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Abstract— Image compression is been widely used in research for many years and also used in many applications. The 
main aim of compression is to reduce the requirement of bandwidth for memory and transmission for storage of all types of 
data. The main objective is to implement the operations utilized in a lossy compression two dimensional images. This paper 
focuses on developing efficient and effective algorithm for compressing a lossy image using an enhanced Embedded Zero-
tree Wavelet (EZW) algorithm. This algorithm has the property that the bits in the bit stream are generated sequentially, 
affording a complete embedded code. It systematically develops the results of compression which are aggressive with almost 
every wellknown compression algorithms on typical test images. It consists of two separate lists such as dominant list which 
has coordinates of co-efficient not yet found significant and subordinate list which has magnitudes of co-efficient already 
found to be significant. By using lossy compression, multi-level wavelet decomposition methods to select more effective 
color transformation method and cost determination criteria, so as to further enhance compression performance. To analyze 
compression performance by multi-level wavelet decomposition methods in order to select more effective color 
transformation method and cost determinant criteria. An energy aggregation and correlated features of image wavelet 
coefficient is evaluated using EWLCA using Hilbert curve and singular decomposition into wavelet. 
The results can be simulated using MATLAB tool. The simulation result reveals that compressed image is good and also 
have high compression ratio. 
 
Keywords— Lossy compression, EZW algorithm, multi-level wavelet decomposition, Hilbert curve, Singular 
decomposition. 
 
I. INTRODUCTION 
 
A transform-based image compression is the one of 
the most booming applications of the wavelet 
methods. The transform co-efficient can be quantized 
while the data can be changed to eradicate 
redundancy with the use of this coder and at last the 
output of quantizer can be coded by entropy. Due to 
their higher energy compaction attributes and 
association with the visual system of human, 
subjective and objective outcomes can be produced 
by the wavelet compression methods [1]. While a 
basis of wavelet comprises of operations with 
together long support (for low frequencies) and short 
support (for high frequencies), great downy regions 
of an image may be constituted with extremely a 
small number of bits and feature added where it is 
desired.  
Image compression consists of two types namely 
lossy and lossless. After decompression, the original 
image is retrieved accurately in lossless compression 
methods. But the images in natural scenes, it 
infrequently attain error-free compression rate ahead 
of 2:1. Between the original image and decompressed 
image, a high compression ratio can be attained when 
some error occurs like hard to recognize the images 
etc. This is known as lossy compression. The 
errorfree imitation of the original images is not 
essential in numerous cases. For instance, De-noising 
is a method which can be used to reduce the noise 
occurs due to some error. In this case, the little 
amount of error developed by lossy compression may 
be adequate. In the application of internet, this type of 

lossy compression is adequate for the quick 
transmission of the still images. These studies 
concerted on wavelet-based lossy compression of 
gray color images. Then, Images with 4096 gray-
levels are denoted as 12 bpp (bits per pixel). When 
there are 256 levels of feasible intensity for every 
pixel, then it is known as 8 bpp images.  
The lossy compression consists of the following 
methods: ASWDR (Adaptively Scanned Wavelet 
Difference Reduction) algorithm, EZW (Embedded 
Zero-tree wavelet algorithm), WDR (Wavelet 
Difference Reduction) algorithm and SPIHT (Set 
Partitioning in Hierarchical Trees) algorithm. These 
are moderately current algorithms which attain a few 
of the highest perceptual quality and lowest error per 
compression rate. The image compression block 
diagram is shown in Fig.1. 
 

 
Figure 1.Compression and decompression of an image 

 
II.RELATED WORKS 
 
Kaveh Ahmadi et.al, 2015 explored the possibility of 
using one of the computational intelligence methods, 
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for example PSO (Particle Swarm Optimization) 
which can be used in 2D DWT image for optimal 
thresholding. Then, an optimal threshold sets is 
obtained using the PSO algorithm. Finally, a variable 
length coding scheme, such as arithmetic coding was 
used to encode the results [2]. A.M.Raid et.al, 2014 
proposed about the use of Wavelet Based Image 
compression algorithm- Embedded Zerotree Wavelet 
(EZW). They obtained a bit stream with enhancing 
accurateness from the algorithm of EZW due to 
establishing on progressive encoding to compress an 
image [3]. Jibanananda Mishra et.al, 2013 
demonstrated about de-noised image which has 
datadriven, adaptive threshold via wavelet soft-
thresholding is assessed [4]. In the applications of 
image processing, a Generalized Gaussian 
Distribution is extensively used and Bayesian model 
gives the threshold value. Rehna V. J et.al, 2012 
depicted the image compression methods using 
wavelet 
which have benefitted lot attractiveness due to their 
behavior of overlapping which reduces the blocking 
artifacts that are general developments in the multi-
resolution character and compression of JPEG which 
extends to better compaction of energy with 
reconstructed images having high quality [5]. Mei 
Zhu et.al, 2009 proposed an enhanced algorithm for 
the compression of images to frame a insufficiency 
growing when the EZW algorithm is applied to 
consistently scrutinize the high and low frequency 
coefficients [6]. The Isolated Zero (IZ) can be 
reduced by quantifying the sub-band co-efficient with 
the help of scalar quantization.  
Michail Krinidis et.al, 2007 showed that Discrete 
Model Transform (DMT), which includes a selected 
mechanism of an embedded compression ratio, has 
tremendous properties in energy compaction and 
attains equivalent compression outcomes to Discrete 
Cosine Transform at low compression ratios and 
generally at high compression ratios it is more 
beneficial when compared with DCT [7]. Javed 
Akhtar et.al, 2006 proposed different wavelets have 
been used to execute the change of a trial image and 
its outcomes have examined and discussed. The study 
was accomplished in terms of Peak Signal to Noise 
Ratio (PSNR) found and duration for reconstruction 
and decomposition [8]. This investigation will aid in 
selecting the wavelet images for decomposition. 
Damon M. Chandler et.al, 2005 established a lossy 
wavelet image compression having a strategy of 
contrast-based quantization which undertakes to 
preserve visual quality at any bit rate [9]. It operates 
in both embedded and non-embedded quantization 
which tries to retain visual quality at each and every 
one bit rates.  
Enhanced Wavelet Lossy Compression Algorithm 
(EWLCA) performs rearrangement and arrangement 
on lowfrequency sub-band and Hilbert curve founded 
on integer DWT. With regard to coefficient of 
wavelet in every highfrequency 

sub-band, execute transformation of singular value 
truncation which depends on the cost function of 
information entropy. Subsequently, entropy encoding 
is carried on every co-efficient of wavelet behind 
rearrangement of truncation to achieve image lossy 
compression. It is shown in the below Fig.2. 
 

 
Figure 2.EWLCA framework 

 
A. Color Transformation 
A Color transformation is used in a single color 
model by processing the components of a color image 
(disparate to converting images from one color model 
to another). The color transformation can be 
calculated as follows [10]: 

                                                       

   , ,l x y Z k x y                (1) 

Where, l(x,y) = Processes (output) color image 
 k(x,y) = Input color image. 

              Z    = Operator on f. 
From the selected color-space, the values of pixel 
values are quarters or triplets,                      

                                                     
 1 2, , ....,i i np Z v v v   1,2,.....,i n               (2) 

 
Where, 1 2, , nZ Z Z  is a transformation set of 

functions that drive iv  to produce ip , iv  and ip  are 
the variables representing the components of color 
image of k(x,y) and l(x,y) at any point (x,y) and n is 
the number of color components. The value of n is 
specified by the color-space selected to illustrate the 
pixels of k and l. For example, in the RGB space, n = 
3 and 1 2 3,v v andv signify the components of the 
input image as red, green, blue. 
 
B. Hilbert rearrangement 
With the aim of decreasing number of bits engaged 
by facade map to signify the data of pixel classes in 
image, it requires obstructing the image. Assume size 
of original image H(x,y) is M×M and block size is 
N×N,  2 2,3,..nN n  , total block number is 
(M/N)×(M/N). Inner-block rearrangement and Hilbert 
inter-block rearrangement on H(x,y). At first, the sub-
blocks in an original image having the execution of 
rearrangement of inter-blocks in it [11]. Traverse 
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block mask map bK with M/N-order Hilbert curve to 
arrange it into one-dimensional sequence. 

                            
      0 0 1 1, , , ,..., , ...am b b b m mA K p q K p q K p q

      (3) 
Where  

 , 0,1,..., / 1m mp q M N   and m-0,1,.,
2( / )M N  -1. 

Secondly, they perform inner-rearrangement on each 
pixel of sub-block. Traverse each sub-block 

( , )m mA p q of pK with K-order Hilbert curve. 
                                          

     . . 1'
. . 1

, ,
m m
m m

p K x p K Km m p
q K y q K K

A p q K x y    
   

      (4) 

Where,  , 0,1,..., 1n nw x K  and n-0, 1,.,
2 1K  .  

Subsequently, merging over inter-block 
rearrangement and inter-block H(x, y) into the 
sequence O=rearrange (H(x, y)). 
 
C. Singular Value Decomposition (SVD) 
To matrix F GY O  F GY O  , the orthogonal 
matrices F GW O   and F GX O   to meet  
                 

TX U V           (5) 

where TR is transpose matrix of R. The diagonal 
matrix    should meet the criteria [12],

                                                        1 0
0 0
 

   
 

       (6) 

 
With 1 1 2( , ,..., )rdiag     . If we further set 

1 2[ , ,...., ]mW w w w  and 1 2[ , ,...., ]nX x x x ,  
 
the singular value decomposition Y = W TX of 
matrix X can be rewritten to the vectorial form 

1

r T
i i ii

Y w x


         (7) 

if r < min {K, L}= n, the SVD can be altered as 
follows because 1 2 ... 0r r n       . 

                      T
r r rY W X         (8) 

 
D. Discrete Wavelet Transform 
In image compression, a discrete wavelet transforms 
technique is widely used. Thus, this proposed method 
utilizes daubechies wavelet and haar wavelet 
transforms to attain high compression ratio using 
tools MATLAB software. In the applications of 
image compression and signal processing, the 
wavelet transform has been derived extensively. At 
present, a committee of JPEG standard introduced a 

new image coding technique known as JPEG 2000 
which depends on DWT. A Wavelet transform 
disintegrates a signal into a basic set of functions 
called wavelets. These are obtained from a particular 
wavelet prototype known as mother wavelet by 
shifting and dilations. The DWT has been introduced 
as a highly efficient and flexible method for sub band 
signal decomposition. In image processing 
applications, a 2D Discrete Wavelet Transform is 
used as a central function currently. It is a multi-
resolution analysis and it disintegrates images into 
scaling function and wavelet coefficients [13]. In 
DWT, signal energy focuses to particular wavelet 
coefficients. This quality is useful for compressing 
images. 
 
The Following steps are performed for compression: 

 Load the image which is compressed.  
 Applying the transform-The compression 

algorithm starts by changing the image to 
wavelet space from the space of information. 
This is exercised on various levels.  

 Selecting the threshold- neglect all the 
wavelet coefficients that fall below a certain 
threshold. Then select the threshold in such a 
way as to preserve a certain percent of the 
total coefficients - this is known as 
“quantile” thresholding.  

 Perform compression at different transform. 
In lossy compression the information is loss, so we 
not restore all the information. Ideally, for the 
duration of compression the energy maintenance and 
number of zeros will be as high as possible. In 
Daubechies wavelet retained energy is 98.03% and in 
haar transform it is 97.70%. 
 
E. Sub-band Coding 
Sub-band coding is another technique for multi-
resolution analysis. In sub-band coding, a set of band-
limited components decomposes an image which is 
known as sub-bands. It can be demonstrated that the 
original image can be completely restored by the sub-
bands. Because the bandwidth of the resulting sub-
bands x0 (n) and x1 (n) are smaller than the original 
y(n) , it can be down sampled without loss of data. 
The original image can be restored by summing, up-
sampling and filtering the separate sub-bands [14]. 
For error-free reconstruction of the input, the 
following conditions are as:  

0 0 1 1( ) ( ) ( ) ( ) 0S z R z S z R Z          (9) 

0 0 1 1( ) ( ) ( ) ( ) 2S z R z S z R Z     
 
For finite impulse response (FIR) filters ignoring the 
delay, to find a relation between the analysis and 
synthesis band-pass filter:               

0 1
1

0 0

( ) ( 1) ( )

( ) ( 1) ( )

n

n

s n r n
s n r n

 

 
                           (10) 
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From Equ.10, we can see that if the analysis FIR 
filters’ coefficients are well-known, the subsequent 
synthesis FIR filters can be found exclusively. 
 
F. Transform Encoding   
A procedure of Simple Transform Encoding can be 
depicted by the subsequent steps for monochrome 
pixels of 2x2 blocks [15]: 
 In a block pixel A, obtain the base value as a 

top left pixel  
 The discrepancy between the pixel A and these 

respective pixels such as C-A, D-A, B-A 
which is taken as estimated values of other 
three transforms. 

 The transform values are estimated by storing 
the difference values and base pixels. 

 
The data redundancy can be exploited by 
compressing the data by using the above transform 
methods:  
Some of the data redundancy has been transformed to 
values, Yi. Thus, the differences can be represented by 
the data having fewer bits can be compressed. For 
example, if we use 8 bits per pixel then the 2x2 block 
utilizes 32 bits per pixel. The base pixel is maintained 
as 8 bits, Y0, and assigns 4 bits for each 
differentiation then 20 bits can be used which is 
superior than an average 5 bits/pixel. 
 
III. ENHANCED EZW ALGORITHM 
 
The Embedded Zero Tree Wavelet Algorithms 
(EZW) is an effective image compression algorithm. 
A fully embedded bit stream for image coding can be 
obtained using this novel technique. In this, a bit rate 
can be chosen by the user and the image can be 
encoded in order to get an accurate and needed bit 
rate. The EZW algorithm consists of the following 
characteristics:  
 A zero-tree coding of important wavelet 

coefficients provides the compressed binary 
maps. 

 A wavelet coefficient has successive 
approximation quantization. 

 Transform coding. 
 
In DWT, the image is disintegrated and developing 
the wavelet coefficients at various scales. In this, the 
transformed matrix can be quantized into an order of 
integers. Subsequently, an entropy coding method can 
be utilized. Additionally, the encoder of EZW 
algorithm depends upon two essential observations:  
 Because of the higher sub-bands are the one 

which add details, the progressive encoding is 
a standard choice for compressing images of 
wavelet transform  

 Large wavelet coefficients are more 
considerable when compared with smaller 
wavelet coefficients.  

 

EZW algorithm for wavelet coefficients was 
introduced by Shapiro. In this algorithm, if a wavelet 
coefficient at a common scale is irrelevant with 
evaluation to a threshold T, then every wavelet 
coefficients of the equivalent direction in the similar 
spatial location at better scale will be irrelevant with 
reverence to Q. The trees persuade a relationship of 
parent–child between the coefficients of sub-bands 
bearing the similar spatial orientation. These 
dependencies of parent-child are at every occurrence 
attributed for the tremendous operation of the coders 
of zero-tree. The coefficient of common scale 
coefficient is known as parent and each and every 
coefficients equivalent to the similar spatial position 
at the subsequently better scale of similar orientation 
are known as children. 
                        2l o g ( ( ) )

0 2 M A X zq                (11) 
To determine if a coefficient is the root of a zero-tree 
or an isolated zero, the refinement pass is also known 
as subordinate pass. Here, catalog is prearranged in 
order that the largest coefficients are once more 
translated initially. When the threshold achieves a 
minimum value then, the main loop is blocked. For 
integer coefficients, the lowest value is equal to zero 
and divided by two and after, it can be replaced by a 
shift right operation. 
Dominant pass: Each and every coefficient are larger 
when compared with present threshold values which 
is extracted and positioned lacking their indication on 
the list of subordinate subsequently; the positions in 
the image are packed with zeroes.  
Subordinate pass: Each and every coefficient in the 
subordinate list was sophisticated. This provides 
advance to a few rearranging with improbability 
separations and it yields next most significant bit of 
all the coefficients in the subordinate list. The 
pseudo-code of the EZW encoder is given below. 
Initialization of all the variables is done as follows. 
The main loop calls both the Dominant Pass and the 
Subordinate Pass. 
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Figure 3.Pseudo code for an enhanced EZW algorithm 

 
IV. RESULTS AND DISCUSSIONS 
 
The results of this study are discussed as follows: 
The building image is selected as an input image 
from the class of natural images. Figure 4 illustrates 
the blurred image used for lossy compression. It can 
be given as input to remove the blur characteristics in 
order to get the clear image with high compression 
ratio. 

 
Figure 4.Blurred Input image 

 
Then, the figure 5 illustrates that the blurred image 
can be converted into gray scale in order to get the 
color image and noise in the image can be reduced by 
using the Weiner filter. Here, the image can be 
obtained with less amount of data loss. The gaps 
found in the image can be filled with Hilbert curve 
method. 

 

 
Figure 5.converted gray scale image 

 
Figure 6 illustrates the lossy compression image by 
reducing some noises without any loss of data of the 
original image. The gray scale image can be 
converted into color image. This gives the quality of 
the image from the blurred image. Here, the lossy 
compression ratio can be achieved as higher as 
97.1%.  
 

 
Figure 6.decompressed output image with EZW 
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The compression ratio of various algorithms is shown 
in the Table 1. 

 
Table 1.Comparison of various algorithms 

 
 
This paper aims to compress a lossy image with 
better compression factor using enhanced EZW 
coding scheme. The above table 1 comparatively 
describes compression ratio obtained by various 
coding schemes. From the table it is concluded that 
our proposed EZW coding scheme provides 
compression ratio at the rate of 97.1% which is 
statistically higher than existing compression 
algorithms like Shanon fano, WDR, STW, SPIHT, 
ASDWR and EZW.  
 
CONCLUSION 
 
In this paper, the enhanced EZW algorithm completes 
lossy image compression by Hilbert rearrangement 
and singular value truncation combining with 
transform encoding to address redundancy in low-
frequency spatial distribution and high-frequency 
energy distribution. It is simple and has higher 
compression. By using multi-level wavelet 
decomposition, an effective color transformation and 
cost can be achieved. When compared to other 
algorithms, this enhanced EZW algorithm gives high 
compression ratio as 97.1 %. This lossy compression 
encoding algorithm is successfully applied in several 
files as TIFF, GIF, PDF, etc.  
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