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Abstract- Image compression is very important in the present scenario. The compression is not only the main objective but 
also the image quality is an important factor which should be kept in mind for choosing any compression method. In this 
paper we will discuss the necessity of hybrid coding over classical coding schemes and why DCT – DWT hybrid approach is 
so important among various hybrid schemes. The goal is to achieve higher PSNR i.e. peak signal to noise ratio where 
original image means signal and the noise is error in reconstructed image.  
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I. INTRODUCTION 
 
There are various image sources that generate data at 
a very high rate. Storage and/or transmission of such 
data require large capacity and/or bandwidth which 
could be very expensive. Image compressions 
techniques are concern with reduction of number of 
bits require to store or transmit images [1] without 
any appreciable loss of information. The amount of 
compression achieved depends on the contents of 
image data [2].Due to strong correlation between 
image data items; it is possible to compress a typical 
photographic image upto 80% maintaining its quality. 
Image compression schemes [3] are generally 
classified as lossless compression schemes and lossy 
compression schemes. Lossless compression is an 
error free compression where the original data can be 
recovered after decompression. This scheme provides 
low compression ratio but has several applications, 
like in the compression of medical images where the 
loss of information are not acceptable. In lossy 
compression, some extent of the original data is lost 
during compression and so, after the decompression 
process, an approximation of original data is 
obtained.  
 
In recent times, developing hybrid schemes 
(combining two or more traditional approaches) for 
effective image compression has gained enormous 
popularity among researchers. This research paper 
presents properties of image compression based on 
hybrid compression technique (DWT and DCT). As it 
is clear that this scheme will take advantage of both 
Discrete wavelet transform (DWT) and Discrete 
cosine transform (DCT) transform coding to achieve 
higher compression rate with better image quality.  
DWT have the ability to solve the blocking effect 
introduced by the DCT. They also reduce the 
correlation between neighbouring pixels and gives 
multi scale sparse representation of the image. 
Wavelet based techniques provide excellent results in 
terms of rate distortion compression, but they do not  

 
take advantage of underlined geometry of the edge 
singularities in an image. 
 
II. DISCRETE COSINE TRANSFORM  
 
The DCT works by separating images into parts of 
differing frequencies during a step called quantization 
where the part of compression actually occurs i.e. less 
important frequencies are discarded and only the 
most important frequencies remain that are used to 
retrieve the image in the decompression process. As a 
result, reconstructed image contain some blocking 
effect which can be adjusted during the compression 
stage by using DWT. The block diagram of JPEG 
based DCT is shown in Fig.1, explaining phases of 
image compression.  
By applying DCT on an image signal, most of the 
significant information of that image can be 
concentrated in few coefficients of DCT, through 
which image can be easily reconstructed. Once the 
DCT coefficients have been computed they are 
normalized with a suitable quantization table. In 
quantization process the frequency of less importance 
are discarded, and with the help of remaining 
frequencies the image is reconstructed during 
decomposition process. After quantization the next 
phase is the coding in which further compression is 
performed by using an efficient coding algorithm 
after arranging the coefficients in a zigzag order. 

 
Figure. 1. Block diagram of the JPEG-based DCT scheme 
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DCT scheme has many advantages:  
(1) It has the ability to pack most information in 
fewest coefficients.  
(2) It minimizes the block like appearance called 
blocking artifact that results when boundaries 
between sub-images become visible [4].  
The input image is first divided into 8×8 blocks; then 
the 8-point 2-D DCT is performed. The DCT 
coefficients are then quantized using an 8×8 
quantization table. The quantization is achieved by 
dividing each elements of the transformed original 
data matrix by corresponding element in the 
quantization matrix Q and rounding to the nearest 
integer value as shown in equation  
 
 [(݆,݅)ܳ/(݆,݅)ܶܥܦܦ]݀݊ݑݎ=(݆,݅)ܽݑݍܦ
 After this, compression is achieved by applying 
appropriate scaling factor. Then in order to 
reconstruct the data, rescaling and de-quantization is 
performed. The de-quantized matrix is then 
transformed back using the inverse – DCT .We know 
that the pixels for a greyscale range from 0 to255, in 
which 0 represents a pure black and 255 represents a 
pure white. Since DCT work on pixel range -128 to 
127, the original block is subtracted by 128 for every 
entry. The flow chart for image compression via DCT 
and the reconstruction is shown in Fig.2 and Fig.3.  
Using DCT the hardware implementation is easy but 
with, the noticeable “blocking effects” which cannot 
be ignored at higher compression ratio. Due to “false 
contouring effect’’ the quality of images with 
gradually shaded area degrades in the process of 
reconstruction. The basic reason for this effect is 
heavy quantization of the transform coefficients. 
Coding scheme  
(a)Compression procedure  
Fig.2 shows flowchart for image compression using 
DCT 

 
Figure 2 Flow chart of compression technique 

(b) Decompression procedure 

 
Figure 3 Flow chart of decompression technique 

 
III. DISCRETE WAVELET TRANSFORM  
 
In DWT, an image is represented by sum of wavelet 
functions, having different location and scale. 
Wavelet is a mathematical function by which one 
function can be transformed into another. It performs 
multi resolution image analysis, which means 
simultaneous representation of image on different 
resolution levels. In 2D wavelet, following pair of 
waveforms will be needed to decompose an image of 
MXN matrix:  
1. One to represent the high frequency corresponding 
to the detailed part of the image (wavelet function) .  
2. Another for low frequency or smooth parts of an 
image (scaling function).  
Fig.4 shows wavelet filter decomposition. For a given 
level n, the sub-bands are labelled by using the 
following notations [5],  
(a)LLn represents the approximation image nth level 
of decomposition, resulting from low-pass filtering in 
the vertical and horizontal both directions.  
(b)LHn represents the horizontal details at nth level 
of decomposition and obtained from horizontal low-
pass filtering and vertical high-pass filtering. 



International Journal of Electrical, Electronics and Data Communication, ISSN (p): 2320-2084, Volume-1, Issue-, July-2013 

Excellence Of DCT- DWT A Hybrid Approach For Image Compression 
 

17 

(c)HLn represents the extracted vertical details/edges, 
at nth level of decomposition and obtained from 
vertical low-pass filtering and horizontal high-pass 
filtering.  
(d)HHn represents the diagonal details at nth level of 
decomposition and obtained from high-pass filtering 
in both directions. 

 
Figure 4 Wavelet Filter Decomposition 

 
The Discrete Wavelet Transform (DWT) based 
coding, has been emerged as another efficient tool for 
image compression [6-8] mainly due to its ability to 
display image at different resolutions and achieve 
higher compression ratio. 
 
IV. HYBRID (DCT+ DWT) TRANSFORM 
 
The objective of the hybrid DWT-DCT algorithm is 
to exploit the properties of both DWT and DCT. 
Hybrid approaches to image compression deals with 
combining two or more traditional approaches to 
enhance individual methods and achieve better 
quality reconstructed images with higher compression 
ratio. The wavelet transform, which provides a multi 
resolution representation of images, has been widely 
used in image compression via hybrid approach. 
Wavelet transforms have been combined with 
classical methods of image coding to obtain high 
quality compressed images with higher compression 
ratios. In this section we will discuss the hybrid 
approach by combining DCT and DWT, and their 
characteristics. Combining the advantage of DCT i.e. 
containing most significant information in fewest 
coefficients and the multi resolution capability of 
DWT, we can achieve better quality and higher 
compression ratio of an image. Hybrid (DCT+DWT) 
Transform reduces blocking artefacts, false 
contouring and ringing effect [9]. Experimental 
results show that the coding performance can be 
significantly improved by the hybrid DWT-DCT 
algorithm.  
Coding scheme  
(a) Compression procedure  
The input image is first converted to gray image from 
colour image, after this whole image is divided into 
size of 32x32 pixels blocks. Then 2D-DWT applied 
on each block of 32x32 blocks, by applying 2 D-
DWT, four details are produced. Out of four sub band 
details, approximation detail/sub band is further 
transformed again by 2 D-DWT which gives another 

four sub-bands of 16x16 blocks. Above step is 
followed to decompose the 16x16 block of 
approximated detail to get new set of four sub band/ 
details of size 8x8. The level of decomposition is 
depend on size processing block obtained initially, 
i.e. here we are dividing image initially into size of 
32x32, hence the level of decomposition is 2. After 
getting four blocks of size 8x8, we use the 
approximated details for computation of discrete 
cosine transform coefficients. These coefficients are 
then quantize and send for coding.  
(b) Decompression procedure  
At receiver side, we decode the quantized DCT 
coefficients and compute the inverse two dimensional 
DCT (IDCT) of each block. Then block is 
dequantized. Further we take inverse wavelet 
transform of the dequantized block. Since the level of 
decomposition while compressing was two, we take 
inverse wavelet transform two times to get the same 
block size i.e. 32x32. This procedure followed for 
each block received. When all received blocks are 
converted to 32x32 by following decompression 
procedure, explained above. We arrange all blocks to 
get reconstructed image. The complete coding and 
decoding procedure is explained in Fig. 5 and Fig.6 
respectively. 
 

 
Figure.5 Compression technique using Hybrid transform 

 

 
Figure 6.Decompression technique using Hybrid transform 
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V. COMPARATIVE ANALYSIS 
 
For comparison between DCT, DWT and hybrid we 
have done two types of analysis i.e. objective and 
subjective.  
(i) Objective Analysis  
In this section, the performance of the algorithms has 
been compared using several parameters. By 
adjusting the parameters, trade-off can be achieved 
for compressed image against reconstructed image 
quality over a wide range.  
(a) PSNR  
PSNR in decibel is evaluated as follows:  
PSNR= 10 log10 (2ܫ/MSE) where, I is allowable 
image pixel intensity level.MSE is mean squared 
error. It compares the original data with reconstructed 
data and then results the level of distortion. The MSE 
between the original data and reconstructed data is:  
  ܰ ܯ
MSE = 1 /ܰܯ Σ Σ (A݅,j − B݅,݆)2  
݅=1 j=1  
Where, A = Original image of size M×N  
B = Reconstructed image of size M×N  
Fig.7 shows the PSNR values (measured in decibel) 
of five compressed images for average compression 
ratio of 96% by DWT, DCT and Hybrid DCT-DWT 
techniques respectively.  
(b) CR  
It is a measure of the reduction of detail coefficient of 
data.  
CR = (Discarded Data) / (Original Data)  
In the process of image compression, it is important 
to know how much important coefficient one can 
discard from input data in order to preserve critical 
information of the original data. 

 
(c) SSIM Index  
The SSIM index is the objective image quality 
measure and can be defined as below: 

 
Where, µA, µB = mean intensities of original data A 
and reconstructed data B; σA, σB = standard 

deviation of original data A and reconstructed data B; 
C1, C2= constant. 

 
If the reconstructed data is retrieved exactly similar to 
original data then the best SSIM index of value 1 can 
be achieved.  
(d) Variance  
Variance is another tool to calculate the performance 
of image compression algorithm. Variance describes 
how far certain value deviates from the mean. It’s the 
measure of variability from an average. In signal 
processing, the variances, σk2 (k=1, 2…N), are 
represented by the eigen values of the transformed 
coefficient [10]. N is the size of input data block. The 
lower the variance, higher will be the energy 
compaction property. Higher the energy compaction 
property, the better is the compression algorithm. 

 
(ii) Subjective Analysis  
For the application users, a standard image of parrot 
having size of 512 X 512 is considered for 
demonstration. The image is compressed using 
proposed, DCT and DWT algorithm as shown in Fig 
9. 

 
(a) 
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(b) 

 
(c) 

 
(d) 

Figure 9. visual perception of (a) original image and 
reconstructed image using (b) DCT (c) DWT (d) hybrid 

approach;DCT +DWT 

CONCLUSION 
 
Till now we have seen performance comparison of 
DCT, DWT and Hybrid(DCT+DWT) based on the 
various evaluation parameters, peak signal to noise 
ratio (PSNR), mean square error (MSE),compression 
ratio(CR), SSIM index., variance. But only the 
researchers are concerned about these parameters not 
the users. For them, the main concern is the visual 
perception of the reconstructed image, for which the 
subjective analysis is more important, means visual 
perception, because with the help of objective 
analysis sometimes it is not possible to ensure about 
the quality of reconstructed image. From the 
subjective analysis, viewers will be capable to 
analyse the difference between original image and 
reconstructed. As it can be easily seen from the 
subjective as well as objective analysis, the hybrid 
approach results in better quality of reconstructed 
image as well as better PSNR and compression ratio 
as compared with standalone DCT and DWT. 
 
FUTURE WORK 
 
Following the results and analysis discussed in the 
paper further future work can be as follows:  
I. The algorithm can be realized in hardware 
implementation.  
II. The proposed algorithm can also be used for video 
coding. 
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