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Abstract 
 
In this paper, an undecimated double density wavelet based image resolution enhancement 
technique is proposed. The critically sampled discrete wavelet transform (DWT) suffers from the 
drawbacks of being shift-variant and lacking the capacity to process directional information in 
images. The double density wavelet transform (DDWT) is an approximately shift-invariant 
transform capturing directional information. The undecimated double density wavelet transform 
(UDDWT) is an improvement of the DDWT, making it exactly shift-invariant. The method uses a 
forward and inverse UDDWT to construct a high resolution (HR) image from the given low 
resolution (LR) image.  The results are compared with state-of-the-art resolution enhancement 
methods. 
 
Keywords: Undecimated Double Density Wavelet Transform, Image Resolution, Stationary 
Wavelet, Resolution Enhancement.

 
 
1. INTRODUCTION 
 
Image resolution enhancement is a usable pre-process for many satellite image processing 
applications, such as bridge recognition, building recognition and vehicle recognition. Image 
resolution enhancement techniques can be categorized into two major types according to the 
domain that they are applied in: 1) image domain and 2) transform domain. The techniques in the 
image domain use the statistical and geometric data directly extracted from the input image itself 
[1], [2], while transform-domain techniques use transformations such as decimated discrete 
wavelet transform (DWT) to achieve the image resolution enhancement [3]-[6]. The decimated 
DWT has been widely used for performing image resolution enhancement [3]-[5]. A common 
assumption of DWT-based image resolution enhancement is that the low-resolution (LR) image is 
the low pass filtered subband of the wavelet-transformed high-resolution (HR) image.  
 
The image resolution is always a key feature for all kinds of images. With ever increasing size of 
the displays need for super resolution images has also been increased. This is also impacted by 
the limited size of the digital image sensor. Though widespread commercial cameras provide very 
high resolution images, generally the scientific cameras still have the resolution of only 512 x 512. 
Resolution enhancement has always been associated with the interpolation techniques. 



Varun P. Gopi, V. Suresh Babu & Dilna C. 

Signal Processing: An International Journal (SPIJ), Volume (8) : Issue (5) : 2014 68 

Research suggests that interpolation methods increase the intensity of low frequency 
components. This means the interpolated image will have less number of sharp intensity 
transactions per pixel. A new method for resolution enhancement, which preserves high 
frequency contents of the image is suggested in the paper. Spatial domain techniques lag in the 
extraction and preservation of high frequency components of an image. This suggests that some 
other technique not involving spatial domain is to be used. So the image needs to be transformed 
to some other domain, processed and then converted back to the spatial domain. The domain 
can be Fourier domain, wavelet domain or any other. Fourier domain is more suitable for spectral 
filtering. The spectral filtering removes particular frequencies from the image. Wavelet domain 
separates components of an image into individual matrices. These matrices can be processed 
separately and combined together to get the desired result. 
 
Fast algorithms for implementation of discrete wavelet transform have enhanced the use of the 
wavelet domain for image resolution improvement. Different image processing algorithms can be 
implemented with discrete wavelet transform (DWT). Double density wavelet transform (DDWT) 
decomposes an image into nine sub bands. These sub bands are of half the dimensions of that of 
image under consideration. Undecimated double density wavelet transform (UDDWT) is also 
being used for the image resolution enhancement. UDDWT has nine sub bands similar to DDWT 
but sub bands in UDDWT are of same size of that of the image. This paper proposes a new 
method for image resolution enhancement based on UDDWT. 
 
In this paper, we compared the proposed method with various conventional methods for image 
resolution enhancement such as NEDI [1], HMM [7], DWT SR [8], DWT&SWT SR [9], LWT&SWT 
[10]. This comparison of various measures on images shows the dominance of the proposed 
method over existing methods. 

 
2. DEVELOPMENT OF UNDECIMATED DOUBLE DENSITY WAVELET 

TRANSFORM 
 
Although the DWT [11, 12, 13] is a powerful signal processing tool, it has two severe 
disadvantages: 
 
1. Lack of shift-invariance, which means that minor shifts in the input signal, can cause major 
variations in the distribution of energy between wavelet coefficients at different scales  
 
2. Since the wavelet filters are separable and real, it causes poor directional selectivity for 
diagonal features  
 
The DWT is shift-variant because, the transform coefficients behave un-predictably under shifts of 
input signal, a problem that has been treated by introducing large amounts of redundancy into the 
transform to make it shift-invariant. The DWT has poor directional selectivity because it can only 
differentiate three different spatial-feature orientations. The DDWT is almost shift-invariant, multi-
scale transform and has eight different spatial-feature orientations. Because the DDWT, at each 
scale, has twice as many wavelets as the DWT, it achieves lower shift sensitivity than the DWT. 
The undecimated Double Density Wavelet Transform follows the same filter bank structures of 
DDWT except the up sampling/down sampling process. Here at any given level in the iterated 
filter bank, this separable extension produces nine sub-bands in the same size as the original 
image. To indicate the filters used along the row and column dimensions to create the nine sub 

bands, the label of each of the sub-band is termed as , ,  ϵ {0,1,2}. The subscript  

indicates filtering along the rows, while subscript  denotes filtering along the columns. The 

superscripts 0, 1, 2 indicate the particular filter , ,  used to filter along a 
specified dimension to create the sub bands. Thus, at the end of the analysis filter bank, nine 
sub-bands will be obtained as shown in Fig. 1. In the UDDWT synthesis filter bank, the 

decomposed images are filtered using the filter coefficients (n), (n), (n). Fig. 2 illustrates 
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the synthesis filter bank structure, which composes the nine sub bands into a single image. In this 
work, the image decomposition and reconstruction is done by using the filters designed by 
Selesnick [14].      

 
         FIGURE 1: UDDWT analysis filter bank structure. 
 

 
FIGURE 2: UDDWT synthesis filter bank structure. 
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3. PROPOSED METHOD 
 
In the proposed method low resolution (LR) image is converted into a high resolution (HR) image 
by using UDDWT. First, apply DDWT and undecimated double density wavelet transform 
(UDDWT) on the input LR image. The DDWT produces 8 sub-bands which are decimated by 
factor 2 and an LPF component. Then all 8 subbands are interpolated by factor of β. Similarly 
UDDWT produces 8 sub-bands and an LPF component. Add corresponding subbands from each 
of DDWT and UDDWT as shown in Fig. 3. It is known that in the wavelet domain, lowpass 
filtering of the high resolution image produce the low resolution image. In other words, low 
frequency subband is the low resolution of the original image. Therefore, instead of using low 
frequency subband, which contains less information, the original image is used as the input to the 
inverse UDDWT. The quality of the super resolved image increases when using the input image 
instead of low frequency subband. Thus the output will be of higher resolution. 
 

 
FIGURE 3: Proposed Method. 
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4. IMAGE QUALITY ANALYSIS 
 
In this proposed work, the performance of the enhanced image is quantitatively analyzed by 
means of three measures such as peak signal to noise ratio (PSNR), Blind Image Quality Index 
(BIQI), and Visual Image Fidelity (VIF). 
 
4.1. Peak Signal to Noise ratio (PSNR) 
PSNR of the images is computed as 
 

                             PSNR=10 ( ) 

 

Where  is the peak pixel value in the image  and usually is 255. 

 
4.2. Blind Image Quality Index (BIQI) 
BIQI [15] is also referred to as no reference image quality index. It refers to evaluating the quality 
of an image without the need of reference image or any training images. Images with no blur and 
noise offers higher BIQI value. Different parameters can be used to evaluate the quality of an 
image blindly. 
 
4.3. Visual Image Fidelity (VIF) 
VIF index [16] is the ratio of distorted image information to reference image information which is 
given by 
 

                       
 

Where  is the quantity of information extracted from the test image and   

is the quantity of information extracted from a reference image. The higher the VIF index, higher 
the magnitude of test image. If VIF reaches to unity means that test image is perfect. 

 
5. RESULTS AND ANALYSIS 
 
The enhancing performance is tested using the images Lena, Elaine, Baboon, and Peppers and 
all simulations were carried out in MATLAB. Fig. 4 and Fig. 5 illustrates the low resolution test 
images and enhanced high resolution images respectively. In order to better perceive the 
difference in enhancing, enlarged segments of the images of Fig. 4 & 5 are shown in Fig. 6. The 
performance of the proposed method is analyzed by the variation of PSNR, BIQI Index, and VIF 
index of different images. Table 1, Table 2, and Table 3 give the performance comparison of the 
proposed and existing enhancing techniques in terms of PSNR, VIF, and BIQI index respectively. 
The results indicate that the proposed technique is better than the other methods in enhancing. 
 
In this study, an efficient method is proposed for image resolution enhancement. The essence of 
the proposed work is the use of UDDWT for enhancement. The critically sampled discrete 
wavelet transform (DWT) have the  drawbacks of shift variance, aliasing and lack of directionality. 
The DDWT is an improvement upon the critically sampled DWT and also nearly shift-invariant 
transform capturing directional information. Although the DDWT utilizes more wavelets, some 
lack a dominant spatial orientation, which prevents them from being able to isolate those 
directions. The UDDWT making the image exactly shift-invariant. The proposed method 
constructs a high resolution (HR) image from the given low resolution (LR) image by using 
forward and inverse UDDWT. The edge enhanced by using UDDWT. Future work may include 
enhancement of brightness by using Singular Value Decomposition (SVD).  
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Methods/ Images Lena Elaine Baboon Peppers 
Bilinear 26.34 25.38 20.51 25.16 
Bicubic 26.86 28.93 20.61 25.66 
NEDI [1] 28.81 29.97 21.18 28.52 
HMM [7] 28.86 30.51 21.47 29.58 

DWT SR [8] 34.79 32.73 23.29 32.19 
DWT & SWT SR [9] 34.82 35.01 23.87 33.06 

SWT & LWT [10] 34.91 34.95 28.92 36.10 
Proposed 40.32 42.78 34.06 39.76 

 

TABLE 1: Comparison of PSNR in dB. 
 
 

 
FIGURE 4: Low resolution test images. 
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Methods/ Images Lena Elaine Baboon Peppers 
DWT & SWT SR [9] 0.14 0.19 0.17 0.19 

SWT & LWT [10] 0.57 0.72 0.49 0.83 
Proposed 0.67 0.71 0.51 0.85 

 
TABLE 2: Comparison of VIF 

 

Methods/ Images Lena Elaine Baboon Peppers 
DWT & SWT SR [9]  28.21 34.02 46.09 34.37 

SWT & LWT [10]  48.67 49.06 55.67 39.65 
Proposed 51.24 52.85 58.43 43.42 

 

TABLE 3: Comparison of BIQI. 
 

 
FIGURE 5: Resolution Enhanced images. 
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FIGURE 6: Enlarged segments of the images of Fig. 4 & 5 
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6. CONCLUSION 
 
The proposed method describes a new technique in image resolution enhancement. The 
technique enhances the resolution of the image by using Undecimated Discrete Wavelet 
Transform. The method uses a forward and inverse UDDWT to construct a high-resolution (HR) 
image from the given LR image. UDDWT also has nine sub bands similar to DDWT but sub 
bands in UDDWT are of same size of that of the image. The High Resolution image is 
reconstructed from the LR image using the inverse DDWT. This method is tested by using four 
well known images. The performance comparison shows that the proposed method is better than 
other enhancement methods.  
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