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Abstract: Ordinary images, as well as most natural and manmade signals, are compressible and can, therefore, be well 
represented in a domain in which the signal is sparse. Sparse signal representations have found use in a large number of 
applications including image compression. Inspired by recent theoretical advances in sparse representation, we propose an 
image compression using wavelet, sparse representation and vector quantization. 
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I. INTRODUCTION 
 
The image is actually a kind of redundant data. It is a 
2-D signal processed by the human visual system. 
The uncompressed multimedia data requires 
considerable amount of storage capacity and 
transmission bandwidth. So, there comes a serious 
issue of storing and transferring the huge volume of 
data representing the images with increasing the use 
of digital images. Image compression minimizes the 
size in bytes of a graphics file without degrading the 
quality of the image to an unacceptable level. It 
reduces the time necessary for images to be sent over 
the Internet or downloaded from web pages. Hence, it 
provides a potential cost savings associated with 
sending less data over switched telephone network 
where cost of call is usually based on its duration. It 
also reduces the probability of transmission errors 
since fewer bits are transferred and provides a level 
of security against illicit monitoring. 
The image compression techniques are broadly 
classified into two categories namely lossless 
compression technique and Lossy compression 
technique. There are two main common compressed 
graphic image formats namely Joint Photographic 
Experts Group (JPEG, usually pronounced as JAY-
pehg) which is more often used for photographs and 
Graphic Interchange Format (GIF) which is 
commonly used for line art and other images in which 
geometric shapes are relatively simple. There are 
various image compression algorithms namely JPEG: 
DCT-Based Image Coding Standard, VQ 
Compression, Fractal Compression, and Wavelet-
based Compression. In DCT-based Image coding 
standard,A  discrete Cosine transform (DCT) is 
applied to each block to convert the gray levels of 
pixels in the spatial domain into coefficients in the 
frequency domain. According to the quantization 
table provided by the JPEG standard, the coefficients 
are normalized by different scales. Quantized 
coefficients rearranged in a zigzag scan order are 
further compressed by an efficient lossless coding 
strategy such as run length  

 
coding, arithmetic coding, or Huffman coding. 
Decoding is simply done inversely. So, it takes same 
time for both encoding and decoding.  
A DCT-based scheme uses the DCT information to 
compute locations of significant noiseless coefficients 
providing the improvement over the standard JPEG 
coding proposed in. The information loss occurs in 
the process of coefficient quantization. Major 
drawbacks of the block-based DCT compression 
methods are that they may result in visible artifacts at 
block boundaries due to coarse quantization of the 
coefficients. When image files are converted to the 
JPEG format, significant amounts of information 
about the image are lost. In essence, JPEG images are 
having a lower quality than other formats. JPEG does 
not handle line drawings well, nor does it support 
animation. JPEG is not suited for images that will be 
radically modified, since detail is lost each time the 
image is saved. A problem for those who want to 
touch up or alter images, JPEG does not support 
layers. JPEG files cannot have transparent 
backgrounds, though the background of the photo 
may be light in colour. The JPEG format only uses 8-
bits for colour data, yielding 16.7 million colours. In 
contrast, many modern digital cameras can capture 
colour using 10 and even 14 bits of data.  
In VQ-compression algorithm, a vector quantize is 
composed of two operations encoder and decoder. 
The encoder takes an input vector and outputs the 
index of the codeword which offers the lowest 
distortion. By evaluating the Euclidean distance 
between the input vector and each codeword in the 
codebook, the lowest distortion is found. Once the 
closest codeword is found, the index of that codeword 
is sent through a channel which can be computer 
storage, communications channel, and so on. When 
the encoder receives the index of the codeword, it 
replaces the index with the associated codeword. 
However limitation is, traditional VQ methods 
require huge computing time to accomplish the 
encoding process. The drawback is VQ approach is 
not appropriate for a low bit rate compression 
although it is simple. Fractal image coding is used for 
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encoding/ decoding images. A fractal compression 
algorithm first partitions an image into non 
overlapping 8×8 blocks, called range blocks and 
forms a domain pool containing all of possibly 
overlapped 16×16 blocks, associated with 8 
isometries from reflections and rotations, called 
domain blocks. The most attractive property is the 
resolution-independent decoding property. Two 
serious problems that occur in fractal encoding are 
the computational demands and the existence 
problem of best range-domain matches .  
 

The advantages and disadvantages Of above Compression 
Algorithms are as follows. 

TABLE I 
 

Method 
 

Advantage 
 

Disadvantage 
 

JPEG 
Current 
standard 

Coefficient(DCT) 
Quantization Bit 

allocation 
 

VQ 
Simple decoder 
No-coefficient 
quantization 

Slow codebook 
generation  small 

bpp 

 
Fractal 

Good 
mathematical 

Encoding-frame 

Slow encoding 

 
Performance of coding algorithms on 256×256 images. The 

decoded images of Lenna based on the three approaches- (B) 
JPEG (C) Vector Quantization (D) Fractal are shown in Fig. 1. 

 
                    (A)                                           (B) 

 
Fig 1:(A)Original image Lenna (B) Decoding image by DCT 

(C)   VQ [7]                     (D) Fractal 
 
The image compression algorithm we are using in our 
paper is wavelet-based compression algorithm. The 
reasons why we are selecting this algorithm out of 
above algorithms are given below. 
 
II. WAVELET TRANSFORM 
 

Wavelets are a mathematical tool for hierarchically 
decomposing functions. Wavelets are functions 
defined over a finite interval and having an average 
value of zero. These basis functions or baby wavelets 
are obtained from a single prototype wavelet called 
the mother wavelet, by dilations or contractions 
(scaling) and translations (shifts). The basic idea of 
the wavelet transform is to represent any arbitrary 
function (t) as a superposition of a set of such 
wavelets or basis functions. The Discrete Wavelet 
Transform of a finite length signal x(n) having N 
components, for example, is expressed by an N x N 
matrix. Wavelet transform can decompose a signal 
into localized contributions labelled by so-called 
dilation and translation parameters. These parameters 
represent the information of different frequency 
component contained in the analyzed signals. 
 
[A] Why Wavelet-based compression? 
Wavelet coding schemes at higher compression avoid 
blocking artifacts. Despite all the advantages of JPEG 
compression schemes based on DCT namely 
simplicity, satisfactory performance, and availability 
of special purpose hardware for implementation; 
these are not without their shortcomings. Since the 
input image needs to be ``blocked,'' correlation across 
the block boundaries is not eliminated. This results in 
noticeable and annoying ``blocking artifacts'' 
particularly at low bit rates as shown in Fig.2.  

 
Fig 2: (a) Original image (b) Reconstructed image with DCT 

component only, showing ‘blocking artifacts’. 
 

 One of the main advantages of wavelets is that 
they offer a simultaneous localization in time 
and frequency domain. 

 They are better matched to the HVS (Human 
Visual System) characteristics. 

 Compression with wavelets is scalable as the 
transform process can be applied to an image as 
many times as wanted and hence very high 
compression ratios can be achieved. 

 Wavelet compression is very efficient at low bit 
rates. 

 Wavelets provide an efficient decomposition of 
signals prior to compression.Wavelet-based 
coding provides substantial improvements in 
picture quality at higher compression ratios.  
 

Wavelet transform divides the information of an 
image into approximation and detail subsignals 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-5, May-2014 

Wavelet Based Image Compression Using Sparse Representation And Vector Quantization 
 

3 

shown in fig 3. The approximation subsignal shows 
the general trend of pixel values and other three detail 
subsignals show the vertical, horizontal and diagonal 
details or changes in the images. If these details are 
very small (threshold) then they can be set to zero 
without significantly changing the image. The greater 
the number of zeros the greater the compression ratio. 
If the energy retained (amount of information 
retained by an image after compression and 
decompression) is 100% then the compression is 
lossless as the image can be reconstructed exactly 
shown in Fig 4.                   

 
Fig 3: (a) Original image (b) Wavelet transform divides image 
into approximation and detail sub signals showing three detail 
sub signals vertical, horizontal, diagonal details or changes in 

image. 

 
Fig 4:(a) Original image(b) Decoding image of Lenna using 

Wavelet Transform 
 

[B]Reasons for selecting the wavelet compression 
Technique for proposed work 
In Table, the performance of Wavelet compression 
technique is shown in which there is PSNR value and 
CPU Time (Encoding and Decoding), compression 
ratio is shown. In which we find that on the basis of 
performance wavelet compression technique is better 
than other image compression algorithm. So, we 
select wavelet compression technique for our 
proposed work. 
 

TABLE II 
PSNR Values in db 34.66 
CPU Time Encoding 

 0.35 sec 
Decoding  
0.27 sec 

Compression Ratio >>32 
 
III. SPARSE REPRESENTATION 
 

Sparse representation theory has states that sparse 
signals can be exactly reconstructed from a small 
number of elementary signals. As compared to direct 
time domain and transform domain signal processing 
methods, sparse representations become an invaluable 
tool. A natural signal is said to be sparse signal if that 
can be compactly expressed as a linear combination 
of a few small number of basis vectors. A signal 
which has few non-zero entries relative to its 
dimension called sparse signal. A large number of 
real world signals are either sparse in their original 
form or can be represented as a sparse signal in a 
transform domain. Sparse signal representations have 
found use in a large number of applications like 
image compression and restoration, echo 
cancellation, channel equalization, source separation, 
and so on.Signal which is composed of spikes and 
low frequency components may not exhibits an 
sparsity in time domain or frequency domain. So, to 
improve sparsity of such signals, one has to construct 
an large dictionary matrix.It can be classified into 
overcomplete, undercomplete and complete 
dictionary. Depending upon coherent values, there are 
different dictionaries like random Gaussian matrix, 
random Bernoulli matrix, random DFT matrix and so 
on. 
 
IV. OUR PROPOSED WAVELET-BASED 

IMAGE COMPRESSION ALGORITHM 
 
The algorithm proposed in this paper first 
decomposes the original image using 2-dimensional 
discrete wavelet transform (2D-DWT) which 
produces multi-scale image decomposition revealing 
data redundancy in several scales given in fig 5. The 
purpose served by DWT is that it produces a large 
number of values having zero, or near zero, 
magnitudes. Therefore, with proper thresholding, we 
can have a sparse representation of the image with 
only a few non-zero values in the threshold transform 
domain. In order to form sparse vectors, we pick 
coefficients across various resolution levels following 
the parent-child-offspring relationship mentioned in 
the SPIHT (Set Partitioning in Hierarchical Trees) 
algorithm . As a consequence of 2-dimensional DWT 
applied to an image, four sub bands arise from every 
level of the transform, one low-pass sub band 
containing the coarse approximation of the source 
image called the LL sub band, and three highpass sub 
bands that exploit image details across different 
directions—HL for horizontal, LH for vertical and 
HH for diagonal details. In the next level of the 
transform, we use the LL band for further 
decomposition and replace it with the respective four 
sub bands. 
Thus, the image is decomposed into different 
resolution levels. In SPIHT, every coefficient in a 
coarse resolution level, except those in the LL band 
of the coarsest level and the ones in the finest level, 
acts as parent to a block of 2 × 2 coefficients in the 
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next finer resolution. In our sparse vector formation 
process, every parent in the coarsest level with its 
entire offspring forms a vector. The coarsest LL band 
coefficients are inserted in the first place of the 
vectors formed by the corresponding LH band 
parents. To maintain symmetry in the vector 
dimension, zeros are inserted in the first place of the 
vectors formed by the HL and HH band parents. The 
process of vector formation using parent-offspring 
relationship for 3-level decomposition of an image is 
depicted in Fig.6. Vector Quantization (VQ) is one of 
high performance and popular methods for data 
compression.  It has been widely used to various 
applications, i.e., image compression, watermarking, 
and image filtering etc. The most important work is to 
design a versatile codebook. Nasrabadi and King give 
a good review of VQ. With increase in the resolution 
level the sparsity of the vectors increases but at the 
cost of increased vector dimension. 

 
Fig. 5.  Block diagram depicting our proposed image 

compression scheme. 
 

 
Fig.6. Sparse vector formation by picking wavelet coefficients 

in a quadtree fashion using parent-offspring relationship. 
 
Summarizing, the main features of our proposed 
image compression algorithm are as follows. 
 
• The image forms a sparse representation in the 
wavelet 

Domain. we use Haar wavelet here in this paper. 
• Sparse vectors are formed using the parent-child 
relationship in quadtree fashion as used in SPIHT. 
• Create dictionary matrix. With the help of VQ-
encoding embed the dictionary into sparse matrix. 
• Compute the compression ratio and time needed for 
image compression using MATLAB software. 
 
V. RESULT 
 
In this paper, we calculate a processing time, 
compression ratio and time needed for compression 
for image of Lenna shown in Table III. 

 
Fig 7: Lenna image 

 
                             TABLE III 

 
   Processing Time 

 
      100 % 

     
    Time needed 

  
     47.04 s 

 
 Compression ratio 

      
     65.63 % 
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