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ABSTRACT

In recent years, the studies in scientific and objective Chinese tongue
diagnosis have been widely emphasized. Quantitative analysis of tongue
images with a computer is a trend in the study of tongue diagnosis. In this
research, a complete tongue viewing system was established by using
image processing technology. This system can be used for analyzing and
finding the difference of tongue characters between healthy men and
upper GI disorder patients.

This system set on a moveable consulting chassis, mainly including a
personal computer, a frame grabber, color CCD cameras, and the light
equipment. The software which combined image processing programs and
application programs of tongue-characteristic database was developed by
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using Delphi 3.0. The tongue image was processed by image calibration,
sizes conversion, image segmentation, color analysis of tongue and
coating, shape analysis of tongue, and analysis of coating properties in
that order. The color classification for tongue and coating was depended
on the HSI color model. And, Fourier spectrum was used to estimate the
thickness of coating and distinguish between grimy coating and crusted
coating. Moreover, the analyzed results could be saved to tongue-
characteristic database for convenience of the preservation and
management of patient's history.

After the system was completely constructed, the difference of
tongue characters was generalized by sampling 45 healthy men and 55
upper GI disorder patients. The results showed that the significant
difference of that patient's coating percentage was larger than normal, and
coating was almost located in the middle of tongue which corresponding
to stomach area. There were 85% healthy men whose white coating in
their middle of tongue which was less than 40%. But there were 65%
patients whose white coating in their middle of tongue which was beyond
40%. Patient's tongue shapes were identical with normal. Most of tongues
were 4.5~6.5 cm for the length, 4~5 cm for the width, and 15~25 cm? for
the tongue area. There were 38% patients who have white-grimy coating,
and which was far greater than normal (6.6%). There were 5.5% patients
who have yellow-grimy coating, but none appeared in normal. Besides,
the majority of normal tongue thickness was thin-white coating, but which
of patient's tongue thickness was thin-white, thin-yellow, or thick-yellow
coating. According to tongue characters the system recognition rate for
identifying the normal and patient groups approached 85.1%.

The developed tongue viewing system only provided tongue
diagnostic information. However, the principles of traditional Chinese
medicine diagnosis were based on four diagnostic processes which were
viewing, learning, inquiring, and examining. Therefore, the system could
be integrated with other Chinese diagnostic systems in the future. It would
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be practical to help doctors to diagnose illness more accurately.

Key words: Ts;)ngue image, Tongue viewing system, Image processing
Tongue-characteristic database, Upper GI discrder
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KA B RIEIE - Ao~ 0 - KEHLE - FREOH T T
fkéadt o (iv) "HEEZHA  EZERAARNE BH S8 A
BoHR~ZBREM 0 0F > BRIBH CRZE FHE - B
%— o

(Z)~ ¥ & A2 % % (color space system )

AARYEEREZ — HTAHEFEUREZEERBEARERLN T
WMBITEMBAETEHES oM - h  HHEEARLFHILERE
EEXENREBTRENGTATHE  UARTFTREAFREHE R
ZEBRBBEXTHHERL -
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B gh o L BT — AR ALRER —HESEATHEUR
ARBREDHIHRA AL BEARASKZELAFLEZRS
BAEMBAR  FHE B AT e PHAUIMELY
oo FBRARAEUHE VEAGAETIE ARBERFANFR
MATEW MR BAAFBHL UTHRHEALZLATAERRAG —EXE
BEZSBAE— RN -

1 ~ RGB¥ & &%

MR E6RA L RGB » YIQAr HSIAE #[19] - 4
RGBEAM P » - HPEA R - -G AEFERETH I
—BAZ Ry A HARRAGERL AT HR  BIMBREMAX
G AL EEAZ R ) BPAFAR ~ GRBEIRA0,1]MEE AN > B
b TREMY FiwB 23T RARLEY  AFR -G~ B4
Z{ATEE £ » # & (cyan) ~ B4 & (magenta)fe ¥ & (vellow)4: 7 91 &) =
BIEE L LatBi Ao ABRBREGRE L £EAT
b, RMARKEFaZHOKKRLE AL &R ML R TR
LK N c RGBHAEA THH 4 A ZBIF L& KT o8
W — B RGBEAFTEHI-ZAYGTFanERrLatRAL
ARt E SR B ARESANERBMBEAOE EWMTR
BRMELARGBY A Ul AARBRETR —HEZOR
ﬁ_l_] o

L2

|
Bilue Magenta
Cyan / /' Whire
/Gnr VA
Block Red
Green Yellow
" i

2.3 RGBE&gK7EH
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2~ HSI¥ g

M — A% F AR T A RAE A &% & B 42 & % HSI (Hue/Saturation/
Intensity) * EAEA ZF EZENEE 4B LB 2487 o £ & FAHue)
rREX—BEeEXEk EHRBRSERAZRZL L0 ~360° R
K& 0 FTEL > §Hue=0" BF > BAE R4 H » FHue=60" B BEER
FH) o LASLBAHE o fafu E (Saturation) RIEHE A HE » BB E
FIXAORE Pl Rl Rases Kl s
EABREEBREARARTRARE VB R CHIEHREAT > 8
Bl oAl EA K RE(Intensity) B4~ BE~-S=ZBHENE
XA FAREE  TPRE  £LHEERERZH LELRUE
EXEAMLBGR CHKBERE T THRAMTEAKEZTE
weEAMGE c BRM > SFEM ELBAKREZIBERK TG o K
femE RESMEAD LE—SBXKRtafoEEE  ZHEOHEHEL
ERCHasE R A > T mE R TR B B IEEE -

B 2. 4% HST AR R HKGEE M

3~ CIEXYZ % &4 7

B R & %/#TE%%?(CIE)%%‘J}T%XYZ%% &Elﬁifmﬁ
IR R #[20] st—HBBRRIEM—ES TP et hé ~ B ~
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Fréany » H&8 K/ 4 = & 3B A (tristimulus values)%- 3] L X »
Y Z%&kT"2 Bl E—&XTH EE = &3%B 143 (trichromatic
coefficient) RIXZH E K4 F °

X
b —
X +Y + Z
Y
y=
X +Y + Z
A
Z:
X +Y + Z

Il
[S—

and X +y + z

B TURBELXFTEE -ty x vz MM EE B
FEB 25 F)E R ZEHHIZERE -

2.5 CIEEAREMN

4 ~ YIQ# 42/

(FRBEERAZ24W ENTSO4HEE &6 TR A MH - I H
TYIQ# &4 4[19]- FE L » YIQEZRGB® —# o4k 8 X » H A
HBAREGEMBRM AR BRI R LI AER
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B AL AR EL24HEE SN EREANY &S
REFEWERE - L YIQREAYERTTYEEHALGBATEP
B MAIFRQATYTEEREMHMBPMALL) - BRLZ I >

YIQEAM ASSEE T IEZNBELEAZENYE T R Q A 78
By o A — R AN EESETUESREMAREY A, EH

T4 -

Y 0299 0587 0.114R
I 1=10596-0275-032}C
Q 0212-0523 0311}l B

5 ~ CIELAB# &4 %4

BARECEBAFSAR ERABTTRAREN ZHBEZH
Mo mMAARTRARD RHETARANENHEFHMES TE -

MEMRL » 686 £ EMREd & K (chromaticity) & 5 & (luminance) £y
REMPR] A ATHEEEBRSHEL > CIERII6FELES T R

REXMANELEAS I T CIELABEM L*a*b*) 4 & B4R & #Hudo
B26/ T > HBECIEXYZA&4ZMAR X Q22)#iarX[22] £ ¥
L*X & EEGLE  0~100) * a*Ffob* 8] £ & H & 3Fv colorfulness °

7 X, F &4 B & 7 8§ 2 # G (reference white)Z =3 Bh1E - A %) * R
&, P96y SE 8k Bp &, % 14 (color difference)™ &3 R, (2-3)3 B iF 40 > H

ANFERE 69 T U A L -
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1/3

[*=]1 Y] -16 for—}’->0.008856
Yﬂ YH

L*=903{1—/-Y—] fOI‘;—S0.0()8856

1/3 1/3
b*:ZOHL] [1] } 225
Yﬂ Zﬂ

L*
1
Green X BHLow
Red I
l Blue Purple
Black b* o * I}
’ 0

2.6 CIELAB #6441 4%

353



(W)~ HHReERELRY K

A EMANR  ARTH IV EET R ESFHAE

! B AT

e — PR RIFFZHHRRNRIE - ATHRIELHR - BBy

Bl RIAE AT E =3 o BB o
1 ~ F4&A8R)

FHEBARVET BT RERGN > EHE DR Y

BT oEERR BARMLALEZDBOER LR A

RIS FERRKFERGHEE -

] ¥ &

FEARNBPEBRZRAHEREAGRE SR Bk F
SMNERRANRALAGER TEASORRLYE  BHBHERME
ERBHER CREFESERGEFACHANRGEEZROTEMAY
BAEMAA - KEMFERABBHOEAT AR GEHEY Fo4:8
H AP —WieSHATRMOBEME  EHEMEARK 274 E
REBEAEREBAE AR IFRATERBREAARARAYERN ;
RZRAAABABWE —EBK - -db— AT ER

(mask ) * & Prewitt ~ Sobel » Compass & H F o

o BB HEEEYRTAG M ZHEH F A Laplacian
EHF - HARBERAAPEREHEGAHPILLER » RELEER

B o 4R B fxy)¥) LaplacianEH-FE R A

0" f(x,y) , " f(x,y)
dx* dy*

d— 3058 X % AT K 6 ik R ko B 2.7 77 7

V2f(x,y)=

0 |-1| 0 -1 | -1 | =l 1 1 -2 1
-1 | 4 | -1 -1 1 8 | -1 -2 4 | -2
O -1 0 -1|-11}-1 . -2 | 1

B 2.7 Laplacian mask
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B 7 Laplacian B A & @ A 94514 - ¥ S8 60 3048 B &
B BIEFELERMERRFRAEHZEOEE > M A > Laplacian
FEFeA4 8848 B RAEMAREELYF G 0 A7 Laplacian —
RO ETZEEAH A ENEFILChESE T b @ o M
Laplacian32 5 F £ — Az e E R A 2 F A LB T g5 ey 45 M oAk £ i
SE—BYUETOME -

VETERABE e R CH EBARIG o — KRB BETE
WERERARMEEOREGHAAMMEAREMGERHE RS £
PHRRAREGME > MRBREREHEG L4, BG EHEYENE
ERAAEZET I IR R AR F &R > fP] R A8 UM 8
Kk EBRRIFEE A BT E B K (region growing) &R B iR H 4L
& 13 (region splitting and merging) °

BEREER VBT PR ESZN F EZ— L —0EGREZPF
B TREGARZY RN A TEAREBYERAEREEA T HIE
B REESNEFMEREFEEBERIEL2ER R - 40 F2.8()
Fiom o BATTIRE S LD —BREAT MR PO RMEEHESE
PR A9 wRB28bL)ATARS EEREHESTE » L% MHES
- B BEEREARMNATELRER EARERIRHE XS
BRASBERG SZMER AR  FHNRTATE PG
HEMRSZIFE TR -

T T T-
(a) (b)

2 8RBA(a R —EBAE (bFERREANRBASH
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EEmKk REBEEFRTFEBRRSGLERREAGRNEE &
HH kT EYZEE R S (pixel aggregation) * . —BiE-FELE 4
HE el ARAEEME (G ¢ K~ 88 ~ &) EF
RhEREFTERRK - B ERFENPTHERNERETF
2o PHRLHETHEREAT > ARG FETIEAORIEZME /N
TE > MARAR —ER > b RAG Kk RAEBLETRAHELR
WREET oL R

Lo HEB BT E LT URERAH B R FHSERE T
FH BT T RAOSE - B 297 BT RE—RBEERHEX
Yo oS EEEFRSBAECH MG - REGHE B4 %) ¥ B
BHEFEFHEBLNE TR URKRYGEL AR BT H R > Lo b by
TEPIBEFETEABER[23][24] MARRAFTEERE LY THEPA
BBEL—RA > BB aeEF - LF -F&F - -FEF S -FLEE
ERMEEBEREZEF»E LR -

B 2.9RBHLELHR G BT K2 H

EARAT ATHERIM(ES KL ~RE - FEZRH)
BIATBERLETOHTN > BORFELS TSRS TR
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BREEMROBE BB ERTEHEAEN  SHBBEY
BB ETHA BTGB > Bk RME A1 45
(Fourier spectrum)[19]R 1L iE 45 5L % 2L o LATF sh 41348 3 #4738
Y — =g ey 48

BRxfoyR T ERELE » Blfxy)K&k—E= fiéﬁy’oaﬁf#&
B PAEE-ByGIEELEANEZELEG S E(WRI‘E)

—BEMXNA NIRRT E HExyY) ﬁﬁ&%ﬂ#i%ﬁ#ﬁT%Tﬁk
A (2-4)

M -]

F(u,v)=-ﬂﬁz f(x,y)ex{»—jZ:r(ux/M+vy/N)]
x=0 y=0

2

= R(u,v)+ jl(u,v)

AFuvASBEFEE > u=0-1". > M1and v=0 > 1*.” N1
Ruv)Fe [(u,v) 5 %] & F(u,v) &4 ﬁ‘ﬁﬁiﬁv)fu_-ﬁr& |
m Fu,v)Z 3k 18 & 25T & 7 A X, (2-5)

|F(u,v)\ = [R2(u,v) + I, )]

BeIR 8 R B | Fuv)| Brakdd A f(xy) 98 L 4538 -
(F) ~ 378 A 1% B4 (Stereo Imaging)

AARFAHATEUVEEEN T R ERTHEHNEE TR » &
FER BIPCCOH EHMPUBMBRLELEFRELE LB BIHARHL
B EEBEPREATEEZ RN = 2/ 8478 B (depth) JE &
[19]° U T#HOBERBILR I AL HAHBHRAPZ o

1 ~ B AR

ZRBIE (THRERR) TRGEBAYE T L ARB
BREXBRRETHERS  ERE—EAUFEUBRE= SR
WR#h CLEBRRACSERUEZEANEL  AAARIESRK
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i o

B210% —EEEY R BLHMA » ABBEBERLLZLT  &IE
miexyF@m L Lh (GEHGAHPOEIL) Bzh Bk RiEd@E
POAREBR ' BRAOFCAERR - wRABHEAKRLEERAY
28 0 A R & & 4569 & B (focal length) BB BAMER R G
REZRABKES -

y, Y
) image plane

(X, Y, 2)

—t 7. L

Lens center

RGPS R EAR 0 w2107 0 BRRA
TESGHEP > Z> A BRAEF RO ARENT « £ —F B E
BRARBETFOLORTZEELMERGOMG EFRAEMN=ZATRRES
R ILP]AR - T4 8] ¢

= o (2-6)

(2-7)

RPXPYRHEEEATHREETRLAHEY THRYFE
WEAR  #MBEHZ4BHPETBREEERCOFCHEENFE -
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AX

le—z (2-8)
AY
y 7 (2-9)

Gh FEaEE  RMNTURESFLECIYRXRQYX B =
] o 64 3 — Bk eh & B R AR P & Loy — B

2~ B8R

RITAESE > F— B4 s — B8R TFaLX—@A"%
H—"8i8 - SR d—EF BRI RAEE— 2 E —H48 o)
FE(world point)fr E(BP ZE TR &Y B4R EE) - K » ) L8545,
(stereoscopic) * XA AR RGERENGT T UG ERNETELTH

hofg 211477 LA RELTERR—BETEHBAEEL NS
B — B R EREWARE MG LSRR T aEE) -

image 1

®w
World point

B 2.1 L #8 s R @R ey L A

W EE G T X M By FESEAE B L & G (baseline) * LB AR p ey BAE
WARARB AL B (xy, y)F7(x,, y,) KAFEEW 84 B 42 (x, y z) ° BRIAEH 8y
RERVREALDHEY  CHOERALTEBRITHEE > FF
AR REEMARBME - BEBRBTIHALASTHRY - &1
il R BARHRERAGRIERL Y TFEEEHxy T
HRAERERLZAAXYFRESLS - AR A LEBEBET > WeHZ
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BAARBEBARBREEZ L ATD4E -
BhEBAMES —FRABBAMRELZZ G — 3 WwBEH212H
T 0 Rk B R@28) WALRNER (4) B4R

XF%(Z, o' ) (2-10)

HEHRLE HEPXPZHTREATE—BREBABI THERELGRE
o F_ERARPPWLRERLS  EE211ATHAHE LR
o wRUF—T E_EBEBALAHREZLLHEL » AL
BWAaLnBA (34y) BR

XF%'—(/I =70 (2-10)

MAKLE - AMm BRARERAKETHY  BWHZAEEZALESRHE
RABEZAAKTREAEREY T3

Fo X=X ,*tHB (2-12)
ZI=Z|=Z (2-13)
ETBAEKKGIES -

. , O
II'.I o i
inate i
5 |
!
B Pw

]
Image 2 /:
|
|
A [

‘———-—h-

Plane of constant £

W2.1282.1 ¥ ERAE

(x3, yﬂ
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i K (2- 120 (2- 1) AN R, (2-10)F2(2-11)4F

. P -
X'_/'L(;L Z) (2-14)

X +B=x—£(l—2) (215)

A N(2-15)mER(2-14) ' TTAAKZ A

% o o 2 (2-16)

Xy — A

AR SHESOT B SRR EEEEE  AAREEPE
PEC ke TR AW ZELE -

A LMz S KM TREGAIBAGHIE  BRhEAFEY
B rP R EH RSP ZE TN GOTRELE (W)

z=3-28
X277 X1
X =T(’l -/ )
Vi -
Y ) (A -Z)

(R)~ BRI

FHEAGEZ—HETHMILH TN ARG RPEET —
b F B B H 4% & (computerized data files) * M ABA BT R A — T T
HEM25] - HEHEAGHEREFTHEHERTTF E4EEH ¢
MO RTEEHREAR AN dataB| EFHHEEN - KB
R ETHREMN - EHRANEE HENEPHB X LEER -

—RAFHEMETrAEBR U AR BB HIE[26]) FHAY
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EHEEIRRBBEHERER KRB AGRGIEE T HALR — 3T
A A ERRESEESM o | Dbase » Paradox ~ Clipper £} & & 4%
EERAUNGEHEL  ERAEHEHTHEOHENESHER %7
AZ2L s 38 ~ RBBEHEFHEHR - LBEASTHERR N —&
NRIBGHENE ~ NRBAHEURR L -

WRAUGTHERBFERAREABOAREL R EHOAEK
FRTUAREPAG  PREHEANEHEARSOEIAL » &
TRAGTHNE PRREHKEAFAHERE THEEHERE
REZETMOGFRALZ - RE—RAVNBTHEL246 A BN @B
A EHE  ERAFRBGRPITAEG@ERGBHBEHELS
FHEAHET  LTRKFTREAGETHBETERMEHEN » RS
LT HFROIFRLBAHMBERY  MUAREAFEHES R A
#.(Database Management System,DBMS)R & 32 Bt e - 69 4 - H
AR R EBA EHEE Oracle ~ Sybase ~ MS SQL Server »
InterBase... % ©

ARARHTHARMEBR RGO EL VR ALMBRG T B
UBZSEN B EREEE B I-BFEHRBHETHE - &
REREHORD  HBEZIEAME - FRZIRE FHEFHHEE > K
# X # B Paradox 7.0 #) &k #(Table)#; &, * it B. ¥ Borland 2 3] &)
Delphi 30K AT HERE RN » REEM—BFEXRAVGETHE - &L
LZRIHABMAUZETHE 2 TEBEBET RS FHRE -
MR ERFEIER A BERGAHEHRERBTHE T
BoRAF R e e o

LERHEARAGZING &k REETHE RN LEGBALField)
wiRBRS UL ALBY - FHGE FTHHEHRF 2
® > EMADelphiEEEAENEBREN > e #AFTHEH
BAHBEEEHETAETHEREGE - LEATHEN T HERAL
Yo B 2.13 A7 R [27] 0 Su i BB 60 BN LB F R T 0 &3 Table
AR ABEABEFEHAEAEE A EHROAHEH
Datasource 7L RFE KA P Y4k REA LA » miEAETHB
1% M- oA EEH -

B
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oy
e
g =t i e e "
-"'-:*:':- Loy ""-"'-"., ‘H-lu--- - -Wﬂﬁwfﬁ'q: }.:..;4:::1..:‘ 45{.
kt‘d{ ?: ‘?:" .:f‘:? "'«,...-" }7} .-" ::‘é H %"ﬁ.‘ ".."' s . Aebend ey

TTabieiR B HIE A BrARFET
HHERIERE

NI R NI E NI I N AN IR NN E N I N A EAN SIS NAAY A AE N AR SRS SR EAANLAL AR R L

"“-‘.:-..
: NS G R A R e AT LYt Sy i RN L :-:
2P, "x f.i:rn, .f-:r' m%‘-w *»\*ci-:: ﬂ*-}:-’f T e "-'?;ﬁx u;r},,w'ff s

TDataSource sBl TYable
T BB %3 2%

TDataSource %é

T
Eotna ot oLty o Rt X gt o
= e R e
:':”:;" T
it Ela ] r":'—'u'-|"\-|'-'

"'."

:“‘1:.1‘_H.*5:}'.'.'_' Tt o
e SahE s e

TORBGRdRIE V8 B A8t
4 £5 6 TDataSource 7o
. RARATARISRIE A S WA

B 2. 13 REHETHZAR
=~ BB E

AR EL B AN A hRB R ELsmE
BAKR ' ERGATHBRE IV REZFLATHUEAHBERBGFTALS
B3ty - AGBHYAZLFAERGOEERIBERAKBEIAL - 2B 4
R AGER  TURYRERE  BRBRESHEMBATERR
BEMEBEMERERE—TESHHHA -

(—) > Bt
1 ~ FEEE %t

ARSI AR G RBR B o B2 R R B RS
g RBARE MmPERBREATH
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CCD cam|era

e ALRE b g v
R - Philip§ g2
e iﬁ ’aﬂ E] E ﬁ
.
THEHLBEE 8 AT B

BRGNS ECHEIRTIR—BRIBRBABZIEES AT
BAANBRHBHEREN S FLAE@ENrHRE  £MEH THAE
BT AR SRR XIFIM RS %H o Lk RIEEME R
BEEFLEEHBBERELARANELR DB ERAMBES
e - LEEREA —BHENBELE  LXEWNHAANERE S
RIZEGRI > A BERESSESTERSEABRSIE  $£1F%
BlEAEFE A RMAP H F5E -

HAXESy ERARMEEREA2800° K#Philips d T8
o BRNEBAR S E AR B ARBE U AR R EREFFHYHE
BERER - A ATHIIRAGHERZGLHRELSLE » HH4E
TECREE NI AR ERNBABEZELEHTEAMTFUREINI R LR -

BT 0 ;A CORECO A £ 2 TCI-VGA £ 8 #8 8 F #iH.
o 3 WatecZ WAT-202B CCD # & (H A4 E B 768(H)(494(V)
» BLH 16mm 89 8558) © B 7 b — BRI 2 28 48 True Color(24-bit)
BIRR AR A A L A RERAIR R » M AR PAAEEIRO RS EEB A
640(480(24bit 89 ¥4 &, %1% - sbob » £ BB EEIA 0 #1942 B Kodak
NE A A RHEGEAI8% IR ER(GB 215/ F) > MASKHEQ-13
B BRI B 216 A7) MERI B RL %~ E=-HEEY
ERCHUBNIBFTEZEAEZEENRT  UEAE B EEREZ
}ﬁ o
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KO DAK Giray Cards

B 2.1 6h53%E FAAEMER

BATHEE sb AR HKROES B THHROHR
BORERSH BEREHAOHF. . FAA D THERIZEFNADAT -
MR F Ar4E B T € #SELH A Pentium 133 CPU ~ 25GB A 5% ~ 48M
DRAM -~ Matrox A & 2z Millennium- I 1% 887~ F ~ 17" ViewSonic %
&%

AAGBRABEBRNEREZHEN 2R ATHEALAGKAS
MU ENERYEEHGMER > AR RAR EXEBEREEE
EUR  ERATHEGANLELS L EAL T E FHGHER

HRBREHREHBATHKELCENRE L SRBHFTER —HrE
W B &y e

2~ P ILA

AR AWindows B EASRAE TS AN RARBE
EnB Ay BBEHEREX - BHEoTRELZX - THATH
B2 R - BAAEEEEE X2 0 HA4EH Visual C++ 4.0 For Windows
05 BRAETREUAZBHBRTAREENG  EHK S EHFE TR
REfBchannel 1 %1& » R P T RHILCCDF & LA S BIE B
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DEBRGREENE  ARETHMAEEK
AL 4 R FEA2 R 34y © #k A Borland Delpht 3.0 For Windows
o5 RELERBZTREE - ﬁ-‘i’ﬁ'__.a‘% THERERLRX - HESTE
2 mesrER  FHMINHEX  BEIHEX - 2IERE
XEREMSTHRELN - ﬁ'n/fi’ﬁfﬂfiﬁf‘f’ﬂ » 4 A Delphi 3.0 ¥ &
Database Desktop R 3L & ¥ £ #(Table) » £ B3R EHKEH ~ &
£~ AEnE - BE > FR ﬁ.%ﬁﬂéﬁ;%mmu&%ﬁm+m il
B BTFARFERDelphi 30 A BT RBELZETHENERZITE
F23 o

(=)~ RHRAS
4&5%1%%@&#%@%}2 17F7 o E8F  BIEBR - FBRTH
RIBREGEE T =B - ’Fﬁﬁ‘*ﬁkid*@%ﬁiﬁiﬁ#ﬂﬁﬂi%%ﬁ

zm*ﬁﬂ& 24 B E A2 X AR K &%k A RGB &R 8 %1% » b
AEAR Hil&iig‘*iibx’f’li% SRR EZ R o 218 X RH A H
HRENFLE TR L BARKAFCEAATvE TR K
1% 0 R BEHREX BRI EHELMCCD Camera 1 R CCD
Camera 238U A 4 M 7k 640(H)(480(V) True Color 8y EH 18 > A— T |
TALAZHBALRRERRBEBREL)UBAH EHER &
ZHAAE —RBERAALZAGNEHEAREBATHMERL - FH
WASREHRARALTH AR wREAYBERBRZHAALT
NMEETRETH  BABARBRBRLEZE EHEAK
SABHAETHMBFANBAERRERRER TN L LBETHER
_j:_ o
%T;{{ %o ENFE {%/ﬁﬂnmfi G EA LA L RIK
640(H)(480(V) 8y & B4 £ » B4k 2| E 38 L A% B i B3 R 09451
oo FI AR EAR T EREMEEIEHREERKE) - A K
CCD Camera 18743 89 640(H)(A80(V)E #1% F » iE B 400(H)(400(V) &)
212 #EITRGB &R E %Tkﬁﬁﬁiﬁ%ﬂ@ﬁﬁ%%%
"f;b'f’?f  BIEMERYLARABORMAEEER S - LT &
BELBNBRETHELE ST K FRATERHFKR D HHHEJ}E%
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K- FRARN BB TREBLIA-AQDBAER ' AHEER - B F
B AHBEERCHEGEEALE224) - |

2R OHIAWBEFRIGETFERS LA LBHE
HERTEREELZBERTHAEHBE I A5 EEHHS
Wil STERMEFEEHRETHE - REOFR > FTHER
HEETHERHEEENRE - x1E > BLEZ BT RHRY I E
RERAESWHERBTRL AR TEFHEMBEITERFAFTH
AR -

uuuuuuuuuuuuu

g - —

CCD Cameral °

uuuuuuuuuuuuuu

&
¢ »
4
&
A Tt
. . I RE Y S

;CCD Cameral %{iﬁﬂl%

nin
¥ g oy e
28 [errg L] 5
g I S ET VT S
K K S ’émfmﬁ_.f
P A

E
iR

B 2.1 74 %FiEE

(=) B8k
RGP  BHARLTSESH FTEBATER ST ERIE N E4E
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—ZEHRA > AV e BHERE - BHEMRT - BE>H
FEREB M BRER - EZBETR -BERREZSH - &
SBRHZ ¥ B4 THAETZEHESERF—Ha)

4 o

» BIEARIE

AHBERES T ATHILRERFBRMES T RERSER
BRIEHRGBERMIZERIED2R] s ET R ERWEBREETEXER
BhBEAXRBYEAAMEALHECEE AR HAEN > BAELEFTELRY
B TRERGYR ~ G~ BAEAEZABSTENR - AL RIIFAERGBX
M BTV RELTHEANEY - HTRGBERAREEEREZ A
TRARBRTHABRYELHRA —EHEERE - FH E L&Y
RGB=Z=E&ERLAFRREARTHREZE » RAXEEBEEZHY
RGB{EMﬁJ%%’IEI MF AR AL AR Bl 8RR T AT &K 04 o

EAREROEERERARGBERABZEERE  Biv LT E
i > ‘EI 153 AR 89 B ARAR B 2 e 3 (2-18)

R =R X(M akR YX(R, /R )X(I /1)
G =G XM abG )X(G /G )X /1)
By,=B,X(M akB, )X(B /B )Yx( /1))

(2-18

£¢ R G B R BEMANYE LB EAB E
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£31~&Z35408BTEEAR LHILE R EEREHAYE
FP~FE - FA FRAYBEIRZFERLSEMMESIIE
R -BORELERTUEA  BRARLHCLEREE S L wEE
BB TEREE  REHWREAHENE X (p<0.05 &
p<0.01)* £ RERMNEEE » E4o TFiE - ﬁﬂ*-éﬁr,ﬂ FRsfl @ T H
H BB ZE o KBREARNE BB ELXLWNE" A4
PR B, B/ “ALEE ZREZ iﬂﬁ%‘ﬁ“ﬁ’: AE@ A" 0 %
j’a HTEBOCHRMEEZAMES » FEGSFUAERER > LB AR
AR RLARABE AR EFTHEEMELER - AT
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R3| REARLACEREERFYRER)ZERAFVHRET /LY B A

B R A=45) + H b8 5 e & & (n=55)
" 69.40+14.10% 43.32+22.27% **
K 4r 40.45+13.36% 29.22+16.11% **
3 25.76+13.64% 9.71+8.60% **
B 41 2.79+3.98% 1.76+2.79%
AR 0.39+0.92% 2.65+4.60% ** L
5% 30.59+14.10% 56.35+22.17% **
= 27.34+12.93% 46.45+18.07% **
i 3.26+3.07% 9.96+11.38% **
**:p<0.01

F32 REAR L HILEREREFFLHTRB)ZEERATEHRETHLYB L

£ # A(n=45) L HACE A E B E (n=50)
" 88.24+8.30% 69.60+19.17% **
% 4 22.47+13.44% 24.37+18.13%
4 53.40+13.10% 34.85+16.49% **
B 4 10.48+10.38% 8.56x11.21%
LR 0.22+0.26% _092+233%*
) 11.74+8.30% 30.18+19.25% **
& 10.93+7.97% 26.76+18.42% **
= 0.81+1.08% 4.88+8.27% **

*:p<0.05 7 **:p<0.01

£33 REAREHCEREREFTLARE)ZFEATEHRETILHEL

i A (n=45) b F AL 5% 5 B # (n=55)
FH  88.16£7.60% 71.13£16.74% **
K 4 25.48+14.83% 45.68+16.96% **
34 54.33+15.39% 21.74+15.57% **
B 41 8.08+8.03% 1.72+2.90% **
A% 029+0.34% 1.99+3.43% ** .
FE  11.79+7.60% 28.59+16.79% **
= 10.80+7.39% 25.63+14.60% **
= 0.99+1.03% 2.96:+4.69% **
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£34 REAR LB EREELEER(CHE)ZEIRELHMET N LT BEA

it & A(n=45H) L iHfbiE A E & FH(n=55)
54 95.68+5.09% 78.24+16.89% **
% 4r 58.64+23.39% 57.98+20.43%
4x 36.26+23.00% 18.47+18.09% **
B 4r 0.66+2.08% 0.92+2.36%
AR 0.12+0.17% _0.87£1.67% ** _
8 4.30+5.09% 21.63+16.93% **
& 4.12+5.10% 20.06:+15.43% **
® 0.13+0.16% 1.5742.53% **
*%:p<0.01 '

#35 RERARELEALERESREREFABFTENRECE LKL

& 5 A(n=45) L iH4biE mE B 4 (n=5H5)
=" 79.43+8.94% 57.14+17.88% **
¥ 4o 39.16+11.29% 36.18+13.70%
4r 35.64+12.54% 16.35+10.09% **
B 41 4.33+4.05% - 2.60+2.75% *
LI 0.30+0.55% 2.00+3.46% **
55 20.55+8.94% 42.48+17.87% **
= 18.31+8.22% 35.77+14.38% **
.3 2.03+1.76% 6.66+7.64% **

*:p<0.05 ; **:;p<0.01

HEISEBEELEABEA T LT T E AR LHILE
REEE  EFEARHUNRLERLEAE  MLELHLERES
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& SEIALAAE F LB RE - BN " FEHE RZIER”
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FEMTHERNTNTELAE R EL MG E 5t £ LB

EE—EFATHETAAHBANE N MEEE & ﬁf’r/ftbéﬁtb{ﬁ'iﬁ;%él

ERREE cbsh BB EFTEHLT TR TSR Fi g

?éﬁ@ﬁ%éuﬁggﬁkﬁék%ﬁ%ﬁﬁ*ﬁma;ﬁﬁé

EERZHMAFBRRGLZEN -

#36~KR310THBTHEALBMHE EREEHEHANF

T EFE - FLE FTREFBETREZFTERL EAMM
ReBREBT BUERAXRBEETETHHLEIERER K

é’J oA E
&, B, 4L

EAEE B—REREASER > M4 ey i%mué?ﬁfr{éé@bbfﬁj
AR % mERZ - RABEMH R %é’m S Eb e B AR KR B

AR HAZR LR T8 A 7&‘1‘“’”‘ REFZHGFAEAARS
1 Bt £ 2 -
£36 REARRMESAE S PREE)Z EHAEEMMAT I LHBE
£ & A(n=45) B X% .80n=31)
EFH  69.40£14.10% 45.14321.67% **
i 4r 40.45+13.36% 29.78+15.15% **
4. 25.76+13.64% 10.73+8.62% **
B 4 2.79+3.98% 2.27+3.33%
A% 0.39+0.92% o 2.37+3.40% **
FE  30.59+14.10% 54.72+21.65% **
= 27.34+12.93% 47.1417.75% **
L] 3.2643.07% 7.59+7.87% **

**.p<0.01
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£3T HRARBHERELELA(TRE)Z FHATEAHIE I LLHE R

& & A(n=45) B ¥ 28(n=31)
EFH  88.24+48.30% 71.74+16.46% **
%4 22 47+13.44% 24.71+19.88%
4x 53.40+13.10% 34.80£16.28% **
B 4x 10.48+10.38% 10.51£12.51%
L 0.22+0.26% 0.76+2.25%
F4  11.74+830% 28.09+16.55% **
& 10.93+7.97% 26.57+18.24% **
1 0.81+1.08% 4.1245.97% **
€*:0<0.01
£38 RAAANMEZAEELAGIRE)ZEIERT L OMATIEREA
& B A(n=45) B X% .E(n=31)
EH  88.16+7.60% 73.28+15.54% **
4 25.48+14.83% 47.35+14.86% **
4r 54.33+15.39% 21.95+15.43% **
B 4 8.08+8.03% 1.99+2.97% **
5 0.29+0.34%  1.99+2.91% **
ELE  11.79+7.60% 26.47+15.64% **
= 10.80+7.39% 24.38+14.40% **
5l 0.99+1.03% 2.08+2.57% *

*:p<0.05 | **:p<0.01

K39 RREARRMEREXFFTR(CHEB)ZFRATENHET M ILBERE

f2 A (n=45) B &% E(M=31)
EFE  9568+5.09% 78.64+16.18% **
% 4 58.64+23.39% 58.78+19.03%
4 36.26+23.00% 18.09+19.52% **
B 4r 0.6622.08% 0.79+1.70%
AR 0.12+0.17% 0.97+1.69% **
FE  430+5.09% 21.30+16.20% **
& 4.12+5.10% 20.36+15.27% **
bl 0.1340.16% 0.94+1.21% **
**:.p<0.01

397



K310 HEABRBUHEAEEER T AATEOHET LB A

) _ EEAM=45) AXARE@31)
FTH  79.43+8.94% 58.82:+17.34% **

% 4 39.16+11.29% 37.11£12.15%
¢ 35.64+12.54% 16.76+10.33% **

B 4o 4.33+4.05% 3.10£3.02%

____FE® 0.300.55% _ 1.84+2.64% ** ,

& 20.55+8.94% 40.8417.37% **
& 18.31+8.22% 35.77+14.70% **
= 2.03+1.76% 4.98+5.07% **

**:p<0.01
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%311 ~%3 159 MBETREARTEE R EERBHEANE

TFEFACFRAF R ITHXZFTEARSEAMMES THE

- HNERAAAZTRALBEE RS RENETRERIE > HHG&H
HEABAALER  LWERIERMIELE -

R311 REABRBRBEEEETRER)ZFRRTEORELE YR L

f& & A(n=45) B # 5% & (n=4)
= H 69.40+14.10% 46.67+27.93%
% 4 40.45+13.36% 34.52+16.50%
£ 25.76+13.64% 9.36+10.12% *
B 4L 2.79+3.98% 1.90+2.14%
ﬁ 0.39:+0.92% 0.89+1.34%
23 30.59+14.10% 53.06+27.75%
= 27.34+12.93% 36.96+19.78%
H 3.26+3.07% 16.10+17.48%




312 HEARERGEETH(HRE)Z ZHHZEHRET B A

i it A (n=45) B iR% A & (n=4)
8 88.24+8.30% 61.53+28.81%
g3 22.47+13.44% 19.69+8.619%
4 53.40+13.10% 32.59+16.98% **
B 4x 10.48+10.38% 8.49+14.06%
A K 0.22+0.26% 0.77£1.33% )
) 11.74+8.30% 38.23+28.56%
= 10.93+7.97% 26.85+20.29%
5 0.81+1.08% 11.38+11.41%

¥ p<0.01

RI13 REARRABRAATANRE)Z EAAFTEAREBE - HE R

i it A(n=45) H A% E(n=4)
+q 88.16+7.60% 70.83+27.29%
X4 25.48+14.83% 52.59+18.76% **
S 54.33+15.39% 16.64+12.54% **
B 4 8.08+8.03% 0.51+0.81% **
K 0.2940.34% 1.08+1.75%
FE 11.79+7.60% 28.98+27.36%
= 10.80+7.39% 26.05+24.40%
53 0.99+1.03% 2.94+3.02%
*:p<0.01

#3114 REARBRBZEATR(CHE)ZTHRTLIAHETHLLHBE

_ R AMm=45) ERA&EmE(=4)
FH  95.68+5.09% 65.97+19.36% |
K 4r 58.64+23.39% 56.02::19.42%
41 36.26+23.00% 9.62+7.39% *
o 4 0.66+2.08% 0.14+0.15%
7R 0.1240.17% 0.1940.17%
58 4.30+5.09% 33.96+19.29%
& 4.12+5.10% 30.08+15.56% *
o 0.13+0.16% 3.88+3.99%
p<0.05
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FIIS EBEARBASEEEY B FEHA T EHREBE L HB A

f& B A (n=45) BiE%mE&(n=4)
% 79.43+894% 54.92425.67%
i 4o 39.16+11.29% 38.24+15.71%
4x 35.64+12.54% 13.56+9.02% **
a 4r 4.33+4.05% 2.35+3.03%
7E 0.30+0.55% 0.77+1.16%
4 20.55+8.94% 44.86+25.53%
= 18.31+8.22% 32.98+18.07%
® 2.03+1.76% 11.87+12.59%
**.p<0.01

%3.16~%(3200 BT REART IEHAE K EEHEEE
MEP~FE FAEA FTRAXPETHZFTERE &AM
EBR -BIPITUER T AGEFEFTIHRGERERARNLS
FoRrEBE  MEEAAIENLLFLE—BRIEEADS  TEARE
REOLBERR - ZEREEHN  THREFETYEREZERAUNGE
B  RPELME Y E N BRBEEA -BHE X EHE - F
R EER BT+ _HBBERSFEFASZHFREARSH TS

5] 5% % o

K316 REAR T B RHREEF T TRER)ZFTHRFEAREBT TLLHEB A

‘ i B A(n=45) + =B R %A E(n=18)
FH  69.40+14.10% 41.14+23.59% **
% b 40.45+13.36% 27.37+18.67% **
4r 25.76+13.64% 8.94+8.65% **
a4 2.79+3.98% 1.05+1.75% *
AR 0.39:0.92% 3.78+6.58% *
54 30.59+14.10% 58.25+23.40% **
= 27.34+12.93% 45.87+19.17% **
3 3.26+3.07% 12.54+14.69% *

*:p<0.05 ; **:p<0.01
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K3V RERART B AEEREAGTHRE)Z T RS S Me e LB E

5 A(n=45) + 3RS % B (n=18)
| 88.24+8.30% 65.51221.32% **
K b 22.47+13.44% 21.67+14.88%
4x 53.40+13.10% 35.37+18.52% **
B 41 10.48+10.38% 6.01+8.22%
7R 0.22+0.26% 1.35+2.76%
55 11.74+8.30% 34.34+21.32% **
= 10.93+7.97% 29.07+19.33% **
" 0.81+1.08% 5.27+10.48%
*¥:p<0.01
+ RINB HBART B AS AL T ARE)Z T AT ENRET T LB A
& £ A(n=45) + =38R % % & (n=18)
58 88.16+7.60% 66.36+16.93% **
X 4r 25.48+14.83% 39.95+19.65% **
4r. 54.33+15.39% 22.35+17.71% **
B 4r 8.08+8.03% 1.66+3.22% **
"R 0.29+0.34% 2.39+4.58%
) 11.79+7.60% 33.40+16.87% **
= 10.80+7.39% 28.73+13.47% **
-3 0.99+1.03% 4.67+7.20% *

*:p<0.05 7 *¥*:p<0.01

R319 REART —HBHERAEEEFTR(CHEBE)ZEFIAEZEARET I LBBA

2 & A(n=45) + =36 B R 5 7k £ (n=18)
58 95.68+5.09% 79.41+18.26% **
% 4x 58.64+23.39% 57.19+24.43%
4x 36.26+23.00% 19.90+17.20% **
B 4o 0.66+2.08% 1.40+3.48%
_ A 0.1240.17% _0.92+1.90% B
55 4.30+5.09% 20.45+18.28% **
G 4.12+5.10% 18.16+16.36% **
= 0.13+0.16% 2.30+3.49% *

*:p<0.05 ; **:p<0.01
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K320 EBRAR T B EE A EVA M EAATENACETLHBEL

& & A (n=45)

+ =R B R A A E(=18)

Eo|
g

79.43+8.94%
39.16+£11.29%
35.64+12.54%
4.33+4.05%
0.30+0.55%

54.85+18.81% **
33.60+16.62%
16.45£10.86% **
2.03£2.18% **
2.77x4.91%

20.55+£8.94%

18.31x8.22%
2.03£1.76%

2K
2

R

44.73+18.75% **
36.27+14.68% **
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