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Abstract

In this paper, we propose a new method for reducing the number of distance calculations in the LBG (Linde, Buzo,

Gray) algorithm, which is widely used method to construct a codebook in vector quantization of speech recognition
system. The proposed algorithm can reduce the distance calculation between input vector and codeword by utilizing the

observation that codewords are quickly stabilized as the number of iteration increases. From the simulation results, it

is shown that we can reduce the running times over 43.77% on average in comparison with current LBG algorithm

without sacrificing the performance of codebook.
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|. Introduction

We consider the codebook generation problem involved in the
design of a vector quantizer[1]. The aim is to find code vectors
(codebook) for a given set of training vectors (training set) by
minimizing the average distance between the training vectors and
their representative code vectors (codewords). The vectors are
assumed to belong to a K-dimensional Euclidean space. Among
several codebook generation algorithms, the LBG (Linde, Buzo,
Gray) algorithm is probably the most cited and widely used
method[2] because it is easy to implement and produces
relatively good codebooks in an efficient manner. The algorithm
starts with an initial solution, which is then iteratively improved
until the process converges. Each iteration consists of distribution
step, where the vectors of the training set are distributed into a
set of disjoint clusters, and of codebook upgrade step, where new
code vectors are calculated. We introduce a new method for
reducing the number of distance calculations in the distribution
step without sacrificing codebook performance. The necessity of
our paper is that plenty of time is needed to constnict a universal

Corresponding author: Chwi-Ho Kang (chkang5136@kw.ac.kr)
Kwangwoon University, 447-1 Wolgye-Dong, Nowon-Ku, 139-701
Seoul, Korea

codebook in both speech and speaker recognition system. As for
speaker recognition system, for example, it takes at least nine
hours to construct a codebook per each word, which makes it
difficult to implement recognition system. In addition, our fast
clustering algorithm can be applied to GMM (Gaussian Mixture
Model) based recognition system to reduce complexity.

Our new method records the information of codewords by
considering whether they have been changed in the last iteration
step or not. According to information of codewords, the clusters
are classified into fixed and changing codeword. For training
vectors in the fixed clusters, it is unnecessary to search for the
nearest clusters among other codeword candidates. Thus, a
speed-up can therefore be achieved because the number of fixed
clusters is usually high as the number of iteration increases. From
the simulation results, we can reduce the comparison search work
while maintaining the optimality of codebook. This paper is
organized as follows: In Section 2, the conventional LBG is
explained and Section 3 describes some existing fast codeword
search algorithms, and Section 4 presents the proposed method to
reduce the computational complexity of LBG. Simulation results
are given in Section 5, and finally, in Section 6 we summarize
the conclusion.
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Il. LBG algorithm

We consider a set of N training vectors T; in a K-dimensional
Euclidean space. The aim is to find a codebook of code vectors
by minimizing the average squared distance between the training
vectors and their representative codewords. The distance between
two vectors is defined by their squared Euclidean distance.
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Let be a codebook and the partition of the training set, Under
the usual ergodicity assumption, the distortion of the codebook is
then determined using the presented training samples as
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The method starts by generating an initial codebook, which is
then improved iteratively using the following two steps. In the
distribution step, each training vector is mapped to its nearest
codeword in the current codebook.
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The resulting distribution P is optimal for the given codebook
according to (2). In the codebook update step, a new codebook is
constructed by calculating the centroids of the partitions
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Ill. Some existing fast codeword search
algorithms

In this section, we introduce previous studies on fast LBG
algorithm denoted as partial distortion search (PDS) by Bei and
Gray[4], triangular inequality elimination (TIE) by Chen and
Tsieh[5]. All these methods reduce the amount of work of the
distribution step, in one way or another, by utilizing the distance
to the best candidate found so far. The PDS method stops the
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distance calculation immediately when the partial distance of the
new candidate exceeds the minimum distance found so far. The
TIE method utilizes the properties of the Euclidean distance
function called triangular inequality for eliminating certain
codewords from the calculations completely. In general, TIE
achieves more calculation reduction than PDS, so TIE is fully
adapted as fast codebook searching algorithm. These two
algorithms could achieve complexity reduction while maintaining
codebook perfonnaﬁce. Instead other fast clustering algorithms
have been studied while sacrificing little performance[6-8].

IV. The proposed fast LBG algorithm

41, Design and concept

It is observed that the LBG makes only local changes in the
codebook and the amount of changes differs from- codeword to
codeword[1][3}. Some codewords will therefore be stabilized
within few iterations while others develop much longer before
stabilizing. This observation is utilized by detecting fixed
codeword indicating whether the codeword was changed during
the previous iteration. The codewords are classified into two
groups: fixed and changing codeword. The cluster of a fixed
codeword is called a fixed cluster, and the cluster of a changing
codeword is named as a changing cluster. Through a number of
experiments, it is observed that the number of fixed codewords
increases with the iteration. The fixed codeword detection is used
for reducing the number of distance calculations in the case of
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Fig, 1, The proposed fast LBG algorithm,



Table1, The specific amount of cakulation,

algorithms multiplication addition
Proposed LBG ATACK ATAC(2K -1)
LBG TCK TC(2K -1)

training vectors in fixed clusters.

Denote a training vector in a fixed cluster by 7 and a fixed
codeword by Cr. And the total number of training vector and
codeword are denoted by 7,C, respectively with X vector dimen-
sion. In this context, it is not necessary to caiculate the distance
between 7 and other codewords ¢. And the number of distance
calculations in distribution step is ATAC(2K-1)+ 4T ACK . Here,
AT is T-7; and ac is €—Cr. Table 1. indicates the specific
amount of calculation. Each component of distance calculation
between input vectors and codewords is shown on Table 1. In
case fixed codewords are not detected in each iteration, the
complexity of proposed method will be the same to that of
conventional LBG algorithm. A speed-up is achieved because the
number of T; quickly increases. Furthermore, the number of Z
is proportional to increase in the number of fixed codewords.

Qur first observation is that if a fixed codeword was not the
nearest codeword for 7, in the previous iteration, it cannot be the
nearest codeword in the current iteration either. The partition of
the training vectors in a fixed cluster cannot therefore change to
another fixed cluster as well as changing clusters. For this reason,
it is sufficient to calculate the distances between a changing
codeword C. and a training vector 7. in a changing cluster. Cur
second observation is that only few number of codeword detected
as a fixed codeword is changed to a changing codeword in the
later iteration step. The method to deal with this matter is
described in detail in the next section. In comparison with
conventional LBG, subcodeword and fixed codeword detection
are added. The subcodeword is defined to save the previous
codeword to perform the fixed codeword detection in the later
iteration.

4.2, Fixed codeword detection

Through a number of experiments, it is observed that few fixed
codewords are changed to changing codewords in the later
iteration. The main reason for this result is that the clustering
update of neighbor codewords could cluster input training vector
of fixed codewords. To cope with this problem, we define fixed
codeword detection, which consists of two searches. Without

adapting this method, we can expect to reduce more calculation
complexity. However, it is of importance to maintain the
performance of codebook with optimality, so this method is
needed. The following indicates the steps in fixed codeword
detection in detail and this process will be explained more in
later chapter.

Step 1 > Construct codeword distance table based on Euclidean
distance measure

Step 2 > Classification of fixed and changing codeword
according to whether they have been changed or not '

Step 2-1 > Calculate radius of newly detected fixed codeword

§={C;; f=12,..L} R=arg max d(C,,T)

Step 2-2 > if d(C;,CH<ar

C,is treated as changing codeword

else
C,is treated as fixed codeword
_ _update error )
where = aximum error Der each iteration, note that « =1,

until first fixed codeword is detected and update error =
codeword in the previous iteration - codeword in the next
iteration

Step 3> Generate subcodeword from upgraded clusters and
mark fixed codewords

The fixed codeword detection scheme is illustrated in Fig, 2.
This scheme is divided into two searches. In case all of the
codeword are processed in two searches, the next iteration begins.
In the first search, fixed codewords are temporally classified

upgraded
codewords

detect changing
codeword

detect fixed
codeword

generate
subcodeword

Fig. 2, A flowchart of fixed codeword detection,
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according to information whether upgraded codewords are
changed or not by comparing upgraded codewords with the
previous codeword in the subcodeword to classify fixed
codewords. And in the second search, newly detected fixed
codewords from the first search are classified into fixed and
changing codewords again. Based on the information whether
these fixed codewords satisfy the condition or not, we can obtain
fixed codeword. This second search is of importance because it
can prevent degradation of codebook performance. And then, we
matk all of the changing codewords in order to perform distance
calculation in the later iteration.

And update error is defined as difference between updated
codewords and previous codewords in each iteration. The initial
update error value is rather large because initial codeword is
generated by random splitting. However, this update error is
continually decreased because all codewords are stabilized as the
number of iteration increases. And maximum error is maximum
value of update error in the iteration where the first fixed
codeword is detected. Before this fixed codeword is detected,
value is always equal to 1.

V. Experimental setup and results

Test: Database for making world model includes 900 speech
data of 300 persons (150 male and 150 female in each age of
20’s, 30%s) for 4 different words in advance. For the LPC
parameter, 20 msec speech is analyzed as a frame and 1/3 frame
overlapped. Pre-emphasized speech is converted to 13 LPCC.

The computational decreasing rate of proposed method is
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Fig. 3, Total comparison of calculation of proposed fast LBG
algorithmn,
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43.77% on average. It is shown that the total codewords are
stabilized as the number of iteration increases. Fig. 3. indicates
the total computational complexity among three algorithms named
TIE, PDS, and proposed method.

V1. Conclusion

We proposed a fast LBG algorithm to reduce the computational
complexity while preserving the performance of codebook. The
key observation is that a large proportion of the distance
calculations between codeword and input training vector is
unnecessary because only a few codewords remain the changing
characteristic to the end of the iterations. An important property
of the new method is that the speed-up is based on general
property of the LBG algorithm and not on a property of the
distance metric such as the triangular inequality, From the
simulation results, it is demonstrated that running time of
constructing a codebook is reduced by 43.77 %. By adopting
fixed codeword detection, the complexity reduction begins
between 10 and 15 iterations but it continually increases at the
end of iteration. This is because fixed codeword detection is
based on the radius parameter derived from stabilization
characteristics of codeword in each iteration,
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