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ABSTRACT

In this paper we present an improvisation to the Kekre’s error vector rotation algorithm for vector quantization
(KEVR). KEVR gives less distortion as compared to well known Linde Buzo Gray (LBG) algorithm and Kekre’s
Proportionate Error (KPE) Algorithm. In KEVR the error vector sequence is the binary representation of
numbers. Since the cluster orientation depends on the changes in the binary numbers in the sequence, the
cluster orientation changes slowly. To overcome this problem, in the proposed method Kekre’s transform matrix
is used. It is preprocessed and then used to generate the error vector sequence. The proposed method is tested
on different training images of size 256x256 for code books of sizes 128, 256, 512, 1024. Our result shows that
proposed method gives less MSE (Mean Squared Error), PSNR (Peak Signal to Noise Ratio) compared to LBG,
KPE and KEVR..

KEYWORDS: Vector Quantization, Codebook, Code Vector, Data Compression, Encoder, Decoder,
Clustering.

I. INTRODUCTION

Vector Quantization (VQ) is an efficient and simple approach for data compression [1] [2][3]. Since it
is simple and easy to implement, VQ has been widely used in different applications, such as pattern
recognition [4], face detection [5], image segmentation [6] [7] [8], speech data compression [9],
Content Based Image Retrieval (CBIR) [10], tumor detection in mammography images [11][12] etc.
Vector quantization is a lossy image compression technique. There are three major procedures in VQ,
namely codebook generation, encoding procedure and decoding procedure. In the codebook
generation process, image is divided into several k-dimensional training vectors. The representative
codebook is generated from these training vectors by the clustering techniques. In the encoding
procedure, an original image is divided into several k-dimensional vectors and each vector is encoded
by the index of codeword by a table look-up method. The encoded results are called an index table.
During the decoding procedure, the receiver uses the same codebook to translate the index back to its
corresponding codeword for reconstructing the image. One of the key points of VQ is to generate a
good codebook [13] such that the distortion between the original image and the reconstructed image is
the minimum. In order to find the best-matched codeword in the encoder, the ordinary VQ coding
scheme employs the full search algorithm, which examines the Euclidean distance between the input
vector and all codeword in the codebook. This is time consuming process. To overcome this, a fast
search algorithm is reported for VQ based image compression [14] [15]. Even DCT (Discrete Cosine
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Transform) based method can be used to generate the codebook [16]. It is also possible to reduce the
processing time [17] [18] and computational complexity [19] for codebook generation.

1.1. Related Work

To generate codebook there are various algorithms. The most commonly used method in VQ is the
Generalized Lloyd Algorithm (GLA) which is also called Linde-Buzo-Gray (LBG) algorithm [20].
However, LBG has the local optimal problem, and the utility of each codeword in the codebook is
low. The codebook guarantees local minimum distortion but not global minimum distortion [21]. To
overcome the local optimal problem of LBG, Giuseppe Patan’e a and Marco RussoPatane [22]
proposed a clustering algorithm called enhanced LBG. Further modification to LBG method is done
by using image pyramid [23]. It is also possible to reduce the computational complexity in LBG [24].
This paper aims to provide an improvement to the Kekre’s error vector rotation algorithm (KEVR).
We have used Kekre transform matrix to generate the error matrix. The paper also compares the
proposed algorithm with LBG and Kekre’s proportionate error algorithm (KPE), with respect to mean
squared error (MSE) and peak signal to noise ratio (PSNR). In the next section we discuss LBG, KPE,
KEVR algorithms. Section III gives some information on Kekre Transform. Proposed methodology is
explained in Section IV, followed by results and conclusion in sections V and VI respectively.

II. CODEBOOK GENERATION ALGORITHMS
2.1. Linde, Buzo and Gray (LBG) Algorithm

In 1980, Linde et al. proposed a Generalized Lloyd Algorithm (GLA) which is also called Linde-
Buzo-Gray (LBG) algorithm. In this algorithm, all the training vectors are clustered using minimum
distortion principle. Initially all training vectors will form a single cluster. The centroid of this cluster
is calculated which will become the first code vector. Constant error is added to this code vector to
form two trial code vectors say v; and v,. Each training vector belongs to one cluster depending upon
the closeness with the trial code vector. Thus initial single cluster is divided into two clusters. The
cluster centroids are calculated and they will form the set of code vectors. The process is repeated for
each cluster till the code book of desired size is prepared.

2.2. Kekre’s Proportionate Error Algorithm (KPE) [25]

Here instead of constant error as in LBG algorithm, proportionate error is added to the code vector. It
is seen that in LBG algorithm the cluster formation is elongated about 135°. So the clustering is
inefficient. In KPE, the magnitude of the coordinates of centroid decides the error ratio. While adding
proportionate error a safe guard is also introduced so that two trial code vectors do not go beyond the
training vector space. This method gives better results compared to LBG method.

2.3. Kekre’s Error Vector Rotation Algorithm (KEVR) [26]

In this algorithm, from the initial codevector the two trial code vectors say vl & v2 are generated by
adding and subtracting error vector rotated in k-dimensional space at different angle. Then two
clusters are formed on the basis of closeness of the training vectors with trial code vectors. The
centroids of two clusters formed the codevectors of the code book. This modus operandi is repeated
for every cluster and every time to split the clusters error Ei is added and subtracted from the
codevector. Error vector FEi is the ith row of the error matrix of dimension k. The error vectors matrix
E is given in Equation 1. The error vector sequence have been obtained by taking binary
representation of numbers starting from O to k-1 and replacing 0’s by 1’s and 1’s by -1’s.
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III. KEKRE TRANSFORM MATRIX[27]

Kekre transform matrix can be of any size NxN, which need not have to be in powers of 2(as is the
case with most of other transforms). All upper diagonal and diagonal values are one, while the lower
diagonal part except the values just below diagonal is zero. Generalized NxN Kekre transform matrix
can be given as shown in equation 2.

1 1 - 1 1
-N+1 1 - 1 1
Koowy o O 7V L] : @
0 0 0 |
| 0 0 0O --=N+(N-D) 1 |
The formula for generating the term Kxy of Kekre transform matrix is given in equation 3.
1 x<y
Kxy=1—=N+(x-1) x=y+l 3)
0 x>y+1

Kekre transform matrix is orthogonal, asymmetric and non involutional.

IV. PROPOSED METHOD

In this method Kekre transform matrix is used for generation of error vectors. But before using this
matrix some preprocessing is done on it. The matrix is flipped horizontally and vertically as explained
in algorithm given below.

4.1. Algorithm to flip the matrix
Let A= Input matrix
Let K= Output matrix
For i= 1 to N(no. of rows)
For j=1 to N(no. of columns)

K@G,j) = A(N+1-1,N+1-j)
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After applying the above algorithm we get the transform matrix as given in equation 4.
1 =-N+WN-1) - 0 0 0
1 1 -0 0 0

Ko=) 1 . 1 =N+2 0 @
1 1 e 1 1 —-N+1
1 1 e 1 1 1

Now we will keep only signs in this matrix so we get the matrix as shown below in equation
5.

1 ~1 0 0 0]

1 1 0 0 0

K N N _ . . . . . .
( xN) 1 1 - 1 -1 0 ©)

1 1 o 1 1 -1

1 1 - 1 1 1

The rows of the above matrix are used to generate the error vectors.

4.2. Proposed Algorithm — Kekre’s Error Vector Rotation Algorithm using Kekre
Transform (KEVRK)

1. Divide the image into non overlapping blocks of size 2 x 2 and convert each block to training
vector of size 12 x 1 forming the training vector set.

2. Initialize i=1;

3. Calculate the centroid (first codevector) of training vectors.

4. Generate two trial code vectors Vjand V, by adding and subtracting error vector Ei ( i" row
from the matrix given in equation 5) from the each code vector.

5. Calculate Euclidean distance between each training vector and code vector. On the basis of
this distance, each cluster is split into two clusters.

6. Calculate the centroid (codevector) for each cluster.

7. Increment i by one and repeat step 4 to step 6 for each codevector.

Repeat above procedure till the codebook of desire size is obtained.

V. RESULTS

The algorithms discussed above are implemented using MATLAB 7.0 on Pentium 1V, 1.66GHz, 1GB
RAM. To test the performance of these algorithms nine color images as shown in Figure 1 belonging
to different classes are used. The images used belong to class Animal, Bird, Vehicle, Flowers, and
Scenery etc.
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Figure 1. Testing Images

To implement proposed algorithm, Kekre transform matrix of dimension 12 is generated as given in
equation 5. Table 1 shows the comparison of LBG, KPE, KEVR and proposed algorithm (KEVRK)
for codebook size 128 and 256 with respect to MSE, PSNR for the training images. Table 2 shows the
comparison of LBG, KPE, KEVR and KEVRK for codebook size 512 and 1024 with respect to MSE,
PSNR for the training images. Figure 2 shows the results of LBG, KPE, KEVR, and KEVRK for code
book size of 256 on bird image. Figure 3 shows the average MSE performance for LBG, KPE, KEVR
and proposed technique KEVRK for different code book (CB) sizes.

Table 1. Comparison of LBG, KPE, KEVR and Proposed Algorithm for Codebook size 128 and 256 with
respect to MSE, PSNR for the testing images.

Images Param- |LBG | KPE |KEVR |KEVRK [LBG |KPE |KEVR | KEVRK

eters 128 256

LENA MSE 190.26 170.72 94.48 88.81 173.46 134.12 72.77 7148

PSNR 25.34 25.81 28.38 28.65 25.74 26.86 29.51 29.60

Airplane MSE 221.63 189.22 127.96 112.81 201.96 139.96 100.81 77.96

PSNR 24.67 25.36 27.06 27.61 25.08 26.67 28.10 29.21

Bus MSE 652.57 | 521.07 | 338.14 266.97 584.22 | 319.99 | 266.43 180.19
PSNR 19.98 20.96 22.84 23.87 20.47 23.08 23.87 25.57

Tiger MSE 658.10 | 579.90 | 383.37 377.25 605.89 | 425.52 | 325.49 279.79
PSNR 19.95 20.50 22.29 22.36 20.31 21.84 23.01 23.66

Bird MSE 497.08 | 338.80 | 231.07 198.00 444.97 | 258.67 190.18 155.87

PSNR 21.17 22.83 24.49 25.16 21.65 24.00 25.34 26.20

Ganesh MSE 541.72 | 498.16 | 356.35 349.44 494.12 | 396.08 | 313.50 271.48

PSNR 20.79 21.16 22.61 22.70 21.19 22.15 23.17 23.79

Garden MSE 510.22 | 479.54 | 311.48 300.35 470.96 | 363.55 | 271.56 238.20

PSNR 21.05 21.32 23.20 23.35 21.40 22.53 23.79 24.36

flowers MSE 394.24 | 225.50 181.27 177.00 361.22 189.28 144.83 137.62

PSNR 22.17 24.60 25.55 25.65 22.55 25.36 26.52 26.74
Sunset MSE 520.09 | 313.14 | 204.43 194.99 463.60 | 234.18 166.57 152.53

PSNR 20.97 23.17 25.03 25.23 21.47 24.44 25.91 26.30
Average MSE 465.10 | 368.45 | 247.62 229.51 42227 | 273.48 | 205.79 173.90

PSNR 21.79 22.86 24.61 24.95 22.21 24.10 2547 26.16
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Table 2. Comparison of LBG, KPE, KEVR and Proposed Algorithm for Codebook size 512 and 1024 with

respect to MSE, PSNR for the testing images.

Images Param |LBG |[KPE |KEVR |KEVRK |LBG |KPE |[KEVR | KEVRK
-eters 512 1024
LENA MSE 151.43 [ 9425 55.17 54.35 114.16 | 65.05 | 42.55 41.37
PSNR | 2633 | 2839 30.71 30.78 27.56 30.00 | 31.84 31.96
Airplane | MSE 171.74 | 94.29 68.34 57.49 13190 | 58.68 | 48.82 40.75
PSNR | 2578 | 2839 29.78 30.53 26.93 3045 | 31.24 32.03
Bus MSE 496.00 | 191.49 | 14191 130.23 | 380.52 | 122.59 | 105.92 95.35
PSNR | 21.18 | 2531 26.61 26.98 2233 2725 | 27.88 28.34
Tiger MSE 535.70 | 288.07 | 228.15 206.27 | 424.77 | 19496 | 166.40 | 148.95
PSNR | 20.84 | 23.54 24.55 24.99 21.85 2523 | 25.92 26.40
Bird MSE 373.50 | 199.64 | 139.27 114.52 | 29720 | 137.63 | 104.60 85.11
PSNR | 2241 25.13 26.69 27.54 23.40 2674 | 27.94 28.83
Ganesh | MSE 437.85 | 270.66 | 219.43 206.08 | 350.76 | 187.43 [ 170.69 | 150.30
PSNR | 21.72 | 2381 24.72 24.99 22.68 2540 | 2581 26.36
Garden | MSE 416.77 | 25645 | 203.03 187.40 | 339.70 | 182.29 | 158.86 | 141.73
PSNR | 21.93 | 24.04 25.06 25.40 22.82 2552 | 26.12 26.62
flowers | MSE 299.28 | 146.57 | 108.26 99.12 223.74 | 10435 | 81.07 71.81
PSNR | 2337 | 2647 27.79 28.17 24.63 27.95 | 29.04 29.57
Sunset MSE 386.49 | 180.20 | 125.04 111.05 | 269.51 | 180.20 | 95.66 82.45
PSNR | 2226 | 2557 27.16 27.68 23.83 2557 | 2832 28.97
Average | MSE 363.20 | 19129 | 143.18 129.61 | 281.36 | 137.02 | 108.29 95.31
PSNR | 2287 | 25.63 27.01 27.45 24.00 27.12 | 2823 28.79

Remark : It is observed that KEVRK Outperforms LBG and KPE by large margin and KEVR
by smaller margin for MSE and PSNR

Bird {Criginal)

KEVE Curpunt
il =2 190.15)

LEG Cutpart
M= 444 .97

KEVEE Cuipunt

(Mze: 155.87)

KEPE Chtput
(Mze 258 67)

Figure 2. Results of LBG, KPE, KEVR and KEVRK from codebook size 256 on Bird image.
Remark: It may be noted that MSE reduces in order from LBG, KPE, KEVR to KEVRK
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Figure 3. Average MSE performance for LBG, KPE, KEVR and Proposed (KEVRK) for different code book
(CB) sizes

Remark: For proposed method average MSE is minimum.
4.1. Discussion

In LBG constant error is added with a constant angle of 45° to generate the code vectors so the
clustering is inefficient. In KPE the error vector direction varies from 0° to 90°, so that it gives an
improvement over LBG. In KEVR the error vector is rotated that covers all directions giving better
performance compared to LBG and KPE. To improve it further, we present the fast rotation of error
vector by using Kekre transform matrix. It can be seen from the tables and figures that the proposed
technique KEVRK outperforms the other methods. It can also be seen that, as the codebook size
increases from 128 to 1024, the MSE decreases for all the methods.

VI. CONCLUSIONS AND FUTURE WORK

This paper aims to present an improvement to KEVR algorithm. In KEVR, Error vector matrix is the
sequence of binary numbers. Since the bit change in the sequence is slow, it results in slowly
changing cluster orientation. After preprocessing done on the Kekre Transform matrix, it contains
values 1,-1, and 0. The row of this matrix is used as the error vector. In every two consecutive error
vectors there is a two bit change. So there is a fast change in cluster orientation. This gives effective
clustering. It is observed that proposed new algorithm KEVRK improves the performance of KEVR.
The proposed method reduces MSE by 51% to 63% for codebook size 128 to 1024 with respect to
LBG, by 30% to 40% with respect to KPE and by 8% to 16% with respect to KEVR. In future work
we will investigate the performance of different similarity measures other than Euclidean distance
criteria. We will further explore the different alternatives of rotation of error vector to generate the
code vector.
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