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Image Compression using Modified Haar
Wavelet-Base Vector Quantization

Anusorn Jitkam and Satra Wongthanavasu, Non-members

ABSTRACT

This research presents an image compression algo-
rithm using modified Haar wavelet and vector quan-
tization. For comparison purposes, a standard Haar
wavelet with vector quantization and SPTHT, which is
used in JPEG2000, are compared with the proposed
method using Peak Signal-to-Noise Ratio (PSNR).
The proposed method shows better results on average
over the compared methods.

Keywords: Image compression, Haar wavelet, Vec-
tor quantization.

1. INTRODUCTION

Multimedia are used in a variety application, Type
of method to store in multimedia data is an impor-
tant although storage is bigger than ever. However
it is not enough. Data compression particular mul-
timedia data is an important. Vector quantization
(VQ) is a method in image compression. More re-
searcher are interest to apply Discrete wavelet trans-
form (DWT) by using basic wavelet instead of create
new block (block base method) for instance image
compression in JPEG. This research combines two
techniques, DWT and VQ to compress image data to
produce a good encryption.

2. THEORY AND CONCEPT

This research proposes image compression using
Haar wavelet by transform basic function. Haar ba-
sic using one-dimension row transform then transform
column. New Haar in this research transform colum-
nrow, row-column in all step. Using new Haar can
reduce cycle to compress image and give a good result
than ever. After that input data to Vector Quantiza-
tion to make a good proper data to encrypt data call
LBG. Its good advantage, it give high compression
ratio and Codebook table to use decrypt data.
wavelet trans-

2.1 Two-dimensional Haar

forms

There are two ways we can use wavelets to trans-
form the pixel values within an image. Each is a gen-
eralization to two dimensions of the one-dimensional
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wavelet transform. To obtain the standard decom-
position [3] of an image, we first apply the one-
dimensional wavelet transform to each row of pixel
values. This operation gives us an average value along
with detail coefficients for each row. Next, we treat
these transformed rows as if they were themselves
an image and apply the onedimensional transform to
each column. The resulting values are all detail coef-
ficients except for a single overall average coefficient.
The algorithm below computes the standard decom-
position. Fig.1 illustrates each step of its operation.

procedure Standard Decomposition
(C:arrayl[l..h,1..w]of reals)
forrow« ltohdo
Decomposition(Clrow, 1..w])
end for
forcol «+ 1towdo
Decomposition(C|1..h, col])
end for
end procedure

The second type of two-dimensional wavelet trans-
form, called the nonstandard decomposition, alter-
nates between operations on rows and columns. First,
we perform one step of horizontal pairwise averaging
and differencing on the pixel values in each row of
the image. Next, we apply vertical pairwise averag-
ing and differencing to each column of the result. To
complete the transformation, we repeat this process
recursively only on the quadrant containing averages
in both directions. Fig.2 shows all the steps involved
in the nonstandard decomposition procedure below.

transform rows

transform
columns

Fig.1: Standard decomposition of an image.
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procedure Nonstandard Decomposition
(C:array[l..h,1..hjof reals)
C«— C/h (normalize input coefficients)
whileh > ldo
forrow « ltohdo
DecompositionStep(Clrow, 1..h])
end for
forcol «+ 1toh do
DecompositionStep(C[1..h, col])
end for
h <+« h/2
end while
end procedure

transform rows

Fig.2: Nonstandard decomposition of an image.

2.2 Two-dimensional Haar basis functions

The two methods of decomposing a twodimen-
sional image yield coeflicients that correspond to two
different sets of basis functions. The standard de-
composition of an image gives coefficients for a basis
formed by the standard construction [3] of a twodi-
mensional basis. Similarly, the nonstandard decom-
position gives coefficients for the nonstandard con-
struction of basis functions.
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Fig.3: Standard construction of a two-dimensional
Haar wavelet basis for [V2] . In the unnormalized
case, functions are +1 where plus signs appear, -1

where minus signs appear,
and 0 in gray regions

The standard construction of a two-dimensional
wavelet basis consists of all possible tensor prod-
ucts of one-dimensional basis functions. For exam-
ple, when we start with the one-dimensional Haar
basis for V2 , we get the two-dimensional basis for V2
shown in Fig.3 Note that if we apply the standard
construction to an orthonormal basis in one dimen-
sion, we get an orthonormal basis in two dimensions.

The nonstandard construction of a two-dimensional
basis proceeds by first defining a two-dimensional
scaling function,

¢o(z,y) := ¢(x), d(y) (1)

and three wavelet functions,
pv(z,y) = o(x),¥(y)

¢¢($, y) = ¢(9U)7 gb(y) (2)
W/)(a?a y) = ¢($)a w(y)

We now denote levels of scaling with a superscript j
(as we did in the one-dimensional case) and horizontal
and vertical translations with a pair of subscripts k
and 1 . The nonstandard basis consists of a single
coarse scaling function

¢)¢00,0(x7 y) = ¢¢($, y)

along with scales and translates of the three wavelet

functions ¢, ¢ and Y

ol (x,y) = 29 np(27x-k,27y-1)

Yo, (x,y) == 29 (2x-k,27y-1) (3)

Y], (2, y) = 29 (2x-k, 2 y-1)

The constant 27 normalizes the wavelets to give
an orthonormal basis. The nonstandard construction
results in the basis for V2 shown in Fig.4.

We have presented both the standard and non-
standard approaches to wavelet transforms and basis
functions because both have advantages. The stan-
dard decomposition of an image is appealing because
it simply requires performing one-dimensional trans-
forms on all rows and then on all columns. On the
other hand, it is slightly more efficient to compute the
nonstandard decomposition.For an m x m image,the
standard decomposition requires 4(m?-m) assignment
operations,while the nonstandard decomposition re-
quires only 8/3(m? - 1) assignment operations.

Another consideration is the support of each ba-
sis function, meaning the portion of each functions



74 ECTI TRANSACTIONS ON COMPUTER AND INFORMATION TECHNOLOGY VOL.3, NO.1 MAY 2007

domain where that function is nonzero. All nonstan-
dard Haar basis functions have square supports, while
some standard basis functions have no square sup-
ports. Depending upon the application, one of these
choices may be preferable to the other.
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Fig.4: Nonstandard construction
dimensional Haar wavelet basis for V2.
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Nonstandard construction of a two-dimensional
Haar wavelet basis for V2.

2.3 Vector Quantization

Image compression using vector quantization (VQ)
is a lossy compression technique. It is defined as map-
ping Q of K-dimensional Euclidean space R k into a
finite subset Y of Rk Thus.

QRF Y (4)

Where y = (xi; i=1,2,...,N) is the set of reproduc-
tion vectors and N is the number of vectors in Y.

A vector quantizer is composed of two parts, en-
coder and decoder. An encoder will compare each
input vector with every codevector in the codebook
and generate index which represent the minimum dis-
tortion codevector from the input vector. A decoder
takes the indexs to locate the codevector in codebook
and generate the output vectors.

A codebook is the set of finite codevector for rep-
resenting the input vector. The popular technique in
codebook design is the Linde-Buzo-Gray (LBG) al-
gorithm [4]. The whole image a partitioned into sub-
blocks and all subblocks are used training this code-
book.

3. PROPOSED METHOD

Evaluation efficient of all image compression
method using standard image 512 x 512 gray scale
8 bpp Lena, Goldhill , Bridge and Camera use Peak
signal-tonoise ratio (PSNR) to check similar or non-
similar from image subbands compression Haar 3
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Fig.5: Block diagram of V@

level and input subbands data image to VQ depict
in Fig.6 this research set all data in all level VQ as
third wavelet level Codebook N= 256 and K =4 , set
second wavelet level Codebook N = 256 and K=16 ,
first wavelet level no need to encrypt cause it s not
effect to efficient of compression [7] . In case of trans-
form subband Haar wavelet we set VQ pattern as the
first case

After compare result of subband standard Haar
wavelet. Next step we compare efficient between
propose method and encryption SPIHT that is use
in JPEG 2000[6] by using percentage of coefficient
PSNR of Lena image.

Evaluate efficient of image using Peak Signal-to-
Noise Ratio(PSNR) from this equation[8].

MSE =

>3 (1,5 ) (5)

K XK i=1/=1
255°

— |dB (6)

MSE

PSNR=10log,,

KxK is summation of pixel and represent original
image and result image from compression High PSNR
represent that original image and compression image
are similar and high efficient of compression technique

4. RESULTS

This research compare Haar standard wavelet with
new Haar that modify inner structure. In this re-
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Fig.6: Process image compression method

search use DWT2 function in MATLAB. Standard
image 512 x 512 gray-scale 8 bpp and Lena image,
Goldhill , Bridge and Camera image by using image
subband in first level. Results are depict in Table 1

Table 1: Compare efficient image subband between
standard Haar wavelet and Haar wavelet that modify
inner structure

Image | Standard Haar |  Modify inner
wavelet structure Haar
wavelet
Lena 205.87 211,19
Goldhill 206.29 211.57
Bridge 206.13 211.13
Camera 205.80 211.24

Table 1 show that modify inner structure Haar give
higher PSNR value than standard Haar wavelet. In
this result are related to next process VQ that we use
with this Haar. Depicted in table 2.

Table 2: Compare efficient between propose method
and image subband standard Haar with VQ wusing
PSNR wvalue to indicate efficient

Image | Standard Haar | Propose method
wavelet + VQ
Lena 3996 67.22
Goldhill 3997 66.29
Bridge 37.66 62.67
(Camera 3733 61.43

Table 2 show that propose method is better than
standard Haar wavelet + VQ. This research trans-
form percentage of coefficients image subband to con-
centrate in efficient depicted in Table 3.

Result from all table show that propose method
give the best PNSR however image that high PNSR
value is not mean that is s high quality in percep-
tual from viewer.Next is results of image compression
from propose method compare with SPTHT image

Table 3: Compare efficient propose method and
SPIHT encryption using PSNR value

% Coefficients SPIHT Propose method
10 38.73 54.12
20 40.19 65.52
30 41.08 06.21
40 41.81 66.66
50 42.36 66.86
60 4275 66,99
70 43.09 67.10
80 43.42 67.15
90 43.74 67.18
100 43.99 67.22
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Fig.7: Results of image compression from propose
method compare with SPIHT image
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compression using Lena image and set Coefficients
of wavelet is 10

From this result show that SPIHT compression
give lose of data so we can identify which is mouth
and we cannot enhance this image in other method.
Result from propose method image look like block
cause from VQ but we can separate structure of im-
age and we can use other method to enhance its such
as Bilateral Filtering .

5. CONCLUSION

From results of image compression; 512 x 512 gray
scale using PSNR to indicate efficient and quality.
Propose method is better than other method (image
subband standard Haar wavelet, VQ, SPTHT) that
use in JPEG2000. This results is better because com-
pression technique make it best to transform image
subband Haar wavelet process. Reduce number of
standard process from 4(m? -m) to 8/3 (m? - 1)from
m X n image . VQ compression compress lossy data.
A lot of process make lots of lose data also so propose
method is best from this reason. Comparison SPIHT
and propose method; propose method give the better
result.

6. SUGGESTION

Propose method concentrate on quality of data
from image compression using PSNR value it s not
cover Compression ratio. Propose method give the
good result but limited in Row and Column of im-
age must be equal. Propose method use VQ also so
it make lose of time to process for Codebook when
compare encryption with SPTHT compression.
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