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Abstract

The principles of traditional Chinese medical diagnosis are based on the
information obtained from four diagnostic processes, which are viewing,
learning, Inquiring, and examining. Among those diagnostic processes
mentioned above, the examination of tongue is one of the most important
approaches for getting significant evidences in diagnosing the patient's health
conditions. However, in the past, the correctness of tongue diagnosis was
atfected by the experience and knowledge of the doctors who adopted the
traditional Chinese medical diagnosis. Also, environmental factors such as the
difference of light sources and brightness had great influence to the doctors in
making good diagnostic results through tongue. In this research, a novel
recognition approach based on certain image processing techniques has been
developed for the purpose of examining the coating properties of tongues. The
chromatic-related algorithms are employed to 1dentity the thickness of coating,
The textural-related algorithms are used to detect grimy and crusted coatings.
Algorithms for determining the chromatic-related properties of tongue are
based on the HSL (hue, luminance, saturation) model since the way it
represents the colors is very suitable for describing the colors found in tongue,
especially when the substance is covered by coating. From the textual point of
view, the grimy and crusted coatings are described by certain features of
SGTDM (spatial gray-tone dependence matrices) and FPS (Fourier Power
Spectrum). The recognition rates for the grimy and crusted coatings are 77.3%
and 100% respectively. Therefore, the knowledge of the tongue diagnosis can
be kept by the computer for future reference both for research and education.

Keywords - tongue diagnosis, chromatic, textural, SGTDM, FPS
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moment ) LM S HRBARREL F HARBFE SO HENE

T AT B s A PF R - ZRIK bﬂl‘ﬂﬁi%ﬁl‘iéﬁkﬁﬁuT-

m=0,

p(f,j;d,O )—#{ kz' E(L‘, ) (L x L. )
7 - n‘*—d 1( J)=i,1(mn)=j}/ T(d.0°)

p(i, i:d.45° )_#{((k 1), (m, )) e(L,,L,)x(L, xL,)
(k—m:dJ—n:—dﬁdk—m:—dJ—H:d}
I(k, 1) =i, I(m,n) = j}/ T(d 45°)
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p(f, 15 d,90°) =#{((k, Z), (m, n)) E(Ly, LI) X (Ly x L )“k - m| =d
m—n=0,1(k,0)=i,1(mn)= j}/ T(d,90°)
pli. j;d135°) =#{((k 1), (m. n)) €(L,, L, ) x (L, x L, (k- m=d,
Z—n=d)ﬂr(k—m=—d,l—n:—d),1(k,l)=z
I(k,0)=i,{(m,n)= j}/ T(dIBS“)
K # RERSTHRFHEB Ly 82 Ly REGKFRE

B RRE 0 Ixy) RANBE (xy) REREHOREE  T(d,0
) BIRHGPIESR d REEO 2B FHeas - Pijd 0) 2%
KA Ao FXAT > £+ M(d,0)8r &2 MR KE

i

M(d,0) = p(i, j;d.6)]

BAME P HEGE - ERRSARERFET 2 HHME
BEREILERG RERF LB UEIEAAEAF BT 8HI542 - AT
A Z 3858 5 3 A f,( Angular Second Moment ) ~£,( Contrast )
f; (Correlation) -~ f; (Variance ) # f (Entropy)  HABEE P
FIRRBERTINRAREAB G ZRAES - BRI REEMERLE

PEREFEEREPS AR ZBEREE B ‘fi PZ G FROEHRE
BRREGHAIENIBE - oK FAHAR

2

NR’ Jill!IF-F'
Angular Second Moment : £, = ZZ{P(I i}
i

Ng—l NE Nf |
Contrast : f, = > n*d Z > p(i. )
=0 |1’ J| !_,r =] J
NF
(e ) -
Correlation : f, = ==
o0

Sy

N, N,
Variance : f,=>") (i- ux)zp(fn )

1=l j=I

Entropy : f, = —i: i P(f, J ) IUB(P(fr J’))

i=1 j=1
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ASM RE>BE>BEE>DEL>ERE

Correlation : 5 > B 5 >DRE>DEFET>HE

Variance BE > BE >RE>ETE>HE

Contrast : EF F>HEE>EBEE>RE>EL

Entropy : EFE>FE>EBE>EE >R 2

é 1«1 FArifieT 5 ASM ~ Correlation #v Variance i & B
B — e H 2 4541 % %0 ; Contrast v Entropy Z 4344 % 20 B £ 48
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R HEABZ PHEHFEE

m=+SD (f)ASM (f,)Contrast (f;)Correlation

E%%| 000647+0.00181  17.04752+6.50064  0.502420.11008
MB | 000925+0.00333 1044818429401  0.66080£0.15660
13 ¥ | 0.00776£0.00286  11.14154+5.16887  0.714030.12420
 B% | 0.00699+0.00017 8514914043077  0.8013610.02642
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% | 0.00689+0.00183  16.65814+6.19671  0.46499+0.11713
mSD (f,)Vanance (1,)Entropy
EHE| 17.5566L5.79065 2.33729+0.1221
S8 [T et e e
STarT =1 e T
B | 21.69667+1.81383  2.29567+0.00993
%% | 1583297565761  231037+0.12111
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1.ASM ( Angular Second Moment )
ASM K& ZE 2RI EH > TR ESE B EKktaRE
eI - ASF L8 ASM F1L 8B REE T R0 mE L
Bt T TEEREPE S ZH T EABRETC TR 4TES
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2.Contrast
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|
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x 3 10 11 10
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4.Variance

Variance (X K & 2% E4 b @ T FZ R 894542 » U2
Variance Z LA EA R BE T R Z o MHHE A B+ AT - B
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22N
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P REBMEMAEEN D REFRZENRST  TERAR—EHHE
UNAREFEEEEMATHOBEAEZERERAREN TR - UEY
¥ 4 7% (one-way ANOVA) #‘v:a B & B R R & R AL
AT ERABT I ERBZ &R B RFNIEE - TR
P2 EFHFEeLE T test (LSD) » Duncan's Multiple Range test ~
Tukey's Studentized Range (HSD) test ~ Bonferroni ( Dunn ) T test o
12 SbHF ﬁ%—zﬁ*% il ke T

/Eﬂéi%z'fﬁiﬁtﬁ'q”ﬁﬁr FREERETHHBNERTANF R
FAEFAN T L BAOALTATEZEZTHARNERENTEAR
T oMb — BN RMERGERLS L FRMAEME XSFLy
MR ERBHERNRE > AEHMAPRBEBNRENT R - FEy
¥ M 4o B + AULPAT T

"Correlation
@)
./ \ (1)
R s
82.5% g s E¥%FE 19.1%
| o A% % S O

"Correlation Correlation
Variance Entropy

@
/ \ (11)
71.3% B & By 100%
U S £

"Variance Correlation
ASM Entmpy Contrast

/ \ (111)
84.3% 64%

F'
Fﬂ E

B+ BRE e XBEIL s B

AR T XM EHEA4ER 2 Alpha B39 4 0.05 [EH7E &8 8
RESHAR EEE BN TREKRFROFHRFH - wH T+ A
z %1 EMEYMHEA*Contrast HERE 7 A B *KEZHFHUE
HAEEEEYL U ExExzER ) F 1L xE F1E A *Contrast »
Correlation~ Variance *Entropy {ff B &R E o B S S B 5 64K F]

o
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% I & 4 € % R & A *Variance ~ Entropy * Contrast ~ Correlation
ASM TE BB MG BB ARTFHER - NE I B2 5P
ASM -~ Contrast ~ Correlation ~ Variancc # Entropy 2 P-value 22| ,%
0.1393 ~ 0.0174 ~ 0.0001 ~ 0.5923 ~ 0.2658 « [ pA & 45 2 P9k fe 45
WIETE P ATE B Z 45 8L 43 ASM ~ Variance 1 Entropy 1412 & %
ERHFEBHNEFRIEFTHERY 280 TIN5 S M 28454
HERABMERDER D - X TF > FFEA 2 Contrast v
Correlation £ E & R IEFEE 8 » AR BEK AR ST FANE
& 6918 - &A% Alpha {4 0.01 - 8] 7T & & Correlation &4 % 3.
¥ £ 47 Contrast » +.3t % 3%, Correlation € & —E4F 453542 » R 18
Jﬁfﬁ.’ﬁé SENBERE BRI B FIRETFARHBZE ANR
L ayfaa o e i '—ﬁiﬁ?é’]kﬁ-
FTALMZ SR T EZH AR B M EEZ 524 H
& * 4£ ASM ~ Entropy #v Variance %@ s 4 Lih g L 235
BRI TR AERRELE *ﬁlfﬁ.*fﬂj:i%i{ﬁmﬁ’f?‘cﬂ
MERN  ERRZERETUGERENRESHERE L £ 8
FEE AT AR « ok = ’ﬁTCmmﬂZ“ﬁﬁ&&% L
GrpO-~Grpl - ~Grp4 S A KEAZEHE -R Y ﬂ%fﬂﬂ
AL EXSE LT % - LSD # Duncan 858 & & sk 37 ,ﬁ,—]‘;ﬁ--;,-.g % o1k
-—%ﬁﬁ H XK & K3948 [ 11221 A Bonferroni #v Tukry 2 ¥ &4 &
BAAMERESEr Rk 2RI REELFRHME
Lﬁuﬁl#{kﬂ:&ﬁﬁf'ﬁ‘%-ﬂﬁﬁﬁé% FALSF A — 48 0 i B X &A%
MA42E > 2o Grp3~Grp 1 #v Grp 2 sE R SF 48 A —BF > 2% Grp 3
FGCrp 2R EZEBRBZRZANGp3FfoGrp | Z I LERM ;
ARG Z EARAR AR L BRI T A R AT L £ R R aY B
MRET-E ) Rifa RABILEY o 24 LSD 2 & A : R AR08 » Hl s
H Contrast LR M EFHTHUFLREN A B ERBHZ ML
ﬁi%#%*ﬁﬁ& FEPITURAE Grp 3 (BE) hiEM7x 2
Z:r]?f"GI'P‘l (4% ) Fo GYPO (EFF) h&H -
FReoRPZRAER > TA A Contrast 9B M AR R E
%%aﬂﬁxi% - RNBR AR - 12 Grp 3 #9435 M 4e Grp 4 82 Grp 0 R & &
AE B RBERBETGrp3-Grpl Fo Grp2 B A BAHEHE &
BHOrpd4FoGrp 0 BHRBZBANER - BBREF HHEEFE
HAERCEREFRUALEZIEA  Grp3-Grpl~Grp2-Grp4 -
Grp 0 - AFIATT A% & A Contrast E A M L REHNE L ~ K Z -
BEHERE~HF8 o
%M Correlation f A M A B REN E L FFABZHESR
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-
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ARB BRAHRE -

Bonferroni #v Tukey £ A E&
TEROMHBTRE B E

b: IR 2

7 ZE R = |

=

B % Correlation 245 € 4 R R o
B LSD fv Duncan AR EERBTTH I T RZ0E=8 » 2
Ezﬁaﬁ%&%TwH%“%

* BR

SZHMABEY  BHYESE
fu & £ 4 Correlation ﬁﬁ%lﬂ,é’]#ﬁ’r ALY o B3R sb— o HriffR

{'L#%Hﬁ"% NEFFZIN BZEESTWEP » AR E FE24
WMEH RETRZPEE
#& = Contrast Z p#E T &R
WA E nhHEgXR
LSD setl group | Grp3  Grpl  Grp2
mean | 8.5149 104482 11,1415 -
_____ set2  group Grpl Grp?2 Grp 4 "Gl:}:)-fl"" o
mean 10.4482 11.1415 16.6581 17.0475
Bonferron setl group GOrp3 Grpl Grp2 Grp4 Grp0
mean 8.5149 10 4482 11.1415 16.6581 17.0475
‘Duncan setl group | Grp 3 s 1] Grp2
mean | 8.5149 11.1415
o oset2 group | Grp1 Grp4 Grp0
o mean | 10.4482 d 16.6581 17.0475
Tukey setl group Grp3 Grpl Grp2 Grp4 Grp0
mean 8.5149 10.4482 11.1415 16.6581 17.0475
#&m Correlation Z 4B €& £
WEFE WEEX
LSD setl group Grp4 Grp0
mean (.4650 0.5024
o oset2 groop Grp0 Grpl T
mean .5024 0.6608
""" s " “grewp  Grpl B3 Gy T
mean 0.6608 0.7140 0.8014
Bonterron setl group Grpd Grp0  Grpl
mean 0.4650 0.5024 0.6608
'''' set2  group Grp0  Grpl  Grp2 T
__ mean 0.5024 0.6608 0.7140
""" set3  group Grpl Grp2 Gop3
mean 0.6608 0.7140 0.8014
Duncan setl group Grp4 Grp0



mean 0.4650 0.5024

- O N I - EE T Il i N O O I O - O O S O I S O B - O A R O G ek i A e sl e i sl ok e e mr oaE an Ew Ew Ee E Ee m ET I E E

set2 group Grp0 Grpl
mean 0.5024 0.6608

W Oy g oy Wy O oapE o R R O R S O Gmy S O S O oy Wy Ty g g e W W W BN Y W B O BN W R S S BN 4 B O BN S BN S O E O B S BN W O N A

set3 group Grpl Grp2 Grp3
mean 0.6608 0.7140 0.8014

Tukey setl group Grp4 Grp0 Grpl
mean 0.4650 0.5024 0.6608

= DN B 4T I T T T O T O T OT T W OTE Y W T T O T I T B S - A R S O O e ok SR e R A e el B e e osel B el Beh e B A e B AR B

O OWE " am @ T " gy WY & I O T aE -y W W T O Y T T O T O A O O A A O - O R o e s s e e ek e e wk aw ek me e mE e e e e

set3 group Grpl Grp2 Grp3
mean 0.6608 0.7140 0.8014
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(1)
F; = —7.9259902 + 28.258891 x Correlation
Fy = -151651642 + 39.9725513 x Correlation

(1)
F,'=-7654748999 — 129870838 x Contrast — 77418679 x Variance +
813.0903976 x Entropy

F/'= ~825.5498785 - 13.6986401 x Contrast — 8.0217024 x Variance +
845.2379331 x Entropy

(IH)

F,'=—16235.6234158 + 4918128181347 x ASM — 91387675 x Contrast +
13260.5488156 x Entropy - 21.1740586 x Vanance

F's-~16349195113 + 4932341086820 x ASM —91.804852 x Contrast +
133089186712 x Entropy - 21.3059678 x Variance
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1)

(1)

B —+= BE e Bt 4

AR Y ZREN RFERZ Alpha 8354 0.05 G325 6
RAESHAR ERETIRE > FRERA KOS - Min &

ng Z_ P-value %% & 0.1086 ~ 0.0064 -

L 2 F Ring 3B B

Bz BBE R BEENO00l REEAEELY 2% Min B

mﬁ*ﬁ%%*m%zmkﬁ%%T*
3%7? ."E’f‘ﬁfiﬁ;ﬁ—f}ﬁ%%ﬁiﬁ[& \%

LSD #i Duncan i#ﬁ'ﬁii"f&

BN EE RS -
“HBRETEEE Eﬁ%ém#ﬁ*

z”E%Zﬁ%:&?ﬁﬁﬁH%H%Z:It"%‘%%ﬂi’%‘%?f\w ol I =R

E B HME R NH 0 Bk b
REFP BE REBELHFLAZERE

BB ERFNHMERAZLAELATLRTPEREMREARY - &1
A Ring 4548 » B F b H Min F#E B 24 > HEMKIE

£ L.SD #v Duncan  #x & &
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#5 Ring 2 8 E X
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LSD set] group Grp4 Grp 0
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mean 4954 .89 5633.837

5707.3742 5720.35

Bonferron  setl group Grp 4 Grp O
mean 4519.2110 4654.89
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Grp 2 Grp 1 Grp 3
5633.837 5707.3742 5720.35




Duncan setl group Grp 4 Grp 0
mean 45192110 4954.89
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set2 group  Grp 0 Grp 2 Grp 1 Grp 3
mean 4954.89 5633.837 5707.3742 5720.35

Tukey setl group Grp4 Grp 0 Grp 2 Grp 1 Grp 3
mean 4519.2110 4954.89 5633.837 5707.3742 5720.35

#t Min Z &g R
WETE AEFEX o
LSD setl group Grp3 Grp2 Grpl Grp4
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Bonferron setl group Grp3 Grp2 Grpl Grpd4d  Grp0

Duncan setl group Grp3 Grp2 Grpl Grp4
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Tukey set] group Grp3 Gmp2 Grpl Grp4 Grp0
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HHRBEBZERN RBAND —FH A2 B HE A —F
ST AU E  FRZEHNHBSHATLTF
(1)

ks =—211563395 + 77724028965 x Min + 0.0078944 x Ring
F/=-291199943 - 2618.0001477 x Min + 0.0099192 x Ring
(1)
F,'=-27.0279942 + 0.0090885 x Ring
F/'=-263523483 4+ 0.0089712 x Ring
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All-groups Stacked Histogram

Canonical Discriminant Function 1
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S 247 R 45 BIR
pdE 2| (1)ASM (f)Contrast (f;)Correlation (f,)Variance (f,)Entropy
ca0006 | 0.01166  10.03588 0.45301 9.17234 2.09227
ca0007 | 0.01162  4.84508 0.81754 13.25409  2.07257
ca0018 | 0.01600  4.01874 0.78464 9.35772 1.95090
ca0022 | 0.01201 7.12585 0.65807 1042617  2.07597
ca0032 | 0.00569 17.49886 0.69178 28.35833 2.4087
ca(043 | 0.00636 9.61679 0.7971 23.73172 2.308
ca0057 | 0.00503  13.23281 0.74621 26.10264  2.41302
ca0067 | 0.00682 13.3867 0.61853 17.56397  2.30603
D01 0.00558 6.62201] 0.93444 50.55715  2.37012
D14 0.00768  17.85085 0.48231 17.24327  2.27974
D22 0.0115 11.30017 0.42171 9.78224  2.10229
A20 0.01099 0.84436 0.52421 10.37241  2.11386
Avg (.00925 10.44818 0.66030 18.82684  2.20779
Std_dev | (0.00333 4.29401 0.15660 11.60654  (0.14963
E¥E£| T)ASM (1,)Contrast  (f;))Corr  (f,)Variance (f,)Entropy
D02 0.00591 13.41805 0.7293 2487704  2.39254
D05 0.00766 13.9508 0.4727 13.23781  2.25147
D06 0.00652 12.83682 0.6159 16.71041  2.30574
D07 0.00837 14.79199 0.3588 11.53188  2.23044
D12 0.00583 18.10128 0.451 16.47969  2.36728
D20 0.00848 12.00317 0.4518 1095122  2.20088
D25 0.00595  12.79838 0.6586 18.74886  2.34709
D26 0.00342 3293114 0.4289 28.82368 2.5814
D31 0.0044  24.59614 0.3983 20.43396 24715
D39 0.00499  21.67685 0.4987 21.6218  2.41802
D40 0.00965 1041812 (.4628 9.7062 2.14379
Avg 0.00647 17.04752 0.50242 17.55660  2.33729
Std_dev | (.00181 6.50064 0.11008 5.79065 0.12210
EBLE5%£| (()ASM (f)Contrast  (f)Corr  (f,)Vartance (f,)Entropy
ca0045 | 0.00682  8.94567 0.7749 19.88284  2.28574
crusted2 | 0.00715 8.08414 0.8278 23.5105 2.3056
Avg 0.00699 3.5149] 0.80136 21.69667  2.29567
Std_dev | 0.00017 0.43077 0.02642 1.81383 0.00993



L £ £ (1)ASM (f,)Contrast (f,)Correlation (f;)Variance (f,)Entropy
ca(001 0.00844 14.03674 0.3268 1042453  2.20621
ca0009 | 0.00677 14.02937 0.4748 13.35628  2.27291]
ca0021 0.00451  25.53468 0.3133 18.58826  2.44469
ca0068 | 0.00773 8.50426 0.7388 16.2802 2.24915
ca0072 | 0.00898 10.70061 0.5214 11.18747  2.1887

D07 0.00846 14.4789 0.3827 11.73101  2.22711
D12 0.00584 17.9994 0.4554 16.52776  2.36731
D26 0.0046  26.34707 0.5519 29.38487  2.51016
D31 0.00439  24.09637 0.4158 20.62231  2.47301
D40 0.00918  10.85398 0.4691 10.227 2.16448
Avg 0.00689 16.65814 (0.46499 15.83297  2.31037

Std_dev | (.00183 6.19671 0.11713 5.65761 0.12111

BExE %1 (1H))ASM (1,)Contrast (f;)Correlation (f,)Variance (I,)Entropy
ca0006 | 0.01166 10.03588 0.45301 9.17234 2.09227
ca0016 | 0.00386  24.10657 0.58158 28.83961  2.53083
ca0022 | 0.01201 7.12585 0.65807 10.42617  2.07597
ca0045 | 0.00682 8.94567 0.77494 19.88284  2.28574
ca0057 | 0.00503  13.23281 0.74621 26.10264  2.41302
ca0074 | 0.00691 8.73891 0.79792 21.61682  2.29912

DOl 0.00581 6.28585 0.93123 45.73965  2.34823
D04 0.00883  11.78417 0.71117 20.48377  2.24876
D14 0.00527 15.17019 0.6941] 24.82858 2.41911
TG75 2 | 0.01141  5.9895 0.79207  14.41606  2.09507
Avg 0.00776 11.14154 0.71403 22.15085 228081
Std_dev | (.00286 5.16887 0.12420 9.98951 0.14733

-634-



P Sk =

B E o BB

REEX Min Ring
cal006 0.000242 5201.27
ca0007 0.000083 5517.21
ca0018 0.000356 4562.50
ca0022 0.000243 5709.30
ca0032 0.000468 6968.85
ca(043 0.000178 5855.90
ca0057 0.000248 6177.44
cal067 .000000 5178.84
D01 0.000190 7214.16
D14 0.000124 6447.31
D22 0.000345 4746.45
A20 0.000248 4909.26
Avg 0.000227 5707.37
Std_dev 0.000121 821.33

EEER Min Ring
D02 0.000245 4769.23
D05 0.000583 5724.16
D06 (0.000241 3882.09
D07 (0.000287 4025.52
D12 (.000343 5518.59
D20 0.000233 4809.13
D25 0.000498 6001.89
D26 0.000540 5512.05
D31 0.000282 4972.35
D39 0.000359 5369.94
D40 0.000232 3918.84
Avg 0.000349 4954.89
Std_dev 0.000125 715.57

BYE% Min Ring
ca0045 0.000046 5729.66
crusted? 0.000269 5711.04
Avg 0.000158 5720.35

Std_dev 0.000112 931
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HLE 2 Min Ring
ca0001 0.000354 3945.44
ca0009 0.000132 4289.26
ca0021 0.000274 4754.00
ca0068 0.000305 4984.30
ca0072 0.000080 3337.28

D07 0.000117 3960.00
Di2 0.000343 5518.59
D26 0.000540 5512.05
D31 0.000282 4972.35
D40 0.000232 3918.84
Avg 0.000266 451%.2

Std_dev 0.000129 700.96

BY%E% Min Ring
ca0006 0.000242 5201.27
ca0016 0.000246 5735.66
ca0022 0.000243 5709.30
ca0045 0.000046 5729.66
ca0057 0.000248 6177.44
ca074 0.000131, 5359.86

D01 0.000190 7214.16
D04 0.000288 4124.39
Di4 0.000124 6447.31

TG75 2 0.000484 4639.32

Avg 0.000224 5633.84
Std_dev 0.000112 837.23
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