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Abstract: High performance digital signal processing is considered a significant contribute for high performance 

embedded computing and image processing. In this paper, we have provided the design of VLSI architecture of 

Implementation of 2D - DWT image processing system. In an image, the higher frequency sub-bands have finer time 

resolution, and the lower frequency sub-bands have larger time decision. Multi-resolution features of DWT and a new 

scheme of reading images from memory are employed to reduce the memory requirements. In the existing system most 
of the image compression algorithms are implemented on MATLAB platform and is required to transform the image 

before the compression. But the existing system utilizes more memory and reduced performance. To increase the 

performance of the image compression we are implementing the transformation on FPGA. This review paper compares 

different architectures. 
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I. INTRODUCTION 

 

The DWT is a multi-scale frequency analyser. It de-

composes a signal into many sub-bands with distinctive 

frequency characteristics. The better frequency sub-bands 
have good time resolution, and the decrease frequency 

bands have good time decision. On the grounds that it 

outperforms some traditional time-frequency 

representations such as the short-time Fourier transform 

into, the DWT has been regarded suitable in many picture 

coding functions. Some real time high speed applications 

use the image compression, so it is necessary to use speed 

transformation architecture so we propose the wavelet 

transformation algorithm using VLSI architecture. With 

the rapid progress of VLSI design technologies, 

many processors based on audio and image signal 
processing have been developed recently. The two 

dimensional discrete wavelet transform (2-D DWT) plays 

a major role in the JPEG image compression standard. 
 

At present, many VLSI architectures for the 2-D DWT 
have been proposed to meet the requirements of real-time 

processing. The implementation of DWT in practical 

system has some issues. First the complexity of wavelet 

transform is several times higher than that of DCT. 

Second, DWT needs extra memory for storing the 

intermediate computational results. Moreover, for real 

time image compression, DWT has to process massive 

amounts of data at high speeds. The use of software 

implementation of DWT image compression provides 

flexibility for manipulation but it may not meet some 

timing constraints in certain applications. Hardware 
implementation of DWT, however, also has problems. The 

first obstacle is that the high cost of hardware  

 

 

 

implementation of multipliers. It is required approximately 

256 transistors to build a delay element, 415 transistors for 

an adder and 6800 transistors for multiplier. Several VLSI 
architectures have been proposed for DWT 

 

II. DWT (DISCRETE WAVELET TRANSFORM) 

 

A 2-D wavelet transform is defined as: 

 
 

 
 

Where xLL (n1, n2): input image. 

                           J: 2-D DWT level 

                           K: filter length 

                       g(n):impulse responses of the LPF 

                      h(n) :impulse responses of the HPF 



IJIREEICE ISSN (Online) 2321 – 2004 
ISSN (Print) 2321 – 5526 

 

                       INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN ELECTRICAL, ELECTRONICS, INSTRUMENTATION AND CONTROL ENGINEERING 
                  Vol. 4, Issue 5, May 2016 

 

Copyright to IJIREEICE                                                             DOI 10.17148/IJIREEICE.2016.4517                                                             69 

 
Fig 1: Preprocessing of DWT 

 

 
Fig 2: Lifting scheme 

 

III. LITERATURE SURVEY 

 

Literature survey is an important part of the project. It 

enables assimilation of knowledge required for the project 

right from the problem definition, finding a solution for 

the same and its execution. The following section 
summarizes the literature survey carried out for the 

project. 

 

Mungona and Ladhake presented a paper entitled “VLSI 

Design approach for image compression using 

wavelet”.[1] in this paper they proposed a scheme to 

compress an image for which the code worked for both 

lossy and lossless compression techniques i.e it can also be 

use for  satellite and medical images and biometric 

images. Hardware realization of the compression it needs 

to to convert it from MATLAB environment to VHDL 
environment. This will give the VLSI approach to design 

the compression of the image. For the same image in 

matrix form VHDL code is written to get the VLSI 

architecture of the compression technique. After 

generating the bit file which can also be implemented 

using FPGA Devices. In future scope they want to try the 

same for real time operations in multimedia 

applications.RTL view is also observed first before final 

design of the product. Xilinx system generator tool is also 

used for synthesizing the design.  

 
Usha Bhanu and Dr.A.chilambucalvan presented 

“Efficient VLSI Architecture for Discrete Wavelet 

Transform”[2] concept which makes use of poly phase 

decomposition and coefficient folding technique which 

ensures 100% hardware utilisation, fast computing time, 

regular data flow and low complexity architecture. 
 

Joshni, C.George, T.Jayachandran,Dr.C.N.Marimuthu 

presented a paper “2D-DWT lifting based 

implementation using VLSI architecture”[3] This paper 

presented an approach towards VLSI implementation of 
the lifting based Discrete Wavelet Transform (DWT) for 

image compression. Lifting based DWT implementations 

have many advantages, and have recently been proposed 

for the JPEG2000 standard for image compression. 

Consequently, this has become an area of active research 

and several architectures have been 

proposed in recent years. In this paper, they provide a 

architectures for 2-dimensional DWT. The architectures 

are representative of many design styles and range from 

highly parallel architectures. Here a DWT-based 

reconfigurable system is designed using the EDK tool. 

Hardware architectures of two dimensional (2-D) DWT 
have been implemented as a coprocessor in an embedded 

system. In addition, the hardware cost of this architecture 

is compared for benchmark images. 
 

S. Jayachandranath and P. Suresh Babu proposed a theory 
on “A High-Performance VLSI Architecture for Image 

Compression Technique Using 2-D DWT” [4], In this 

paper, high-efficient lifting-based architectures for the 5/3 

discrete wavelet transform (DWT) are proposed. The 

proposed parallel and pipelined architecture consists of a 

horizontal filter (HF) and a vertical filter (VF). The system 

delays of the proposed architectures are reduced. Filter 

coefficients of the bi orthogonal 5/3 wavelet low-pass 

filter are quantized before implementation in the high 

speed computation hardware. 
 

Tarun Kumar and karun verma presented a document “A 

Theory Based on Conversion of RGB image to Gray 
image” [5] were it gives the information about conversion 

of RGB true colour image to gray scale image using 

MATLAB 7.0 and also compared the results of MATLAB 
method, braun method and the proposed method and 

showed that percentage of error is much less when 

compared to other two methods also the pixel values of 

each image is shown and the conversion of RGB to Gray 

scale conversion is achieved. 
 

Karthikeyan kamal kannan and Duraiswami proposed a 

paper “Conversion of Gray-scale image to Color Image 

with and without Texture Synthesis” [6] gives general 

technique for colouring the gray-scale images into the 

colour images with and without texture synthesis. The 

general problem of adding chromatic values to a gray-

scale image has no exact solution, the current approach 

attempts to provide a method to minimize the amount of 

human labour required for this task, rather than choosing 

RGB colours to individual components, they convert the 
entire colour to the gray-scale image by matching 

luminance and texture information between the images. 

Choosing only chromatic information and retain the 

original luminance values of the gray-scale image. Further, 

the procedure is enhanced by allowing the user to match 

areas of the two images with rectangular samples. 
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Dr. Sudhir S. Kanade, Mrs. Nayna Vijaykumar Bhosale 

Implemented a paper on “a Lifting based DWT scheme 

for image compression using VHDL” [7] discrete 
wavelet transforms is the most popular transformation 

technique adopted for image compression. This paper 

presents the design and implementation of a Lifting based 

DWT scheme for an Efficient Image Compression 

method. This Lifting based DWT scheme is implemented 

using VHDL and the pre-processing of image such as 

resizing, colour conversion and pixel conversion are done 

using MATLAB. The paper avoids the conventional 

method of complex mathematical calculation and the 

construction is derived in spatial domain. The proposed 

method will be giving higher compression rate and peak to 
signal noise ratio. 

 

S.Vijayaraghavan 1, Dr.C.Parthasarathy gave a novel 

approach on “Fast DCT Based image compression 

Using FPGA” [8] in this paper they describe the design 

and implementation of a fully pipelined architecture for 

implementing the JPEG image compression standard. The 

architecture exploits the principles of pipelining and 

parallelism in order to obtain high speed and throughput. 

This design aimed to be implemented in Spartan-3E X 

C3S500EFPGA 

 

IV. APPLICATIONS 

 

Mansouri, A. Ahaitouf, and F. Abdi presented an 

application “An Efficient VLSI Architecture and FPGA 

Implementation of High-Speed and Low Power 2-D 

DWT for (9, 7) Wavelet Filter” [9] paper presents an 

efficient VLSI architecture of a high speed, low power 2-

D Discrete Wavelet Transform computing. The proposed 

architecture, based on new and fast lifting scheme 

approach for (9, 7) filter in DWT, reduces the hardware 

complexity and memory accesses. Moreover, it has the 
ability of performing progressive computations by 

minimizing the buffering between the decomposition 

levels. The system is fully compatible with JPEG2000 

standard. Designs were realized in VHDL language and 

optimized in terms of throughput and memory 

requirements. The implementations are completely 

parameterized with respect to the size of the input image 

and the number of decomposition levels. The proposed 

architecture is verified by simulation and successfully 

implemented in a Cyclone II and Stratix III FPGAs, and 

the estimated frequency of operation is 350 MHz 
 

Chien-Yu Chen, Zhong-Lan Yang, Tu-Chih Wang, Liang-

Gee Chen “A Programmable VLSI Architecture for 2-

D Discrete Wavelet Transform”[10] In this paper, they 

have proposed an SIMD-based VLSI architecture to 

compute the programmable 2-D DWT. The chip contains 

256 PES in order to calculate 256 pixels simultaneously. 

With 40 rows of memory cells, this chip can compute 4-

tap 2-D DWT with 8 levels, or 9-tap 2-D DWT with 4 

levels, even up to 16-tap 2-D DWT with 2 levels. In the 

coming standard, JPEG2000, there are various filters 

suggested and the proposed architecture can compute the 
DWT with all suggested filters for different applications. 

Anilkumar Katharotiya Swati Patel Mahesh Goyani gave a 

comparative analysis for DCT and DWT “Comparative 

Analysis between DCT & DWT Techniques of Image 
Compression” [11] In this paper, two image compression 

techniques are simulated. The first technique is based on 

Discrete Cosine Transform (DCT) and the second one is 

based on Discrete Wavelet Transform (DWT). The results 

of simulation are shown and compared different quality 

parameters of its by applying on various images In image 

compression, we do not only concentrate on reducing size 

but also concentrate on doing it without losing quality and 

information of image. Finally they say that both the 

techniques have their own advantages and disadvantages 

and both are efficient for image compression. 
 

Heba Raouf, Heba Yousef, Atef Ghonem presented a 

paper titled “An Analytical Comparison between 

Applying FFT and DWT in WiMAX Systems”[12] 

Discrete Wavelet Transform DWT has advantages over 

Fast Fourier Transform FFT in analysing signals 

containing sharp spikes. DWT processes data at different 

scales. If seen at the signal with a large window, one can 

notice big features. Similarly, if seen at the signal with a 

small window, one can notice small features. The DWT 

features encourage us to compare them with those of the 

FFT. In this paper, they analytically compare between the 
error performance of FFT and DWT in terms of the Bit 

Error Probability BEP. Then WiMAX system parameters 

are used to ensure the suitability of application on 

WiMAX system. 

 

V. CONCLUSION 

 

This paper provides a brief idea about the different 

architectures and techniques that are used for image 

compression using DWT decomposition and also the 

outline about lifting scheme, RGB to Gray and inverse 
conversions and also the comparative analysis with other 

comparison techniques such as DCT. The paper also 

provides some applications in which DWT is used such as 

wavelet filters, programmable DWT architecture etc 
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