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Standardized Tongue Diagnosis—

CCMP90-RD-015(3-1)The Study of Quantitative Standardsfor Feature Parameters
of Tongue Diagnosis

CCMP91-RD-108 (3-2)The Study of Quantitative Standardsfor Feature Parameters
of Tongue Coating in Specific Diseases

CCMP92-RD-105 (3-3)The Study of Knowledge Discovery for Feature Parameters of
Tongue Coating in Specific Diseases Database

Chuang-Chien Chiu
Feng Chia University

ABSTRACT

Using computerized tongue examination system is the tendency of traditional
Chinese medical tongue diagnosis. Therefore, the correctness colors identified in
the tongue images is very important. However, the photographic environment of
tongue images recorded may be different. In order that the tongue images can be
analyzed in the same level, the digtial image processing techniques were applied
and the multiple linear regression method was used to set up a flow path of color
calibration. In the experiments, five major colors (blue ~ green ~ red ~ black ~
white) were proceeded to color restoration and to estimate their chromatism.
Results showed that the chromatism is smaller than our pre-set ideal value M
(M=4). The user look-up table for color calibration was used to improve the color
difference among color devices. Also, the method of color texture detection was
used to classify the properties of tongue coating. The textural detection algorithms
were usually applied to gray images. However, the color information might be lost
if the color image is transformed into the gray image. Therefore, the color texture
properties for quantitative analysis of tongue coating were adopted in order to
retain color information in tongue. Furthermore, sixty tongue images of normal
subjects were collected and being quantified and analyzed. The experimental
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results showed that the coating-substance rate of the middle tongue area was 0.4,

which was much higher than that of other areas. The consistent rate for the thin

coating between the visual observation of physicians and the developed tongue
examination system was 85%. The consistent rate for the crusted coating was 89%,
and for the grimy coating was 81%. The results of tongue coating diagnosis using
computerized tongue examination system for the diabetic showed that there exists
agreat deal of yellow tongue coating in the middle tongue area.

Keywords : Color Texture, Digital Image Processing, Color Calibration
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4 1-1~ &4 (TimevsClELab)

15s | 30s | 455 | 60s | 2m 3m 4m 5m 6m m 8m 9m

828 770 762 1.7/ 753 744 737 748 822 817 814 811

25.50 25.31 2557 26.22 23.62 24.63 24.21] 24.85 2591 23.64 24.77) 24.85

-35.79 -34.73 -35.68 -35.85 -33.97| -34.52 -34.27| -35.28 -35.72 -34.16 -34.53 -34.49

10m | 15m | 20m | 25m | 30m | 35m | 40m | 45m | 50m | 55m | 60m | 90m

811 735 738 758 759 762 7.69 752 7.72| 733 743 7.42

24.37| 24.78| 24.21| 24.68| 23.29 24.19| 25.28| 24.90| 24.66| 23.34| 24.24| 24.34

-34.24| -33.66| -33.51| -33.87| -33.76| -33.58| -34.28| -33.55| -34.22| -33.72| -33.52| -33.61

120m| 150m| 180m

6.85] 7.23 7.51

23.75| 23.81| 23.41

-34.32|-34.63-35.12

Btd L

L : 8.28-6.85=1.43

a: 26.22-23.75=2.47

b : -35.85-(-33.51)=-2.34
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% 1-2~ %94 (TimevsClELab)

15s | 30s | 455 | 60s | 2m 3m | 4m 5m 6m m 8m 9m
20.03| 19.15/ 18.70| 18.61| 18.50| 18.29| 18.38| 18.22| 19.30| 19.31| 19.58| 19.67
-16.60| -16.93| -15.77| -15.17| -15.48| -15.39| -15.81| -15.84| -15.43| -16.32| -15.84| -15.90
5.16| 4.85| 36.4| 357 4.18 291 374 3.16| 3.72] 508 299 3.62
10m | 15m | 20m | 25m | 30m | 35m | 40m | 45m | 50m | 55m | 60m | 90m
19.35| 18.65| 18.47| 18.61| 18.94| 18.74| 18.83] 18.99| 18.82| 18.94| 18.51 18.35
-15.76| -16.49| -13.96/ -15.85| -16.26| -15.67| -15.91| -15.98| -15.77| -15.99| -15.21| -14.83
409/ 518 3.01| 461 491 443 376 512/ 4.65 347, 433 3.88
120m | 150m | 180m

17.65| 17.88| 18.11

-14.54| -14.65 -15.32

342 457, 3.89
BhLtd L@
L : 20.03-17.65=2.38
a: -16.93-(-13.96)=-2.97
b: 5.18-2.91=2.27

% 1-3~ = ¢ (Timevs CIELab)

15 | 30s | 455 | 60s | 2m | 3m | 4m | 5m | 6m | 7/m | 8m | 9m
22.11| 21.30| 21.19| 21.31| 21.35| 21.39| 21.44| 21.44| 22.70| 22.68| 22.76| 22.80
43.57| 42.65| 42.89| 42.85| 43.09| 43.10| 43.07| 43.38| 44.18| 44.29| 44.30| 44.46
11.26| 12.15| 11.77| 12.23| 10.74| 12.45| 12.38| 11.58| 12.88| 11.50| 12.41| 12.70
10m | 15m | 20m | 25m | 30m | 35m | 40m | 45m | 50m | 55m | 60m | 90m
22.60| 21.74| 21.83| 22.02| 22.28| 22.19| 22.26| 22.10| 22.25| 21.97| 22.03| 22.04
43.94| 43.12| 43.56| 43.41| 43.50| 43.53| 43.46| 43.38| 44.01| 42.95| 43.34| 43.46
12.17| 12.29| 11.61| 13.39| 14.38| 12.32| 12.77| 10.48| 10.34| 12.64| 11.45| 12.86
120m | 150m | 180m

21.22| 21.75 22.09

4251 43.33 42.46

12.33] 12.67| 11.95
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L:22.80-21.19=1.61
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B o RfeR RAR4e o AR IR T 1 TS

T EENER AT Ao L

=

3
T, =Thickness Index=) w, xA;, W eR" A eN (6-1)

i=1

RFZEFHE NG R ANj&r1d R -&frRE AR
%?E%?L@mig‘giﬂ‘@_o +ﬂ\7éﬂiéﬁ5—? Bk R R
dEIREAIRA LT B BP gHend LG 00 Haad £
BAa0~10 2/ > & ¥ 5end LB A 10~20 2 F > vg B 5 eh
$ £BAE20~302 > 5Ed LEh300 - EhA KA
THEEEE > TR RAGER E (threshold) » T =& &
T2 BEERE AT REBEEAETEF > L EINFTE S
b2 EHHIvEEHE AR A RFESIZETTEE G A
P TR K iRl B Sl 3T oo

(=) R¥EZ2ILF %

e 2B A2 N E A
12 o KR TEREES T o SRS B !
CEDREEAFREL L ﬁ-’uﬁ;ﬁat“ R e s & H W

BT F - RER o W E LB EE AANPE
Harlick *+ 1973 # ) en# P4 4p ik 8L (The Spatial Gray Tone
Dependency Matrices, SGTDM ) #rig 3 & kenA pp @ g v %

oo WA RS N A A ARER 2 AR E I S

PRI EL AT o REL REFET PR 2R
MBI E o a g BARELDTRA4T

p(, J;d,0) =K ((k,1),(mn)) e (L,, L) x(L,,L)] k-m=0, [l -n[=d

[(k,1)=1i, I(mn)=j}/T(d,0"),
(6-2)
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p(i, j:d,45") =#{((k,1).(mn)) e (L,,L,)x(L,,L,)] (k-m=d, |—n=—d) or
(k=m=—d, | —=n=d), I(k,])=i, I(mn)=j}/T(d,45),
(6-3)

p(i, j;d,90°) =#{((k,1),(mn)) e (L,, L) x(L,,L,)| [k-m=d, m—n=0,
[(k,1)=1i, I(mn)=j}/T(d,90°),
(6-4)
p(i, j;d,135) =#{((k,1),(mn)) e (L, L) x(L,,L,)] (k—=m=d, |-n=d)or
(k—=m=-d, | —=n=-d), I(k,1)=1i, I((mn)=j}/T(d,135"),
(6-5)
B #L &7 i HEp Ly & Ly AR kT
23 TR (X Y) R RX, Y) R ok A
o T(d, Q)R F B G ERdE & B Q2 fF $eniidikc o P (),
jd, 0)EEEA N AT s BlAeT N Ag > H oY M(d,g)fzr:
A7 B AEAp kB

M(d,6)=[p(i, j;d,6)] (6-6)

Hefpd - ZR AP R e 2 BB R E
CER G PNy L Bl BE T S ST R o ATE
2. FF g #k w5 fr ( Angular Second Moment ) ~ f,
( Contrast ) ~ f3 ( Correlation ) ~ f;, ( Variance ) & fg
(Entropy) > H & B i g ¢ i 2 hi HA W LR L B2 F
Tl Bl ArFEt LR ~ B G AT ArEa ks 24
BARR SRR 2 G B RRE N LB R PR
BN deT Hg

Ng Ng 2
Angular Second Moment : f, =>">"{p(i, j)} (6-7)
T
Ng-1 Ng Ny
Contrast : f,=>"n* > > p(i, j) (6-8)
n=0 i j=1
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Ng NQ
(i) p(i, §) = sty
Correlation : f, === (6-9)
0,0,
Ng NQ
Variance : f,=3>"3 (i-u,) p(i, ) (6-10)
i=1 j=1
Ny Ng
Entropy : f,=- p(i, j)Iog( p(i, ])) (6-11)
i=1 j=1

—t—!“‘ﬂx‘ﬂy—?’i’O’ ~ 0, AElE D, l—}’p el 5 iE R R
£ o B it Hacd#icie 5 ASM, Contrast, Correlation,
Variance ¥ Entropy » "t £ 2. 3 & 4 W] 2 % k2 - R4
&x%%i&w%ﬁgﬁﬁ\m%ﬂ%%W@P&ﬂ“7ﬁ$
AR~ B LR FE IR E R AP R ik e

(Z)BEzsibrik

BB R Bk enE B e s K3 B K hpgka
TR R A & A MR e s Fpt i 2 o Sy
¥ (Fourier Power Spectrum, FPS) e ek € i 78 1 55 %
BB GRS TR G A g IO RLE R
VAT MO R B AT 0 R dRAR o BT Y 0 B

B S E kAP hRE s Hg K4 @
Hgrz Rievd Fo%° KT A E2F qﬁﬁmiﬁ%%%

T o
Ring = (uv)’, 0SUSM -10<SVSN-1, %4 45 % 40 o (6-12)
Max=max(F(u, V)) » B~ & = F it s & X (hiE o (6-13)
Min=min(F(u, v)) » B~ & = ¥ #4154 &) hiE o (6-14)
Dc=F(0,0) & = F@Eis 2 &4 5 5 F PiE o (6-15)
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B1ll =@ Bhro 2R Ris2 BT

L1 DR LIPGBRH B2 LR

HEERAC B
e 12 E &4 CIELab B EHE CIfabe |BAN &£

+

Lo a° b Lo ar° £ AN 2R
£4 3158 20.99 -38.5Z 37.47 3L.77 -58.28 23.27- |
#q H4.82 -54. 20 Z6.83| 88 38 -b0.T3 30.7T0 14.520 |0
fre 46,568 BZ. 97| 2B T 4T 440 4827 3.8l 2B Bhe o
Eq 2501 0.36 -0.0B 27.48  0.55 -13.068] 13.23¢ o
Hq  893.08) -0.82  4.25 100,00 0.00 0.0 & 18 |0
TEEREHE
Q R adm Ol ab BE G (fflab |BRE&EN

fa a° il Ly# I £ae FAN. PR
¥4 3L.58] 20.98 -38.52| 33.30( Zl.93] -38.86| 1.98¢ |0
44 D4 BZ) -bd. 20| Z6.83) 56.93) -5l.400 EB.74 3d.6le |
s 45,56 62,897 28.72( 4T.46( B3.47 28.5l L.0Be |0
Eq 25,01 0.38) -0.08( 22.03( -L27 .57 3.46e |o
a4 93.06) -0.82 4.25 8L.4%4 -L1.57 4.37 L.8le |
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SEEREIC A
o 15 % 46 (/ELab B GO ClElab | BRA & E|

o a¢ b Lie e 5e Afw
¥4 3L.58 20.99) -38.52 3Z.82 30.95 -56.00 20.14- |-
#+ ©Dd4.82 -b4. 20| Z6.83 O6L.16] -45.99) Z6.50( 10.38< |-
fre)  46.D6) BZ. 87| Z8.7z) 41.63| 44.5h) 2.26] 3. 62c |-
£4q 20,01 0.36) -0.08) ZZ. 28  L.40) -13.85) 14100 |-
g+ 93,060 -0.82 4.2b 99.26 -3.35) -l.1% 8620 |0
FiRERE AR
@ R E 4 (1fLab BE GG C/flabe |BREEE|
o a¢ b Loye 2,° ba¥ FAY. PR ™
B4 3L.58 20.99) -38.52) 3Z.490 Z2.77 -38.7L  2.000 o
#%+ 04,82 -04. 20 26.83 D56.00| -b0. 92| 26,385 3.49 |0
fr«) 46.D6 BZ. 97| Z8. Tz 46.87 63.77 BTl 0.90c |-
£4q 20,01 0.36) -0.08) &Z3.42) -2.7h) 0.28 3.5le |0
=4 93.060 -0.82 4.2b) 9234 -Z.24 4.48 L6le |

+

AFPTEOREE L S 0P KRRk A AT T
AT L FEAE S M FRE DTN R E R R
Bt oo PRI S HTERITZ | B DT % 0 T F7 K Iodk
EAR2ZGERIE P Ae e R ESHE T B A - EINRF A 9N X
LFER Z F % 3 4 [CBC (hgb. het, WBC, D/C) ~ SMA (albumin. GOT.
GPT. Bilirubin T/D. BUN. Greatine. NA. K. CaCl.) Chol. TG] % -
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%22 EHEA R

o8 |l [FAY (%) | &£ # |% B FAY (%)
20254 | 1 51-55 & | 10 17
26-30 & | 0 56-60 A 10
31-35 % | 4 61-65 A 5
36-40 4 | 6 10 66-70 1
41-45 % | 16 27 @ e | 60 100
46-50 & | 13 22 —

3.4 %

2 161-170 2 A it b %

d 4 2374, AEEE L

8.5 0 1k 38% > H 5 171-180 24 - 1 ik 28% 0 H T35
B % 1621 A o §HTIELE L 1689 A 5 kT
i g 5 1576 &~ o

423~ L3 A HkiR
[ = #ic A (%)
150 >4 g 1T 3 >
151-160 2 4 16 27
161-170 2 4 23 38
171-180 2 & 17 28
180 2> & 14} 1 2
oS 314 100
ARy E

d % 247 AP X ??—*Ff 1 B61-65 = 1 et b 5 B

0891 18% HEix 7175 21 0 Hik 17% 0 H TiaggE
5 661 7 omFMHIHEEL 710 o7 L THME
% 56.9 =7 o

-390 -



S REEE N 24Y H 6P

7 224~ WE L HRR

WOE | ZE[FA (%) | W E S| FAY (%)
40 27 70T 0 0 76-80 = 7 6 10
41-45 = 7 2 3 81-85 =~ 7 1 2
46-50 = 7 3 5 86-90 = 7 3 5
51-55 =~ 7 6 10 91-95 = 7 0 0
56-60 = 7 7 11 96-100 = 7 1 2
61-65 = 7 11 18 100 = 7 17 ¢+ 1 2
66-70 = 7 9 15 KN fe 60 100
71-75 = 7 10 17 —

= BB E R BERAREN

HEe? RREXFFPEe 2 Ha B (FPG) 2 it & &
(HbAlc)s =g (<7)~ 7 (7-8)~ & (>8) F=Z %fE /R » P #

Sz L b THFIEE ERY .
(=) B b8 g

1 s|
d % 31T dvo RETY R L A g 8 ik 57%

Sy
e

2031 R A

15 e () | A (%)
g 16 43

- 21 57
R 37 100

2. E #
d 4 32 ¥ Ao MY R 61-65 et bl LB d 0 5
it 24.3% > # = 5 51-55~ 56-60 ~ 71-75 #& - ¥ ik 16.2% > H
TingEdr s 581k o m U TIoEH LK > L P TmER ]

60 f o
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% 32~ B# L RR

Ed | [F A (%) | Ed |Zdc [T A (%)
2025% | O 0 51-55 & | 6 16.2
26-30 & | 1 2.7 56-60 & | 6 16.2
31-354& | 1 2.7 61-65 % | 9 24.3
36-40% | O 0 66-70f | 5 135
41-45% | 0 0 7175 | 6 16.2
46-50 & | 3 8.1 —

3.HbAlc

d 4 337 4o AFTE £ 0 HDALCS it b 5 B 5 5
it 37.9% > H % i HbAlc<7 » 4 it 324% > k {4 i
7<HbA1c<8 z_ ¥ » ¥ ik 29.7%

% 3-3~ HbALC A i 2

RS <7 |FAa" (%) | 7~8 [~ (%) | >8 |54 (%)
g 8 21.6 7 18.9 1 2.8
+ 4 10.8 4 10.8 13 35.1
Boe 12 324 11 29.7 14 37.9

W ERACTHBETESNER

(- ) & BpTd Pl 07 LR

RIFF LI (AP 5 RS DR DFE 3 ik
fophBs s 7 2058 ) A1 F %epgpd AR i fBenR B A 2
Fen- R NFEREM 2DV LR o - RIS 7481
kappa # = > # . &x4r3b (4-1) #77 » B¢ P, 2 RZ- RF
( observed agreement ) > P, % 2-4%:8 - 3 & ( agreement
expected on base of change) - kappa &% 4 0753 1 A4
T- REAER O FELE042 075 F MIGRELE S
FEFTUEL 0 F 040 PIERBRRG Y L E o
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A L
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%21
(B#) |he= ke = |22 k|
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& 3 43 16 1 60
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