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ABSTRACT: Many digital imaging applications requires high resolution images or videos for later image processing
and analysis. The need for high quality image is one of the major challenges in image processing. Image processing
plays a vital role in wide variety of application in the recent years. One of the important and emerging field in the area
of medical imaging applications. One of the most important quality factors in images comes from its resolution.
Quality of the image in terms of its resolution is the major parameters for accurate diagnosis of the diseases. Medical
images typically suffer from many imperfections thus visual appearance of an image and image quality can be
improved by the various enhancement techniques. In this project, Multi-Wavelet transform and Interpolation method is
used for resolution enhancement. An image is decomposed in to different subbands using Discrete Wavelet Transform
and Stationary Wavelet Transform like LL, LH, HL and HH. DWT includes down sampling and SWT does not include
any down sampling. Bilinear Interpolation is used to interpolate DWT coefficients. Inverse Stationary Wavelet
Transform is used to reconstruct an image. Finally, Performance can be measured by using statistical parameters such
as peak signal to noise ratio (PSNR), mean square error (MSE), root mean square error (RMSE) and correlation factor.

KEYWORDS: Discrete Wavelet Transform, Stationary Wavelet Transform, Inverse Stationary Wavelet Transforms,
High Resolution, Low Resolution, Interpolation.

I. INTRODUCTION

The recent increase in the wide use of digital imaging technologies in consumer application, security application
and military application has demand for higher-resolution images. The demand for such high- resolution (HR) images
can be met by algorithmic advances in resolution enhancement techniques. The resolution enhancement technique
enhance the image resolution and make it clearer for human as well as machine in view for better information
extraction which are not visibly clear in low resolution images. The output high resolution image not only gives the
pleasing picture but also offer additional details that are important for analysis in many applications. Image
processing plays a vital role in wide variety of application in the recent years. One of the important and emerging field
in the area of medical imaging applications. Medical images typically suffer from one or more of the following
imperfections such as Low resolution, High level of noise, Low contrast, Geometric deformations, Presence of imaging
artefacts. These imperfections can be inherent to the imaging modality (e.g. X-rays offer low contrast for soft tissues,
ultrasound produces very noisy images). The biomedical application requires high resolution images for later image
processing and analysis. The need for high quality image is one of the major challenges in image processing. So main
aim of our project is to obtain High-resolution (HR) images from Low resolution (LR) images.

Il. RELATED WORK

Yashar Kiarashi Nejad, Mohammadali Masnadi-Shirazit, Mehran Yazdi, and Mohamadreza Zand Shahvar [1]
had implemented Quality Enhancement of Low-Resolution Face Images. Image processing of human face is one of the
major problems in machine vision science. Since direct outputs of surveillance cameras usually have low resolution and
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they are not appropriate for face recognition, it is important to improve the resolution of images extracted from
surveillance cameras. This research focuses on resolution refinement of very low resolution (VLR) images. The main
objective of this study is to refine the resolution of face images and to estimate high resolution image of human face in
different poses which not even a low resolution image of that pose exists. For this purpose a method based on
reconstruction or estimation of the desired image by using other human face images, stored in a database, is proposed.

Abdullah Al-Shabili, Bilal Taha and Hussain Al-Ahmad [2] proposed Super-resolution Algorithm for Satellite
Still Images. This paper presents a new algorithm for improving the resolution of satellite images. The improvement
aims at obtaining a high resolution image from a single low resolution image. The new algorithm utilizes interpolation
and two dimensional filter specifically designed for a particular image by means of maximizing the peak signal to noise
ratio (PSNR). The performance of the algorithm is evaluated by using the PSNR. During the assessment process the
processed images are compared with a ground truth images.

Yusuke Hayashi, Norihiko Kawai, Tomokazu Sato and Naokazu Yokoya[3] had implemented Image Resolution
Enhancement Based On Novel View Synthesis. In the proposed method, they generate example images by a novel view
synthesis technique using 3D geometry reconstruction and camera pose estimation from a video or images capturing
the same scene. They then increase their solution by minimizing an energy function by searching for the optimal
example from the generated example images.

Hasan Demirel and Gholamreza Anbarjafari [5] had implemented Satellite Image Resolution Enhancement Using
Complex Wavelet Transform. In this paper, a satellite image resolution enhancement technique based on interpolation
of the high-frequency subband images obtained by dual-tree complex wavelet transform (DT-CWT) is proposed. DT-
CWT is used to decompose an input low-resolution satellite image into different subbands. Then, the high-frequency
subband images and the input image are interpolated, followed by combining all these images to generate a new high-
resolution image by using inverse DT-CWT. The resolution enhancement is achieved by using directional selectivity
provided by the CWT, where the high-frequency subbands in six different directions contribute to the sharpness of the
high-frequency details such as edges.

I1l. PROPOSED ALGORITHM

A. Proposed System Implementation

The proposed technique is designed to obtain HR images which can offer more details for accurate diagnosis in
biomedical applications.

LR

IDIAGE

SWT DWT

INIAGE.

Figure 1 : Implementation of Enhancement Technique
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Implementation of image enhancement method as shown in above figure. Low resolution image is applied to
DWT and SWT. DWT decompose the image into four subbands namely, LL, LH, HL and HH respectively. The LL
image is considered a reduced version of the original and it represents averaging system. The LH, HL and HH represent
detail system. The DWT includes downsampling of components by 2. The SWT decomposed signal in to four subband
and upsampling the filter coefficients by a factor of 2/-% in the Jt" level of the algorithm. Here the filter coefficient
upsampled by 1. The detail components of DWT interpolate by factor 2 and added with detail components of SWT.
Then fused components are applied to ISWT. ISWT reconstruct the image with the help of fused components and
approximate component of SWT. Then reconstructed image is interpolated by factor 2 to obtain High resolution image.
B. Discrete Wavelet Transform

In numerical analysis and functional analysis, a discrete wavelet transform (DWT) is any wavelet transform
for which the wavelets are discretely sampled. As with other wavelet transforms, a key advantage it has over Fourier
transforms is temporal resolution: it captures both frequency and location information (location in time). The discrete
wavelet transform has a huge number of applications in science, engineering, mathematics and computer science. Most
notably, it is used for signal coding, to represent a discrete signal in a more redundant form, often as a preconditioning
for data compression.

DWT can be implemented through sub-band coding. Sub-band coding is a procedure in which input signal is
subdivided into several frequency bands. Sub-band coding implemented through filter bank. A filter bank is collection
of filters having either common input or common output. When the filters have a common input they form an analysis
bank and when they share common output, they form a synthesis bank. In DWT, an image can be analyzed by passing
it through an analysis filter bank followed by decimation operation.

The DWT of a signal“x” is calculated by passing it through a series of filters. First the samples are passed through
a low pass filter with impulse response “g” resulting in convolution of the two:

) =G Il = ) 2l g[n— k]
k=—w
The signal is also decomposed simultaneously using a high pass filter. The outputs giving the detail coefficients
( from the high pass filter) and approximation coefficients (from the low pass). It is important that the two filters are
related to each other and they are known as a quadrature mirror filter. The filter outputs are then subsample by 2.

Viwm = Y xlkl g[2n— k]

k=—o0
0

OE Z x[k] h[2n — k]

k=—o0

Basic block diagram for filter analysis as shown below.

— o] —v@j Approximation coefficients

x[n] ——{ hin] —»@—r Detail coefficients

Figure 2: Block diagram of Filter analysis

A 2D wavelet decomposition technique as shown in below figure 3. The analysis filter bank consists of low pass
and high pass filter at each decomposition stage. When the signal passes through these filters, it split in to two bands.
The low pass filter, which corresponds to averaging operation, extract coarse information of the signal. The high pass
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filter which corresponds to differencing operation, extract detail information of signal. The output of filtering operation
is then decimated by two. A two dimensional transform is accomplished by performing two separate one dimensional
transforms. First the image is along the row and decimated by two. It is then followed by filtering the sub-image along
the column and decimated by two. This operation splits the image in to four bands, namely, LL, LH, HL and HH
respectively. The LL image is considered a reduced version of the original as it retains most details. The LH image
contains horizontal edge features, while the HL contains vertical edge features. The HH contains high frequency
information only and is typically noisy and is, therefore, not useful for the registration. In wavelet decomposition, only
the LL image is used to produce the next level of decomposition.

—-—I LPF |-—-| ;2[—. LL band
LPF_ || '-2¢--|~
[ HPF |—[ +2}— LHband

X[m,n] 4| LPF l_.l I QI_. HL band
[ HPF 1-21"{
”“'I HPE |_.| t 2|—- HH band

Figure 3: Discrete Wavelet Decomposition
C. Stationary Wavelet Transform

Stationary wavelet transform (SWT) is a wavelet transform algorithm designed to overcome the lack of
translation-invariance of the discrete wavelet transform (DWT). Translation invariance is achieved by removing the
downsamplers and upsamplersinthe DWT and upsampling the filter coefficients by a factor of 2/71 in the
Jt" level of the algorithm. This algorithm is more famously known as "algorithme a trous" in French (word trous means
holes in English) which refers to inserting zeros in the filters. Stationary Wavelet Transform (SWT) is similar to
Discrete Wavelet Transform (DWT) but the only process of downsampling is suppressed that means the SWT is
translation-invariant. The 2-D SWT decomposition scheme is illustrated in following figure 4.

LPE LL band

Lh bang

LPF

X[m,n] HL band

LPF
HPF
HPF HH band

Figure 4: Stationary Wavelet Decomposition

As with the decimated algorithm, the filters are applied first to the rows and then to the columns. The 2D
Stationary Wavelet Transform (SWT) is based on the idea of no decimation. It applies the Discrete Wavelet Transform
(DWT) and omits both down-sampling in the forward and up-sampling in the inverse transform. More precisely, it
applies the transform at each point of the image and saves the detail coefficients and uses the low frequency
information at each level.

D. Inverse Stationary Wavelet Transform

In the final phase of the process the sub-bands are recomposed using inverse stationary wavelet transform. This
transforms the signal from time and frequency domain to the time domain. The first step in inverse stationary wavelet
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transform is restoring the signal from decomposed signal. As a signal is decomposed in multilevel sub-bands then that
signal is recomposed from the decomposed signal. For accurate analysis signal should be reconstructed. The
performance of a reconstructed image is check by using some parameter like Peak Signal to Noise Ratio (PSNR), Mean

Square Error (MSE) etc.

E. Bilinear Interpolation

Bilinear interpolation is an extension of linear interpolation for interpolating functions of two variables
(e.g.,x and y).The key idea is to perform linear interpolation first in one direction, and then again in the other direction.
Bilinear interpolation considers the closest 2x2 neighborhood of known pixel values surrounding the unknown  pixel.
It then takes a weighted average of these 4 pixels to arrive at its final interpolated value. The algorithm for bilinear

interpolation as shown in figure 5.

Fol TR SR R B ST
v §a
E 11 : 21
V1 ""‘.‘9""""’.ﬁ!"""'"""f'l?"
X1 X X2

Figure 5: Bilinear Interpolation Algorithm

The four red dots show the data points and the green dot is the point at which we want to interpolate.Suppose that
we want to find the value of the unknown function f at the point (X, y).It is assumed that we know the value of f at

the four points Q11 = (x1, y1), Q12 =(x1,y2), Q21 =(x2, yl), and Q22 = (X2, y2).

Linear interpolation in the x-direction is given by,

Fry) =~ Q)+~ f(Q1)
xo —x' X=X,
fGx,y2) = Xy — X, f(Q:2) + X5 — X, £(Q22)

Linear interpolation in the y-direction is given by,

_ Y2y Y=
fxy) = BT f(x,y1) HE— f(xy2)

IV.SIMULATION RESULTS

A. Steps to Perform

Step 1: Load low resolution biomedical image.

Step 2: Check whether image is color or grayscale

Step 3: If image is color,

Step 4: Apply DWT & SWT

Step 5: Interpolate the DWT components by 2.

Step 6: Add detail components of DWT with detail components of SWT
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Step 7. Apply Inverse-SWT to RGB

Step 8: Interpolation of reconstructed image by 2.
Step 9: Obtain high resolution image.

Step 10: If image is grayscale repeat steps from 4to 9.

B. Experimental Results

Figure: One step SWT decomposition

Figure: One step DWT decomposition

|
"

200 250

Figure: Histogram of output image

Figure: HR image
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Table 1 describes analysis of performance parameters such as PSNR, MSE, RMSE etc for various test images.

Sr. No. Test Images MSE RMSE PSNR Correlation SNR
(In db) Coefficient
1 Test Image 1 2.0085 1.1905 45.1021 0.9995 21.9383
2 Test Image 2 1.8901 1.1725 45.3660 0.9994 21.4001
3 Test Image 3 2.2805 1.2289 44.5504 0.9994 20.6825
4 Test Image 4 1.4429 1.0960 46.5383 0.9981 15.1081
5 Test Image 5 1.8921 1.1728 45.3615 0.9992 19.8243
6 Test Image 6 1.4966 1.1061 46.3796 0.9991 19.1919
7 Average Value 1.8351 1.1611 45.5496 0.9991 19.6908

Table 1: Analysis of different performance parameter
V. CONCLUSION AND FUTURE WORK

This paper discusses about improvement in the resolution of biomedical images based on the multi-wavelet
transform using interpolation techniques. Multi-Wavelet transform and Interpolation method is used for resolution
enhancement. An image is decomposed in to different subbands using Discrete Wavelet Transform and Stationary
Wavelet Transform like LL, LH, HL and HH. DWT includes down sampling and SWT does not include any down
sampling. Bilinear Interpolation is used to interpolate DWT coefficients. Inverse Stationary Wavelet Transform is used
to reconstruct an image. Finally, Performance can be measured by using statistical parameters such as peak signal to
noise ratio (PSNR), mean square error (MSE), root mean square error (RMSE) and correlation factor. The quantitative
metrics (PSNR, MSE) of the image calculated shows the superiority of DWT-SWT technique. For achieving visually
acceptable HR images, image enhancement algorithm provides wide range of approaches. Based on the image type and
noise type with which it is corrupted, a slight change in individual method or combination of any methods further
improves visual quality. The future scope will be the development of adaptive algorithms for effective image
enhancement using Fuzzy Logic and Neural Network and curvelet enhancement techniques.
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