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Abstract

The skin color of a human being is the important
memory color influencing image quality for color
display. Therefore, in this paper, the preferred skin
color axis is defined on HSV color space by analyzing
some previous research, and the preferred skin color
reproduction algorithm is performed by rotating the
center axis of skin distribution of an input image to
the preferred skin color axis.

1. Introduction

The observer’s preference is an important measure
to evaluate the quality of an image in display devices.
The preference indicates the degree of satisfaction of
observer with respect to an image. The memory color
1s widely used for the evaluation of preference and the
reproduction of preferred color. In particular, the skin
color of a human being is regarded as one of the most
important memory colors in color display [1-2].

In this paper, a new method is proposed to enhance
the quality of color image by analyzing some previous
research and considering of the preferred skin color.
The preferred skin color points in different color space
of the previous works are converted to the CIE 1976
(¢',V') chromaticity coordinates, what is called the
device independent color space. In addition, the
preferred skin color reproduction algorithm is
proposed by rotating the center axis of the distribution
of the skin color of an input image to the preferred
skin color axis in HSV color space.

2. Preferred Skin Color Analysis in (u',v")
Chromaticity Coordinates

The study of the preferred skin color has occupied
an 1mportant part for color reproduction, and
proceeded with much research [1-4]. The preferred
skin color points of previous researches are shown in
Fig. 1. The three ellipses in Fig. 1 indicate the
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preferred skin color areas that are ordered: Caucasoid,
Mongoloid, and Negroid from the left with the
Demas’s preferred skin color [3]. So, in this paper, the
center points of these ellipses are decided to the
preferred skin colors. In case of Lee’s preferred skin
color [4], the points are used without any adjustment
because those are presented accurately in the original
paper. Moreover, in case of the preferred skin color of
Demas and Lee, the center point of the preferred skin
color is classified by an ethnic group which is also
ordered Caucasoid, Mongoloid, and Negroid from the
left, respectively. In case of the preferred skin color
proposed by the Samsung [1], the point in YC,C, color
space is transformed to the («',v/) chromaticity
coordinates. At this occasion, the reference white
(De¢s) and the NTSC primaries are used for the
transformation. In addition, the preferred skin color
point of the ETRI [2] is converted from the L'a'b’
color space to the («',v') chromaticity coordinates by
using the value of (a’,b") introduced in this research
and by setting L’ properly through the experiments.

As shown in Fig. 1, most of the preferred skin color
points are located within Demas’s preferred skin color
region, but Lee’s preferred skin color points are
positioned far from the region. Specifically, the
preferred skin color points of Demas are closer to the
reference white than the preferred skin color of the
others. That is mainly because Demas’s experiment is
performed in Japan but the others are carried out in
South Korea. It may reflect the cultural difference
between the Korean and the Japanese. In case of the
preferred skin color proposed by the ETRI, their
position is similar to that of the Samsung as shown in
Fig. 1. However, the preferred skin color point of the
ETRI is dependent on the setting of L". The higher L’
is applied, the closer to Demas’s preferred skin color
the position is. In addition, the lower L" is set, the
closer to the preferred skin color of the Samsung the
position is.
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Figure 2 Color gradation images with respect to
preferred skin color proposed by (a) Demas

(Mongoloid), (b) Lee (Mongoloid), (¢) Samsung,
and (d) ETRI
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Figure 2 shows a gradation image for the preferred
skin color. Each of them is generated by varying the
luminance value in the («',V) chromaticity
coordinates. The black band on the gradation images
1s appeared due to the color gamut problem. That
indicates the part of odd value beyond the expressible
color when using the NTSC primarics and the
reference white (Dgs). Figure 3 shows the expressible
color with respect to the luminance values in the
(¥',V') chromaticity coordinates by using the NTSC
primaries and the reference white. As shown in Fig. 3,
the expressible color area tends to be shrink according
as the luminance value increases, and is gradually
converging into the reference white. In case of Lee’s
preferred skin color, the expressible luminance value
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is much lower than that of the others, because the
points are relatively far from the reference white.
These color gamut problem according to the
[uminance value is quite important for the color
reproduction. Unless the luminance value 1s

~considered during the color reproduction, the colors

out of the expressible area can be noise signals and
they may result in deteriorating of image quality.
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Figure 3 NTSC color gamut at varying luminance

Y from inner color gamut to outer color gamut,
where Y is 90, 80, 70, 60, 50, and 40, respectively

3. Preferred Skin Color Reproduction in HSV
Color Space

The preferred skin color area in Fig. 1, the deviation
of saturation i1s much larger than that of hue. This fact
shows that people has relatively similar preference
about hue but the tendency of various favorites about
saturation. Therefore, we propose the preferred skin
color reproduction method considering hue having
relatively common preference to the preferred skin
color as well as removing unnaturalness according to
the transition of saturation. HSV color space works
better for human eyes system than commonly used
RGB color space. Moreover, HSV color space has a
tremendous advantage. It is because human vision
system looks at the objects in this way, i.e., it
recognizes the hue and saturation.

Figure 4 shows an implementation example of the
proposed algorithm, which illustrates the overall flow
chart of the preferred skin color reproduction method
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in HSV color space. The proposed algorithm is
composed of three main procedures of the color space
conversion, the skin color pixel detection, and the
rotation of hue distribution. In the color space
conversion procedure, the color information received

from red, green, and blue of an input image is

transformed to hue (H), saturation (S), and value (V).
In the skin color pixel detection procedure, the skin
color pixels are detected by using the transformed hue,
saturation, and value [5]. The subtraction value of the
preferred skin color axis, denoted by AH, is computed
by applying the Eq. (1) to the obtained skin color
pixels, calculated in this manner. The skin color
distribution of the input image is now converted, in
order to mainly align the preferred skin color axis, by
applying AH to the skin color pixels. The proposed
method preserves skin color distribution of the input
image and modifies the center axis of the distribution
as shown in Fig. 5. Thus, the proposed method has an
advantage that the naturalness of the original image
can be maintained after converting the skin color into
the preferred skin color.
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Figure 4 Flow chart of proposed algorithm
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Figure 5 Preferred skin color reproduction in H-S
Space (preferred skin color axis was calculated by
Samsung’s preferred skin color)

4. Experimental Results and Discussions

Figure 6 shows the resultant portrait images of the
proposed algorithm. The original input image 1s rather
unnatural due to excessive scarlet color pixels as
shown in Fig. 6(a). This abnormal skin colors are
corrected by the proposed method using the hue axis
calculated from the preferred skin color proposed by
(b) Demas, (c) Lee, (d) Samsung, and (¢) ETRI. In
case of the preferred skin color proposed by Demas
and Lee, the point with respect to Mongoloid 1s used.
The result image based on Demas’s preferred skin
color in Fig. 6(b) becomes white because the preferred
skin color of Demas is the nearest one to the reference
white, as mentioned in Chapter 2. In case of the result
using the preferred skin color of Lee, compared with
the others, there is a big difference in the (¢, V')
chromaticity coordinates. However, in HSV color
space, the difference of hue is not great though the gap
of saturation is relatively wide. Eventually, the result
images in Fig. 6 are fairly similar. The primary reason
is that the proposed algorithm only considers the
distribution of hue. Exceptionally the result image
with respect to Demas in Fig. 6(b) shows remarkable
dissimilarity due to the cultural difference between the
Korean and the Japanese. In addition, the result of
using Demas’s preferred skin colors is possible to
include some errors, because the preferred skin color
point is arbitrarily regarded as the center point of the
ellipse area not considering whole the points there.



Figure 6 Preferred skin color reproduction images
with proposed algorithm: (a) Original image, (b)
reproduced image by Demas’s preferred skin
color, (¢) reproduced image by Lee’s preferred
skin color, (d) reproduced image by Samsung’s
preferred skin color, and (e) reproduced image by
ETRD’s preferred skin color

S. Conclusion

The appropriate points of the preferred skin color
are used to improve the quality of color image by
analyzing and considering some previous research.
Each of them is restricted to the expressible colors
with respect to varying the luminance value in the
device independent color spaces, and their saturations
are widely distributed. Therefore, we do not consider
luminance and saturation for the preferred skin color
reproduction.

The proposed method reproduces the preferred skin
color using the hue axis in HSV color space. And this
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method has an advantage that the naturalness of the
original image can be maintained after converting the
skin color into the preferred skin color.
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