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A Study on Adaptive Skin Extraction using a Gradient Map and
Saturation Features
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Abstract Real-time body detection has been researched actively. On the other hand, the detection rate of color
distorted images is low because most existing detection methods use static skin color model. Therefore, this paper
proposes a new method for detecting the skin color region using a gradient map and saturation features. The basic
procedure of the proposed method sequentially consists of creating a gradient map, extracting a gradient feature of
skin regions, noise removal using the saturation features of skin, creating a cluster for extraction regions, detecting
skin regions using cluster information, and verifying the results. This method uses features other than the color to
strengthen skin detection not affected by light, race, age, individual features, etc. The results of the detection rate
showed that the proposed method is 10% or more higher than the traditional methods.
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(b) Gradient map

(a) Original image
[Fig. 2] Gradient map of sobel operator
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(b) Histogram of the
skin regions

(a) Histogram of the
entire image

[Fig. 3] Gradient histograms of the entire image and the
skin regions

(a) Histogram of the
entlre image

(b) Histogram of the
skin regions

T R

(c) Density of the
histogram (a).

(d) Density of the
histogram (b)

[Fig. 4] Gradient-saturation 2D histogram of the entire
image and the skin image
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[Fig. 7] Cluster of Cb/Cr 2D histogram
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[Fig. 8] Example image for learning skin color

.,
ofo
%
H
)
o
=
-

2
18
o,

sx& sy 71EY Wy
< 9

4 Ch, Cr &=



©)

(zsinf—ycosh)?

J’_

1t A (6 A4

had

o

(2 cosf+ysind)?

>

Chet Crites 7M1= sk
1

THe= oAl

A 3l

2

}2

3l Fig. (8)
o], Aol u}=
A

o

oAl 2

T

171 ¢

°©
7

=

EE
57
43

]

o
R

o} sx9) sy & AbE

hal

stk A s 2E19L Fig. (9)9)

3]
S

o]
1% 30001 49] ARelA olel

A

[e]

Aet7|getal=RA Asd ATE, 2014

EadES A4

gl

k]

Ch, Cr %k

Ea

b2

O

4+

e

ol
)

o
o

H
)
®

sl 913

S

Q

EEERER
ol

e

ol g el

M, &

=

320x240 (B+= 240x320) 374

A &o|th N2 A4/ 5}

o
S
Al
)

E]
=1

[

=
o
5

#}_1

S

L
L

FP
A

o thz

3
=,

[e)

3147g9] AR
A

Fe gl

M- ]%skin

j‘lskin
j\/;kin

S
=5
=

Nski

=

I

L

A

RE 28942 Adobe Photoshop

Cx¢} Cy
o] m]
TP

TP

X
o A
B-(Magic Wand Tool) 7]

€

%

Al

=

54
shar

]

RRs

39 (sx, sy)
[¢)

[¢]
o
©] 2.39 Erh

= AoR A

O

A
4
gl

aHA] egkom,

S

)

=

=2 A

Ztid A Dizk 4y
= a
o] ¢l

o %
A

]

T
Rl

=]
=
Bl

A=
o
[S 2 =1

E}
o

© 7 ARE3) Fig. (8)9

Al A
=g

L2
Z2H 99

=

SR Ae) Ch/Cr 87 8| 2E oA ekt 22
Y

1 32 sx = 107.83, sy = 15117 & YEPd) sxo} sy

L

Fig. 9014 yehd 97490 22

=

[Fig. 9] Cb/Cr 2D Histogram of skin colors
o 5

=

o

A

A

£}

—_

ol
A
N

)
n-

I~
&%,

g (5]t

oA A 7]

-

[e]
pul

3 Hsu’t A

171 913

2 H|ald

=

o 45 Aol

4512

| =y
a

Ast A4

i

o
el

A3

[e)

T

s ol 22z F et 7}

1A= S 2E
9 Ale] Fe 2 FHE AFA AL Fe2E

5.9}

S

L

A3
[e]

=

=
&

k(5] £ w=ellA

o 2¢~H



B

~

ol

&

3l

A)
=

ol A A <] sk oAt

b a7, Fig. (8)9]

3

s
<N
=

]

e

[711]

s

‘mﬂ

Fig. 9)¢] 224 &

L
L

1492, b=547, e} €] 31167+ 6

©

W7o 5]

L
L

FATE Fig. (11-1)

S

o dng B

SSAt.

A+

=
=

% 36.7°

o 9|3

& 12

S A9

Br

jgxsel

-

O

A, 5

9

"

P (y—y

r—x

MINZ

H

=
pu

HAIRE 7]

[

A7 &4

)

s e 2

e

ErkEA

Fig. (12)=

Fig. (12-a)

—_

il
0

ol A

AF

%

Jo = 16H|E

A
[e)

%

GIF £

= 2564

7}

b

9]

=3kl

A grheA 4
SR EE

Els

Al
T

=8

o 9|

g

X

FE

K

3

SEE:

L

L

Hl&o] =7 Yebsttt Fig. (12-b)

2~
T

T Z}A

°
el

o "A&o] = HEpk ol o
wlo], §A& A37E 0%l <

i

x3g

[Table 1] Results

¢ 2E 7}

be 2

At

s,

Buvaneswari
o

—Hsu

0.2

Buvaneswari
X

——Hsu

0.2

o3 4//
0z |/

(a) ROC Curve graph for common people images

H

37HA

L
T

Foll A

Q
o AR EEREERE
| EEEEEEREE
| B e e I S s
<
]
Eoglsls|elslsls
i SR
2Rl E|8|8|E
<
B g b
g SR
=N EHEEEERE
=l AR R
A 4 4
2
=y
m“ms °.g = ?
= L3y Ea g~
R EERE
HEE R EREE
3

Box g Usttt Fig. (10-a)9

H

¢

(b) ROC Curve graph for celebrities images

[Fig. 10] ROC Curve graph of the test results

o

HARE =9l
=

<)
Al&o] oF 11% ©]

Atk

M= 71E el Hls) FHoh 1% 294

o] =A YERtT Fig. (11)

4513



A¥et7| 48te) A A15A ATE, 2014

gl

k]

Colour Classifier using RGB Ratio Model”, International

Mo F RN TXTEIIMIRPILPETRE AP P Tgg B8EESE
ﬂﬁoﬂmﬂxﬂﬂﬂﬁo%ﬂammewa%%o,—o_ﬁlwr_mduau&mo EES g T EED
3 Ny BT o) = — K — KON or ) & % = B oo 2 5n &8
= ol L% DN o o B T R T o W omm ) w E o5 £ & £ ks
C TR Tl T T T T A A 538 T22%d
T T PN T LT N PN TR T B M F o, X Sos EEESE
OE X o =m = =I 3 NS i . o bt =n I =T
i+ @j%muorua; L B R - NIl cZy £&Fg A
W LRy g e X 20 oy B o W Lo cns g5 8w
gl MT Broop W N.lﬂu_lbt m._ ﬁomwge%zt B° Bo ,.WAM ) XLﬂU;Lﬂ%LM@ﬁ ) mm % mMF/y m
FRT Teel Ly d e g s W g PO o =234 F5cif
# TrrilRrEstoerFRiaifodTess O Tof JEEg,
[yl vt = 1o o = [onyl =y = 15 4
00 q_olﬁlwm,]%% zﬁwmoowaulﬂrﬂﬂﬂ._oML@_'E_ﬁmHLujJ c 5735 mm)ymM.
_ g = B A A BT g om o g R Ay o R OP o =%z § - =
L TR R NG B o i S M A o f2< ZEETE
—_— (e AN —_ o) o — = S A S Mm@ f
° w75 o ) T S ®m ox °F KB oagm % W o > Lo ) 8
Ml %mo%ﬁaﬁiﬂah - ST U RS TR c Wﬂﬂﬂoﬁ x £z Memm
p(l Uﬂuejlﬂnq_m_qu_mmﬂﬁW«aa mmﬂﬂlaﬁogmuLoWwTi%dula P Ry
T < ! 7 o T o = Rl < =
R B i U R R - S N N T LL L ERT 802
™ (- o K . B A T g2 g %
© Hr <0 TR ﬂnﬂ.zTM e et H_IH._‘DF 0 btﬂul‘&e R o 5 S .2 £ a,Yd S
%o o MW T o N Boam o B oo o R H oo o SES5SE gz B
R W R P omo U Ko FOBs X 7 fip —~ o o < = 3 8 8
T _L_l,.r,lo‘m.‘_lrk ~ 0 s 2 J._I_Aﬂrxﬂﬂ b)) teWhm = 7}
A_lthT_L_«onﬂiﬁﬁEMﬂMﬂLtLHE]7hﬁloWZdMZ _L_I_L-l %uam kom.m_mlﬁo
B - R ol - R O T o TR LA ~Ss523882¢
FEZTTE UL o 4B 0o Tmh ™ gy’ . - =
oM T FRTD AT EKEY RN TRETRTNL S = g =

(b)

(g)

images - (a)(e)(i) Original Image, (b)(f)(j)
12] Results of false-positive - (a)(e) Original

Hsu method, (c)(g)(k) Buvaneswari method,

(d)(h)(1) Proposed method

[Fig. 111 Skin color detection results of distorted color

1JSC) Vol.3, No.4, November

(

Journal on Soft Computing

2012.

4514

Image, (b)(f) Hsu method, (c)(g) Buvaneswari

method, (d)(h) Proposed method

[Fig.



BAE Wik AE B o18T A5H YR Ado) B

)

S

[4] V.S. Bhat, J.D. Pyjari, "Face Detection System using HSV
Color Model and Morphing Operations”,
Journal of Current Engineering and Technology, ISSN
2277 - 4106, 2013.

[5] RL. Hsu, M. Abdel-Mottaleb, "Face Detection in Color
Images”, IEEE Transactions on Pattern Analysis and
Machine Intelligence, v.24, n.5, May 2002.

DOL: http://dx.doi.org/10.1109/34.1000242

[6] JB. MacQueen, "Some Methods for classification and
Analysis of Multivariate Observations, Proceedings of
5-th Berkeley Symposium on Mathematical Statistics and
Probability”, Berkeley, University of California Press, 1:
281-297.

[7] Y.J. Park, SW. Jang, G.Y. Kim, "A Study on Extraction
of Skin Region and Lip Using Skin Color of Eye Zone”,
Journal of the Korea society of computer and information”,
VOL.14, NO4, pp.19-30, 2000.

[8] K. Sandeep, A.N. Rajagopalan, "Human Face Detection in
Cluttered Color Images Using Skin Color, FEdge
Information”, ICVGIP 2002.

[9] S.L. Phung, A.Bouzerdoum, D. Chai, "A Novel Skin Color
Model in YCbCr Color Space and Its Application to

Detection”, Image Processing 2002
International Conference, pp 1-289-1-292 vol. 1.

[10] J. Stottinger, A. Hanbury, “Skin Paths for Contextual
Flagging Adult Video”, Proceedings of the 5th
International Symposium on Visual Computing (ISVC),
Las Vegas, NV, Nov 30 - Dec 2, 2009.

[11] C.C. Hsieh, D.H. Lioul, W.R. Lai, “Enhanced Face-Based
Adaptive Skin Color Model”, Journal of Applied Science
and Engineering, Vol. 15, No. 2, pp. 167-176 2012.

[12] M. Buvaneswari, T. Aravind, "Virtually Histogram

Efficient Human Skin Detection”,
International Journal of Futuristic Science Engineering
and Technology, Vol 1, Issue 6, June 2013.

[13] R. Khan, A. Hanbury, J. Sotttinger, A. Bais, “Color Based
Skin classification” DISI, March 2012.

DOL: http://dx.doi.org/10.1016/j patrec.2011.09.032

[14] A. Jo, J.-S. Park, Y.-IL Seo, G.-J. Jang, "Performance
Improvement of Human Detection in Thermal Images
using Principal Component Analysis and Blob Clustering”,
The Journal of The Institute of Internet, Broadcasting and
Communication, Vol 13, No 2, pp. 157~163, 2013.

[15] H.-C. Shin, Y. Shen, S. Khim, W. Sung, M. U. Ahmed,
Y.-H. Hong, P.-K. Rhee, "Performance Improvement of
Eye Tracking System using Reinforcement Learning”,
The Journal of The Institute of Internet, Broadcasting and
Communication, Vol 13, No 2, pp. 171~179, 2013.

International

Human Face

Approach  for

4515

[16] Y.-S. Im, E-Y. Kang, J.-P. Park, "Improvement of
DCT-based Watermarking Scheme using Quantized
Coefficients of Image”, The Journal of The Institute of
Internet, Broadcasting and Communication, Vol. 14, No. 2,
pp.17~22, 2014.

[17] T.-W. Kim, "Speed-up of Image Matching Using Feature
Strength Information”, The Journal of The Institute of
Internet, Broadcasting and Communication, Vol. 13, No. 6,
pp.63~69, 2013.

[18] S.-J. Oh, "Design of a Smart Phone App for Measuring
Object Size in a Picture Image”, The Journal of The
Institute of Internet, Broadcasting and Communication,
Vol. 13, No. 5, pp.135~142, 2013.

2l [ S(Dae-Dong Hwang) (3|3
2008 24 :
33t (FAD
2010 24 :
3} (FsHAAD
*2013d 39 ~ @A ¢ sEEtw
AFE| ety WALy A skE

H

?S]—7:] r,HB’]—_‘L %.51

of!

sAWaL e}

0] 2 =(Keun-Soo Lee) (A3 ]

*1933\ 24 :
a7} (F3HD

1083 29 : HAYEw oy
ARA ST (ZEAAL

019939 84 : SAUgw el
WAL (F8hei

01980 29 ~ @A ¢ RSt
AFE AR Ty} wg

Fast A

™Al
R4, A7 A28 s2pola, Hlr)e 74




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


