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Abstract: In this study, a comparison of various existing satellite image resolution enhancement techniques
in wavelet domain is done. Each method is analysed quantitatively and visually. There are various wavelet
domain based methods such as Wavelet Zero Padding, Dual Tree-Complex Wavelet Transform, Discrete
Wavelet Transform, Cycle Spinning and Undecimated Wavelet Transform. On the basis of analysis, the most
efficient method is proposed. The algorithms take the low resolution image as the input image and then wavelet
transformation using daubechies (db3) is used to decompose the input image into different sub band images
containing high and low frequency component. Then these subband images along with the input image are
interpolated followed by combining all these images to generate a new resolution enhanced image by an inverse
process.

Keywords: Cycle Spinning (CS), Discrete Wavelet Transform (DWT), Dual Tree-Complex Wavelet
Transforms (DT-CWT), High Resolution (HR), Low Resolution (LR), Undecimated Wavelet
Transform (UWT), Wavelet Zero Padding (WZP)

INTRODUCTION

These days satellite images are being used in
different fields, so it is essential to have high resolution
satellite images. Satellite images are affected by various
factors such as absorption, scattering etc in the space,
resolution of these images is very low. To have better
perception of these images it is necessary to have the
image with clear and well defined edges, which provides
better visible line of separation etc. Resolution
enhancement of these images has always been a major
issue to extract more information from them. There are
many approaches that can be used to enhance the
resolution of a satellite image. Wavelet domain based
methods have proved themselves as most efficient
technique serving for the required purpose. Interpolation
in image processing is a well-known method to increase
the resolution of a digital image. Many interpolation
techniques have been developed to increase the image
resolution. The three different types of interpolation
techniques are nearest neighbour, bilinear and bicubic
interpolation shown in Fig. 1.

Temizel and Vlachos (2005a, b) described that in
WZP an initial approximation to the unknown HR image
is generated using wavelet domain zero padding with the
help of given LR image. Temizel and Vlachos (2005a, b)
proposed along with this WZP method, cycle spinning
method is used to remove the ringing artefacts and
increasing the perceptual  quality  of image.  Naman and
Vijayan (2010) used undecimated wavelet transformation
method in which the LR image is treated as 

Fig. 1: Interpolation techniques

approximation part of an unknown wavelet transform HR
image. The detail coefficients are estimated using the
UWT to obtain the unknown HR image. 

Demirel and Anbarjafari (2011) exploresd DWT
based method in which interpolated high frequency
subband images and the input low resolution image is
used and IDWT is applied to combine all these images to
generate final resolution enhanced image. Demirel and
Anbarjafari (2010a, b) proposed DT-CWT based
algorithm in which an image is split into two complex
valued low frequency subband images and six complex
valued high frequency images using direction selective
filters. Then obtained images are interpolated followed by
using IDT-CWT to combine all images to produce
resolution enhanced image. The objective  of this  study
 is  to  compare  and simulate wavelet based technique
such as WZP, CS, UWT, DWT and DT-CWT, to find the
performance in terms of MSE, PSNR and ENTROPY and
to declare the most appropriate method for the resolution
enhancement of satellite images.
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MATERIALS AND METHODS

We collected satellite images for the study from
google map and matlab 7.11 versions are used for
simulating the algorithms.

Pre-processing: We take the sample test satellite image
and it is passed through a low pass filter to obtain a low
resolution image. On this low resolution image we
proceed further to verify the proposed methods reliability.

WZP: Wavelet zero padding is one of the simplest
methods  for  image  resolution  enhancement  shown  in
Fig. 2. In this method, wavelet transform of a LR image
is taken and zero matrices are embedded into the
transformed image, by discarding high frequency
subbands through the inverse wavelet transform and thus
HR image is obtained.

Cycle spinning: In this method, we follow the following
steps to get highly resolved image as shown in Fig. 3:

C First we obtain an intermediate HR image through
WZP method

C After that we obtain N number of images through
spatial shifting, wavelet transforming and discarding
the high frequency component

C Again, the WZP process is applied to all LR images
to obtain a number of HR images

C These HR images are realigned and averaged to give
a final HR image

UWT: Un-decimated wavelet transform is wavelet
transform technique which does not use decimation after
the decomposition of images into different frequency
subbands. In this method, first WZP is applied to obtain
an estimate of HR image. If the LR image is denoted with
Y of size m*n then the estimated HR image is given by:

$x IDWT
Y b
b b

=
⎡

⎣
⎢

⎤

⎦
⎥

where, b is the zero matrix of size m*n and IDWT is the
inverse discrete wavelet transform. 

In next step undecimated wavelet transform is
implemented on the estimated HR image, as a result of
which image is decomposed into two bands called
estimated details and approximation coefficients. The
approximation coefficients are then replaced by initially
estimated HR image and inverse UWT is taken to obtain
the final HR image refer to Fig. 4.

DWT: Discrete wavelet transform based technique is
most widely used technique for performing image
interpolation. Here DWT is used to decompose a low
resolution image into 4 subband images LL, LH, HL and
HH. All the obtained low and high-frequency components
of image are then interpolated. A difference image is
obtained by subtracting the interpolated LL image from
the original LR image. This difference image is then
added to the interpolated high frequency components to
obtain estimated form of HF subband images. Finally
IDWT is used to combine these estimated images along
with the input image to obtain high resolution images.

DT-CWT: It is also an efficient technique to obtain a
high resolution image. Block diagram for implementation
of the method is shown in the Fig. 5. DT-CWT is applied
to decompose an input image into different subband
images. In this technique, direction selective filters are
used to generate high- frequency subband images, where
filters show peak magnitude responses in the presence of
image features oriented at angle +75, +45, +15, -15, -45
and -75 degrees, respectively. Then the six complex-
valued images are interpolated. The two up scaled images

Fig. 2: WZP method

Fig. 3: Cycle spinning
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Fig. 4: UWT method

Fig. 5: DT-CWT method

are generated by interpolating the low resolution original
input image and the shifted version of the input image in
horizontal and vertical directions. These two real valued
images are used as the real and imaginary components of
the interpolated complex LL image, respectively, for the
IDT-CWT operation. Finally IDT-CWT is used to
combine all these images to produce resolution enhanced
image.

Post-processing: After the implementation of each of the
method, image obtained after the inverse wavelet
transform is converted to class of type gray and histogram
equalization is implemented for better view.

Quantitative analysis: To evaluate the performance of
each algorithm different metrics such as Mean Square
Error (MSE), Peak Signal to Noise Ratio (PSNR), Root
Mean Square Error (RMSE) has been calculated:

C Mean square error:
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RESULTS AND CONCLUSION

Performance analysis of various resolution
enhancement algorithms in wavelet domain is done and
measured in terms of metrics such as PSNR, MSE and
ENTROPY as tabulated above. Table 1 and 2 are
calculated metrics value for different algorithms before
histogram equalization for input image shown in Fig. 6a
and 7a, respectively. As we can see from the table PSNR
value for the different methods are around 30 db and
ENTROPY  values  are  varying one.  These  PSNR and
MSE  values  are  comparable  to  previous studies in the

Table 1: MSE, RMSE, PSNR and ENTROPY results for different
techniques for Fig. 6

Methods  MSE  RMSE  PSNR (db)  ENTROPY
WZP 0.0467  0.2161  32.2722  3.4598
CS 0.0706  0.2658  27.4267  2.7994
UWT 0.0675  0.2597  28.6002  3.5780
DWT/BILINEAR 0.0387  0.1966  32.8275  5.9913
DWT/NEAREST 0.0342  0.1849  34.0733  5.7438
 NEIGHBOUR
DWT/BICUBIC  0.0825  0.2872  26.6816  2.9862
DT-CWT/BILINEAR  0.0639  0.2528 28.4883  0.3602
DT-CWT/NEAREST  0.0635  0.2520  28.7384  0.4812
NEIGHBOUR
DT-CWT/BICUBIC  0.0636  0.2523  28.7209  0.4297
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Table 2: MSE, RMSE, PSNR and ENTROPY results for different
techniques for Fig. 7

Method  MSE  RMSE  PSNR (db)  ENTROPY
WZP  0.0269  0.1639  38.2070  2.8007
CS 0.0753  0.2744  27.1245  2.3443
UWT 0.0765  0.2765  27.7674  3.0638
DWT/ BILINEAR 0.0872  0.2952  26.5271  1.6992
DWT/NEAREST 0.8070  0.2949  26.6800  1.7792
NEIGHBOUR
DWT/BICUBIC 0.0872  0.2953  26.6247  1.7863
DT-CWT/BILINEAR 0.0484  0.2200  31.3245  0.2384
DT-CWT/NEAREST 0.0484  0.2201  31.5343  0.2183
NEIGHBOUR
DT-CWT/BICUBIC 0.0484  0.2200  31.4785  0.2438

Table 3: MSE, RMSE, PSNR and ENTROPY results for different
techniques after histogram equalization for Fig. 6

Method  MSE  RMSE  PSNR (db)  ENTROPY
WZP  0.0426  0.2063  33.0103  4.7757
CS 0.0445  0.2110  31.9737  4.9216
UWT 0.0551  0.2347  30.9953  3.4475
DWT/BICUBIC 0.0729  0.2699  27.7575  5.8049
DT-CWT/BICUBIC 0.0406  0.2016  32.6450  6.5894

Table 4: MSE, RMSE, PSNR and ENTROPY results for different
techniques after histogram equalization for Fig. 7

Method  MSE  RMSE  PSNR (db)  ENTROPY
WZP 0.0291  0.1706  36.6573  3.2935
CS  0.0309  0.1757  35.1486  3.5350
UWT 0.0369  0.1922  34.4646  3.1962
DWT/BICUBIC 0.0691  0.2628  28.3195  4.9542
DT-CWT/BICUBIC 0.0261  0.1615  37.2267  6.2697

same field. Table 3 and 4 are the results calculated after
the histogram equalization for Fig. 6 and 7. On visual
basis we can see from Fig. 6 and 7 that the DT-CWT
method (Fig. 6f and 7f) has better resolution than other
comparable methods. Metrics such as PSNR and
ENTROPY have higher values and MSE has lesser values
for each method than in Table 1 and 2, respectively. Also
in Table 3 and 4 we can see that we are getting minimum
MSE value and maximum PSNR and ENTROPY value
for    DT-CWT    method   using   bicubic   interpolation

(a) (b) (c)

(d) (e) (f)

Fig. 6: (a) Original LR image, (b) WZP, (c) CS (d) UWT, (e) DWT, (f) DT-CWT

(a) (b) (c)
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(d) (e) (f)

Fig. 7: (a) original LR image, (b) WZP, (c) CS, (d) UWT, (e) DWT, (f) DT-CWT

technique. We are getting PSNR value as large as 37.22db
and ENTROPY value as large as 6.27 for Fig. 7f. Based
on the above analysis, by considering all three factor
simultaneously and observing the result in Fig. 6 and 7, it
can be concluded that DT-CWT is the most efficient
method for satellite image resolution enhancement. High
performance of DT-CWT is due to shift invariance and
directional selectivity. 
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