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ABSTRACT 

 Satellite images are being used in many fields of research. One of the 
major issues of these types of images is their resolution. In this paper, we propose 
Transforms, .mage resolution enhancement technique based on the interpolation of the  
high-frequency sub bands obtained by discrete wavelet transform (DWT) and the input 
image. The proposed resolution enhancement technique uses DWT to decompose the 
input image into different sub bands. Then, the high-frequency sub band images and the 
input low-resolution image have been interpolated, followed by combining all these 
images to generate a new resolution-enhanced image by using inverse DWT. In order to 
achieve a sharper image, an intermediate stage for estimating the high-frequency sub 
bands has been proposed. The proposed technique has been tested on satellite benchmark 
images. The quantitative (peak signal-to-noise ratio and root mean square error) and 
visual results show the superiority of the Discrete Wavelet  technique over the Multi 
wavelet  image resolution enhancement techniques 
      Keywords : Discrete wavelet transform (DWT), interpolation, satellite image 
resolution enhancement and multi   wavelet Transform(MWT). 

 

1. Introduction 
  RESOLUTION of an image has been always an important issue in many 
image- and video-processing applications, such as video resolution enhancement [1], 
feature extraction [2], and satellite image resolution enhancement [3]. Interpolation in 
image processing is a method to increase the number of pixels in a digital image. 
Interpolation has been widely used in many image processing applications, such as facial 
reconstruction [4], multiple description coding [5], and image resolution enhancement [6]–
[8]. The interpolation-based image resolution enhancement has been used for a long time 
and many interpolation techniques have been developed to increase the quality of this task. 
There are three well-known interpolation techniques, namely, nearest neighbor, bilinear, 
and bi cubic. Bi cubic interpolation is more sophisticated than the other two techniques and 
produces smoother edges Wavelets are also playing a significant role in many image 
processing applications. The 2-D wavelet decomposition of an image is performed by 
applying the 1-D discrete wavelet transform (DWT) along the rows of the image first, and 
then the results are decomposed along the columns. This operation results in four 
decomposed sub band images referred to low low (LL), low-high (LH), high-low (HL), and 
high-high (HH). The frequency components of those sub bands cover the full frequency 
spectrum of the original image. Theoretically, a filter bank shown in Fig. 1 should operate 
on the image in order to generate different sub band frequency images. Fig. 1 shows 
different sub bands of a satellite image where the top left image is the LL sub band, and the 
bottom right image is the HH sub band. In this paper, we propose a resolution-enhancement 
technique using interpolated DWT high-frequency sub band images and the input low-
resolution image. Inverse DWT (IDWT) has been applied to combine all these images to 
generate the final resolution-enhanced image. In order to achieve a sharper image, we 
propose to use an intermediate stage for estimating the high frequency sub bands by 
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utilizing the difference image obtained by subtracting the input image and its interpolated 
LL sub band. The proposed technique has been compared with standard  interpolation 
techniques, wavelet zero padding (WZP), where the unknown coefficients in high-
frequency sub bands are replaced with zeros, and state-of-art techniques, such as WZP and 
cycle spinning (CS),and previously introduced complex wavelet transform (CWT)-based 
image resolution enhancement [3]. It is necessary to recall that in this paper the resolution 
enhancement is used as a process that enlarges the given input in the way that the output is 
sharper. The performance of the proposed technique over performs all available state-of-art 
methods for image resolution enhancement. The visual and quantitative results are given in 
the results and discussions section. In all steps of the proposed satellite image resolution 
enhancement technique, Daubechies (db.9/7) wavelet transform as mother wavelet function 
and bi cubic interpolation as interpolation technique have been used. 
     The paper is organized as follows. Section II gives an overview on the DWT based image 
resolution enhancement techniques used for comparison purposes. Section III introduces 
the proposed Multi wavelet based resolution enhancement technique. Section IV discusses 
the qualitative and quantitative results of the proposed method with the DWT based 
resolution enhancement techniques. Conclusions are given in the final section 

2.  DWT-BASED RESOLUTION ENHANCEMENT  
  As it was mentioned before, resolution is an important feature in satellite imaging, which 
makes the resolution enhancement of such images to be of vital importance as increasing 
the resolution of these images will directly affect the performance of the system using these 
images as input. The main loss of an image after being resolution enhanced by applying 
interpolation is on its high-frequency components, which is due to the smoothing caused 
by interpolation. Hence, in order to increase the quality of the enhanced image, preserving 
the edges is essential. In this paper, DWT [19] has been employed in order to preserve the 
high-frequency components of the image. DWT separates the image into different sub band 
images, namely, LL, LH, HL, and HH. High-frequency sub bands contains the high 
frequency component of the image. The interpolation can be applied to these four sub band 
images. In the wavelet domain, the low-resolution image is obtained by low-pass filtering 
of the high-resolution image as in [14], [17], and [19]. The low resolution image (LL sub 
band), without quantization (i.e., with double-precision pixel values) is used as the input 
for the proposed resolution enhancement process. In other words, low frequency sub band 
images are the low resolution of the original image. Therefore, instead of using low-
frequency sub band images, which contains less information than the original input image, 
we are using this input image through the interpolation process. Hence, the input low-
resolution image is interpolated with the half of the interpolation factor, α/2, used to 
interpolate the high-frequency sub bands.    
         In order to preserve more edge information, i.e., obtaining a sharper enhanced image, 
we have proposed an  intermediate stage in high frequency sub band interpolation process. 
As shown in Fig. 1, the low-resolution input satellite image and the interpolated LL image 
with factor 2 are highly correlated. The difference between the LL sub band image and the 
low-resolution input image are in their high-frequency components. Hence, this difference 
image can be use in the intermediate process to correct the estimated high-frequency 
components. This estimation is performed by interpolating the high-frequency sub bands 
by factor 2 and then including the difference image (which is high-frequency components 
on low-resolution input image) into the estimated high-frequency images, followed by 
another interpolation with factor α/2 in order to reach the required size for IDWT process. 
The intermediate process of adding the difference image, containing high-frequency 
components, generates significantly sharper and clearer final image. This 
sharpness is boosted by the fact that, the interpolation of isolated high-frequency 
components in HH, HL, and LH will preserve more high-frequency components than 
interpolating the low-resolution image directly  
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3 . MULTI WAVELET BASED RESOLUTION ENHANCEMENT 
      The study of the Multi wavelets as an extension of scalar wavelets has received 
considerable attention from the wavelet research communities both in theoretical 
development as well as for applications such as signal compression and de noising in the 
recent years [7] .The major limitation of the singular wavelet functions is their time-
frequency localization property. Multi wavelets have two or more scaling and wavelet 
functions. 
The multi-wavelet has several remarkable properties like orthogonality, short support, 
symmetry, and high degree of vanishing moments. Some of the applications of the Multi 
Wavelet transform includes image compression, watermark processing, image pattern 
recognition and so on [8,9]. The multiscaling function is defmed from the set of scaling 
functions as 
   ф(t)=[ϕ1(t)  ϕ2(t) … ϕr(t)l]T   (1)                               
Similarly the multiwavelet function is defmed from the set of wavelet functions as 
  Ψ(t)= [Ψ1(t) Ψ2(t) … Ψr(t)l]T      (2)                                      
where r > 1 is an integer. When r = 1, is called a scalar wavelet or simply wavelet. When r 
=2, is called a 
multiwavelet. In the GHM multiwavelet, the wavelet functions are orthogonal and both the 
scaling and wavelet functions are symmetric. The multiwavelet two scale equations must 
satisfy the two scale equation of the wavelet equation 
                      m-1 
ф(t)= ∑ Gk ф(2t-k)           (3) 
                  k=1  

             
                        m-1 
       Ψ(t)=∑ Hk ф(2t-k)                                     (4)        
                       k=1 
 
The pair {GK,Hd is called a multi wavelet filter bank. GK is called a matrix low pass filter 
and HK is called a matrix high pass filter. They are rxr matrices for each integer k, and m 
is the number of scaling coefficients. In the MWT, input signal needs to be fust vectorized, 
namely pre-processing (which is a crucial point also known as multiwavelet initialization 
or prefiltering). Prefiltering process generate mUltiple (vector) streams from a given scalar 
source stream and results in the initial expansion coefficients [10]. The nature of the 
components of the multiscaling functions should be taken into account for constructing an 
efficient filter .Show in figure 2 
            The multi wavelets have r scaling functions and the multiwavelets used here have 2 
channels (r=2), so that there will be two sets of wavelet and scaling coefficients. Since the 
multiple iterations over low pass data are desired, the scaling and wavelet coefficients of 
the two channels are stored together. 
 
 
 

 
 
 
                                                                        Figure 1 
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                                                                     Figure 2 
The multi wavelet decomposition is described in fig. 2. In this case, 4 sub band images 
obtained from the single level decomposition of 2-D image are once again decomposed into 
16 more sub band images and they can be divided into 4 blocks. For example, LH sub band 
obtained from single level decomposition of 2-D image is again decomposed into LIHI. 
L,H2, LzH, and LzHz. L,H, corresponds to the data from the first channel high pass filter 
in the horizontal direction and the first channel low pass filter in the vertical direction 
4.  PERFORMANCE MEASURES FOR IMAGE RESOLUTION 
 Assessment of image resolution performance can be divided into two categories: one with 
and one without reference images. In reference-based assessment, a resolution of image is 
evaluated against the reference image which serves as a ground truth. In the present work, 
we have used three performance measures to evaluate the performance of the Multi-
Wavelet and DWT algorithms.  
A  Entropy (H) 

The Entropy (H) is the measure of information content in an image. The maximum value 
of entropy can be produced when each gray level of the whole range has the same 
frequency. If entropy of fused image is higher than parent image then it indicates that the 
fused image contains more information. 
               L-1 
      H = - ∑  P(g) log2 P(g)      (5) 
              G=0  
 B   Root Mean Square Error (RMSE) 
A commonly used reference based assessment metric is the Root Mean Square Error 
(RMSE). The RMSE between a reference image, R, and a fused image, F, is given by the 
following equation: 
 
                    1     M     N 
RMSE =  [ ------  ∑     ∑  (R(men) – f (m,n)2]1/2    (6)                                                                           
                  MN  m=1  n=1                                                                         
where R(m,n) and F(m,n) are the reference (CT or MR) and fused images, respectively, and 
M and N are image  dimensions. Smaller the value of the RMSE, better the performance of 
the fusion algorithm. 
C   Peak Signal to Noise Ratio (PSNR) 
PSNR is the ratio between the maximum possible power of a signal and the power of 
corrupting noise that affects the fidelity of its representation. The PSNR of the fusion result 
is defined as follows 
  (fmax)

2  
PSNR = 10 x log[ -------  ]            (7)          
                                                 RMSE2 
where fmax is the maximum gray scale value of the pixels in the fused image. Higher the 
value of the PSNR, better the performance of the multi wavelet algorithm. 
 

 
 
5 THE EXPERIMENTAL RESULTS AND  COMPARISONS 

L1L1 L1L2 L1H1 L1H2 

L2L1 L2L2 L2H2 L2H2 
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Satellite images are taken as the source images. Discrete Wavelet. And Multi wavelet 
transform are applied on the source images and then transform coefficients obtained. The 
corresponding outputs of the Discrete Wavelet and Multi-Wavelet transform are shown in 
the Fig. 6 and 10 . 

 
                                                            

 
  
 
 

 
                                                          
 
 
 

Figure 3 Input Image    
 

 
 
  Figure 4  DWT Image 
 

 
 
 
 
 
 
 
 
 

     Figure 5  Difference Image                             
 
    

 
 
Figure 6 Output IDWT Image 
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   Figure 7 Input Image 
                                         
 
 

 
  Figure 8  MWT Image                                          
 
 

 
   Figure 9 Difference  Image                                       
 

 
Figure 10 Output IMWT 
 

From the Table I, it has been observed that the  higher Entropy, PSNR  and .RMSE value 
is very low in the case of DWT. followed by the MWT method 
 
TABLE 1 Statistic results of Haar Wavelet Result  

 
  
 
  
 
 

 
 
 
 
 

                 Existing Proposed 
RMSE 20.16525   0.6222311 
PSNR 41.13935 56.2453 
Entropy 7.97922   7.9742 
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Table 2 : MWT Wavelet Result 

 
 
 
 
 

It is observed that, DWT has given details better than  those given by the Multi-Wavelet  
algorithm. The resolution  image obtained using MWT and DWT contains more useful 
information than the source images,  
6    CONCLUSION 
         Thus the two different modality images are resolution enhanced using the DWT and 
MWT transforms. Moreover the difference in performance of the two transforms is clearly 
exhibited using three performance measures. It is observed that, DWT transform has given 
details better than those given by the Multi-Wavelet algorithm. The enhanced image 
obtained using DWT and MWT transform contains more useful information than the source 
images. 
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