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ABSTRACT 

Image compression is very important part of the digital image 

processing. Image compression is the method of reducing the 

size of image, which is helpful to increase the storage and 

transmission performance. In the compression method not 

only concentrate on reducing the size of image, but also 

concentrate on the quality and information of the image. 

Image compressions have more researched area, and many 

compression standards are place. But still here there is a scope 

for high compression quality; the JPEG and JPEG2000 

standard make use of Discrete cosine transform DCT and 

Discrete Wavelet transform DWT for compression 

respectively. Discrete wavelet and Discrete cosine transforms 

are the common method used in image compression. Wavelet 

transform are very powerful as compared to Fourier 

transform, because it have ability to describe any type of 

signals both in time and frequency domain simultaneously. In 

this thesis two image compression methods are simulated, the 

first method is based on Discrete Wavelet transform (DWT), 

and second method is based on Discrete Cosine transform 

(DCT). The aim of the thesis as to compress an image using 

DWT and DCT encoding method, to implement DWT and 

DCT using VHDL and measure the performance in terms of 

memory utilization and timing parameters. The first part of 

the thesis presents an implementation of Discrete Wavelet 

Transform with HAAR Wavelet and the second part of the 

thesis presents an implementation of Discrete Cosine 

Transform. The performance will be measured in term of 

memory utilization and timing parameters. 

General Terms 
Discrete Wavelet transform, Discrete Cosine transform, 

VHDL. 
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1. INTRODUCTION 
The expansion of transmission technology over the last two 

decades. The demand for digital information increases 

dramatically. The advances in technology have created the 

utilization of digital image prevailing to an outsized extent. 

Still images are widely used in application like medical and 

satellite images. Digital image are comprised of an enormous 

amount of data. Reduction in the size of image data for both 

storing and transmission of digital images are becoming 

increasingly important as they find more application. Image 

Compression is a mapping from a higher dimensional space to 

a lower dimensional space. Image compression play important 

role in many multimedia application, such as image storage 

and transmission. The basic goal of image compression is to 

represent an image with minimum number of bits of an 

acceptable image quality. All image compression algorithms 

strive to remove statistical redundancy and exploit perceptual 

irrelevancy while reducing the amount of data as much as 

possible. Data compression or image compression is the 

technique to reduce the redundancies in data representation in 

order to decrease data storage requirements and hence its 

coast of communication. Decreasing the storage space 

requirement is equivalent to increasing the capacity of the 

storage medium and also increases communication 

bandwidth. Then the development of efficient compression 

techniques will continue to be a design challenge for future 

communication systems and advanced multimedia 

application.  

Image is represented by a combination of pixels and 

redundancy. A pixel is the portion of image that must be 

preserved permanently in its original form in order to 

correctly interpret the meaning or purpose of the image (data). 

Redundancy bits are the portion of image that can be removed 

when it is not needed or can be reinserted to interpret the 

image (data) when needed. Most often, the redundancy is 

reinserted in order to generate the original data (image) in its 

original form. The method to reduce the redundancy bits of 

image (data) is defined as image (data) compression. The 

redundancy bits in an image (data) representation are reduced 

such a way that it can be subsequently reinserted to recover 

the original image, and which is called decompression of the 

data  

1.1 Need for Image- Compression 
The amount of data transmitted through the Internet doubles 

every year, and large portion of that data comprises of image 

reducing the band width need of any given device will result 

in significant cost reduction and will make the use of the 

device more affordable. Image compression offers ways to 

represent an image in a more compact way, so that image can 

be stored in a compact manner and can be transmitted faster.  

1.2 Performance Parameters 
In this paper to reduce the size of the image and comparative 

analysis of these two methods which are the best methods 

according to time analysis and memory analysis. 

(1) In DWT image compression, first split the image 

(because image is a group of pixel) in discrete form 

and represent it histogram representation. Then used 

HAAR DWT algorithm and find the simulation 

results in VHDL Simulator. 
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(2) Similarly, In DCT image compression, first split 

image and represent it histogram according to image 

pixels in x-axis and y-axis. Then represent it DCT 

matrix representation according to DCT algorithm, 

after DCT algorithm find the result of the image 

compression in VHDL Simulator. 

2. DWT IMAGE CODING 
The Discrete Wavelet Transform (DWT) is based on sub-band 

coding, it is found to yield a fast computation of Wavelet 

Transform. Discrete Wavelet Transform is easy to implement 

and reduces the computation time. In Continues Wavelet 

Transform, the signals are analyzed using a set of basic 

functions which relate to each other by simple scaling and 

translation or shifting. In the case of DWT, time-scale 

representation of the digital signal is obtained using digital 

filtering method. The signal to be analyzed is passed through 

filters with different cutoff frequencies at different scales. 

 
(a) First level Decomposition 

 

 
(b) Second level Decomposition 

 
(c) Third level Decomposition 

Figure 1.1 Row-column computation of 2-D DWT 

Every pixels of the 2D image have own x-axis and y-axis, so 

we will represent the image pixels in histogram 

representation. After then the image will be applying to a 

filter bank, the filter bank will consist of Low-pass and High-

pass filters, then the image signal will be separated high band 

signal and low band signal, according the HAAR DWT 

algorithm the low band and high band image signal have four 

possible combination, such as LL,LH,HL,HH. The LL band is 

more significant band it contains more information of the 

original image, so it is most important part of the algorithm 

process. The LL band again sub divided to lower band till to 

the desired output will not obtained, this process shown below 

in the figure1.1 

In figure 1.1 there are shown a resulted image after applying 

encoding process. In this figure are four blocks, the first half 

upper block show the approximation, and second upper half 

block show the horizontal detail. First lower level block 

shows vertical detail and second lower level block shows 

diagonal detail. In this algorithm is shown one level discrete 

wavelet transform. By applying this process more than one 

time it can increase the level of DWT. Second and third level 

DWT gives the better compression ratio of image. But it will 

come with loss of some information 

 
Figure1.2:  DWT Algorithm for Image Compression 

3. DCT IMAGE CODING  
A discrete cosine transform consist of a set of basis vector that 

are sampled cosine function. DCT is a technique for 

converting a signal into elementary frequency components 

and it is widely used in image compression. 

The general formula of a Discrete Cosine Transforms is given 

by 

               
    

  
    

   

   

 

Where 
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G(y) is the calculated DCT coefficient 

F (v) is the input data value 

Matrix representation of the Forward Discrete Cosine 

Transform 

               
    

  
    

 

   

 

Then the matrix representation of Forward Discrete Cosine 

Transform (FDCT) is given by. 

 
 
 
 
 
 
 
 
 
    

    

    

    
    

    

    

     
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

  
  
  
  
  

 

 
 

  
  
  
 
 
 

 

 
 

  
  
 
 

  
  

 

 
  
  
 
 

  
  
 

 

 
  
  
 
  
  
 
  

 

 
  
 
 

  
 
  
 

 

 
  
 

  
 
  
 

   
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
    

    

    

    
    

    

    

     
 
 
 
 
 
 
 
 

 

           
Where 

A = Cos (? /4) B = Cos (? /8) C = Sin (? /8) D = Cos (? /16) 

E = Cos (3? /16) F = Sin (3? /16) G = Sin (? /16) 

G Forward DCT coefficients matrix 

F Input values matrix 

The values A, B, C, D, E, F, and G of the matrix M were 

extracted from the general formula. Matrix of the Inverse 

Discrete Cosine Transform (IDCT) 

 
 
 
 
 
 
 
 
 
    

    

    

    
    

    

    

     
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  
  
  
  
  
  
  
  

 

 
 

  
  
  
  
 
 

 

 
  
  
  
 
 
 
  

 

 
  
  
 
 

  
  
 

 

 
  
 
 

  
  
 
  

 

 
  
 
  
  
 

  
 

 

 
  
 

  
  
  
 

   
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
    

    

    

    
    

    

    

     
 
 
 
 
 
 
 
 

 

            
     

 
Figure 1.3 Flow Chart of DCT Algorithm for Image 

Compression using VHDL 
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4. DWT AND DCT OUTPUT OF IMAGE 

COMPRESSION RESULTS IN VHDL 

 
Figure 1.4 Modelsim output of compressed DWT using 

HAR DWT 

 
Figure 1.5 Internal schematic of compressed DWT 

 

 
Figure 1.6 Modelsim output of compressed DCT 

 
Figure 1.7 Internal schematic of compressed DCT 

5. COMPARATIVE ANALYSIS OF DWT 

AND DCT IMAGE COMPRESSION 

 
Figure 1.8 memory utilization in DWT and DCT 

 
Figure 1.9 comparisons of DWT and DCT timing 

parameters 

From the above comparison it is clear that the hardware 

utilization in DWT and DCT is approximately same, but if are 

comparing the total memory utilization in both then it is found 

that the memory utilization is less in DCT, it means that DWT 

consumes more memory in comparison as shown in figure. If 

there is a comparison in terms of timing parameters the minim 

and maximum time to reach the clock pulse at out node is less 

in DWT in comparison to DCT. It is analyzed that DWT is 

consuming 20 % less time in comparison to DCT. This test is 

carried out for 16 x16 images. A high resolution and faster 

speed can be achieved using DWT when it is tested over 

larger images such as 1000x 1000 pixels. The total 

combination path can be reduced using DWT. 

6. CONCLUSION 
The chip development of image compression techniques using 

Haar DWT and DCT is done successfully on Xilinx 14.2 and 

Modelsim 10.1b software successfully. The simulation results 

are tested for different test cases on images and fund 

successfully simulated. In this thesis considered that two 

image compression algorithm for image compression using 

VHDL, such as Discrete Wavelet Transform (DWT) and 

Discrete Cosine Transform (DCT). These two image 

compression technique DWT and DCT are compared in this 

thesis. The effect of these two different image compression 

techniques, memory utilization and timing parameters are 

examined. The result of DWT and DCT techniques, DWT and 

DCT compared by using two parameters such as memory 

utilization and timing utilization for image processing. It is 

analyzed that DWT is consuming 20 % less time in 

comparison to DCT. So that it is observed that DWT provides 

a better performance in image quality at higher memory 
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utilization then DCT, and also for timing utilization DWT is 

better than DCT for image compression. It means that DWT 

provide less time for image compression then DCT. So these 

two observations examined that DWT is better than DCT for 

image compression. 
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