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Abstract—This paper presents the review of various algorithms based on vector quantization for image compression.
Implementation of Vector quantization for Image compression is divided into three parts i.e. Encoding process, Codebook
design, Decoding process. Codebook generation in vector quantization is an important step so that the distortion between the
original image and the reconstructed image is minimum. Many efficient algorithms have been developed to reduce the
computations and for fast search. This paper discusses various algorithms for the generation of codebook and algorithms for fast
search.
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l. INTRODUCTION
Vector quantization (VQ) is an effective method of data compression. The objective of image compression is to reduce redundant
data of the image in order to store or transmit data efficiently. Image compression can be categorized as lossy or lossless. Vector
Quantization (VQ) is a simple and efficient approach for data compression. Vector quantization is often used to achieve high
compression ratios. Lossy compression techniques are based on quantization. Quantization is irreversible process. Scalar
quantization and Vector quantization are the important Lossy compression techniques. Quantizing each pixel separately is called
scalar quantization. Vector quantization ia an approach for quantizing group of pixels together.

Vector quantization is the process of dividing an image into vectors or blocks and each vector is mapped to the codeword’s of a
codebook to find its reconstructed vector. Each of these vectors is then approximated and replaced by the index of one of the
elements of the codebook. Codebook generation, encoding procedure and decoding procedure are the major procedures in Vector
Quantization. The goal of the codebook design procedure is to design the desired codebook that is to be used in the image
encoding/decoding procedures.

In VQ an original image of size N X N is divided into blocks of size n x n. Therefore total numbers of blocks are n, = (N/n) X
(N/n). nyis known as input vectors as X=(Xy, Xy, ....xm) ,» C=(Cyq, Co,...... Cn,) is known as codebook in which n¢ indicates the
total number of codevectors. Vector quantization is the process of mapping each input vector to the one of the codevector from
the codebook. Mapping is based upon the minimum distance criterion i.e by finding out Euclidian distance. The closest codeword
[1] in the codebook for each image vector is to be determined. The compressed codes of VQ are the indices of the closest
codewords in the codebook for all the image blocks.

One of the main issues of VQ encoding is to reduce the computational complexity from searching the best matched codeword in
order to reduce the search time. Many efficient algorithms have been developed to reduce the computation load.

The paper is organized as follows: Section Il gives various codebook generation algorithms. Section 111 describes various search
algorithms and section IV gives the concluding remarks.

Il. CODEBOOK GENERATION ALGORITHMS
A. LBG[2][3]
A LBG algorithm for codebook design is an iterative procedure. The procedure for a codebook generation is given as follows:

1: First step is to generate random codebook CBO.

2:i=0.
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3: Following process is applied for each input vector.

» Compute the Euclidean distances between the training vector and the codewords in CBi. The Euclidean distance is defined as

d(X,C)= /Zl::l(Xt - Cu)2 )

» Search the nearest codeword from CBi.

4: Partition the codebook into N cells.

5: Compute the centroid to obtain the new codebook CBi+1.

6: Compute the average distortion for CBi+1. If it is changed by a small amount since the last iteration, and the procedure stops.
Otherwise, i =i+ 1 and go to Step 3.

LBG is an easy and rapid algorithm. In LBG algorithm the resulted codebook quality depends on the initial codebook. If the
initial codebook is not proper then it produces a distortion in the reconstructed image.

This algorithm generates very large codebook. It requires large storage space for codebook. It takes a long time for the generation
of the codebook. A complete design of this algorithm requires a large number of computations. Convergence time is very large.

B. PNN [4]

In Pairwise Nearest Neighbor method first codebook of size N is initialized, where each input vector is considered as its own
codevector. In each step two codevectors are merged and this process is repeated till codebook reduces to size M. Main drawback
of PNN is its slowness because implementation require a lot time. The Pairwise Nearest Neighbor (PNN) algorithm is an
alternative method to the LBG algorithm for generating codebooks.

C. CNN-ART

Lin and Yu in 2003[5] proposed a centroid neural network adaptive resonance theory (CNN-ART) algorithm for the generation
of codebook. The CNN-ART algorithm contains of an input layer and an output layer. The total number of neurons in the input
layer is the same as the total number of dimension of the input vectors. Each neuron in the input layer has connections to the
neurons in the output layer. Codewords from the codebook are equal to the total number of neurons in the output layer. Centroid
of the first neuron will act as the first input training vector X1 and after that then the next input vector is compared to the neuron.
If the Euclidean distance between the neuron and the next vector is higher than a predefined threshold, the input vector forms the
centroid of a new neuron. The procedure is repeated for all the training vectors.

D. LBG with DCT [6][7]

This paper uses a DCT (Discrete cosine Transform) and LBG to construct a codebook. In this the input image is divided into
blocks or subimages and then DCT coefficients of blocks are calculated and quantized. Next step is generate a codebook using
LBG in DCT domain. Applying LBG algorithm in the frequency domain reduces distortion in the reconstructed image. For each
input vector a codeword is selected from the codebook. Index metrics indicates the corresponding block codeword. By using this
algorithm improvement in the PSNR values as well as higher compression ratio is achieved.

1. SEARCH ALGORITHMS

A. FSA[8]

Full search algorithm needs to compute the Euclidian distance between the input vector and all codewords from the codebook
and then these distances are compared to find minimum distance. Therefore computational complexity of FSA limits the
application of VQ in compression.
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B. Mean-distance-ordered Partial Codebook Search (MPS) [9]

Ra and Kim proposed a fast mean-distance-ordered partial codebook search algorithm in 1993. The codevectors are sorted
according to their mean. The search is continued for the codevector having minimum Euclidian distance to a given input vector.
They used squared mean distance (SMD) to filter false candidate codewords.

The definition of Squared Mean distance (SMD) is

dSMD (X,C)=(Tk,; Xt- Tk, Ct)2 2
In their scheme, if the codeword C whose

| Xe— T €t > /kd(X, Cmin) (3)
then it will not be the nearest neighbor for input vector X.

In other words, its Squared mean distance (SMD) is larger than the Euclidean distance, dSMD(X,C) > d(X,Cmin) is the
Euclidean distance between X and the tentative matching codeword which has minimum |Z§=1 Xt— Yk, Ct| in the current stage.

C. ENNTJ10]
The equal average nearest neighbor (ENN) searching algorithm makes use of the mean of an input image vector to search the
nearest codevector. This algorithm uses following inequality to reject the codevectors,

| m, — myj| > ,/dmin/k 4
If above inequality is satisfied then d(x, yj)Edmin, then that codeword yj is rejected. Mean of the vectors can be obtained by
offline computation. This algorithm reduces the computation time as compared with the FSA.

D. EENNS[11]
EENNS algorithm uses the variance to reject the codevectors. It uses following inequality,

| Vi = Vy;| = Vdmin ®)
If above inequality is satisfied then yj will not be the nearest codevector.

If above variance inequality of EENNS or the mean inequality of ENNS is satisfied then d(x,yj) = dmin, then reject the
codevector Yj.

E. IENNSand IEENNS [12,13]
Both improved ENNS (IENNS) and improved EENNS (IEENNS) algorithms are based on subvectors. In which k-dimensional
input vector is divided into two k/2- dimensional subvectors.

Xf=(X1,X2,...... ,Xk/2) and Xs=( Xk/2+1, Xk/2+2,...... Xk)
Similarly codevector yj is also divided into two subvectors as,
Yijf = (Yj1, Yj2... Yjk/2) and

Yjs= (Yjk/2+1, Yjk/2+2 ...Yjk)

The Sum and Variances for all subvectors of input vector Xi and codevector Yj are calculated as given in equations (6) and (7)
respectively.

Sx =¥k, Xi (6)
Sxf=3/2Xi  Sxs=Yk,,Xi

SYj =% Yj i
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SYif=x/iYii SYjs=Xitvj,i

Vx= \/zg;loﬁ — Sx/k)? )

VY= 5011 = 59,1/

Vxf = \/zfz/f(Xi — 2Sxf/K)?

VXS = \/z;;/foﬁ — 2Sxs/k)?

VYif :\[z%;l(Yj.i 28y}, £/1)?

VYis :\[le(Yj,i — 2Syj,s/K)?

IENNS uses following inequality to reject the codevectors.
(Sx — Syj)? = kdmi (8)

(Sxf — Syjf)? = (k/2)dmin

(Sxs — Syjs)? = (k/2)dmin
IEENNS uses following inequality to reject the codevectors.

(Sx — Syj)® + k(Vx — Vyj)? = kdmin 9)

(Sxf — Syjf)? + (k/2)(Vxf — Vyj, f)? > (k/2)dmin
(Sxs — Syjs)? + (k/2)(Vxs — Vyj,s)? = (k/2)dmin

V. CONCLUSION
Various algorithms for Image compression using vector quantization are discussed here. One of the key point in the image
compression using vector quantization is to design a codebook such that the distortion between the original image and the
reconstructed image is the minimum. If the designed codebook is random then reconstructed image contains more distortion,
therefore our main aim is to design a proper codebook for the given input image. Fast search algorithms reduces the searching
time for codevector from the codebook. Further the performance of the vector quantized can be improved by combining the most
suited methods of codebook generation and best suited fast search algorithm.
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