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(57) Abstract: The present invention relates to a method of de-
tecting a skin-colored area using a variable skin color model. In
the method, an initial skin-colored area is extracted from an input
image using a skin color model, the initial skin-colored area being
repeatedly extracted by adjusting a threshold value, which is a cri-
terion for the selection of a skin-colored area, until a ratio of size
of the extracted skin-colored area to size of the entire input image
becomes less than a predetermined value. A skin-colored area is
extracted by applying the threshold value determined in the first
stage to the skin color model, the skin color model being modified
by analyzing characteristics of object regions and noise regions of
the skin-colored area. The skin-colored area detection method can
obtain a high skin-colored object detection rate and a high false
alarm rate even under various lighting and background condi-
tions.
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Description

Title of Invention: METHOD OF DETECTING SKIN-COLORED

[1]

[2]

[3]

[4]

[5]

[6]
[7]

[8]

AREA USING VARIABLE SKIN COLOR MODEL
Technical Field

The present invention relates generally to a method of detecting a skin-colored area
using a variable skin color model, and, more particularly, to a method of detecting a
skin-colored area, which can realize high detection accuracy even under various

lighting and background conditions.

Background Art

Technology for automatically detecting a facial region from an image captured by a
camera for the purpose of performing facial diagnosis, facial recognition, etc., and
technology for automatically detecting a facial region for the purpose of implementing
an automatic face tracking function have been developed. For these technologies,
methods of detecting skin color have been widely used.

Generally, since the distribution of skin colors varies according to the person and
also varies depending on lighting and environmental conditions, it is difficult to ac-
curately extract skin-colored areas from respective input images.

When the range of color values regarded as skin color is wide, skin-colored areas can
be extracted regardless of the features of input images. However, in this case, a false
alarm or false acceptance causing an area other than a skin-colored area to be er-
roneously regarded as a skin-colored area may occur. In contrast, when the range of
color values regarded as skin color is narrow, false rejection causing an actual skin-
colored area to be erroneously regarded as a non-skin-colored area may occur.

Therefore, the modification of a model for extracting an accurate skin-colored area in
line with the features of an input image is required.

Conventional technologies related to this modification are described below.

First, Korean Patent No. 2007-0016664 (registered on February 8, 2007) discloses an
apparatus and method for generating an RGB map for a skin color model and an
apparatus and method for detecting skin color using the RGB map generation
apparatus and method. This technology is directed to a scheme for extracting a skin-
colored area at high speed using a single fixed skin color model. However, this scheme
is disadvantageous in that the accuracy of skin color detection may be deteriorated
depending on variation in lighting conditions or the features of an input image.

Korean Patent No. 2007-0008271 (registered on January 17, 2007) discloses another
conventional technology directed to a method of detecting and tracking a person in a

frontal area in real time and a robot using this method. This technology is also disad-
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[9]

[10]

[11]

[12]

vantageous in that, since a person is detected using a single skin color model, the
accuracy of skin color detection may be deteriorated depending on lighting or

background conditions or the features of an input image.
Korean Patent No. 2006-0012777 (registered on February 9, 2006) discloses a further

conventional technology directed to a method of detecting a face using skin color and
pattern matching. This technology is configured to detect a skin-colored image using
an initially-established skin color model which is established within the range of pixel
values detected as pixels of skin color. In this case, when the range of pixel values,
detected as skin-color pixels depending on the features of an input image, is narrow, it
becomes sensitive to lighting, and thus a problem arises in that false rejection causing
an actual skin-colored area to be erroneously regarded as a non-skin-colored area
occurs. In contrast, when the range of pixel values is wide, another problem arises in
that a false alarm or false acceptance causing a non-skin-colored area to be erroneously
regarded as a skin-colored area occurs.

Korean Patent No. 2005-0050061 discloses yet another conventional technology
directed to a method of extracting features from a face for inspection. This technology
is directed to a scheme for converting an RGB image into a YCbCr image and
regarding the YCbCr image as a skin-colored image when the Cb and Cr values of the
YCbCr image fall within a specific range. This conventional technology is also
configured to detect skin color using a fixed skin color model. In this case, since the
fixed skin color model is used as in the above conventional technology, a problem

arises in that the accuracy of skin color detection is deteriorated.
Disclosure of Invention

Technical Problem

Accordingly, the present invention has been made keeping in mind the above
problems occurring in the prior art, and an object of the present invention is to provide
a method of detecting a skin-colored area using a variable skin color model, which
modifies a skin color model using feedback information in consideration of the

features of input images, thus improving the accuracy of detection of skin color.

Solution to Problem

In order to accomplish the above object, the present invention provides a method of
detecting a skin-colored area using a variable skin color model, comprising a first stage
of extracting an initial skin-colored area from an input image using a skin color model,
the initial skin-colored area being repeatedly extracted by adjusting a threshold value,
which is required to regard a relevant area as a skin-colored area, until a ratio of a size
of the extracted skin-colored area to a size of the entire input image becomes less than

a predetermined value, and a second stage of extracting a skin-colored area by
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applying the threshold value for extraction of a skin-colored area, determined in the
first stage to the skin color model, the skin color model being modified by analyzing
characteristics of object regions and noise regions of the skin-colored area.

[13] Preferably, the extraction of the skin-colored area in the first or second stage is

performed by the following equation:

] ' >
Skz'n(x,y):{ 1 if P(skin | color(x.3))>u

0 otherwise
[15] where

[14]

skin(x.y)
is a function indicating whether a color value of a given pixel

(x.3)

, that is,

color(x.y)

, is skin color (when
skin(x.y)
is 1,
color(x.y)
is regarded as skin color, whereas when
skin(x.y)
is O,
color(x.y)

is regarded as non-skin color),

p(skin | color(x.3))

is a skin color model indicating a probability that the color value of the pixel

(x.3)

, that is,

color(x.y)

, is skin color, and

OL

is a threshold value for the extraction of the skin-colored area.
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[16]

[17]

[18]

[19]

[20]

[21]

Preferably, the first stage comprises a first step of extracting the initial skin-colored
area using an initially-established skin color model from the input image, a second step
of calculating and analyzing the ratio of the size of the skin-colored area extracted at
the first step to the size of the entire input image, a third step of determining whether a
desired skin-colored area has been extracted by comparing the ratio of the size of the
extracted skin-colored area to the size of the entire input image, which was calculated
at the second step, with a preset reference value, and a fourth step of increasing the

threshold value (

CL

) for the extraction of the skin-colored area if it is determined that the ratio of the size
of the extracted skin-colored area to the size of the entire input image is greater than
the preset reference value, and thereafter repeating a procedure starting from the first
step.

Preferably, the initial skin color model is created by collecting a plurality of images
to construct a database, compiling statistics of color values which are used for skin
color and color values which are not used for the skin color, and approximating a skin
color probability model using a histogram or a Gaussian function.

Preferably, a color space used to construct the initial skin color model is one of RGB,
YCbCr, YUV, HSV, HLS, CIE, CIE L*a*b, CIE L*u*v, and normalized RGB color
spaces, and the initial skin color model is constructed using only color information of
the selected color space, other than brightness information.

Preferably, the initial skin color model is constructed using only color information of
the input image, other than brightness information.

Preferably, the second stage comprises a first step of extracting the skin-colored area
by applying the threshold value for the extraction of the skin-colored area, determined
in the first stage, to the skin color model, a second step of dividing the skin-colored
area extracted at the first step into object regions and noise regions, and analyzing
characteristics of the object regions and the noise regions, a third step of determining
whether the number of object regions starts to be at a constant level, thus determining
whether a desired skin-colored area has been extracted, a fourth step of modifying the
skin color model and repeating a procedure starting from the first step if it is de-
termined that the number of object regions is not at the constant level, and a fifth step
of outputting results of the extraction of the skin-colored area if it is determined that
the number of object regions is at the constant level.

Preferably, the second step comprises a first sub-step of dividing the extracted skin-
colored area into the object regions and the noise regions in consideration of a size of

the skin-colored area, and a second sub-step of analyzing characteristics of the object
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regions and the noise regions.
[22] Preferably, the second sub-step is performed to detect and analyze a number and

width of object regions, a number and width of noise regions, history of variation in
the number and width of object regions and noise regions obtained by comparison with
object regions and noise regions extracted when the skin color model before the
repetition is performed was used, and a ratio of the extracted skin-colored area to the
entire input image.

[23] Preferably, at the third step, the determination is performed, based on the results of
the analysis at the second step, depending on whether the number of object regions is
at the constant level after having been rapidly reduced or whether the number of object
regions is at the constant level after the repetition of the first to fourth steps has been
performed a predetermined number of times.

[24] Preferably, the fourth step is performed such that, when a skin color model in a k-th

repetitive procedure is
P (skin | color(x.3))

, a probability that a color value having a high probability of being included in noise

regions in a skin color model
P, (skin | color(x.y))

in a k-1-th repetitive procedure is skin color is set to '0', and a probability that a color
value having a high probability of being included in object regions is skin color is

maintained at an identical value.

Advantageous Effects of Invention
[25] The method of detecting a skin-colored area using a variable skin color model
according to the present invention, which is constructed as described above, is
configured to be directly fed back with the results of the detection of skin color and
modify both a criterion for the selection of a skin-colored area and a skin color model,
thus realizing a high detection rate for skin-colored objects and a low false alarm rate
even under various lighting and background conditions.
Brief Description of Drawings
[26] FIG. 1 is a flowchart schematically showing a concept of a method of detecting a
skin-colored area using a variable skin color model according to the present invention;
[27] FIG. 2 is a flowchart showing the overall algorithm of the method of detecting a
skin-colored area using a variable skin color model according to the present invention;
[28] FIG. 3 is a diagram showing an example in which the entire image is configured in
color of a tone similar to that of skin color;

[29] FIG. 4 is a flowchart showing the first stage of the method of detecting a skin-
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[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

colored area using a variable skin color model according to the present invention;
FIG. 5 is a flowchart showing the second stage of the method of detecting a skin-

colored area using a variable skin color model according to the present invention; and

FIGS. 6 to 17 are diagrams showing the comparison between the results of the ex-
traction of a skin-colored area obtained when conventional technology is applied to an
input image and the results of the extraction of a skin-colored area obtained when the
present invention is applied to the input image.
Best Mode for Carrying out the Invention

Reference should now be made to the drawings, in which the same reference
numerals are used throughout the different drawings to designate the same or similar
components.

Detailed specifications and embodiments of the present invention will be described
below with reference to the attached drawings.

A basic skin color model used in the present invention will be described first.

The basic skin color model is represented by

P(skin | color(x,yv))

, where

F

is the probability of the color value of a given pixel

(x.3)
, that is,
color(x.y)

, being skin color. When the dichotomous determination of whether a color value is

skin color or not, rather than the computation of a probability, is required,
y=
has a value of '0' when a color value is not skin color, whereas

F

has a value of '1' when a color value is skin color.
When an input image is divided into a skin-colored area and the remaining area by

applying the skin color model to the input image, Equation (1) is given as follows:

1 if P(skin | color(x.y))>u
ki —
skin(x.y) { 0 otherwise
(1)
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[38]

[39]

[40]

[41]

[42]

[43]

[44]

where

skin(x.y)

indicates whether the color value of the pixel

(x.3)

, that is,

color(x.y)

, 1s skin color, and is a function indicating that a relevant area is a skin-colored area

when

skin(x.y)

has a value of '1' at coordinates

(x.3)

whereas a relevant area is not a skin-colored area when

skin(x.,y)
has a value of '0".

Furthermore,

CL

is a threshold value required to select a skin-colored area using the skin color model,
and is a constant between O and 1.

FIG. 1 is a flowchart schematically showing a concept of the method of detecting a
skin-colored area using a variable skin color model according to the present invention.

The present invention is configured to establish an initial skin color model and
extract a skin-colored area so as to minimize the occurrence of false rejection re-
gardless of the occurrence of a false alarm.

Furthermore, the present invention is configured to be fed back with the results of the
extraction of the skin-colored area, extract and analyze the features of an image of the
extracted skin-colored area, and, when modification is required, modify both the
criterion for the selection of the skin-colored area and the skin color model until only a
desired skin-colored area is extracted.

In this case, the modification of the criterion for the selection of a skin-colored area

means that the threshold value

CL

required to determine the skin-colored area is modified.

FIG. 2 is a flowchart showing the overall algorithm of the method of detecting a
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[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]
[55]

skin-colored area using a variable skin color model according to the present invention,
and FIG. 3 is a diagram showing an example in which the entire image is configured in

color of a tone similar to that of skin color.
Referring to FIG. 2, the method according to the present invention can be divided

into two main stages.

The first stage is the stage of adjusting a condition required to regard a relevant area
of the entire image as a skin-colored area on the basis of the ratio of the skin-colored
area to the entire image, that is, the criterion for the selection of a skin-colored area, in
preparation for the case where the entire image has the tone of skin color, as shown in
FIG. 3.

That is, the first stage is configured to modify the value

OL
in Equation (1).
The second stage is the stage of modifying the skin color model in consideration of
the characteristics of an object and noise in the output skin-colored image.

That is, the second stage is configured to modify

P(skin | color(x,yv))

in Equation (1).
In this case, when an image in which most of the background has the tone of skin

color is not dealt with, the first stage may be omitted.

Mode for the Invention

Reference should now be made to the drawings, in which the same reference
numerals are used throughout the different drawings to designate the same or similar
components.

Detailed specifications and embodiments of the present invention will be described
below with reference to the attached drawings.

A basic skin color model used in the present invention will be described first.

The basic skin color model is represented by

P(skin | color(x,y))

, where

F

is the probability of the color value of a given pixel

(x.3)
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, that is,

color(x.y)

, being skin color. When the dichotomous determination of whether a color value is

skin color or not, rather than the computation of a probability, is required,
y=
has a value of '0' when a color value is not skin color, whereas

F

has a value of '1' when a color value is skin color.
[56] When an input image is divided into a skin-colored area and the remaining area by

applying the skin color model to the input image, Equation (1) is given as follows:

1 if P(skin | color(x.y))>u
ki =
skin(x.y) { 0 otherwise
(1)

[58] where

[57]

skin(x.,y)

indicates whether the color value of the pixel
(x.3)

, that is,
color(x.y)

, 1s skin color, and is a function indicating that a relevant area is a skin-colored area
when

skin(x.y)

has a value of '1' at coordinates

(x.3)

whereas a relevant area is not a skin-colored area when
skin(x.y)

has a value of '0'.
[59] Furthermore,

CL

is a threshold value required to select a skin-colored area using the skin color model,
and is a constant between O and 1.
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[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

FIG. 1 is a flowchart schematically showing a concept of the method of detecting a
skin-colored area using a variable skin color model according to the present invention.

The present invention is configured to establish an initial skin color model and
extract a skin-colored area so as to minimize the occurrence of false rejection re-
gardless of the occurrence of a false alarm.

Furthermore, the present invention is configured to be fed back with the results of the
extraction of the skin-colored area, extract and analyze the features of an image of the
extracted skin-colored area, and, when modification is required, modify both the
criterion for the selection of the skin-colored area and the skin color model until only a
desired skin-colored area is extracted.

In this case, the modification of the criterion for the selection of a skin-colored area

means that the threshold value

CL

required to determine the skin-colored area is modified.

FIG. 2 is a flowchart showing the overall algorithm of the method of detecting a
skin-colored area using a variable skin color model according to the present invention,
and FIG. 3 is a diagram showing an example in which the entire image is configured in
color of a tone similar to that of skin color.

Referring to FIG. 2, the method according to the present invention can be divided
into two main stages.

The first stage is the stage of adjusting a condition required to regard a relevant area
of the entire image as a skin-colored area on the basis of the ratio of the skin-colored
area to the entire image, that is, the criterion for the selection of a skin-colored area, in
preparation for the case where the entire image has the tone of skin color, as shown in
FIG. 3.

That is, the first stage is configured to modify the value

OL
in Equation (1).
The second stage is the stage of modifying the skin color model in consideration of
the characteristics of an object and noise in the output skin-colored image.

That is, the second stage is configured to modify

P(skin | color(x,y))

in Equation (1).
In this case, when an image in which most of the background has the tone of skin
color is not dealt with, the first stage may be omitted.

FIG. 4 is a flowchart showing the first stage of the method of detecting a skin-
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[77]

[78]
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[81]

[82]

colored area using a variable skin color model according to the present invention in
detail.

Referring to FIG. 4, the first stage of the method of detecting a skin-colored area
using a variable skin color model according to the present invention will be described
below.

First, an initial skin-colored area is extracted from an input image using an initially-
established skin color model at step S1-1.

That is, an initial skin color model

P{skin | color)

is established.

In the skin color model, the range of pixel values detected as skin color pixels is set
to a wide range so that all possible skin-colored areas can be extracted.

That is, even if the occurrence of false alarm increases in the results of the extraction
of the initial skin-colored area, the skin color model is established such that the oc-
currence of a false rejection is close to 0.

By way of example, the initial skin color model may be constructed by collecting
existing pictures to construct a database (DB), compiling the statistics of color values
used for skin color and the remaining color values, and approximating a skin color
probability model using a histogram or a Gaussian function.

Examples of a color space that can be used to construct the skin color model may
include RGB, YCbCr, YUV, HSV, HLS, CIE, CIE L*a*b, CIE L*u*v, normalized
RGB color spaces, etc. In order to create a skin color model insensitive to variation in
lighting, the skin color model is constructed using only color information other than
brightness information (for example, Y values in YCbCr color space, Y values in YUV
color space, L values in CIE L*a*b color space, etc.).

Next, the initial skin-colored area is extracted using the initial skin color model.

In this case, when the initial skin-colored area is extracted, the condition required to
regard a relevant area as a skin-colored area is maximally loosened so that all possible
skin-colored areas can be extracted, as in the case where the skin color model is es-
tablished.

That is,

OL

in Equation (1) is initially set to a small value as close to '0" as possible. For example,

CL

may be set to a value between 0 and 0.1.

After the initial skin-colored area has been extracted in this way using the initial skin
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[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

color model, an image of the extracted skin-colored area is analyzed at step S1-2.

That is, the ratio of the size of the extracted skin-colored area to the size of the entire
input image is calculated.

Next, whether a desired skin-colored area has been extracted is determined at step
S1-3.

That is, this step is configured to determine whether to repeat a procedure for
modifying a threshold value required to select a skin-colored area and re-extracting a
skin-colored area (in the order of S1-4 — S1-1 — S1-2 — S1-3) or whether to stop
such a repetitive procedure, in consideration of the ratio of the size of the extracted
skin-colored area to the size of the entire input image.

This step is described in detail. First, when the ratio is less than a predetermined
reference value, the process proceeds to the second stage.

In contrast, when the ratio of the size of the extracted skin-colored area to the size of
the entire input image is greater than the predetermined reference value, the repetitive
procedure for re-extracting a skin-colored area is performed.

Here, the reference value may be set to a value which is the reference required to dis-
tinguish skin color of a person from skin color included in a background. That is, the
skin color included in an excessively large area in the image is determined not to be
skin color of a person, and a re-extraction step is performed.

When the process proceeds to the re-extraction step, the criterion for the selection of

a skin-colored area is tightened at step S1-4. That is,

OL

in Equation (1) is gradually increased. As the value

CL

increases, the range of color regions identified as a skin-colored area decreases.

FIG. 5 is a flowchart showing the second stage of the method of detecting a skin-
colored area using a variable skin color model according to the present invention.

Referring to FIG. 5, the second stage of the method of detecting a skin-colored area
using a variable skin color model according to the present invention will be described
in detail.

The second stage of the method is the stage of modifying the initial skin color model,

and is configured to use the final value of

OL
obtained in the first stage and extract a skin-colored area by applying the skin color
model to the input image at step S2-1.

Next, the extracted skin-colored area is analyzed at step S2-2.
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[95]

[96]

[97]

[98]
[99]

[100]

[101]

[102]

[103]

[104]

This analysis step is described in detail. The extracted skin-colored area is divided
into object regions and noise regions. In this case, the division into the object regions
and the noise regions is performed in consideration of the size of the extracted skin-
colored area. Generally, it can be seen that the size of a noise region is smaller than
that of an object region.

Next, the characteristics of the object regions and the noise regions are analyzed.
Examples of the characteristics of the respective regions may include the number and
width of object regions, the number and width of noise regions, the history of variation
in the number and width of regions obtained by the comparison with regions extracted
when the previous skin color model was used, and the ratio of the extracted skin-
colored area to the entire input image.

Whether a desired skin-colored area has been extracted is determined at step S2-3. If
it is determined that a desired skin-colored area has not been extracted, the skin color
model is modified and stored at step S2-4. Thereafter, the procedure for extracting a
skin-colored area by applying the modified skin color model to the input image and
then analyzing the skin-colored area is repeated until a desired skin-colored area is
extracted (steps S2-1 to S2-3 are repeated).

When a desired skin-colored area has been extracted, the results of the extraction are

output at step S2-5.

In this case, the step of determining whether the desired skin-colored area has been
extracted is described in detail. First, whether to perform the procedure for modifying
the skin color model and re-extracting a skin-colored area (in the order of S2-4 — S2-1
— S2-2 — S2-3) or to stop that repetitive procedure is determined in consideration of
the characteristics of the object regions and the noise regions and the number of modi-
fications of the skin color model.

Examples of criteria required to determine whether a skin-colored area has been
extracted are described below.

a. The time point at which the number of object regions starts to be at a constant level
after having been rapidly reduced

b. The time point at which the number of object regions starts to be at a constant
level after a procedure including the 'skin color model modification step + skin-colored
area re-extraction step' has been performed a predetermined number of times

Whether a desired skin-colored area has been extracted is determined using these two
conditions.

In this case, the time point at which the number of object regions starts to be at a
constant level is detected by calculating a point at which a local minimum occurs first

in the history of the number of object regions based on the number of repetitions of the
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modification of the skin color model.

[105] A detailed procedure for modifying the skin color model if it is determined that the
desired skin-colored area has not been extracted yet will be described below.

[106] A skin color model

P, (skin | color)

in a k-th repetitive procedure is modified as follows.

[107] In a skin color model
P, (skin | color)

in a k-1 repetitive procedure, a probability that a color value having a high

probability of being included in noise regions (for example,
color= ¢,

is assumed) is skin color is set to '0". That is,

P (skin | ¢ )

=0 is set.
[108] Next, a probability that a color value having a high probability of being included in

object regions (for example,
color= c,

is assumed) is skin color is maintained at the original probability value. That is,
P (skin| ¢,)= P, (skin | c,)

18 set.

[109]  This relationship is represented by the following Equation (2):
[110] P (skin | color(x.,y))
P, (skin | color(x,y)) if P, (object | (skin | color(x,y))>8
- { 0 otherwise

(2)
[111] In the k-1-th repetitive procedure, a probability

P(object | (skin | color))

that the color value of a given pixel

(x.3)

, that is,
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color(x.y)
, 1s skin color and is included in the object regions is calculated by the following
Equation (3) based on Bayes' Theorem:

[112] P(Object | (Skln | COlOI‘(X:y))

[113]

[114]

[115]

_ P((skin | color) | object)P(object)
P((skin | color) | object)P(object)P((skin | color) | noise)P(noise)

os[color] Ly
T

o8 Tos+ Tm _ OS[COIOF"]

os[color] Ty +ns[color] ' T os| color| tns[color]

TOS T0S+ Tns Tns T0S+ Tns

3)

where

os|color]

is the number of pixels having a color value '

color

'in the object regions among regions extracted as a skin-colored area,

ns|color]

is the number of pixels having a color value '

color

'in the noise regions among regions extracted as the skin-colored area,

T

is the number of all pixels in the object regions among regions extracted as the skin-

o8

colored area, and

T

is the number of all pixels in the noise regions among regions extracted as the skin-

FES

colored area.
FIGS. 6 t0 9, 10 to 13 and 14 to 17 are diagrams showing the comparison between

the results of the extraction of a skin-colored area when the conventional technology is
applied to an input image and the results of the extraction of a skin-colored area when
the present invention is applied to the input image.

FIGS. 6, 10 and 14 are diagrams showing input images, FIGS. 7, 11 and 15 are
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[116]

[117]

[118]

[119]

[120]

[121]

[122]

diagrams showing the results of the extraction of a skin-colored area obtained when a
single fixed criterion for the selection of a skin-color area is used, FIGS. 8, 12 and 16
are diagrams showing the results obtained by performing the first stage according to
the present invention, and FIGS. 9, 13 and 17 are diagrams showing the final results of
the extraction of a skin-colored area according to the present invention.

In FIG. 6, half of a background region, as well as an object (personal) region, has
color of a tone similar to that of skin color.

In the conventional technology, that is, in the case where a fixed criterion for the
selection of a skin-colored area and a fixed skin color model are used, only the pure
skin-colored area of a person is desirably extracted in the case of FIG. 7.

When the skin-colored area detection method of the present invention is used, a skin-
colored area is extracted by adjusting a threshold value, which is the criterion for the
selection of a skin-colored area from a skin color model, until a desired image is
obtained, as shown in FIG. 8, and then the skin color model is modified to eliminate
the remaining noise regions. Accordingly, as shown in FIG. 9, a more accurate skin-
colored area can be extracted.

In contrast, as shown in FIG. 10, a skin-colored area coexists in an object (personal)
region and part of a background region. In this case, when the fixed skin color model
of FIG. 7 is used, even a personal region is not desirably detected, as shown in FIG. 11
(high false acceptance rate).

However, when the skin-colored area detection method of the present invention is
used, some skin-colored areas of the background region are detected as part of the
skin-colored area, which is noise, by the detection in the first stage, as shown in FIG.
11. However, since the skin color model is modified to exclude the color of noise
regions included in the skin-colored area detected in the second stage from the skin-
colored area, the pure skin color of a person can be extracted, as shown in FIG. 13.

In FIG. 14, the tone of the color of the background is similar to that of the skin color
of a person. When the fixed skin color model of FIG. 7 is used, a region of the skin
color tone included in the background is also extracted as a skin-colored area, as
shown in FIG. 15 (high false alarm rate), and thus only the skin-colored area of the
person cannot be accurately extracted. However, when the skin-colored area detection
method according to the present invention is used, only the skin-colored area of the
person can be accurately extracted, as shown in FIG. 17, via the results of the detection
of the first stage of FIG. 16.

As described above, although the preferred embodiments of a method of detecting a
skin-colored area using a variable skin color model according to the present invention
have been disclosed for illustrative purposes, those skilled in the art will appreciate that

various modifications, additions and substitutions are possible, without departing from
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[123]

the scope and spirit of the invention as disclosed in the accompanying claims.
Industrial Applicability

As described above, a method of detecting a skin-colored area using a variable skin
color model according to the present invention, which is constructed as described
above, is configured to be directly fed back with the results of the detection of skin
color and modify both a criterion for the selection of a skin-colored area and a skin
color model, thus realizing a high detection rate for skin-colored objects and a low

false alarm rate even under various lighting and background conditions.
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Claims
A method of detecting a skin-colored area using a variable skin color
model, comprising:
a first stage of extracting an initial skin-colored area from an input
image using a skin color model, the initial skin-colored area being re-
peatedly extracted by adjusting a threshold value, which is a criterion
for selection of a skin-colored area, until a ratio of a size of the
extracted skin-colored area to a size of the entire input image becomes
less than a predetermined value; and
a second stage of extracting a skin-colored area by applying the
threshold value determined in the first stage to the skin color model, the
skin color model being modified by analyzing characteristics of object
regions and noise regions of the skin-colored area.
The method according to claim 1, wherein the extraction in the first or

second stage is performed by the following equation:

1 if P(skin | color(x,3))>u
kin(x.,y)=
skin(x.y) { 0 otherwise

where

skin(x.,y)

is a function indicating whether a color value of a given pixel
(x.3)
, that is,

color(x.y)

, is skin color,

P(skin | color(x.y))

is a skin color model indicating a probability that the color value of the

pixel

(x.3)

, that is,

color(x.y)

, is skin color, and

OL
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[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]
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is a threshold value which is the criterion for the selection of the skin-
colored area.

The method according to claim 2, wherein the first stage comprises:

a first step of extracting the initial skin-colored area using an initially-
established skin color model from the input image;

a second step of calculating and analyzing the ratio of the size of the
skin-colored area extracted at the first step to the size of the entire input
image;

a third step of determining whether a desired skin-colored area has been
extracted by comparing the ratio of the size of the extracted skin-
colored area to the size of the entire input image, which was calculated
at the second step, with a preset reference value; and

a fourth step of increasing the threshold value (

O

) which is the criterion for the selection of the skin-colored area if it is
determined that the ratio of the size of the extracted skin-colored area
to the size of the entire input image is greater than the preset reference
value, and thereafter repeating a procedure starting from the first step.
The method according to claim 3, wherein the first step comprises:

a first sub-step of establishing the initial skin color model; and

a second sub-step of extracting the initial skin-colored area using both

the initial skin color model and the threshold value (

O

) having a value between 0 and 0.1.

The method according to claim 4, wherein the initial skin color model
is created by collecting a plurality of images to construct a database,
compiling statistics of color values which are used for skin color and
color values which are not used for the skin color, and approximating a
skin color probability model using a histogram or a Gaussian function.
The method according to claim 4, wherein a color space used to
construct the initial skin color model is one of RGB, YCbCr, YUV,
HSV, HLS, CIE, CIE L*a*b, CIE L*u*v, and normalized RGB color
spaces.

The method according to claim 4, wherein the initial skin color model
is constructed using only color information of the input image, other

than brightness information.
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The method according to claim 2, wherein the second stage comprises:
a first step of extracting the skin-colored area by applying the threshold
value, determined in the first stage, to the skin color model;

a second step of dividing the skin-colored area extracted at the first step
into object regions and noise regions, and analyzing characteristics of
the object regions and the noise regions;

a third step of determining whether the number of object regions starts
to be at a constant level, thus determining whether a desired skin-
colored area has been extracted;

a fourth step of modifying the skin color model and repeating a
procedure starting from the first step if it is determined that the number
of object regions is not at the constant level; and

a fifth step of outputting results of the extraction of the skin-colored
area if it is determined that the number of object regions is at the
constant level.

The method according to claim 8, wherein the second step comprises:

a first sub-step of dividing the extracted skin-colored area into the
object regions and the noise regions in consideration of a size of the
skin-colored area; and

a second sub-step of analyzing characteristics of the object regions and
the noise regions.

The method according to claim 9, wherein the second sub-step is
performed to detect and analyze the number and width of object
regions, the number and width of noise regions, history of variation in
the number and width of object regions and noise regions obtained by
comparison with object regions and noise regions extracted when the
skin color model before the repetition is performed was used, and a
ratio of the extracted skin-colored area to the entire input image.

The method according to claim 8, wherein at the third step, the deter-
mination is performed, based on the results of the analysis at the second
step, depending on whether the number of object regions is at the
constant level after having been rapidly reduced or whether the number
of object regions is at the constant level after the repetition of the first
to fourth steps has been performed a predetermined number of times.
The method according to claim 11, wherein at the third step, a time
point at which the number of object regions is at the constant level is
set to a point at which a first local minimum occurs in the history of the

variation in the number of object regions.
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[Claim 13] The method according to claim 8, wherein the fourth step is performed

such that, when a skin color model in a k-th repetitive procedure is

P (skin | color)

, a probability that a color value having a high probability of being

included in noise regions in a skin color model

P, (skin | color)

in a k-1-th repetitive procedure is skin color is set to '0', and a
probability that a color value having a high probability of being
included in object regions is skin color is maintained at an identical
value.

[Claim 14] The method according to claim 8, wherein at the fourth step, the modi-
fication of the skin color model is performed by the following equation

when a skin color model in a k-th repetitive procedure is

P (skin | color)

P (skin | color(x,y))

B Py (skin | color(x,3)) if P, (object | (skin | color(x,1))=0
_{ 0 otherwise

P(object | (skin | color(x,y))

_ P((skin | color) | object)P(object)
P((skin | color) | object)P(object)+P({skin | color) | noise)P(noise)

asl|ecolor] ) T oy
_ T s Tost T _ as|color]
os[color] T o n nslcolor] Ts os[color]*nslcolor]
T o Tos Tas T s Tost Tas

where

P(object | (skin | color))

is a probability that a color value of a given pixel

(x.3)

, that is,

color(x.y)

, 1s included in object regions when the color is the skin color,

i
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is the number of repetitions,

os|color]

is the number of pixels having a color value '

color

"in the object regions among regions extracted as the skin-colored area,

ns| color]

is the number of pixels having a color value '

color

' in the noise regions among regions extracted as the skin-colored area,

T

is the number of all pixels included in the object regions among the

[Zh)

regions extracted as the skin-colored area, and

T

is the number of all pixels included in the noise regions among the

FLY

regions extracted as the skin-colored area.
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[Fig. 12]
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