
International Journal of Engineering Science  and Computing, October 2016           2810                                                  http://ijesc.org/ 

          
ISSN XXXX XXXX © 2016 IJESC                                                                                                   
                                                       
 

 

Satellite Image Resolution Enhancement Using Dual-Tree Complex 

Wavelet Transform and Nonlocal Means  

Deepika G. Firake
1
, Dr. P. M. Mahajan

2
 

Master Student
1 

 

EXTC Department 

J. T. Mahajan, College of Engineering, Faizpur, India  

 

Abstract:  

Resolution enhancement RE methods are not based on wavelets and it suffer from the disadvantage of losing high frequency 

content which results in blurring. The discrete wavelet-transform-based (DWT) RE scheme forms artifacts which are because of a 

DWT shift-variant property. The dual-tree complex wavelet transform (DT-CWT) and nonlocal means (NLM) are based on a 

wavelet-domain approach and it p roposed for satellite images of RE. DT -CWT is nearly shift invariant and it is decomposed from 

a satellite input image which is used to obtain high-frequency subbands. Lanczos interpolator used for low-resolution input 

images and the high-frequency subbands interpolation and the high frequency subbands are approved through an NLM filter to 

provide for the art ifacts generated by DT-CWT .The filtered high-frequency subbands as well as the LR input image are 

combined using inverse DT-CWT to get a resolution-enhanced image. Objective and subjective analyses make known the 

advantage of the planned technique over the conventional with state-of-the-art RE techniques. 

 

Index Terms: Dual-tree complex wavelet transform (DT-CWT), Lanczos interpolation, resolution enhancement(RE), shift 

variant. 
 

I. INTRODUCTION 

In the recent years there is increased in the demand for 

better quality images in the various applications such as 

medical, astronomy, object recognition.  Satellite images are 

used in diverse areas such as monitoring the processes on the 

Earth’s surface, discovery of changes in atmosphere; 

measuring as well as estimating geographical, biological and 

physical parameters, etc. The resolution of these images is 

extremely significant to obtain information from satellite 

images so it plays a main role in satellite image enhancement. 

And the Image Enhancement is a process of obtaining a high 

quality or high resolution image from low quality otherwise 

low resolution satellite image, for supplementary processing 

of an image, such as analysis, detection, segmentation along 

with recognition [2]. It is an essential step in image processing 

of satellite images.  Image resolution enhancement is also 

widely useful for satellite image applications which contain 

bridge recognition, build ing construction in GPS technique. 

For image enhancement method there are two domains has 

been occupied into consideration one is image domain as well 

as transform domain. Transform domain conclude which 

transformations used in the enhancement. 

Image interpolation is usually used resolution enhancement 

scheme for different applications. Image interpolation is the 

process of using recognized data to approximation values at 

unknown locations. Interpolation method select new pixel 

from surrounding pixels. Mostly there are two types of 

interpolation algorithms. 

 

1. Adaptive algorithm- This algorithm changes depending 

on what they are interpolating. 

 

2. Non adaptive algorithms- contain linear interpolation 

algorithms. 

 

Linear interpolation includes adjacent neighbour, bilinear, 

Bicubic interpolation. But images obtained by these linear 

interpolation technique produces numerous artifacts similar to 

blurring, blocking etc. To avoid these problems non linear 

interpolation algorithms are intended for resolution 

enhancement. Computational problem is increase as 

interpolating factor is increases. Transform domain decide 

which transformations used in the enhancement. Transform 

theory plays an essential role in image processing, as 

functioning among the transform of an image instead of the 

image itself may well give us additional insight into the 

properties of the image. Two dimensional transforms are 

applied to image enhancement, restoration, encoding also 
description. Various types of transforms are used for the 

image enhancement. 

DFT (Discrete Fourier Transform) having one drawback of 

DFT is that the transform works badly when the end points are 

far away apart. If the full Fourier transform was applied in this 

case, many higher Fourier components would be introduced to 

recompense for this. 

DCT (Discrete Cosine Transform) having one drawback is 

that there is no way to use the DCT for lossless compression, 

because outputs of the transform are not integers. This 

difficulty can be solved with interpolating images in wavelet 

domain. Instead of applying a block transform, one can 

attempt by a transform where one block influences numerous 

other (surrounding) blocks. This may reduce the so, artifact 

like blocking may be separated when using subband 

transforms. To create better result it is effective to use wavelet 

transform. Wavelet transformation, in itially a mathemat ical 

tool for signal processing, is now popular in the field of image 

fusion. Recently, numerous image fusion methods based on 

wavelet transformation have been published. The wavelets 

used in image fusion can be characterized into three common 

classes: Orthogonal, Biorthogonal and Nonorthogonal. 

Although these wavelets share several common properties, 

both wavelet leads to unique image decomposition and a 

reconstruction process which leads to differences between 

wavelet fusion methods. The wavelet transform has become a 
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useful computational tool for a variety of signal as well as 

image processing applications. Although these wavelets share 

several common properties, both wavelet leads to unique 

image decomposition and a reconstruction process which leads 

to differences between wavelet fusion methods. The wavelet 

transform has become a useful computational tool for a variety 

of signal as well as image processing applications. Wavelet 

transforms are also useful for ‘cleaning' signals as well as 

images (reducing unwanted noise along with blurring). 

Various algorithms for processing excessive images, for case, 

are based on wavelet as well as wavelet-like transforms. The 

wavelet transform of the image is primary computed, the 

wavelet illustration is then modified appropriately, and after 

that the wavelet transform is reversed (inverted) to get a new 

image. When constructing subband transforms as of wavelets, 

we will create the transform by first finding a filter bank as of 

the scaling function of the wavelet. Transforms in image 

processing are two dimensional, thus we require a little 

comments on how we implement a separable transform. When 

a two dimensional transform is divisib le, we can calculate it  

by applying the equivalent one-dimensional transform to the 

columns first, furthermore then to the rows. Wavelet transform 

is used in different images processing application and 

produces better quality images. 

The remainder of this paper is organized as follows: 

Section 2 briefly discusses the previous work done on the 

DWT. Satellite Image Enhancement techniques are described 

in section 3. Proposed technique is described in Section 4. 

Section 5 shows the flow chart of proposed technique. Section 

6 given the mathemat ical parameter used in this proposed 

method Section 7 reports results and discussion and at last 

conclusion of this proposed technique mentioned in Sect ion 8.   

 

II. PREVIOUS WORK 

Recently numbers of methods are used for increasing the 

quality of images in various applications. Each technique 

produces different artifacts as well as results. Hasan Demirel 

and Gholamreza Anbarjafari [2] proposed a DWT technique 

for interpolating the images. Excluding the images obtained 

from DWT and IDWT technique is not sharp, it has low PSNR 

as compared to former methods. Hasan and Gholamreza [3] 

covered the Discrete and stationary wavelet decomposition 

technique based on exclamat ion of high frequency subband 

images resulting from DWT. In this technique high frequency 

components of image are improved with stationary wavelet 

transform. This technique produces comparatively greater 

results. Hasan Demirel and Gholamreza Anbarjafari [4] 

explained Complex Wavelet Transform (CWT) which is used 

in image processing. CWT forms two complex-valued low-

frequency subband images and six complex valued high-

frequency subband images of original image. MSE along with 

PSNR of the super resolved image is also improves in this 

method.  As per Robert G. Keys [5] Cubic convolution 

interpolation is derived from set of conditions. These sets are 

further practical towards interpolation kernel. Interpolation 

kernels are design to maximize accuracy for given level of 

computation factor. Also storage as well as computing time 

required for cubic convolution is less than cubic splines. Yinji 

Piao, et.al. [6] discussed concerning with inter-subband 

correlation in wavelet domain which uses correlation of 

subband with dissimilar sampling phases in DWT. In this 

enhancement method sampling phase of DWT is taken into 

consideration. By analyzing correlation between lower level as 

well as higher level subbands, interpolation filters are 

designed. Initially filters are estimated by giving wavelet 

transform to low resolution image. Estimated filters are then 

used to estimate bands in higher level. Ultimately inverse 

wavelet transform is performed  to enhance the resolution of 

input image. 

 

III. SATELLITE IMAGE ENHANCEMENT 

TECHNIQUES  

 

3.1 Discrete Wavelet Transform (DWT) 

Discrete Wavelet Transform (DWT) based method is 

generally widely used technique for performing image 

interpolation [2]. DWT use filter banks as well as special 

wavelet filters for the analysis for the reconstruction of the 

multi-resolution time-frequency plane [7]. Now DWT is used 

to decompose a low resolution image into 4 subband images 

LL, LH, HL also HH. All low with high-frequency 

components of image are then interpolated. Then a difference 

image is obtained by subtracting LL image as of the original 

LR image. Resulting image is then added to the interpolated 

high frequency components to get estimated form of HF 

subband images. At last IDWT used to combine these 

estimated images along with the input image to obtain high 

resolution images [2]. 

 
Fig.1 Block Diagram of DWT method 

 

3.2 Dual tree-Complex WT (DT-CWT) 

This method, dual-tree CWT (DT-CWT) [4] [8] is used to 

decompose an input image into different subband images. In 

this method direction selective filters are used to generate high 

frequency sub-band images where filter demonstrate peak 

magnitude responses in the existence of image features 

oriented at angle +75, +45, +15, -15, -45 and -75 degrees, 

respectively [9]. Subsequently six complex valued images are 

interpolated. Once interpolated, combine all images to create a 

new high-resolution image by using inverse DT-CWT. 

Resolution is achieved [8] by using directional selectiv ity 

provided with the CWT, where the high-frequency subbands 

contribute to the sharpness of the high-frequency details. 

Finally IDT-CWT used to join all these images to construct 

resolution enhanced image. 

 

Fig.2 Block Diagram of DT-CWT Method 

 

3.3 DWT-SWT 

Full form of DWT-SWT is Discrete wavelet transform-

Stationary wavelet transform. In this technique we are using 
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DWT in order to protect the high frequency components of the 

image (stationary wavelet transform uses high and low pass 

filters [7]). The DWT as  well as SWT [3] are used to 

decompose the input image into dissimilar subbands. In this 

technique DWT is used in order to protect the high frequency 

components of the image [7]. But because of DWT, 

informat ion loss occurs due to the behind sampling in each 

sub-band. Hence to minimize this loss SWT is employed. The 

SWT high frequency subbands as well as interpolated high 

frequency subbands have the same size hence that can be 

added with each other. After correlation novel high frequency 

sub-bands are obtained. Behind interpolation inverse discrete 

wavelet transform (IDWT) is applied to every the interpolated 

subbands to obtain final High resolution image. 

 

Fig.3 Block d iagram of DWT-SWT method. 

3.4 Lanczos Interpolation  

Interpolation is the nearest neighbours such as Bilinear, 

Bicubic, Lanczos Interpolation. It is a essentially is for 

smoothly interpolating the value of dig ital signal between 

samples. Lanczos interpolation is better than the counter part 

due to increase the ability to detect edges and linear feature. 

High-frequency components  are main loss of an image 

subsequent to being super-resolved by applying interpolation. 

This loss occur due to the smoothing caused by interpolation. 

To amplify excellence of the super-resolved image, preserving 

the edges is essential. DWT has been employed in order to 

protect the high-frequency components of the image. Demirel 

Anbarjafari Super Resolution  (DASR )technique uses DWT 

to decompose an image into dissimilar subband images ; 

namely, low-low (LL), low-h igh (LH), high-low (HL), and 

high-high (HH). . It can be used as a low-pass filter or used to 

smoothly interpolate the value of a digital signal between its 

samples. In the last case it maps each sample of the specified 

signal to a translated and scaled copy of the Lanczos kernel, 

which is a sinc function windowed through the central lobe of 

a second, longer, sinc function. The addition of these 

translated as well as scaled kernels is then evaluated at the 

desired points. Lanczos resampling is normally used towards 

to increase the sampling rate of a d igital signal, o r to shift it by 

a fraction of the sampling interval. It is frequently used too 

for multivariate interpolation, for  resize or rotate a digital 

image. It has been measured the "best compromise" among 

several simple filters for this purpose. 

3.5 NLM Filtering  

The NLM filter which is an extension of neighborhood 

filtering algorithms and it is based on the assumption that 

image content is likely to replicate itself within some 

neighborhood (in the image) [10] and in neighboring frames 

[11]. It  computes denoised pixel x(p, q) with the weighted sum 

of the adjacent pixels of Y (p, q) (within frame and in the 

neighboring frames) [11]. This characteristic provides a way 

to estimate the pixel value from no ise contaminated images. In  

a 3-D NLM algorithm, the estimate of a pixel at point (p, q ) is 

 
Where m is the frame index, moreover N represents the 

neighbourhood of the pixel at location (p, q). 

 

 
 

Fig.4 Block d iagram of the proposed DT-CWT-RE algorithm. 

 

 

 

 

 

https://en.wikipedia.org/wiki/Sinc_function
https://en.wikipedia.org/wiki/Window_function
https://en.wikipedia.org/wiki/Sampling_rate
https://en.wikipedia.org/wiki/Multivariate_interpolation
https://en.wikipedia.org/wiki/Image_scaling
https://en.wikipedia.org/wiki/Rotation_(geometry)
https://en.wikipedia.org/wiki/Digital_image
https://en.wikipedia.org/wiki/Digital_image
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K values are the filter weights, i.e .,  

 
where V is the window [typically a square window centered 

on the pixels Y (p, q) with Y (r, s)] of pixel values from a 

geometric neighbourhood of pixels Y (p, q) as well as Y (r, 

s), σ is the filter coefficient,  f(.) is a geometric distance 

function. K is inversely proportional to the distance between 

Y (p, q) and Y (r, s). 

 

IV. PROPOS ED TECHNIQUE 

In the planned algorithm (DT-CWT-NLM-RE), we 

decompose the LR input image (for the mult ichannel case, 

each channel is independently treated) in different subbands 

(i.e ., Ci and Wji , where i ∈ {A,B,C,D} and j ∈ {1, 2, 3}) by 

using DT-CWT, as shown in Fig. 1. Ci values are the image 

coefficient subbands, and Wji are the wavelet coefficient 

subbands. The subscripts A, B, C, and D correspond to the 

coefficients at the even-row and even-column index, the 

odd-row and even column index, the even-row with odd-

column index and the odd-row with odd-column index, 

respectively, whereas h and g represent the low-pass as well 

as high-pass filters, respectively. The superscript e with o 

signifies the even and odd indices, respectively. Wji values 

are interpolated by factor β using the Lanczos  interpolation 

(having excellent approximation capabilit ies) as well as  

collective with the β/2-interpolated LR input image. Since 

Ci contains low-pass-filtered image of the LR input image, 

consequently, high-frequency informat ion is lost. To cater 

for it, we have used the LR input image as an alternative of 

Ci. Although the DT-CWT is almost shift invariant [12], 

however, it may create artifacts behind the exclamat ion of 

Wji .Therefore, to cater for these artifacts, NLM filtering is 

used. All interpolated Wji values are passed throughout the 

NLM filter. Then, we apply the inverse DT-CWT to these 

filtered subbands  along through the interpolated LR input 

image to recreate the HR image. The results presented show 

that the proposed DT-CWT-NLM-RE algorithm performs 

improved than the existing wavelet-domain RE algorithms 

in terms of the peak-signal-to noise ratio (PSNR), the MSE 

[13]. 

Interpolation is the nearest neighbours such as Bilinear 

,Bicubic, Lanczos Interpolation. It is a essentially is for 

smoothly interpolating the value of digital signal between 

samples. Lanczos interpolation is better than the counter part 

due to increase the ability to detect edges and linear feature. 

High-frequency components  are main loss of an image 

subsequent to being super-resolved by applying 

interpolation. This loss occur due to the smoothing caused 

by interpolation. To amplify excellence of the super-

resolved image, preserving the edges is essential. DWT has 

been employed in order to protect the high-frequency 

components of the image. Demirel Anbarjafari Super 

Resolution  (DASR )technique uses DWT to decompose an 

image into dissimilar subband images; namely, low-low 

(LL), low-h igh (LH), high-low (HL), and high-h igh (HH). . 

It can be used as a low-pass filter or used to 

smoothly interpolate the value of a digital signal between its 

samples. In the last case it maps each sample of the specified 

signal to a translated and scaled copy of the Lanczos kernel, 

which is a sinc function windowed through the central lobe 

of a second, longer, sinc function. The addit ion of these 

translated as well as scaled kernels is then evaluated at the 

desired points. Lanczos resampling is normally used towards 

to increase the sampling rate of a d igital signal, or to shift it 

by a fraction of the sampling interval. It is frequently used 

too for multivariate interpolation, for  resize or 

rotate a digital image. It has been measured the "best 

compromise" among several simple filters for this purpose 

V. FLOW OF PROPOS ED TRCHNIQUE 

 

A. Input Image 

Satellite input image is captured from the Satellite Imaging 

Corporation webpage. satellite image is low resolution  

image.  

  

B. Preprocessing 

In preprocessing the Resize the  Image into the low 

resolution input image  (128x128).  

 

C. Multilevel Dual Tree Complex Wavelet 

Transform 

The two level dual tree complex wavelet transform are used 

.In multi level DT-CWT the DWT is in the real and 

imaginary part. The  DT-CWT  decomposed the low 

resolution input image in d ifferent sub-band.the sub-band 

separated into image coefficient and wavelet coefficient sub-

band .the 12 sub band are produced by the multi level DT-

CWT.the 2 Dimension Discrete Wavelet transform are used. 

The structure realizat ion of the analysis filter and synthesis 

filter bank. 

 

D. Kingsbury Q Filter DT-CWT 

Q filter improve the Orthogonality and symmetry properties 

of the filter banks. systhesis and analysis filter. 

 

E. Lanczos Interpolation 

Lanczos interpolation function in two  dimensions and low 

resolution input image is interpolated. Lanczos Kernal 2 are 

used to resize the image. For Lanczos 

resampling and Lanczos filtering, low-pass filter used to 

smoothen the interpolate the values of a digital signal 

between its samples. It maps each sample of the given signal 

to a translated as well as scaled copy of the Lanczos kernel. 

Lanczos kernel is a sinc function windowed by the central 

hump of a dilated sinc function. Lanczos kernel is the 

normalized sinc function sinc(x), windowed by the Lanczos 

window, or sinc window (sinc(x/a) for −a ≤ x ≤ a.  Sinc 

window used in this proposes technique. A true color image 

is an image in which every p ixel is particu lar by three values 

one each for the red, blue, and green components of the 

pixel scalar. M by-n-by-3 array of class as uint8, uint16, 

single, or double whose pixel values specify intensity 

values. For single or double arrays, values range from [0, 1].  

And the values range from [0, 255]. 

 

F. Nonlocal Mean 

Nonlocal means is an algorithm in image processing for 

image denoising. Unlike "local mean" filters, which take the 

mean value of a grouping of pixels surrounding a target 

pixel to smooth the image, nonlocal means  filtering takes a 

mean of every pixels in the image, weighted by how similar 

these pixels are to the target pixel. The h igh frequency 

subband  are passed through the filter to reduce the 

noise.NLM use all the possible self prediction and self 

similarity the image can give to determine the pixel weights 

for filtering the noise image.12 sub band are filtered and 

interpoled. 

https://en.wikipedia.org/wiki/Sinc_function
https://en.wikipedia.org/wiki/Window_function
https://en.wikipedia.org/wiki/Sampling_rate
https://en.wikipedia.org/wiki/Multivariate_interpolation
https://en.wikipedia.org/wiki/Image_scaling
https://en.wikipedia.org/wiki/Rotation_(geometry)
https://en.wikipedia.org/wiki/Digital_image
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G. Inverse  DT-CWT 

In Inverse DT-CWT are combined the High frequency 

subband and low resolution image filtered and interpolated 

subband. then resize the image 128x128.produced the High 

resolution image. The input of the Inverse DT-CWT is the 

interpolated image. The NLM filter in the inverse DT-CWT 

remove and filter the noise. Resolution Enhanced image is 

the combination of the DT-CWT and Inverse DT-CWT. The 

image is interpolate and nonlocal mean in both DT-CWT 

and Inverse DT-CWT. To produce high resolution image. 

 
Fig.5 Flow Chart of the Proposed Method 

 

VI. MATHEMATICAL PARAMETER 

To estimate the performance of each one algorithm different 

metrics such as Mean Square Error (MSE), Peak Signal to 

Noise Rat io (PSNR) has been calculated:  

 

6.1 Mean S quare Error (MS E):  

Mean square error (MSE) is defined as an average of 

positive errors among original image with enhanced image. 

MSE should be as minimum as possible for better quality 

image. 

 
Where, yi is the estimated mean,  

   regression setting through estimated mean 

And, the denominator d ivides the sum by n-2, not n-1, 

because in using  to estimate , we effect ively  

estimate two parameters — the population intercept β0 and 

the population slope β1. That is, we lose two degrees of 

freedom 

 

6.2 Peak Signal to Noise Ratio (PSNR):  

PSNR is mainly generally used to measure the quality of 

reconstruction of lossy compression codecs. It moreover 

used to measure the ratio between maximum possible power 

of signal as well as power of corrupting noise to affects the 

fidelity of its representation. Usually higher PSNR 

represents that the creation is of higher quality, sometimes it 

may not. 

The PSNR (in dB) is defined as-  

PSNR=10.log10

    
 

   
 

 

           =20. log10 
    

    
 

 

           = 20. Log10(MAX1)- 10. log10 (MSE) 

 

Where, MAXI is the maximum possible pixel value of the 

image 

 

VII. RES ULTS AND DISCUSS ION 

 

To find out the effectiveness of the proposed DT-CWT-LM-

RE algorithm over the wavelet-domain RE methods, the 

different images obtained from which the original image 

taken from the Satellite Imaging Corporation webpage[14] 

were tested for this work. The image of Washington DC is 

chosen here for comparison. Note that the input image has 

been obtained by downwards sampling the original HR by 

factor of 4. Fig 6. Shows the novel “Washington DC ” 

image, Fig.7 shows the combination of output fig2. ,Fig.3, 

Fig.4 as RGB interpolated images,Fig.8 shows Non local 

Mean Output which are combination of output fig.5, fig.6, 

fig.7 respectively. Fig.9 show the RGB Images for the 

inverse DT-CWT Interpolation figures are grouping of fig.8, 

fig.9, fig.10. And Fig.11, fig.12, fig.13 are shown in fig. 10 

are the RGB images for inverse DT-CWT. Fig.11 is the 

output image. 

 

 
Fig. 6.  Original “Washington DC” image as a Input image . 

 

   
Fig.7 The RGB interpolated images  

 

   
Fig.8  Non local Mean Output 
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Fig.9 RGB Images for the inverse DT-CWT Interpolation 

 

   
Fig.10 RGB images for inverse DT-CWT 

 

 
Fig.11 Output Image 

 

For the comparison of the proposed technique the 

“WASHINGTON DC” image are used. The results obtained 

by proposed algorithm DT-CWT-NLM-RE are much better 

than the RE images obtained using another techniques 

proposes in [15].  The proposed techniques provide 

improved results in terms of MSE, PSNR. And the value of 

MSE and PSNR in dB obtained from this proposed 

technique is 0.0021 and 26.8249 respectively which are 

greater than values in[15]. 

 

VIII. CONCLUS ION 

 

An RE technique based on DT-CWT as well as an NLM 

filter has been proposed. Original “Washington DC” image 

selected as  a Input image to perform the proposed 

technique. Wavelet coefficients and the LR input image 

were interpolated using the Lanczos interpolator. And the 

DT-CWT is used as it is nearly shift invariant also generates 

less artifacts, as compared with DWT. The NLM filtering is 

used to overcome the artifacts generated by DT-CWT and to 

further enhance the performance of the planned technique in 

terms of MSE and PSNR value. Simulation results highlight 

the superior performance of proposed techniques. 
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