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Abstract

Image Resolution and Enhancement plays a vital role in analyzing images in
various engineering and bio medical fields. Satellite color images are being
used in many fields of research. One of the major issues of these types of color
images is their resolution. Satellite color image resolution enhancement
technique based on the interpolation of the high-frequency sub bands obtained
by discrete wavelet transform (DWT) is useful to attain optimum results
enriched with brightness and contrast rise. The input image is decomposed into
different sub bands through DWT. The high-frequency sub band images and
the input low-resolution color image have been interpolated, followed by
combining all these color images to generate a new resolution-enhanced color
image by using inverse DWT. To achieve a sharper color image, an
intermediate stage for estimating the high-frequency sub bands is required. The
quantitative parameters i.e., peak signal-to-noise ratio and root mean square
error and visual results show the superiority of the proposed technique over the
conventional and state-of-art color image resolution enhancement techniques.

Key words: Discrete wavelet transform (DWT), interpolation, satellite color
image resolution enhancement

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 [1]-[2], and satellite image resolution enhancement Interpolation in image
processing is a method to increase the number of pixels in a digital image.
Interpolation has widely used in many image processing applications, such as facial



160 R. Thriveni and Dr. Ramashri Tirumala

reconstruction [4], multiple descriptions coding [5], and image resolution
enhancement [6]—[7]. The Interpolation based image resolution enhancement has been
used for a long time and many interpolation techniques. 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 bicubic. Bicubic
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 applyingthel-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. 2
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. Image resolution enhancement
using the wavelets is a relatively new subject and recently many new algorithms have
been proposed [10].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
utilizing the difference image obtained by subtracting the input image and its
interpolated LL sub band.
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Figure 1: Block diagram of DWT filter banks of level 1
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Figure 2: LL,LH,HL,HH sub bands of a satellite color image obtained by using
DWT

The proposed technique has been compared with standard interpolation
techniques, interpolation techniques. 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 wavelet
transform as mother wavelet function and standard Bicubic interpolation as
interpolation technique have been used.

The paper is organized as follows. Section II introduces the proposed wavelet
based resolution enhancement technique. Section III discusses the qualitative results
of the proposed method with the conventional and state-of-art resolution enhancement
technique.

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 has been
employed in order to preserve the high-frequency components of the image. DWT
separates the image into
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Figure 3: Block diagram of the proposed resolution enhancement algorithm

Different sub band images, namely, LL, LH, HL, and HH. High-frequency sub
bands contain the high-frequency component of the image. The interpolation cans be
applied to these four sub band images. The low-resolution In order to preserve more
edge information, i.e., obtaining a sharper enhanced image, we have proposed an
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 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, a/2, used to interpolate the high-frequency sub bands, In order to
preserve more edge information i.e obtaining sharper enhanced image. An
intermediate stage in high-frequency sub band interpolation process. As shown in Fig
3, 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 a/2in 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. Difference between the high-
resolution color images with the enhanced image by using the proposed resolution
enhancement technique, the difference obtained by using bicubic interpolation
directly.
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Results and Discussions

This paper has proposed a new resolution enhancement technique based on the
interpolation of the high-frequency sub band images obtained by DWT and the input
image. The proposed technique has been The proposed image resolution enhancement
technique for original color image 2 tested satellite color images. In order to show the
superiority of the proposed method over the conventional and state-of-art techniques
from visual point of view Figs.4 (a)-(f)- are included.
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Fig 4.(a)original color imagel (b) original color image2 (c) bicubic interpolation

based resolution enhancement technique for original color imagel (d) bicubic
interpolation based resolution enhancement technique for original image2 (e)the
proposed image resolution enhancement technique for original color image 1 (f)
In those figures with low-resolution satellite images, the enhanced images by using
bicubic interpolation, enhanced images by using the proposed technique are shown. It
is clear that the visual resultant color images, enhanced by using the proposed
technique, are sharper than the other technique. The quantitative (peak signal-to-noise
ratio and root mean square error) result show in table 1.
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Tablel.coparision of PSNR and RMSE for input images using Bicubic interpolation

and proposed method
Interpolation methods|RMSE Fig(a)|[RMSE Fig(b)|PSNR Fig(a)|[PSNR Fig(b)
Bicubic interpolation 2.46 1.97 28.67 29.52
Proposed method 0.22 0.15 33.55 35.12
References

[1]

[2]

[3]

[4]

[3]

[6]
[7]

[9]

[10]

[11]

H. Demirel, G. Anbarjafari, and S. Izadpanahi, “Improved motion-based
localized super resolution technique using discrete wavelet transform for low
resolution video enhancement,” inProc. 17th EUSIPCO, Edinburgh,U.K.,
Aug. 2009, pp. 1097-1101.

T. Celik, C. Direkoglu, H. Ozkaramanli, H. Demirel, and M. Uyguroglu,
“Region-based super-resolution aided facial feature extraction from low-
resolution video sequences,” in Proc. IEEE ICASSP, Philadelphia, PA

H. Demirel and G. Anbarjafari, “Satellite image resolution enhancement using
complex wavelet transform,” IEEE Geosci. Remote Sens. Lett. vol. 7, no. 1,
pp. 123-126, Jan. 2010

L. Yi-bo, X. Hong, and Z. Sen-yue, “The wrinkle generation method for facial
reconstruction based on extraction of partition wrinkle line features and fractal
interpolation,” in Aug 22-24, 2007, pp.933-937

Y. Rener, J. Wei, and C. Ken, “Down sample-based multiple description
coding and post-processing of decoding,” inProc. 27th CCC Jul. 16—-18, 2008,
pp. 253-256

C. B. Atkins, C. A. Bouman, and J. P. Allebach, “Optimal image scaling
using pixel classification,” in Proc. ICIP, Oct. 7-10, 2001, vol. 3, pp 864-867.
G. Anbarjafari and H. Demirel, “Image super resolution based on in —ter
polation of wavelet domain high frequency sub bands and the spa-tial domain
input image,” ETRI J., vol 32, no. 3, pp. 390-394

A. Temizel and T. Vlachos, “Image resolution upscaling in the wavelet
domain using directional cycle spinning,”, J. Electron. Imaging, vol. 14, no. 4,
p. 040501, 2005.

S. Zhao, H. Han, and S. Peng, “Wavelet domain HMT-based image super
resolution,” in Proc. IEEE ICIP, Sep. 2003, vol. 2, pp. 933-936.

X. Li and M. T. Orchard, “New edge-directed interpolation,” IEEE Trans
Image Process, vol. 10, no. 10, pp. 1521-1527, Oct. 2001.



