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Abstract. This research features a new method for skin color segmentation
using a 2D plane in the RGB color space. The RGB color values of the input
color image do not need to be converted into HSI or YIQ color coordinates that
have popularly been used for color segmentation. We have observed an
important fact that skin colors in the RGB color space are approximately
distributed in a linear fashion. Based on this fact, we have applied PCA
(Principal Component Analysis) techniques to RGB values of skin colors from
a set of training images. We detect skin regions by the lookup of skin color
histogram computed based on a 2D color plane of which two axes correspond to
two directions with smallest spread of skin colors.
The proposed 2D color plane for color histogram lookup has an advantage over
HS or IQ color planes. By using this plane, the problem of color constancy is
much relieved. A learned color histogram contains most skin colors detected in
the input images and at the same time, the distribution of skin colors in the
plane is invariant compared to those in the HS or IQ planes. We have evaluated
the performance of the proposed method by comparing with the performance of
color histogram lookup methods based on HS or IQ color plane. The
experimental results show that the performance of our method is robust to
illumination changes.

1 Introduction
Face and hand gesture recognition is critical to the realization of natural humancomputer interfaces based on computer vision. In order to recognize a face or gesture,
skin regions should be first detected in the input image. An efficient way of doing this
is color segmentation and a practical method is to employ a 2D lookup table of skin
colors based on a learned color histogram [1,2].
Color segmentation based on a RGB color space is known to be sensitive to
illumination changes. In most cases, the RGB color space is converted to HSI [7-10]
or YIQ [11] color spaces where the luminance and the chrominance components of a
color are separated. Two dimensional subspaces such as the HS plane of HSI color
space and the IQ plane of YIQ color space that correspond to the chrominance
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component (I of HIS or Y of YIQ) have usually been used for building a color
histogram because the luminance component is very sensitive to illumination changes.
One of the most desirable properties that a 2D color plane for color histogram must
satisfy is as follows. The distribution of skin colors in a learned color histogram
should not be much variant. At the same time, the learned color histogram should
contain most skin colors detected in the input images. If a 2D color plane that is used
for the color histogram provides this property, we rarely need to update the histogram.
In the case of illumination changes, the distribution of skin colors in the HS or IQ
planes is very variant. Figure 1 shows a color histogram of H (hue) and S (saturation)
values of the same skin region under various lighting conditions due to illumination or
hand pose changes. The distributions of H and S values of the same skin region are
quite different. This makes the use of a color histogram without its update for skin
color segmentation very hard [9, 12]. It is quite probable that HS or IQ values of
many skin pixels in the input image do not belong to the skin color regions of the
learned color histogram and that those pixels are classified as non-skin pixels. In most
cases, color histograms based on the HS or IQ plane need to be updated in order to
give performance robust to illumination changes.

Fig. 1. Histograms of H and S values of the same skin region under various lighting conditions
due to illumination or hand pose changes

We propose a 2D color plane of RGB color space that performs better than commonly
used HS or IQ color planes for color segmentation. The idea is based on the fact that
skin colors in the RGB color space are approximately distributed in a linear fashion
[3-6]. We have observed ourselves this fact through experiments as can be seen in Fig
5. We have applied PCA techniques to RGB values of skin colors from a set of
training images. We detect skin regions by the lookup of skin color histogram
computed based on a 2D color plane of which two axes correspond to two directions
with smallest spread of skin colors. In the color histogram based on the proposed 2D
plane, the distribution of skin colors form a tight cluster in a small region and is
relatively invariant in case of illumination changes. Thus, the problem of color
constancy is less severe than when HS or IQ planes are used. This alleviates the need
to update the color histogram. In addition, at the time of on-line detection, RGB pixel
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values do not need to be converted into another color coordinates such as HSI and
YIQ, resulting in saving of computation time and space. We have evaluated the
performance of the proposed plane by comparing with the performance of color
histogram lookup methods based on HS or IQ color plane using images under varying
illumination conditions. The Experimental results show that our method gives a good
segmentation performance robust to illumination changes.
This paper is organized as follows. The following section briefly reviews related
work. Section 3 presents the proposed method. Experimental results are reported in
section 4.

2 Related Work
A practical method for skin color segmentation is to employ a lookup table (i. e. 2D
color histogram) of skin colors [1,2] where the two axes of the lookup table
correspond to the chrominance component of an appropriate 3D color space. Most
commonly used color planes for building color histograms are the HS plane of HSI
color space and the IQ plane of YIQ color space as displayed in Fig. 2.
Lookup table methods typically process the input image pixel by pixel for
segmentation. In off-line, a two-dimensional lookup table of chrominance
components is computed from training images by using an appropriate color space. In
on-line, a pixel of the input image is simply classified as a skin pixel if it is one of the
entries in the lookup table computed off-line.
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Fig. 2. 2D color planes, HS and IQ, for building a color lookup table (i. e. color histogram)

3 The Algorithm Overview
We have implemented a simple algorithm for skin color segmentation to evaluate the
performance of the proposed 2D color plane for color histogram. The algorithm
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processes the input image pixel by pixel for segmentation. The algorithm is shown in
Fig. 3.
In off-line, we apply PCA techniques to RGB values of skin colors from a set of
training images and get a linear projection matrix. We build a 2D color histogram
based on a plane of which two axes correspond to directions of smallest spread of
RGB values of skin pixels. The vectors representing these two directions are the
column vectors of a linear projection matrix. In on-line, a pixel of the input image is
simply projected using the linear projection matrix computed off-line and simply
classified as a skin pixel if it is one of the entries in the lookup table.
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Fig. 3. A simple color histogram lookup algorithm for skin color segmentation to evaluate the
performance of the proposed 2D plane for color histogram

3.1 Principal Component Analysis
Let ; be a set of RGB values of pixels that belong to skin regions collected off-line.
JJG JJG
JJJG
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where 'L  ; L  0 . The covariance matrix, 67 , is computed as:

(2)
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The eigenvalues and eigenvectors of 67 are obtained using equation (4).
67 Ψ = ΨΛ

(4)
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where Ψ = >ψ  ψ  ψ  @ and Λ = >λ  λ  λ @ ( λ ≥ λ ≥ λ ) represent the eigenvectors and
eigenvalues, respectively.
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Two eigenvectors, ψ  and ψ  , that correspond to smallest eigenvalues, λ and λ ,
JG
represent two directions with smallest spread of ; L ’s (i. e. RGB values of skin
JG
pixels). A 2D lookup table (i. e. color histogram) is built by projecting all ; L ’s onto
JG
JG
the 2D plane defined by the two axes, ψ  and ψ  , as in equation (5). This lookup
table is loaded for online detection of skin colors. :SFD is a linear projection matrix of
JG
JG
which two column vectors are ψ  and ψ  .
JG
JJG
7
<L = : SFD
;L

(5)

4 Experimental Results
For the experiment, we have used facial images. Facial images are captured at three
meters away in three different lighting directions under varying lighting intensity.
Refer to Fig. 4. Images from frontal and side lighting were used for training and
images from 45° lighting for test.

Fig. 4. Facial images are captured in three different lighting directions for the experiment.

Fig. 5 shows a set of example images used in the experiment. Three levels of lighting
intensity were used: high, medium and low. Fig. 6 displays the distribution of RGB
values of skin pixels in the RGB color space. We can see that the distribution is quite
linear and that the first eigenvector from the PCA analysis will be in this direction of
the greatest change of RGB values.
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(a) frontal lighting

(b) side lighting (c) 45° lighting

Fig. 5. Examples of images used in the experiment

Fig. 6. (a) An example image, (b) (c) the visualization of the distribution of RGB values of skin
pixels in the RGB color space for two different viewpoints

Fig. 7 visualizes the color histograms of skin pixels in the training images for three
cases: (a) the proposed plane, (b) HS plane and (c) IQ plane. We can see that, in the
color histogram based on the proposed plane, skin colors form a much tighter cluster
than in HS or IQ planes. The distribution of skin colors is very wide and variant in the
HS and IQ planes.

(a) PCA

(b) HS plane

(c) IQ plane

Fig. 7. The visualization of 2D color histograms for three cases: (a) using the proposed plane,
(b) HS plane and (c) IQ plane. More frequent values are displayed brighter.
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Fig. 8 shows a set of results for skin color segmentation in the cases of the three
planes. As can be seen in Fig. 8 (b) and (c), when HS and IQ planes are used for color
segmentation, many non-skin pixels are classified as skin pixels under illumination
changes. This indicates that they were found in the entries of the color histogram
computed offline. The main reason for the errors is because the initial distribution of
HS and IQ values of skin pixels is not valid any longer as the illumination changes. In
contrast, the segmentation result using the proposed plane experimentally shows that
the color histogram based on the proposed plane does not vary as much as HS and IQ
planes. Based on the experimental results, we claim that the proposed plane has much
less problem of color constancy. These results indicate that color histograms based on
the HS or IQ planes need to be updated from time to time while color histogram based
on the proposed plane does not.



(a) (b) (c)

 (d)

Fig. 8. Segmentation results: (a) test images (b) for the HS plane (c) for the IQ plane , and (d)
for the proposed plane

5 Conclusions
Based on the fact that skin colors in the RGB color space are approximately
distributed in a linear fashion, we have proposed a novel but simple 2D plane in the
RGB color space for skin color segmentation that employs color histogram lookup.
The RGB color values of the input color image do not need to be converted into HSI
or YIQ color coordinates that have popularly been used for color segmentation. The
proposed 2D color plane is formed by the two axes of an RGB color space that
correspond to two directions with smallest spread of RGB values of skin pixels. The
experimental results show that the performance of skin color segmentation using the
proposed plane is much more robust to illumination changes compared to those using
HS or IQ planes.
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