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Abstract
Satellite images are used in many applications such as geosciences 
studies, astronomy, and geographical information systems. One 
of the most important quality factors in images comes from its 
resolution. Image resolution enhancement is one of the first steps 
in image processing. Image resolution enhancement is the process 
of manipulating an image so that resultant image is more suitable 
than the original one for specific application. Image enhancement 
can be done in various domains. For image resolution enhancement 
there are many methods, out of which image interpolation scheme 
is one of the most effective method. However, resolution is vital 
aspect of any image. Good quality image i.e. high-resolution image 
produces better result in image processing application
In this paper we are studying two wavelet and interpolation based 
image resolution enhancement techniques. These techniques are 
basically based on the discrete wavelet transform and stationary 
wavelet transform. The comparison of these two image resolution 
enhancement techniques is shown by using different satellite 
benchmark images and also quantitative results showing the 
superiority between these two image resolution enhancement 
techniques. 
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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. Image resolution enhancement is 
also widely useful for satellite image applications which include 
building construction, bridge recognition, in GPS technique. For 
image enhancement process there are two domains has been taken 
into consideration one is image domain and transform domain. 
Transform domain determine which transformations used in the 
enhancement
Satellite images are used in many fields of research. Resolution is 
the major issue in these kinds of images. Resolution is one of the 
important characteristics of an image. Images are transformed in 
order to obtain high resolution. One of the most commonly image 
resolution enhancement technique is interpolation. Interpolation 
is widely used while enhancing the resolution of an image. Three 
different interpolation techniques are present.
Nearest neighbor interpolation, bilinear interpolation and bi cubic 
interpolation are three interpolation techniques. Image resolution 
enhancement using wavelet domain is a new topic and on this 
domain there are many algorithms present. Wavelet plays an 
important role in image resolution enhancement. Here, two wavelet 
based image resolution enhancement techniques are shown. The 
first technique is based on discrete wavelet transform and the 
second technique is based on discrete wavelet and stationary 
wavelet transform. Both these techniques are compared using 
different satellite images. 

1. Discrete Wavelet Transform
The CWT performs a multi-resolution analysis by contraction and 
dilatation of the wavelet functions. The discrete wavelet transform 
uses filter banks for the construction of the multi-resolution time-
frequency plane. The DWT uses multi-resolution filter banks 
and special wavelet filters for the analysis and reconstruction 
of signals. 
In many image processing applications wavelets plays an important 
role. In 2-D wavelet decomposition of an image, the 1-D discrete 
wavelet transform (DWT) is applying along the rows of image and 
after that results are decomposed along the columns. The results 
of this operation gives four decomposed sub band images that 
are low-low (LL), low-high (LH), high-low (HL), and high-high 
(HH). The complete frequency spectrum of the input image is 
covered by frequency components of all these sub-bands cover 
the full frequency spectrum of the original image. 

Fig. 1: Discrete Wavelet Transform

2. Interpolation 
Interpolation is the process of estimating the values of a continuous 
function from discrete samples. Image processing applications 
of interpolation include image magnification or reduction, 
sub pixel image registration, to correct spatial distortions, and 
image decompression, as well as others. There are many image 
interpolation techniques available, nearest neighbor, bilinear and 
cubic convolution are the most common. The cubic convolution 
interpolation provides a perfect reconstruction of a continuous 
function.

3. Stationary Wavelet Transform 
The stationary wavelet transform is an extension of the standard 
discrete wavelet transform. Stationary wavelet transform uses high 
and low pass filters. SWT apply high and low pass filters to the 
data at each level and at next stage produces two sequences. The 
two new sequences are having same length as that of the original 
sequence. In SWT, instead of decimation we modify the filters 
at each level by padding them with zeroes. Stationary wavelet 
transform is computationally more complex.

II. Literature Survey
In 1974 the scientists [1] is discussed the use of a gray level 
transformation. This transforms a given empirical distribution 
function of gray level values in an image into a uniform distribution. 
For image enhancement as well as for a normalization procedure 
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this transformation has been used. This transformation produces a 
discrete variable whose empirical distribution might be expected 
to be approximately uniform since it is related to the well known 
distribution transformation. 
A filtering algorithm for fast image enhancement is described in 
[6]. This algorithm performs noise smoothing and makes minimum 
modification in the original image. The filtered image is a weighted 
combination of four sub images obtained from low-pass filtering 
of the original image along four major directions. This algorithm 
reduces noise in the image and enhances the image. This algorithm 
is tested on several MR images which are obtained from low field 
strength MR imaging system. 
In [7] presented a technique to remove noise in images, shape 
recovery in images and for image enhancement. 
Also in [11], a satellite image resolution enhancement technique 
based on complex wavelet transform is proposed. In this technique 
input image is decomposed in different sub bands using dual-
tree complex wavelet transform. Then the input image and 
high frequency sub bands are interpolated. Finally to combine 
these entire images inverse DT-CWT is applied to generate 
high resolution image. The visual and quantitative results ie 
peak signal-to-noise ratio (PSNR) show the superiority of the 
proposed technique over the conventional resolution enhancement 
techniques.
In [12], a new satellite image resolution enhancement technique 
based on the interpolation of the high-frequency sub bands obtained 
by Discrete Wavelet Transform (DWT) and the input image is 
proposed. Discrete wavelet transform is used to decompose the 
input image into different sub bands in this resolution enhancement 
technique. After that the input low resolution image and all the 
high frequency sub bands have been interpolated. Then, to generate 
high resolution image IDWT is applied on all these images. 
Intermediate stage is proposed in order to achieve a sharper image. 
This technique is tested on satellite benchmark images.

III. Problem Definition
Satellite images are being used in many fields. One of the major 
issues of these types of images is their resolution. Also image 
resolution enhancement is one of the major issues in forensic 
science. In forensic science identification, evidence gathering and 
surveillance is important task. Images obtained from fingerprint 
detection, security videos analysis and crime scene investigations 
are enhanced to help in identification of culprits and protection of 
victims, these are the major issues in forensic science.

IV. Image Resolution Enhancement Techniques

1. Image Resolution Enhancement Using DWT 
In satellite imaging resolution is the most important feature. By 
increase in resolution of input images the performance of the 
system also gets improved. In this technique DWT is used in order 
to preserve high frequency component. DWT decomposes the 
input image into four sub bands that are low-low (LL), low-high 
(LH), high-low (HL), and high-high (HH). After decomposition 
of input image interpolation is applied on these four sub band 
images. The low resolution image is obtained by low pass filtering 
o f the high resolution image in the wavelet domain. 
The input for this resolution enhancement process is the low 
resolution image ie LL sub band image. This LL sub band image 
has the low resolution than the original image. Hence here we 
are using original image as an input instead of LL sub band 
image though the interpolation process. During the interpolation 

process, all the sub band images obtained after DWT interpolated 
by interpolation factor α, as shown in figure 2. After interpolation 
we get an interpolated output. 
The main advantage of this technique is the intermediate stage in 
high frequency sub band interpolation process, which preserves 
more edge information. This intermediate stage gives image which 
contains more information and also sharper image. Hence this 
automatically improves the quality of image that is nothing but 
the sharpness of image.

Fig. 2: Block Diagram of the DWT-based Resolution Enhancement 
Algorithm

The difference between the low resolution input image and the LL 
sub band image are in their high-frequency components. Hence, 
in the intermediate stage this difference image can be used to 
correct the estimated high frequency components. 
That means the difference image is correlated with all the 
interpolated high frequency sub bands then we get estimated LH, 
HL and HH images. After that all these estimated sub band images 
and input image are interpolated by interpolation factor α/2 in 
order to get required size for IDWT process. Finally by applying 
inverse discrete wavelet transform we get high resolution image. 
This is the final output of this technique.

2. Image Resolution Enhancement Using  SWT
Discrete Wavelet Transform (DWT), Stationary Wavelet 
Transform (SWT) and integer wavelet transform are three versatile 
tools for modern image processing. These techniques have 
various image processing applications such as super resolution, 
facial reconstruction, multiple description coding and video 
enhancement. In the proposed technique bi-cubic interpolation 
is used. Bi-cubic interpolation looks best with smooth edges and 
less blurring compared to the other techniques. In the proposed 
technique SWT and IWT are the two methods used to preserve the 
high frequency components of the digital image. Integer wavelet 
transform using lifting scheme is an efficient algorithm to calculate 
wavelet transform. Also integer wavelet transform using lifting 
schemes provides a perfect reconstruction. 
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Fig. 3: Block Diagram of the SWT-based Resolution Enhancement 
Algorithm

3. Image Resolution Enhancement Using DWT & SWT 
In image edges plays a most important role. The main loss is in 
high frequency components that are edges on using interpolation 
in image resolution enhancement, which is due to the smoothing 
caused by interpolation. Preserving the edges is essential to get 
high resolution of an image. In this technique we are using DWT 
in order to preserve the high frequency components of the image. 
The one level DWT is used to decompose the input image in 
different sub bands. The four sub bands low-low (LL), low-high 
(LH), high-low (HL), and high-high (HH) are obtain from DWT 
decomposition. LH, HL and HH are the high frequency sub bands. 
Bi cubic interpolation is applied to high frequency sub bands by 
interpolation factor 2. In DWT information loss occurs due to the 
down sampling in each sub band. Hence to minimize this loss 
SWT is employed. SWT also decomposes the input image into 
four sub bands i.e., LL, LH, HL and HH. 

Fig. 4: Block Diagram of the DWT and SWT-based Resolution 
Enhancement Algorithm

The SWT high frequency sub bands and interpolated high 
frequency sub bands have the same size hence that can be added 

with each other. After correlation new high frequency sub bands 
are obtained. These correlated high frequency sub bands and 
input image are again interpolated by interpolation factor α/2 
for further enlargement. In wavelet domain, the low resolution 
image is obtained by low pass filtering of the high resolution 
image. Hence instead of using Low resolution sub bands, we are 
using input image for the interpolation of low frequency sub band 
image, this increases the quality of image. After interpolation 
Inverse Discrete Wavelet Transform (IDWT) is applied to all the 
interpolated sub bands. The IDWT output is final output image, 
which is high resolution image.

4. Image Resolution Enhancement Using DTCWT
The input image is interpolated with interpolation factor of α/2 
which is used to interpolate high frequency sub bands. Interpolation 
of the low resolution input image and the shifted version of the 
input image in horizontal and vertical directions form the two real 
valued images. These images form real and imaginary components 
of the interpolated complex LL image, respectively, for the inverse 
DT-CWT operation. Interpolation of the input image by α/2 and the 
high-frequency sub-band images by α is done finally followed by 
IDT-CWT to get output image. The output image will have sharper 
edges than the interpolated image obtained by interpolation of the 
input image directly. This enhanced edges are produced because 
of the fact that the interpolation of the isolated high-frequency 
components in the high-frequency sub-band images will tend to 
preserve more high-frequency components after the interpolation 
of the respective sub-bands separately far better than interpolating 
the input image directly. This technique not only interpolates the 
input image but also the high-frequency sub-band images obtained 
through DT-CWT process

 
Fig. 5: Block Diagram of the DTCWT-based Resolution 
Enhancement Algorithm

V. Results
Satellite Image Resolution Enhancement techniques have been 
tested on several different satellite images to show the superiority 
of these techniques. 
Images 1(a, b, c) and 2(a, b, c) are shown below in that fig. (a) is 
input image, (b) is high resolution image obtain from resolution 
enhancement using DWT technique and (c) is high resolution 
image obtain from resolution enhancement using DWT and SWT 
technique. Also table I and table II shows the quantitative results 
i.e., MSE and PSNR for both the techniques respectively. The 
results are also included for images Baboon & Lena along with 
satellite images.
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(a) Low resolution in put image  

(b) output of DWT 
                                   

(c). Output of SWT 

 
(d). Output of DWT& SWT 

(e). Output of DWT & SWT 

Table 1: MSE & PSNR Results for Resolution Enhancement Using 
DWT, SWT, DWT & SWT and DT-CWT 

Images Parameters DWT SWT DWT & 
SWT DT-CWT

Lena

Mean 
Square 
Error (MSE)

0.0480 0.0304 0.0120 8.3312e-
017

Peak Signal 
to Noise 
Ratio 
(PSNR)

26.6285 27.4921 29.2453 90.7344

Baboon

Mean 
Square 
Error (MSE)

0.0711 0.0578 0.0228 1.2374e-
016

Peak Signal 
to Noise 
Ratio 
(PSNR)

25.8901 26.2800 28.0313 89.9883

Satellite 
Image

Mean 
Square 
Error (MSE)

0.0257 0.0118 0.0046 4.6466e-
017

Peak Signal 
to Noise 
Ratio 
(PSNR)

27.8115 29.2689 31.0675 91.8357

VI. Conclusion
In this paper comparison of two image resolution enhancement 
techniques are shown to improve the quality of satellite images. 
Hence, I got a highly enhanced and sharper image using both 
these wavelet based image resolution enhancement techniques. 
From all the visual and quantitative results, it is cleared that the 
image obtained from image resolution enhancement technique 
using DWT and SWT having high resolution than image obtain 
from image resolution enhancement using DWT.
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