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ABSTRACT

Improvement of super-resolution is one of the major aspects in image processing applications. Super-resolution
(SR) imaging is a process, to reconstruct a high-resolution (HR) image of a scene from one or more low-
resolution images of the scene. In most cases noise is accumulated in edges. Hence edge preserving is an
essential task in image super-resolution. In this paper, stationary wavelet transform (SWT) based super-
resolution is introduced. In SWT, initially the image is split into 4 subbands and then each subband is modified
by multiplying with a boost value and finally applies inverse stationary wavelet transform (ISWT) to produce
the required high-resolution image. The proposed method gives better performance compare with other
conventional super-resolution techniques in terms of PSNR, Cross-Correlation. All these experiments are
carried out using MATLAB software.
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INTRODUCTION

Image super-resolution produces a high-resolution (HR) image using one or more low-resolution (LR) images.
This area has become a popular research area due to fact that HR images are to be filled with more data which
does not directly exist in the LR images. HR image can be obtained using different techniques that can be
categorized into three types: Interpolation based, reconstruction based and learning based techniques.
Interpolation based techniques [1, 2, 3, 45,7 ,8, 9, 10 and 11,12]matches the LR images pixels with the HR
image pixels. The traditional techniques for resolution enhancement like linear and bi-cubic interpolation
produce HR image along with blurring, a visual undesirable artifacts, though these algorithms produce good
quantitative results [12].

Reconstruction based techniques [6] uses the pair relationship between LR image and HR image, using which
linear equations are developed that connect the pixel values of HR and LR images.

In this paper, we are proposing a technique that uses the conventional bi-cubic interpolation technique along
with stationary wavelet transform (SWT) to produce a HR image. Bi-cubic interpolation alone produces blurred
image, so to reduce the blurring effect the SWT is used to enhance the edge of a HR image produced by bi-cubic
interpolation. SWT decomposes an image into four sub-bands, one low frequency sub-band and three high
frequency sub-bands. The three high-frequency sub-bands are modified by multiplying a boost value with the
sub-bands. Then the inverse SWT (ISWT) is done on these sub-bands to produce the final HR image.

Rest of the paper in a manner that section 2 states the proposed algorithm in detail which is the combination of
two techniques: bi cubic interpolation and wavelet transform. Section 3 states the qualitative and quantitative
results of the proposed algorithm and section 4 concludes the proposed technique.

PROPOSED TECHNIQUE FOR IMAGE SUPERRESOLUTION
In interpolation based up-scaling, the main loss is across edges i.e. high frequency components. In order to
enhance the quality of the interpolated image, processing must be done to preserve edges. The proposed
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algorithm is diagrammatically shown in figure.1. The algorithm can be classified into two fundamental steps:
first is the up-scaling of LR image using bi-cubic interpolation and second step is the edge modification using
SWT.
Image Splitting
Initially take the color image and it is splitted into Red plane, Green plane, Blue plane, and each plane is up-
scaled by using bi-cubic interpolation

Interpolation Technique
This is a simple up-scaling step using bi-cubic interpolation to achieve a HR image. The resultant HR image is
blurred that must be processed to reduce the blur effect

Edge Modification using SWT

This is the core step for modifying the HR image edges. Using one level SWT, image is decomposed into four
bands: 1 low frequency band (LL) and 3 high frequency band (LH, HL and HH) that represents three edges
(horizontal, vertical and diagonal). The reason for using SWT over DWT (discrete wavelet transform) is that the
size of the image is retained in SWT whereas in DWT down-sampling of sub-bands causes information loss.
The sub-bands are modified by multiplying with a appropriate boost value. Boost value is a number greater than
1 and less than 3. These boost values are obtained by analyzing different boost values on different images
belonging to various image categories. Less than 1 value will further blur the image and value greater than 3
will truncate pixel values. After modifying the sub-bands, the inverse SWT (ISWT) will produce the final HR
image. That has much sharper edges as compared to the bi-cubic interpolation alone.

Digital image
Image splitting

Red channel W
Bi-cubic interpolation Bi-cubic interpolation
SWT

PROPOSED ALGORITHM

Blue channel
Bi-cubic interpolation

Boost
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Figurel. Block Diagram of Proposed Algorithm
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PERFORMANCE METRICS
For quantitative analysis, Cross-Correlation (CC) and Peak Signal-to-Noise Ratio (PSNR), values measured in

decibel, are used whose formulas are given in equation 1 and 2 respectively.

Em In(Amn—A) (Bmn—B)
CcC = _ 1
VCm En@mn -8 Em EnBmn—B)%) (1)

s @

PSNR = 10log;o -z

Where is A the mean value of A image,
B is the mean value of B image,

And MSE is the mean-squared error which is calculated using equation 3.
. .32
MSE = —— ¥, ¥ (x () — v, ) )

Where iand j are the rows and columns of the image.

RESULTS & DISCRIPTION

(E) (F)

Figure 2 Selected images from the test database.
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Figure (e) Bi-linear Figure (f) Bi-cubi
Interpolation Interpolation

Figure (g )Wavelet-Zero Figure (h) Proposed
Padding
Figure 3 (a) Input image, (b) R-channel, (c) G-channel, (d)B-channel, (e) Bi-linear interpolation, (f) Bi-cubic
interpolation, (g) Wavelet Zero Padding, (h) Proposed.

The given figure 3 represents the input color image is splitting into R,G,B channels each channel is applied to
interpolation technique it produces the blurred image, interpolation output is applied to wavelet-zero padding,
stationary wavelet transform, it gives the better enhancement.
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Table 1 the Peak Signal to Noise Ratio of Different images

PSNR in(dB)
Images Bi-linear | Bi- WZzZP Proposed
cubic

Zebra 28.3 30 344 35.3
Person 28.3 30.3 35.4 36

Lena 27.9 29.3 35.4 35.6
Baboon | 29.7 32 34 355
Butterfly | 28.5 30.4 35.4 36.1

From the Table 1 compares the PSNR values of different images for different techniques. From the table it is
clear that the proposed technique gives the better PSNR values compared to bi-linear interpolation, bi-cubic
interpolation, WZP techniques

Table 2 Cross-Correlation for Different test images

Cross-Correlation

Images | Bi- Bi- WZP | Proposed
linear | cubic

Zebra 0.75 0.80 0.85 0.89

Person 0.80 0.82 0.94 0.97

Lena 0.75 0.83 0.90 0.95

Baboon | 0.8 0.83 0.88 0.90

Butterfly | 0.67 0.72 0.84 0.88

From Table 2 gives the qualitative analysis by using Cross-Correlation Equitationl. It gives the better quality.
Compared to bi-linear, bi-cubic, WZP techniques.

CONCLUSION

In this paper, super-resolution technique has been proposed that uses the traditional bi-cubic interpolation. The
LR image is first up-scaled using bi-cubic interpolation producing a HR blurred image which is further
processed. The edges of the HR image are boosted first in wavelet domain using SWT. The HR image
undergoes SWT to produce 3 high frequency sub-bands and 1 low frequency sub-band. The high frequency
bands are modified by multiplying an appropriate boost value (whose values lies between 1 and 3). Then using
these 3 modified high frequency sub-bands and lunmodified low frequency band the final HR image is obtained
using in ISWT. From the simulation results the Proposed techniques produces HR image which is superior in
quality in comparison with other techniques.
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