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ABSTRACT 

 The approach of denoising and the compression in the wavelet domain 

using the Discrete Wavelet Transform and Karhunen-Loeve Transform. The 

denoising techniques are used to remove the additive noise while retaining as 

much as possible the important image features. This has been done with the help 

of wavelet thresholding because the wavelet provides an appropriate basis for 

separating noisy pixels from the image pixels. The resulting denoised image is 

compressed using the Karhunen-Loeve Transform as it is a more efficient 

compression scheme when combined with the different scanning methods. This 

method can achieve vastly superior compression rates when compared to other 

methods.    

KEYWORDS: Image compression, Karhunen-Loeve Transform, Row order 

scan, Morton’s scan, Denoising. 

I. INTRODUCTION 

 In this paper, first add the white noise to the original image Denoising from 

the noisy image through Discrete wavelet Transform (DWT). Then use the 

scanning methods like as Row order scan and Morton order scan. Later we 

compressed the scanned image using Karhunen-Loeve Transform (KLT).This 

paper investigates how to compress the Denoising image using KLT. First apply 
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the white noise to original image. Then De-noising the noisy image using DWT 

and apply the wavelet noise thresholding. [4] 

 To select the best transformation technique that has minimum mean square 

error for compression of given image and also reduces the transmission time and 

storage space. There are various transformation techniques; one is Karhunen 

Loeve Transform (KLT) [6]. In Morton order which have to be readout 

sequentially are concentrations in blocks. Block clusters of 2x2, 4x4, 8x8… 

pixels, can be easily extracted, since pixels in these blocks are transmitted one 

after another. In order to reduce image resolution by a factor of two, the mean of 

four pixels (a 2x2 block) has to be calculated. Pixels are summed and divided 

during read-out in a sequent manner, (i.e.) for instance pixels 0,1,2 and 3 can be 

added and divided by 4; pixels 4,5,6,7 can be processed in the same way etc. 

This calculation can be expanded to blocks of sizes 4x4, 8x8 etc. [11] 
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II. METHODOLOGY 

                    

Figure 1 

(A) White noise 

 Noise is usually described by its probabilistic characteristics. Idealized noise 

called white noise. White noise is frequently applied as the worst approximation 

of degradation. A white noise process is a random process of random variable 

that are uncorrelated, have mean zero, and a finite variance. Its advantage being 

that its use its simplifies calculations.  
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(B) Discrete Wavelet Transform (DWT) 

 De-noising of natural images corrupted by Gaussian noise using wavelet 

techniques is very effective. The wavelet coefficients calculated by a wavelet 

transform represent change in the image at a particular resolution. In numerical 

analysis and functional analysis a Discrete Wavelet Transform is any wavelet 

transform for which the wavelets are discretely sampled. 

 The discrete wavelet transform is 

  

x= Row, 

y= Column, 

n= Number of pixels, 

ff (i) =  Location  of the matrix 

 The Discrete wavelet transform is obtained by the sum of the location of the 

matrix from the range of zero to number of pixel n. An image can be 

decomposed into a sequence of different spatial resolution images using DWT. 

In case of a 2D image, an N level decomposition can be performed resulting in 

3N+1 different frequency bands namely, LL, LH, HL and HH. 

 

Figure 2: 2-D Data preparation of the image [4] 
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LLn,i= Noisy coefficients of approximation. 

LHn,i= Noisy coefficients of vertical detail. 

HLn,i = Noisy coefficients of horizontal detail. 

HHn,i = Noisy coefficients of diagonal detail 

(c)  Wavelet Noise Thresholding 

 The wavelet coefficients calculated by a wavelet transform represent change 

in the image at a particular resolution. By looking at the image in various 

resolutions it should be possible to filter out noise. 

           

Figure 3 : Two dimensional DWT 

    The bands are also referred to as LL, LH, HL and HH respectively, where the 

first letter represents whether it is low-pass (L) or high-pass (H) filtered along 

the columns (vertical direction) and the second letter represents whether the low-

pass or high-pass filtering is applied along the rows (horizontal direction). If the 

LL sub-band is iteratively decomposed for analysis, the resulting sub-band 

partitioning is called the dyadic partitioning. 

 The algorithm is Calculate a wavelet transforms and orders the coefficients 

by increasing frequency. This will result in an array containing the image 
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average plus a set of coefficients of length 1, 2, 4, 8, etc. Calculate the median 

absolute deviation (mad) on the largest coefficient spectrum. The median is 

calculated from the absolute value of the coefficients. The equation for the 

median absolute deviation is given below:                                           

                 ----- [16] 

where Cn,i may be LHn,i , HLn,i , or HHn,i for i-level of decomposition. The 

factor 0.6745 in the denominator rescales the numerator so that   is also a 

suitable estimator for the standard deviation for Gaussian white noise. For 

calculating the noise threshold λ have used a modified version of the equation is, 

 

Where, N is the number of pixels in the sub image, i.e., HL, LH or HH. 

 Fluctuations are also created by computing trends along rows followed by 

trends along columns. The next level of wavelet transform is applied to the low 

frequency sub band image LL only. The Gaussian noise will nearly be averaged 

out in low frequency wavelet coefficients. Therefore, only the wavelet 

coefficients in the high frequency levels need to be thresholded. Apply a 

thresholding algorithm to the coefficients. There are two popular versions widely 

used thresholding techniques, hard thresholding and Soft thresholding. Hard 

thresholding sets any coefficient less than or equal to the threshold to zero. Soft 

thresholding sets zero value to the coefficient if it is less than or equal to the 

threshold, else the threshold is subtracted from any coefficient that is greater 

than the threshold. This moves the image coefficients toward zero. 

     Threshold T can be calculated using the formula 
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Where,         

        N= R, G, B layer 

         i=row,                 

         j=column. 

III. Scanning Techniques 

 An image is subdivided into a sequence of strips known as “scan lines”. 

These techniques are Row (raster) order scan and Morton (z) order scan.  

(A)Row (raster) Order Scan 

 Each numbering cell represents a sub-block. Pixels in these blocks are 

transmitted one after another. Pixels are transmitted serially row after row. Data 

are acquired in the form from remote sensing, photogrammetry or scanning. 

Raster algorithms are often simpler and faster, there are many options for storing 

raster data, some are more efficient in access and processing speed. Raster data 

is normally stored row by row from the top left. 

                              

Figure 4 : Row Order Scan [8] 

(B) Morton (z) Order Scan 

 Block clusters of pixels, can be easily extracted, since pixels in these blocks 

are transmitted one after another (row ordering does not posses this valuable 

feature because pixels are transmitted serially row after row). This feature can be 

handy for spatial image processing, such as resolution reduction. Morton scan, 
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compared to the conventional row scan, enables faster and efficient average 

computation of square image blocks.  

 

Figure: 5 Morton Order Scan [8] 

IV. Karhunen-Loeve Transform 

 KLT is an optimal transform for data compression. It minimizes the mean 

square error between the reconstructed and original image to any other 

transform. To calculate the KLT of an image, the covariance matrix is first 

estimated. The estimate is calculated from the set of sequential non overlapping 

blocks for the image. KLT is constructed from Eigen values and corresponding 

Eigen vectors of a covariance matrix of data to be transformed. The transform 

has a number of important performance characteristics for image compression. 

At moderate compression ratios, very little distortion is visible. As the 

compression ratio increases more distortion become evident. However because 

the transform is based on data from the image, some area remain faithfully 

reproduced at even low bit rates. The Karhunen-Loeve transform is a reversible 

linear transform that exploits the statistical properties of the vector 

representation. It optimally decorrelates the input signal. 

 The covariance matrix,  

       Cx= E {(x-mx) (x-mx) T} 

 X=(x1, x2...xn) T, 

Where, 



Image Compression on Scanning Techniques 145

 X is one of the correlated original vectors set, “T” indicates transpose and n is 

the number of sub-blocks. 

 In the appropriate mathematical form, 

                         

Where, 

    mx = Mean, 

    rsb is the sub-block row number 

    csb is the sub-block column number 

                           

Therefore, KLT will be, 

y = VT (x-mx) 

   Calculate the Eigen value and Eigen vector corresponding to the covariance 

matrix of Cx.  It is denoted by V, take the transpose of these values multiplied 

by the difference between matrix and the mean value.   

 y = (y1, y2… y n) T, where y is one of the decorrelated. 

      Transformed vector set V is a matrix whose columns are the eigenvectors of 

Cx. 

 When applying the calculus of eigenvectors, two matrices Arise, V y Cy, 

being Cy a diagonal matrix, where the elements On its main diagonal are de 

eigen values of Cy. 

 If we wish to calculate the covariance matrix of vectors y, Results 

               C y= E {(y-my) (y-my) T} = E {yyT}  
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 Because, my is a null vector. Besides, Cy is a diagonal Matrix. Depending 

on the correlation degree between the Original sub-blocks, KLT will be more or 

less efficient Decorrelating them. Such efficiency depends on how the elements 

of the main diagonal of the covariance matrix Cy fall. In value, from right to left. 

The faster they fall in value; the KLT will be more efficient decorrelating them. 

V.  Parameter Estimation 

 Mean Squared Error (MSE), Peak Signal to Noise Ratio and compression 

ratios are estimated from the input image and output image 

(A) Mean Squared Error (MSE) 

  MSE is computed by adding the squared differences of individual pixels 

without considering the spatial interaction among adjacent pixels. Where MSE is 

the Mean Squred Error is defined by  

 ----- [8] 

Where I is original image, Id is approximation of compressed 

Image and X, Y are dimensions of the image. 

(B) Peak Signal to Noise Ratio (PSNR)  

 PSNR is the ratio between the maximum possible power of a signal and the 

power of corrupting noise. PSNR is usually expressed in terms of logarithmic 

decibel scale. The PSNR for gray scale image (8 bits/pixel) is defined by 

         ----- [8] 

 Here, MAXI is the maximum pixel value of the image. When the pixels are 

represented using 8 bits per sample, this is 256. For colour images with three 

red-green-blue (RGB) values per pixel, the definition of PSNR is the same 

except the MSE is the sum over all squared value differences divided by image 
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size and by three. Typical values for the PSNR in lossy image and video 

compression are between 30 and 50 dB, where higher is better. 

(C) Compression Ratio (CR) 

 To get the uncompressed size and the compressed size. Compression ratio 

(CR) as the ratio of the number of nonzero elements in original matrix to the 

number of nonzero elements in updated transformed matrix. 

  

VI. Experimental Results 

 

White noise is added to the original image. 

 

Discrete Wavelet Transform method is used in the noisy image. 
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To apply the Row order scan method. 

 

To apply the Morton order scan method. 
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Karhunen – Loeve Transform is applied in the Row order and Morton order for 

compression. 

 

 Active pixel size is calculated Row order technique and Morton techniques 

are compared. 
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Technique CR MSE PSNR 

DWT+Row order 7.79258 0.300956 10.4300 

DWT+Morton 7.84647 0.298889 10.4898 

 

VII. CONCLUSION 

 In this paper, the wavelet based data thinning methodologies have been 

developed and tested. The wavelet of the satellite data result in the noise free 

field giving greater information about the closeness of the true fields and also 

this type of transform results in progressive transformation of the data when 

compare to other transform. The compression obtained by Karhunen-Loeve 

Transform resulted in the better compression ratios with Row order and Morton 

order scanning methods. The combined version of the Discrete Wavelet 

Transform and Karhunen-Loeve Transform applied to an image yield a better 

image quality and the compression rate which were evaluated with the 

minimized Mean Squared Error and higher Peak Signal to Noise Ratio in 

addition the Morton order Scan resulted in a better compression ratio when 

compared to Row order scan due to the extraction of the pixels can be done one 

after another within a block which cannot be obtained in the Row order due to 

the serial transmission.   
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