SKIN COLOR DETECTION METHOD, SKIN COLOR
DETECTION DEVICE, AND STORAGE MEDIUM

TECHNICAL FIELD

[0001] The present disclosure relates to the technical field of image processing, and in
particular, relates to a skin color detection method, a skin color detection device, and a

storage medium.

BACKGROUND

[0002] With the development of image processing technologies, skin color detection is
more and more widely used in daily life as an important technology. Skin color detection is
mainly intended to select a corresponding color range in an image as a skin color according
to an inherited color of the skin, which is also a process of selecting pixel points in a region
where the skin is located in the image. The pixel points in the region where the skin color is
located are also referred to as skin color points.

[0003] Generally, skin color detection may be performed on images captured under
various illumination conditions. For example, skin color detection is performed on images
captured in an indoor environment, a natural lighting environment, a yellow lighting
environment, a back lighting environment. In related arts, skin color detection may be
performed in two manners. In the first manner, a large quantity of skin color images may be
acquired, pixel value corresponding to respective pixel point in the acquired skin color
images is statistically collected, and the statistically collected pixel value is substituted to the
Bayes formula to calculate a probability that the pixel point corresponding to the pixel value
is a skin color point. In the second manner, a pixel value of respective pixel point in the skin
color images is statistically collected. When the pixel value is within a predetermined range,
it is determined that the pixel point corresponding to the pixel value is a skin color point; and
when the pixel value is not within the predetermined range, it is determined that the pixel
point corresponding to the pixel value is not a skin color point.

[0004] However, in the first manner, since there is a huge calculation load for the Bayes
formula, and during calculating by using the Bayes formula, and the illumination condition
for the pixel point corresponding to the pixel value is required to be unchanged, the

probability calculated by using the Bayes formula may not be applicable to the skin color
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images captured under all the illumination conditions. In the second manner, due to influence
of illumination, the pixel values corresponding to some skin color points may fluctuate
beyond the predetermined range in both directions. Therefore, results obtained by detection
according to the second manner are not continuous, and it is possible that the detection
results for the same skin color point under different illumination conditions are different. As
such, the accuracy of skin color detection on dynamic images is low. For example, due to the
influence of illumination, the pixel values of some skin color points in a video may typically
fluctuate beyond the predetermined range in both directions. Therefore, it is possible that
detection results for the same skin color point are not consistent, that is, some pixel points are

detected as a skin color point while the pixel points are not detected as a skin color point.

SUMMARY

[0005] To solve the problems that results obtained by skin color detection are not
applicable to all illumination conditions, and the obtained results are not consistent,
embodiments of the present disclosure provide a skin color detection method, a skin color
detection device, and a storage medium thereof. The technical solutions are as follows:
[0006] According to a first aspect of the embodiments of the present disclosure, a skin
color detection method is provided. The method comprises:

[0007] determining a chrominance signal value of a pixel value corresponding to each
pixel point in a target image under skin color detection in a luminance chrominance YUV
domain; searching for a skin color probability corresponding to the chrominance signal value
from a stored skin color index matrix based on the chrominance signal value of the pixel
value corresponding to the pixel point in the YUV domain; wherein the skin color index
matrix is generated after skin color images under various illumination conditions are
processed, and the skin color probability refers to a probability that the pixel point is a skin
color point; and performing skin color detection based on the skin color probability
corresponding to the chrominance signal value of each pixel point in the target image.

[0008] According to a second aspect of the embodiments of the present disclosure, a skin
color detection device is provided. The apparatus comprises a first determining module,
configured to determine a chrominance signal value of a pixel value corresponding to each
pixel point in a target image under skin color detection in a luminance chrominance YUV
domain; a searching module, configured to search for a skin color probability corresponding
to the chrominance signal value from a stored skin index matrix based on the chrominance
signal value of the pixel value corresponding to the pixel point in the YUV domain; wherein

the skin color index matrix is generated after skin color images under various illumination
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conditions are processed, and the skin color probability refers to a probability that the pixel
point is a skin color point; and a detecting module, configured to perform skin color detection
based on the skin color probability corresponding to the chrominance signal value of each
pixel point in the target image.

[0009] According to a third aspect of the embodiments of the present disclosure, a skin
color detection apparatus is provided. The apparatus comprises a processor, a memory and at
least one program code stored on the memory and executable on the processor; wherein the
processor, when executing the at least one program code, performs the steps in the method as
defined in the first aspect.

[0010] According to a fourth aspect of the embodiments of the present disclosure, a
computer-readable storage medium storing at least one instruction is provided; when being
executed by a processor, causes the processor to perform the steps in the method as defined
in any one of the first aspect.

[0011] The technical solutions according to the embodiments of the present disclosure
achieve the following beneficial effects:

[0012] In the embodiments of the present disclosure, since the skin color index matrix is
obtained after the skin color images under various illumination conditions are processed,
determining the probability that the pixel point in the target image is the skin color point by
the skin color index matrix may be applicable to various illumination conditions. In this way,
the problems that detection results under different illumination condition are inaccurate and
the detection results are non-contiguous are prevented, the accuracy of skin color detection is
improved, and various subsequent processings for the skin color point in the image are

facilitated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In order to describe the technical solutions in the embodiments of the present
more clearly, the following briefly introduces the accompanying drawings required for
describing the embodiments. Apparently, the accompanying drawings in the following
description show merely some embodiments of the present disclosure, and a person of
ordinary skill in the art may also derive other drawings from these accompanying drawings
without creative efforts.

[0014] FIG. 1 is a flowchart of a skin color detection method according to an embodiment
of the present disclosure;

[0015] FIG. 2 is a flowchart of a skin color detection method according to another

embodiment of the present disclosure;



[0016] FIG. 3A is a schematic block diagram of a skin color detection device according to
an embodiment of the present disclosure;

[0017] FIG. 3B is a schematic block diagram of a skin color detection device according to
another embodiment of the present disclosure;

[0018] FIG. 3C is a schematic block diagram of a generating module 305 according to an
embodiment of the present disclosure; and

[0019] FIG. 3D is a schematic block diagram of a third determining module 307

according to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0020] The present disclosure will be described in further detail with reference to the
accompanying drawings, to present the objects, technical solutions, and advantages of the
present disclosure more clearly.

[0021] For ease of understanding, prior to detailed interpretation and description of
embodiments of the present disclosure, application scenarios of the embodiments of the
present disclosure will be introduced first.

[0022] Skin color detection, as an important technology in image processing, is being
more and more widely used in daily life. In practice, the skin color detection may be applied
in various fields. Hereinafter, application scenarios of skin color detection are exemplarily
described.

[0023] For example, in images or videos, lightening and whitening are required for a face
region. After acquiring an image or video frame containing the human face, which pixel
points in the image are skin color points may be determined by skin color detection. A region
formed by the determined skin color points is taken as a skin region, and thus the skin color
regin is lightened and whitened, thereby achieving a retouching effect.

[0024] Still for example, when user identity verification is identified by face recognition,
after an image or video frame containing the human face is acquired, which pixel points are
skin color points may be determined by skin color detection, and a region formed by the
determined skin color points is taken as a skin region. Afterwards, face detection is
performed on the skin region, to more quickly and more effectively implement face
recognition.

[0025] Further, gesture recognition is exemplified. When functions such as selection and
confirmation, page switch, zoom-in and zoom-out, and rotation and the like of a smart
television are completed through gestures, generally after an image is acquired, which pixel

points are skin color points needs to be determined through skin color detection to determine
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a skin region corresponding to the skin color points in the image, and hence static or dynamic
gesture detection is performed on the skin region, to quickly complete gesture recognition
and achieve an effect of controlling the smart television.

[0026] The embodiments of the present disclosure are not only applicable to the above
three application scenarios. In practice, the embodiments may further be applicable to other
application scenarios, which are not described herein any further.

[0027] Hereinafter, a skin color detection method according to the embodiments of the
present disclosure is described in detail.

[0028] FIG. 1 is a flowchart of a skin color detection method according to an embodiment
of the present disclosure. Referring to FIG. 1, the method comprises the following steps:
[0029] Step 101: Chrominance signal values in a luminance chrominance YUV domain
of a pixel value corresponding to each pixel point in a target image under skin color detection
are determined.

[0030] Step 102: A skin color probability corresponding to the chrominance signal value
is searched for from a stored skin color index matrix based on the chrominance signal values
of the pixel value corresponding to the pixel point in the YUV domain.

[0031] The skin color index matrix is generated by processing skin color images under
various illumination conditions, and the skin color probability refers to a probability that the
pixel point is a skin color point.

[0032] Step 103: Skin color detection is performed based on the skin color probability
corresponding to the chrominance signal value of each pixel point in the target image.

[0033] Since the skin color index matrix is obtained through processing the skin color
images under various illumination conditions, determining the probability that the pixel point
in the target image is the skin color point through the skin color index matrix can be
applicable to various illumination conditions. In this way, the problems that detection results
under different illumination condition are inaccurate and the detection results are not
consistent are avoided, the accuracy of skin color detection is improved, and various
subsequent processings on the skin color point in the image are facilitated.

[0034] Optionally, prior to that the skin color probability corresponding to the
chrominance signal value is searched for from the stored skin color index matrix based on the
chrominance signal values of the pixel value corresponding to the pixel point in the YUV
domain, the method further comprises:

[0035] acquiring images carrying skin color points under various illumination conditions;
[0036] generating a binary image based on the chrominance signal values of a pixel value

of each skin color point in the image carrying the skin color points; and
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[0037] obtaining a distance matrix by distance transformation based on the pixel value of
each pixel point in the binary image; and

[0038] determining the skin color index matrix based on the distance matrix.

[0039] Optionally, generating the binary image based on the chrominance signal values
of the pixel value of each skin color point in the image carrying the skin color points
comprises:

[0040] generating a chrominance signal value image, wherein chrominance signal values
of pixel values of pixel points in the chrominance signal value image in the YUV domain are
arranged in predetermined directions in an ascending order;

[0041] determining, based on the chrominance signal value of the pixel value of each
skin color point in the skin color image in the YUV domain, a probability that each pixel
point in the chrominance signal value image is the skin color point; and

[0042] setting the pixel value of the pixel point with the probability being greater than or
equal to a predetermined pixel threshold in the chrominance signal value image to 1, and
setting the pixel value of the pixel point with the probability being less than the
predetermined pixel threshold to O, so as to obtain the binary image.

[0043] Optionally, determining the skin color index matrix based on the distance matrix
comprises:

[0044] determining a maximum distance value in the distance matrix;

[0045] determining a skin color probability corresponding to each distance in the
distance matrix based on the distance matrix and the maximum distance value; and

[0046] generating the skin color index matrix based on the skin color probability
corresponding to each distance in the distance matrix.

[0047] Optionally, determining the skin color probability corresponding to each distance
in the distance matrix based on the distance matrix and the maximum distance value
comprises:

[0048] determining the skin color probability corresponding to each distance in the
distance matrix based on the distance matrix and the maximum distance value through the
following formula:

.
SkinValue = exp(— 25" 4SThres 5550,

max dis
[0049] in the above formula, SkinValue denotes a skin color probability corresponding
to each distance in the distance matrix, dis denotes a distance in the distance matrix,

disThres  denotes a predetermined distance threshold, and ™Max dis denotes a maximum

distance value in the distance matrix.



[0050] Optionally, generating the skin color index matrix based on the skin color
probability corresponding to each distance in the distance matrix comprises:

[0051] generating, based on the skin color probability corresponding to each distance in
the distance matrix, the skin color index matrix according to arrangement of the distance
matrix; or

[0052] rounding the skin color probability corresponding to each distance in the distance
matrix, and generating, based on the rounded skin color probability, the skin color index
matrix according to arrangement of the distance matrix.

[0053] All the above optional technical solutions may form optional embodiments of the
present disclosure in any combination, which will not be elaborated herein in the
embodiment of the present disclosure.

[0054] FIG. 2 is a flowchart of a skin color detection method according to an exemplary
embodiment of the present disclosure. Hereinafter, the embodiment as illustrated in FIG. 1 is
described with reference to FIG. 2. Referring to FIG. 2, the method comprises the following
steps:

[0055] It should be noted that, in practice, prior to skin color detection on a target image,
a skin color index matrix may be generated through steps 201 to 204 firstly.

[0056] Step 201: Images carrying the skin color points are acquired under various
illumination conditions.

[0057] In practice, skin color detection needs to be performed on images captured under
various illumination conditions, and different illumination conditions may cause different
skin color detection results. Therefore, in order to improve the accuracy of skin color
detection, the images carrying the skin color points under various illumination conditions
may be acquired.

[0058] For example, images carrying the skin color points in an indoor environment, a
natural lighting environment, a yellow lighting environment, a counter lighting environment
and the like different illumination conditions may be acquired.

[0059] Step 202: A binary image is generated based on chrominance signal values in the
YUV domain of a pixel value of each skin color point in the image carrying the skin color
points.

[0060] It should be noted that, representing a color space by the YUV domain is a color
coding method adopted for European television systems, which is a color space employed in
Phase Alteration Line (PAL) and Sequentiel Couleur A Memoire (SECAM) analog color
television modes. In modern color television systems, a three-tube color camera or a color

charge-coupled device (CCD) camera are generally employed for capturing an image, and
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then captured color image signals are subjected to color separation, amplification and
correction respectively, to obtain an red green blue (RGB) image. Afterwards, the RGB
image is processed by a matrix transformation circuit to obtain a luminance signal Y and two
chrominance signal B-Y (that is, U) and R-Y (that is, V). Finally, a transmitting end
respectively encodes the three signals, namely the luminance signal Y, the chrominance
signal U and the chrominance signal V, and then transmits the signals over the same channel.
In this method, the color space is represented by the YUV domain. The significance of this
representation method is that the luminance signal Y is separated from the chrominance
signals U and V.

[0061] It should be further noted that the binary image refers to an image where the pixel
points are all black or white, with no transition color. In a grayscale image, the pixel value of
a black pixel point is 0, and the pixel value of a white pixel point is 255. For ease of
representation, in the binary image, the pixel value of the pixel point having the pixel value
255 is re-set to 1, and the pixel value of the pixel point having the pixel value 0 is maintained.
That is, the pixel value corresponding to each pixel point comprised in the binary image may
only be either 1 or 0.

[0062] Specifically, generating the binary image based on the chrominance signal values
in the YUV domain of the pixel value of each skin color point in the acquired image carrying
the skin color points may comprise: generating a chrominance signal value image,
chrominance signal values in the YUV domain of pixel values of pixel points in the
chrominance signal value image are arranged in predetermined directions in an ascending
order; determining, based on the chrominance signal values in the YUV domain of the pixel
value of each skin color point in the image, a probability that each pixel point in the
chrominance signal value image is the skin color point; setting the pixel value of the pixel
point with the probability being greater than or equal to a predetermined pixel threshold in
the chrominance signal value image as 1, and setting the pixel value of the pixel point with
the probability being less than the predetermined pixel threshold as 0, so as to obtain the
binary image.

[0063] The predetermined directions refer to arrangement directions of the chrominance
signals, and may be predefined. For example, the predetermined directions may be a
direction from the left to the right in which the values of the chrominance signals U are
arranged, and a direction from the bottom to the top in which the values of the chrominance
signals V are arranged. The predetermined pixel threshold may be predefined, and is intended
to judge whether a pixel value is a pixel value corresponding to the skin color point. For

example, the predetermined pixel threshold may be 0.8.
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[0064] It should be noted that, since the chrominance signal value image is generated by
arranging the chrominance signal values in the YUV domain of the pixel values of the pixel
points in predetermined directions in an ascending order, and chrominance signal values in
the YUV domain of the pixel values of the pixel points are values in the range between 0 and
255, the generated chrominance signal value image is an image of 256%256, and the binary
image generated based on the chrominance signal image is also an image of 256%256.

[0065] For example, the value of the chrominance signal U is taken as a horizontal axis,
the values of the chrominance signals U are sequentially arranged from O to 255 in the
direction from the left to the right; and the value of the chrominance signal V is taken as a
vertical axis, the values of the chrominance signals V are sequentially arranged from 0 to 255
in the direction from the bottom to the top, such that the chrominance signal value image is
generated. It is assumed that 100 skin color images are acquired, and a quantity of pixel
points in the 100 skin color images corresponding to each pair of chrominance signal values
in the chrominance signal value image is determined. Assuming that with respect to one pair
of chrominance signal values (5, 10), and the other pair of chrominance signal values (8, 12),
in the acquired 100 skin color images, there are 80 skin images where the pixel points with
the pair of chrominance signal values (5, 10) are the skin color points, and there are 60 skin
color images where the pixel points with the pair of chrominance signal values (8, 12) are the
skin color points, then it may be determined that the probability that the pixel points
corresponding to the chrominance signal values (5, 10) in the chrominance signal value
image is 0.8, and the probability that the pixel points corresponding to the chrominance
signal values (8, 12) in the chrominance signal value image is 0.6. Assuming that the
predetermined pixel threshold is 0.7, then since 0.8 is greater than 0.7, the pixel values of the
pixel points corresponding to the chrominance signal values (5, 10) may be set to 1; and
further, since 0.6 is less than (.7, the pixel values of the pixel points corresponding to the
chrominance signal values (8, 12) may be set to 0.

[0066] Step 203: A distance matrix is obtained through distance transformation based on
the pixel value of each pixel point in the binary image.

[0067] The distance transformation is a transformation for the binary image. In a binary
image, it may be considered that only target pixel points and background pixel points are
comprised. The pixel values of the target pixel points are 1, and the pixel values of the
background pixel points are O.

[0068] A distance between each pixel point in the binary image and a closest pixel point
with the pixel value 1 is determined, and the distance matrix is generated based on the

determined distance. The distance value of the pixel point with the pixel value 1 in the
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distance matrix is O, and the closer to the pixel point with the pixel value 1 is, the distance
value of the pixel point is smaller.

[0069] It should be noted that when the binary image is placed in a coordinate system,
each pixel point may have its respective coordinate values, and the distance between each
pixel point in the binary image and the closest pixel point with the pixel value 1 is calculated

through the following formula:

d=(x—xo) +(y=y,)

[0070] in the above formula, d denotes a distance between each pixel point in the binary

image and a closest pixel point with the pixel value 1, (x, y) denotes coordinates of the pixel
point, and (xo, yo) denotes coordinates of the pixel point with the pixel value 1 that is closest
to the pixel point.

[0071] It should be noted that the above formula is a continuous function, and the
distance value between each pixel point and the closest pixel point with the pixel value 1 is
also continuous. That is, a smooth and continuous curve may be drawn based on coordinates
of a pixel point, coordinates of a pixel point with the pixel value 1 that is closest to the pixel
point and a distance value between each pixel point and a closest pixel point with the pixel
value 1. Continuous points on the curve represent the distance between each pixel point and
the closest pixel point with the pixel value 1. Therefore, the distance value in the distance
matrix is a continuous value.

[0072] Step 204: The skin color index matrix is determined based on the distance matrix.
[0073] The skin color index matrix is generated through processing skin images under
various illumination conditions, and the skin color probability refers to a probability that the
pixel point is a skin color point.

[0074] Specifically, determining the skin color index matrix based on the distance matrix
comprises: determining a maximum distance value in the distance matrix; determining a skin
color probability corresponding to each distance in the distance matrix based on the distance
matrix and the maximum distance value; and generating the skin color index matrix based on
the skin color probability corresponding to each distance in the distance matrix.

[0075] Determining the skin color probability corresponding to each distance in the
distance matrix based on the distance matrix and the maximum distance value comprises:
determining the skin color probability corresponding to each distance in the distance matrix
based on the distance matrix and the maximum distance value through the following formula:

.
SkinValue = exp(— 25" dSThres o550

max dis

[0076] In the above formula, SkinValue denotes a skin color probability corresponding
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to each distance in the distance matrix, dis denotes a distance in the distance matrix,

disThres denotes a predetermined distance threshold, and Mmax dis denotes a maximum
distance value in the distance matrix. The predetermined distance threshold can be intended
to regulate the amplitude of variations of the skin color probability in the skin color index
matrix. The smaller the predetermined distance threshold is, the smaller the amplitude of the
variations of the skin color probability is; and on the contrary, the larger the predetermined
distance threshold is, the larger the amplitude of the variations of the skin color probability
is.
exp(= dis* disT'hres )

[0077] It should be noted that in the above formula, the value of max dis 1S
multiplied by 255, such that the calculation result is introduced into a 256%256 matrix for

exp(= dis *disThres
ease of search. In practice, the value of max dis may also not be multiplied by
255, such that a value in the range of 0 to 1 is obtained, and this value is taken as the
probability that a pixel point is the skin color point. Based on the distance matrix and the
maximum distance value, the skin color probability corresponding to each distance in the
distance matrix may further be determined in other ways, which is not limited in the present
disclosure.
[0078] Specifically, generating the skin color index matrix based on the skin color
probability corresponding to each distance in the distance matrix comprises: generating,
based on the skin color probability corresponding to each distance in the distance matrix, the
skin color index matrix according to arrangement of the distance matrix; or rounding the skin
color probability corresponding to each distance in the distance matrix, and generating, based
on the rounded skin color probability, the skin color index matrix according to arrangement
of the distance matrix.
[0079] It should be noted that the skin color probability corresponding to each distance in
the determined distance matrix may be a float type value. In this case, based on the skin color
probability, the skin color index matrix is generated according to arrangement of the distance
matrix. In this way, the skin color detection based on the generated skin color index matrix is
more accurate. However, since the skin color probability in such generated skin color index
matrix is the float type value which just represents the probability that the pixel point is the
skin color point, the pixel point may be determined as the skin color point when the
probability satisfies a predetermined condition. And it is not convenient for float type data to
be calculated. Therefore, the skin color probability corresponding to each distance in the

distance matrix may be rounded, and based on the rounded skin color probability, the skin

11



color index matrix is generated according to the arrangement of the distance matrix.

[0080] It should be further noted that since the distance values in the distance matrix are
continuous values, and the skin color index matrix is determined based on the distance matrix,
the skin color probabilities in the skin color index matrix are also continuous values. In the
generated skin color index matrix, the skin color probability O indicates that the pixel point
corresponding to the chrominance signal value must not be the skin color point, the skin
color probability 255 indicates that the pixel point corresponding to the chrominance signal
value is definitely the skin color point, and the skin color probability in the range of between
0 and 255 indicates the probability that the pixel point corresponding to the chrominance
signal value is the skin color point.

[0081] In the embodiment of the present disclosure, since the generated skin color index
matrix is obtained through transformations of continuous distances, the skin color
probabilities in the obtained skin color index matrix are also continuous. Accordingly,
regarding a video frame, since the skin color probabilities, obtained due to constant
variations of the adjacent pixel values caused by factors such as lighting and the like, are also
constantly variable, and jumps due to use of the threshold may not be caused, such that the
accuracy of skin color detection is improved.

[0082] After the skin color index matrix is generated through the above steps, when skin
color detection needs to be performed on the target image, skin color detection may be
implemented through steps 205 to 207.

[0083] Step 205: Chrominance signal values in the YUV domain of a pixel value
corresponding to each pixel point in a target image under skin color detection is determined.
[0084] It should be noted that, in practice, skin color in the image needs to be detected in
many scenarios. That is, pixel points in a region where the skin is located need to be selected
from the image. Since the skin color needs to be detected, it is required to judge whether the
pixel point in the image is the skin color point. Therefore, for each pixel point in the target
image under skin color detection, the chrominance signal values in the YUV domain of the
pixel value corresponding to the pixel point is determined, wherein the chrominance signal
values in the YUV domain of the pixel value corresponding to the pixel point is the value of
chrominance signal U or V.

[0085] It should be further noted that, if the target image under skin color detection is an
image in the YUV domain, with respect to each pixel point in the target image under skin
color detection, the chrominance signal values in the YUV domain of the pixel value
corresponding to the pixel point is determined. That is, the values of the chrominance signals

U and V in the YUV domain of the pixel value corresponding to the pixel point in the target
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image are determined. If the target image under skin color detection is an image in an RGB
domain, the image in the RGB domain needs to be converted to an image in the YUV domain,
and then the values of the chrominance signals U and V in the YUV domain of the pixel
value corresponding to the pixel point in the target image are determined from the image in
the YUV domain.

[0086] For example, when the target image under skin color detection is an image in the
YUV domain, assuming that the target image under skin color detection comprises three
pixel points, three pairs of chrominance signal values in the YUV domain of the pixel values
corresponding to the three pixel points are 5 and 10, 8 and 12, and 9 and 14, respectively.
[0087] Step 206: A skin color probability corresponding to the chrominance signal value
is searched for in a stored skin color index matrix based on the chrominance signal values in
the YUV domain of the pixel value corresponding to the pixel point.

[0088] Based on the chrominance signal values in the YUV domain of the pixel value of
each pixel point in the target image, the skin color probability corresponding to the
chrominance signal value is searched for in the stored skin color index matrix, wherein the
skin color probability is the probability that the pixel point corresponding to the chrominance
signal values is the skin color point.

[0089] For example, the chrominance signal values in the YUV domain of the pixel value
corresponding to a pixel point in the target image under skin color detection are 5 and 10, it is
found from the stored skin color index matrix that the skin color probability corresponding to
the chrominance signal values 5 and 10 of the pixel value is 0.8. That is, the probability that
the pixel point corresponding to the chrominance signal values 5 and 10 is the skin color
point is 0.8.

[0090] Step 207: Skin color detection is performed based on the skin color probability
corresponding to the chrominance signal values of each pixel point in the target image.
[0091] It should be noted that in practice, skin color detection based on the skin color
probability corresponding to the chrominance signal values of each pixel point in the target
image can be performed in the following two possible implementations. Nevertheless, in
practice, skin color detection based on the skin color probability corresponding to the
chrominance signal values of each pixel point in the target image may be performed in other
manners, which is not limited in the present disclosure.

[0092] In a first possible implementation, when it is determined based on the searched
skin color probability satisfies a predetermined skin color condition, the pixel point is
determined as the skin color point.

[0093] The predetermined skin color condition may be predefined according to different
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requirements. For example, the predetermined skin color condition may be whether the skin
color probability searched based on the chrominance signal values in the YUV domain of the
pixel value of the pixel point is greater a predetermined value.

[0094] For example, the predetermined skin color condition may be whether the skin
color probability searched based on the chrominance signal values in the YUV domain of the
pixel value of the pixel point is greater than 0.7. With respect to the target image under skin
color detection, assuming that with respect to a pixel point in the target image, the skin color
probability corresponding to the pixel values in the YUV domain of the pixel point which is
searched in the skin color index matrix is 0.8. Since 0.8 is greater than (.7, the pixel point is
determined as the pixel point.

[0095] Still for example, with respect to the target image under skin color detection, the
skin color probability that the chrominance signal values in the YUV domain of the pixel
value of a pixel point is searched for. In this case, a probability may be determined for each
pixel value in the target image, and the target image is entirely lightened. With respect to the
processed target image, the skin color probability of the chrominance signal values in the
YUV domain of the pixel value of a pixel point is determined, and a probability is
accordingly determined for each pixel point in the processed target image. An average value
is taken between the probability corresponding to each pixel pint in the processed target
image and the probability corresponding to each pixel point in the target image prior to
processing, and then the pixel point with the probability being greater than the predetermined
value is determined as the skin color point.

[0096] Still for example, with respect to the target image under skin color detection, the
target image under skin color detection is divided into a plurality of rectangular regions using
rectangular frame, the skin color probability corresponding to the chrominance signal values
in the YUV domain of the pixel value of each pixel in each rectangular region is determined,
and then the average value of the skin color probabilities of the pixel points in the rectangular
region is taken as the probability that the pixel points in this region are the skin color points.
When the probability is greater than the predetermined value, all the pixel points in this
region are determined as the skin color points.

[0097] In a second possible implementation, the skin color probability corresponding to
the chrominance signal values of each pixel point in the target image is specifically applied to
an application scenario to achieve the objective of skin color detection.

[0098] Where the skin color points in the target image need to be processed, all the pixel
points in the target image may be processed first to obtain a first processed image.

Afterwards, based on the skin color probability corresponding to the chrominance signal
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values of each pixel in the target image, the pixel values of the pixel points in the target
image and the pixel values of the pixel points in the processed image are mixed to obtain the
pixel values of the pixel points after processing. Based on the pixel values, a final processed
image is generated. In the final processed image, the skin color points are only processed,
such that skin color detection is implemented.

[0099] For example, when the skin color points in the target image need to be lightened,
all the pixel points in the target image are lightened first to obtain a processed image.
Afterwards, based on the skin color probability in the skin color index matrix, the pixel
values of the pixel points in the target image and the pixel values of the pixel points in the
processed image are mixed to obtain pixel values of pixels in the image in which the skin
color is lightened. Assuming that the pixel values of the skin color points in the target image
need to be increased by 30, then the pixel value of each pixel point in the target image is
increased by 30 to obtain a processed image. Afterwards, the probability that the pixel value
of each pixel point in the target image is the skin color point is searched for in the skin color
index matrix.

[00100] Assuming that a pair of chrominance signal values of a pixel point in the target
image are 120 and 110, a pair of chrominance signal values of the pixel point in the
processed image are 150 and 140, and it is determined from the skin color index matrix that
the probability that the pixel point corresponding to the chrominance signal values is the skin
color point is 0.9, then chrominance signal values 120 and 110 in the target image are
respectively multiplied by 0.1 to obtain another pair of chrominance signal values 12 and 11.
Afterwards, the pair of chrominance signal values 150 and 140 of the pixel point in the
processed image are respectively multiplied by 0.9 to obtain another pair of chrominance
signal values 135 and 126. Then, the chrominance signal values 12 and 11 are
correspondingly added to the chrominance signal values 135 and 126 to obtain final
chrominance signal values of the pixel point, 147 and 137. Based on the final chrominance
signal values 145 and 137, an image where the skin color is lightened is finally generated. In
this image, only the skin color points in the target image are lightened.

[00101] In the embodiment of the present disclosure, as an image comprises a plurality of
pixel points, skin color can be detected by determining whether the pixel points are skin color
points. When skin color detection needs to be performed on a target image, with respect to
each pixel point in the target image, chrominance signal values in the YUV domain of the
pixel value of the pixel point can be determined, such that a skin color probability
corresponding to the chrominance signal values in the YUV domain is searched for in a

stored skin color index matrix based on the chrominance signal values of the pixel value
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corresponding to the pixel point, and hence skin color detection is performed based on the
skin color probability corresponding to the chrominance signal values of each pixel point in
the target image. Since with respect to any image or video frame, a probability that a pixel
point is a skin color point can be quickly searched in the skin color index matrix based on the
chrominance signal values of the pixel point, which is applicable to application scenarios
such as retouching video and the like where real-time performance is strictly required. In
addition, since the generated skin color index matrix is obtained through continuous distance
transformations, the skin color probabilities in the obtained skin color index matrix are also
continuous. Accordingly, with respect to a video frame, since the skin color probabilities
obtained due to constant variations of the pixel values in adjacent frames caused by factors
such as lighting and the like are also constantly variable, and jumps due to use of the
threshold may not be caused. Since the skin color index matrix is obtained through
processing the skin color images under various illumination conditions, determining the
probability that the pixel point in the target image is the skin color point through the skin
color index matrix can be applicable to various illumination conditions. In this way, the
problem that detection results under different illumination conditions are inaccurate is
avoided, the accuracy of skin color detection is improved, and it is convenient to perform
various processing on the skin color point in the image.

[00102] The method according to the embodiments of the present disclosure is
hereinabove described with reference to the embodiments as illustrated in FIG. 1 and FIG. 2.
Hereinafter, a skin color detection device according to the present disclosure is described.
[00103] FIG. 3A is a schematic structural diagram of a skin color detection device
according to an embodiment of the present disclosure. Referring to FIG. 3A, the skin color
detection device comprises a first determining module 301, a searching module 302 and a
second determining module 303.

[00104] The first determining module 301 is configured to determine chrominance signal
values in a YUV domain of a pixel value corresponding to each pixel point in a target image
under skin color detection.

[00105] The searching module 302 is configured to search for a skin color probability
corresponding to the chrominance signal values in a stored skin color index matrix based on
the chrominance signal values in the YUV domain of the pixel value corresponding to the
pixel point.

[00106] The skin color index matrix is generated through processing skin color images
under various illumination conditions, and the skin color probability refers to a probability

that the pixel point is a skin color point.



[00107] The detecting module 303 is configured to perform skin color detection based on
the skin color probability corresponding to the chrominance signal values of each pixel point
in the target image.

[00108] Optionally, referring to FIG. 3B, the skin color detection device further comprises:
[00109] an acquiring module 304, configured to acquire images carrying the skin color
points under various illumination conditions;

[00110] a generating module 305, configured to generate a binary image based on the
chrominance signal values in the YUV domain of a pixel value of each skin color point in the
image carrying the skin color points; and

[00111] a transforming module 306, configured to obtain a distance matrix through
distance transformation based on a pixel value of each pixel point in the binary image; and
[00112] a second determining module 307, configured to determine the skin color index
matrix based on the distance matrix.

[00113] Optionally, referring to FIG. 3C, the generating module 305 comprises:

[00114] a first generating sub-module 3051, configured to generate a chrominance signal
value image, wherein chrominance signal values in the YUV domain of pixel values of pixel
points in the chrominance signal value image are arranged in predetermined directions in an
ascending order;

[00115] a first determining sub-module 3052, configured to determine, based on the
chrominance signal values in the YUV domain of the pixel value of each skin color point in
the image, a probability that each pixel point in the chrominance signal value image is the
skin color point; and

[00116] a setting sub-module 3053, configured to set the pixel value of the pixel point
with the probability being greater than or equal to a predetermined pixel threshold in the
chrominance signal value image as 1, and set the pixel value of the pixel point with the
probability being less than the predetermined pixel threshold as 0, so as to obtain the binary
image.

[00117] Optionally, referring to FIG. 3D, the second determining module 307 comprises:
[00118] a second determining sub-module 3071, configured to determine a maximum
distance value in the distance matrix;

[00119] a third determining sub-module 3072, configured to determine a skin color
probability corresponding to each distance in the distance matrix based on the distance
matrix and the maximum distance value; and

[00120] a second generating sub-module 3073, configured to generate the skin color index

matrix based on the skin color probability corresponding to each distance in the distance
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matrix.

[00121] Optionally, the third determining sub-module 3072 is configured to:

[00122] determine a skin color probability corresponding to each distance in the distance
matrix based on the distance matrix and the maximum distance value through the following
formula:

.
SkinValue = exp(— 25" 4SThres | o550

max dis
[00123] In the above formula, SkinValue denotes a skin color probability corresponding
to each distance in the distance matrix, dis denotes a distance in the distance matrix,

disThres denotes a predetermined distance threshold, and Mmax dis denotes a maximum
distance value in the distance matrix.

[00124] Optionally, the second generating sub-module 3073 is configured to:

[00125] generate, based on the skin color probability corresponding to each distance in the
distance matrix, the skin color index matrix according to arrangement of the distance matrix;
or

[00126] round the skin color probability corresponding to each distance in the distance
matrix, and generate, based on the rounded skin color probability, the skin color index matrix
according to arrangement of the distance matrix.

[00127] In the embodiment of the present disclosure, as an image comprises a plurality of
pixel points, skin color can be detected by determining whether the pixel points are skin color
points. When skin color detection needs to be performed on a target image, with respect to
each pixel point in the target image, chrominance signal values in the YUV domain of the
pixel value of the pixel point can be determined, such that a skin color probability
corresponding to the chrominance signal values is searched for in a stored skin color index
matrix based on the chrominance signal values in the YUV domain of the pixel value
corresponding to the pixel point, and hence skin color detection is performed based on the
skin color probability corresponding to the chrominance signal values of each pixel point in
the target image. Since with respect to any image or video frame, a probability that a pixel
point is a skin color point can be quickly searched in the skin color index matrix based on the
chrominance signal values of the pixel point, which is applicable to application scenarios
such as retouching video and the like where real-time performance is strictly required. In
addition, since the generated skin color index matrix is obtained through continuous distance
transformations, the skin color probabilities in the obtained skin color index matrix are also
continuous. Accordingly, with respect to a video frame, since the skin color probabilities

obtained due to constant variations of the pixel values in adjacent frames caused by factors
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such as lighting and the like are also constantly variable, and jumps due to use of the
threshold may not be caused. Since the skin color index matrix is obtained through
processing the skin color images under various illumination conditions, determining the
probability that the pixel point in the target image is the skin color point through the skin
color index matrix can be applicable to various illumination conditions. In this way, the
problem that detection results under different illumination condition are inaccurate is avoided,
the accuracy of skin color detection is improved, and it is convenient to perform various
subsequent processing on the skin color point in the image.

[00128] It should be noted that, during skin color detection by the skin color detection
device according to the above embodiments, the skin color detection device is just described
by taking divisions of the above functional modules as an example. In practice, the functions
may be assigned to different functional modules for implementation as required. To be
specific, the internal structure of the device is divided into different functional modules to
implement all or part of the functions as described above. In addition, the skin color detection
device according to the above embodiments is based on the same inventive concept as the
skin color detection method according to the embodiments of the present disclosure. The
specific implementation is elaborated in the method embodiments, which is not repeated
herein any further.

[00129] An exemplary embodiment further provides a non-transitory computer-readable
storage medium having instructions stored thereon, for example, a memory comprising
instructions. The instructions, when being executed by the processor of the apparatus, may
cause the processor to perform the above method. For example, the non-transitory
computer-readable storage medium may be a read-only memory (ROM), a random access
memory (RAM), a compact disc ROM (CD-ROM), a magnetic tape, a floppy disk, an optical
data storage device or the like.

[00130] That is, the instructions stored on the computer-readable storage medium, when
being executed by the processor of the apparatus, may cause the processor to perform the
method as illustrated in FIG. 1 or FIG. 2.

[00131] In the above embodiments, the technical solutions may be totally or partially
practiced by software, hardware, firmware or any combination thereof. During practice by
software, the technical solutions may be totally or partially implemented in the form of a
computer program product. The computer program product comprises one or a plurality of
computer-executable instructions. The instructions, when being loaded and executed on a
computer, may cause the computer to totally or partially perform the procedures or functions

in the embodiments of the present disclosure. The computer may be a general computer, a
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dedicated computer, a computer network, or other programming device. The
computer-executable instructions may be stored in a computer-readable storage medium, or
transferred from one computer-readable storage medium to another. For example, the
computer-executable instructions may be transmitted from one website, computer, server or
data center to another in a wired fashion (for example, a coaxial cable, an optical fiber, a
digital subscriber line (DSL) or a wireless fashion (for example, an infrared ray, a radio, a
microwave or the like). The computer-readable storage medium may be any available
medium that is accessible by a computer or a data storage device such as a server, a data
center or the like integrated with one or a plurality of available media. The available medium
may be a magnetic medium (for example, a floppy disk, a hard disk or a magnetic tape), an
optical medium (for example, a digital versatile disc (DVD)), or a semiconductor medium
(for example, a solid state disk (SSD)) or the like.

[00132] The foregoing descriptions are merely exemplary embodiments of the present
disclosure, and are not intended to limit the present disclosure. Within the spirit and
principles of the disclosure, any modifications, equivalent substitutions, improvements, etc.,

are within the protection scope of the present disclosure.
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CLAIMS

What is claimed is:

1. A skin color detection method, comprising:

determining chrominance signal values in a luminance chrominance YUV domain of a
pixel value corresponding to each pixel point in a target image under skin color detection;

searching for a skin color probability corresponding to the chrominance signal values in
a stored skin color index matrix based on the chrominance signal values in the YUV domain
of the pixel value corresponding to the pixel point, wherein the skin color index matrix is
generated through processing skin color images under various illumination conditions, and
the skin color probability is a probability that the pixel point is a skin color point; and

performing skin color detection based on the skin color probability corresponding to the

chrominance signal values of each pixel point in the target image.

2. The method according to claim 1, wherein prior to searching for the skin color
probability corresponding to the chrominance signal values in the stored skin color index
matrix based on the chrominance signal values in the YUV domain of the pixel value
corresponding to the pixel point, the method further comprises:

acquiring images carrying the skin color points under various illumination conditions;

generating a binary image based on the chrominance signal values in the YUV domain
of a pixel value of each skin color point in acquired the images carrying the skin color points;

obtaining a distance matrix through distance transformation based on the pixel value of
each pixel point in the binary image; and

determining the skin color index matrix based on the distance matrix.

3. The method according to claim 2, wherein generating the binary image based on the
chrominance signal values in the YUV domain of the pixel value of each skin color point in
the image carrying the skin color points comprises:

generating a chrominance signal value image, wherein chrominance signal values in the
YUV domain of pixel values of pixel points in the chrominance signal value image are
arranged in predetermined directions in an ascending order;

determining, based on the chrominance signal values in the YUV domain of the pixel
value of each skin color point in the image, a probability that each pixel point in the
chrominance signal value image is the skin color point; and

setting the pixel value of the pixel point with the probability being greater than or equal
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to a predetermined pixel threshold in the chrominance signal value image as 1, and setting
the pixel value of the pixel point with the probability being less than the predetermined pixel

threshold as 0, so as to obtain the binary image.

4. The method according to claim 2, wherein determining the skin color index matrix
based on the distance matrix comprises:

determining a maximum distance value in the distance matrix;

determining a skin color probability corresponding to each distance in the distance
matrix based on the distance matrix and the maximum distance value; and

generating the skin color index matrix based on the skin color probability corresponding

to each distance in the distance matrix.

5. The method according to claim 4, wherein determining the skin color probability
corresponding to each distance in the distance matrix based on the distance matrix and the
maximum distance value comprises:

determining the skin color probability corresponding to each distance in the distance
matrix based on the distance matrix and the maximum distance value through a following
formula:

.
SkinValue = exp(— 25" 4SThres | o550

max dis
wherein SkinValue denotes a skin color probability corresponding to each distance in
the distance matrix, dis denotes a distance in the distance matrix, disThres denotes a

predetermined distance threshold, and ™Max dis denotes a maximum distance value in the

distance matrix.

6. The method according to claim 4 or claim 5, wherein generating the skin color index
matrix based on the skin color probability corresponding to each distance in the distance
matrix comprises:

generating, based on the skin color probability corresponding to each distance in the
distance matrix, the skin color index matrix according to arrangement of the distance matrix;
or

rounding the skin color probability corresponding to each distance in the distance matrix,
and generating, based on the rounded skin color probability, the skin color index matrix

according to arrangement of the distance matrix.
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7. A skin color detection device, comprising:

a first determining module, configured to determine chrominance signal values in a
luminance chrominance YUV domain of a pixel value corresponding to each pixel point in a
target image under skin color detection;

a searching module, configured to search for a skin color probability corresponding to
the chrominance signal values in a stored skin color index matrix based on the chrominance
signal values in the YUV domain of the pixel value corresponding to the pixel point, wherein
the skin color index matrix is generated through processing skin color images under various
illumination conditions, and the skin color probability is a probability that the pixel point is a
skin color point; and

a detecting module, configured to perform skin color detection based on the skin color
probability corresponding to the chrominance signal values of each pixel point in the target

image.

8. The skin color detection device according to claim 7, further comprising:

an acquiring module, configured to acquire images under various illumination
conditions;

a generating module, configured to generate a binary image based on the chrominance
signal values of a pixel value of each skin color point in the image carrying the skin color
points;

a transforming module, configured to obtain a distance matrix through distance
transformation based on a pixel value of each pixel point in the binary image; and

a second determining module, configured to determine the skin color index matrix based

on the distance matrix.

9. The skin color detection device according to claim 8, wherein the generating module
comprises:

a first generating sub-module, configured to generate a chrominance signal value image,
wherein chrominance signal values in the YUV domain of pixel values of pixel points in the
chrominance signal value image are arranged in predetermined directions in an ascending
order;

a first determining sub-module, configured to determine, based on the chrominance
signal values in the YUV domain of the pixel value of each skin color point in the image, a
probability that each pixel point in the chrominance signal value image is the skin color point;

and
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a setting sub-module, configured to set the pixel value of the pixel point with the
probability being greater than or equal to a predetermined pixel threshold in the chrominance
signal value image as 1, and set the pixel value of the pixel point with the probability being

less than the predetermined pixel threshold as 0, so as to obtain the binary image.

10. A skin color detection apparatus, comprising a processor, a memory and at least one
program code stored on the memory and executable by the processor; wherein the processor,
when executing the at least one program code, implements the steps in the method as defined

in any one of claims 1 to 6.
11. A computer-readable storage medium having at least one instruction stored thereon;

wherein the at least one instruction, when being executed by a processor, causes the

processor to perform the steps in the method as defined in any one of claims 1 to 6.
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