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Abstract:  Image resolution important aspect in signal and image processing, with respect to image resolution enhancement different 
methods has been proposed. In this interpolation methods, wavelet zero padding and Decomposition methods are significant. In these 
methods WZP and Decomposition methods are very recently used for resolution enhancement. In this paper the performance analysis of 
these two methods are compared and it is shown that decomposition method gives better performance than WZP 
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1. INTRODUCTION 
 
Resolution has been frequently referred as an important aspect of 
an image. Images are being processed in order to obtain more 
enhanced resolution. One of the commonly used techniques for 
image resolution enhancement is Interpolation.  
 
Image resolution enhancement in the wavelet domain is a 
relatively new research topic and recently many new algorithms 
have been proposed [3]. Discrete wavelet transform (DWT) is one 
of the recent wavelet transforms used in image processing. DWT 
decomposes an image into different sub band images, namely 
low-low (LL), low high (LH), high-low (HL), and high-high (HH). 
Another recent wavelet transform which has been used in several 
image processing applications is stationary wavelet transform 
(SWT). In short, SWT is similar to DWT but it does not use down-
sampling, hence the sub bands will have the same size as the 
input image.  
 
One of the commonly used techniques for image resolution 
enhancement is Interpolation. Interpolation has been widely used 
in many image processing applications such as facial 
reconstruction, multiple description coding, and super resolution. 
There are three well known interpolation techniques, namely 
nearest neighbor interpolation, bilinear interpolation, and bicubic 
interpolation. Interpolation is the process of using known data 
values to estimate unknown data values. Various interpolation 
techniques are given in the following sections. 
 
2. BICUBIC INTERPOLATION METHOD: 
 
In mathematics, bicubic interpolation is an extension of cubic 
interpolation for interpolating data points on a two dimensional 
regular grid. The interpolated surface is smoother than  
 
 
 
 
 

Corresponding surfaces obtained by bilinear interpolation or 
nearest-neighbor interpolation. Bicubic interpolation can be 
accomplished using Lagrange polynomials, cubic splines, or cubic 
convolution algorithm. 
 
In image processing, Bicubic interpolation is often chosen over 
bilinear interpolation or nearest neighbor in image resampling, 
when speed is not an issue. Images resampled with bicubic 
interpolation are smoother and have fewer interpolation artifacts. 
 
3. WAVELET ZERO PADDING METHOD: 
 
It is one of the easiest image resolution enhancement method. In 
this low resolution images are considered and zero matrices are 
formed for edges. These matrices embedded into transformed 
image. Inverse wavelets are apply to transformed to get original 
high resolution image. The following steps are followed to get high 
resolution image. 
 
1 Obtain an intermediate HR image by WZP Method. 
2 By using spatial shifting, wavelet transforming and discarding 

high frequency component no. of images will be obtained.  
3 Repeat WZP process for all images to obtain better 

resolution images. 
4 All these images are realigned to get averaged high 

resolution images. 
 
4. PROPOSED IMAGE RESOLUTION ENHANCEMENT 
(DECOMPOSITION) METHOD: 
 
In image resolution enhancement by using interpolation the main 
loss is on its high frequency components (i.e., edges), which is 
due to the smoothing caused by interpolation. In order to increase 
the quality of the super resolved image, preserving the edges is 
essential. In this work, DWT has been employed in order to 
preserve the high frequency components of the image[2]. The 
redundancy and shift redundancy and shift invariance of the
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redundancy and shift invariance of the DWT mean that DWT 
coefficients are inherently interpolable. 
 
In this correspondence, one level DWT (with Daubechies 9/7 as 
wavelet function) is used to decompose an input image into 
different sub band images. Three high frequency sub bands (LH, 
HL, and HH) contain the high frequency components of the input 
image. In the proposed technique, bicubic interpolation with 
enlargement factor of 2 is applied to high frequency sub band 
images. Down sampling in each of the DWT sub bands causes 
information loss in the respective sub bands. That is why SWT is 
employed to minimize this loss. 
 
The interpolated high frequency sub bands and the SWT high 
frequency sub bands have the same size which means they can 
be added with each other. The new corrected high frequency sub 
bands can be interpolated further for higher enlargement. Also it 
is known that in the wavelet domain, the low resolution image is 
obtained by low pass filtering of the high resolution image. In 
other words, low frequency sub band is the low resolution of the 
original image [4]. Therefore, instead of using low frequency sub 
band, which contains less information than the original high 
resolution image, we are using the input image for the 
interpolation of low frequency sub band image. Using input 
image instead of low frequency sub band increases the quality of 
the super resolved image. Fig. 1 illustrates the block diagram of 
the proposed image resolution enhancement technique. 
 
By interpolating input image by α/2, and high frequency 
subbands by 2 and α in the intermediate and final interpolation 
stages respectively, and then by applying IDWT, as illustrated in 
Fig. 1, the output image will contain sharper edges than the 
interpolated image obtained by interpolation of the input image 
directly[1]. This is due to the fact that, the interpolation of isolated 
high frequency components in high frequency sub bands and 
using the corrections obtained by adding high frequency sub 
bands of SWT of the input image, will preserve more high 
frequency components after the interpolation than interpolating 
input image directly. 
 

 
Fig. 1. Block diagram of the proposed super resolution algorithm. 
 

 
Fig. 2. (a) Original low resolution Baboon’s image.(b) Bicubic 
Interpolation Method (BI).(c) Wavelet Zero Padding Method 
(WZP). (d). Decomposition  Method (DC). 
 
5. RESULTS & CONCLUSION: 
 
PSNR Variations for different methods are given as follows: 
 

 BI WZP DC 

PSNR(dB) 51 54.88 59.4 

 
From the above results it is observed that than the existing 
interpolation methods. Decomposition method gives better 
resolution enhancement and it takes minimum sub bands to 
enhance the given image. 
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