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ABSTRACT  

The aim of image resolution enhancement is to process a given input low resolution image to make the result 

more desirable than the original image for a given specific application. There are various image processing 

application which requires high resolution images for processing and analysis. One of the commonly used 

techniques for image resolution enhancement is Interpolation. Interpolation technique has been widely used in 

many image processing applications such as facial reconstruction, in medical field, multiple descriptions 

coding, and super resolution. Discrete wavelet transform is used to decompose low resolution image and 

stationary wavelet transform is used to preserve edges. Iris recognition is widely used in safety certification. In 

large scenes or long distance conditions, the iris images may has low resolution. Lack of information in these 

iris images or videos affects the performance of the iris recognition greatly. In this paper, scheme of super 

resolution is used to reconstruct high resolution images from low resolution iris image sequences. 

 

Keywords- Image resolution enhancement, Interpolation, Discrete wavelet transform, stationary 

wavelet transform, Iris recognition. 

  

I. INTRODUCTION  

Digital imaging systems have a variety of applications for commercial, medical and recreational purposes. In 

these applications, a high quality image is required to allow human interpretation or machine perception. 

However, sometimes the spatial resolution of image is limited by technical considerations of the imaging system 

in which the image is captured. Therefore signal processing techniques are used to create a higher resolution 

image that will allow for better identification and interpretation of details. The aim of single image super 

resolution is to create a high resolution image from a single instance of a low resolution image of the original 

scene. 
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Fig.1 Block Diagram of Image Resolution enhancement Technique [27] 

Resolution has been often referred as an important aspect of an image. Images are being processed in order to 

obtain more improved resolution. Fig. 1 shows Block Diagram of Image Resolution enhancement Technique 

[27]. The technique us DWT and SWT for decomposing low resolution image. The edges are enhanced by 

introducing an intermediate stage by using stationary wavelet transform SWT and DWT is applied in order to 

decompose an input image into different sub bands. Next step is to use Interpolation technique. Interpolation is 

one of the commonly used techniques for image resolution enhancement. There are conventional interpolation 

techniques, namely bilinear interpolation, and bi-cubic interpolation. 

 

II. LITERATURE SURVEY 

Y. Piao et al. [5] proposed Image resolution enhancement utilizing inter-sub-band correlation in wavelet 

domain. A new resolution enhancement method utilizing inter-sub-band correlation in which the sampling phase 

in DWT in the higher level. The proposed method utilized the correlation of sub bands with different sampling 

phases in discrete wavelet transform. The high frequency bands were estimated with filters which are designed 

in the lower level under the assumption that filters connecting two bands are similar in different levels. The 

experimental results demonstrated and shows that proposed method outperformed the competing methods by as 

much as 0.36 dB. Moreover, filters estimated in various test images showed similar characteristics. 

C.B.  Atkins et al. [6] proposed optimal image scaling using pixel classification. A new approach is introduced 

to optimal image scaling called resolution synthesis (RS). In resolution synthesis, the pixel interpolated is first 

classified in the context of a window of neighbouring pixels; and the corresponding high resolution pixels are 

obtained by filtering with coefficients that depend upon the classification. 

W.K. Carley et al. [7] proposed the regularity of edges by measuring the decay of wavelet transform coefficients 

across scales and gives the underlying regularity by extrapolating a new sub-band to be used in image re-

synthesis. The algorithm which produces visibly sharp edges than that of traditional techniques. It gives an 

average peak signal to noise ratio (PSNR) improvement of 2.5 dB over bilinear interpolation and bi-cubic 

interpolation techniques. 

Yi Wan et al. [25] has described enhanced Histogram equalization in wavelet domain to enhance an image is 

very important task such as image enhancement and normalization. Presented a wavelet based method that 

simultaneously achieves the exact specification of histogram and good image enhancement performance. It does 

so through a carefully designed strict ordering of pixel process, for the image enhancement purpose the wavelet 

coefficient are fine tuned. Compared to previous work, this approach takes into account not only local mean 
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intensity values, but also local edge information. Other advantages include fast pixel ordering, better image 

enhancement performance and good statistical models. Experimental results and comparison with state-of-the-

art methods are presented. 

Ercelebi, E. et al. [26] proposed method utilizes the multi-scale characteristics of the wavelet transform and 

local statistics of each sub ands. By using this proposed method transformation of an image take place into the 

wavelet domain using lifting based wavelet filter and applies a wiener filter in the wavelet domain and finally 

transform the result into the spatial domain. When the peak to signal ratio (PSNR) is low, image is transforming 

into the lifting based wavelet domain and then applying the wiener filter in the wavelet domain produce better 

result than directly applying wiener filter in spatial domain. 

 

III. SYSTEM IMPLEMENTATION 

Image resolution enhancement in the wavelet domain is a new research topic and recently many new algorithms 

are proposed. Fig 2 shows structure of wavelet decomposition. Discrete wavelet transform i.e. DWT is one of 

the recent wavelet transforms used in image processing. DWT decomposes an original low resolution image into 

different sub-band images, namely low-low (LL), high-low (HL), low-high (LH), and high-high (HH) [27]. 

Another wavelet transform which has been used in various image processing applications is stationary wavelet 

transform (SWT). In short, SWT is somewhat similar to DWT but it does not use down-sampling. Fig 3 shows 

Structure of DWT decomposition while Fig. 4 shows Structure of SWT decomposition. 

 

Fig.2 Structure of Wavelet Decomposition [27] 

 

Fig.3 Structure of DWT Decomposition 

 

Fig.4 Structure of SWT Decomposition [27] 
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In this work, an image resolution enhancement technique is proposed which generates sharp high resolution 

image. The technique utilizes DWT to decompose a low resolution image into different sub-bands [27]. Then 

the three high frequency sub-band images are then interpolated. Then interpolation with enlargement factor of 2 

is applied to high frequency sub band images. Down sampling in each step 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 so that 

they can be added with each other. The new corrected high frequency sub bands can be interpolated further for 

higher enlargement. The low frequency sub band is the low resolution of the original image. Therefore, instead 

of using low frequency sub band, which contains less information than the original high resolution image, the 

input image for the interpolation of low frequency sub band image is used. Using input image instead of low 

frequency sub band increases the quality of the super resolved image. Fig. 5 illustrates the detail Block Diagram 

of Image Super resolution using wavelet analysis [1]. Finally, improved interpolated high frequency sub-bands 

and interpolated input image are combined using inverse DWT (IDWT) to get a high resolution output image. 

The conventional techniques used for Interpolation are the following. 

A. Bilinear Interpolation  

Bilinear interpolation [28], [29] considers the closest 2x2 neighborhood of known pixel values surrounding the 

unknown pixel. It then takes a weighted average of these 4 pixels to arrive at its final interpolated value.  

B. Bicubic Interpolation  

Bicubic produces noticeably sharper images than the previous two methods, and is perhaps the ideal 

combination of processing time and output quality. Bicubic [28] goes one step beyond bilinear by considering 

the closest 4x4 neighborhood of pixels for a total of 16 pixels. Since these are at various distances from the 

unknown pixel, closer pixels are given a higher weighting in the calculation.  

C. Wavelet Zero Padding (WZP) 

It is one of the methods for image resolution enhancement. It assumes that the signal is zero outside the original 

support. Zero padding is used in spectral analysis with transforms to improve the accuracy of the reported 

amplitudes, not to increase frequency resolution. Without using zero- padding, input frequencies will be 

attenuated in the output. Zero padding in the time domain is equivalent to the optimal interpolation in the 

frequency domain, which can restores the correct amplitudes. Since the wavelet transform is defined for infinite 

length signals, finite length signals are extended before they can be transformed. Zero padding technique shifts 

the inter sample spacing in frequency of the array that represents the result. 
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Fig.5 Detailed Block Diagram of Image Super resolution using wavelet analysis [1] 

 

IV. IMPLEMENTATION AND RESULTS 

For the reason of measuring the performance characteristics of the techniques some parameters are used namely 

PSNR and MEAN. 

Peak Signal to Noise Ratio- 

Peak signal-to-noise ratio i.e. PSNR is the ratio between the maximum possible power of a signal and the power 

of noise corrupted that affects the fidelity of its representation. Peak signal-to-noise ratio (PSNR) and mean 

square error (MSE) have been used in order to obtain some quantitative results for comparison. The MSE and 

PSNR are the two error metrics used to compare image compression quality. The lower the value of Mean 

square error, the lower the error.  

PSNR can be obtained by using the following formula: 

PSNR (dB) = 10 log 10    (255²/MSE)     

MSE is defined as, 

 

MEAN- 

The Mean computes the mean of each row or column of the input, along vectors of a specified dimension of the 

given input, or of the entire input. The Mean block can also track the value of mean in a sequence of inputs over 

a period of time. To track the mean value in a sequence of inputs, select the Running mean check box. When the 

Running mean check box is not selected then the block computes the mean value in each row or column of the 
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input, along vectors of a specified dimension of the given input, or of the entire input at each individual sample 

time. Each element in the output array is the mean value of the corresponding column, row, vector, or entire 

input.  

The enhanced Iris image using low resolution image is enhanced by utilizing the bilinear interpolation, bicubic 

interpolation, WZP and Image Resolution enhancement Technique. The techniques are tested on iris image 

dataset from Computer Vision Laboratory, Department of Automation and Computer-aided Engineering, The 

Chinese University of Hong Kong. Table I compares the parameters i.e. PSNR AND Mean of the different 

techniques i.e. bilinear, bi-cubic, WZP.  

Table1: Result of PSNR and MEAN using Different techniques. 

Techniques/Parameters Peak signal to noise ratio 

(PSNR) in dB 

MEAN 

Bilinear Interpolation 24.540961 1.636161 

 

Bi-cubic Interpolation 26.559624 0.010467 

 

Wavelet zero padding (WZP) 32.438639 0.364014 

 

Image Resolution enhancement 

Technique 

32.436787      0.363796 

 

 

V. CONCLUSION  

This work proposed an Iris low resolution image enhancement technique based on the interpolation of the high 

frequency sub-bands obtained by DWT and SWT. The technique uses DWT to decompose an image into 

different sub-bands, and then the high frequency sub-band images have been interpolated. The Interpolation 

techniques like Bilinear, Bicubic, WZP and Image resolution enhancement technique is used. The techniques 

has been tested for their PSNR and mean on well-known benchmark images.  
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