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ABSTRACT

Images are containing a various type of noises during the transmission. The removing noise content from image is called as
denoising. The objective of denoising is to remove the noise and to keeping the important features of images. Image denoising is
a difficult problem in the field of image processing. This paper, discuss about a new method, called image denoising for multi
channel image by using gradient learning method. Gradient based learning method is become possible by using a new
thresholding method, called, thresholding neural network. TNN is used to find the optimum value of threshold in a mean square
error(MSE) sense first, local spectral component at each pixel is calculated, which called as spectral line. By spectral line vector,
decompose the image in to three components: a single M channel image and two grey scale image. Noise is spread in to two
components. The experiment result shows that, image denoising by using gradient based learning method improves the image
quality and successfully achieves better PSNR value compares to other existing denoising method.

. INTRODUCTION

Digital image processing has a wild range of applications such as
remote sensing, image and data storage for transmission, medical
imaging, acoustic imaging, Forensic sciences and industrial
automation. These Images are containing a various type of noises
during the transmission. The removing noise from any image is
called as image denoising. The idea of denoising is to remove the
noise and to keep the important features of images. In today
world, many challenges have been prepared to minimize the noise
from images by using wavelet transform as a multi-resolution
image processing tool.

For removing small coefficients of detail sub-bands and preserving
large coefficients, Wavelet domain based noise removal
techniques prefers some threshold value. The term wavelet
thresholding is defined as decomposition of the image into
wavelet coefficients. In this process, detailed coefficients having a
given threshold value, and compairing this coefficients with
threshold value. Image is reconstructed from modified
coefficients. This is also known as inverse discrete wavelet
transform. In the case of thresholding, a wavelet coefficient is
compared to the given threshold value and is put to zero if its
magnitude is less than the threshold or else, it is retained or
modified that based on the thresholding rule. Thresholding
distinguishes between coefficients due to noise and the ones
consisting of important signal information. The selection of a
threshold and estimation of a threshold are an important point of
interest. So, thresholding gives an important role in the removal of
noise because de-noising most normally produces smoothed
images, by reducing the sharpness of the image. A variety of
methods are existing for wavelet thresholding, which rely on the
choice of a threshold value. Soft thresholding and hard
thresholding are the typically used methods for image noise
removal techniques. In Soft thresholding is that the coefficients
with greater than the threshold are close towards zero after
comparing them to the threshold value. Soft method is giving
much better and more visually lovely images.

From this framework, a new method such as local spectral
component decomposition for multi channel image (RGB)
denoising by using gradient learning method is proposed. In this
work, first, local spectral component of RGB image at each pixel is
calculated and defined the spectral line vector. By using this
spectral line vector, we can decompose the noisy image in to three
components: one will be mean spectral component, second will be
spectral line component and third will be residual component. The
basic purpose of the decomposition is to transfer the noise only to
two components (spectral line component and residual
component).so, here; algorithm is going to denoise these two
components. After the decomposition, apply filtering to spectral
line and residual component. In filtering, new method like TNN is
introduced. By TNN, some gradient based algorithm become
possible. Gradient based learning algorithm is about to find

optimum value of threshold. Threshold value will be adjusted
inlearning manner. Finally take the inverse wavelet transform to
recover the original image.

Experimental result in this method shows that, our method gives
the better result than the other existing denoising method in terms
of PSNR and SSIM. Better PSNR value improves the image quality
and noise reduction.

I. PROPOSED METHOD

Here, designing a new denoising method for RGB images based on
the gradient learning algorithm over the line features of images.
For denoising method, color line principle is introducing to reduce
the discoloration of RGB image. Algorithm of proposed method
consist of four steps that shown in fig 1.

1) First take the noisy input image, and find the local spectral
distribution for spectral line by using PCA. For the alignment of
spectral line, we adopt the Jacobi relaxation method to specify
thesign.

2) After find the spectral line, we decompose the image in to
three component a mean spectral component, spectral line
component Di and residual component. The aim of the
decomposition method is to noise components is transferred
to two components (spectral line and residual
components).Mean spectral component have a little noise. In
spite of of the number of channels, here, only need to denoise
the two components.

3) Applyfiltering to the spectral line and residual components. In
filtering, new types of soft thresholding and hard thresholding
functions are created to provide the activation function of the
TNN. By using this new thresholding functions, some gradient
based learning algorithms is promising or more efficient.
Gradient based learning algorithms is about to find the
optimal value of threshold in a sense of MSE for noise
reduction. In each steps the threshold value is adjusted along
with gradient descent of the MSE risk based on soft
thresholding.

4) Finally, by applying inverse wavelet transform on modified
coefficients, the reconstructed image is obtained.

Block diagram of proposed method is illustrated below.fig 2 block
diagram consist of three operations, that are describe below.

1) DWT
2) Tuningthreshold vale using TNN
3) Inverse DWT

First take the input image and noises is added to this image and
calculates the local spectral distribution at each pixel and find the
principal component for each pixel by PCA. Then define the
spectral line. Using the spectral line vector, decompose each pixel
into the three components: a mean spectral component, spectral
|
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line component and residual component. After performing PCA
applying DWT to noisy image and get the noisy wavelet
coefficient.

The second step known as thersholding value by using TNN. Its s a
simple non-linear technique,which operates on one wavelet
coefficients at a time. After decomposition, each coefficient is
threshold by comparing threshold, if the coefficient is smaller than
threshold, that set to zero, if not it kept. as a result threshold value
can be adjusted in learning phase. Optimization threshold value is
obtained during learning process. TNN uses proposed
thresholding function. In test phase, computed threshold value in
learning phase is used by proposed thresholding function to
denoise wavelet coefficients of testimages.

The final step is recomposition of the resulting image from its
constituent components. In these steps, taking the wavelet
coefficients of the noisy image and outputs are thresholded
wavelet coefficients. After applying the inverse wavelet transform,
denoisedimage s available.

Elep 1, Speciral line
vectod fisld

Fig 1:Flow chart of proposed algorithm

The proposed thesholding function is presented as follow:

1
nx,t) =x +E{|x —m) - I.r+m}|

Where tis the threshold and & > O is a user-defined (fixed) function
parameter. Obviously, the soft-thresholding functions n (x, t) have
all higher order derivatives for A > 0 . Note that when A —o0, 1 (X, t)
is just the standard soft-thresholding function ns (x,t) s ; when A
— 0, is just the standard hard-thresholding function nh(x t). The
new thresholding functions perform the operations similar to the
standard soft-thresholding function. Therefore, similar
thresholding effects of the estimate using the new thresholding
functions can be expected

Assume that, x is an image with a noise n.so, y is represented the
noise image given by

y=x+n

MSE (mean square error) can be written as,

1=N1=N

1
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MSE =

jislearning step, threshold value is adjusted by using

thr(j+1)=thr(j) + Athr(j)
Where Athr(j) is calculated by

IMSE
Athr(j) = —a
(J dthr chrsthrij)
ais the learning rate.
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Fig 2: Block diagram of proposed method method
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Fig. 3: Spectral decomposition: In local spectral component
decomposition, each pixel is decomposed into a spectral line
vector, a spectral line component, and a residual component.

Il.  EXPERIMENTAL CRITERIA

Parameters used in this paper are peak signal to noise ratio (PSNR)
and structural similarity index (SSIM) to measure the quality of
image.

1) Peak Signal To Noise Ratio

PSNR is the peak signal to noise ratio measured in decibels (DB) and
in terms of bits per sample or bits per pixel. The greater PSNR value
gives, the better the image quality and noise suppression.

Peak signal to ratio can be calculated as

; k:
PSNR = 10Xlogy, (%)

MSE is the mean square error. That, can be calculated as,

1
MSE = ——
M« N 2
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(A(LD - B2

1-N1-M
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Here A - Perfectimage
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B -Denoised image
|- Pixel row index
j—Pixel columnindex

2) Structural similarity index measure (SSIM)

The structural similarity index is measuring the similarity between
two images. SSIM is designed to improve the image quality and
can be calculated as,

(2 Mg + cl}(zcu x c:)
(w3, u2+Cy)(o5+05+C,)

SSIM =

Where p, and y, are the estimated mean intensity along A, B
directions.
c,and o, are the standard deviation respectively.

Tas =ﬁ2("‘- = H‘}(Bl = "‘li]

C1and C2 are the constants and values are given as

C, = (K,L)?
C, = (K,L)?

Where K1,K2 <<1 is a small constant and value of L is 255.The
maximum value of SSIMis 1.

IV. RESULTS AND DISCUSSIONS

Experiments are conducted in MATLAB 2009b as simulation
software. Test images used this are Lena (512X512), Baboon
(512X512), peppers (512x512), airplane (512x512) and sailboat
on lake. Test images are corrupted by additive Gaussian noise of
different standard deviation 0.03, 0.05, 0.08 and 0.1. here,
Proposed method is compared with existing method in terms of
PSNR and SSIM value basis.

In this experiment, here, choose PSNR and SSIM as evaluated
standard. The greater PSNR and SSIM value shows that our
proposed method gives better noise suppression without artifacts.

Below tables evaluates the performance of different test images
with standard deviations 0.03, 0.05, 0.08 and 0.1

Table 1: PSNR and SSIM for existing and proposed method
of Lenaimage.

Test variance |Existing method Proposed method

.image PSNR SSIM PSNR SSIM

Lena 0.03 33.5611 |0.4652 |44.2586 |0.6853
0.05 30.9681 |0.4712 |42.0370 |0.6842

0.08 27.7278 [0.4731
0.1 26.0188 [0.4768

40.0048 |0.6807
39.0586 |0.6756

Table 2: PSNR and SSIM for existing and proposed method
of Baboon image.

Test variance |Existing method Proposed method
Image PSNR SSIM PSNR SSIM
Baboon [0.03 29.2095 |0.1544 |44.2631 |0.7486

0.05 28.0506 [0.1561
0.08 26.0773 10.1573
0.1 24.0773 [0.1580

42.0210 |0.7451
39.9852 |0.7433
39.0338 |0.7426

Table 3: PSNR and SSIM for existing and proposed method
of Peppersimage.

Test variance |Existing method Proposed method
image PSNR  [SSIM PSNR  [SSIM

Peppers [0.03 32.9109 [0.4778 |43.8130 |0.6883
0.05 30.4738 [0.4803 |41.7674 |0.6862
0.08 27.3702 [0.4867 |39.8215 |0.6825
0.1 25.7139 [0.4872 |38.8897 |0.6775

Table 4: PSNR and SSIM for existing and proposed method
of Airplane image.

Test variance |Existing method Proposed method
image PSNR SSIM PSNR SSIM
Airplane [0.03 33.6049 [0.5696 |44.3375 |0.6862

0.05 31.1041 [0.5930
0.08 28.0030 [0.6097
0.1 26.3992 [0.6168

42.1044 10.6868
40.1127 |0.6854
39.1950 |0.6827

Table 5: PSNR and SSIM for existing and proposed method
of Saiboat on Lake Image.

Test variance |Existing method Proposed method
image PSNR SSIM PSNR SSIM

Saiboat |0.03 32.0133 |0.3263 |44.0824 |0.7259
on lake {0.05 29.9978 [0.3300 |41.9268 |0.7246

0.08 27.2130 [0.3314 [39.9322 |0.7193

0.1 25.6650 [0.3316 [38.9948 |0.7149

From these tables, we can show that, PSNR and SSIM values of
proposed method successfully performed better result than
compared to existing method. Greater the PSNR value will give
betterimage quality.

Fig 3 illustrated the comparison result of existing and proposed
method is given to this paper are shown below.
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Fig 3:Denoising of testimage Lena.

Here,

a) OriginalImage.

b) Image corrupted with Gaussian noise with std. deviation =
0.03

¢) method using local spectral component decomposition for
RGBimage.

d) method using local spectral component decomposition by
using gradient learning method.

V. CONCLUSION

Image denoising has been a classical problem in image
processing.for image denoising, threshold selection is a big
problem in the field of image processing. In this paper a new
thresholding function is proposed which utilize TNN for tuning
threshold value in learning phase. This function is continues and
have higher order derivation and which make it suitable for
gradient decent learning algorithms like TNN. In this frame work,
proposed thresholding function doesn't need to additional
parameters. new thresholding function is used that it is possible to
search for optimal thresholds using gradient based learning
algorithms. The numerical results show that the proposed method
performed better result than the existing method in terms of PSNR
and SSIM value forimproving imagre quality and noise reduction.
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