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Tongue diagnostic system in an Expert System
of Diagnosis and Prescription
of Stroke in Chinese Medicine
Jenn Horng Jeng
Taipei City Hospital of Traditional Chinese Medicine

ABSTRACT

Fuzzy theory has been widely applied in fields of medicine and
industry. This theory is extended from the classical set theory. A fuzzy set
is defined as a class of objects with a continuum of grades of membership.

Such a set is characterized by a membership (characteristic) function »

which assigns to each object a grade of membership ranging between
zero and one.

This research is to apply fuzzy set theory develop a method using
infrared (IR) image to examine the temperature distribution of the
tongue which could be correlated to the state of the organs. An
intelligent model will be made for the differentiation of symptoms and
signs and for the prescription of the disease of stroke. This model
which can be combined with other Chinese-medicine diagnostic system
or instrumentation will be a vary handy computer-assisted system to a
doctor of Chinese medicine at the treatment of stroke patient.

With the Chinese medicine theory of differentiation of
pathological conditions in accordance with the “four principal

syndromes “of ¢” » a “universal set of syndromes will be defined.

By the symptoms and signs of a patient » the “symptom-to-syndrome”
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membership function of fuzzy set can be determined and matched to
the universal set. Therefore the syndrome of the patient’s disease could

be 1dentified with this scientific’ objective: and standardized method.

A ”drug-to-syndrome” fuzzy set can also be determined for each
single drug often used in the formula of prescription. By the similarity

between drug-to-syndrome and symptom-to-syndrome fuzzy sets » the

formula with the drugs selected by this system could be recommended
for the treatment of the patient.

Finally - a database management system was developed to

manage the image feature data. The image features can be correlated to
the disease status. The outcome of this database can be used in clinical
evaluation as well as research in Chinese medicine.

Keywords : artificial neural network -~ stroke ~ infrared image ~ image

Processing
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FRrR WA EENEFLEENIHEHHE  KIFMER TEREBE
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EREIBASHREIAL AN RAHEET AR BARAAOETER
25 Mat lab R #/72%3t - 2 EELBESAHZAMRE  * AL E -

BRI ER « Hilide T

(1) 2% (Leamning) : TAMEN YA RESHEBUEE - £
MR AR EEB P2 R ol @RS R - AN BERK -
B AR  AZEAMNKT @B GHEATELT  ARESY PHK

o LEE o

Loshedhin GEAR) - St (B2 & 0@ RIEA — 8
BE T RGERMBER R TR0 FZHAE WAL I3 M@ &

HAFLE T 618 -

2. BAWEB AL R LM S EE%A 1 R

B 48 B M AR B9 A R 53R 42025

3. BABISRARA T LT IR o DR A 6B A E R A SRAY
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4. B EBaRmEY
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Xt A& IR RGEAGIR -
O LT ] EBIE
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Y, AR BEBREGEREE T

6. 3T E M EAW; RBEEA O]

AWiJ:n b 5j e X (2-3)

AGy =—1n 3 (2-4)

n P RBRkE BEHEROEEREENRE

7. B A A HEAE R R {E

Wii= W;+ AW; (2-5)

0i=0; +A6; (2-6)

8. EAR 1i-vil A 2 @B AL

(2) ®m# (Recalling) : AR & sH A R EATEB R - £E
RIEER Y @ERBELIREAN ERTHARMBER - @B H®

WAEEAR BAR ALY o T EESEE c KA T

1. shed A GESR) &b (380) e @ sA2E8aR

AR B -
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2. FEAAMEAE W BB O

3.%A&$¢%A%%ﬁ%%ﬁﬁix’X:WJFQW} o

5 f(ZVVuX:_ej)
4. tH@mmeymEmbEYHER (2-1) °

5. SIS MR LR B AR ALY o HH S .

(3) #5) %B (Rule extraction) : 358 FS F ey o A & AT B 3%
B oo BT PR B ISR EAR RS LRI AR AR S BT B3 A
%o 38 38 P ATATAE QYRR o A2 ot 0 SRAPVIEAE A 9 4R 5T AR 69 4938 Ho E 4

SERE R EITHEIR - R T !

2. B Wi n A EAE W R aHE W &
W= [W] eR™

WY = [W;] eRY
3. BT HARARBEPTHE —EKE AL -

A EFTHEHANREBRLAMETHEE T HFOARBI K

JEWTX, 6> FWY X,)

N N N ) R CZHKEE
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A 3E S AL A2 KA 3Ry 0 &Rk A £ B $OB Matlab R 473
HoBRRB AERR 0 X B RIRPHERIE I AR E K Ao i E ok
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B AR EAABRHFIRG I XAREIRAE T MR
Al o R4 > AERBRMNUERGHARER @B A S =R > AT R E
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Wi bR ERATEAARE LR - B EBIENERRR
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L RN (ER) -8l (84) HEa@E  vALYas
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BABBRAT HALRERLETRTRENF KRB BEFAIRH
FAFR A A RE L ttest 54 ﬁ%@&kz#iﬁzmﬁﬁi
R BREEBER (p>005) - BEAABMEEA (FH13 4 %
P20 £) B3 MY EBE - HBELEANTREDRA KRB

Tt -

AFHGLETITERLENIHM THALEANIHELEETH

B ELSE MR LS AER BB LERITLERKREER

SEZEE R SR ERF I oEA S
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YE PBREEFERELSEIL “FAOZYE AW E%®x
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FEETHRWET LTETHRERTMAOREAE RMKRE -
WIS Z oM RBRAENZHARL BT e A "l ~ &~ KX
g~ FROEWHEBEE MLERLTA  GERFTERERE - H
PPN AT ESLARME 5L RIS o FARY

o B AW LR - S REBEEFE -

RBLAKZIWER  FHRERARTER EXEAMME - &
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231 BEARTRELTL (FFHER)ZEERTLHELE N

HEE (%)

A (n=33) ¥R EF (n=31)
% 4
Rbx 22.16211.95 14.7+17.08
41
31.47+11.9 23.15417.37 *
BE 41
25.4+9.67 38.15426.38 *
x b
AR 2+4.42 3.69+5.2
N
K 81.03+6.73 79 68+16.51
=P
10.1245.05 12.74+12.79
—;%—‘}i
S 8.68+4.21 7.2948.09
EF 4
18.79+6.58 20.03+16.41
*+:p<0.05; ** : P<0.01

fEL (FHEE)$H (&3.1) 2EA (n=33) o b & (n=31)
BEZERRBREBHNLHERB  EEH5 £ “4” -« “sFa” KB
EFER (F:1p<0.05) By RBEELER (p>0.05): FE2H >

>

£ BB kBT O REBMELE (p>005) HRyHEEE

28 (p>005)-
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(232 REARTREXELE (HBER)XFHATEWRET L

HEE (%)

A (n=33) ¥R EF (n=31)
% 4
Kbz 39.83425.41 18.55421.06 **
41
30+12.36 29.49420.11
B &
17.75+13.96 33.67426.88 **
% b
AR 1.36+3.61 4324526 *
N
TR 88.9445.71 86.03+12.94
ai
53344.6 8.88+10.35
&%
© e 5.59+3 .41 4.77+6.37
=Y
10.92+5.6 13.65+12.72
*:p<0.05; ** : P<0.01

EELE (FFEE) H5 (£32) EA (0=33) f+ ¥ & (n=31)

BEZETHEBEBNLHB  EEEy £ e “Br4r” K

HABREHERZ(* P00 ) £ “FE AMMFLRA(*p<005)

"
b

b GiaE LR (p>005): F8HH £ “@8” ~ “F%

oy

RRBEEE (p>005) ERAEHFLR (p>0.05)-

37 ,



(33 BEARTPREHXETF(MRIR)XETEATEABELENE

#H8B & (%)

A (n=33) T & &% (n=31)
% &
Réx 60.29+17.25 295141932 **
41
15.54+11.61 20.14+18.44
3L 4
e 4.4545.62 8.79+11.1
£ b
AR 2.54+43 2.63+4.65
.
TR 82.8249 58 61.06422.4] **
=P
9.88+6.22 18.25+11.07 **
—%X
S 7.21+5.81 20.37419.01 **
E8
17.0949.52 38.62422.64 **
*1p<0.05; ** : P<0.01

AET (HBEE) 3y (£33) #EA (0=33) fo ¥ & (n=31)
EEZETHHRBEBNLHRB  THHY £ "R AHNBEEY
AR (P IP<001) RIS AHAINBmEGER (¥ P<0.01);
FEAHY A "BET ~ "RE O BABANBENERE (PP

001) BRI S AHMNBEAEHERE (1 P<001)-
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234 REABRTRELETR(WHE)ZFAREEHNHRET AL

#HEEk (%)

A (n=33) PR EE (n=31)
4
R 83.85+10.54 62.21424.18 **
4T
4.98+7.75 21.1424.7 **
B 4o
0.26+1.24 3.3245.46  **
£ b
AR 6.67+7.03 3.7249
ﬁ.ﬁ.
TR 95.76+4.97 00.344938 **
as
0.59+1.52 2463 48 **
-‘%—'}:
T 3.53+4.83 7.03+7.63 *
8
4.12+4.98 0.4949 48 **

*:p<0.05; ** : P<0.0]

EER(SHE) ML (£34) EA (n=33) fo ¥ & (n=31)
BHE2EHGHBCASLHBIFENS £ K" ~ "7~ "8
b RABABEGERE (P P<001) ERIFSAFHBAEN
EZRE(*:P<001); F8Mu £ "8 AHNBEEGER (*:
P<0.01) f£ “F 8" ABEGER (*:1p<005) > MRS H 45

AW ER (M 1P<001)-
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B35 MBEARTREEZLR Y T HRFTEBEGE LR
& (%)
EA (n=33) P& & # (n=31)
% &
R b 57.19+14.15 31.85417.96 **
Fan
17.3149.03 22.02+14.02
3 4
e 8.17+5.82 14914127 *
= b
AR 2.99+3 31 3.164.66
B
&R 85.6546.08 71.94+15.94 **
a3y
7.75+4.03 13.68+8.11 **
2%
M 6.49+4 13 14.1£12.95 **
Y
14.24+5.99 27.78+16.08 **
* 1 p<0.05; ** : P<0.01
AR THAREBI (K 35) 42E A(n=33)F + & (n=31)
B FREBEANLHB I EEH s £ "R FHMNEEY
ER (*:1P<001) & “bc” HHEBGHER (*:p<005) %

BATABNBEZHERE (M

“ g
®

o

a £ R

TR ASRBEGER (F

PP<001): EBHYy 0 £ Gy

P<001) #3830 F 455 A%

1 P<0.01)-
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A1 BEA3STHIXIO ETHHY > “B&” £F
H(FHEE)-FF (BEE) TR (SHE) EXEBA S5
FHERE (M 1P<001) “&” £FE (FBEE) EX (SHE)
FREERE (Y p<005) - REMBEEAHZEZRE (P P<001) “8¥
w’ EELEFEE (FFBE) 5 (CHE) S EBARELE

(*:p<005)  R4FHBEBAHER (F*:1P<001)> “F%” £F4

(FFEE) AHNBEGEE (1 P<001)-

oy

TEHy "8 £ELHE(FHBE) - FFP(HEER)-FR (v
WE) S ARAHIMEGER (™ P<001)> £EL (M
B) 54 (FBEE) $R&MEFWELE (p>005): “%%” AE4H
(FFEE ) FF (BMEE) TR (CHE)  T2XEBAMELSE
(*:p<0.05)  R4F5 BE £ B (F*1P<0.01) £5 £ (FFHEE)-

Th (FER) $aMENEE (p>005)-

41



36 REARTREF O EERBRAEMZ T EATENHRE

Btk
" %
FE (FFER) 4r* - g 4r* x
TA (FFAEE) | ac* s s - F 5 x
FF (BEE) SK 4 ** G B Y
EFR (CHE) P T Ml S Ml S Ak R LN
TR RALKE S B ¥ LN

X ‘EEFENER
*1p<005: FEAEMEE

** P00l F4ARBAEHER

#ER31BEIS BRBEAGEREZ LTS IR TEAEL
ERLBILHBOLREIREARTRBEZ £ > 155 H 3.1
o E 3.1 Ytb R B T iT 4 L TN E AR KB T LB LA
15%AF > M 81%ey PRLEFHENME LA LA 15% L - FlAE

BT U B HE AL TR & FE REMNE 2 M FI BT DR RIE -
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ABESHE
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0~5 5~10 10~15 15~20  20~25  25-30  30-35 35~40  40~45  45~50
gRIEEST

B 31 REARTREFZIERTE N MHHEN

N R ER M ER

HAE — A LIRALSRRET SO0 BRERALEXR3T
PoREARTREL EEA(HEE)ABRENEE(*p<0.05):
AELE (FBEER)-FF (BEIE) a8EEE (p>005) £
EFR(OHE) AHABEMNLERE (P P<001) £ERTEAH

$ER (F1p<005) EFATLEBEAHMNBEENERE (¥ 1P

0.01)




3T REARTRELE FRHRA

B A (n=33) FEEH (n=31)

tE (FER) 35.820.62 35134159 *

T (FEE) 35.97£0.48 35.33+35 33

T (REE) 36.16£0.27 36.31:1.23

TR (OHE) 35.06+0.65 32454216 **
B 35.89+0.28 3533413 *
TEEHEE 0.23%0.15 1.6741.01 **

*Ip<00S> FREAEHESR
1 P<00]  HAHABEEDER

E M henrER

(—) WBFmELS%BRLE L

TETRIZALANBRF U RSB TRRER A B4R S 4
RAXERBIAMSHBAALEFE LR TR - BERARTHEA
ITHAEBTTRES PR ER AL LB 5 A 718 69 fo il B
ik BARCBHEBGHRROBERLY - 2HHE o E  hE
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BAF RPEIRARHBAHBRER AL BME O XA T

v RMRARRALHRBENTEE R AL~

YEVTRAEZALAOPBRFAEREGHRAZIT AT ERLLK
BRYBEFZRAAAKF G REBEFTRANRRAPETERSY

FEEE -

FETRERALUERLRIG BRI BAE 1. 78
SFRAGEAAROTERN B AE MR EHAT 2.
TREZAGBENIERE BOHNETHRGEB R SLHBEAGE
Ao Rt LELBEEAOAREORR T BTEERALLH
BHRGBH G FTEREN L AN BEANSETEE 10~11 2
ZH BH - L BITZRAR > BRHYURKEIFH G E 5 B A
BRARHZSEITIR > REB UGBS E 5 T AR
R R H A GEITRR e ZRBIREEE NP B 90% ~80% & 82% >

L1k 84% (R&38)-

AREAG T ERETRERS I EEXHEH  KAR&K
B3l EFH T MRALRABGHENELR 20%F A HeeH

ASE BHEEARY - ENRBEABRRY @ AFLRRH
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£ 38 PEAMHELSKZAR

U il DIEEELE 5 ¢ Rk ie Bk %
-4 10 ? 90%
o 10 8 80%
- ] 1 ? 82%

st 31 27 8%

(=) RAFERSMHER

ANPEAEEY T Bl P Bon ik d R Bk
AT BATAES G — 89 403N B BN RAE M R B8 S R H R LB o 1A
I ARBACHBRETHER RELZE TR ER A K05 ETH

e Rk -

#| A Rule Extraction &) 7% 7% » 4§ F BU& & My w A eg 48 BE Ak - &
REAERWGEE TINRBEABEGERK o R0 E5H% 28418
$B-AF HEHTL  vFRE - WEZAHAXRDAMET - Fg 0
ZRtfE = A RkAE ERA Matlab 2 X A £ BebFE ke Tha

4 (£39)-
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PRAEMNLFEE  KAE - EE - afE  REEURRE
B B HEANA AR ESEZ AR (PHERSZER)S
REEHERSRAMETZHRARE LLE TR EZERE T 7
FER BRI ESE -HE - WHERAFRREELS R FE - 0 R K~
DR T FHMRBRERFL - FEE - FFE -EHEF -3
BR-BRESSEH BRRABRE -HEZ ARV AWMT K84
BASJE % Mk~ B3I HE S BRE BUE C IREBERER - kiRt R ba B (K

3.10) -
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£39 BEFTEIBITEEEIGRER

K

1ReeEse | 3RE | HBRRTE | OFREC | IRRIAEIR

AR

a7

a7

Hog | afihit | EH= 08

a8

1

£ =4

a9

11

14

17

-
=3
a

32

SR | BRER

Dka(E

STREABA
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% 3.10 #Hm R &£

HRARE
JEARPRE BEE | dpdE| FURE|RENGTCE it [ AR BRAIVER| EORF

BRPrESE 1884229296 | 23 | 23647 | 9479 1 1 1
SEE 23235 2324 13 10 11
AP T R A et 1.3444 1344 18 11 14
| o 25737 | 29593 28118 |[8345| 2 3 2
e 1.8333 183 15 10 12
A4 24789 | 24815 132% | 629 3 2 2
EHIEENIRE S 1.2926 1293 19 9 13
T 1.5667 12059 |2773] 11 8 8
TE4E 1.3211 21706 | 3492 9 12 9
pig = 1.6667 1667{ 16 5 9
P2y 1.0263 1.4667 2493 12 10 10
IERRL e 22667 2267 14 5 8
BRI R EE 1.6421 1333 | 14588 |4434| 6 4 3
ES R RN 14889 | 1.6333 312 10 4 6
TN 1.1263 | 1.5785 | 1.9333 4638 5 10 7
IR % Tk 25526 16 4153 8 7 7
1BPeE 14588 | 1459 17 5 10
BE R 1.0368 | 1.9148 13235 | 4275 7 6 5
AR 44X, 23474 | 14667 | 1.6333 54471 4 8

BiGEsmss dmgl 10529 |1053| 20 13 11

AEHE R R AL 0.7097 | 0.9677 | 0.3871 | 0.64516129
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— RGP

HEARTRELEZ MG EHRBUERN O LR F B %I
AIERT ARG Io8t - Bt RAMMEZERARS R =22

G PHE R AFo bR S F 2 P 6 PR 71 AT IR o

RESREEHNTWHER TUFh TREEFHEBRTL T H
mx%@&Aoma%ﬁ%%%ﬁ%%wuﬁﬁ:#m&&%%k@
AR AR PR s T A P FA M E B R T
BEAHNERANS B EARKIT LT 2R FTRBIE 2

Bl M RAT R RMPERE o

AU ET SLEES N ELHELBARRE A T AR

B 2T ARAL S BEE g - FaMEE AN ERE 33

3L o

HBTRERRENWFHEUAGEEREARASHER £ R4 LA

W

ANEBEEHUELE S R RE > BLlttest > L RBETR @ E

ANEBBRZEEHEEEN (p>0.05) b BRMH TR OHIBIZE A
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FobPBELEZ THEMFE Y3 LETREL > KB RENY
Hr o HMBKER 0L TYRZREGBERELIGKA  F 521 £ TE

R EBAF BRI A o SHEHMER AHE FERE B LI 04 B AR

RN RBEE S 11 AL 22 Ao
UERELZEHH THEEERBE B E R KT PR THEER T

If (Tot coat>19.29%) or (temp tip<33.4°C): then & % &,

B else HIEEA (4-1)

Tot coat= #:4% & & tb {5

temp_tip=F REZIBE

HETR KRBEEGSBERNHELNREAZBUAR TR ES
MBRETH LERI RO RATRAT AWM B &
% R4F % %33 sb 8% 48 84 accuracy, sensitivity, specificity % 4} » 413%

fl kappa (k) 1 R3F4E K4 %697 f 4t (reliability ) -

THEFAPWEER A4 42 MAESBEASATE RS K
£ % 0=K<04 Z T 2% EF BN EBE  # 04<K=075 %

T ARG RFOERE 5 K>075 Bl AT A %A B 1EHE -
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k41 F L)L‘éﬁ,‘éfék'lﬁffﬁ%/»?/\ﬁ?ﬂ%:@i%\ﬁﬁﬁé% RS
BER (2K 4-1) BB ELE AR ROBEEAE 21 120 A &0 ER)
(2K A1) % 8L ET AR R BB OBEA 20 40 & 5 8Ea1( A
RA4DBEREARTAARGERE 20 A4 BER (AR 4-1)
BERERFNAREANEEE 24 - BiBK 4] TR A% Wi
AR FIETe9$ B - T4F8 & 42 #rEM (Accuracy) % 095 ~ L&
(Sensitivity ) 2 1 54 & 878k t& ( Specificity) % 0.91~Kappa % 0.91 »

FIELr A BENEHRE -

F A1 A FEREALTER B2 ) LR

%8454 - (Tot_coat) OR (temp tip)

T

P J&, & R At
% %
& A 21 > 23
Y 0 20 20
st 21 22 43
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42 G TR EAR YRR L X ik

Accuracy 0.95

Sensitivity 1

Specificity 0.91
Kappa 091

= BAT R W LU 2

ShHANEITEHUETHE KR THELETHAEL ST,
Sh TN R EABEIR - BAEAETHRAKRE RGBS
WANBRIELS (Tot_Cost fitemp Tip) ATASIA R B A 2 &

HEEASHERT AR SRR  AER 1 BRTIRT

BEHOZ 2 —HBINRHEZA  ERMDIRERZE B
A= g2 A EHRRA 0 & K552 accuracy ~ sensitivity
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