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Abstract

In this paper, a new wavelet based image interpolation algorithm using pixel-b plxel
(PBP) cubic image interpolation and hybrid filter is proposed for images whi Ws
many mid and high frequency elements. There is much important information in

address these problems preserving thin lines and ed
shows that the proposed technique outperforms tlie cg
PSNR.

1. Introduction

Wavelets are playing a sig f@ ole |n m%& mage processing applicants. Image
0
'.‘3%

interpolation using wavelet is a Iy new subject and can enhance the high
frequency information effecti [1-2
Image |nterpolat|on al @gh resolution image from the available low-
h age need to be resized or remapped from one
afpedation method can improve the quality of the image.
1@ pofation techniques cannot enhance the contrast and
smooth e ultaneozy Including nearest neighbor interpolation [3], bilinear
|nterpolat| and b interpolation [5]. The resulting image may be inevitably
blurred, and someti ve block effects. Therefore in the case of remote sensing
images that the high frequency elements have importance, the quality of the
interpolated i

In this paper,we propose an interpolation technique using pixel-by-pixel (PBP) cubic
interpolat?%\ﬂ high-frequency subband images and input low-resolution image. The
interpolation is based on optimizing the standard cubic image interpolation

The remainder of this paper is organized as follows. Section 2 introduces the proposed
waved based interpolation technique. Section 3 discusses the quantitative results of the
proposed method with the conventional interpolation techniques. Conclusions are given in
Section 4.

ISSN: 1975-0080 IJMUE
Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.10 (2016)

2. Proposed Image Interpolation

2.1. Proposed Algorithm

The schematic diagram of our proposed algorithm can be seen in Figure 1. After pixel
—by-pixel cubic interpolation is carried out on original image, the result image is wavelet
decomposed. While the three high frequency component images are maintained, a low
frequency component image is substituted with interpolated image. Inverse DWT is
carried out on these subband images.

Original Image | Inverse DWT
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Figure 1. Block Diagram Propt;@&lgorithm
<

N
2.2. Characteristic of Remote Sens&@%agesfx\\g
sta

Figure 1 shows the results @D FFT dard test images and remote sensing
images. In the result of 2D the cent %he figure is the origin of the frequency
coordinate system. The_d-axis rung \¢e to right and represents the horizontal
component of freque he v-axi s center to top and represents the vertical
component of fre .¥n both s there is a dot at the center that represents the (0, 0)
frequency term g e vabﬁ image. Images usually have a large average value
and lots of layiifréquency infowmation so FFT images usually have a bright blob of
componen he cant ut because of many high frequency components such as
lines, remoté~sénsing i ave bright dots away from center in the vertical direction
and horizontal dire -8]. The characteristic of high frequency of remote sensing
images can easil nd by comparison with standard images.

—_—

(a) Barbara Image and the Result of 2D FFT
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(b) Fresno Image and the Result of 2D FFT

Figure 2. Comparison of Standard Images and Remote Sensing Imag@o

2.3. Space Varying PBP Cubic Image Interpolation i

The pixel by pixel (PBP) cubic interpolation algorith @d in [6]. The
previous cubic image interpolation formula is as follow. \/

Wxgs1) = glx,—q)las® — 2as? + as] + glx,) [(g@i (3 W

glxe)[—(a+2)s® + (2a+ 3)s2 — as] + g(x . =0s? + a;’\ )

where 1(x+4) is the value of the samQ e esti’n@ and g(x,) is the equally
spaced data and a is a parameter that the @decay of the cubic interpolation

basis function and s is the dlstancé{ en xk,, d Xps8S -

n.+1 T Xp41 2

Equation (1) has two %troll meters s and a which can be optimized to
give the best mterpolatlo ults.

2.4. 2D Discrete \e tTr A

is an nt tool for digital image processing and analyzing. 2D
@nage is performed by applying the 1D DWT along the rows
of the imagé first,_aqdthen along the column of the image. This 2D wavelet
decomposition will four decomposed subband images referred to LL, LH, HL, and
HH. All those f ands cover the full frequency band of the original image [10-12].
Figure 3 sho e 3-level wavelet decomposed Barbara image. In Figure 3, the image
in low fr cy subband is quite similar to original image because it is approximation of
origw . The images in high frequency subbands are edges in vertical, horizontal,

diag ection and similar Figures.

%
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Figure 3. Wavelet Decomposition of Barbara Image

*

Wavelets interpolation is based on pixel-by-pixel cubic interpolation. Suppo M
required magnification factor is 2. Wavelet decomposition is carried out_on sult
amplified with the pixel-by-pixel cubic interpolation method, thus the uency

component image LL and three high frequency component §mages: h direction
HL, vertical direction LH and diagonal direction HH.
Suppose that Ipicubic IS the pixel-by-pixel cubic interp i age‘w riginal image,
I. Wavelet transform is carried out on the result. It* ed a
[LL, HL, LH, HH] D(Iy; bm (3)

Where LL denotes the low frequency b ML, LH, respectively, denoted the
high frequency bands along the horizon, @ I'and diago irection.

~HL,LH, HH) 4)

DLTL'EI

Where louput IS the result of wa olatl .

Compared to other existin é})olatlo ethods, our proposed method seems to
enhance the high frequenc mation a@reduce the undesirable artifacts, such as
blurring, ringing, block e ts and ed ion.

2.5. Hybrid Filteri

We use hybrj to ext?@ﬁ oise distortion that was added to the image. This
hybrid f||t ists of th dian filter and the wiener filter to reduce white Gaussian
noise and e nois % tively. It efficiently removes Gaussian and impulse noise
from digital images eserving thin lines and edges in the original image [13-15].

@ Noisy Denoised

% input | pfadian Wiener | Output
O 7 | Fiter [

O Filter Filter
b Figure 4. Structure of Hybrid Filter

3. Experimental Results

In this section, experimental results for 512 x 512 images, Fresno (Figure 5), Barbara
(Figure 6), Boats (Figure 7) and Airfield (Figure 8) are summarized in Table 1 for
comparing other result. Aerial photograph images (Figure 5 and Figure 8) are usually
composed simplified and recursive geometrical structures such as rectangular, circles,
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lines and groups of points by high altitude view. Two-dimensional 9/7 tab biorthogonal
wavelet filter is used for wavelet decomposition.

(a) Bilinear Interpolation (b) Bicubic Interpolation

hB\/’
Figure 5. The Results of Fresno Image ? ’

@ near Interpolation (b) Bicubic Interpolation (c) Proposed Method
@ Figure 7. The Results of Boats Image
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(a) Bilinear Interpolation  (b) Bicubic Interpolation (c) Proposed Method

Figure 8. The Results of Airfield Image

0

other different interpolation techniques including bilinear interpolation icubic

In Figure 5 ~ Figure 8, a comparison of the suggested algorithm perform@
interpolation. Experimental results show that bilinear interpolation block
effects, while bicubic interpolation suffers from the blurri g.%:#em u%, ions. The

ance method can

result from the proposed algorithm exhibits a better
eliminate zigzagging artifact efficiently and smooth,th @le ofare
Table 1 represents the measured PSNR in all { rith results shows the
superiority of the proposed model compared to the Otiter algo e use Peak Signal-
to-Noise Ratio (PSNR) to compare image inal im in hlgher resolution) and
Image I (interpolated image). PSNR is Qal accordln
PS"JR([ 1.35 (5)

E““ llf'irf DESAGIE (6)

Where MSE is the Mean% orglv s&

Table1. T

Where N is width ag: ight of cor@mages.
L 4
R(

ults for Various Interpolation Methods

Boats | Airfield | Barbara | Fresno
polation | 26.85 | 23.67 | 23.90 | 21.41
interpolation | 27.32 | 23.92 24.08 | 21.97
posed method | 30.02 | 25.42 25.49 | 24.22

hws that in the conventional techniques, the PSNR values of remote sensing

sno and Airfield) with many high frequency components are lower than that
ard image (Boats). The PSNR of proposed method is too, but image quality
vement degree is relatively high. The proposed method shows 0.81dB higher
performance in Boats and 1.7dB higher performance in Fresno.

4. Conclusions

In this paper, a new wavelet based image interpolation algorithm is proposed for
images with many high frequency components. Remote sensing images such as aerial and
satellite photograph images include many mid and high frequency elements. These
frequency elements contain important information. We apply the wavelet transform on
pixel-by-pixel cubic interpolated image and hybrid filter to maintain information about
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high frequency of images. From experimental results, it is shown the proposed method is
simple and higher performance than the conventional method for images which include
many high frequency elements such as satellite photograph images.

References

(1]
(2]
(3]

(4]
(5]
(6]

[7]

(8]
(9]
[10]

[11]

[12]

[13]

[14]

[15]

C. Xu and W. Tang, “A Wavelet and PDE Method for Optical Image Interpolation”, Information
Science and Engineering, (2010).

K. Adamczyk, and A. Walczak, “Digital Images Interpolation with Wavelet Edge extractors”, Human
System Interactions 3rd Conference on, Rzeszow, Poland, (2010).

K. T. kian, I. Haidi, and K. B. Siti, “Investigation on Several Basic Interpolation Methods for the Use in
Remote Sensing Application”, Proceedings of IEEE conference on innovative technologies in intelligent
system and industry applications, (2008).

Y. C. Hu, B. H. Su, W. L. Chen, and W. Y. Lu, “Image Zooming for Indexed Color Images Based on
Bilinear Interpolation”, IIMUE, (2012).

N. P. Sun and T. Nishizaki, “Efficient Spline Interpolation Curve Modeling”, Third Intesgationals
Conference on Intelligent Information Hiding and Multimedia Signal Processing, (2007).

S. E. EI-Khamy, M. M. Hadhoud, M. I. Dessouky, B. M. Salam and F. E. Abd E. Samie, “A

Preserving Pixel-by-Pixel (PBP) Cubic Image Interpolation Approach”, 21% Natlon@

dge
Science
Conference, (2004).

P. E. San, F. Tian, D. Liu and R. Liu, “An Advanced Algoritl ol Intage Regol hancement
Technique in both Wavelet and Spatial Domain”, Internati urnal 0 id Information
Technology, vol. 7, no. 5, (2014).
S. Azam, F. T. Zohra and M. M. Islam, “Remote Sené age Resalution argement Algorithm
Based on Wavelet Transformation”, I.J.Image, Graphics'g gnal Pro\m ol. 2014, no. 6, (2014).
J. K. Han and H. M. Kim, “Modified Cubic Com@n caler With MiRimum Loss of Information”,

Optical Engineering, vol. 40, no. 4, (2001). TS
S. Kumar, N. Agrawal, N. Nitin and A K. l, “Imagex ing Technique Using Wavelet
a

Decomposition and Reconstruction Based o ”, Interpational Journal of Engineering Research &
Technology, vol. 2, no. 6, (2013). ,&

Liyakathunisa and C. N. R. Kumar, “A%) Wave uper Resolution Reconstruction of Low
Resolution Images Using Ada tivm polation”, 2 International Conference on Advances in
Recent Technologies in communiga nd Comptting, (2010).

H. Demirel and G. Anbarja atellite | solution Enhancement Using Complex Wavelet
Transform”, IEEE Geoscience and Remot Letters, vol. 7, no. 1, (2010).

Z. Pan, L. Li, M. Zhan D. Zhang ermark Extraction by Magnifying Noise and Applying
Global Minimum, D, g IEEEﬁee ngs of the 3 International Conference on Image and

Graphics, (2004

A. H. Taherini . Jamz Ropust Image Watermarking using Two level DCT and Wavelet
packets D, nternatlona ference on Availability, Reliability and Security, (2009).

R. Ranj h an ik, “Image Donoising Using Hybrid Filter”, International Journal of
hnology orlng Engineering, vol. 1, no. 1, (2012).

@ Author

Su Young Han, received the B.S., M.S. degree and Ph. D degree
from Hanyang University, Seoul, Korea in 1991, 1993 and 2004
respectively, all in electronic engineering. Currently, he is a professor
of Department of Computer Science at Anyang University, Korea.
His interests include multidimensional signal processing, wavelets,
coding and watermarking.

Innovati

Copyright © 2016 SERSC 347



Internat ional Journa | of Multimedia and Ubiqguitous Engineering
Vol.11, No.10 (2016)

348 Copyright © 2016 SERSC





