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Abstract:

Image enhancement techniques are prominently used to analyze the image by enhancing key factors like
contrast, resolution, and quality of the image. The proper analysis of images, it is desirable to pre-process
the image for resolution and contrast enhancement. We present here a new approach based on discrete
wavelet transform (DWT), singular value decomposition (SVD) for image contrast and resolution
enhancement, The contrast of the image is enhanced by maximum value fusion technique applied to the
images created by using modified cuckoo search algorithm (CSA) and singular value decomposition
separately. The masking approach is employed, for obtaining residual pixel value between original and
scaled images independently. Resolution of the image is enhanced by combining interpolated high-
frequency sub-band and maximum value fusion image. The proposed algorithm helps to minimize the noise
artifacts and over enhancement problems. Experimental results are tested in terms of peak signal to noise
ratio (PSNR) and absolute mean brightness error (AMBE). The proposed method shows better performance
compared to other contrast and resolution enhancement techniques.
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1. Introduction

An image enhancement is a process of improving the image quality without knowing its source of
degradation. The image enhancement technique has been used many applications such as satellite image
processing, geographic image processing, and medical image processing. The contrast and resolution are the
key issues in an enhancing a digital image, in which the visual system is more sensitive to contrast, so
contrast enhancement is more important in addition to resolution. The contrast enhancement helps to
improve the clarity of the image. Contrast enhancement is considered as intensity based enhancements.
Intensity enhancement has been realized through techniques based on the histogram, transform domain and
masking approaches. The Histogram equalization (HE) is simple and effective approaches, it generates
uniform histogram [1] but later on, the discrete wavelet transform and singular value decomposition based
methods are proposed for contrast [2] and resolution enhancement [3].

The DCT-SVD and DWT-SVD based illumination enhancement presented by updating singular value
matrix of singular value decomposition (SVD). In these methods, low-low (LL) sub-band of an input image
is considered by applying DWT [4, 5]. Recently algorithms are proposed on masking based contrast
enhancement [6], has internal scaling processes, whereas Un-Sharpe masking technique has fixed scale
value for masking process [7].

In this paper, we tried to improve upon our previous work [8], here we have addressed both contrast and
resolution enhancement by scaling the reconstructed approximation coefficients using cuckoo search
algorithm and SVD approach to achieve better results. This is a double masking approach for image
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enhancement by preserving minute details of the image and sensitive edges. These methods shows superior
result than conventional and state-of-art scheme of contrast enhancement technique (i.e. bi-histogram
equalization (BBHE) and dualistic sub image histogram equalization (DSIHE), exposure-based sub image
histogram equalization (ESIHE), non-parametric modified histogram equalisation (NMHE), singular value
decomposition (SVD), standard intensity deviation clipped sub image histogram equalization (SIDCSIHE),
and contrast enhancement by scaling reconstruction approximation coefficient using SVD (CE_SRA_SVD))
[9-14]. The proposed method outperform over conventional and state-of-art technique of resolution
enhancement technique (i.e. the nearest neighbour, bilinear, bi-cubic, wavelet zero padding (WZP),
Regularity-preserving image interpolation, new edge-directed interpolation (NEDI), hidden Markov model
(HMM), HMM-based image super-resolution (HMM SR), WZP and cycle-spinning (WZP-CS), DWT based
super-resolution (DWT SR), complex wavelet transform based super-resolution (CWT SR), and modified
context-based image interpolation (MCBII)) [15-22]. The paper is structured as follows, section 2 contains
the proposed method and section 3 we discuss experimental results. The conclusions are given in section 4.

2. The Proposed Methodology

This paper presents an improved contrast and resolution enhancement method by using DWT, CSR, SVD,
masking approach, and maximum value fusion method. In this work contrast and resolution, enhancement is
carried out mainly in three steps. In the first step, the low contrast and resolution image undergoes DWT
decomposition and produce four sub-band namely LL, LH, HL, and HH. In which, the illumination
information is enclosed in LL sub-band and other sub-bands (LH, HL, and HH) contain edge information.
The contrast enhancement is achieved by manipulating LL sub-band using CSR, SVD, masking approach.
The two individual contrast-enhanced images are obtained by scaling the reconstruction approximation
coefficients of DWT using CSR algorithm and SVD method followed by masking approach. In the second
step, the best intensity level is selected by applying maximum fusion approach. The last one is resolution
enhancement is carried out by applying bi-cubic interpolation method to all the sub-band and the resulting
subbands are subjected to IDWT to produce a high-resolution output image. The block diagram of the
proposed method is shown in figure 1 and the process is explained in detail. In this proposed algorithm, the
contrast and resolution of the image are enhanced by minimizing the loss through preserving edge
information which affects the quality of the enhanced image.
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Figure 1. Block diagram of the proposed method.

Step 1. Inthe very first step, low contrast and resolution image have taken for processing.
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Step 2. Perform 1 level DWT to decompose the image into four subbands are LL, LH, HL, and HH. In
which LL sub-band is called an approximation coefficient and remaining sub-bands are detailed coefficients.
Step 3. Perform reconstruction of the approximation coefficients by using IDWT.
Step 4. The reconstruction approximation is scaled by using optimum scale value obtained by using
modified cuckoo search algorithm.
Step 5. The masking formulation is obtained by subtracting the scaled image and original input image
[mask].
Step 6. The Enhanced image using modified cuckoo search algorithm (EICSA) is obtained by adding mask
image with original image.
Step 7. SVD is applied to EICSA image and reconstruction approximation for getting U1 x S1 x V1 and
U2 x S2 x V2 then max(S1) and max(S2) obtained.
Step 8. Calculate weighting value g by using an equation

__ max(51)

- max(S2)
Step 9. The new image (NI) is obtained by inverse singular value decomposition NI = U2 X (g,X §2) x V2.
Step 10. The masking formulation is obtained by subtracting the new image and original input image [mask].
Step 11. The Enhanced image using singular value decomposition (EISVD) is obtained by adding mask
image with original image.
Step 12. Maximum value fusion method is applied to select pixel value with the maximum intensity
between EICSA and EISVD to generate the final image with better contrast.
Step 13. The high-frequency subbands (LH, HL, and HH) are interpolated using bi-cubic interpolation
method the factor B and generates estimated high-frequency sub-bands (ELH, EHL, and EHH). The
maximum value fusion process is interpolated with factor p/2 and generates estimated low-frequency sub-
band (ELL).
Step 14. Apply IDWT using estimated sub-bands (ELL, ELH, EHL, and EHH).
Step 15. Contrast and resolution enhanced output image is obtained.

2.1. Double masking approach based modified cuckoo search algorithm and SVD

In the double masking approach, the masking formulation is obtained by subtracting scaled image
and original image twice. At first, the reconstruction approximation coefficients scaled by using modified
cuckoo search algorithm and generates EICSA image. The EISVD image obtained by applying SVD method
between EICSA and reconstruction approximation coefficient.

2.1.1. Enhanced Image using Modified Cuckoo Search Algorithm (EICSA)

In this step, we modified the cuckoo search algorithm used in [23] to get optimized scale value. Here,
we have used PSNR based fitness function to get optimized scale value and is used to scale the image
recursively. The mask is derived using a scaled image and reconstructed approximation coefficients. The
mask is added to the original image and generates the resultant image EICSA as shown in figure 1.

Cuckoo Search (CS) algorithm is meta-heuristic optimization algorithm based on captivating reproduction
policy of the bird cuckoo developed by Yang and Deb [24]. Cuckoo lays their eggs in the host bird nest, it
doesn't construct the nest. If host bird identifies cuckoo egg, it will either rebuild its nest or abandon its eggs.

The CS is based on three idealized rules:
e At atime, each cuckoo lays one egg in a randomly chosen nest.
e Next generation will carry over to best nests with a high quality of eggs (solutions).
e The number of available host nests is fixed and a host can discover an alien egg with probability
‘pa’ € [0, 1].
The host birds either abandon the nest or throw the egg away. This implementation is carried by replacing

‘pa’. Each egg corresponds to a solution and its fitness is calculated. A new solution generated using Levy
flight as given in the equation 1.

xi(t+1) =x,)+a® levy(R), Q)
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where a is step size and product represents entry wise multiplication. It essentially provides a random walk
while random step length is drawn from a Levy distribution as given below:

levy() = t™:1<1<3, (2)

The iterative process continues to the replacement of a not good egg and finding an optimum solution [25],
where Kk is the best nest. The flow chart of the cuckoo search algorithm is shown in figure 2.
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Figure 2. Block diagram of Modified cuckoo search algorithm/ method.
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2.1.2. Enhanced Image using SVD (EISVD)

In this approach, SVD based masking formulation is obtained by subtracting new image (NI) from
EIMCSA image. This mask image is added to the original image, which generates enhanced image EISVD
as shown in figure 1.

To get new image (NI), the original low resolution (LR) image and EICSA image are decomposed by SVD
as given by equations (3) and (4).

LR image = U1 x S1 x V1 (3)
EICSA image = U2 X S2 X V2. 4)

Here U1, V1, U2, and V2 are the orthogonal matrices, identified as left and right singular vector of both
EICSA and LR image. S1 and S2 are diagonal matrices containing intensity information. To enhance the
image, ¢, is calculated by LR and EICSA images as given in equation (5).

__ max(Ss1)
- max(S2)

()

The g is considered as weighted value, which is highest singular value and is used to enhance the contrast of
the LR image. The new image (NI) is obtained from inverse singular value decomposition [26] as given in
equation (6).

NI =U1xg51%xV1 (6)

The masking approach used between EIMCSA and NI, the EISVD image is obtained by adding with the
original image.

2.2. Maximum value fusion process

The fusion is the process of creating a single image by considering the intensity levels of two images.
Maximum value fusion method is the most effective as every pixel of the fused image will be pixel with
maximum intensity. The method is applied used for fusing EICSA and EISVD, to generate the final image
with better contrast.

3. Experimental Results
The pre-eminence of the proposed method is illustrated by comparing both objective and subjective

assessment with well-known existing methods. As far as objective assessment is concerned, the performance
of the proposed method is measured in terms of PSNR, AMBE values. The subjective assessment is
concerned, figures 9-12 show the experimental results of the proposed method, and are compared with other
contrast and resolution enhancement methods.

3.1. Objective assessment
The performance of the proposed method is measured using the equations (7)-(9). Given that, (M x N) is the

size of the image, I;,, is input image, I, the enhanced image, Max;, the maximum possible value of the input
image. The PSNR has represented a measure of the peak signal to noise error between the input and
enhanced image is presented in equation (7). MSE is a mean squared error between input image I;, and
enhanced image I.as is shown in equation (8).The AMBE equation is expressed in equation (9).

PSNR = 10 logy, (“ree”) )
1 P N
MSE = (MXN) it1 Z?Ll(lin(l']) R AG)) )
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AMBE = |I;, — 1| 9)

Table 1 shows the parameter, which has used in the cuckoo search algorithm to get optimized scale value.
The table 2 indicates the comparative analysis of resultant PSNR for four well-known test images (Lena,
Elaine, Baboon, and Peppers) has used to study the effectiveness of the proposed method over conventional
and state-of-art resolution enhancement techniques.

The proposed method comparison of the medical images (Brain_MRI1, Face X-Ray, MRI, Ribs-Ray) in
terms of PSNR value is shown in figure 8 and AMBE values as shown in table 3. The proposed method
shows better performance as compared to existing resolution and contrast enhancement techniques.

The table 4, shows the quantitative performance of the proposed method for 50 mammogram images. The
objective assessment shows that proposed method generates less noise artifact and has been proved by
studying PSNR values. The effective brightness preservation has proved by minimum value over other
techniques.

Table 1. The parameter used in the cuckoo search algorithm

Parameters Value
Number of Nests 50
Alien egg discover rate pa 0.25
Number of iteration 50
Lower bound value 0
Upper bound value 1
Dimension 1

Table 2. PSNR values of the compared methods for resolution enhancement

Technique/lmages Lena Elain Pepper Baboon
Bilinear 26.34 25.38 20.51 25.16
Bicubic 26.84 28.93 20.61 25.66

WZP (db.9/7) 28.84 30.44 21.47 29.57
Regularity- Preserving image
interpolation 28.81 30.42 21.47 29.57
NEDI 28.81 29.97 21.18 28.52
HMM 28.86 3.46 21.47 29.58
HMM_SR 28.88 30.51 21.49 29.6
WZP_CS 29.27 30.78 21.54 29.87
WZP_CS _ER 29.36 30.89 21.56 30.05
CWT_SR 33.79 33.05 23.12 31.03
SWT 32.01 31.25 22.79 29.46
DWT_SVD 29.462 32.907 26.43 24.94
MCBIIA 31.50 33.42 25.63 23.23
CE_SRA SVD 30.258 31.495 26.29 25.66
PROPOSED 31.20 34.17 26.33 30.45
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Figure 8. PSNR values of compared methods for contrast and resolution enhancement

Table 3. AMBE values of the compared methods for contrast enhancement

Techniques/images Brain MRI1 Face X-Ray MRI Ribs X-Ray

BBHE 29.61 36.22 27.55 9.94

DSIHE 31.56 22.55 42.78 4.39

ESIHE 24.02 24.02 32.57 2.86

NMHE 21.02 7.56 36.13 9.17

SVD 15.96 15.06 21.62 7.7

SIDCSIHE 21.81 4.46 29.60 4.20

CE_SRA_SVD 13.6 1.98 18.75 4.49

PROPOSED 0.186 0.189 0.169 0.154
Table 4. PSNR and AMBE value of 50 mammogram images

Methods Average PSNR Average AMBE

DWT_RE 26.34 12.12

SWT 25.58 11.57

CE_SRA SVD 33.27 03.77

Proposed method 36.73 0.012

3.1. Subjective assessment
The performance of the proposed method is analyzed by processing some medical images

(Brain_MRI1, Face X-ray), grey scale image (Elain, pepper) and mammogram images.

Figure 9a-f are the results of the proposed method steps from the original image to enhanced image. The
figure 9a is the low-resolution input image and figure 9b is reconstructed approximation coefficients of the
LL subband. Figure 9c is the mask image. Figure 9d-e are the EICSA and EISVD images and Figure 9f is
the resultant, contrast-enhanced image with better visual quality than the original image and is visible in the
portion of the nasal cavity, sphenoid sinus, eye, cerebellar magna, a posterior element of c4 and vertebra

surrounding. The cingulate sulcus and precentral sulcus portion are enhanced.
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Figure 9. Results of different stages of proposed method (a) original low contrast an resolution image; (b)
Reconstructed Approximation coefficient; (c) Mask image; (d) EICSA; (e) EISVD; (f) Fusion image of
EICSA and EISVD.

The resolution enhanced results of Face X-Ray are shown in figure 10a-h. Figure 10b, c are processed
by DWT_RE, SWT_RE individually and yield darker images. Figure 10d, e are the result of DWT_SVD
and CE_SRA _SVD, have acceptable contrast enhancement. The proposed method as shown in figure 10f
has improved contrast and resolution enhancement as compared to other methods.

Figure 10. Results of different methods for the Face X-Ray image (a) original low contrast and resolution
image (128x128); (b) DWT_RE (512x512); (c) SWT_RE (512x512) (d) DWT_SVD (512x512); (e)
CE_SRA SVD ; (f) proposed method (512x12).

Figure 11a is the low-resolution elain image and figure 11b, c is the resolution enhanced results of
DWT_RE and SWT_RE individually. The result of these two methods are effectively enhanced image
resolution but failed to improve its contrast. The figure 11d, e, represent the methods DWT_SVD,
CE_SRA _SVD, have failed to enhance the image contrast and resolution. The superiority of the proposed
method as shown in figure 11f, which enhances both contrast and resolution without affecting image
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features.

Figure 11. Results of different methods for the Elain image (a) original low contrast and resolution image
(128x128); (b) DWT_RE (512x512); (c) SWT_RE (512x512) (d) DWT_SVD (512x512); (e)
CE_SRA_SVD ; (f) proposed method (512x12).

The resolution enhanced results of mammogram images are shown in figure 12a-f. Figure 12b, c are
processed by DWT_RE, SWT_RE, individually are darker images and fail to show normal fatty tissue,
dense breast tissue and infected area clearly. Figure 12d, e is the result of DWT_SVD and CE_SRA SVD
have acceptable contrast enhancement as compare to other methods. Figure 12f is a result of proposed
methods have natural look in both contrast and resolution enhancement.

Figure 12. Results of different methods for the mammogram image (a) original low contrast and resolution
image (128x128); (b) DWT_RE (512x512); (c) SWT_RE (512x512) (d) DWT_SVD (512x512); (e)
CE_SRA SVD ; (f) proposed method (512x12).
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Figure 13 a-d, are the pepper image obtained by applying DWT_RE, DWT_SVD, and proposed method
individually, figure 13 e-f are crop portion of applying DWT_RE, DWT_SVD, and proposed method
individually. The results of DWT and DWT_SVD images important features are not visible and introduced
blurring effect. Figure 13 d and h is the result of the proposed method which enhances the contrast and
resolution. It can observe in the resultant image and on its cropping portion.

Figure 13. Results of different methods for the pepper image (a) original low contrast an resolution image;
(b) DWT_RE (512x512); (c) SWT_RE (512x512) (d) proposed method (512x512); (e) original image crop
portion; (f) DWT_RE crop portion;(g) DWT_SVD crop portion; (h) proposed method crop portion.

5. Conclusions

In this paper, we have proposed a new method, based on wavelet transform, for contrast and resolution
enhancement. For contrast improvement, cuckoo search algorithm & SVD are used. The resolution of the
image is improved by applying interpolation method. The proposed algorithm helps to minimize the noise
artifacts and blurring. Experimental results are tested by measuring peak signal to noise ratio (PSNR) and
absolute mean brightness error (AMBE) and are found to be significantly better as compared to other
methods.
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