
Mishra Manish, Alam Sanawer Md, International Journal of Advance Research, Ideas and Innovations in 

Technology. 

 

 

 

© 2017, www.IJARIIT.com All Rights Reserved                                                                                                Page 341 

 

 

 
 

ISSN: 2454-132X 
Impact Factor: 4.295 

(Volume 3, Issue 4) 

Available online at: https://www.ijariit.com 

Fuzzy Enhanced 3-Level DWT Image Compression 
Manish Mishra 

Dr. APJ Abdul Kalam Technical University, 

Lucknow, UP 
Dr. Md. Sanawer Alam  

Dr. APJ Abdul Kalam Technical University,  

Lucknow, UP 
 

Abstract— The development of the higher quality and cheaper image acquisition devices has produced steady increases 

in both resolution and image size, and a greater consequent for the design of efficient compression techniques. Although 

the storage capacity and transfer bandwidth has grown accordingly in past years, many applications still require 

compression. Uncompressed multimedia (graphics, video, and audio) data requires storage capacity and transmission 

bandwidth. Despite the frequent progress in mass-storage density, processor speeds, and the performance of digital 

communication systems, demands for data storage capacity and data transfer bandwidth. The amount of data related to 

visual information is so large that its storage would require more storage capacity. Storage and/or transmission of such 

data require large capacity and/or bandwidth, which could be very expensive.  

 
In this research work, we present a technique which is a combination of DWT technique and enhanced by Fuzzy logic 

function. The aim is to give a better compression ratio along with increasing the visual perception quality of the image. 

Fuzzy logic Technique has been used in various areas involving clustering, data aggregation pattern deduction etc. We 

are using fuzzy logic in this technique to improve the quality of the compressed image resulted from DWT image 

compression technique. 
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I. INTRODUCTION 

Advancement in digital technology has led to the rise of visual communication. We now obsessed with our smartphones which have 

latest in-built cameras to capture high-quality images and videos which about a decade ago, required costly cameras and expert 

photographer. With the advancement in technologies, it has made very convenient and easy for us to communicate to each other 

through images, to make a memory of important events in our life, taking selfies as and when we feel like and making videos with 

our handheld smartphones. Visual communication is also becoming increasingly important with applications in teleconferencing, 

telemedicine, digital television, entertainment, online learning and much more. Parallel to this growth of visual communication is 

the transmission of color images that is, 'picture messaging' and the Multimedia Messaging Service (MMS). Modern media is 

overwhelming with graphics such as images and movies. Constraints on bandwidth and memory space create trade-offs between 

the size and quality of images. The increasing demand for multimedia content such as digital images and video has led to great 

interest in research into compression techniques. The development of higher quality and less expensive image acquisition devices 

has produced steady increases in both image size and resolution, and a greater consequent for the design of efficient compression 

systems [1]. Although storage capacity and transfer bandwidth has grown accordingly in recent years, many applications still require 

compression. 
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Despite the improvements made in media storage technology, compression techniques and the performance of transmission media 

as mentioned earlier, the demand for greater data storage capacity and faster transmission speeds will continue to exceed the 

capabilities of current technologies. Furthermore, there is still one application field that justifies putting efforts into image 

compression research. This application is mobile computing. Unlike their desktop counterparts, Internet access via mobile devices 

is badly affected by low air bandwidth. The radio spectrum is a scarce resource and it cannot be altered. Multidimensional, 

multispectral and volumetric digital images are the main topics for analysis. The main objective is to design a compression system 

suitable for processing, storage, and transmission, as well as providing acceptable computational complexity suitable for practical 

implementation. The basic rule of compression is to reduce the numbers of bits needed to represent an image. In a computer an 

image is represented as an array of numbers, integers to be more specific, that is called a ―digital image‖. The image array is usually 

two dimensional (2D), if it is black and white (BW) and three dimensional (3D) if it is color image [3]. Digital image compression 

algorithms exploit the redundancy in an image so that it can be represented using a smaller number of bits while still maintaining 

acceptable visual quality. Factors related to the need for image compression include: 

 The large storage requirements for multimedia data  

 Low power devices such as handheld phones have small storage capacity  

 Network bandwidths currently available for transmission  

 The effect of computational complexity on practical implementation.  

Some of the most popular compression systems use the discrete cosine transform (DCT) system recommended by Joint 

Photographic Experts Group (JPEG). The simplest JPEG system is the baseline JPEG. This system combines the DCT with a 

uniform scalar quantizer and a run-length Huffman coder [1], [9]. The DCT system provides high-quality images at reasonable bit 

rates, but exhibits blockiness at low bit rates. This artifact is caused by independent processes of transformed blocks and the 

discontinuity of the DCT basis functions [7], [14]. This artifact can be reduced by increasing the bit rate or using more complex 

systems. However, the gain in quality may not justify additional complexity of the system. 

Several researchers have delved into the area of image compression and image enhancement. Upendra et. Al[1], have proposed a 

hybrid technique using DCT and Fuzzy logic for compression of image files. They have developed a fuzzy enhancement technique 

after compressing the image files. In [2] Gaurav Kumar et al., present a DWT-DCT and variable length arithmetic –Huffman coding 

method. The author states that DWT is better than DCT technique in terms of CR and PSNR values. In DCT there is no blocking 

effect. Huffman coding takes less memory space. Rohit Kumar Gangwar et.al present an analysis based on fuzzy logic techniques 

on image compression [3]. Fuzzy logic with Huffman codes has been used in the proposed algorithm and better quality of 

compressed image with high PSNR value and MSE has been achieved when compression rate is high.In [5] Contrast Enhancement 

using various inter-pixel contextual information has been presented. A constant time 2d target histogram method is proposed. 

Debdoot Sheet et.al in [6] propose a brightness preserving method using histogram equalization. A novel modification of brightness 

preserving and contrast enhancement abilities while reducing computational complexities have been proposed. In [7] Rafeef 

Abugharbieh et.al. propose a novel scalable 3-D medical image compression method with optimized VOI coding. The method is 

based on a 3-D integer wavelet transform and a modified version of EBCOT that exploits correlations between wavelet coefficients 

in three dimensions and generates a scalable layered bit-stream.The method employs a bit-stream reordering procedure and an 

optimization technique to optimally encode any VOI at the highest quality possible in conjunction with contextual background 

information from a lossy to a lossless representation. A histogram modification framework and its application for image contrast 

enhancement have been shown by Tarik Arici et.al in their work in [8]. The author presents a general framework for contrast 

enhancement using penalty terms. The experimental results show effectiveness as compared to previous algorithms. Obtained 

images are visually pleasing, artifact free and natural looking. The proposed algorithm doesn’t introduce flickering.  

II. SPROPOSED WORK 

 
This section discusses the implementation details of the proposed work. The DWT technique has been used to compress the image 

and further enhancement is done using Fuzzy Logic based histogram equalization function. The results of compression show a 

degradation in perceptual quality of the image thus it is important to enhance the quality of the compressed image post compression. 

This particular idea has been implemented in this research work. MATLAB 2010 software has been used to implement the algorithm 

and program the simulation of the proposed work. The MATLAB software platform contains various kinds of toolboxes, which are 

basically a collection of predefined functions related to various domains. These functions can be readily called into other programs 

as per requirement. For this research work, Image processing Toolbox and Wavelet Toolbox and their various functions have been 

used along with some general MATLAB functions. 
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Figure 1: Flowchart of System Implementation 

 

 
The input image to be compressed is read into the MATLAB environment. The image is available in various distinct formats viz. 

jpg, png, bmp etc. is brought to the current directory folder for efficient processing. The function then reads the Image as 3-D array, 

where the rows and columns indicate the pixels of the image in terms of width and height, whereas the third dimension contains the 

color information in the form of Red, Green, and Blue (RGB). 
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This image is then converted to grayscale if it is not already. This is done to reduce the computational complexity. In the next step 

as shown in figure 1, the wavelet filter type and level of decomposition are defined. Based on these values the wavelet coefficients 

parameters are computed. This gives the low decomposition Lo_D, Low Reconstruction Lo_R, High Decomposition Hi_D and high 

reconstruction Hi_R filters coefficients. A threshold value is chosen and wavelet compression is applied using Bassert-Massart 

strategy.  

The wavelet coefficients for reconstruction are obtained. This is used to reconstruct the image matrix based on wavelet 

decomposition structure. Fuzzy Enhancement function is then applied to enhance the quality of compressed image. 

 

 
III. SIMULATION RESULTS 

A number of images have been used to test the algorithm viz. Barbara, baboon, boat etc. This chapter presents the results of the 

implementation. For ease of system complexity, all the test images taken for this research work are grayscale and of size 256x256 

pixels. The results obtained have been shown below. 

 

 .

 
a)Input Image (Baboon)     b) Compressed Image              c) Compressed & Enhanced 

 

Figure 2: Results for Baboon Image 

 

 

 

 

 
 

a) Histogram Plot for Input                      b) Histogram Plot of Final Image 
 

Figure 3: Histogram Plot 

 

 

The Figure 2a shows the input image which is read into the system for processing. Figure 2b shows the compressed image obtained 

after applying DWT compression techniques. Figure 2c shows the fuzzy based enhanced image obtained as the final image. As can 

be seen, the perceptual quality of the image has improved considerably and sufficient compression up to the order of around 1/5th 

of  

original disk on size has been obtained. Figure 3a and 3b show the histogram comparison of the original input image and enhanced 

image. As can be seen due to the spread of frequencies the image has been enhanced. 
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Table 1: Compression Ratio 

 
Image    Size of Original(kb) Size of Compressed(kb) Compression Ratio 

Baboon    83.3        23.4      3.55 

Barbara    85.6        16.4      5.21 

Lena     163        38.2      4.26 

Peppers     79.9 13.3      6.00 

 

Table 2: MSE and PSNR values 

 
  Image      MSE       PSNR 

Baboon      2.0664        44.9786 

Barbara      0.3164        53.1284 

Lena      0.6742        49.8427 

Peppers      0.1406        56.6502 

 
Table 1 shows the MSE and PSNR comparison for various images used in the test of the algorithm. Table 2 shows the compression 

ratio of the images. As can be observed from the tables the proposed method fares well on the aspects of PSNR and compression 

ratio. 

 

Table 3: Comparison with Previous Work 

 
Properties     Our 

Implementation 

DCT  DWT DCT+DWT 

Compression Ratio    78.17   26.546   30.237 52.539             

PSNR                                  

51.14998  

 

  48.248 

 

40.232 

 

27.592 

 

 

IV.  CONCLUSION 

 
In this paper analysis of Image, compression was performed and a novel approach based on DWT approach has been implemented. 

The compressed image shows degradation in quality and requires to be enhanced. A fuzzy based enhancement technique has been 

used to improve the quality of the image. The compression is done using 3 level DWT and Bassert-Massart strategy, which is based 

on a threshold value of compression. The analysis was done for different images based on parameters, compression ratio (CR), mean 

square error (MSE), peak signal to noise ratio (PSNR). Our simulation results show that we can achieve higher compression ratio 

using this technique. The DWT based compression as shown gives better compression ratio without losing more information of the 

image. The fuzzy based enhancement improves the visual appearance of the images obtained after compression using histogram 

equalization. 
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