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Description

Title of Invention: METHOD AND ELECTRONIC DEVICE FOR

[1]

[2]

[3]

[4]
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MANAGING ARTIFACTS OF IMAGE
Technical Field

The present disclosure relates to electronic devices, and more particularly to a
method and an electronic device for managing artifacts of an image.
Background Art

In general, cameras in electronic devices provide various options for editing an
image. However, while capturing the image, various artifacts such as shadow, glare,
exposure and color inconsistencies may be added to the image. The various artifacts
added to the image may degrade user experience and also quality of the image. For
example, as shown in FIG. 1, the artifact such as a shadow may block texture details
captured in a photograph 102, may create unnecessary patterns on a face of human
subject captured in a photograph 104 and may make it difficult to recognize characters
in optical character recognition (OCR) when the artifacts appear on the characters as
shown in a photograph 106. If the artifact is a glare then the artifact may add un-
necessary patterns to a photograph 108 and may hinder visibility of a subject captured
in the photograph 108. Also, there is no single method by which the various artifacts
can be managed effectively.

Existing solutions to managing the artifacts require multiple instances of user in-
tervention. For example, the user may be required to select an extent to which the
artifact needs to be removed by using a shadow slider which changes contrast of
images as shown in FIG. 2, but the feature of the shadow slider does not effectively
eliminate the shadow. Artifact such as glare in the image is not simply removed by

changing contrast of the image.
Disclosure of Invention

Technical Problem

Existing solutions to managing the artifacts require multiple instances of user in-
tervention. Artifact such as glare in the image is not simply removed by changing
contrast of the image.
Solution to Problem

The principal object of the embodiments herein is to provide a method and an
electronic device for managing artifacts of an image. The method according to em-
bodiment requires minimum or no manual intervention from a user other than a user's
selection of an artifact managing icon in the electronic device. Also, the method is not

restricted to any particular artifact type and can be used to manage all forms of the
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artifact such as shadow, glare, etc.
Another object of the embodiments herein is to use multiple generative adversarial

networks (GAN) and classify the artifact or a portion of the artifact into wanted artifact
and unwanted artifact. Therefore, the artifact or the portion of the artifact which is
classified as wanted is retained in an output image and the artifact or the portion of the
artifact which is classified as unwanted is removed from the output image. As a result,
the method and the electronic device according to embodiments may not completely
remove the artifact, and rather may intelligently determine whether the artifact or a
portion of the artifact enhances image details and may retain the artifact or the portion
of the artifact.

Advantageous Effects of Invention

The embodiments herein provide a method and an electronic device for managing
artifacts of an image.

Brief Description of Drawings

The above and/or other aspects will be more apparent by describing certain example
embodiments, with reference to the accompanying drawings, in which:

FIG. 1 illustrates example images including artifacts, according to a prior art;

FIG. 2 illustrates an example scenario of removing a shadow from an image,
according to a prior art;

FIG. 3 is a block diagram of an electronic device for managing artifacts of an image,
according to embodiments as disclosed herein;

FIG. 4a is a flow chart illustrating the method for managing artifacts of the image by
the electronic device 100, according to the embodiments as disclosed herein;

FIG. 4b is a flow chart illustrating a method for managing artifact of the image by the
electronic device, according to embodiments as disclosed herein;

FIG. 5a is an example illustrating extraction of multiple features from an input
image(s) by the electronic device, according to embodiments as disclosed herein;

FIG. 5b is an example illustrating extraction of color composition of the input image
using Gaussian Blur by the electronic device, according to embodiments as disclosed
herein;

FIG. 5c is an example illustrating extraction of texture of the input image using Otsu
thresholding by the electronic device, according to embodiments as disclosed herein;

FIG. 6a illustrates an architecture including multiple GANs used to obtain an in-
termediate output image without the artifacts by the electronic device, according to
embodiments as disclosed herein;

FIG. 6b illustrates an architecture of a first GAN and a third GAN of an image

artifact controller, according to embodiments as disclosed herein;
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FIG. 6c¢ illustrates an architecture of an attention block and a removal block of each
of the first GAN and the third GAN, according to embodiments as disclosed herein;

FIG. 6d illustrates architecture of a long short-term memory (LSTM) of the attention
block of the first GAN, according to embodiments as disclosed herein.

FIG. 6e illustrates schematic of a second GAN and a refinement generator of the
image artifact controller, according to embodiments as disclosed herein;

FIG. 6f illustrates a detailed internal architecture of the second GAN and the re-
finement generator of the image artifact controller, according to embodiments as
disclosed herein;

FIG. 6g illustrates the transitions associated with multiple layers of the second GAN
and the refinement generator, according to embodiments as disclosed herein;

FIG. 6h illustrates architecture of a negative discriminator, a division discriminator
and a refinement discriminator of the image artifact controller, according to em-
bodiments as disclosed herein;

FIG. 7a is a flow chart illustrating a method for determining whether the artifact is
wanted or unwanted by a mask classifier, according to embodiments as disclosed
herein;

FIG. 7b is an example illustrating a process of the mask classifier, according to em-
bodiments as disclosed herein;

FIG. 7c are examples illustrating wanted and unwanted artifacts in the image,
according to embodiments as disclosed herein;

FIG. 8a illustrates an architecture of an image quality controller to determine the
image with a best quality after overlaying a binary mask on the input image, according
to embodiments as disclosed herein;

FIG. 8b is a flow chart illustrating a method for determining the image with the best
quality overlaying the binary mask on the input image, according to embodiments as
disclosed herein;

FIG. 8c is a table illustrating NIQE against Gamma for obtaining various images by
varying the gamma value, according to the embodiments as disclosed herein;

FIG. 8d is a graph plot illustrating of NIQE against Gamma for obtaining various
images by varying a gamma value, according to embodiments as disclosed herein;

FIG. 8e is a flow chart illustrating a method for determining an ideal IQE for
obtaining the best quality from the NIQE against the Gamma plot, according to em-
bodiments as disclosed herein;

FIG. 8f illustrates a scenario of color compensation using gamma-correction in the
input image including the artifact, according to embodiments as disclosed herein;

FIG. 9a is an example illustrating a scenario of optical character, according to the

prior art;
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[35] FIG. 9b is an example illustrating a scenario of the OCR, according to embodiments
as disclosed herein;
[36] FIG. 10a is an example illustrating a scenario of shadow along a black background,

according to the prior art;

[37] FIG. 10b is an example illustrating a scenario of shadow along the black background,
according to embodiments as disclosed herein;

[38] FIG. 10c is an example illustrating a scenario of smart overlay of the artifact by the
electronic device, according to embodiments as disclosed herein;

[39] FIG. 10d is an example illustrating a scenario of artifact removal in a live-preview
mode of the electronic device, according to embodiments as disclosed herein;

[40] FIG. 10e is an example illustrating an artifact managing active element in the live-
preview mode of electronic device, according to embodiments as disclosed herein;

[41] FIG. 10f is an example illustrating example modes of managing the artifact by the
electronic device, according to embodiments as disclosed herein;

[42] FIG. 11ais a flow chart illustrating a method for managing the artifact of the image
by an electronic device, according to embodiments as disclosed herein; and

[43] FIG. 11b is an example illustrating the management of the artifact of the image by
the electronic device, according to embodiments as disclosed herein.
Best Mode for Carrying out the Invention

[44] According to an aspect of the disclosure, a method for processing image data, may
include: receiving an input image; extracting a plurality of features from the input
image, wherein the plurality of features may include a texture of the input image, a
color composition of the input image, and edges in the input image; determining at
least one region of interest (Rol) in the input image including at least one artifact based
on the plurality of features; generating at least one intermediate output image by
removing the at least one artifact from the input image, using a plurality of generative
adversarial networks (GANs); generating a binary mask using the at least one in-
termediate output image, the input image, the edges in the input image, and edges in
the at least one intermediate output image; categorizing the at least one artifact into a
first artifact category or a second artifact category, based on the binary mask to the
input image; and obtaining a final output image by processing the input image based
on a category of the at least one artifact corresponding to the first artifact category or
the second artifact category.

[45] The first artifact category may correspond to a wanted artifact, and the second
artifact category may correspond to an unwanted artifact.

[46] The method may further include: generating a plurality of versions of the at least one

intermediate output image by varying a gamma value associated with the final output
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image; determining a naturalness image quality evaluator (NIQE) value for each of the
plurality of versions of the at least one intermediate output image; and displaying, as
the final output image, one of the plurality of versions of the at least one intermediate
output image, which has a least NIQE value, among the NIQE values for the plurality
of versions of the at least one intermediate output image.

The extracting the plurality of features from the input image may include: extracting
the texture, the color composition, and the edges from the input image based on Otsu
thresholding, Gaussian Blur and edge detection, respectively.

The plurality of GANs may include a negative generator, an artifact generator, a
division generator, a negative discriminator, a division discriminator, a refinement
generator and a refinement discriminator.

The generating the at least one intermediate output image may include: determining a
set of loss values for each of the plurality of GANs; generating a first GAN image
using the negative generator by removing darkest regions of the at least one artifact in
the input image; generating a second GAN image using the artifact generator by
removing at least one of color continuous regions and texture continuous regions of the
at least one artifact in the input image; generating a third GAN image using the
division generator by removing lightest regions of the at least one artifact and adding
white patch regions to the at least one artifact in the input image; and generating the at
least one intermediate output image without the at least one artifact using at least one
of the first GAN image, the second GAN image and the third GAN image.

The input image may be a previous input image, and the method may further include:
receiving a new input image; and overlaying the binary mask obtained for the previous
input image on the new input image.

The at least one artifact may be a shadow or a glare.

According to another aspect of the disclosure, an electronic device for processing
image data, may include: a memory storing instructions; and a processor configured to
execute the instructions to: receive an input image; extract a plurality of features from
the input image, wherein the plurality of features may include a texture of the input
image, a color composition of the input image and edges in the input image; determine
a region of interest (Rol) in the input image including at least one artifact based on the
plurality of features; generate an at least one intermediate output image by removing
the at least one artifact from the input image using a plurality of generative adversarial
networks (GANs); generate a binary mask using the at least one intermediate output
image, the input image, the edges in the input image and edges in the at least one in-
termediate output image; categorize the at least one artifact into a wanted artifact or an
unwanted artifact, based on the binary mask; and obtain a final output image from the

input image based on a category of the at least one artifact that corresponds to the
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wanted artifact or the unwanted artifact.

The processor may be further configured to: generate a plurality of versions of the at
least one intermediate output image by varying a gamma value associated with the
final output image; determine a naturalness image quality evaluator (NIQE) value for
each of the plurality of versions of the at least one intermediate output image; and
display a version of the final output image with a least NIQE value, among the NIQE
values for the plurality of versions.

The processor may be further configured to: extract the texture, the color com-
position, and the edges based on Otsu thresholding, Gaussian Blur, and edge detection,
respectively.

The plurality of GANs may include a negative generator, an artifact generator, a
division generator, a negative discriminator, a division discriminator, a refinement
generator, and a refinement discriminator.

The processor may be further configured to: determine a set of loss values for each of
the plurality of GANSs; generate a first GAN image using the negative generator by
removing darkest regions of the at least one artifact in the input image; generate a
second GAN image using the artifact generator by removing at least one of color
continuous regions and texture continuous regions of the at least one artifact in the
input image; generate a third GAN image using the division generator by removing
lightest regions of the at least one artifact and adding white patch regions to the at least
one artifact in the input image; and generate the at least one intermediate output image
without the at least one artifact using at least one of the first GAN image, the second
GAN image and the third GAN image.

The input image may be a previous input image, and the processor may be further
configured to: receive a new input image; and overlay the binary mask obtained for the
previous input image on the new input image.

The at least one artifact may be a shadow or a glare.

According to another aspect of the disclosure, a non-transitory computer-readable
storage medium storing a program that is executable by one or more processors is
provided to perform a method of processing image data. The method may include:
obtaining an input image; identifying types of artifacts included in the input image;
generating a plurality of intermediate output images in which the artifacts are
processed differently according to the types of artifacts; generating a binary mask
based on the plurality of intermediate output images and the input image; and applying
the binary mask to the input image to selectively keep or remove the artifacts and to
obtain a final output image in which at least one of the artifacts remains and another at
least one of the artifacts is removed.

The types of artifacts may include a darkest region of a shadow in the input image, a
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continuous color and texture region of the shadow, and a lightest region of the shadow.
The generating the plurality of intermediate output images may include: removing the
darkest region of the shadow from the input image to generate a first intermediate
output image; removing the continuous color and texture region of the shadow from
the input image to generate a second intermediate output image; and removing the
lightest region of the shadow from the input image to generate a third intermediate
output image.

The removing the lightest region of the shadow to generate the third intermediate
output image may include: adding a white patch to the lightest region of the shadow
after removing the lightest region of the shadow.

The method may further include combining the first intermediate output image, the
second intermediate output image, and the third intermediate output image, as a
combined intermediate image of the plurality of intermediate output images. The
generating the binary mask may include generating the binary mask based on the
combined intermediate image.

Mode for the Invention

Example embodiments are described in greater detail below with reference to the ac-
companying drawings.

In the following description, like drawing reference numerals are used for like
elements, even in different drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist in a comprehensive under-
standing of the example embodiments. However, it is apparent that the example em-
bodiments can be practiced without those specifically defined matters. Also, well-
known functions or constructions are not described in detail since they would obscure
the description with unnecessary detail. The terms and words used in the following de-
scription and claims are not limited to the bibliographical meanings, but, are merely
used by the inventor to enable a clear and consistent understanding of the disclosure.
Accordingly, it should be apparent to those skilled in the art that the following de-
scription of various embodiments of the disclosure is provided for illustration purpose
only and not for the purpose of limiting the disclosure as defined by the appended
claims and their equivalents.

The term "or" as used herein, refers to a non-exclusive or, unless otherwise indicated.
Expressions such as "at least one of," when preceding a list of elements, modify the
entire list of elements and do not modify the individual elements of the list. For
example, the expression, "at least one of a, b, and ¢," should be understood as
including only a, only b, only c, both a and b, both a and ¢, both b and c, all of a, b, and

c, or any variations of the aforementioned examples. The term "Image(s)" as used
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herein, refer to one or more images. For example, "Image(s)" may indicate one image
or a plurality images.

Embodiments in the present disclosure may be described and illustrated in terms of
blocks which carry out a described function or functions. These blocks, which may be
referred to herein as units or modules or the like, are physically implemented by analog
or digital circuits such as logic gates, integrated circuits, microprocessors, microcon-
trollers, memory circuits, passive electronic components, active electronic components,
optical components, hardwired circuits and the like, and may optionally be driven by
firmware. The circuits may, for example, be embodied in one or more semiconductor
chips, or on substrate supports such as printed circuit boards and the like. The circuits
constituting a block may be implemented by dedicated hardware, or by a processor
(e.g., one or more programmed microprocessors and associated circuitry), or by a com-
bination of dedicated hardware to perform some functions of the block and a processor
to perform other functions of the block. Each block of the embodiments may be
physically separated into two or more interacting and discrete blocks without departing
from the scope of the disclosure. Likewise, the blocks of the embodiments may be
physically combined into more complex blocks without departing from the scope of
the disclosure.

Although the terms first, second, etc. may be used herein to describe various
elements, these elements should not be limited by these terms. These terms are
generally only used to distinguish one element from another.

Accordingly the embodiments herein disclose a method for and an electronic device
for managing artifact of an image. The method includes receiving an input image and
extracting multiple features from the input image. The features include a texture of the
input image, a color composition of the input image and edges in the input image.
Further, the method includes determining a region of interest (Rol) in the input image
including an artifact based on the features and generating an intermediate output image
by removing the artifact using multiple GAN. The artifact may be either a shadow or a
glare. Further, the method includes generating a binary mask using the intermediate
output image, the input image, an image illustrating edges in the input image and an
image illustrating edges in the intermediate output image and obtaining a final output
image by applying the generated binary mask to the input image.

In the related art, an electronic device allows a user to edit an input image to remove
a shadow. However, the efficacy of the shadow removal is not high and hence
degrades the quality of the image. Further, there have been no method and system
which address all forms of artifacts such as shadow, glare, etc. The related method and
system focus more on allowing the user to correct exposure and edit the images by

varying contrast or color composition to remove or lighten the artifacts.
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Unlike the related method and system, the electronic device according to em-
bodiments uses multiple GANSs to generate a binary mask which defines the portion of
the artifact as wanted and unwanted. Further, the binary mask is overlaid on the input
image to remove or retain the artifact or the portion of the artifact. Therefore, the
electronic device according to embodiments intelligently manages the artifact in the
input image.

FIG. 3 is a block diagram of an electronic device 100 for managing artifact of an
image, according to embodiments.

Referring to FIG. 3, the electronic device 100 may be but is not limited to a laptop, a
palmtop, a desktop, a mobile phone, a smart phone, Personal Digital Assistant (PDA),
a tablet, a wearable device, an Internet of Things (IoT) device, a virtual reality device
and an immersive system. In an embodiment, the electronic device 100 includes a
memory 120, a processor 140, an image artifact controller 160 and a display 180.

The memory 120 is configured to store binary mask(s) generated using intermediate
output image(s), input image(s), an image illustrating edges in the input image(s) and
an image illustrating edges in the intermediate output image(s). The memory 120 may
include non-volatile storage elements. Examples of such non-volatile storage elements
may include magnetic hard discs, optical discs, floppy discs, flash memories, or forms
of electrically programmable memories (EPROM) or electrically erasable and pro-
grammable (EEPROM) memories. In addition, the memory 120 may, in some
examples, be considered a non-transitory storage medium. The term "non-transitory"”
may indicate that the storage medium is not embodied in a carrier wave or a
propagated signal. However, the term "non-transitory"” should not be interpreted that
the memory 120 is non-movable. In certain examples, a non-transitory storage medium
may store data that can, over time, change (e.g., in Random Access Memory (RAM) or
cache).

The processor 140 may include one or a plurality of processors. The one or the
plurality of processors may be a general-purpose processor, such as a central
processing unit (CPU), an application processor (AP), or the like, a graphics-only
processing unit such as a graphics processing unit (GPU), a visual processing unit
(VPU), and/or an artificial intelligence (AlI)-dedicated processor such as a neural
processing unit (NPU), an Al accelerator, or a machine learning accelerator. The
processor 140 may include multiple cores and is configured to execute the instructions
stored in the memory 120.

In an embodiment, the image artifact controller 160 includes an image feature ex-
traction controller 162, an artifact management generative adversarial networks
(GANs) 164a- 164g, a mask classifier 166, an image quality controller 168 and an
image effects controller 170. Although FIG. 3 illustrates the image artifact controller
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160 as an element that is separate or different from the processor 140, the image
artifact controller 160 may be incorporated into the processor 140, or may be embodied
as another processor.

The image feature extraction controller 162 is configured to extract features from the
input image(s). The features may include but are not limited to a texture of the input
image(s), a color composition of the input image(s) and edges in the input image(s).
The texture of the input image(s) is for example extracted by Otsu thresholding which
includes the image feature extraction controller 162 returning a single intensity
threshold that separates pixels in the input image(s) into foreground and background
(as explained in FIG. 5c). The color composition of the input image(s) is extracted for
example by Gaussian Blur which highlights different regions of the input image(s)
including a region of interest (ROI) with the artifact(s). The edge detection of the input
image(s) is performed by any edge detection techniques such as for example, Sobel
edge detection, Canny edge detection, Prewitt edge detection, Roberts edge detection,
and fuzzy logic edge detection, etc. The extracted features are sent to the respective
artifact management GANs 164a- 164¢g by the image feature extraction controller 162.
The image feature extraction controller 162 is implemented by processing circuitry
such as logic gates, integrated circuits, microprocessors, microcontrollers, memory
circuits, passive electronic components, active electronic components, optical
components, hardwired circuits, or the like, and may optionally be driven by firmware.
The circuits may, for example, be embodied in one or more semiconductor chips, or on
substrate supports such as printed circuit boards and the like.

The artifact management GANs 164a-164g include a first GAN 164a, a second GAN
164b, a third GAN 164c, a negative discriminator 164d, a division discriminator 164e,
a refinement generator 164f and a refinement discriminator 164g. The artifact
management GANs 164a-164g are implemented by processing circuitry such as logic
gates, integrated circuits, microprocessors, microcontrollers, memory circuits, passive
electronic components, active electronic components, optical components, hardwired
circuits, or the like, and may optionally be driven by firmware. The circuits may, for
example, be embodied in one or more semiconductor chips, or on substrate supports
such as printed circuit boards and the like.

The artifact management GANs 164a-164g are configured to determine the ROI in
the input image(s) which includes the artifact based on the extracted features. The
artifact can be for example a shadow and a glare. Further, the artifact management
GANSs 164a-164g are configured to determine a set of loss values for each of the first
GAN 164a, the third GAN 164c and the refinement generator 164f. Further, the first
GAN 164a is configured to generate a first GAN image by removing darkest regions of

the artifact in the input image(s) and using the texture of the input image(s) extracted
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by the image feature extraction controller 162. The first GAN 164a is, for example, a
negative generator. The second GAN 164b is configured to generate a second GAN
image by removing color continuous regions and texture continuous regions of the
artifact in the input image(s) and using the color composition of the input image(s)
extracted by the image feature extraction controller 162. The second GAN 164b is, for
example, an artifact generator. The third GAN 164c is configured to generate a third
GAN image by removing lightest regions of the artifact and adding white patch regions
to the artifact in the input image(s) and using the edges in the input image(s) extracted
by the image feature extraction controller 162. The third GAN 164c is for example a
division generator. Further, the negative discriminator 164d is configured to receive
the first GAN image and the input image(s) and send the output to the refinement GAN
164f. Similarly, the division discriminator 164e is configured to receive the third GAN
image and the input image(s) and send the output to the refinement GAN 164f. The re-
finement GAN 164f receives the output from the negative discriminator 164d, the
division discriminator 164e and the second GAN 164b. Further, the refinement GAN
164f connects with the refinement discriminator 164g to generate an intermediate
output image by completely eliminating the artifact from the input image(s) (explained
in detail in FIGS.6a-6h). The artifact management GANs 164a-164g are trained with
multiple images including various forms of artifacts to be able to generate the corre-
sponding output images.

The mask classifier 166 is configured to receive the intermediate output image, the
image illustrating edges in the intermediate output image, the input image and the
image illustrating edges in the at least one input image, and generate the binary
mask(s). The binary mask is used for categorizing the artifact or a portion of the
artifact as either a wanted artifact or an unwanted artifact. The wanted artifact may be
an artifact which does not need to be removed from the image, and the unwanted
artifact may be an artifact for which it is appropriate to be removed from the image. A
white portion of the binary mask indicates the portion of the artifact which is to be
removed from the input image, i.e. the wanted artifact. For example, a shadow on text
in an image of a document is categorized as unwanted artifact as the shadow make the
text to be difficult to read. In another example, sand dunes in a desert landscape are
considered as wanted as the shadow provides the depth effect to the landscape. Further,
the mask classifier 166 is configured to apply the binary mask to each pixel of the
input image to retain or remove the appropriate portions of the artifact. The mask
classifier 166 is implemented by processing circuitry such as logic gates, integrated
circuits, microprocessors, microcontrollers, memory circuits, passive electronic
components, active electronic components, optical components, hardwired circuits, or

the like, and may optionally be driven by firmware. The circuits may, for example, be



12

WO 2022/124643 PCT/KR2021/017284

[80]

[81]

[82]

[83]

[84]

embodied in one or more semiconductor chips, or on substrate supports such as printed
circuit boards and the like.

The image quality controller 168 is configured to generate multiple versions of the
output image by varying a gamma value associated with the final output image.
Further, a graph is plotted with naturalness image quality evaluator (NIQE) value for
each of the versions of the output image to determine a best quality output image. The
best quality output image is a version of the final output image with the least NIQE
value in a stable region of the gamma plot (explained in detail in FIGS.8a-8f). The
image quality controller 168 is implemented by processing circuitry such as logic
gates, integrated circuits, microprocessors, microcontrollers, memory circuits, passive
electronic components, active electronic components, optical components, hardwired
circuits, or the like, and may optionally be driven by firmware. The circuits may, for
example, be embodied in one or more semiconductor chips, or on substrate supports
such as printed circuit boards and the like.

The image effects controller 170 is configured to retrieve the binary mask from the
memory 120, and apply the binary mask to any other image directly to add effects as-
sociated with the artifacts. For example, the image effects controller 170 may add glare
to the image, or add shadow to the image etc. The image effects controller 170 is im-
plemented by processing circuitry such as logic gates, integrated circuits, micro-
processors, microcontrollers, memory circuits, passive electronic components, active
electronic components, optical components, hardwired circuits, or the like, and may
optionally be driven by firmware. The circuits may, for example, be embodied in one
or more semiconductor chips, or on substrate supports such as printed circuit boards
and the like.

In an embodiment, the display 180 is configured to display the final output image
with the portions of the artifact which is classified as wanted. In other words, the
artifact classified as wanted is not removed from the image, the artifact classified as
unwanted is removed from the image. The display 180 is implemented using touch
sensitive technology and includes one of liquid crystal display (LCD), light emitting
diode (LED), etc.

Although FIG. 3 shows the hardware elements of the electronic device 100, it is to be
understood that other embodiments are not limited thereon. In other embodiments, the
electronic device 100 may include less or more elements. Further, the labels or names
of the elements are used only for illustrative purposes and does not limit the scope of
the invention. One or more components can be combined together to perform the same
or substantially the same function.

FIG. 4a is a flow chart illustrating the method for managing artifacts of the image by

the electronic device 100, according to the embodiments as disclosed herein.
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Referring to FIG. 4a, in operation 421, the electronic device 100 receives an input
image. For example, in the electronic device 100 as illustrated in FIG. 3, the image
artifact controller 160 is configured to receive the input image.

In operation 422, the electronic device 100 extracts the features from the input image.
For example, in the electronic device 100 as illustrated in FIG. 3, the image artifact
controller 160 is configured to extract the features from the input image. The features
may include a texture of the input image, a color composition of the input image and
edges in the input image.

In operation 423, the electronic device 100 determines the ROI in the input image
including the artifact based on the extracted features. For example, in the electronic
device 100 as illustrated in FIG. 3, the image artifact controller 160 is configured to
determine the ROI in the input image including the artifact based on the extracted
features.

In operation 424, the electronic device 100 generates the intermediate output image
by removing the artifact using the multiple GANs. For example, in the electronic
device 100 as illustrated in FIG. 3, the image artifact controller 160 is configured to
generate the intermediate output image by removing the artifact using the multiple
GANSs 164a-164g.

In operation 425, the electronic device 100 generates the binary mask using the in-
termediate output image, the input image, the image illustrating edges in the input
image and the image illustrating edges in the intermediate output image, and decides
whether the artifact is wanted or unwanted. For example, in the electronic device 100
as illustrated in FIG. 3, the image artifact controller 160 is configured to generate the
binary mask using the intermediate output image, the input image, the image il-
lustrating edges in the input image and the image illustrating edges in the intermediate
output image and decide whether the artifact is wanted or unwanted.

In operation 426, the electronic device 100 categorizes the at least one artifact into a
first artifact category or a second artifact category, based on the binary mask to the
input image. For example, as mentioned in the operation 425, the artifact can be
classified into the wanted artifact or the unwanted artifact. In such case, the first
artifact category may be the wanted artifact and the second artifact category may be the
unwanted artifact. The binary mask can indicate whether the artifact or the portion of
the artifact is the wanted artifact or the unwanted artifact. A white portion of the binary
mask may indicate the portion of the artifact which is to be removed from the input
image, i.e. the wanted artifact, and a black portion of the binary mask may indicate the
portion of the artifact which is to be maintained. The white portion of the binary mask
may have value of one, and the black portion of the binary mask may have value of

ZEr10.
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In operation 427, the electronic device 100 obtains a final output image by
processing the input image based on a category of the at least one artifact corre-
sponding to the first artifact category and or second artifact category.

FIG. 4b is a flow chart illustrating the method for managing artifacts of the image by
the electronic device 100, according to the embodiments as disclosed herein.

Referring to FIG. 4b, in operation 402, the electronic device 100 receives the input
image(s). For example, in the electronic device 100 as illustrated in FIG. 3, the image
artifact controller 160 is configured to receive the input image(s).

In operation 404, the electronic device 100 extracts the features from the input
image(s). For example, in the electronic device 100 as illustrated in FIG. 3, the image
artifact controller 160 is configured to extract the features from the input image(s).

In operation 406, the electronic device 100 determines the ROI in the input image(s)
including the artifact based on the extracted features. For example, in the electronic
device 100 as illustrated in FIG. 3, the image artifact controller 160 is configured to
determine the ROI in the input image(s) including the artifact based on the extracted
features.

In operation 408, the electronic device 100 generates the intermediate output image
by removing the artifact using the multiple GANs. For example, in the electronic
device 100 as illustrated in FIG. 3, the image artifact controller 160 is configured to
generate the intermediate output image by removing the artifact using the multiple
GANSs 164a-164g.

In operation 410, the electronic device 100 generates the binary mask using the in-
termediate output image, the input image, the image illustrating edges in the input
image and the image illustrating edges in the intermediate output image, and decides if
the artifact is wanted or unwanted. For example, in the electronic device 100 as il-
lustrated in FIG. 3, the image artifact controller 160 is configured to generate the
binary mask using the intermediate output image, the input image, the image il-
lustrating edges in the input image and the image illustrating edges in the intermediate
output image and decide whether the artifact is wanted or unwanted.

In operation 412, the electronic device 100 obtains the final output image by
applying the generated binary mask to the input image(s). For example, in the
electronic device 100 as illustrated in FIG. 3, the image artifact controller 160 is
configured to obtain the final output image by applying the generated binary mask to
the input image(s).

The various actions, acts, blocks, steps, or the like in the method may be performed
in the order presented, in a different order or simultaneously. Further, in some em-
bodiments, some of the actions, acts, blocks, steps, or the like may be omitted, added,

modified, skipped, or the like without departing from the scope of the invention.
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FIG. 5a is an example illustrating extraction of the multiple features from the input
image(s) by the electronic device 100, according to the embodiments as disclosed
herein.

Referring to FIG. 5a, in operation 502 the electronic device 100 receives the input
image. In operation 504, the image feature extraction controller 162 is used to ma-
nipulate the input image by performing standard operations on an image matrix of the
input image to highlight the artifact in the input image such as the shadow, the glared
regions and preserve the texture in the input image.

The multiple features may be extracted so that during the training phase and the
inference phase, the texture feature530, the edges feature 550 and the color com-
position 540 of the input image are extracted and preserved. For example, the texture
feature 530 may be a result of Otsu thresholding for the input image, the color com-
position 540 may be a result of Gaussian blur for the input image, and the edge feature
550 may be a result of edge detection.

The removal of artifacts from the input image may be considered as the removal of
information from the input image. Therefore, the region where the artifacts are present
on removing the artifact may lose some information such as for example the texture,
the color composition, a Hue, Saturation and Value (HSV) map, the edges etc. The
image feature extraction controller 504 (corresponding to the image feature extraction
controller 162 of FIG. 3) provides great detail about the removed information so that
the removed information can be incorporated into the final output image. Further,
based on structural similarity and functionality of the extracted features, the extracted
features are mapped as inputs to the corresponding GANs 164a-164g. For example, the
texture is mapped to the first GAN 164a, the color composition is mapped to the
second GAN 164b and the edges of the artifact extracted from the input image is
mapped to the third GAN 164c. The extracted features may be used in the GAN
generators.

FIG. 5b is an example illustrating extraction of the color composition of the input
image using the Gaussian Blur by the electronic device 100, according to the em-
bodiments as disclosed herein.

Referring to FIG. 5b, the input image is passed through a Gaussian filter of the image
feature extraction controller 504 to obtain the Gaussian blur for extracting the color
composition of the input image. Also, Gaussian blur may be used to extract the texture
of the input image. To determine the Gaussian Blur, Gaussian filters of Gaussian
kernel size 3X3 and convolution are performed on the input image to obtain different
smoothed images as to highlight different regions of the artifact in the input image.
The Gaussian filter helps to preserve the color composition and texture of the input

image. The Gaussian Blur reduces an image noise and reduces detail.
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As shown in reference number 542, the edge, the shadow and the glare in the input
image are identified in the input image and in reference number 544, the edges of the
ROI are labeled as 544a. Further, in reference numbers 546 and 548, the various curves
and patterns depicting the texture of the input image are identified. As mentioned
above, the Gaussian filter helps to preserve the color composition and texture of the
input image. The Gaussian Blur reduces an image noise and reduces detail. Thus, when
the input image is passed through a Gaussian filter of the image feature extraction
controller 504, the color composition of the input image or the texture of the input
image are extracted from the Gaussian blurred input image.

FIG. 5c is an example illustrating extraction of the texture of the input image using
the Otsu thresholding by the electronic device 100, according to the embodiments as
disclosed herein.

Referring to FIG. 5c, the Otsu thresholding is performed on the input image for ex-
tracting the texture of the input image. Image thresholding is used to binarize the
image based on pixel intensities. The input to such thresholding algorithm is usually a
grayscale image and a threshold. The output is a binary image. If the intensity of a
pixel in the input image is greater than a threshold, the corresponding output pixel is
marked as white (foreground), and if the input pixel intensity intensity is less than or
equal to the threshold, the output pixel location is marked black (background). In the
Otsu thresholding, a weight, mean and variance for foreground (greater than Vth) { W;
: Weight,u: Mean and 5 : Variance foreground }and background (Iower than Vth) {

"f
W, : Weight, w,: Mean and o 2: Variance background }are determined. Then a
b
variance ( 2 ) is determined within each class. The best Vth for which 2 is

O.LV O.LV

highest is selected as the threshold and the background pixels are set to zero and

foreground to the highest pixel value.

O.b% = Wbof + Wfo'fz

In operation 532, the input image is received, and in operation 534, a histogram of
the input image is determined with N;,,=20 of all pixel values of the input image. In
operation 536, based on the histogram the electronic device 100 determines the inner
variance with respect to each of the pixels in the input image. Further, it is assumed

that the inner variance is highest at pixel value 165 as shown in reference number 537
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and hence pixel value 165 is regarded as a threshold value. Thus, the pixel values less
than 165 are given pixel values as 0 and the pixel values greater than 165 are given as
255 pixel values. In other words, the pixel of which values is less than 165 is classified
into the foreground, and the pixel of which values is greater than 165 is classified into
background. Therefore, the background and foreground in the input image are
separated by processing the input image according to the Otsu thresholding. In
operation 538, the result of the Otsu thresholding for the input image is provided as an
output image. The result of the Otsu thresholding may include the texture extracted
from the input image

FIG. 6a illustrates an architecture including the multiple GANs 164a-164g used to
obtain the intermediate output image without the artifacts by the electronic device 100,
according to the embodiments as disclosed herein.

Referring to FIG. 6a, the multiple GANs 164a-164g include the first GAN 164a, the
second GAN 164b, the third GAN 164c, the negative discriminator 164d, the division
discriminator 164e, the refinement generator 164f and the refinement discriminator
164g164g.

At 1, the first GAN 164a may be the negative generator which receives the input
image and the texture of the input image extracted by the image feature extraction
controller 162. The result of Otsu thresholding for the input image may be used as the
texture feature of the input image and input to the first GAN 164a. The first GAN 164a
may generate negative samples for the input. For example, the first GAN 164a may
remove the darkest region of the artifacts in the input image and generate the first
GAN image which is a negative image. At 2, the second GAN 164b may be the artifact
generator which receives the input image and the Gaussian blurred image including the
feature of color composition of the input image extracted by the image feature ex-
traction controller 162.

The second GAN 164b removes the color and texture continuous region of artifacts
in the input image and generates the second GAN image. At 3, the third GAN 164c is
the division generator which receives the input image and the edges of the input image
detected by the image feature extraction controller 162. The result of edge detection
may be used as the edges of the input image. The third GAN 164c removes the lightest
region of the artifacts but adds a white patch and generates the third GAN image. In
operation 4, the negative discriminator 164d receives the first GAN image and
compares the same with the input image to determine if the first GAN image is real.
Similarly, in operation 6 the division discriminator 164e receives the third GAN image
and compares the same with the input image to determine if the third GAN image is
real.

In operation 35, the first GAN image and the input image are fed to an adder.



18

WO 2022/124643 PCT/KR2021/017284

[117]

[118]
[119]

[120]

[121]

[122]

[123]

[124]

[125]
[126]

[127]
[128]

[129]

Similarly, in operation 7, the third GAN image and the input image are fed to a
multiplier. The output from the multiplier and the adder are then fed to the adder in
operation 8 to generate a combined final image. The combined final image is then
passed through the refinement generator 164f for refining the image (operation 9) and
in operation 10 the image is passed through the refinement discriminator 164g to
generate the intermediate output image by removing the artifact. The intermediate
output image is then passed through the mask classifier 166 to determine whether the
artifact/portion of the artifact in the input image is wanted or unwanted.

Further, based on whether the artifact is the wanted artifact or the unwanted artifact,
the electronic device 100 provides different weightage and preference to respective
GANSs. The weightage of the individual GANs is determined based on a variable loss
calculation.

Adversarial Loss: It is joint adversarial loss for the multiple GANs 164a-164g:

Lossaa=[{log(D(;, )+log(1-D(Is4 ))+log(D(Iow-1in ))+log(D(Ig; ))+log(D(Low/Lix
)+Hog(Dg) } ..... (2)

Division Loss: calculates L1 norm (Absolute loss) between division map and image
generated by the third GAN 164c¢ division generator.

Losspi,=abs((Lw/Lix )-1g3 ) ..... 3)

Negative Loss: A measure of absolute loss between negative map and image
generated by the first GAN 164c negative generator. Gives a measure to brightness in
shadow region:

Lossne,=abs((Lw/Lin )-1g1 ) -... (4)

Feature Loss: Absolute loss calculated between features of original image and image
generated by the refinement generator 164f.

Lossgea=abs(Liyreual Licagear) ) - (3)

Therefore, the total loss: Calculated by adding all the losses according to weights
provided as per type of the artifact as:

LoSStoum = LOSSaqy. + A1 ¥L0SSpiy, + A *L0SSneg + A3 L0SS ey ... (6)

where I,,=Output pair of image provided during training, I,,=Input pair of image
provided during training, D(I;)=Discriminator loss on output image of iy generator, Ig;
=Output from iy, generator, A,, 4, and A, are hyper-parameters and are used appro-
priately to train the model and get desired output, Loss,,. is general standard loss used
by every GAN network as suggested in initial GAN paper but using other losses
improves the result.

The performance and computation time with respect to the use of the multiple GANs
164a-164g increases the training time by three times as the multiple losses need to be
calculated for each of the multiple GANs 164a-164g pairs. However, while inferencing

the output the computation remains the same as the inference is obtained only with the
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refinement discriminator 164g which gives the intermediate output image by removing
the artifact completely.

Individually each of the multiple GANs 164a-164g performs the tasks separately but
a combination of the multiple GANs 164a-164g provides the best possible result. Due
to the use the multiple GANs 164a-164g the electronic device 100 is able to handle a
complex scenario as well as a simple scenario easily. Also, the multiple GANs
164a-164g performing multiple functions allow the electronic device 100 to extract the
output of one generator and use the output for other purpose if required. For example,
in case of the negative generator, the user may be able to use the negative photo of the
image directly.

FIG. 6b illustrates an architecture of the first GAN 164a and the third GAN 164c of
the image artifact controller 160, according to the embodiments as disclosed herein.

Referring to FIG. 6b, the architecture of the first GAN 164a and the third GAN 164c
are the same. However, the inputs to the first GAN 164a and the third GAN 164c are
different and hence the corresponding outputs are also different. The first GAN 164a is
the negative generator which receives the input image and the Otsu thresholding
texture extract as the inputs. The third GAN 164c is the division generator which
receives the input image and the edge detected as the inputs. The first GAN 164a and
the third GAN 164c provide additional support to the main generators i.e., the second
GAN 164b and the refinement generator 164{.

Both the first GAN 164a and the third GAN 164c include a network of attention
blocks and removal blocks. The attention blocks selectively choose what the network
wants to observe, locate artifacts of the input image and make the attention of the
removal block focusing on the detected regions. Each block is refined in a coarse-
to-fine fashion to handle a complex scene captured in the image. Three subsequent
blocks of the attention blocks and removal blocks provide a good trade-off between
performance and complexity.

FIG. 6c¢ illustrates an architecture of the attention block and the removal block of
each of the first GAN 164a and the third GAN 164c, according to the embodiments as
disclosed herein.

Referring to FIG. 6c¢, the attention block provides attention i.e. to observe and locate
the ROI including the artifact to make the process more focused. The attention block
includes ten (10) convolutional layers (Conv) with Batch Normalization (BN) and
Leaky Rectified Linear Unit (ReLU) activation Function (Conv +BN + Leaky ReLU).
The attention block also includes a Long Term Short Memory (LSTM) layer
(explained further in FIG. 6d) to utilize the information from a previous output from a
preceding step and learn from previous state and current state which is required in the

generators and will generate attention map for succeeding output stages.
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The removal block generates the artifact free image. The removal block includes
eight (8) Conv + BN + Leaky ReLU to extract the multiple features from the image.
Further, the removal block also includes 8 de-convolutional layers with Batch Nor-
malization and Leaky ReLU activation function (Deconv +BN + Leaky ReL.U) to map
to a particular distribution. Skip connections are used for a number of channels and
preserve context information of the layer. Last de-convolutional layers, 2 Conv + BN +
Leaky ReLLU may extract a feature map after performing the de-convolution. Final
Convolutional and Sigmoid layer convert the feature map to a 3 channel space of the
same size as the input.

FIG. 6d illustrates architecture of a long short-term memory (LSTM) of the attention
block of the first GAN 164a, according to the embodiments as disclosed herein.

Referring to FIG. 6d, the LSTM of the attention block of the first GAN 164a is
provided. The LSTM is an artificial recurrent neural network (RNN) architecture used
for deep learning. The LSTM has feedback connections and can process single data
points (such as images). The LSTM has the ability to add or remove cell state,
carefully regulated by gates. The LSTM of the attention block includes 4 gates and 3
sigmoid for protection and controlling and 1 tanh classifier. The Sig gates provide
value between 0 and 1. In the proposed method, the sig gates provide shadowed and
glared part of the images close to 0, i.e., the shadowed and glared part of the images
are dropped and not used in subsequent layers of the first GAN 164a.

FIG. 6e illustrates a schematic diagram of the second GAN 164b and the refinement
generator 1641 of the image artifact controller 160, according to the embodiments as
disclosed herein.

Referring to FIG. 6¢, the schematic of the second GAN 164b and the refinement
generator 164f are the same. However, the inputs to the second GAN 164b and the re-
finement generator 164f are different and hence the corresponding outputs are
different. The second GAN 164b removes the artifact in the first pass and the re-
finement generator 164f of the image artifact controller 160 is combines the outputs
from previous stage generators and modifies the output from a coarse output to a fine
output.

FIG. 6f illustrates a detailed internal architecture of the second GAN 164b and the re-
finement generator 164f of the image artifact controller 160, according to the em-
bodiments as disclosed herein.

Referring to FIG. 6f, the detailed internal architecture of the second GAN 164b and
the refinement generator 164f are the same. However, the inputs to the second GAN
164b and the refinement generator 164f are different and hence the corresponding
outputs also differ.

Each of the second GAN 164b and the refinement generator 164f includes six (6)
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blocks of (ReLU + 2 Convs + Average Pooling) (650) in the encoder layer with
transition down after each block and with skip connection to the decoder layer with
transition up after each block. A last bottom layer has 15 blocks of (ReLU + 2 Convs +
Average Pooling) (650). At the output stage there is a tanh classifier to convert into
three (3) channels output image.

The second GAN 164b receives the input image along with the Gaussian blur feature
associated with the color composition of the artifact in the input image. The output of
the second GAN 164b is generated by removing the color and the texture of a
continuous region of artifact. The refinement generator 164f receives the first GAN
image, the second GAN image and the third GAN image as inputs and refines the
output of the previously combined GANs.

FIG. 6g illustrates the transitions associated with multiple layers of the second GAN
164b and the refinement generator 164f, according to the embodiments as disclosed
herein.

Referring to FIG. 6g, various layers of the second GAN 164b and the refinement
generator 164f are provided. The encoder layer with transitions down after each block
is shown. The decoder layer with transitions up after each block is shown. The encoder
layer and the decoder layer are connected with a skip connection for a number of
channels and preserve context information of the layer.

FIG. 6h illustrates architecture of the negative discriminator 164d, the division dis-
criminator 164e and the refinement discriminator 164g of the image artifact controller
160, according to the embodiments as disclosed herein.

Referring to FIG. 6h, the architecture of the negative discriminator 164d, the division
discriminator 164e and the refinement discriminator 164g are the same. However, the
inputs to the individual discriminators are different and hence the corresponding
outputs are also different.

The negative discriminator 164d receives the input image and the first GAN image as
the inputs. The first GAN image is generated by the first GAN 164a by removing the
darkest region of artifact from the input image. The negative discriminator 164d con-
catenates the input image and the first GAN image. Further, the concatenated image is
passed through several levels of convolution to determine whether the first GAN image
is real or fake. The real image is forwarded to the next level and the fake image is
discarded.

Similarly, the division discriminator 164e receives the input image and the third
GAN image as the inputs. The third GAN image is generated by removing the lightest
region of artifact from the input image and adding white patch.

The refinement discriminator 164g is the final discriminator which provides the in-

termediate output image by removing all the artifacts in the input image.
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FIG. 7a is a flow chart illustrating the method for determining whether the artifact is
wanted or unwanted by the mask classifier 166, according to the embodiments as
disclosed herein.

The mask classifier 166 is used to preserve the artifacts which are essential to the
image but removed by the multiple GANs 164a-164g.

Referring to FIG. 7a, in operation 702, the electronic device 100 determines whether
the artifact in the intermediate output image should be removed or not.

In case that the electronic device 100 determines whether the artifact in the in-
termediate output image should be removed, in operation704, the electronic device 100
obtains the output from the refinement generator 164f, and in operation 706, the
electronic device obtains the input image. In operation 708, the electronic device 100
performs the canny edge detection on the input image and the output from the re-
finement generator 164f, respectively. In operation 712, the electronic device 100
obtains he canny input image, and in operation 714, the electronic device 100 obtains
the canny output from the refinement generator 164f.

Further, in operation 710, the grey scale subtraction output is obtained using the re-
finement generator 164f output and the input image. Thus, in operation 716, the input
binary mask is obtained.

In operation 718, the mask classifier 166 uses the canny input image, the canny
output from the refinement generator 164{ and the input binary mask, and in operation
720, the output binary mask is obtained which intelligently determines the portions of
the artifact which needs to be retained and the portions of the artifact which needs to be
removed. In case that the electronic device 100 determines whether the artifact in the
intermediate output image should not be removed, in operation 722, the output binary
mask is generated with the artifact or the portion of the artifact. In such case, the white
portion of the binary mask indicates the part of artifact to be removed finally. Further,
the white portion of the binary mask is the region to be copied from the output from
the refinement generator 164f onto the input image. In other words, the unwanted
artifact indicated by the white portion of the binary mask is removed from the input
image and the unwanted artifact is replaced by corresponding part of the output from
the refinement generator 164f. The wanted artifact indicated by the black portion of the
binary mask is not removed from the input image, and the wanted artifact maintains
without being replaced by the output from the refinement generator 164f.

Further, in operation 724, the electronic device 100 performs a pixel wise overlaying
of the output binary mask on the input image to obtain the final enhanced output
image. The method performed by the mask classifier 166 can be extended into user
guided selection of a region of artifact where only the white portion of the binary mask

is copied from the output from the refinement generator 164f onto the input image to
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generate the output image.

FIG. 7b is an example illustrating the process of the mask classifier 166, according to
the embodiments as disclosed herein.

Masking enables the control of a transparency level of the artifact in the input image
without affecting the actual background. Referring to FIG. 7b in conjunction with FIG.
7a, the mask classifier 166 in operation 11, receives the intermediate output image
from refinement generator 164f, in operation 12 receives the canny output from re-
finement generator 164f, in operation 13 receives the input image with the shadow and
in operation 14 receives the canny input image. These inputs provide crucial in-
formation to the mask classifier 166 for making decision pixel wise categorization
from a previous artifact mask into a smart artifact masking. Further, in operation 15,
the mask classifier 166 generates the output binary mask based on the multiple inputs
received. The output binary mask indicates the wanted and the unwanted portions of
the artifact such as shadow in the input image. In operations 16 and 17, the output
binary mask is overlaid on the input image to obtain the final output image. In other
words, the unwanted artifact indicated by the white portion of the binary mask is
removed from the input image and the unwanted artifact is replaced by corresponding
part of the output from the refinement generator 164f. The wanted artifact indicated by
the black portion of the binary mask is not removed from the input image, and the
wanted artifact maintains without being replaced by the output from the refinement
generator 164f. In the final output image, the portion of the shadow which is blocking
the clear appearance of the face of the subject is removed and the portion of the
shadow in the neck portion of the subject which is providing a depth to the image is
retained. The mask classifier 166 is a neural network model which is trained with
multiple images to be able to decide whether the artifact is wanted or unwanted.

FIG. 7c are examples illustrating wanted and unwanted artifacts in the image,
according to embodiments as disclosed herein.

Shadows may help to draw attention to a specific point in the composition. They can
reveal form or hide features that may be better left unseen. They can also be used to
add a hint of drama, emotion, interest, or mystery to the image. Further, the shadows
can emphasize light and draw attention to highlights in the image. Thus, according to
the image, the shadow need to be removed from the image, and sometime the shadow
need to be maintained in the image.

Referring to FIG. 7c, multiple images with artifacts are used to train the mask
classifier 166 to determine the wanted and the unwanted artifacts. The artifact in image
(a) of FIG. 7c is a glare part (a lower part of the image showing a reflected flower)
which completes the image and also adds aesthetic value to the image. Therefore, the

glare in the image is considered as a wanted artifact. The artifact in image (b) of FIG.
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7c is shadows associated with each sand dune which is providing depth information
and also aesthetic value to the image. Therefore, the shadows in the image are
considered as wanted artifacts. In general, the shadows which provide depth meaning
in landscape images the removal of which leads to loss of 3-D nature of the image, the
shadows which are captured as the main subject in the image, the shadows which
enhances the emotions and bring out true tone of the image, monochrome image
shadows which provide a contrast and thus enhance the meaning and value of the
image are all considered as the wanted shadows.

The artifact in image (c) of FIG. 7c is a shadow of the electronic device 100 on a
book due to a wrong angle of capture of the image. The shadow on the book or any
text reading hinders the OCR reading as well as recovery and authentication of any
document. The artifact in image (d) of FIG. 7c is a shadow of the multiple trees on a
road. The distorted unstructured shadows in the image decrease the visibility and
appeal of a good subject image. Similarly the shadows which block the main subject,
the shadows which block facial expression and features of the image are all considered
as the unwanted shadows.

Further, the proposed method can be used to suggest various direction and other
camera effects values (as white balance, exposure, ISO etc.). The shadows are formed
when there is a blockage in the path of light. So the direction of progression of shadow
indicates from which direction light is coming and suggestions can be displayed to the
user as to move to which direction so as to prevent shadow from ruining the image.
The higher the intensity of light is, the darker the shadow is, or vice versa. So by
evaluating the shadow, the electronic device 100 can automatically suggest various
camera controls such as white balance, ISO, exposure etc. so as to give a naturally
enhanced and meaningful photo.

FIG. 8a illustrates an architecture of the image quality controller 168 for determining
the image with the best quality after overlaying the binary mask on the input image,
according to the embodiments as disclosed herein.

Referring to FIG. 8a, the architecture of the image quality controller 168 is provided.
The image quality controller 168 is a Naturalness Image Quality Evaluator (NIQE)
which measures the quality of the images with arbitrary distortion. The image quality
controller 168 uses a trained model to compute a quality score. The model is trained
using identical predictable statistical features, called natural scene statistics (NSS).

The NSS are based on normalized luminance coefficients in spatial domain and are
modelled as a multidimensional Gaussian distribution. There can be distortions which
appear as perturbations to the Gaussian distribution.

The quality score of each of the images is provided using the equation as:
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[171] where v1, v2 and }.1, Y2 are the mean vectors and covariance matrices of the natural
Gaussian model and the distorted image's Gaussian model. Therefore, unlike the con-
ventional methods and system, in the proposed method the electronic device 100 not
just intelligently applies the binary mask based on the decision of wanted and
unwanted artifact but also selects the best image based on the gamma correction.

[172] FIG. 8b is a flow chart illustrating the method for determining the image with the
best quality after overlaying the binary mask on the input image, according to the em-
bodiments as disclosed herein.

[173] Referring to FIG. 8b, in operation 810, the electronic device 100 receives the input
image(s) to which the binary mask is applied and determines a step size for performing
gamma correction. Further, in operation 820, the electronic device 100 plots the graph
between the Gamma values varying between O - 10 with the determined step size. In
operation 830, the electronic device 100 finds the ideal Image Quality Evaluator (IQE)
from the graph plot (explained in FIG. 8D). In operation 840, the electronic device 100
determines and sets the delta deviation from the ideal IQE. In operation 850, the
electronic device 100 determines a near ideal IQE from the graph plot.

[174] FIG. 8c is a table illustrating NIQE against Gamma for obtaining various images by
varying the gamma value, according to the embodiments as disclosed herein.

[175] FIG. 8d is a graph plot illustrating NIQE against Gamma for obtaining various
images by varying the gamma value, according to the embodiments as disclosed
herein.

[176] Referring to FIGs. 8c and 8d, the electronic device 100 determines the graph plot by
generating the images with variable Gamma values. For each image with a specific
gamma value, the corresponding Natural Image Quality Evaluator (NIQE) value is de-
termined as shown in FIG.8C. Further, the lowest value of the NIQE in a stable region
of the graph plot is determined and the image including that gamma value is selected
as the best quality image.

[177] From FIG. 8d, the gamma value of 1.5 is determined to be the most stable and hence
the image associated with the gamma value 1.5 is chosen as the best quality image
after the application of the binary mask. The procedure for determining the stable point
gamma value is explained in FIG. 8e and the best quality image obtained is provided in
FIG. 8f.

[178] FIG. 8e is a flow chart illustrating the method for determining the ideal IQE for

obtaining the best quality from the NIQE against Gamma plot, according to the em-
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bodiments as disclosed herein.

[179] Referring to FIG. 8e, in conjunction with FIGs. 8c and 8d, in operation 832, the
electronic device 100 obtains three (3) image IQEs i.e., the input image IQE (IQE of
point A in FIGs. 8C and 8D), a first image quality IQE with Gamma value 10 (IQE of
point B in FIGs. 8C and 8D) and a second image quality IQE with Gamma value 5
(IQE of point C in FIGs. 8C and 8D) .

[180] In operation 834, the electronic device 100 determines whether the first image quality
IQE is greater than the second image quality IQE. In operation 836, in response to de-
termining that the first image quality IQE (IQE(B)) is greater than the second image
quality IQE (IQE(C)), the electronic device 100 computes a threshold calculated by
finding the point with lower NIQE between Max Gamma (gamma=10) and half of max
Gamma, i.e. gamma=>5 as:

[181] Threshold = (IQE(C) -IQE(A))/2

[182] Further, the ideal NIQE is calculated by subtracting initial NIQE by half difference
between compared above result and initial NIQE as:

[183] Ideal IQE = 1QE(A) + Threshold (8)

[184] In operation 838, in response to determining that the first image quality IQE is not
greater than the second image quality IQE, the electronic device 100 computes a
threshold as:

[185] Threshold = (IQE(B) -IQE(A))/2 (9)

[186] Ideal IQE = IQE(A) + Threshold (10)

[187] Therefore, in FIG. 8d, the electronic device 100 determines the point with lower
NIQE between Max Gamma and half of max Gamma. Ideal NIQE is
17.87-(17.87-12.65)/2 = 15.26. Searching ideal NIQE with absolute difference with
delta as 115.54 - 15.261 < 0.5 and the Stable Point D is obtained as Gamma = 1.5

[188] FIG. 8f illustrates a scenario of color compensation using gamma-correction in the
input image including the artifact, according to embodiments as disclosed herein.

[189] Referring to FIG. 8f, in conjunction with FIG. 8e, the NIQE versus the Gamma
comparison provides 1.5 as the best gamma-correction value for the input image. The
multiple output images obtained by varying the gamma-correction values is provided
and the best image is found at Gamma-correction value =1.5 in both the shadow case
and the glare case.

[190] FIG. 9a is an example illustrating a scenario of optical character recognition in the
related art.

[191] OCR is commonly used for aiding blind people in reading, to preserve books and
scripts in digital format, for e-signing and processing of digital documents. Generally,
with scanned images, the users face problems with various light conditions and thus

artifacts in the scanned images. Referring to FIG. 9A the shadow present in the image
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blocks the characters and thus OCR provides incomplete and wrong results which is
not acceptable. Therefore, the user needs to perform the tedious task of editing the
image for satisfying digital document requirements.

FIG. 9b is an example illustrating a scenario of the OCR by the electronic device
100, according to embodiments as disclosed herein.

Referring to FIG. 9b, the electronic device 100 captures the clear and sharp image
which provides the complete, correct results which can be used for digital docu-
mentation.

Therefore, using the proposed method the electronic device 100 removes the shadow
from the input image and then applies the OCR to obtain better results with very less
editing required.

FIG. 10a is an example illustrating a scenario of shadow captured along a black
background in the related art.

Referring to FIG. 10a, an image of an object is captured and is placed along a black
background. In images 1, 2 and 3, the shadow along the black background is still seen
and is not removed from the images. Further, the shadow along the black background
reduces the focus on the main object of the image therefore distorting the user ex-
perience.

FIG. 10b is an example illustrating a scenario of shadow along a black background
captured by the electronic device 100, according to embodiments as disclosed herein.

Referring to FIG. 10a, in conjunction with FIG. 10b, unlike the related methods and
systems, the electronic device 100 according to embodiments detects the shadow along
the black background and intelligently determines whether the shadow is wanted or
unwanted. In the example case, since the shadow along the black background is not
adding any value to images 1, 2 and 3, the shadow is classified as unwanted and
removed. Therefore, the electronic device 100 according to embodiments is able to dif-
ferentiate and manage the artifact even along black/dark backgrounds where the identi-
fication and differentiation of the artifact may not be possible or inefficient in tra-
ditional approaches.

FIG. 10c is an example illustrating a scenario of smart overlay of the artifact by the
electronic device 100, according to the embodiments as disclosed herein.

Referring to FIG. 10c, consider that the user is trying to capture the image in a live-
preview mode of the electronic device 100. In the live-preview mode, the electronic
device 100 provides an option of "smart overlay". The smart overlay refers to the
binary mask stored in the electronic device 100 which the user may choose to apply to
any of the images. Further, in step 1302c the user manually selects the "smart overlay"
option along a drop-down and the binary mask is automatically applied to the image

while the image is captured.
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FIG. 10d is an example illustrating a scenario of artifact removal in live-preview
mode of the electronic device 100, according to the embodiments as disclosed herein.

Referring to FIG. 10d, the electronic device 100 allows the user to choose whether to
capture the image in the live-preview mode with or without the shadow. In the
example, in operation 1302d, the electronic device 100 provides the live-preview mode
image of a book where its shadow is covering a portion of the book cover. The user
then selects the "Artifact remove" option from the drop-down then the electronic
device 100 captures the image of the book by removing the shadow.

FIG. 10e is an example illustrating an artifact managing active element in the live-
preview mode of the electronic device 100, according to the embodiments as disclosed
herein.

Referring to FIG. 10e, the electronic device 100 provides the artifact managing active
element which can be for example an icon, a button, etc. The user needs to manually
activate the artifact managing active element to enable the artifact management as
provided by the proposed method. In operation 1302e, the user has not activated the
artifact managing active element and hence the image preview includes the shadow on
the face of the user. In operation 1304e, the user has enabled the artifact managing
active element and hence the electronic device 100 determines that the shadow as the
unwanted artifact and removes the shadow while capturing the image.

FIG. 10f is an example illustrating example modes of managing the artifact by the
electronic device 100, according to embodiments as disclosed herein.

Referring to FIG. 10f, consider the input image as shown in operation 1302f which
includes shadow on the face of the user in region 1 and region 2. Consider a user mode
where the electronic device 100 allows the user to select the region of the shadow
which is wanted and the region of the shadow which are unwanted. In operation 1304f,
the electronic device 100 allows the user to retain the region 1 of the shadow and
remove the region 2 of the shadow. In operation 1306f, the electronic device 100
allows the user to vary the opacity of the region 1 shadow, thereby allowing the user to
further enhance the image.

Consider the auto-mode where the electronic device 100 automatically determines
the region of the shadow which is wanted and the region of the shadow which are
unwanted, and automatically applies the binary mask generated for the same. In
operation 1308f, the electronic device 100 determines that the region 1 of the shadow
and the region 2 of the shadow both are unwanted and hence both are removed.

FIG. 11ais a flow chart illustrating a method for managing the artifact of the image
by the electronic device 100, according to the embodiments as disclosed herein.

Referring to FIG. 11a, the electronic device 100 may be an augmented reality (AR)

device. In operation 1102, consider that the user is wearing the electronic device 100
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and selects "Artifact Mode" ON. In operation 1104, the electronic device 100 captures
the image frame and in operation 1106, the electronic device 100 sends the captured
image frame to connected devices. Further, in operation 1108, the connected devices
identify and remove the image artifact and in operation 1110, the image frame is resent
to the electronic device 100. In operation 1112, the electronic device 100 displays the
processed frame. Therefore, the proposed method can be executed by a third device
which is not the one which capture the image frame.

FIG. 11b is an example illustrating the management of the artifact of the image by
the electronic device 100, according to the embodiments as disclosed herein.

Referring to FIG. 11b, in conjunction with FIG. 11a, in operation 1120 the user has
not activated the artifact mode which is available in the electronic device 100 and
hence the image frame captured is displayed as it is with the shadow along the face of
the subject captured in the image frame. In operation 1130, the user activates the
artifact mode in the electronic device 100 and hence the shadow along the face of the
subject is automatically and intelligently removed and a clearer image is displayed.
Therefore, the proposed method is executed in real-time to obtain images without the
artifact.

The foregoing exemplary embodiments are merely exemplary and are not to be
construed as limiting. The present teaching can be readily applied to other types of ap-
paratuses. Also, the description of the exemplary embodiments is intended to be il-
lustrative, and not to limit the scope of the claims, and many alternatives, modi-
fications, and variations will be apparent to those skilled in the art. While the
disclosure has been shown and described with reference to various embodiments
thereof, it will be understood by those skilled in the art that various changes in form
and details may be made therein without departing from the spirit and scope of the

disclosure as defined by the appended claims and their equivalents.
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Claims

A method for processing image data, the method comprising:

recelving an input image;

extracting a plurality of features from the input image, wherein the
plurality of features comprise a texture of the input image, a color com-
position of the input image, and edges in the input image;

determining at least one region of interest (Rol) in the input image
including at least one artifact based on the plurality of features;
generating at least one intermediate output image by removing the at
least one artifact from the input image, using a plurality of generative
adversarial networks (GANs);

generating a binary mask using the at least one intermediate output
image, the input image, the edges in the input image, and edges in the
at least one intermediate output image;

categorizing the at least one artifact into a first artifact category or a
second artifact category, based on the binary mask to the input image;
and

obtaining a final output image by processing the input image based on a
category of the at least one artifact corresponding to the first artifact
category and or second artifact category.

The method as claimed in claim 1, further comprising:

generating a plurality of versions of the at least one intermediate output
image by varying a gamma value associated with the final output
image;

determining a naturalness image quality evaluator (NIQE) value for
each of the plurality of versions of the at least one intermediate output
image; and

displaying, as the final output image, one of the plurality of versions of
the at least one intermediate output image, which has a least NIQE
value, among the NIQE values for the plurality of versions of the at
least one intermediate output image.

The method as claimed in claim 1, wherein the extracting the plurality
of features from the input image comprises:

extracting the texture, the color composition, and the edges from the
input image based on Otsu thresholding, Gaussian Blur and edge
detection, respectively.

The method as claimed in claim 1, wherein the plurality of GANs
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comprise a negative generator, an artifact generator, a division
generator, a negative discriminator, a division discriminator, a re-
finement generator and a refinement discriminator.

The method as claimed in claim 4, wherein the generating the at least
one intermediate output image comprises:

determining a set of loss values for each of the plurality of GANs;
generating a first GAN image using the negative generator by removing
darkest regions of the at least one artifact in the input image;
generating a second GAN image using the artifact generator by
removing at least one of color continuous regions and texture
continuous regions of the at least one artifact in the input image;
generating a third GAN image using the division generator by
removing lightest regions of the at least one artifact and adding white
patch regions to the at least one artifact in the input image; and
generating the at least one intermediate output image without the at
least one artifact using at least one of the first GAN image, the second
GAN image and the third GAN image.

The method as claimed in claim 1, wherein the input image is a
previous input image, and the method further comprises:

receiving a new input image; and

overlaying the binary mask obtained for the previous input image on
the new input image.

The method as claimed in claim 1, wherein the at least one artifact is a
shadow or a glare.

The method as claimed in claim 1, wherein the first artifact category
corresponds to a wanted artifact, and the second artifact category cor-
responds to an unwanted artifact.

An electronic device for processing image data, the electronic device
comprising:

a memory storing instructions; and

a processor configured to execute the instructions to:

receive an input image;

extract a plurality of features from the input image, wherein the
plurality of features comprise a texture of the input image, a color com-
position of the input image and edges in the input image;

determine a region of interest (Rol) in the input image comprising at
least one artifact based on the plurality of features;

generate an at least one intermediate output image by removing the at
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least one artifact from the input image using a plurality of generative
adversarial networks (GANs);

generate a binary mask using the at least one intermediate output
image, the input image, the edges in the input image and edges in the at
least one intermediate output image;

categorize the at least one artifact into a first artifact category or a
second artifact category, based on the binary mask; and

obtain a final output image from the input image based on a category of
the at least one artifact that corresponds to the first artifact category or
the second artifact category.

The electronic device as claimed in claim 9, wherein the processor is
further configured to:

generate a plurality of versions of the at least one intermediate output
image by varying a gamma value associated with the final output
image;

determine a naturalness image quality evaluator (NIQE) value for each
of the plurality of versions of the at least one intermediate output
image; and

display a version of the final output image with a least NIQE value,
among the NIQE values for the plurality of versions.

The electronic device as claimed in claim 9, wherein the processor is
further configured to:

extract the texture, the color composition, and the edges based on Otsu
thresholding, Gaussian Blur, and edge detection, respectively.

The electronic device as claimed in claim 9, wherein the plurality of
GANSs comprise a negative generator, an artifact generator, a division
generator, a negative discriminator, a division discriminator, a re-
finement generator, and a refinement discriminator.

The electronic device as claimed in claim 12, wherein the processor is
further configured to:

determine a set of loss values for each of the plurality of GANs;
generate a first GAN image using the negative generator by removing
darkest regions of the at least one artifact in the input image;

generate a second GAN image using the artifact generator by removing
at least one of color continuous regions and texture continuous regions
of the at least one artifact in the input image;

generate a third GAN image using the division generator by removing

lightest regions of the at least one artifact and adding white patch
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regions to the at least one artifact in the input image; and

generate the at least one intermediate output image without the at least
one artifact using at least one of the first GAN image, the second GAN
image and the third GAN image.

The electronic device as claimed in claim 9, wherein the input image is
a previous input image, and the processor is further configured to:
receive a new input image; and

overlay the binary mask obtained for the previous input image on the
new input image.

The electronic device as claimed in claim 9, wherein the at least one

artifact is a shadow or a glare.



1729

PCT/KR2021/017284

WO 2022/124643

[

9seg|d ‘UoneuIojul
alep-01-dn 104

"MOIA U0 9q SAEM[B
10U AW 8inY20.q SIY}

Ul pals] Jie 0

uieps9 ‘uofe

SYIOM
ljeIsul

Ul sabueys o] Buimg

8INyooIg SIy}

u
n

Wy
v

10 SYIOM 8U)

¥

[Fig. 1]

901~

c0l




2/29

WO 2022/124643 PCT/KR2021/017284

.

L
e




WO 2022/124643

3/29

[Fig. 3]
100
ELECTRONIC DEVICE
120 140 180
MEMORY PROCESSOR DISPLAY
160
IMAGE ARTIFACT CONTROLLER
162 164a-164g
IMAGE FEATURE ARTIFACT
EXTRACTION MANAGEMENT
CONTROLLER GANs
166
MASK CLASSIFIER
168 170
IMAGE QUALITY IMAGE EFFECTS
CONTROLLER CONTROLLER

PCT/KR2021/017284



4/29

WO 2022/124643 PCT/KR2021/017284

[Fig. 4a]
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[Fig. 6f]
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[Fig. 7a]

INTERMEDIATE
OUTPUT IMAGE

REMOVE
ARTIFACT

702

706 704

INPUT IMAGE OUTPUT FROM
REFINEMENT GENERATOR

708 GREY SCALE SUBTRACTION
OUTPUT FROM REFINEMENT |— 710
CANNY EDGE DETECTION GENERATOR AND INPUT IMAGE

712 714 716

CANNY CANNY OUTPUT INPUT
INPUT FROM REFINEMENT BINARY
IMAGE GENERATOR MASK

722 MASK CLASSIFIER — 718

\

OBTAIN
MASK

— OUTPUT BINARY MASK — 720

PIXEL WISE OVERLAYING — 724

FINAL OUTPUT



PCT/KR2021/017284

17/29

WO 2022/124643
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[Fig. 8a]
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[Fig. 8b]
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[Fig. 8d]
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