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Extraction of Tongue Region using Graph and Geometric Information

eHE -F B EBE-NERT. & E R
(Keun Ho Kim -+ Jeon Lee - Eunji Choi - Hyunhee Ryu - Jong Yeol Kim)

Abstract - In Oriental medicine, the status of a tongue is the important indicator to diagnose one’s health like
physiological and clinicopathological changes of inner parts of the body. The method of tongue diagnosis is not only
convenient but also non-invasive and widely used in Oriental medicine. However, tongue diagnosis is affected by
examination circumstances a lot like a light source, patient’s posture and doctor’s condition. To develop an automatic
tongue diagnosis system for an objective and standardized diagnosis, segmenting a tongue is inevitable but difficult
since the colors of a tongue, lips and skin in a mouth are similar. The proposed method includes preprocessing,
graph-based over-segmentation, detecting positions with a local minimum over shading, detecting edge with color
difference and estimating edge geometry from the probable structure of a tongue, where preprocessing performs
down-sampling to reduce computation time, histogram equalization and edge enhancement. A tongue was segmented
from a face image with a tongue from a digital tongue diagnosis system by the proposed method. According to three
oriental medical doctors’ evaluation, it produced the segmented region to include effective information and exclude a
non-tongue region. It can be used to make an objective and standardized diagnosis.

Key Words : Tongue diagnosis, tongue segmentation, graph-based approach, local minimum detection, edge geometry
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Fig. 1 The tongue diagnosis system: (a) its structure, (b) its
outward appearance and (c) an acquired image and
its center point
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Fig. 2 The overall structure of a proposed algorithm for
segmenting a tongue

A g9 £ 418 Ee AAYA 2 19 29 2
o WA oo BEde 85 A, G digd AxaE
TR FHE F4Y EFo] AXN d4S HIYsteH
AlZto] wol A~ ¥ v 2 down-sampling ]-04 533x4009]
4 AT T, 2EZB 20 59| gio] HEHE =H
of wet ¥yl E¥xv ZElxzg o) -E—E% At ekt

#3ted brightness$ saturationg ©]-&3F h
zation[16][171[18]2 F 38l F# L3 Br7] BEA S A
ot e 39 AA W v AFe7) A8t bright-
ness® Aoj7b vy & ol E XE EF U 2A sz B
2 22 F 0 FAA Y9 edged TEL ZA & edge
T Aol AHE B4 wviAT &

histogram equali-

>H o

enhancement[19]&
Aol .

3 49 EgdMe 9x 99L& AREE  over-
segmentation® F#HFTE 7] 29 over-segmentation
W& graph-based segmentation[20]& ©] &g &d], 71&
2 clustering gl vls) z7 gado] aygzrRY JAE
Adsted Zive T3 9tk 2= G = (VEE ZAS
o Zr Hado dFele =z dFsle YXNE VE EA
gtal, o] %3 Aol AAZ MAEL Efta AT 7
Ex HF(weight)E 7HA3 gled o& <xg 9349 F
A4 Abo]ol H]H-ALE (dissimilarity) & 9w gt} o
o Az intensity, #3Y, A 2L A ol
o oolEg HFAIEE d"usd Z agzZE
(merging)dl Y7Hs WHgelt) o] W& o|gslH o F
g X4 A2y d90] sz 2dg=dH, e F4

o md it
o g 2L

a= L vl YEE oSt MA YA =F

Trans. KIEE. Vol. 56, No. 11, NOV, 2007

oo del Al 42 wEo ggo] AEEHo BuEHE
BE7F At o] A WAl s E FoF ¥ Joyge F
7] Al g T4 AHeA 9F He W E¥xE &4
e F2 WAL AXge B 49 FE=v) B (DI
2ol dA 3G Uid A ¥ 399 BX Pl B EY 4
dol &3 pprHrT} AW, Fo BT d9L A2 Az A
Fe e 23E RE JH9ES F2 99 Az ¥
AR 4G ol A A olde] do] EASuE JE 2
X d9od Yoz H49s y¥sEs g
{I,,=A|lPg{P 4, I, B} o))
I,,= (x,y) 99 AL o3} £ F0 o
o R gl e JIER Fa dgos AT
olwf, 8o o AA FEL o AAA wiEo] Mg
Warl wAste] FHe gHoez EYHR 9= A ¥
th o] A% 9 UAAMHN 2EEH zHoz A% 75H

A B wjEel AA WA & 9(shading)e] A FTE[21]
%, AA HL e guin dde 2w =34 e 2
B o]F7] fEd HAi o] BAsEH, of AE AL g
(local minimum value)¥] ¥1A& AA A WHozE FF
stk &9 4 de& X #HEgoz o4 ¥ YelN Hax
#E 2y, O ZHE o)L YE Wge 9 olgE
Aol Hi gk Fev a3y, F R o] R ¥
|k e A, AA “401]"1 =% EAsA g FUt
Ut olE oiujEtd O dA XY Ha ogel TS
g FHeE 93 ¥y ‘H"ﬂ ZAeje] Apol7} 74 Wol &
Adte FEE ZE color edge detections F85te 3¢
B Aol R #e ozt A Wol v HEE AA=E
Ak R 2 o185 olft Ay AR} HA ] 7}
F Bol 2 #Hy gojnz Ede] folsttte A 4
7] wj&olc}

, o X

Y 2

7]%? - 1@ 7 +

=& - =g -

187 + e

FE: + =8 -

o 3 dA 9 Er%.*éjoﬂ we 75 3E: 7|87 ¥ ZER
Y drek o

Fig. 3 Geometry information according to the contour of a
tongue body : The slope and the curvature are the
change in the X direction over one in the Y
direction.

2053



EREERNT 56% 1138 2007% 115

oeE HPL +AF £, A A wel 2@ A
o A BAAA e A50) pass

3 AR
E o]83++ edge geometry estimationd Ao
g ol Wl e 3o Fxo VIAEY FHANE
Tt ot Sﬂ*é—g AA =& AYE
2 7HAAY 29 39
7t ‘3}. olmel Yol did X W
£7) (slope)g} Z-&(curvature)& Eq. ¢ (3)
o £35E F3tm 73k el o] RIEE gl
2717t 44 LS "ot 2EL A 7€)
183t &3 A2 HAL AANAY AL

£ R
1 e
o3,
tlo
O

slope= 5% @

curvature= %& 3)

23 &dn 3 n@
A" Hd A2"gozRE 7117 4" 4 EA
o, el % A AFE wheh o] ol AE e
o Mo Fejol wet 5709 MAR EFSHAT BT
E Z A4 AgE wyoZ H 1FH o] BHSYUL o
714w dFaAT wed AL FEF AR EF

st

x 1 Aefoff w2} 2F
Table 1 Face images with tongue bodies classified according
to coat types

= MHE Zaet ok P Golg

- oo

Ly e
e B R 4
el g 52
e A 10
3y g4 23
TER 9 622

Al 711

Over-segmentation® 9% ZL#l= 7]¥H(graph-based) %
< 98A 2oj= A 7HA FEuE & R=E g
1 sigma® 0958 259 g, oA @& g 4
F k¥ 120, H4& 84 Alo]= g mind 10022 HA3}
Aok F8 BT 98 Fr] 948 498 FHAEE JIFe
2 50x509) HAL& AMEHTE TE local minimum
detections $13 #4 HWHv HHd F2 2¥ 9599 &
A weol A -40914 407129 HA HHAAH AF Hi 3¢9
X2 ZFRth Color edge detectiong 93 ZHA WHE=
A A2 ke AA Hold BYE F3I -2000A4 20711 9
Helol M R ) =elg Ao FY HAE 2 #HA
% A2l edge geometry estimationo] A E edged] A A 4
Ao ARl 71&7], FES AFs, & HXA 9
71€719 FES Asdstdn. o o, A 479 AR A<

2054

& wasd @A ARNAY 71e7% 2B
FEH T, 45T A% @AY AN Ay
A9 @A) 71477k 10 o)gold A
= Astact. @A 712717 10
of fivke 2 wse A¥AH

=

A dugEE Intel Core 2 CPU 6600 @2.4GHz, 2GB
RAM, MS Windows XP 2002 OS YoM Visual C++ZE +

Hol Hu

IY 4% over-segmentation® & AF9 I4E g
W 2tk 2 404 BH gie] W9 EAd mat A
A7b AESE g AL & F UG AESHA U=

J9e Yyate

GAZ & dA I

a3 4 & FNT over-segmented &4t
Fig. 4 Original face images and over-segmented regions

a9 55 4 AdY 48 947
A3g maFn Ao

3
Rl
3 29E AL 2 5 9
[e]

o

o

&

;9‘ .
AL 32 3o

£
rD{I



%] AL 71208 89, 18 RE 587K
A8 Tt ol e Wi ZHyE of
SAAE HEgE] EdHojok e e E
RAol F8% 7¥ F9 Jugdy. 2 2
o] A7 B 48 ol H4E B
g d9ge] Ay FEAC] UL FUAH

o)
o
f
(o3

x 2 28 o gato HNok &M "ot
Table 2 Evaluation of segmented tongues corresponding to
the effectiveness of tongue diagnosis

F71A B A
P A 4.37
B}z B 4.00
7= C 4.00
AA Hd 4.12

Trans. KIEE. Vol 56, No. 11, NOV, 2007

@ Rel G (24

(a) Non-coated (male)

(b) el A4 (M)
{b) White-coated (male)

olE 93 WA, 7= e

= #3 gAY 47 Axde) ¥
F3td ZARANA 24bit RGB 8 9L 53z, g4
Agol E2Y St EgL wop Heof uwig P, o
o 94e FRIYG

A s AXHYE 33 FTo over-segmentation, local
minimum detection, color edge detection, edge geometry
estimation® AX Zgo] A3 HA 49L& EEstad

‘r>—"
2
M
2
i)
i)
X
e
44
e
oot
=2
k1
e
-
_(|){_r(
H
2
2
ot
i
kd
o,
alx

2 d7dMe dzle ANdE, ZFESe] BAE HZ2Y

% ae shtel BAY 99 2Ue WA wath A5
Sd P HolHE ol gste] UAE AAHoR FEY &
A= 39 Y $He dTedn, dose o2 1 7
Bhg BEstel, 49 Ae $EAL Bl TL ARE
Qe & AN olg Bal NN FAAZ doldE Ao
S HAe BT TP P, TR NS olgde W,

g uel § Ggd dde) 25 2
g

i3
s
44 BH% 2UY ATIE 88 5 ol ABHoln
FFHY B9 A 4G F Je Aolth 1 A%

(o) &tef F4k (H4)

(c) Yellow-coated (male)

(d) Eatel A4 (014)
(d) Mixed coated (female)

) FEF G4 (0y)

(e) Nonclassified (female)

3% 5 MA2lE ob YA ¥ ool BuE i oy
Fig. 5 Preprocessed face images and tongue-segmented
images

2055



ERSERHNEE 56% 113% 20075 118

Aol 2

£ d7e masAR At
(0405-0100-0815-0002)% #=ejst A+4d 7l
FASlel @9 A9 BF LY A9 =
2 AU, Al E4S FA oA$ whabd, B

o4 AAdA ZAEYY T,

ikl

il

) R )

[1] C.-C. Chiu, “A novel approach based on computerized
image analysis for traditional Chinese medical
diagnosis of the tongue”, Computer Methods and
Programs in Biomedicine, Vol. 61, pp. 77-89, 2000.

[2] BK. Lee, Oriental Medicine Diagnostics, Seoul,
Korea: Seongbosa, pp. 72~86, 1996.

{31 X.-Q. Yue and Q. Liu, “Analysis of studies on
pattern recognition of tongue image in traditional
Chinese medicine by computer technology”, J. Chin.
Integr. Med., Vol. 2, No. 5, pp. 326-329, 2004.

[4] B. Pang and D. Zhang, “Computerized tongue
diagnosis based on bayesian networks”, IEEE Trans.
Biomedical Engineering, Vol. 51, No. 10, pp. 1803-10,
Oct. 2004.

[5] H.Z. Zhang, K.Q. Wang, D. Zhang, B. Pang and B.
Huang, “Computer aided tongue diagnosis system”,
Proc. the 2005 IEEE Engineering in Medicine and
Biology 27th Annual Conference, Shanghai, China,
pp. 6754-6757, Sep. 2005.

[6] L. Sun, Z. Cheng and H. Xie, “Study on objective
tongue  diagnosis using computerized Image
recognition technique”, J. Anhui Traditional Chinese
Medical College, Vol. 5, No. 4, pp. 5-7, 1989.

[7]1 J. Wu, Y. Zhang and J. Bai, “Tongue area extraction
in tongue diagnosis of traditional Chinese medicine”,
Proc. the 2005 IEEE Engineering in Medicine and
Biology 27th Annual Conference, Shanghai, China,
pp. 4955-4957, Sep. 2005.

[8] B. Pang, K. Wang, D. Zhang and F. Zhang, “On
automated tongue image segmentation in Chinese
medicine”, ICPR, Vol. 1, pp. 616-619, 2002.

(9] W. Li, C. Zhou and Z. Zhang, “The segmentation of
the body of tongue based on the improved snake
algorithm in traditional Chinese medicine”, Proc. the
5th  world congress on intelligent control and
automation, pp. 15-19, June 2004.

[10] Y. Boykov and V. Kolmogorov, “Computing
geodesics and minimal surfaces via graph cuts”,
Proc. the 9th ICCV’03, pp. 26-33, Oct. 2003.

2056

[11] R. Zabih and V. Kolmogorov, “Spatially coherent
clustering using graph cuts”, Proc. Computer Vision
and Pattern Recognition, Vol. 2, pp. 437-444, July
2004.

[12] C. Rother, V. Kolmogorov and A. Blake, “GrabCut:
interactive foreground extraction using iterated graph
cuts”, ACM Trans. Graphics, Vol. 23, No. 3, Aug.
2004.

[13] V. Vezhnevets and V. Konouchine, “Grow-Cut -
interactive multi-label N-D image segmentation”,
Proc. GraphiCon, pp. 150 - 156, 2005.

[14] J.G. Kim, Development of Digital Tongue Inspection
System, Suwon, Korea, Kyunghee Univ., Nov. 2005.
[15] Y.H. Eo, Tongue segmentation and classification for
Digital Tongue Inspection System, Master thesis,

Seoul, Korea, Kyunghee Univ., Feb. 2006.

[16] Color Conversion Formulas,
http://www .easyrgb.com/math.html.

[17] RC. Gonzalez and R.E. Woods, Digital Image
Processing, Reading, MA, USA: Addison Wesley, pp.
166-248, 1993.

[18] IM. Bockstein, “Color equalization method and its
application to color image processing”, J. Opt. Soc.
Amer., Vol. 3, No. 5, pp. 735 - 737, 1936.

[19] N. Liu and H. Yan, “Colour image edge enhancement
by two-channel process”, Electronics Letters, Vol. 30,
No. 12, p. 939-940, June 1994.

[20] P.F. Felzenszwalb, “Efficient graph-based image
segmentation”, International Journal of Computer
Vision, Vol. 59, No. 2, Sep. 2004.

[21] J. Foley, A. van Dam, S. Feiner and ]J. Hughes,
Computer Graphics: Principles and Practice (2nd
edition), USA, Addison-Wesley, pp. 721-812, 1996.

4235 (&R F
19709 99 9¢ 4. 1994 =& r|&
A AR AATER Y. 2001d 5 O
S Ar|gARFstE vrAL E(FE
ghAb), 2001 d ~2002\d wdlAE FH
8t CMRR 449, 2002\ ~2007d A4
TH7eY FEATY 20079 ~EA
T3 ATY dREATH ddAdTFd
Tel : 042-868-9365
Fax @ 042-868-9480
E-mail @ rkim70@kiom.re.kr




Trans. KIEE. Vol. 56, No. 11, NOV, 2007

of M (*+ M) T 8 3 (R m
19749 849 394, 19961 A Aeista 9 197614 12€ 2294, 20029 ¥Foigtm
&3 £49. 2006 5 distY o F e gojgtal £ 2004 = sty 3o
4 (FEHEAL. 2001 ~20063 o] &7 I EQEY A AlL. 20060 S
SEAEFTE ATAEH A4, 20061 ~ AE A5 €A 5 g 9AHA
a4 FIFHgATY gEATHE A =
a4 Tel @ 042-868-9589
Tel : 042-868-9558 Fax @ 042-868-9480

x : 042-868-9480 E-mail : gyruu@kiom.rekr

E-mail @ leejeon@kiom.re.kr

43 (2 &1
1959 79 1094, 1983Y AMedsiw
Ay 24, 1985d A&
ﬂx}tﬂg}% A ALz A EEIEN £HEFTAAD, 19969 43
1 042-868-9592 grojstal £, 1998 A4ty 3ol st
X 042-868-9480 & FabAR). 19969 ~ 2004\ ZH
E-mail : ejchoi@kiom.re.kr 9 A dadd 9% 2002“‘

Aex(2RE
1980 2¥ 64 AL, 2005 A3 FA 2
2383 2. 20063~ AA 2]

o M
2
o
to
o

el © 042-868-9489
x : 042-868-9349
E-mail : ssmed@kiom.re.kr

aei= 3 st HEE o8t A

>

gl FF 2057



