
comparing the norm of the vectors, is presented. This is
followed by the description of a method based on the
correlation of consecutive quantized LSP vectors. Here
the transition matrix of the n states Markov model is
used to reduce the searching zone for the nearest
neighbour. The experimental results show that the
combination of these two methods is an effective way of
reducing the complexity of the vector quantization.

1. INTRODUCTION

In the last decade vector quantization (VQ), being a
means of data compression, has been widely used in
various coding situations. In speech coding, for the same
quality the bit rate can be reduced by using the VQ
instead of scalar quantization (SQ). On the other hand,
the VQ needs more computation time that limits its
applications. To use VQ in real time coding, it is
important to develop fast VQ algorithms.

In the CELP coder VQ is used to code the LSP
coefficients. The aim of this paper is to reduce the
complexity of this application.

2. REDUCING COMPLEXITY BY USING
DIFFERENT NORMS

2.1. Euclidean norm

In [1,2] Naja compared different algorithms to
reduce the complexity of the VQ of the LSP vectors. He
proposed a method to localize the neighbourhood of the
input vector in the codebook. He ordered the codewords
of the codebook following increasing norms associated
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with a distortion measure: these norms are stored in a
buffer to avoid computing them again each time. In the
coding phase, first the codeword that has the nearest
norm to the norm of the input vector is choosen. This
codeword and its neighbourhood in the ordered codebook
(codewords having their norm near to that of the input
vector) form the search zone for the nearest neighbour of
the input vector. The length L of the search zone, and so
the complexity of the VQ, can be chosen in accordance
with the desired calculation time. For a codebook of M
codewords we can define M-L+1 different search zone of
the length L. Among the norms examined in [1] the
Euclidean norm (1) gave the best result.

ne = Y (x;)’ )

i=1
2.2. Weighted norm

As the LSP parmeters form an ordered sequence [3],
the last components have a much stronger influence on
the value of the euclidean norm than the first ones have.
In this way, when a codebook is ordered by the Euclidean
norm of its codeword, the order is practically determined
by them, the information carried by the first components
is less important. That is why in [4] we proposed a new
norm, the weighted algebraic sum of the LSP
components (2).

p
Ny = Y Vi Xj ©)
i=1

where vj is the variance of the ith LSP coefficient
xi. The explanation of this choice is the following: if we

suppose that one component is constant (its variance is
0) in each vector, its influence in the norms is always
the same. It is not worthwhile to take it into
consideration in the computation of the norm. So
therefor the bigger the variance of a component, the
better the codewords can be ordered by it. The variances
can be estimated both on the basis of a long training set
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or using the codebook. We found that the estimation on
the basis of the present used codebook is sufficient. The
comparisons in [4] show that for the same complexity
the weighted norm resulted in smaller distortion than the
Euclidean norm. This rate could be further improved by
using the intersection of the search zone of the two
norms. The comparison of the mentioned methods can
be made later in figures 4-5.

2.3. Testing conditions

The available learning sequence (LS) for the
experimental results both in [4] and in this paper
consisted of 66000 LSP vectors of the size 10. They
were obtained by the LSP analysis of 200 sentences,
which represent about 22 minutes of speech. The
sentences were pronounced by 10 speakers: 5 females and
5 males. During each test we used a sequence of 8000
LSP vectors (TS) that corresponds to 160 s of speech
signal. TS was not included in LS. In our results
distortion always computed using the Euclidean distance.

2.4. Experimental results

Figure 1 illustrates the mean distortion of
codebooks of different sizes as a function of the average
length of the search zone. This latter was determined as
the intersection of the search zone of the Euclidean and
the weighted norms. The codebooks were obtained on the
basis of the whole training set L1 by the RGSKA (the
Reduced complexity version of the Generalized
Stochastic K-mean Algorithm), that we proposed
recently [4]. As these codebooks are already organised to
make them robust against transmission noise, we
applied a buffer to store the order of the codewords
according to the norms.

Figure 1. Intersection of the normes (1) & (2)
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The aim of this figure is twofold. First to show that
by using the fast search algorithm, for the same length
of the search zone (for the same complexity), bigger
codebooks have smaller distortion. So thus in real time
application, when the computation time is limited (and
given), it is better to use a bigger codebook, if sufficierit
memory is available to store it. On the other hand, this
figure illustrates, that fast search algorithms perform
relatively better in the case of bigger codebooks. The
stars on the curved lines mark the length of the search
zone cotresponding to the 1% increase of distortion
caused by the fast search algorithm. Table 1 gives these
lengths after normalizing them by the size of the
codebook for different degradations.

Relative length of the search zone for a
Size of the distortion increase of
codebook 0.5 % 1% 2 %
64 24.84 % 21.46 % 18.01 %
128 2131 % 18.12 % 14.98 %
256 18.08 % 14.48 % 11.88 %
512 16.01 % 12.74 % 9.87 %
1024 14.75 % 11.82 % 8.79 %

Table 1. Normalized length of the search zone

3. REDUCING COMPLEXITY BY USING
CORRELATION INFORMATION

3.1. Single correlation method

Human speech is a strongly correlated signal. In
this paragraph, we examine how the correlation
information between the consecutive quantized LSP
vectors can be used to further reduce the size of the
search zone in the codebook.

First, we estimated the histogram of consecutive
quantized LSP vectors. The histogram could be
considered as the transition matrix of an n states Markov
Process (MP) where n is the size of the codebook.
Unfortunately the size of the available training set
(66000 vectors) did not allow us to estimate the
histogram for codebooks of 512 or 1024 codewords.
Even for the codebooks of 256 or 128 codewords we had
only an average respectively 1 or 4 samples to estimate
the frequency of a transition. As different codewords do
not have the same probabilities, this ratio can be even
WOrSe.

Here we give some statistical results obtained for
the codebook of 64 codewords. For this size the correct
estimation of the transition matrix was possible. Figure
2 gives the histogram of the number of occurences of the
codewords.
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Figure 2. Frequency of the codewords
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 Great differences can be observed. That is why we
normalized the transition matrix by the frequent
occurence of the codewords. So the ith row of the
normalised matrix (TN) gives the estimated conditional
probabilities of each codeword, provided that they follow
the ith codeword consecutively.

TN(i, ) = p(jli) ©)

Figure 3 illustrates the values of the normalized
matrix TN. Many transitions were prohibited: 30.7 % of
the elements of the matrix were 0. The high
probabilities in the diagonal means that the repetition of
a codeword is the most probable occurence.

Figure 3. The TN matrix

The search for the nearest neighbour can be made in
a limited zone determined by the transition matrix. The
single use of this transition matrix has not given better
results than those obtained in [1,4]. Taking all
transition, which were allowed in the learning phase into
consideration, the average size of the search zone is
relatively high and fixed. To further reduce the search
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zone's size, only those transitions were examined, which
had greater probabilities than a certain limit PL during
the learning phase. Unfortunately, in these cases
distortion grows quickly. The reason for this
phenomenon is the accumulation of errors. The search
zone depends on the previously transmitted codeword. If
the nearest neighbour is not found in the actual zone, it
is more probable that the following nearest neighbour
will not be found either, as the correct zone is not used.
Table 2 gives the percentage of transitions to be
considered (TC) as a function of PL in case of the
codebook of 64 codewords.

PL(%)]|| © 0.1 0.2 0.3 0.4

TC )|l 693 | 647 | 52.8 | 459 | 406

Table 2. Percentage of considered transitions

3.2. Combination of the correlation method
and the norm-based method

We also examined the combination of the
correlation method and the methods described in [3]. In
this case the search zone determined by the norms was
further restricted with the aid of the correlation matrix:
only those transition which had greater probability in the
learning phase, than a certain limit PL were taken into
consideration,. The value of PL was always fixed in one
simulation. To modify the search zone's size only the
length of the zones determined by the norms was
changed. The higher the PL, the fewer transitions were
considered, but there was a great increase in distortion
caused by the accumulation of errors. The definitive
search zones had varying lengths, so their average size
was considered. In this way we were able to further
reduce the complexity of the VQ.

3.3. Experimental results

Figures 4-5 give the experimental average
distortions of the different cases as a function of the
average length of the search zone in the case of the VQ
of the TS sequence (see 2.3.). The same codebooks as in
2.4. were tested. Figure 4. illustrates the case of the
codebook of 64 codewords. The probability treshold for
the considered transition was PL=0.2%. In this way we
did not have to examine 1932 of the 4096 possible
transitions (see table 2). The advance of the combined
correlation-norm method, like the difference between the
other methods, is slight. This corresponds to the fact, we
found in 2.4.: the fast search methods work better for
bigger codebooks. This figure rather illustrates the
tendency that the combined correlation-norm method can
further reduce the search zone.
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Figure 4. Codebook of 64 codewords
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Applying the combined correlation-norm method to
bigger codebooks we faced the problem of the length of
the available training set. It was not large enough for the
right estimation of the transition matrix (see 3.1.).
Many transitions which seemed prohibited, should have
been allowed during the test. Therefore we observed the
effect of the accumulation of errors even when we
considered all allowed transitions according to the
received transition matrix.

To model a good training sequence, we added the
test sequence TS to the learning sequences LS while
estimating the transition matrix. In this way all
transitions needed during the test were allowed. Of course
we obtained better result than it can be expected using a
sufficiently long training set which is separated from the
test sequence. In figure 5 different methods can be
compared in the case of the codebook of 256 codewords.
The continuous curve of the combined correlation-norm
method was obtained using the the transition matrix
estimated on the artificially increased base LS+TS.

Figure 5. Codebook of 256 codewords
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4. CONCLUSIONS

In this paper we showed, that there is a strong
correlation between consecutive quantized LSP vectors.
For a sufficiently precise estimation of the transition
matrix of the corresponding n states Markov Process at
least 10*n*n training vector is needed. The information
stored in this matrix can be exploited to reduce the size
of the search zone of the nearest codeword in the
codebook, and so to reduce the complexity of the VQ.
The single use of this transition matrix gives worst
results than the norm based methods. On the other hand,
our experimental results suggest us that the combination
of correlation and norm-based methods can further reduce
the search zone.
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