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Abstract ; The automated segmentation of the tongue body is a premise to establish an automatic diagnosis system according to
the features of tongue in traditional Chinese medicine (TCM) , whose qualities have great effect on the performance of tongue
diagnosis. However, automated tongue segmentation is difficult due to the complexity of pathological tongue, variance of
tongue shape and interference of the lips. Here a novel algorithm for automated tongue segmentation was presented based on
hyperspectral tongue image data acquired from a hyperspectral imaging system. First, by finding the spectral angle (SA) be-
tween each pixel and every other pixel in the original data cube, a transformed data cube was constructed. Thus, each spec-
trum in the transformed SA cube contained information about spatial changes in the tongue scene. Then, each spectrum in the
transformed SA cube was analyzed with a one ~ dimensional edge — detector. Finally, the whole contour of the tongue was ex-
tracted from the hyperspectral tongue image according to the edge detected. Experimental results demonstrate that the novel
tongue segmentation algorithm can segment the tongue more accurately.
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Fig.1 Principle of pushbroom imaging

EERSETBERE, TERARESE KA KE 2
KIS ¥ | AT AT A RY 3K (Snake) ) B 1 G2 K0 Y
B SRR AT S B vk (BEDC) P 4. {BLR X £
B AR E T IRERBHTH T H, W E R aET
BB SREE.

AXNET —HBAEEERRERENET
BIIEERHNE B XRE LR A
DGRE (SAM) B4 48 6 B R 5 7 (R R o ik
BESr ik RS A BE L R b B TR
RS , 5 P 4R 930 Bkl [P] RR 4 B, T —ZE R A
0 e R, A v AR X TR AT L - BIRCR BT

1 BAEEBEGRKERSE

HEEE RSB RE RGEBRERF XRBAIEL
B EEEHAT I, RERGEEME 1 R, B4
REEHAr 6t E R CCD BV ANE o B BiE
RESEHEREILHIHR. T EEE LHRE
HAngEBREA R4 BB 0, BRAT UL N AR AR 1 Se R
BT 6 B sE 4, 25T Y AR BE o e A 1t
EAEEBERZFTINELLEECR BREHET
CCD 4. CCD B = R 4 — 17 68Ot LB BM
REESEKHF D EIEH BN, XHERE CCD 48l
BWEGEX N T MERRFHIEHIEER.

BRI B AR R, B FT B —
HEFATHER . AL R RREREH AR 3)
SkescELNT BARMHER R, B REBL & T AT
EE. AT IR ERAOEIEER, LA EF IR
ST . A RGA AL B IEERR
BRAAL B RBR AL SRR ISR 5, R
WEhHIZ ). (SR HER B E T X AP 7 B LA e R
EERISRSCBL, W45 Bt LA RS R T e L

A J7 R PR R S R AR AP Bt AL BEAT B e RS B
1, B8 R B A T BB S SRR B PUE T XSS
AOHETT R B 8 P Bh e B X R AT, 3UAS B
G ARE R BRBOCEREE, BEG R B
BAE-NRESHERNBYE, —MRAERTE;
H—AREGENE, FEESFRE T FEOEEE
B

2 BRiERGSBRZ

2.1 NiEmBEICE (SAM)

Kitkfa A X F i R B2 R LI
AL RS, B BB I M) LI A IR
AR B HOT N AN BB G N RAE N N 4E2S 6]
FRER, NAES TR E SRANEIEHEITZEN)
M Ie sk RAEFUCERREE - Je fg /), UL B PR
KB X RARER:

XY
I X1l Yl

Hrh B T AT G P S Ok , AT B
By R PO SRR G K B . S ARSI T
JUMAT_E BGARRIE , X3 F A0 bn R B e RS B UK 48 /MR 2
A, Yok B UCED R —Fp 3 T AL/ UL Ao U8 IR 28
BT, BAFA T HRIEENELE, RE T 6T
BT REFAE , KRB/ T HHIE S B, 2 B R tig |
By HrhE R
2.2 EFSAM B EEESBEZX

ARRGERABNCERNERRERETELS . HE
Y6tk A B DTS AT LA B B LA A AE AR B4R
BT THT SAM WEERSEIE L. A TEZEERT
{8 FH SAM 1 B 692 8 T #ih S 3 #EA T35 B ET
ARHE USRS TRR LEHIRES

cosf =

L
ﬁiﬁ[lk i
B
” itk

RMEER S a%

E2 BOaEEE
Fig.2 The core of the automated tongue segmentation algo-
rithm
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Fig.3 Flowchart for automated tongue segmentation

BHT T EERDE, A ERE XA BREEX A
IOF F) A O 1 T P AR S O AR AT AR E, BB 4y
FIZERME 4 Fin. SHERT 4 FHEER,MNES
EME,F12REENABHERBR,BIRE
AEHARETRNEERR, B —RESTEHE
) EEG NHRE LS, B 14 RREEFATHE
B2 ZEMERERERR,F3REFMLE
HEBER. HF (a) (d) (8) () BRABMEA G
M T EERSEIGER, (b) (e) (h) (k) BERHA
BEDC B # T H R HEINESR, (o) (D) (DE
RABXBEERBOTERIEER. L3 MR
ERSEERTURN, A XN AR E R T EE
R E MR K R B Ok E R #IB
X 1] B

4 HFig

KL BB AR A T & BB RESR, R
BB R BRI R ENE AR RAAE
FEMEEFER , RERAE L8 E G B MR

@ () ®

1) ) M

M4 BB Fig.4 Comparison between the polar
edge detection algorithm, BEDC and the new algorithm


http://www.cqvip.com

80 EANPRI B b = 26 ¥

WHIR L, B A AR B BIF T R HIER. A 3XUE
SRR RBRER TP E TR # B, R A SAM
H X RBGIEE ABRET RS, KW 4 KA ST
() R 0 O — M ) G b T (LR, SE A0 R T
EEERNERGER. X HRBRY, XFE T8
AR T o BB R T B A BISCOR BT

REFERENCES

[1]LI Wen-Shu, ZHOU Chang-Le, SUN Zhi-Feng. The seg-
mentation of the body of tongue based on the improved
snake algorithm in Traditional Chinese Medicine[ C]. Pro-
ceedings of the 5" world congress on intelligent control and
automation, 2004, 5501 —5505.

[2]ZUO Wang-meng, WANG Kuan-quan, David Zhang. Com-
bination of polar edge detection and active contour model for
automated tongue segmentation [ C]. Proceedings of the
Third International Conference on Image and Graphics
(ICIG’04) , 2004, 1—4.

[3]PANG Bo, David Zhang, WANG Kuan-quan. The bi-ellip-
tical deformable contour and its application to automated
tongue segmentation in Chinese medicine [J]. IEEE Trans-
actions on Medical Imaging, 2005, 24(8) ;. 946—956.

[4] LI Hong-Bo, SHU Rong, XUE Yong-Qi. Pushbroom hyper-
spectral imager and its potential application to oceanographic
remote sensing [J]. J. Infrared Millim. Waves( Z=41 3, &F
e, BEKBL PHI &G BUR R 5t B 3000 00 8 AR DL R AT
Rt ASNSERKEFH) , 2002, 21(6) : 429—433.

[5]XUE Wei-Dong, YIN Qiu, KUANG Ding-Bo. Comparison
of different spectral match models [J]. J. Infrared Mil-
lim. Waves(FIR, FIR, EEH. BYEELER
BHEEHR AHNEEKRBEFE), 2005, 24(4):
296—300.

[6]GONG Cai-Lan, YIN Qiu, KUANG Ding-Bo, et al. Study
on the spectral reflectivity models of different water quality
paprameters in huangpu river [J]. J. Infrared Millim.
Waves(E 2, P, EXE, ¥ AMWIARKEHE
AL RN R R LTS, AP SERBEFR),
2006, 25(4) :282—286.

(E#£T72 R)
BAE. 535h,Cr B2 FEI T A, (2T0) KX E(3T0)
R A, (3TO) B BT R BE S I, f =75 Ry
E B R BRI, A5 = — M AL,

3. Raman 8% F Cr 85BN RE
B 9 40478 2 XRD A5 TE, Raman BT R BT R 2
BT HPHE A E R ERRS AN —FHAERT
H.

REFERENCES

[1]ZHANG Hongxue, Uusimitki A, Leppivuori S, et al. Phase
transition revealed by Raman spectroscopy in screen-printed
lead zirconate titanate thick films [J]. J. Appl. Phys. ,
1994, 76(7) . 4294—4230.

[2] WAN You-Bao, YANG Pei-Zhi, WU Yu-Rong, et al.
Effects of composition ionic concentration on the Raman
spectra of ferroelectric potassium lithium niobate crystals
[J]. J. Infrared Millim. Waves( A R E ,HIEEH, RFE
. AN TR gh R A # R4k Raman J i)
. A5 SEHKEFH), 2005,24(5) : 331334,

[3]El-Harrad I, Becker P, Carabatos-Nedelec C, et al. Raman
investigation of undoped, niobium-doped, and lanthanum-
doped lead zirconate-titanate ceramics [J]. J. Appl
Phys. , 1995, 78(9) ; 5581—5591.

[4]Souza Filho A G, Lima K C V, Ayala A P, et al. Raman
scattering study of the PbZr, _ Ti, O, system; rhombohedral-
monoclinic-tetragonal phase transitions [ J]. Phys. Rev.
B. , 2002, 66(132107) .1—4.

[ 5]Rouquette J, Haines J, Bomand V, et al. P-T phase dia-
gram of PbZry 5, Tig e O (PZT) [J]. Solid State Sci.
2003, 5. 451—457.

[6]LI Jian-Kang, YAO Xi. Preparation, structure and charac-
teristics on compositionally graded Pb(Zr,,Ti,_, ) O, films
[1]. J. Infrared Millim. Waves( Z=g2 R, 5k &. Pb(Zr ,
Ti, ., ) O; B4 BE Sk e MR B0 1 & (5 H B L HERE SRAE
ANSWAT M) , 2005, 24(4) :250—254.

[7]LIU Ping, Xu Wen-Lan, LU Wei. Investigation of optical
phonons for PbZr, Ti, _ O, with the virtual crystal approxima-

tion [J]. J. Infrared Millim. Waves ( X1, £ 30 2% , ki 1.
EHBOLES TR SEUMIR. A5N5EHESF
#),2002, 21(4) ; 241244,


http://www.cqvip.com

