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METHOD FOR DENOISING IMAGE,
APPARATUS, AND COMPUTER-READABLE
STORAGE MEDIUM

CROSS REFERENCE

The present application is a continuation-application of
International (PCT) Patent Application No. PCT/CN2019/
114761, filed on Oct. 31, 2019, the entire contents of which
are hereby incorporated by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to the field of image pro-
cessing technologies, and in particular to a method for
denoising an image, an apparatus, and a computer-readable
storage medium.

BACKGROUND

In daily life, image processing technology has been
applied to all aspects of human life, such as mobile phone
terminal shooting, image display on the display, image
denoising analysis in medical aviation and other fields.
Among them, image denoising techniques are also applied
in many important fields, and how to achieve denoising with
fidelity is called the focus of research.

Current image denoising techniques require complex
iterative algorithms for implementation, with complicated
computational processes, more computational resources
required, and longer computational times.

SUMMARY OF THE DISCLOSURE

The present disclosure provides a method for denoising an
image, an apparatus, and a computer-readable storage
medium.

To solve the above technical problem, the present disclo-
sure provides a method for denoising an image, comprising:
dividing a to-be-processed image into a plurality of image
areas; for each image area, expanding an edge of the image
area to obtain an expanded area; wherein the expanded area
comprises the image area and an edge area, and the edge area
comprises pixels in another image area adjacent to the image
area; for each expanded area, performing denoising process-
ing on the expanded area through a preset algorithm to
obtain a denoised expanded area; wherein the denoised
expanded area comprises a denoised image area and a
denoised edge area; and abandoning the denoised edge area
in each denoised expanded area, and retaining and combin-
ing all the denoised image areas to form a denoised image.

In some embodiments, for each image area, the expanding
an edge of the image area to obtain an expanded area
comprises: expanding the image area along an edge shape of
the image area to obtain the expanded area with the same
shape as the image area.

In some embodiments, the expanding the image area
along an edge shape of the image area comprises: expanding
the edge of the image area with a preset number of pixels
along the edge shape of the image area; wherein the preset
number is greater than or equal to 1.

In some embodiments, the dividing a to-be-processed
image into a plurality of image areas comprises: equally
dividing the to-be-processed image into the plurality of
image areas each in a rectangular shape.

In some embodiments, in condition of the to-be-processed
image being a three-dimensional image, the dividing a
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to-be-processed image into a plurality of image areas com-
prises: dividing the to-be-processed image into the plurality
of image areas according to three-dimensional coordinates
of the to-be-processed image; wherein each image area is
three-dimensional.

In some embodiments, for each expanded area, the per-
forming denoising processing on the expanded area through
a preset algorithm comprises: establishing an image denois-
ing Rudin-Osher-Fatemi (ROF) model for the expanded
area, and solving a FEuler-Lagrange equation for the image
denoising ROF model to denoise the expanded area; wherein
the Euler-Lagrange equation of the image denoising ROF
model is as followed:

%
- —aV | ———=[=0, in 0k
NIVu]? + B
Auk "
W:O’ on 98,

where u” is a pixel value of a k-th denoised image area, Z*
is a pixel value of a k-th image area, Q" is a k-th expanded
area, and n is an outer normal vector of a corresponding
image area; k is greater than or equal to 1 and less than or
equal to n; o and f§ are preset parameters.

In some embodiments, values of o and § depend on a
desired denoising degree; the greater the desired denoising
degree, the less the values of a and f.

In some embodiments, for each expanded area, the per-
forming denoising processing on the expanded area through
a preset algorithm comprises: applying a Newton-Krylov-
Schwarz (NKS) algorithm to denoise the expanded area.

To solve the above technical problem, the present disclo-
sure further provides an apparatus for denoising an image,
comprising a memory, a processor, and a computer program
stored in the memory and executable by the processor;
wherein the processor is capable of executing the computer
program to implement operations of the method as described
above.

To solve the above technical problem, the present disclo-
sure further provides a computer-readable storage medium,
storing a computer program; wherein the computer program
is executable by a processor to implement operations of the
method as described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flowchart of a method for denoising an image
according to an embodiment of the present disclosure.

FIG. 2 is an expanded schematic view of an image area in
the embodiment shown in FIG. 1.

FIG. 3 is a schematic view of an image area division of
a three-dimensional image in the embodiment shown in FIG.
1.

FIG. 4 is an effect view after denoising processing on an
image through the method embodiment shown in FIG. 1.

FIG. 5 is a structural schematic view of a denoising
apparatus according to an embodiment of the present dis-
closure.

FIG. 6 is a structural schematic view of a computer-
readable storage medium according to an embodiment of the
present disclosure.

DETAILED DESCRIPTION

In order to enable those skilled in the art to better
understand the technical solutions of the present disclosure,
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an image denoising method, an image denoising apparatus,
and a computer-readable storage medium provided by the
present disclosure are described in further detail below in
conjunction with the accompanying drawings and specific
embodiments.

The image denoising method of the present disclosure is
particularly suitable for large-scale images. In the method of
the present disclosure, a to-be-processed image is first
divided into a plurality of image areas to perform denoising
processing on each image area, thereby reducing the calcu-
lation scale. In addition, it is found in the present disclosure
that when directly denoising a divided image area, since
there are no associated pixels around pixels at an edge of the
image to refer to for denoising, the denoising effect is not
good. In the present disclosure, the image is expanded and
then denoised. In this case, the pixels at the edges are
expanded pixels, and the pixels at the original edges are now
located inside the expanded area, such that the denoising
effect of the pixels at the original edges may be ensured.
After completing the calculation, the denoising result at the
expanded edges is discarded, i.e., the part with better denois-
ing effect is retained and the image is reconstructed based
thereon. The present disclosure ensures the denoising effect
of the whole image by the above method.

Referring to FIG. 1, FIG. 1 is a flowchart of a method for
denoising an image according to an embodiment of the
present disclosure. The method includes operations at blocks
illustrated therein.

At block S101: dividing a to-be-processed image into a
plurality of image areas.

In the present disclosure, the to-be-processed image is
first divided into multiple image areas, and different proces-
sors may be applied to implement parallel calculation of the
multiple image areas.

When the to-be-processed image is a two-dimensional
image, the to-be-processed image may be equally divided
into multiple rectangular image areas, which may facilitate
calculation and equalize the calculation burden, improving
the overall calculation efficiency. As shown in FIG. 2, FIG.
2 is an expanded schematic view of an image area in the
embodiment shown in FIG. 1. The to-be-processed image in
FIG. 2 is divided into multiple image areas €2,".

When the to-be-processed image is a three-dimensional
image, during the dividing process of the three-dimensional
image, the to-be-processed image is divided into multiple
three-dimensional image areas according to three-dimen-
sional coordinates of the to-be-processed image. As shown
in FIG. 3, FIG. 3 is a schematic view of an image area
division of a three-dimensional image in the embodiment
shown in FIG. 1. The three-dimensional to-be-processed
image is divided along three mutually perpendicular axes, so
as to obtain divided three-dimensional image areas. Differ-
ent from a calculation method in which a three-dimensional
image is changed to a two-dimensional image through
slices, the calculation is performed directly with three-
dimensional data in the embodiment, which is faster and has
better effect.

At block S102: expanding an edge of each image area to
obtain a corresponding expanded area.

During the calculation of each image area, the edge of the
image area is required to be expanded to ensure the denois-
ing effect of the edge of the image area. The obtained
expanded area includes the image area and an edge area, and
the edge area includes pixels in other image areas adjacent
to the image area.

Further referring to FIG. 2, in FIG. 2, the to-be-processed
image is divided into multiple image areas %, and an edge
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of each image area Q" is expanded to obtain an expanded
area Q5. The expanded area Q4 includes the image area
Q,F and an edge area d. To facilitate understanding, in FIG.
2, the edge area § only shows the expanded part of the lower
edge of the image area. Of course, the expanded parts at the
upper, left, and right edges are also an edge area. The edge
area 9 includes pixels in other adjacent image areas. That is,
adjacent expanded areas overlap each other at least partially.

Specifically, in order to ensure that each pixel at the edge
of the image area has a better denoising effect, each pixel at
the edge is expanded. Therefore, the expansion in the
embodiment is an expansion of the image area along the
edge shape of the image area, to obtain the expanded area
having the same shape as the image area. Specifically, the
edge of the image area is expanded by a preset number of
pixels, the preset number is greater than or equal to 1, and
is further set to be less than or equal to 5. For example, in
FIG. 2, the edge of the image area is expanded by 2 pixels.

The reason why the pixel at the edges has poor denoising
effect is because the surrounding pixels are not considered in
the calculation, while the contents of adjacent pixels in the
image are generally related to each other. Therefore, in the
embodiment, the image area is expanded and then calcu-
lated, and the number of associated pixels is not too large.
In the embodiment, the number of expanded pixels may be
set to 1-5. Of course, the more the number, the greater the
computational burden. After an experimental verification,
expansion with 2 pixels may be enough to achieve better
calculation results and faster calculation speed.

At block S103: performing denoising processing on each
expanded area through a preset algorithm to obtain a cor-
responding denoised expanded area.

After the image area is expanded, a preset algorithm is
used to denoise the expanded area, that is, mathematical
calculations are performed.

In a case where the image denoising is described in
mathematical language, the details are as follows:

z(x)—u(x)+e(x)x4AQc R Ad=23)

where u(x) represents an ideal denoised image to be
restored, z(x) represents the original observed to-be-pro-
cessed image, e(X) represents an image noise to be removed,
and x€EQ < R ¥ (d=2,3) represents whether the image is a
two-dimensional image or a three-dimensional image. The
performing denoising processing on the to-be-processed
image is to find the ideal denoised image u(x).

In the embodiment, an image denoising Rudin-Osher-
Fatemi (ROF) model is established to solve the above-
mentioned image denoising problem, and the model is
specifically as follows:

Find u* € BV ()

Such that

min

1 2
a | Vi dQk + =|let = 27200k
ukesv(ng){ fng °72 £405)

where Zkzzlgak is sub-image data with noise on the
expanded area Q4"

The above ROF model may be converted into Euler-
Lagrange equation form to facilitate solving.
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where o is a positive parameter, and  is also a positive
parameter to avoid singularities when IVu*| is 0. k represents
a k-th area, and n represents an outer normal vector of the
divided image area. In the embodiment, during specific
calculations, v* is a pixel value of the k-th denoised image
area, and 7 is a pixel value of the k-th image area, that is,
the original pixel value. The values of o and § depend on the
degree of desired denoising. When the degree of desired
denoising is greater, the values of a and [ will be less, In the
embodiment, the degree of denoising is expected to be
greater, as shown in FIG. 4, where ¢.=0.18, f=1.0x107*.

For the above image denoising, a Newton-Krylov-
Schwarz (NKS) algorithm may be used for calculation in the
embodiment, and the specific process of the algorithm is as
follows:

1. taking the image areas divided by the to-be-processed

image as an initial image u,.
2.1 building a Jacobian matrix J,.
2.2 using a Krylov subspace method to fuzzy calculate the
following right preconditions for the Jacobian system.

My Mysi=—Fu)

2.3 performing three times of line searching to determine
a step size T,.

2.4 v, = +71s,.

iteratively performing the above 2.1-2.4, k=0, 1, . . . until
convergence.

Among them, F(u,)=0 represents a nonlinear system
generated by the finite difference discretization of the fol-
lowing formula in the FEuler-Lagrange equation above on a
rectangular or hexahedral grid.

A7

VIVul +8

uk—zk—av-[ ]=o,in9§

where J, represents the full Jacobian matrix of F(u,), and
M, represents an additional Schwarz preprocessing opera-
tor.

Fuzzy calculation means that the accuracy of Jacobian
calculation depends on a parameter 1), based on:

|F () + T sl l=nllF ()l

In the calculation of the NKS algorithm, the number of
divided image areas is equal to the number of solvers. The
solvers are for incomplete LU decomposition. The relative
remaining stopping conditions for a linear solver and a
nonlinear solver are 10~ and 107°, respectively, and the
overlap in the Schwarz preprocessing operator is set to 1.

In this operation, each expanded area is calculated to
obtain a corresponding denoised expanded area, and the
denoised expanded area includes a denoised image area and
a denoised edge area.

At block S104: abandoning a denoised edge area in each
denoised expanded area, and retaining and combining the
denoised image areas to form a denoised image.

After calculating the above expanded area Q*, the edge
area part is removed, the image area part Q. is retained, and
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all the denoised image areas are combined to obtain the
denoised image u. The mathematical calculation process is
as follows:

u=%,_NESRJSu*

where R,* is a restriction operator from the expanded area
Q" to the image area Q/*. That is, the vector u” is defined
in the expanded area QJ%, and R,u* belongs to only the
image area Q,".

E,* is an expansion operator from the image area Q" to
the entire image €2. That is, m is defined as the number of
pixels in the image Q, m® is the number of pixels in the
expanded area Q% and E.* is a mxm* matrix. When the
element (EOA)ZI, 7, in the matrix can correspond to a pixel in
the image area, its value is 1; when the element (EoA)zl,zz in
the matrix cannot correspond to a pixel in the image area, its
value is 0.

In the image denoising method in the embodiments, a
to-be-processed image is first divided into multiple image
areas, reducing the calculation scale. The edge is expanded,
and after the denoising calculation, the expanded edge area
with poor denoising result is removed, effectively improving
the denoising effect. Specifically, ROF model or NKS algo-
rithm may be used for calculation. For large-scale images,
efficient and fast calculation may be achieved.

When the above image denoising method is implemented
in detail, a computer program is usually used to express its
logical process, that is, each operation of the denoising
method. In addition, a corresponding software system is
constructed to implement the above denoising method based
on hardware equipment.

For hardware equipment, reference may be made to FIG.
5, which is a structural schematic view of a denoising
apparatus according to an embodiment of the present dis-
closure. A denoising apparatus 100 includes a processor 11
and a memory 12, and a computer program is stored in the
memory 12. The processor 11 can implement the above
denoising method when the computer program is executed.

The computer program may be stored in a computer-
readable storage medium. When the above image denoising
method is implemented in the form of software and sold or
used as an independent product, it can be stored in a readable
storage medium of an electronic device. That is, the present
disclosure further provides a computer-readable storage
medium. Referring to FIG. 6. FIG. 6 is a structural schematic
view of a computer-readable storage medium according to
an embodiment of the present disclosure. A computer-
readable storage medium 200 stores a computer program,
and the computer program can be executed by a processor to
implement operations of the above method. The computer-
readable storage medium may be a U disk, an optical disk,
a server, etc.

The above is only an embodiment of the present disclo-
sure, and does not therefore limit the scope of the present
disclosure. The equivalent structure or equivalent process
transformation made by using the contents of specification
and drawings in the present disclosure, or directly or indi-
rectly applied to other related technical fields, is the same as
included in the scope of the present disclosure.

What is claimed is:

1. A method for denoising an image, comprising:

dividing one frame of to-be-processed image into a plu-

rality of image areas;

for each image area, expanding an edge of the image area

to obtain an expanded area; wherein the expanded area
comprises the image area and an edge area, and the
edge area comprises pixels in another image area
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adjacent to the image area; wherein contents displayed
by the pixels in the adjacent another image area are
different from and are related to contents displayed by
pixels in the image area;

for each expanded area, performing denoising processing

on the expanded area through a preset algorithm to
obtain a denoised expanded area; wherein the denoised
expanded area comprises a denoised image area and a
denoised edge area; and

abandoning the denoised edge area in each denoised

expanded area, and retaining and combining all the
denoised image areas to form a denoised image.

2. The method according to claim 1, wherein for each
image area, the expanding an edge of the image area to
obtain an expanded area comprises:

expanding the image area along an edge shape of the

image area to obtain the expanded area with the same
shape as the image area.

3. The method according to claim 2, wherein the expand-
ing the image area along an edge shape of the image area
comprises:

expanding the edge of the image area with a preset

number of pixels along the edge shape of the image
area; wherein the preset number is greater than or equal
to 1.

4. The method according to claim 1, wherein the dividing
a to-be-processed image into a plurality of image areas
comprises:

equally dividing the to-be-processed image into the plu-

rality of image areas each in a rectangular shape.

5. The method according to claim 1, wherein in condition
of the to-be-processed image being a three-dimensional
image, the dividing a to-be-processed image into a plurality
of image areas comprises:

dividing the to-be-processed image into the plurality of

image areas according to three-dimensional coordi-
nates of the to-be-processed image; wherein each
image area is three-dimensional.

6. The method according to claim 1, wherein for each
expanded area, the performing denoising processing on the
expanded area through a preset algorithm comprises:

establishing an image denoising Rudin-Osher-Fatemi

(ROF) model for the expanded area, and solving a
Euler-Lagrange equation for the image denoising ROF
model to denoise the expanded area;

wherein the Euler-Lagrange equation of the image denois-

ing ROF model is as followed:

A7
d—_av. ——__[=0, in O,
VIVutP + 8
Auk k
%—0, on 98,

where u” is a pixel value of a k-th denoised image area, 7
is a pixel value of a k-th image area, Q,° is a k-th
expanded area, and n is an outer normal vector of a
corresponding image area; k is greater than or equal to
1 and less than or equal to n; o and [ are preset
parameters.

7. The method according to claim 6, wherein values of o

and p depend on a desired denoising degree; the greater the
desired denoising degree, the less the values of o and f.
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8. The method according to claim 1, wherein for each
expanded area, the performing denoising processing on the
expanded area through a preset algorithm comprises:

applying a Newton-Krylov-Schwarz (NKS) algorithm to

denoise the expanded area.

9. An apparatus for denoising an image, comprising a
memory, a processor, and a computer program stored in the
memory and executable by the processor; wherein the
processor is capable of executing the computer program to
implement:

dividing one frame of to-be-processed image into a plu-

rality of image areas;

for each image area, expanding an edge of the image area

to obtain an expanded area; wherein the expanded area
comprises the image area and an edge area, and the
edge area comprises pixels in another image area
adjacent to the image area; wherein contents displayed
by the pixels in the adjacent another image area are
different from and are related to contents displayed by
pixels in the image area;

for each expanded area, performing denoising processing

on the expanded area through a preset algorithm to
obtain a denoised expanded area; wherein the denoised
expanded area comprises a denoised image area and a
denoised edge area; and

abandoning the denoised edge area in each denoised
expanded area, and retaining and combining all the
denoised image areas to form a denoised image.

10. The apparatus according to claim 9, wherein for each
image area, the expanding an edge of the image area to
obtain an expanded area comprises:

expanding the image area along an edge shape of the
image area to obtain the expanded area with the same
shape as the image area.

11. The apparatus according to claim 10, wherein the
expanding the image area along an edge shape of the image
area comprises:

expanding the edge of the image area with a preset
number of pixels along the edge shape of the image
area; wherein the preset number is greater than or equal
to 1.

12. The apparatus according to claim 9, wherein the
dividing a to-be-processed image into a plurality of image
areas comprises:

equally dividing the to-be-processed image into the plu-

rality of image areas each in a rectangular shape.

13. The apparatus according to claim 9, wherein in
condition of the to-be-processed image being a three-dimen-
sional image, the dividing a to-be-processed image into a
plurality of image areas comprises:

dividing the to-be-processed image into the plurality of
image areas according to three-dimensional coordi-
nates of the to-be-processed image; wherein each
image area is three-dimensional.

14. The apparatus according to claim 9, wherein for each
expanded area, the performing denoising processing on the
expanded area through a preset algorithm comprises:

establishing an image denoising Rudin-Osher-Fatemi
(ROF) model for the expanded area, and solving a
Euler-Lagrange equation for the image denoising ROF
model to denoise the expanded area;

wherein the Euler-Lagrange equation of the image denois-
ing ROF model is as followed:
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where u is a pixel value of a k-th denoised image area, z*
is a pixel value of a k-th image area, Qg is a k-th
expanded area, and n is an outer normal vector of a
corresponding image area; k is greater than or equal to
1 and less than or equal to n; o and [ are preset
parameters.

15. The apparatus according to claim 14, wherein values
of oe and B depend on a desired denoising degree; the greater
the desired denoising degree, the less the values of o and .

16. The apparatus according to claim 9, wherein for each
expanded area, the performing denoising processing on the
expanded area through a preset algorithm comprises:

applying a Newton-Krylov-Schwarz (NKS) algorithm to
denoise the expanded area.

17. A non-transitory computer-readable storage medium,
storing a computer program; wherein the computer program
is executable by a processor to implement:

dividing one frame of to-be-processed image into a plu-
rality of image areas;

for each image area, expanding an edge of the image area
to obtain an expanded area; wherein the expanded area
comprises the image area and an edge area, and the
edge area comprises pixels in another image area
adjacent to the image area; wherein contents displayed
by the pixels in the adjacent another image area are
different from and are related to contents displayed by
pixels in the image area;

for each expanded area, performing denoising processing
on the expanded area through a preset algorithm to
obtain a denoised expanded area; wherein the denoised
expanded area comprises a denoised image area and a
denoised edge area; and
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abandoning the denoised edge area in each denoised
expanded area, and retaining and combining all the
denoised image areas to form a denoised image.

18. The non-transitory computer-readable storage
medium according to claim 17, wherein for each image area,
the expanding an edge of the image area to obtain an
expanded area comprises:

expanding the image area along an edge shape of the

image area to obtain the expanded area with the same
shape as the image area.

19. The non-transitory computer-readable storage
medium according to claim 17, wherein for each expanded
area, the performing denoising processing on the expanded
area through a preset algorithm comprises:

establishing an image denoising Rudin-Osher-Fatemi

(ROF) model for the expanded area, and solving a
Euler-Lagrange equation for the image denoising ROF
model to denoise the expanded area;

wherein the Euler-Lagrange equation of the image denois-

ing ROF model is as followed:
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where 1 is a pixel value of a k-th denoised image area, z*
is a pixel value of a k-th image area, Q4" is a k-th
expanded area, and n is an outer normal vector of a
corresponding image area; k is greater than or equal to
1 and less than or equal to n; o and [ are preset
parameters.

20. The non-transitory computer-readable storage
medium according to claim 19, wherein values of o and
depend on a desired denoising degree; the greater the desired
denoising degree, the less the values of & and B.

* * * * *



