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Abstract—In this paper, we were introduces a skin detection
method using a histogram approximation based on the mean shift
algorithm. The proposed method appliesthe mean shift procedureto a
histogram of a skin map of the input image, generated by comparison
with standard skin colors in the C,C, color space, and divides the
background from the skin region by selecting the maximum value
according to brightness level. The proposed method detects the skin
region using the mean shift procedure to determine a maximum value
that becomes the dividing point, rather than using a manually selected
threshold value, as in existing techniques. Even when skin color is
contaminated by illumination, the procedure can accurately segment
the skin region and the background region. The proposed method may
be useful in detecting facial regions as a pretrestment for face
recognition in various types of illumination.
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|. INTRODUCTION

ACE detection plays an important role in various areas of

human-computer interaction, such as face tracking,
content-based image data search systems, and gesture analysis.
Recently, skin detection methods based on skin color data have
attracted considerable attention because of their computational
efficiency in terms of rotation, size, and partial obstruction of
therelevant region. Skin color is used to complement geometric
data in designing accurate face detection systemg[1]-[4].
Research on skin detection is generally conducted using visible
spectrum images. However, skin detection in visible spectrum
images is limited by ambient illumination, camera
characteristics, ethnicity, and persona characteristics.
Procedures using non-visual spectrum images, such as infrared
images, have been considered as a means of resolving such
issues, but these procedures require prohibitively expensive
hardware devices or extremely limited environments [5]-[9].
When skin detection is conducted using predefined skin color
data, the skin similarity threshold value that divides the
background region from the skin region is determined from
repeated experimentation. Such methods are limited in that the
threshold values vary according to the experimental
environment and skin color data. Also, these threshold values
are not standardized objectively, and are partly based on
subjective user concepts. In this paper, unlike the statistical
approach, skin detection based on physical characteristics uses
aphysical model of inherent skin color.

Such physical models are often employed in research
methods to detect skin regions because they neglect
background-based changes in illumination, and use permanent
skin color characteristics.
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I1.METHODS OF SKIN DETECTION

The proposed technique includes color transformation, skin
map generation, histogram approximation to skin region
detection, establishment of threshold value using mean shift
algorithm.

A. Color transformation

It is to define the skin color region in skin color region
detection. This definition is accomplished using existing skin
color region images made from images of various people's
faces in varying ambient illumination. The effects of
illumination should be considered in detecting skin color
regions. In this study, the lower-dimensional C,C, color space
is used to minimize the effects of illumination [10]. Theimages
used in this study, the C, skin color values were distributed
primarily between 102 and 118, while the C; color values were
between 137 and 152. A standard skin color table was
constructed on the basis of 100 Korean male and female adults
illuminated by fluorescent lights in ordinary buildings.
According to the results of research on face detection, skin
color distribution is similar in form to a Gaussian distribution.
Thus, skin color distribution can be expressed asa 2D Gaussian

function G(uc,c, .2 c.c,) -

X; = [gi] ,i=1,2,..,N (1)
Gy = yEi Gy, @
G=1Ihc, ©
Hepey = % @
% ce, = WER (G~ ey ) (K — M)t (5)

Here, C,, and C, denote pixel color values, C, and C, denote
Gaussian mean color values, and ) ¢, ¢ denotes a 3D
Gaussian covariance matrix.

B. Skin map generation

The skin map used in this study is calculated from the skin
region similarity between a standard skin color table and input
images, and then normalized to brightness values between O
and 255. The skin map is generated by applying the
Mahal anobis distance to the Gaussian mean and covariance of
predefined skin color images.

C.Histogram approximation

The proposed techniqgue uses skin map histogram
approximation to efficiently detect skin regions in
environments with varying or complex illumination. The
procedureis carried out in three steps.
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First, the skin map histogram is regarded as adtstuous

function to be approximated by a continuous Gaunssianaxima

function, using the Bezier curve theorem[11]. Ie tkecond
step, the mean shift algorithm is used to find Gieus local
maxima in certain regions having similar
distributions, and the brightness values of pixelhe relevant
regions are approximated at the local maxima. érthird step,
the uniform brightness value of each region is stigated, and
the region with the highest brightness value iscted via
region growing.

D.Mean shift algorithm

In the mean shift algorithm, the mode of the proligbi
density function is found by hill climbing. The frability
density function indicates the brightness distiitnutof pixels
in the intensity image. The algorithm is a proceddor
converging on a local maximum point within the ladrria
repetitive calculation of mean locations and meeghiness
values of pixels having a similar brightness disttion in a
neighborhood of the given pixel. That is, the pixalue at the
current location is transformed to the brightneaki® at the
local maximum, and thus the brightness values engpatial
region are made uniform. Thus, the optimal segntienta
threshold value obtained by the mean shift algorith a point
having a valley-point in the boundary line betwaerform
regions, or in Gaussian histogram approximationu.E®)
expresses the mean shift algorithm.

_ inEN(x) Ps(xi—x)x;

m = ZHENe SRR (6)

ineN(x) Pg(x;)

Equ. (7) describes the transformation of the curperel
brightness value to the local maximum brightnedsevaia
the mean shift algorithm.

Py(x)=x+m+kO0<k<1 @)

Here, x denotes the current pixel brightness valod k
denotes the weight variable. Thug(x") transforms the
current pixel brightness value to the local maxintunghtness
value in a given region via Equ.(7). Equ (8) gitles optimal
threshold value for segmenting the background regiud the
skin region via Equations (9) and (10).

Th = max Py (x{) (8)

The maximum is used because the skin region isrightest
region in the skin map.

Equation (16) is the equation for region growing.

Ir = i, max Py (x{)

realized as follows.
Step 1. The RGB input image is transformed to bebGiC
image .
Step 2. From the analysis of standard skin colkin solor
similarity is calculated using the following fornayland a skin
map is generated.
Is = (x = Beye) Xepe, (X — Heye,)

Here, pc, ¢, denotes the meany ¢ denotes the

Cp

covariance, ang = < C
r

) is expressed as(@C, component of

chcr .

Step 3. Afterlg is quantized, a skin-map histograty is
obtained, and is approximated by a Gaussian fumetsing the
Bezier curve of De Castelli's algorithm.
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Here,I indicates the skin region. The proposed technigjue

(10)
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Step 4. The mean shift algorithm is used to findigd&an local

in certain regions having similar brightness
distributions, and the brightness values of pikelhe relevant
region are made uniform with the local maximum.

brightnesStep 5. After the brightness values of the segntergigions are

investigated, the regions having the maximum brighk$ value
are detected as skin regions via region growing.

Ill. RESULTS

In the experiment, RGB color images 320x240 in sieee
captured with an ordinary digital camera. Figursh®ws the
process of skin region detection via the proposethod. Fig.
1(a) shows the input image, and Fig. 1(b) shows the
normalization of skin similarity to brightness vafuof 0 to 255.
Fig. 1(b) is brighter than the background becaheddce of the
input image was accurately identified as the skigion by.
Figure 1(c) shows the brightness data of Fig. ¢@nverted to a
histogram, and Fig. 1(d) shows the continuous appration
of the histogram via De Castelli's algorithm. Hig) illustrates
the process of skin region detection via the pregasaethod.

(b) (©)

(d) (e)

Fig. 1 Skin detection process using the proposetiade (a) input
image, (b) skin-map of (a), (c) histogram of (ll), liistogram of (c)
smoothed by De Castelli's algorithm, (e) skin ragietection of (d)

by mean shift algorithm

Fig. 2 compares the proposed method to the existigtipod
[11] using the skin color model.

(@) (b)

Fig. 2 Comparison of the existing and proposed ousth(a) input
image, (b) result obtained by the existing mettfodresult obtained
by the proposed method

(©)

Fig. 2 shows the results of skin region detectisma the
existing method, which establishes an appropriateshold
value based on ambient illumination, and the predasethod,
in which segmentation points are determined viantiean shift
algorithm.
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Images used in skin detection experiments are ghyer [3]

captured in an internal environment under fluoresdight,
where skin color contamination by illuminationmsignificant.
In this study, strong illumination was deliberatgisojected
onto a certain part of the left side of the humasef to
investigate the performance of the proposed mefflod.same
skin color model was used with both the existingl dhe
proposed method for the sake of performance objactiFig.
2(a) shows input images in which illumination wasjected
onto the faces from a certain direction. Fig. 2bpws skin
detection results using the existing method, agd Hic) shows
the results using the proposed method. In this raxgat, the
threshold values for the existing method were seteérom
optimum skin detection values determined by expenitnAs
Fig. 2 indicates, the proposed method detected m€gions
more efficiently than the existing method, everuiothe skin
color was changed by the illumination in certairedtions.

The existing technique detected the region by d¢aticig
skin similarity and establishing a threshold vadtieach pixel,
while the proposed method applies the mean slgérithm to
the skin map histogram to find Gaussian local maxiim
certain regions having similar brightness distiitmg, and
assigns uniform brightness values to pixels in thekevant
regions.

IV. CONCLUSIONS

This study introduces a method of skin detectioapyglying
the mean shift algorithm to histogram data. Int@xgsmethods
using standard skin color models, skin similaribyeshold
values for segmenting the background region andskie

region are determined by repeated experimentatian.

weakness of these techniques is that the threstadlgs vary
according to illumination and environment. Alsotaddished
threshold values cannot be standardized objectivehd
include subjective factors, determined by individusers. In
the proposed method, a skin map histogram of aut inpage is
created by using standard skin color charactesistiche GC,

color space, accumulated data at each brightnesd e
analyzed via the mean shift algorithm, and the skigion is
detected by finding regional segmentation pointserEwhen
skin color is contaminated by illumination, the pedure can
accurately segment the skin region and the backgroegion.
The proposed method may be useful in detectinglfaegions
as a pretreatment for face recognition in varioyses of
illumination.

ACKNOWLEDGMENT

L. Zhengming, Z. Tong and Z. Jin,” Skin Detectiardolor Images”int'l

Conf. ICCET pp. 156-159, 2010.

[4] T. Uonggiu, Y. Faling, C. Guohua and J. ShizhongKin Color
Detection by Illumination Estimation and Normalipat in Shadow
Regions”, IEEE. Conf. ICIApp. 1082-1085, 2010.

[5] D.A. Socolinsky, A. Selinger, and J.D. Neuheiséldce Recognition
with Visible and Thermal Infrared ImageryGomputer Vision Image
Understandingvol. 91, no.2, pp. 72-114, 2003.

[6] S.G. Kong, J. Heo, B.R. Abidi, J. Paik, and M.A.idib “Recent
Advances in Visual and Infrared Face Recognition: R&view”.
Computer Vision Image Understandijngl.97, no.1, pp.103-135, 2005.

[71 A.S. Nunez and M. J Mendenhall,” Detection of Hun®kin in Near
Infrared Hyperspectral Imagery’|EEE. Int'l IGARSS. 2pp. 621-624,
2008.

[8] C. Liensberger, J. Stottinger and M. Kampel, “Cdased and
Context-Aware Skin Detection for Online Video Anation”, IEEE.
Trans. Intl'l MMSP pp. 1-6, 2009.

[9] Z. Pan, G. Healey, M. Prasad, and B. Tromberg, éRaecognition in
Hyperspectral ImagestEEE Trans. Pattern Anal. Mach. Intellol.25,
no.12, pp.1552-1559, 2003.

[10] W. Xinyu, X, Huosheng, W. Heng and L. Heng, “RobRstl-Time Face
Detection with Skin Color Detection and The ModifieCensus
Transform”.Int'l Conf. ICIA.pp. 590-595, 2008.

[11] R. L. Hsu, M. Abdel-Mottaleb, and A. K. Jain. “Fabetection in Color

Images”,|EEE Trans. on PAMIvol.24, no.5, pp.696-706, 2002.

Soo-young Yewas born in Pusan, Korea. She received the M@eédan
electronic engineering from Pusan National Univgrsh 1998. She received
the Ph.D. degree in biomedical engineering in 206¢h the same institution.
Her research interests include biomedical signatgssing and measurement.
She is currently a Professor at Dept. of Radiollgcience in Catholic
University of Pusan.

Ki-Gon Nam was born in Pusan, Korea. He received the M.Sredem
electronic engineering from Pusan National Unidgrsn 1977. He received
the Ph.D. degree in biomedical engineering in 188 the same institution.
His research interests include computer vision patern matching. He is
currently a Professor at Dept. of Electronics Eagiing, Pusan National
University.

Ki-Won Byun was born in Pusan, Korea. He received the M.S-egein
electronic engineering from Pusan National Unitgrsh 2007. His research
interests include computer vision and pattern magctHe is currently a course
of ph. D in Pusan National University.

This research was supported by Basic Science R#sear

Program through the National Research Foundation
Korea(NRF) funded by the Ministry of Education, Sae and
Technology(20120004409).

REFERENCES

[1] Z. Jiang, Z. Wu and M. Yao. “Skin Detection on Imaagwith Color
Deviation”,|IEEE Trans Congress on ServicPartll, pp. 171-174, 2008.

[2] S. Kherchaoui and A. Houacine, “Face Detection Baze A Model of
the Skin Color with Constranins and Template Matghi Int'l Conf.
Machine and Web Intelpp. 469-472., 2010

International Scholarly and Scientific Research & Innovation 6(7) 2012

692

of

1SN1:0000000091950263





