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Abstract Image compression is an important area of image processing applications. Digital image storage,transmission and retrieval requirements are much high due to the enormous amount of data present in the digital images. So there is always a need for efficient and fast image compression technique. Image compression can be broadly classified as lossy and lossless compression. In the proposed approach, a lossy compression method can be achieved by employing curve fitting technique on two tone digital image. The goal of this method is to not only focus on the compression ratio but also the recognizability of the image after reconstruction. In the curve fitting technique, the correlation present between the neighboring pixels can be exploited in 1D as well as 2D.
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1. Introduction With the growth of multimedia technology, the need for digital information increases dramatically. The requirement of digital images in various applications has grown tremendously. Still images are widely used in applications like medical and satellite images. Digital Images play a very important role for describing the detailed information. The key obstacle for many applications is the vast amount of data required to represent a digital image directly. The various processes of digitizing the images to obtain it in the best quality for the more clear and accurate information leads to the requirement of more storage space and better storage and accessing mechanism in the form of hardware or software[1]. Binary images (Bi-level images; Bi-Color images, Two- tone images or Monochrome images) have been widely used in image processing, such as facsimile, letters, map archives, digital libraries, fingerprint databases, and those documents that could not be recognized by OCR. In order to reduce the storage space of binary images, there are many researchers attempted to propose more efficient algorithms for binary image compression[3]. The goal of image compression is to exploit the correlation present in the image and reduce the dimensionality. The basic goal of image compression is to represent an image with minimum number of bits of an acceptable image quality. The amount of data transmitted through the Internet rises exponentially, and a large portion of that data comprises of images. Image compression offers ways to represent an image in a more compact way, so that images can be stored in a compact manner and can be Jumana Nahas,
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transmitted faster. The image compression techniques are broadly classified into two categories depending whether or not an exact replica of the original image could be reconstructed using the compressed image[3]. These are: • •



Lossless Compression Lossy Compression



Lossless compression involves with compressing data which, when decompressed, will be an exact replica of the original data. In lossless compression techniques, the original image can be perfectly recovered form the compressed (encoded) image. These are also called noiseless since they do not add noise to the signal (image). It is also known as entropy coding since it use statistics/decomposition techniques to eliminate/minimize redundancy. Lossless compression is used only for a few applications with stringent requirements such as medical imaging. Run length encoding, Huffman encoding, LZW coding, Area coding are the techniques are included in lossless compression.[3] Lossy schemes provide much higher compression ratios than lossless schemes. Lossy schemes are widely used since the quality of the reconstructed images is adequate for most applications. By this scheme, the decompressed image is not identical to the original image, but reasonably close to it. Transformation coding, Vector quantization, Fractal coding, Block Truncation Coding, Sub band coding are the techniques used for lossy compression[3].



2. Proposed Method Curve fitting is the process of constructing a curve, or mathematical function, that has the best fit to a series of data points, possibly subject to constraints. Curve fitting can involve either interpolation, where an exact fit to the data is required, or smoothing, in which a smoothing function is constructed that approximately fits the data[2].A related topic is regression analysis, which focuses more on questions of statistical inference such as how much uncertainty is present in a curve that is fit to data observed with random errors. Fitted curves can be used as an aid for data visualization,to infer values of a function where no data are available, and to summarize the relationships among two or more variables. Extrapolation refers to the use of a fitted curve beyond the range of the observed data, and is subject to a degree of uncertainty since it may reflect the method used to construct the curve as much as it reflects the observed data. Lines and polynomial curves can be fitted to data points. A first degree polynomial equation is given by (1) This is a line with slope a. A line will connect any two points, so a first degree polynomial equation is an exact fit through any two points with distinct x co ordinates. The equation for a second order polynomial is (2) This will exactly fit a simple curve to three points. The equation for a third order polynomial is (3) This will exactly fit four points. The objective of curve fitting is to theoretically describe experimental data with a model and to find the parameters associated with this model. Regression analysis is the study of the relationship between one or several predictors and the response. To perform regression analysis on a dataset, a regression model is first developed. Then the best fit parameters are estimated using least square method. Finally, the quality of the model is assessed using one or more hypothesis tests. From a mathematical point of view, there are two basic types of regression: linear and nonlinear. A model where the fit parameters appear linearly in the Least Squares normal equations is know as a linear model, otherwise it is nonlinear. In many scientific experiments, the regression model has only one or two predictors, and the aim of regression is to fit a curve or a surface to the experimental data. So we may also refer to regression analysis as curve fitting or surface fitting. In the proposed system, a curve is fitted to the data in the digital image. Coefficients of the curve can be obtained either by Single Linear regression or Multiple Linear regression. In Single Linear regression,there Jumana Nahas,
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will be one independent variable where as in Multiple Linear regression more than one independent variable exists. In Single Linear regression, correlation present between neighboring pixels are exploited horizontally only. In Multiple Linear regression, correlation present between neighboring pixels are exploited in both directions. Since regression is used to obtain response from one or more predictors,error will be introduced in the reconstruction procedure. The error introduced on reconstruction can be controlled by Mean Square Error and PSNR ratio. The PSNR ratio is commonly used to measure the quality of reconstruction in lossy compression. The Mean Square Error is given by



(4) The PSNR is defined as



(5) where MAXI is the maximum possible pixel value of the image. A larger number of PSNR implies a better image. Block Diagram of curve fitting is given by



2. 1 Image Compression using Single Linear Regression If an image can be expressed as Y ,then reconstructed image is , (6) where Xi,1, is ith location of pixel in each row, Ŷi is the value of the pixel in the position Xi,1,i=1....N the number of pixels and a0 , a1 are the parameters to be estimated. Mean Square Error is



(7) The equation of the image represents Linear Regression. For linear regression, coefficients can be solved by following equation
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(8)



From the equation, a0 and a1 can be obtained. n represents the number of points in the reconstructed image. Reconstructed image can be obtained by (9) Algorithm for image compression using Single Linear Regression is given by



2. 2 Image Compression using Multiple Linear Regression If an image can be expressed as Y,then reconstructed image is (10) where Xi,1 and Xi,2 are the location of pixel for i=1....N and a0 , a1 , a2 are the parameters to be estimated. The image is divided into N x N blocks. The above equation represents multiple linear regression with independent variables being the indices's of the pixel. Our goal is to minimize the difference between original and reconstructed image. So mean square error in each block is minimized. That is (11)



For multiple linear regression, coefficients can be solved by following equation (12)



where Y is the pixel values represented as a column vector
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(13)



X corresponds to location of n pixels given by



(14)



Coefficient matrix, A is given by



(15)



From the Coefficient matrix, reconstructed image is (16) where ε is the residual . Algorithm for image compression using Multiple Linear regression is given by
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3. Results and Analysis This method achieves high compression ratio as well as good recognizability. The quality of compression techniques lies in achieving high compression as well as good visual quality. Both Single and Multiple Linear Regression produces images with good visual quality as well as high compression. The following outputs shows the quality of reconstructed image using Single Linear Regression



Fig.1 Input and Reconstructed Image using Single Linear Regression for image 'circles.png'
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Fig.2 Input and Reconstructed Image using Single Linear Regression for image 'morph.bmp'



Fig.3 Input and Reconstructed Image using Single Linear Regression for image 'morph1.bmp' The following figure shows the output obtained by Multiple Linear Regression



Fig.4 Input and Reconstructed Image using Multiple Linear Regression for image 'circles.png'



Fig.5 Input and Reconstructed Image using Multiple Linear Regression for image 'morph.bmp'
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Fig.6 Input and Reconstructed Image using Multiple Linear Regression for image 'morph1.bmp' From close observation,it is clear that more visual quality is for image compression using Multiple Linear Regression than Single Linear Regression. Compression achieved using Single and Multiple Linear Regression for the above input images are shown below Table 1.Compression achieved in Single and Multiple Linear Regression Image



Single Linear Regression



Multiple linear Regression



morph.bmp



86



88



circles.png



77



73



morph1.bmp 93 93 From the above table,it is clear that compression is achieved by reasonably well in both the methods .The compression achieved is almost equal in both the methods and comparison among them is understood in terms of the information present in the image. From the above examples, for the images with less transitions, Multiple Linear regression and the one more transitions ,Single Linear Regression achieves higher compression.



3. Conclusion Though the storage device price decreases and size increases, the storage requirements are still increasing as the present day images are of huge size. Since saving storage space and bandwidth are the major concerns, techniques that lead to small increase in compression ratio compared to the existing system is very important. In this work, image compression using single and multiple linear regression for two tone image is proposed to achieve higher compression and acceptable visual quality. Both Single and multiple linear Regressions achieve higher compression. During the compression process, some information is lost since curve fitting is an approximation of data only. This loss of information results in degradation in subjective quality of an image and increases the Mean Square Error. This made the algorithm a lossy compression technique.
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