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Abstract: In this paper, a combined Fractal and Wavelet (CFW) compression algorithm targeting gray scaled images is
proposed. Initially, the image is compressed using wavelet transform. The smoothness of the low frequency part of the
image appears as an approximation image with higher self similarities; therefore, it is coded using a fractal wavelet coding
technique. However, the image is coded and psnr and mse, time for decompression is calculated. Its performance is
compared by compression timing of image with wavelet and without wavelet with best performances of the available
published algorithms. A data set containing different images is used to study the performance of the algorithm.

Index term-Image compression, Quadtree partition, Fractal coding, Wavelet transform, Quality measures.
INTRODUCTION

Image compression is minimizing the size in bytes of a graphics file without degrading the quality of the image to an
unacceptable level. In order to evaluate the performance of the image compression coding, image compression systems is
designed to minimize the MSE and maximize the PSNR Fractal image compression is based on exploiting the self similarity
between different image patterns. Redundant information within the spatial image is effectively reduced using this technique
[1].Fractal compression is a lossy compression technique to digital images, form on fractals [2]. This method is appropriate for
textures and natural images, relying on the fact that parts of an image often resemble other parts of the same image.

Quadtree partition

Is used for formation of range and domain blocks which can increase coding efficiency in terms of image quality, compression
ratio and encoding time.[3]. Wavelet based fast fractal image coding improves the visual quality of the decoded image .The
Wavelet Transform (DWT) decomposes an image into four sub images of smaller sizes namely LL, HL, LH and HH. Subband LL
contains the low frequency information i.e. approximation coefficients and remaining three sub bands contains high frequency
information i.e. detail coefficients. This procedure can be repeated for low frequency region to obtain a multilevel wavelet
decomposition of an image. However, the image is coded and number of images is compared by pshr and mse, time for
decompression, compression timing of image with wavelet and without wavelet with best performances is calculated.

ENCODING AND DECODING SCHEME:
Segmentation

An image is regularly segmented into blocks the segmentation of the image into range blocks. Each block is a two-dimensional
array of BxB pixel. These blocks are called range blocks. Each range block is arranged in a 1- D sequence of a row followed by
another row order. The whole 2D array of range blocks is then represented by 1D sequence.

Creating Domain Block
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FiglConstruction of wavelet subtree with three-level wavelet decomposition
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The set of domain blocks contains 2Bx2B squares covering the whole of the original image. This is generated by sliding a 2Bx2B
window within the original image and skipping pixels from left to right, top to bottom. Also each domain block is transformed in
8 different ways. So, this will produce a number of domains.

Affine Map

For each range block, a domain block and map need to be specified, so that range block and domain block become the best pair.
To minimize the delay due to calculations, the domain block is down sampled to be equal to the range block size of BxB pixels.
For each best pair of range and domain mapping coefficients are saved. These coefficients include the location of the domain, the
transformation type of the domain, the contrast of the domain, and the offset of the range.

Extracting the Non-Similar Part

In some cases where the block is uniquely identified, each range block that did not get pair with a domain block is marked as a
non-similar part. To avoid losing such data, all of these ranges are lossless coded and sent as it is. This would introduce an
overhead problem if the number of non similar blocks covers the whole image. Such situation is almost impossible.

DECODING SCHEME

The decoding process starts by any image, for example rectangle. The decoder maps the mapping coefficients to the initial seed
image iteratively. This process converges to fixed point of the mapping coefficients, once the compressor has found good
mapping coefficients for the image.Segmenting an image into a set of range blocks. This converts a set of domains into a set of
ranges. Since no overlapping is allowed between range blocks, the whole image will be covered. Therefore, a new complete
image is produced as a result. The decoder will repeat the whole process until convergence is achieved. That is, until there are a
little difference between the output of the current iteration and its input image. [4]

QUALITY OF THE RECONSTRUCTED IMAGES

The quality of the reconstructed image and the compression ratio determine the performance of the compression scheme. Due to
the reduction of the CFW coefficients the reconstructed signal will suffer a reduction in its quality. Thus there should be some
quality measures that prove the quality of the reconstructed image. Two types of evaluation mechanisms are found to validate the
efficacy of the proposed algorithm [5][6]

Subjective Evaluation Technique

In this part, an observer is asked to prove the compression algorithm by some rules. However, variations among different
observers recommend applying objective measures that will rate the quality based on mathematical formula.

Obijective Quality Measures

Several measures can be incorporated to assess the performance of the proposed image compression algorithm. In this paper the
following measures are used

Calculating the Peak Signal to Noise Ratio (PSNR):

Calculating the PSNR gives a clear mathematicalevaluation of the amount of destruction affected to the
Original signal. The calculation of the PSNR is as follows:

- . : 255° !
PSENR=10"log
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Where x is the original signal and xr is the reconstructed signal. The 255 represents the highest level of an 8 bitimage. For other
image format, it will be (2 Nb — 1), where Nb is the number of pits/pixel of the image.
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M, N is height and width of the image and f and g areoriginal and reconstructed image respectively.[5]
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IMPLEMENTATION AND RESULTS

In this section, the proposed simulation model used in computer implantation is described. The results obtained will
Also be presented tablel.

Implementation

The CFW algorithm is implemented on Matlab 7.0.The software initially calls the gray scaled image to be compressed. Three
compressionapproaches are available: compression, qaudtree partition, and combined fractal wavelet, decompression. The
package enables the use of both without wavelet and with wavelets. The entire parameters inthe package is manually selected by
the user. The package provides rate and objective quality measures for their constructed image and allows the generation of a
report of the results.

OUTPUT RESULT

Fig2: Saturn
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TABLE I. SIMULATION RESULTS IN TERMS OF COMPRESSION RATIO, PSNR ,MSE,COMPRESSION
TIME WITH WAVELET AND WITHOUT WAVELETDECOMPRESSION TIME FOR CAMERAMAN AND SATURN IMAGE

Grey Scaled Cameraman | Saturn
Image
Compression 60 60
ERatio
P5NR 24366726 | 29.196011
(dB)
MSE 21.3349089 | 21.867359
Decompression 22.029173 | 22.939560
Time(Sec.)
Without Wavelet 14.854034 | 15.827562
Compression
Time(Sec.)
Using Wavelet 2.534249 2.362411
Compression
Time(Sec.)

To demonstrate the capability of the proposed CFWcoder in providing proper compression ratio at an acceptable Image quality, a
randomly selected gray scaled image is used. The different images of fixed size are compressed using the designed package. The
user uses equations for calculating psnr and mse, timing calculations. Clarified in above section. Moreover, the package can
decompose the image into any specified number of levels by using either available wavelet filters or specifically provided wavelet
filters. For demonstration purposes a 4-level wavelet decomposition isperformed using bior3 wavelet filters. The result of
applying the CFW coder.

DISCUSSION AND CONCLUSIONS

Wavelet-based coders are initially introduced, discussed and implemented. Fractal image compression techniques arealso
investigated and implemented. A combined fractal wavelet image coding algorithm is then proposed. It couples wavelet and
fractal image coding. The new coder represents the fractal andwavelet coders to create an efficient image then the original image
after decompression. The coder was purposely designed to compress gray scaled image to satisfy less encoding time. The coder
doesn't suffer complex coding structure, on the contrary, it allows simple reconstruction and includes a developed rule to estimate
the amount of overhead information and the amount of bit rate savings achieved by applying the fractal coding for the low
resolution wavelet sub image. In case such overhead is high or no bit rate saving is achieved only lossless wavelet coder is used.
Detailed wavelet coefficients in other regions are encoded directly with successive quantization and context-based variable run
length encoders. It should be mentioned that a rate distortion criterion is used to achieve maximum bit rate saving. The
optimization provided the optimal fractal parameter that will produce best rate distortion trade off. CFW out performs JPEG,
typical fractal and wavelet coder’s compression provides a substantial performance improvement for the wavelet coder.

This new algorithm efficiently reduces the required bitrate and timing to achieve the desired level of image quality. It also
maintains advantages and properties of both types of coders. This is due to the down sampling process for the domain block.
Furthermore it doesn't suffer from blocking artifacts produced in JPEG like coders. The proposed CFW uses aconstant range-
domain block size K. Using variable blocksize may improve the performance on the account of complexity. For practical
applications, it is important to reduce the complexity of fractal search. This is achieved by reducing the size of the domain block.
Also it is achieved by adopting fast fractal search schemes. Our future work will concentrate onperforming a thorough study on
the trade of complexity and decompression timing reduction.
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