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Mixed Noise Parameter Estimation Based on Variance Stable
Transform

Ling Ding" 2, Huyin Zhang" ", Jinsheng Xiao®, Junfeng Lei’, Fang Xu® and Shejie Lu?

Abstract: The ultimate goal of image denoising from video is to improve the given
image, which can reduce noise interference to ensure image quality. Through denoising
technology, image quality can have effectively optimized, signal-to-noise ratio can have
increased, and the original mage information can have better reflected. As an important
preprocessing method, people have made extensive research on image denoising
algorithm. Video denoising needs to take into account the various level of noise.
Therefore, the estimation of noise parameters is particularly important. This paper
presents a noise estimation method based on variance stability transformation, which
estimates the parameters of variance stability transformation by minimizing the noise
distribution peak, and improves the parameter accuracy of mixed peak estimation by
comparing and analyzing the changes of parameters. The experimental results show that
the new algorithm of noise estimation has achieved good effects, which are making the
field of video denoising more extensive.

Keywords: Denoising technology, image quality, signal-to-noise ratio, variance stability.

1 Introduction

With the popularization of various digital products, images and videos are more and more
commonly used in our everyday activities. Large amount of object information carried
and the main way for people becomes to obtain original information from outside.
However, in the process of image acquisition, transmission and storage, images are often
degraded by various noises and effects, and image preprocessing algorithms are directly
related to the effect of subsequent image processing (such as image segmentation). To
obtain high quality, it is necessary to denoise the image to maintain the integrity of the
original information and remove the useless information. Therefore, noise reduction is a
serious influence on the image quality of video image, which brings great difficulties to
the follow-up processing of video image and affects the visual experience of traditional
video image [Wen, Ng and Huang (2008); Tang and Jiao (2009); Portilla, Strela and
Wainwright (2003)]. Accurate estimation of noise is helpful to improve the performance of
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denoising algorithm and solve the problem of image quality degradation caused by noise
interference. The denoising technology can effectively improve the image quality, increase
the signal-to-noise ratio, and better reflect the information carried by the original image. As
an important means of preprocessing, people have carried out extensive research on image
denoising algorithm. Among the existing denoising algorithms, some have achieved good
results in low-dimensional signal image processing, but they are not suitable for
high-dimensional signal image processing. Either the denoising effect is better, but part of
the image edge information is lost, or the research of detecting image edge information is
devoted to preserving image details. How to find a better balance between resisting noise
and retaining details has become the focus of research in recent years.

The spatial noise estimation algorithm mainly relies on the weak texture region to process
the noisy image, which has divided into mixed noise estimation, filter-based noise
estimation and image patch-based noise estimation [Liu and Lin (2012)]. Liu et al. [Liu,
Tanaka and Okutomi (2012)] obtained the weak texture region by the gradient covariance
matrix, and got the level of Gaussian noise by the weak texture. Pei et al. [Pei, Tong,
Wang et al. (2010)] processes the texture detail information by adaptive filter, and
combines the noise image patch with its filtered image patch to estimate the noise level.
Ponomarenko et al. [Ponomarenko, Lukin, Zriakhov et al. (2007)] uses DCT transform to
transform the image into the frequency domain, and finally separates the noise to obtain a
pure, noise-free image. The above method is easier to obtain noise estimation and obtain
a noise-free image when processing some low-pixel images with less texture. Li et al. [Li,
Wang, Chang et al. (2011)] proposed wavelet transform to reduce the entropy of the
image, and used the relationship between the entropy detection of the noise signal and the
variance to estimate the noise. Huang et al. [Huang, Dong, Xie et al. (2017)] proposed to
perform an average absolute deviation estimation (MAD) to obtain the estimative
standard soft threshold.

In many cases, the image patch texture between the spatial domain and the transform
domain is more and rough, and the video image often contains many random texture
interferences. The traditional noise estimation algorithm cannot recognize the complex
texture video image. The matrix domain noise estimation performs matrix decomposition
on the image signal from video and the noise signal, and is suitable for removing the
video image of the multi-dimensional texture [Zhu and Milanfar (2010)]. Pyatykh et al.
[Pyatykh, Hesser and Zheng (2013)] uses a block-based principal component analysis
(PCA) algorithm to process video images with smooth regions, and can obtain accurate
noise estimation levels for video images with complex texture regions. Liu et al. [Liu and
Lin (2012)] used a singular value decomposition (SVD) based noise estimation algorithm
to obtain the noise level. The above noise estimation algorithm is only used to estimate
Gaussian noise, and the Poisson-Gaussian noise estimation caused by hardware such as
sensors is not ideal.

Based on the above research, this paper proposes a method based on principal component
analysis combined with variance stable transform (VST) to achieve image noise
estimation. The modified algorithm can not only identify the Gaussian noise estimation
caused by hardware, but also estimate the noise evaluation level caused by multi-texture
interference. At the same time, this paper in Section 2 introduces Matrix domain based
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noise estimation, which we can know the noise distribution and mixed noise estimation
parameters. Section 3 presents VST based noise estimation, which can get the Variance
stable transformation and the parameters of the VST transformation. The experimental
results in Section 4 show that the optimized algorithm combining the noise estimation
algorithm with the conventional video denoising idea has fast response speed and wider
application fields.

2 Matrix domain based noise estimation

2.1 PCA noise estimation

It is assumed that the noise signal is additive white Gaussian noise, and x, n, y represent
the original video image, the noise signal, and the noisy video image contaminated by
noise, respectively. Then, the number of image patches contained in the noisy image y is
N , the calculation formula is as follows:

N=(S-M+1)(S,-M,+1) (N
where S1, Sz represents the number of columns and rows of the noisy image y, that is,

M, M, Tepresents the size of the image patch. Each image patch is recombined to obtain

a vector of size M =M, xM, Because the noisy image is superimposed by the original
video image and the noise signal, x, n, y respectively contain corresponding image
patches, and the corresponding vectors are X, N, Y, respectively. Since the noise
signal is additive white Gaussian noise, that is, independent of the image signal from
video, the original video image and the noise signal satisfy the following relationship:

cov(X,N)=0 (2)

The model of the image patch is known, and then the appropriate image patch is selected
for principal component analysis. First, a positive integer " is predefined. When all the

image patches i corresponding to the original video image X are in the subspace

M
View €R , the information of the original video image X has redundancy. The
subspace has a smaller dimension M —m than the vector dimension M . Therefore, we
select the required image patches according to this assumption, and select the standard
formula as follows:

d,=Dis(x.,V,, ) i=1.....N (3)

In the Eq. (3), when the distance is expressed by pfs('), that is, the distance between the
image patch x; and the subspace V., €R" satisfies a certain range, it is determined

that the image patch X, is a suitable image patch. According to the Spearman rank
correlation coefficient [Nikolay, Vladimir, Alexander et al. (2009)], it can have concluded
that there is a positive correlation between the image patch distance d; and the standard

deviation of the image patch. Therefore, the appropriate image patch can have selected
for principal component analysis by calculating the standard deviation to calculate the
distance of the image patch.
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s(x)=s(y)-0" i=l....N “)

According to the above formula, the noisy image patch »; is positively correlated with
the image patch distance <, , so that the appropriate image patch can be selected for
principal component analysis based on the noisy image patch y,. After obtaining the
image patch model and the appropriate image patch, the noise variance is obtained by
principal component analysis. Assume that the sample covariance matrix Sx, Sy of the
vectors X, Y are respectively represented, and the eigenvalue decomposition is
performed on Sx, Sy respectively.

2.2 SVD estimation

The noisy estimation of singular value decomposition is estimated by the singular level,
and is mainly divided into three parts. Assume that the noisy video image is V, the
original video image is X, and the noise signal is 72, which satisfies the following
formula:

y=Xx+n (5)
(1) Singular value decomposition (SVD): Based on linear algebra, 7 is a matrix A4 of
rank, it can be decomposed into three different matrices as follows:

A=SxWxV"

ww=I (6)
viv=1,

Where {7 g p denote an orthogonal matrix, a diagonal matrix and another orthogonal
matrix, re’sp’ectively, m, n, I are representing the size of the matrix and the unit square
matrix 4, respectively. s(i)(i =0,1,...,r) is a singular value, and it has arranged in
descending order as follows:

s(1)>s(2)>...>...>s5(r) (7)
(2) Additive Gaussian white noise N analysis: Additive white Gaussian noise has a

mean of 0 and a standard deviation of o, the standard deviation and singular value
decomposition (SVD) are expressed as follows:

N=UxS, xV"
o’ :Zr:sf(i) ®)
i=1

where s (i) represents the singular value of the noise signal. Defined A4 as the last

singular value M of the noise signal, the mean of this singular value A7 is a function
of the standard deviation, expressed as follows:

r

PM(a):ﬁ > s, () )

i=r—M+1

In the above formula, the range of value M is [l,7]. When 1 is taken, then only the last
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eigenvalue satisfies Eq. (9). When it is taken by r, all singular values satisfy this

relationship. If the relationship between Pv and o satisfies a linear relationship, then
the following formula holds:

PM(kO—):kXPM(O-) (10)
P,(c+0)=F,(0)+ P, (o)

In the above formula, the standard deviation between the scale factor and the noise signal
N, is respectively indicated by k,o,. Only when the noise signal N, has the same

distribution for N , that is, the additive white Gaussian noise can obtain a linear
relationship. Therefore, it can be obtained that when the process of additive white
Gaussian noise is the same, a linear relationship is satisfied with P, and o.

When the action of the noise signal is different, the linear relationship between £, and
0 does not apply to all singular values, but a large number of experiments prove that, if
M s large enough, it is still linear, P, and O the relationship is as follows:

P,(o)=ao, if M >>one (11)
where @ is the slope of the linear function, the degree of linear correlation, related to
the choice of M .

In practical applications, the relationship between the last mean value P, and the
standard deviation O of the noise signal is as follows:

”

P, = Z s, =aoc+p (12)

i=r—M+1
(3) Estimation of noise variance: The noise signal of video image is Gaussian noise N
with mean value and standard deviation 0, and noise /V, has added to the noisy
image, and the standard deviation is O, so a new noisy video image is obtained. The

standard deviation is /o’ + o] such that the following two formulas are true.

P, =ac+p (13)

B, =a\o’ +o] +p (14)

The final noise variance, the expression is as follows:

pa— 2 p—
o= ao, _ PlM PM (15)
2P, -P,) 2a

The noise estimation in the matrix domain has good noise estimation performance. The
noise estimation algorithm of PCA can only deal with Gaussian noise. In addition, It is
used in the noise estimation of images, so this paper improves on the basis of this
algorithm, it not only can accurately estimate the Gaussian noise level, but also it can be
used for the estimation of sensor noise, Gauss-Poisson mixed noise.
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3 VST based noise estimation

3.1 Variance stable transformation

Defining the expectation of the random variable, the variance and the standard deviation
are E(),var(-),std(:) respectively, s°(-) is representing the sample variance, B(j,k)
represents the row j and column k& element of matrix B. and v represents the
transpose of vector V. For the original image X, the pixel value x(g) at the position

P and the pixel value y(g) of the noisy image Y at the point ¢, there is the
following model expression:

x(q)=al(q)
9(q) = ao(q) +bE(q)

where w(q) ~ poisson(A(g)) represents the number of photons, \/ch(q) ~N(0,b) is

representing the electrothermal noise signal independent of the signal, introduced by the
hardware of the sensor. The variance of the noisy image model of Eq. (16) to get the
following formula:

var(y(q)) = a’A(q) +b=ax(q) +b (17)
It can be seen that the noise variance is linear with the pixel value of the original image.

(16)

According to the characteristics of the Poisson distribution, when A(q) is large enough,
w(q) approximates the mean A(q), distribution with a variance is A(q) . Therefore, it
can be known from Eq. (16) that the pixel value y(g) of the noisy image approximates
the mean distribution is x(q) . The pixel value y(g) of the noisy image and the original
image pixel value x(g) satisfy the following relationship.

¥(q) = x(q) ++/ax(q) +bS(q) (18)

In order to find the noise level of the noisy image, the noise parameter a, b has first
obtained. Therefore, the noise level problem is transformed into the parameter problem of
the noise model.

Defined f(y(q);a,b) as afunction of the noisy image.

std(f(¥(q);a,b)) =0 (19)
The expression looks is as follows.
F(@)a'b) = f(x(g)a'b)+ f (x(g)ia',b)(¥(g) - x(q)) (20)

According to the expansion formula, the approximate expression of the formula (19) can
be obtained as follows:

F (x(q);a',b")-std(y(q)) = o 21

' VN o _ o
P = 0@y " gy

(22)
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The two sides of the formula (22) are integrated to obtain the following expression:
2

F(T;a',b')=—6'\/a'r+b' (23)
a

The random variable is represented by 7 , which is a variance stability transformation of
a random variable 7 .

3.2 PCA-based image patch transformation

It can be seen from the above-described variance stability conversion characteristic that
the noise signal of the transformed image f(y(g);a',b") is approximately an additive

white Gaussian noise signal with a standard deviation O . Therefore, there is the
following expression.

E(f(¥(q);a'b) =2 24)
Defined M as the image patches number of the transformed image, H is the size of the
image patch. After removing unnecessary elements of each image patch, the image patch is

converted into a vector of size #/, where the vector of the transformed image M is

Vi,

V;,...v,, and the vector of the image Z is “Yu _ In order to effectively separate the

noise signal from the image signal, assuming that the image Z has redundancy, i.e., the
dimension of the vector u,,...,u,, issmaller than H,the PCA is as follows:

1) Calculate the mean vector of the vectorv,,...v,, .
=13, (25)
M

2) Calculate the sample covariance matrix of the vectorv,,...v,,, and calculate the

formula as follows:
M _ _
S = ﬁ;(\/’. —V)(v, —v)" (26)

3) The normalized feature vectors a,,...,d, of the sample covariance S are obtained.
These feature vectors obey the following relationship:

s (ajv) = s (ayv,) 2> 5% (agv,) (27)
s°(+) represents the sample variance.

4) The calculation of the weight @), ;, the expression is as follows:
®,, =a, (v, —V) (28)

The range of value k is [1, 7], and the range of value i is [I,M]. @), represents the

i
>

weight k of the center vector (v, —V) , expressedas @.
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s*(a/v) ~s*(a u)+o’ (29)

It can be known that the sample variance Sz(akT v,) is equal to the eigenvalue of the
sample covariance matrix S .

If principal component analysis (PCA) utilizes the redundant nature of the no-noise
image Z , its sample vector u,,...,u, can be represented linearly by the previous

eigenvector, and for the last eigenvector, the sample vectori,,...,u, is orthogonal.

Therefore, the distribution of weight @, is the same as the noise distribution [Liu,
Tanaka and Okutomi (2012)], so in practice, the distribution of noise signals can be
replaced by the distribution characteristic @, of the weights. From Eq. (29), in the case

2, T . . . . .
of s”(azu,)=0, the noise variance can be approximated as a weight variance, the

expression is as follows:
sH(wy) = o’ (30)

3.3 VST correction

The noise level of the distribution characteristics with the noise signal must be considered.
Since the true value of the noise parameter is unknown, the parameters a's b'
obtained by the VST deviates from the real parameter, we use excessive peaks for
detection, and the excess peak calculation for a random variable is as follows:

_E@-EM)Y 4 (31)
" E(Y-EX)))

For a noise model expression of a noisy image, the noise obeys the sufficient condition of

a normal distribution. Defines ™ <" <*u as the pixel value of the representation image,

the corresponding probability is #,,...,4,, , assuming that the parameters in the VST
transformation are a",b" , which are not equal to the real noise model parameters a“,b".

The standard deviation f(y(q);a ,b’) can have obtained as follows:
std(f((q)a b)) = f(x(g);a b)) std(¥(q))

__Jax@eb 32)
NJa'x(g)+b

The noise variance of the pixel value X, <---<x,, oftheimage X can be obtained.

r=1..M (33)

ax. +b
O'2=0'2%
ax, +b

The transformed image f(zd b)) obeys a normal distribution with o, so in the

transformed image f(zd,b) its noisy signal can be expressed as a multivariate

Gaussian distribution N(0,07) with weights /.
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Sho! (34)

y=3—F—-3
Q kot

From Eq. (34), the excessive peak is a non-negative number, and only zero if all
parameters 0, are the same, when a,b is proportional to the corresponding value
©a-.Ob.

Oa_0b (35)
a b

f(x(¢q);a,b) is independent of the original image pixel value x(g), that is, the noisy

signal f(x(q);a,b) is white Gaussian noise. Assume that the sample has an excessive
X I XX,
obeys a normal distribution, the sample value G(X,) multiplied by a coefficient.

G(X,)\/[NO/24 ~ N(0,1) (36)
T}’

peak value is G(X,) and the corresponding sample variable is X

19+

The above equation expresses a certain threshold "7, and if ¢( X)/NO/24 1s a normal

distribution by less than the threshold, where the threshold Tois non-negative.

It can be known from the above-described detected noise distribution characteristics that
the parameters a,b are converted and converted into functions of the parameters o, ¢ .

The expression is as follows:
a=0c’cosg (37)

b=c"sing

Among them, the parameter O is a non-negative number, and the parameter ¢ has a
value range of [0,7/2]. The following formula is as follows:

cosg sing
cosg sing

o sin(g—¢)=0 (38)
Sp=¢
We can get the calculation as follows.
f(r;a,b) = f(r;07 cosy,o” siny)
20 (39)
=— \/rozcosy/+0'2sim//
o cosy
__2 \JTcosy +siny
cosy

From the above equation, VST transform has only related to the parameters o SO by

repeated iterations, the calculated excessive peak is compared with a given threshold.
Finally, the estimated values 14 of the noisy model parameters are obtained, and
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then the noise variance of each gray value 0'1.2 i=0,...,255 is obtained according to the
noisy model.

o’ =ai+bh i=0,..,255 (40)

According to the above formula, the noisy variance of final average has obtained as the

noise variance value. The expression is as follows:
255
0t =520 (1)
¢ 056 %
Therefore, the optimized method proposed in this paper can accurately estimate Gaussian
noise and mixed noise, and it has not affected by camera hardware and video image
texture. The test results are more stable than the PCA estimates.

4 Test results

This paper verifies the effectiveness of the noise estimation method in the optimized
algorithm, and selects four groups of video such as akiyo, supervisor, salesperson, and
football [Xiao, Li, Jiang et al. (2015)]. The estimation effects of Gaussian noise or
Poisson-Gaussian noise are compared. The error of the noise estimate is defined as
Ao)=|6-0]- This article measures the accuracy of noise estimation by estimating the error

of each algorithm. The algorithm-running environment is Windows 7, CPU-Intel Core I
7-2300 K, clocked at 4.70 GHz, and memory is 4 GB, 64 bit. The 5th frame of the test video
is compared. The third frame of the four sets of noise-free video sequences is as follows:

(a) akiyo (b) foreman (c) salesman (d) football

Figure 1: The third frame of original video
(1) The error comparison results of added noisy Gaussian are shown in Tab. 1:

Table 1: Comparison of Gaussian noise estimation error

o Algorithm akyio foreman salesman football
PCA 0.1600 0.0039 0.0100 0.1375
10 Literature [6] 0.0951 0.0364 0.1129 0.3632
proposed algorithm 0.0532 0.3018 0.0913 0.0321
PCA 0.2643 0.2683 0.1719 0.0188
20 Literature [6] 0.3327 0.1216 0.3731 0.1832
proposed algorithm 0.0431 0.0856 0.0526 0.0514
PCA 0.8385 0.0178 0.1732 0.0985
30 Literature [6] 0.7271 0.2519 0.3681 0.2106

proposed algorithm 0.6213 0.3287 0.1326 0.4249
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It can be seen from Tab. 1, the case of simply adding Gaussian noise, the difference
between the noise estimation and the real noise variance estimated is small, and in most
cases estimated the noise level by comparing the two methods.

(2) The results of error comparison when the parameters are added Poisson-Gaussian
noise have shown in Tab. 2.

Table 2: Comparison of Gaussian-Poisson noise estimation error

alblo,, algorithm akyio foreman  salesman football
PCA 15.0540 13.1872  8.7416 10.6535
5/5/25.739 Literature [6] 4.1080 7.4630 1.2097 1.5402
proposed algorithm  0.1395 0.1652 0.3735 0.4257
PCA 13.3487  11.2435  7.7648 10.5201
5/10/27.156 Literature [6] 4.0269 7.0491 1.1198 0.9475
proposed algorithm ~ 0.1856 0.5385 0.1042 0.3462
PCA 21.5333  20.3788  14.8848 16.4083
10/5/36.055 Literature [6] 5.8594 10.5698  1.2330 1.8694
proposed algorithm ~ 0.2569 0.1438 0.6353 0.5261
PCA 21.0025 19.0014 13.3717 15.7649
10/10/37.080  Literature [6] 6.2379 10.0850  1.2147 1.8665
proposed algorithm ~ 0.4185 0.6032 0.2185 0.4871

From the comparison of Tab. 2, by introducing Gauss-Poisson mixed noise, the average
variance obtained by the noise estimation algorithm is very close to the average variance
of the actual noise, and the accuracy of the comparison algorithm is better. Especially for
the PCA noise estimation algorithm has significant accuracy. According to the above
comparison results, the noise estimation algorithm can obtain relatively accurate noise
level, which can not only accurately estimate simple Gaussian noise, but also obtain more
accurate results of Gaussian-Poisson mixed noise. Therefore, the noise estimation
algorithm in this paper has good applicability. In order to test and verify the effect of the
Text Algorithm, a space-time joint filtering algorithm based on three-dimensional block
matching (VBM3D) [Dabov, Foi and Egiazarian (2007)] is combined with the noise
estimation (VBM3D+est). Compared with the accelerated near-end gradient method
(APG) [Ji, Liu, Shen et al. (2010)], VBM3D algorithm, and dual-domain filtering
algorithm (DDID) [Knaus and Zwicker (2013)], Gaussian noise and Gauss-Poisson noise
have added to the original video for comparison. The comparison effect is as follows.

(1) Gaussian noise is added, the average value is zero, and the standard deviation is 20.
The noise reduction effect of each algorithm is shown in Figs. 2-5.
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(2) Noisy video  (b) APG (©)DDID  (d) VBM3D  (¢) VBM3D+est

Figure 2: Subjective effect of “akiyo” noise reduction

(a) Noisy video (b) APG (c) DDID (d) VBM3D (e) VBM3D+est

Figure 3: Subjective effect of “salesman” noise reduction

[pomens g R NN s s~ s

(a) Noisy video (b)APG (c) DDID (d) VBM3D  (e) VBM3D+est

Figure 4: Subjective effect of “foreman” noise reduction

(a) Noisy video  (b) APG (c) DDID (d) VBM3D (e) VBM3D+est
Figure 5: Subjective effect of “football” noise reduction

Adding a Gaussian white noise with an average value has a standard deviation of 20,
from the comparison results of the noise reduction in the above figure, it can be seen that
the image brightness after noise reduction by the APG algorithm is generally reduced,
and the picture is blurred. The DDID algorithm has a high brightness, and the details are
well preserved, but the picture has some oil painting and can only have used for image
denoising, which has certain limitations. The VBM3D algorithm also has better
brightness, but ringing and blockiness distortion occur. Finally, the processing result of
the algorithm is not only better in brightness, but also better in detail. Compared with the
VBM3D algorithm, the ringing and blockiness distortions are optimized, and noise
estimation has added, and the application range is wider.

(2) Add Gauss-Poisson mixed noise, and compare the noise reduction algorithms as follows:



Mixed Noise Parameter Estimation Based on Variance Stable Transform 687

W

(a) Video with Noise (b) APG (c) DDID (d) VBM3D (e) VBM3D+est

(a) Video with Noise (b) APG (c) DDID (d) VBM3D  (e) VBM3D+est

Figure 6: Effect of Poisson-Guassian mixture noise reduction using parameter 5,5

(a) Video with Noise (b) APG (c) DDID (d) VBM3D (e) VBM3D+est

Figure 7: Effect of Poisson-Guassian mixture noise reduction using parameter 10,5

In Figs. 6-7, when the Poisson-Gaussian noise mixed noise is added, the comparison
algorithms APG, DDID and VBM3D noise reduction algorithms do not know the noise
level. Therefore, the artificial setting makes the image after noise reduction too smooth,
as shown in Fig. 6, or the noise reduction is not complete, and a large amount of noise is
reserved. However, the algorithm of this paper obtains the noise level according to the
noise estimation and then performs noise reduction, and the obtained noise image has
better effect.

This paper adopts PSNR and SSIM [Zhang, Yu, Ding et al. (2013)] as objective indicators
of noise reduction. The comparison results are as follows:
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Table 3: Objective comparison of the algorithm with APG, DDID and VBM3D

Noise level (a/b)  Algorithm akyio foreman football malesman

APG 26.665/0.894 24.370/0.836  25.407/0.795 26.330/0.827

DDID 34.547/0.916  32.890/0.864 30.153/0.876 31.152/0.879

0/20 VBM3D  34.601/0.914 32.490/0.855 30.221/0.871 31.249/0.876
flr;opr(i’fhei 34.532/0.914 32.347/0.834  30.002/0.854  31.060/0.862

APG 26.017/0.884 23.246/0.805 24.680/0.760  26.303/0.798

DDID 32.680/0.891  30.284/0.824  28.423/0.758  29.556/0.800

5/5 VBM3D  32.755/0.907 29.971/0.829  28.696/0.800  30.370/0.854
flz’fr‘i’f;i 32.823/0.902  30.021/0.832 28.811/0.807  30.573/0.861

APG 24.951/0.824 21.964/0.758 23.954/0.713  25.768/0.774

DDID 28.873/0.814  26.727/0.748  26.960/0.776  28.529/0.790

10/5 VBM3D  30.143/0.837 27.209/0.760  27.2580.781  29.397/0.827
?ﬁz’é’r‘i’fﬁ 30.625/0.882  27.511/0.800 27.213/0.752  29.085/0.813

From the objective indicators in Tab. 3, by adding pure Gaussian noise, the difference
between the proposed algorithm and the comparison algorithm DDID and VBM3D is
small, which is obviously better than the APG noise reduction algorithm. When adding
Poisson-Gaussian mixed noise, the optimized method is obviously better than the contrast
method, and the noise reduction effect is excellent.

5 Conclusion

With the development of science and technology and the need of work and life, the
application of digital image filtering will be more and more extensive, and the
requirements will be higher and higher. So far, there are still many new ideas and
methods in denoising, and constantly enrich image denoising methods. Moreover, the
research scope of noise is also expanding, from Gaussian noise to non-Gaussian noise.
Denoising technology has a wide range of applications and research prospects, and the
research field is constantly expanding. Noise interference has puzzled by video image
acquisition, which affects the accuracy of recognition.

This paper is a brief introduction to image denoising technology. In this paper,
image-denoising technology is summarized, including the concept of noise and denoising
principle, and some basic image denoising methods are introduced. The optimized noise
estimation method is proposed for the above phenomena and actual needs by PCA and
variance stable transform. In addition, the innovative concept of introducing excessive
noise peaks in this paper greatly improves the precision of noise estimation by judging
the proportion of noise distribution. This paper estimates the VST transform parameters
by the excessive peak minimization, the optimized noise estimation can better obtain the
denoising effect and suppress the interference of hardware, which can be widely used in
actual production in the future.



Mixed Noise Parameter Estimation Based on Variance Stable Transform 689

Acknowledgment: This work was supported by the National Natural Science Foundation
of China (61772386, U1764262, 41671441); National Key R&D Program of China
(2017YFB1302401), the Plan Project of Guangdong Provincial Science and Technology
(2015B010131007); Teaching research project of Hubei University of Science and
Technology (2018-XB-023); Student Innovation Project (S201910927028).

Conflicts of Interest: The authors declare that they have no conflicts of interest to report
regarding the present study.

References

Dabov, K.; Foi, A.; Egiazarian, K. (2007): Video denoising by sparse 3D
transform-domain collaborative filtering. 15th European Signal Processing Conference,
pp. 145-149.

Huang, T.; Dong, W. S.; Xie, X. M.; Shi, G. M.; Bai, X. (2017): Mixed noise removal
via Laplacian scale mixture modeling and nonlocal Low-rank approximation. /EEE
Transactions on Image Processing, vol. 7, pp. 3171-3186.

Ji, H.; Liu, C. Q.; Shen, Z. W.; Xu, Y. H. (2010): Robust video denoising using Low
rank matrix completion. /[EEE Conference on Computer Vision and Pattern Recognition.

Knaus, C.; Zwicker, M. (2013): Dual-domain image denoising. ICIP, pp. 440-444.

Li, T. Y.; Wang, M. H.; Chang, H. W.; Chen, S. Q. (2011): An entropy-based
estimation of noise variance in wavelet domain. Journal of Beijing University of Posts
and Telecommunications, vol. 5, pp. 1-5.

Liu, X.; Tanaka, M.; Okutomi, M. (2012): Noise level estimation using weak textured
patches of a single noisy image. 19th IEEE International Conference on Image
Processing. pp. 665-668

Liu, W.; Lin, W. (2012): Gaussian noise level estimation in SVD domain for images.
IEEE International Conference on Multimedia and Expo, pp. 830-835.

Nikolay, P.; Vladimir, L.; Alexander, Z.; Karen, E.; Jaakko, A. et al. (2009):
TID2008-a database for evaluation of full-reference visual quality assessment metrics.
Advances of Modern Radioelectronics, vol. 10, no. 4, pp. 30-45.

Pei, Z. J.; Tong, Q. Q.; Wang, L. N.; Zhang, J. (2010): A median filter method for
image noise variance estimation. Second International Conference on Information
Technology and Computer Science, pp. 13-16.

Ponomarenko, N. N.; Lukin, V. V.; Zriakhov, M. S.; Kaarna, A.; Astola, J. (2007): An
automatic approach to lossy compression of AVIRIS images. /[EEE International
Geoscience and Remote Sensing Symposium, pp. 472-475.

Portilla, J.; Strela, V.; Wainwright, M. J. (2003): Image denoising using scale mixtures
of Gaussians in the wavelet domain. /EEE Transactions on Image Processing, vol. 12, no.
11, pp. 1338-1351.

Pyatykh, S.; Hesser, J.; Zheng, L. (2013): Image noise level estimation by principal
component analysis. /[EEE Transactions on Image Processing, vol. 22, no. 2, pp.
687-699.



690 CMES, vol. 122, no.2, pp. 675-690, 2020

Tang, Q. X.; Jiao, L. C. (2009): Image denoising with geometrical thresholds.
Electronics Letters, vol. 45, no. 8, pp. 405-406.

Wen, Y. W.; Ng, M. K.; Huang, Y. M. (2008): Efficient total variation minimization
methods for color image restoration. /[EEE Transactions on Image Processing, vol. 17, no.
11, pp. 2081-2088.

Xiao, J. S.; Li, W. H.; Jiang, H.; Peng, H.; Zhu, S. T. (2015): Three dimensional
block-matching video denoising algorithm based on dual-domain filtering. Journal on
Communications, vol. 9, pp. 91-97.

Zhang, Y. Q.; Yu, D. Y.; Ding, J. Y.; Liu, J. Y.; Liu, Z. M. et al. (2013): Guided image
filtering using signal subspace projection. [ET Image Processing, vol. 7, no. 3, pp.
270-279.

Zhu, X.; Milanfar, P. (2010): Automatic parameter selection for denoising algorithms

using a no-reference measure of image content. /[EEE Transactions on Image Processing,
vol. 19, no. 12, pp. 3116-3132.



	Mixed Noise Parameter Estimation Based on Variance Stable Transform

