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Abstract— Satellite images are being used in various research areas of medical, remote sensing, defense, meteorology,

Geographic studies and various other industries. The need for image enhancement is one of the major challenges in image processing. In
this paper a study of various image resolution enhancement methods in wavelet domain is done. Visual appearance of an image and
image quality can be improved by the various enhancement techniques. Some spectral and spatial problems still prevail in satellite
images such as motion blur and poor perception. The super resolution images are obtained by applying enhancement techniques on
noisy and blurred images. In this paper, some of the resolution enhancement techniques such as Discrete Wavelet Transform, Wavelet
Zero Padding, Cycle Spinning, and Dual Tree-Complex WT which improves the visual appearance of the images are highlighted.

Index Terms— Cycle Spinning, Discrete Wavelet Transform, Dual Tree-Complex Wavelet Transforms, High Resolution, Low
Resolution, Undecimated Wavelet Transform, Wavelet Zero Padding.

I. INTRODUCTION

Digital images have varied uses such as research, monitoring the processes on the Earth’s surface, defense surveillance, detection of
changes in atmosphere, measuring and estimating geographical, biological and physical parameters. So enhancement of images has become a
major challenge in image processing area of research. Resolution enhancement of satellite images has become an area of concern. In digital
image processing image enhancement is one of the main preprocessing stages. Image enhancement technique is described as a process so as
that the resultant image is much more accurate than the original image for a certain application. Poor contrast and noise is the major problem
faced in medical and geographical research areas. It is therefore a need to remove the noise and thereby increase image quality. Image
Enhancement techniques improve the image quality for human viewing by blurs removal and noise, contrast enhancement, and presenting
more details. An important aspect of an image is its resolution. The processing of an image is done in order to obtain more enhanced
resolution. The details contained in an image is defined by the resolution of an image. The higher the resolution, the more image
details... Spatial techniques are used for changing the gray level values of the individual pixels and hence enhance the overall quality of the
image. Frequency domain techniques [1] are adapted for image processing in terms of frequency contents.

I1. INTERPOLATION METHODS

Interpolation [2] is a technique of enhancement which is used to estimate the continuous function values from discrete samples.

Interpolation defines many image processing applications such as image decompression, sub-pixel image registration, image resolution

enhancement, image fusion etc.
Nearest neighbor interpolation

The nearest neighbor[3] algorithm selects the value of the adjacent points and does not consider the values of neighboring points at
all instead it yields a constant interpolant. The algorithm is very simple to implement and has applications in real-time 3D rendering to
choose color values for a textured surface.
Bilinear Interpolation

The closest four pixel coordinate is taken into account and assigns that value to the output coordinates. Initially, two interpolations are
performed linearly in one direction (horizontally) and then another linear interpolation is performed in the perpendicular direction. The
number of grid points needed to evaluate the interpolation function for one- dimensional Linear Interpolation [2], is two and for Bilinear
Interpolation [3] it is four. Bilinear Interpolation produces an image of smoother appearance than nearest neighbor interpolation, but the grey
levels are altered in the process, results in blurred images [2].
Bicubic interpolation

Bicubic interpolation [3] is sophisticated and produces smoother edges than bilinear interpolation. The computational time of bicubic
interpolation is more than other two methods. A new pixel is a bicubic function of 16 pixels in the nearest 4 x 4 neighborhood of the pixel in
the original image .The image is slightly sharper than that produced by Bilinear Interpolation, and it does not have the disordered appearance
produced in Nearest Neighbor Interpolation. First, four one-dimension cubic convolutions are performed in one direction and then one more
one-dimension cubic convolution is performed in the perpendicular direction. Thus to implement a two dimension cubic convolution, a one-
dimension cubic convolution is needed.

I1. METHODS FOR RESOLUTION ENHANCEMENT
The various techniques discussed are [4]:

A. Wavelet Zero Padding (WZP)

Wavelet zero padding is one of the simplest methods for image resolution enhancement. In this method, wavelet transform of a LR image
is taken and zero matrices are embedded into the transformed image, by discarding high frequency sub bands through the inverse wavelet
transform and thus HR image is obtained [2].
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B. Cycle Spinning

A highly resolved image is obtained by following these steps. In this method, first an intermediate HR image is obtained by using the
WZP method. After that obtain N number of images by using spatial shifting wavelet transforming and discarding the high frequency
component. Wavelet Zero Padding process is again applied to all LR images to obtain number of HR images. Once obtain HR images, then
realigned and averaged them to give a final HR image.

C. WZP-CS Method
It is combination of WZP and CS technique [3]. Final high resolution image is obtained using two steps. Those steps are as follows:

1) An initial approximate, unknown high resolution image is generated using wavelet domain zero padding (WZP).

2) The cycle-spinning technique is applied to accomplish the following tasks.

a) Estimated high resolution images obtained in step 1 are used to generate number of low resolution images.

b) Wavelet zero padding method is again applied to all those low resolution images yielding N high resolution images.

c) These intermediated high resolution images are realigned and averaged to give the final high resolution reconstructed
Image.

D. Discrete Wavelet Transform (DWT)

Discrete Wavelet Transform (DWT) [5] based technique is most widely used technique for performing image interpolation [3]. DWT use
filter banks and special wavelet filters for the analysis for the reconstruction of the multi- resolution time frequency plane [8]. Here DWT is
used to decompose a low resolution image into 4 subband images LL, LH, HL and HH. All low and high-frequency components of image are
then interpolated. Then a difference image is obtained by subtracting LL image from the original LR image. Resulting image is then added to
the interpolated high frequency components to obtain estimated form of HF subband images. Finally IDWT used to combine these estimated
images along with the input image to obtain high resolution images [3].

E. Dual tree-Complex WT (DT-CWT)

In this technique, dual-tree CWT (DT-CWT) [9] is used to decompose an input image into different subband images. In this technique
direction selective filters are used to generate high frequency sub-band images where filter show peak magnitude responses in the presence of
image features oriented at angle +75, +45, +15, -15, -45 and -75 degrees, respectively [12]. Then six complex valued images are interpolated.
Once interpolated, combine all images to generate a new high-resolution image by using inverse DT-CWT. Resolution is achieved by using
directional selectivity provided by the CWT, where the high-frequency subbands contribute to the sharpness of the high-frequency details.
Finally IDT-CWT used to combine all these images to produce resolution enhanced image.

F. DWT-SWT

DWT-SWT stands for Discrete wavelet transform- Stationary wavelet transform. In this technique DWT is used in order to preserve the
high frequency components of the image (stationary wavelet transform uses high and low pass filters [8]). The DWT and SWT [7] are used to
decompose the input image into different subbands. In this technique DWT is used in order to preserve the high frequency components of the
image [8]. But because of DWT, information loss occurs due to the down sampling in each sub-band. Hence to minimize this loss SWT is
employed. The SWT high frequency subbands and interpolated high frequency subbands have the same size hence that can be added with
each other. After correlation new high frequency sub-bands are obtained. After interpolation inverse discrete wavelet transform (IDWT) is
applied to all the interpolated subbands to obtain final High resolution image.

IV. CONCLUSION

Resolution enhancement scheme offers novel idea and do the analysis of the performance and limitations of various techniques. The
techniques based on wavelets have the drawback of losing the high frequency contents and results in blurring. DT-CWT and DWT-SWT can
enhance performance of satellite images in terms of MSE and PSNR. For achieving visually acceptable images, image enhancement
algorithms provide wide range of approaches. Here we have studied recent development methods of image enhancement and pointed out the
area of research for image enhancement in spatial domain. The future scope will be the development of adaptive algorithms for effective
image enhancement using Fuzzy Logic and Neural Network.
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