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Abstract. RFID label image is often polluted by noise, which reduces the efficiency of feature
recognition of RFID label geometric distribution and affects the subsequent optimization.
Aiming at it, this paper highlights a denoising algorithm for RFID label image based on singular
spectrum analysis of phase space reconstruction. First, RFID label image is transformed into
some sequence signals. Second, the improved Cao algorithm and SSA algorithm is proposed to
denoise image, moreover, the processed sequence signal is reconverted to get the denoising
image. In the paper, the rules of choosing the percentage to eliminate eigenvectors in SSA and
how to superimpose the grayscale matrix are stipulated to improve the denoising efficiency.
Finally, this paper compares the proposed algorithm with three denoising algorithms on different
RFID label images to verify the effectiveness of this algorithm. The PSNR of the proposed
algorithm are at least 0.3 dB higher than other denoising algorithms and the SS/IM of the
proposed algorithm are basically similar as NLM. Specially in the RFID semi-physical
simulation experimental platform, the average of the SS/M of the square labels is 0.002 higher
than NLM. The experiments show that the proposed algorithm in this paper is superior to the
current common algorithms.

Keywords: image denoising, improved Cao algorithm, phase space reconstruction, singular
spectrum analysis

1 Introduction

Radio Frequency Identification (RFID) is a key technology in the automation and perception layer of
10T [1, 2]. With the increasing demand of the high frequency band of RFID technology, it becomes the
main topic how to improve the recognition performance of multi-label RFID system. Generally, the
recognition performance of label system depends on the geometric distribution of Multi-label [3]. To
improve the recognition performance of the multi-label RFID system, it is one of the key issues to
determining the geometric distribution of the multi-label system. However, the geometric distribution of
labels is generally obtained by image, and noise is the main factor affecting the quality of images.
Therefore, in order to solve the problem that image noise hinders the feature extraction of RFID label
image and the subsequent performance optimization of multi-label, the denoising of RFID label image is
deeply studied in this paper.
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The research on image denoising has a long history. There are many classical algorithms for image
denoising, such as median filtering and arithmetic mean filtering. Arithmetic mean filtering replaces each
pixel of a noisy image with the average of each pixel around it, because the average of the surrounding
pixel is closer to the real value, so this method can be used to eliminate isolated noise points. Its
deficiency is that it will lose details and blur the picture. The principle of median filtering is very similar
to that of arithmetic mean filtering, instead of the average, it uses the median value of the surrounding
pixel to replace each pixel in a noisy image, it can retain details more than arithmetic mean filtering. But
the algorithm is not fine enough to maximize the retention of the effective components of the image. The
current relatively advanced non-local mean (NLM) denoising algorithm [4] was studied by A. Budades in
2005, NLM uses kernel function to find out the correlation degree of different regions of the image to de-
noise the image, which has a good effect. And a new non-local mean denoising algorithm is proposed by
changing the kernel function in 2019 [5], the denoising effect of improved NLM filter is significantly
improved (according to PSNR and SSIM). Because the coefficient of NLM kernel function will change
with the different image, there is still no reliable theory to determine the coefficient of kernel function.

In addition, the singular spectrum analysis of phase space reconstruction is widely used in one-
dimensional signal denoising [6], it is mainly to decompose the sequence signal according to the
embedding dimension. Through this way, each vector after decomposition will contain the characteristic
information of the original signal: its size distribution shows the distribution of the original signal energy,
and the proportion of its energy to the whole system. The advantage of singular spectrum analysis of
phase space reconstruction is that it can effectively extract the original information of the system to
achieve denoising effect and the calculation of coefficients has the definite theory. On the basis of this
theory, Yu Bin et al designed the algorithm to denoise the multi-path of the DBS and RMS, the
improvement degree of the signal after noise reduction is higher than denoising by db10 wavelet filter [7];
Moreover, Khazraei used of MCSSA (Monte Carlo Singular Spectrum Analysis) to improve the GPS
confidence rate to reach a level of about 95% for the extraction of signals during 20 years [8]. The above
two good experimental results also reversely verify the effectiveness of this algorithm.

However, at present, the singular spectrum analysis based on phase space reconstruction, as a mean to
screen out useful information of signals, has not been studied in depth in the RFID label image denoising.
The reason for this is that the algorithm cannot be directly applied to two-dimensional images, because it
involves the modification of the front and end of the algorithm program. There is still a big gap in the
current attempt to improve the algorithm, so a denoising algorithm for RFID label image based on
singular spectrum analysis of phase space reconstruction is proposed in this paper to extend this method
to the RFID label images.

The singular spectrum analysis method based on phase space reconstruction mainly includes two parts:
phase space reconstruction [9] and SSA [10]. For phase space reconstruction, the delay time t should be
found at first. Then, the best embedding dimension m needed finding. Next the best embedding
dimension is used to reconstruct phase space. The selection of m is very important, but the traditional
method is still insufficient for the selection. Therefore, this paper uses the improved Cao algorithm [6] to
calculate the best embedding dimension m so that the best embedding dimension can be obtained more
objectively and accurately, which lays a solid foundation for subsequent processing.

The signal components after phase space reconstruction are processed by SSA algorithm based on t
and m, and the noisy sequence signals are reconstructed into noise-free signals to realize the image
denoising. Each sequence signal is obtained by row-by-row or column-by-column decomposition of the
pixel matrix of the image.

For RFID label images, only a very small number of eigenvalues (about 2) have large values by the
above processing, and the others are very small. Generally, the large eigenvalues retain the original signal
of the image. Owing to the large gap of eigenvalue size of RFID label image, it is very convenient to
eliminate noise, this convenience becomes the main advantage of the algorithm processing RFID label
images in this paper.

This paper proposes a RFID label image denoising method, and the standard of eliminating the
eigenvalues are set which represent noise. Finally, the quality of denoising image is further improved by
superposition of gray matrix of RFID label image.

In order to solve the problem that image noise hinders the feature extraction of RFID label image, and
better optimize multi-label performance, this paper proposes a novel denoising algorithm of RFID label
image based on singular spectrum analysis of phase space reconstruction. It is found that:
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(1) The PSNR of the different label denoising graphs using the proposed algorithm are at least 0.3 dB
higher than other denoising algorithms;

(2) The SSIM of the different label denoising graphs using the proposed algorithm are basically same
as NLM;

(3) But the average of the SSIM of the square labels in the RFID semi-physical simulation
experimental platform is 0.002 higher than NLM.

The arrangements for this paper are made as follows. The second portion specifically introduces the
theory and designs the proposed denoising algorithm. The third part, the proposed algorithm is compared
with the arithmetic average filter, median filter and improved NLM filter denoising method (by PSNR
and SSIM [11, 12]) in the case of single label or multiple labels. Finally, the conclusion is given.

2 Theory and Algorithm Design

2.1 The Cao Algorithm

Phase space reconstruction is mainly completed by Cao algorithm, Cao algorithm calculates the variation
of the distance between a sequence X(n) and its nearest adjacent points X,(n) under the condition that the
embedding dimension is m (integer):
N TR ED SN RS
a(i,m) = . ,

X (m)— Xn(i,m) (m) Q)
i=1,2,---,N—-m.

Here,

| is the maximum norm, i represents the reconstructed phase space vector ordinal number;

Xnim(m) is the vector closest to Xj(m) at the maximum norm.
The transverse coordinate value of the first Minimum point of the sequence mutual information
function is the required delay time t. The mutual information function is shown as Eq (2):

I(X;Y) = ) log[ L&) 4 2
(X;Y) ;XEZXP(X ») Og[p(x)p(y)] 2

Here, p is the joint probability distribution function corresponding to the elements in parentheses, and /
(X;Y) is the mutual information function about t.
Then E(m) and E,(m) are obtained according to Eq (3):

E(m) Zl& 2

P _;m 3)
El(m)_ (m+1)

E(m)

The E(m) in the formula is the mean of the a; ,, under the same embedding dimension; E(m) is used
as a reference to measure the trend of change of m. The £;(m) converges as the m increases. If the E(m)
remains stable when m is greater than m(integer), the best embedding dimension is equal to m+1.

2.2 The Improved Cao Algorithm

Since the sequence signal is fluctuating in the actual situation, which leads to £;(m) is not convergent in
most cases, some improvements should be made on the Cao algorithm. In this paper, the improvement is
the change of the judgment basis of embedding dimension m, which may help us select the minimum
embedding dimension more accurately.

The method is changed to the following four steps:

(1) The difference A; is found between adjacent £(i), 1 <i=N-1.

(2) The initial value of the threshold e (= 0.1) is set, and then the first subscript value i is found which
satisfies A;<e.
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(3) The new threshold e = MAX (A,) isset, n<i<N-1.

If a subscript value i can make A, > A, A, >A,,, . A, <e, the value i+1 is the best embedding

i+1
dimension m.

2.3 Singular Spectrum Analysis (SSA)

According to the improved Cao algorithm, the trajectory matrix X is obtained through the best embedding
dimension:

X Xyt Xy
x x eoe x
2 3 N—m+2
X = e “)
xm xm+l xN

The x; represents the j element in the general sequence X(n), the N is the number of elements in the
general sequence X(n), and the m is the best embedding dimension.

By SSA the eigenvalue ); and eigenvector u; of S=XX' are calculated, the eigenvectors of the
eigenvalues are arranged from large to small as u; ~ up ~ ... ~ uy. Eigenvectors uy ~ Upe1 ~ ... ~ uy (h>1)
are eliminated according to the percentage (the sum of above eigenvalues to the sum of all eigenvalues).
Then get matrix U = (u;, w, ..., uy), U= (u;, uy, ..., up) and V=U"X. Next U, is got by zeroing the
elements of the U from h to N rows. Finally, the matrix rca=UV..

As shown in Eq (5), the reconstructed sequence is obtained.

R .
EZrcaP’k_pH, 1<kM,
p=1

1
Ve
ye=1_L 'S rca_, ., K <k<N, )
N'k+1p:k-1<‘+1 m
K=N-m+1,

K’ =max{m, K},

M =min{m,K},

5

P
Z:rcap!k_p+l , M <k=<K,
p=I1

The rca,, «p+1 is the element of the rca, the m is the best embedding dimension obtained before, the N is
the number of sequence signal elements. yj is the element (k =1, 2, ..., N) of the reconstructed sequence,
Y= (Y1, Y2, > YN)-

2.4 The Proposed Denoising Algorithm

According to the Cao algorithm and SSA described above, the program flow chart of this algorithm is
shown in Fig. 1.

There are three main improvements in this algorithm:

First, this paper presents a method to decompose the gray matrix of RFID label image row by row or
column by column, which provides a means for the algorithm to be applied to RFID label image.

If the pixel matrix of the image H defined as follows:

X X Xim
x x eoe x
21 2 M
H=|": S 2l (6)
X1 Xk Xem
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‘ Noisy signal ‘

‘ Delay time is calculated ‘

‘ Embedding dimension is calculated ‘

‘ Trajectory matrix is calculated ‘

‘ Singular value decomposition ‘ :

Noise components are
Screened and eliminated

Image is reorganized ‘ :

‘ Gray matrix synthesis ‘

Fig. 1. Algorithm flow chart

The pixel matrix of a RFID image is decomposed line by line to obtain the general formula of K
sequences as follows:

=05 X v X

7
k=12,---K. @

After substituting the K sequences into the algorithm in turn, these sequences are recombined into the
image formula as follows:

E =] 8)

Y, Y, ..., Y’k is the reconstructed sequence obtained by line-by-line substitution algorithm.
The pixel matrix of a RFID image is decomposed column by column to obtain the general formula of
M sequences as follows:

hy =, x5 0 xg)

9
k=12,---M. ®

Y", Y, ..., Y"y is the reconstructed sequence obtained by column-by-column substitution algorithm

After substituting the M sequences into the algorithm in turn, these sequences are recombined into the
image as follows:

E, =" Y, - Y. (10)

Secondly, for the eigenvalues of the RFID label image obtained from the SSA, it is found that the sum
of the first two eigenvalues generally accounts for more than 95% of the sum of all eigenvalues, so the
percentage used to eliminate eigenvectors up, ~ Up+p ~ ... ~ Uy (h > 1) is set to 5%.

Thirdly, the superposition of the grayscale matrix is applied as a back-end processing algorithm
proposed in this study to improve the image quality of denoising. The noise-containing images are
respectively processed by the row-by-row and the column-by-column decomposition algorithm to obtain
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two image gray matrices. Furthermore, half of each gray matrix is superposed to obtain a final image,
which will be detailed in the next section:

E =%EX +%Ey. €8))

The E\ is the pixel matrix of the image after row-by-row algorithm processing, Ey is the pixel matrix of
the image after column-by-column algorithm processing.

3 Experiment and Analysis

3.1 Single Label Image Denoising

In order to study the validity and robustness of the algorithm, the algorithm is used to for the long label
and the round label images (single label). The effect is shown respectively in Fig. 2 and Fig. 3.

The first step is to add white Gaussian noise with a variance of 36 to a RFID label image, and then
compare the image processed by phase space reconstruction algorithm and SSA with the original image
to investigate the denoising effect of the algorithm. In the experiment, it is found that if the noise-
containing images are only processed by the row-by-row or the column-by-column decomposition
algorithm, the grayscale matrix reconstructed would have lots of stripes as shown in Fig. 2(c), Fig. 2(d),
Fig. 3(c) and Fig. 3(d), for that the rows or columns of each input is unrelated.

(a) Standard image (b) Noisy image

(c) Denoising by the row-by-row (d) Denoising by the column-by-column
decomposition algorithm decomposition algorithm

(e) Denoising by the proposed algorithm (f)Denoising by arithmetic mean filter

(g) Denoising by median filter (h) Denoising by NLM filter

Fig. 2. Comparison of the denoising effect of the long label (single label)
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(a) Standard image

”‘ " \I e
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(c) Denoising by the row-by-row (d) Denoising by the column-by-column
decomposition algorithm decomposition algorithm

(e) Denoising by the proposed algorithm (f) Denoising by arithmetic mean filter

(g) Denoising by median filter (h) Denoising by NLM filter

Fig. 3. Comparison of the denoising effect of the round label (single label)
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For solving this problem, superposing half of the two image grayscale matrices reconstructed by line-
by-line and column-by-column substitution algorithm to obtain a final image. The results show that the
denoising effect is improved obviously after this processing, and the work of measuring image denoising
quality by specific evaluation criteria will be elaborated in the next chapter.

The denoising effect of the improved algorithm, arithmetic mean filter, median filter and improved
NLM filter are shown in Fig. 2(e), Fig. 2(f), Fig. 2(g), Fig. 2(h), Fig. 3(e), Fig. 2(f), Fig. 2(g), and Fig.
2(h), respectively. It can be seen from Fig. 2 : although the arithmetic mean filter can eliminate the noise,
the denoising image got is very fuzzy, the effect of median filter to remove white Gaussian noise is not
ideal in itself, while the improved NLM filter and the proposed algorithm not only de-noised the white
Gaussian noise, but also got good vision effect.

The experimental results show that the proposed denoising algorithm has the denoising effect for both
long and round RFID label (both single label) visually, the quantified evaluation of the denoising effect
of these two RFID label images under various denoising methods will be shown in the end of this chapter.

3.2 Multi-label Image Denoising

In order to further study the robustness of the algorithm, the proposed algorithm is used to analyze and
study multi-label image. This paper mainly studies the long strip multi-label image, and the effect is
shown respectively in Fig. 4. According to the images, it is easy to get the same conclusion as the above
experiment. The quantified evaluation of the denoising effect of the Multi-label image under various
denoising methods will be shown in the end of this chapter.

(a) Standard image (b) Noisy image
= [ ik

E W
2 \?w.. y
]

== = LTI

Nw.
IlIU\‘l'\iLWlllﬂll
%&
- o
%
§

i
(c) Denoising by the row-by-row (d) Denoising by the column-by-column
decomposition algorithm decomposition algorithm

Fig. 4. Comparison of the denoising effect of the long label (multi labels)
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(e) Denoising by the proposed algorithm (f) Denoising by arithmetic meanfilter

== ,
(g) Denoising by median filter (h) Denoising by NLM filter

Fig. 4. Comparison of the denoising effect of the long label (multi labels) (continue)

3.3 The Label Denoising in The RFID Semi-physical Simulation Experimental Platform

In this paper, the denoising performance of the proposed algorithm is studied for the RFID labels in the
RFID semi-physical simulation experimental platform and its feasibility is verified, which is intended to
improve the recognition efficiency of the whole RFID label system by reducing the noise of the label
image.

The denoising image of the square labels is carried out, and the hardware system used is the RFID
semi-physical simulation experimental platform [3]. The RFID semi-physical simulation experimental
platform imulates the operation of the system at the physical level, making the research process closer to
the reality than other experiments. Because the research in this paper is to improve the quality of the
image ingested by the RFID system, the image ingesting system is only introduced here. The hardware
system of the RFID semi-physical simulation experimental platform is shown in Fig. 5(a).

The image acquisition system of this RFID system is composed of two cameras, labels, trestle and
round chassis. The structure is shown in Fig. 5(b). Camera A and camera B shoot multiple labels from
different angles, the image processed in this paper is the image taken by camera A.
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——

(a) Image of the designed real system based on the RFID semi-physical simulation experimental platform

Camera B

Camera A

Square label
] -

Trestle

\

Round chassis

(b)The structure diagram of the system

Fig. 5. The hardware system display diagram

The image ingested by the system in the ideal state is shown in Fig. 6(a). However, Noise may be
generated due to thermal and electromagnetic interference in the actual environment. In this paper, the
image is added the same Gaussian white noise to simulate the environment under thermal and
electromagnetic interference.

The results are shown in Fig. 6. According to the images, it can also get the same conclusion as the
above experiments. The quantified evaluation of the denoising effect of the RFID labels in the RFID
semi-physical simulation experimental platform under various denoising methods will be shown in the
end of this chapter.
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(a) Standard image (b) Noisy image

(c) Denoising by the row-by-row (d) Denoising by the column-by-column
decomposition algorithm decomposition algorithm

(e) Denoising by the proposed algorithm (f) Denoising by arithmetic mean filter

(g) Denoising by median filter (h) Denoising by NLM filter

Fig. 6. Comparison of the denoising effect of the square labels
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At the same time, the images are also studied which taken by the system under the other five different
label distributions, as shown in Fig. 7, The quantified evaluation of the five results under various
denoising methods will be shown in the end of this chapter.

(a) Random scene 1 (b) Random scene 2

(c) Random scene 3 (d) Random scene 4

(e) Random scene 5

Fig. 7. Images captured under different label distributions

PSNR and SSIM are mainly used as two image quantization indicators to evaluate the quality of RFID
label images after denoising. The peak signal-to-noise ratio (PSNR) is the ratio of the signal maximum
power to the noise power, most people now think that it is more appropriate to evaluate the quality of the
image than SNR. The PSNR is obtained by Eq 12:

2
PSNR =10log(2>>
MSE

)- 12)

The MSE is the mean square error between the clear graph and the processing graph. At present, PSNR
is widely used in the evaluation of the image quality, but it will not be proportional to the visual effect of
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the image, so it needs to be combined with the vision to evaluate the denoising effect.

SSIM is mainly used to evaluate the structural similarity of the image [10], by analyzing the three
aspects: structure, contrast and brightness, which overcomes the limitation of the traditional SNR which
cannot evaluate the image quality in all directions. The SS/M is between 0 and 1, the higher the value is,
the more similar the two images are. The SS/M is obtained by Eq 13:

Qup, +c)(20, +¢,)

SSIM = ——=2 SE e L
(/le +/’ly +cl)(ax +Gy +CZ)

(13)

x and y are the gray matrix elements of two images, where p, and p, are the averages as parameters for
measuring brightness. 6°x and 6’y are variance, which is used as the parameter to measure contrast. G,y is
the covariance of x and y, which is a parameter to measure the degree of structural similarity. C; =(k,L)
and ¢, =(k,L)* are constants for maintaining stability, L is the dynamic range of pixel values. General
constants k; and k, are 0.01 and 0.03 respectively

The denoising effect of various algorithms is evaluated by PSNR and SS/IM. The results are shown in
Table 1 and Table 2. The values of PSNR and SSIM in the tables are the average calculation results of
different label images after multiple runs in the same case.

Table 1. PSNR (dB) by denoising by various methods

Median Arithmetic Improved Row-by-row Column-by- Our
Category filter mean filter NLM filter (Cao+SSA) column algorithm
[5] (Cao+SSA)

Long label (Fig. 2) 26.13 26.25 26.67 27.28 25.79 28.24
Round label (Fig. 3) 26.11 24.29 25.50 25.73 25.57 26.41
Long labels (Fig. 4) 26.12 24.21 22.71 23.64 23.43 27.21
Square (Fig. 7) 26.71 27.76 29.57 27.98 28.99 29.91
Square (Fig. 8(a)) 26.69 27.89 29.61 28.01 29.00 29.95
Square (Fig. 8(b)) 26.75 27.78 29.54 27.95 28.93 29.99
Square (Fig. 8(c)) 26.83 27.91 29.49 28.06 28.91 29.85
Square (Fig. 8(d)) 26.65 27.84 29.57 27.99 28.93 29.88
Square (Fig. 8(e)) 26.77 27.83 29.63 28.05 28.98 29.94
Average of square labels 26.73 27.84 29.57 28.01 28.96 29.92
Table 2. SSIM by denoising by various methods

Median Arithmetic  mproved Row-by-row Column-by- Our

Shape filter mean filter NLM filter (Cao+SSA) column algorithm
[5] (Cao+SSA)

Long label (Fig. 2) 0.541 0.681 0.738 0.623 0.611 0.733
Round label (Fig. 3) 0.641 0.762 0.793 0.735 0.733 0.796
Long labels (Fig. 4) 0.645 0.784 0.816 0.770 0.771 0.826
Square (Fig. 7) 0.735 0.898 0.922 0.867 0.886 0.919
Square (Fig. 8(a)) 0.736 0.902 0918 0.871 0.889 0.920
Square (Fig. 8(b)) 0.735 0.897 0.920 0.866 0.884 0.923
Square (Fig. 8(c)) 0.733 0.900 0.915 0.863 0.879 0.918
Square (Fig. 8(d)) 0.731 0.899 0912 0.869 0.886 0.924
Square (Fig. 8(e)) 0.740 0.897 0.920 0.874 0.881 0.915
Average of square labels 0.735 0.899 0.918 0.868 0.884 0.920

It can be seen in Table 1 that the PSNR of the algorithm proposed in this paper improved a lot
compared with other algorithms, with the least increase of round single label (0.3 dB); and the most
increase of long multi labels (4.5 dB).

As can be seen from Table 2, Compared with the two classical denoising methods (mean filter and
median filter), the proposed algorithm still has an advantage. For long single label, it is 0.005 lower than
improved NLM filter. However, for round single label and long multi labels, it is 0.003 and 0.001 higher
than improved NLM filter respectively. The Average of the SSIM of six different label distribution
images on a semi-physical simulation platform is 0.002 higher than improved NLM filter. In the mass,
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the proposed algorithm and the improved NLM filter are similar, but the proposed algorithm is slightly
stronger.

Thus, it is feasible to use singular spectrum analysis based on phase space reconstruction to realize
image denoising. According to the characteristics of the trajectory matrix obtained by RFID label image,
this paper selects appropriate h to improve the utilization of useful components of the algorithm.
Moreover, the method of image pixel matrix superposition makes up for the shortcomings of denoising
image texture. Two improvements make the PSNR and SSIM of the algorithm much higher than the
classical filters such as median filter and arithmetic mean filter. Though the SS/M advantage is not great,
but it should be noted that SS/M is a quantitative index of image similarity, focusing on the visual
perception of denoising images by human eyes. However, the PSNR is measured by the useful signal in
the two-dimensional signal. The direct purpose of denoising in this paper is to improve the efficiency of
feature extraction of label images by RFID system, and this feature extraction depends more on the
recognition of useful signals (measured by PSNR). Therefore, this algorithm has a slight advantage over
other algorithms mentioned in this paper.

4 Conclusion

This paper proposed phase space reconstruction and SSA to denoise the RFID label image. The PSNR of
the different label denoising images by the proposed algorithm are at least 0.3 dB higher than other
denoising algorithms. And the SSIM of the different label denoising images by the proposed algorithm
are basically same as NLM. However, the average of the SS/M of the square labels in the RFID semi-
physical simulation experimental platform is 0.002 higher than NLM, which shows that this algorithm
has a slight advantage over other algorithms in application. In the overall, it can be proved that this
algorithm is superior to the current common algorithms denoising effect of Gaussian white noise in RFID
label image. The algorithm proposed in this paper lays a good foundation for the subsequent RFID label
recognition based on the denoising label image.

The main deficiency of this algorithm is that the determination of h in SSA needs to be estimated by
more sophisticated algorithms, just like the improvement of Cao algorithm. The further optimization of h
is very important for the further improvement of robustness and denoising effect. In addition, the future
research will be more in-depth in improving the denoising effect, the current idea is to achieve this goal
by preprocessing the image pixel matrix (such as convolution with a two-dimensional discrete probability
template).
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