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ABSTRACT: Image compression has applications in many 

fields such as digital video, video conferencing and video 

over wireless networks, Internet, etc. This paper discusses 

the compression system image using low power DWT 

(Discrete Wavelet Transform). DWT image compression is 

the technique most widely used and is the most efficient 

algorithm used in JPEG image compression. DWT has 

many methods for Image compression. Some of the 

methods requires more memory, power and area. The 

Lifting scheme is used as an improved method. The Lifting 

Scheme DWT is a powerful image compression algorithm, 

whose architecture give results on the reduction of related 

memory reference, low latency, low power consumption and 

high performance. The Inverse Discrete Wavelet Transform 

(IDWT) is also obtained in a similar manner to get back the 

image matrix. The design is implemented in Verilog HDL. 

MODELSIM is used for the simulation of the design. 

MATLAB is used as a support for the design for obtaining 

the input pixels and comparison of the results. Xilinx ISE is 

used to synthesize and obtain the detailed power and area of 

the design. 

Keywords: Discrete Wavelet transform (DWT), Lifting 

Based DWT (LDWT), Joint Photographic Experts Group 

(JPEG), MATLAB, XILINX ISE. 

 

I. INTRODUCTION 

A. Discrete Wavelet Transform – An Overview 
DWT is one of the fastest computations of wavelet transform. 

It is easy to implement and reduces the computation time and 

resources required. In the case of DWT, a time-scale 

representation of the digital signal is obtained using digital 

filtering techniques. The signal to be analyzed is passed 

through filters with different cut off frequencies at different 

scales. Discrete Wavelet Transform (DWT) is a very useful 

tool in time-frequency analysis because of its excellent 

localization both in time and frequency. It has been very 

successful in several areas such as image compression, 

communication and de-noising. DWT is a good alternate to 

FFT (Fast Fourier Transform) in most applications. DWT is 
more efficient because of its perfect reconstruction property. 

The DWT can be used in several medical applications, such 

as finding cancer in mammogram images, monitoring of fetal 

heartbeats, ultrasounds, and analyzing electrocardiograms. 

DWT is used to compress the sequence of images and we can 

obtain best results in DWT because of its simplicity. The 

Wavelet transform decomposes the image into separate sub 

bands. Typically an image is assumed to have a spectrum that  

 

decays with increasing frequency. In an n-level 

decomposition of an image, the lower levels of 

decomposition would correspond to higher frequency sub 

bands. In particular, level frequency sub bands. In particular, 

level one would represent the highest frequency sub bands 
and would be the finest level of resolution. Conversely, the 

n-th level would correspond to the lowest level frequency 

sub bands and would correspond to the lowest resolution. 

Thus, as one moves from lower resolution of sub band 

decomposition, one would expect to see a decrease in energy 

content of the sub band. The two dimensional transformation 

is the simple extension of the one-dimensional transform 

which is done by filtering the image both horizontally and 

vertically i.e, the 2-D transform can be  computed by 

applying 1-D transform to all the rows of the input , and then 

repeating on all of the columns. The resulting transformed 
image  now contains four sub bands LL,LH,HL and HH, 

standing for low-low, low-high, high-low and high-high as 

shown in Figure 1 . The distribution in the lowest frequency 

sub band has the same properties as the distribution in 

original picture, expect that range is approximately twice as 

wide due to energy concentration. This is shown in Figure 

1.1(c) where the upper left quadrant is a brighter smaller 

copy of the original picture, Figure 1.1(b), where the 

difference in brightness is the increased energy level. 
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Figure 1- One Level Decomposition in 2D- DWT 

 
Figure 1.1 - Original Image and one-

level transformed image. 
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II. PROPOSED METHOD (METHODOLOGY) 

 
Fig.2- Block / Flow Diagram for Image Compression Using 

Lifting Scheme DWT. 

The block diagram of the proposed system  is shown Fig 2 .It 

consists of Image Re-size , Image Pre-processing , 2 

dimension (2D)- Lifting Scheme Discrete Wavelet Transform 
(LDWT) , Components of Lifting Scheme Discrete Wavelet 

Transform (LDWT) , Measuring Statistical Parameters , 

Compression Ratio. Image Re-size is used to Scaling of 

image into specific dimensions (pixels). In this block the re-

sized image is converted to gray scale image i.e, conversion 

of color image to gray scale image . The gray scaled image is 

then pre-processed where it involves removing high 

frequency noise and reflections. The 2D-LDWT is then 

applied to the pre-processed image to form the LDWT 

components. The High frequency bands i.e, LH, HL , HH 

components are ignored. Since they contain more noise and 

reflections. Hence we get the final output image only in LL 
band component. This has been explained  in the Introduction 

part of this paper. 

 

III. LIFTING SCHEME 

The Lifting scheme is an efficient implementation of a

 wavelet transform algorithm. The Lifting scheme is an 

implementation of the filtering operations at each level. The 

main feature of the lifting-based wavelet transform is to 

break- up the high pass and low pass wavelet filters into a 

sequence of smaller filters. The algorithm can be described 

in three phases, namely: Split phase , Predict phase and  

Update phase as illustrated in Figure 2.1 .  

X(n)                                

 

XL(i) 

                                                                

                              +                                      YH(i)   

Figure 2.1- Lifting Based Forward DWT 

YL(i)     -  -- 

Update  Predict  Merge     

YH(i) 

                                                                          X(n)                                   

Figure 2.2 – Lifting Based Inverse DWT 

The basic idea of lifting scheme is by splitting the original 1-

D signal into odd and even indexed subsequences and then 

modifying these values using  

alternating prediction and updating steps. The lifting based 

algorithm can be described as follows: 

Split Phase-The original signal, X(n) ,  

 is split into odd and even samples. The splitting is done by 

separating the set of even samples and odd samples. 
 

Xe ← X(2i) Even Samples (3.1) 

Xo ← X(2i+1) Odd Samples (3.2) 

 

PredictPhase:Predicts that the odd element is equalto the eve

n element. Where the even samples are multiplied by time 

domain equivalent and are added  

to the odd samples. 

YH(i) = XO(i) + a [Xe(i) + Xe(i+1)] (3.3) 

where a= filter coefficient 

 
Update Phase: 

The update step replaces the even elements with  an  average. 

This result in a smoother input for the next step of the  

wavelet transforms. Where the updated odd samples are 

multiplied by the time domain equivalent and are added to 

the even  samples. 

 

YL(i) = Xe(i) + b [YH(i-1) + YH(i)] (3.4) 

where b= filter coefficient 

The inverse DWT can be derived by traversing above st

eps in the reverse direction, first the low-pass and high-pass 

sub band inputs are applying the Update and Predict steps 

after reversing the signs of  

coefficients and finally merging them into single  

reconstructed stream as shown in Figure 2.2. 
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Predict Split 
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IV. RESULTS 

Xilinx ISE12.2 is used for synthesis and implementation of 

the design. In order to evaluate performance of the proposed 

scheme first pixel value was calculated using MATLAB tool. 
From that a binary equivalent of a pixel is obtained, for 

FPGA implementation. FPGA is implemented in SPARTAN 

3E. Power and Area analysis is done using Xilinx ISE and 

low power is achieved. VLSI architecture for the obtained 

image i.e, the output and RTL diagram (Figure 4.1) can be 

seen in this tool. The below Figure 4.1 shows RTL Schematic 

Of Top-Module 

 
 

 
Simulation waveform for the Lifting based DWT 

 

V. CONCLUSION 

In this work a low-cost, low complexity, low-memory-

requirement, high quality and high-performance VLSI 

architecture for the Image  Compression has been proposed. 

An improved and efficient Lifting based DWT technique is 

developed for low power consumption. DWT and IDWT 

algorithm was written using VERILOG HDL, then simulated 

and synthesized successfully. From the MATLAB we obtain 

the image coefficients and it is compared with HDL 
simulation results.  
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