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Research and realization on multiparameter

segmentation algorithm of brain MRI

Introduction

Magnetic resonance imaging (MRI) as noninvasive, fast and accurate clinical
diagnosis method, at present, has been widely applied in the visualization of interior
structure of human body. Especially, the unique feature of superb soft tissue contrast
and multiparameter imaging make magnetic resonance imaging have special advantage
in brain function research. Magnetic resonance imaging plays an important role in the
diagnosis of many neurological disorders, such as multiple sclerosis and Alzheimer’s
disease. In order to detect the volume of the physiological or pathological brain issues,
accurate and robust issue classification or image segmentation is very important. With
the development of imaging technology, the size and amount of MRI become
increasingly, it is necessary that using the computer to implement a segmentation
algorithm in order to make the image segmentation automatic.

The image segmentation algorithms implemented by computer are usually divided
into two types, one-parameter segmentation algorithms and multiparameter
segmentation algorithms. MRI has the unique feature of multiparameter imaging,
therefore, the multiparameter segmentation algorithms are always chosen in MRI
segmentation. Fuzzy C-mean clustering algorithm (FCM) is a kind of multiparameter
segmentation algorithm which has been widely applied. But the traditional FCM
algorithm is only based on objective function and needs to set the cluster number in
advance. In addition, if the data set is too large, the convergence time of FCM
algorithm will too long to achieve a clustering result. So it should be combined with

another algorithm, such as watershed algorithm or SOM neural networks. Especially,



SOM neural networks can map the high dimensional date into low dimensional array
and is insensitive to the image noise, therefore, it is better be used in multiparameter
image segmentation.

Based on the multiparameter imaging feature of MRI and feature of FCM
algorithm, we propose a SOM-FCM two layer segmentation algorithm. We improve
the cluster validity function and use BrainWeb multiple sclerosis simulated database to
evaluate this algorithm. In different level of the image noise, we compare the

segmentation results of the SOM-FCM algorithm and traditional FCM algorithm.

Methods and materials

1. Using the BrainWeb multiple sclerosis simulated database to research the
multiparameter segmentation algorithms of brain MRI.

2. Select 10 slices of images of BrainWeb database, calculate the correlation
coefficient between T weighted image, T, weighted image and Pd weighted image.
Comparing with the empirical value, we remove the images which have higher degree
of correlation,

3. Using SOM neural networks to combine the information of T, weighted image
and T, weighted image, meanwhile, we roughly segment the input image into many
subclasses.

4. According to Xie-Beni index, we improve the cluster validity function, in order
to make the FCM algorithm produce optimal cluster number.

5. Using the percentage of correctly estimated to evaluate the segmentation results
of the SOM-FCM algorithm and compare with the segmentation results of the
traditional FCM algorithm.

Results

1. The average correlation coefficient between T; weighted image and T,

weighted image is 0.3765, while that between T, weighted image and Pd weighted



image is 0.8015, and that between T, weighted image and Pd weighted image is 0.8359,

which are higher degree of correlation.

2. Choosing 4X20 two dimensional grid as the topology structure of the SOM
neural networks. The result of training shows that this kind of topology structure fit

feature space better.

3. Improving the cluster validity function, it makes the FCM algorithm can
produce the optimal cluster number automatically. According to different issue classes,
the results show that the new cluster validity function reaches its minimum in 4 classes

and 5 classes respectively.

4. According to different noise level of one slice of image, the SOM-FCM
algorithm is more robust and has higher percentage of correctly estimated than

traditional FCM algorithm. These results have statistical significance (P<0.05).

Conclusions

1. According to the average correlation coefficient between each weighted images,
T, weighted image and T, weighted image have smallest correlation coefficient. They
have the significance to combine.

2. Improving the Xie-Beni index validity function, we propose a new cluster
validity function.

3. Using new cluster validity function, new FCM algorithm can choose optimal
cluster number automatically.

4. Using SOM neural networks can reduce the effect of image noise and make the

algorithm more robust.

Key words

MRI; SOM neural networks; FCM algorithm; Validity function; Multiple sclerosis
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SN EIREAA —ENRBE, X0, RAE C-HERLFER AR a0
ARG E

3.3 58 C-HyEEB S

EW C-HIERERARBERE BN ABTENBERNEEN—ME
HKEFEPIP, 1973 4, Bezdek R TiZEw, N EWE C WHEEHK (HCM)
HiER— R, FE2EGLETRY, BEEREHTIBRTERR—%
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MR X =[x,x,,.x |, HFn BEEAM, ORBEAS, BRSBTS TG M
B c %, BE AKIRORE V RBEANTEM AN RBEEN U, FOM
RN A R ZRFUS EH VR U BEEEN BRI R M, K
VLR B BB ME XK |

C h

JUV)=Y urd?

Jj=1 i=l (3_5)
Ao, 3 i MERKT ) KRR, d, =y, -v, | bk, 1B 0
v, FBKIREEE, m AMINE, SRIEEER[.12.5], 230H 1.2 HRENE

EEHAE . BRI R B &R
Zuij =LVj=1,.,n
i=]

(3-6)
RGP EHTRET R, #8 B FRHARR ML ELH L.

JU N esVos s 2) = TU Y sV )+ DAY 1)
i=l

=Y 2 urdi+ > 4,00 u; -
=l

c
i= J=1 i=1

G-7)

KENR 0 MIRARRBPART. MHERASEXS, FEFRHA
BIR/NLE R R

y =L

T, (3-9)
Zﬁy '
j=l

#
Y = 1
ij c(d 2/(m-1) (3-9)
Sy

k=1 d/g



{65 FOM B ERAMRER RN E o RIEIE LR K ORI 2R
BEARIERMALE BRSOERME, BABRRKLE,
&4%%%&@&&

4 FCM EEAMBFER AT CREE, MALEHNREERRTER.
Xie EAPRERAEENEREENBEELS NSNS ARETHRY
Xie-Beni 5 IR KB MM $

c n
2ujd;

be = j=1 i=1
n(mm“v, uf )

o (3-10)
AP FARRMEFRE, SRBRREPONSBEEME, v, EHED, RHEK
REVBRBIEF. BFk, Xie-Beni HHiH MM RV REK B MH R4 T HEIRK
1.
3.5 MIAREXFHMERH

BRUT B R FSURL 2 2 o T AADAE T i T 58 ) AR B R T A1,
ERBLET, BFRBAIOER AR T P HKRERRR, W F—K
RRENDREGR, FRATHTIIEREN K

ZZuU x,~v,|
D. _ J=l t—l
internal ~ cn (3-1 1)
F R FRIEER A
>~
Dinterval —j——__——
¢ (3-12)

5 =3, R ATERHE P B BRI A
=
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EE )

VF — D internal b
D interval (3_13)

Repb=c", RACRIEESXRBISHTALRBRATHKREET. VF
fEd/), PNKEBER R BN, BRONEORT. F, 30
R A R R HH R LR TR

3.6 BBNRH C-HERE

AR BERNAH C-BIERKRIRELL FCM B L, MABGER
RRA BB B DT E REB B WA BIKIE, SRS QSN
RRHH. B34 ErmABEREEEIREUR N B EPHH C-HHERRE
A,

W 3.4 s, BENEH CIHEEEN D RE:

LB 1 AIEEETE 0, 1 MMBEHANGHEEMRBERE U, H%E
A (3-6) FrRMIRBRAREMLARES, PELREFONEXREL, HRE
VIERAEE N 2, R ER OB ZMIR, RERKIEEN 7;

PR 2: WHEMAABED T c MREFO V,, i=,....c MRIBEERE U,

LR 3: R (3-8) FIRREPOMITHARTHEHHRELDL V;

LB’ 4 WRFHREDONFEEREDL, WREBUENTFE—KE e N
BHEENT 1, BUREEZSREER,

BB S: WRAHERER THHMRME, R RUEEE R
{H, WHZEZIL, BHRESRLBNRBEEE, FURESE 2 45T —K
&R
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HMektn, €L V (0) . VF (0)

RBUTHH B KR K POV

BRIV TV

{e A

3

HEVF (c-2) + VF (c-1) FIVF (¢)

B 3.4, BEMER C-HEREEEIER
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F4E SOM-FCM ZE 4 2 EE/S M

4.1 SOM-FCM —EH &1 & %

ASAEFI SOM WA M FH K T1 MBURA T2 IAUE R & 12 BT s
MR AT &, BRI R TN CEEmmA, B
AR R BUE BN CIVER AR AEN N ERERENE. 4148
X%k SOM-FCM Z B S H MR E .

Mk R BB RUR D

& 4.1, SOM-FCM ZEA IR R E
HHAREG AT L SERGRRE, T) BN FE AL R B REChE
Wi, TOXRGAR, WP REBGERLAORBRENEH. B2 T, T
RN % KRR AL SR AR R B RBAER . HHX—4FE, &iF
BE SR A SOM MAME T 2755 Ty IAURA T, IR MG HE St TR &,
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FABAE RHTRAE, ANBNERERTRABRE (KR, AR, WA
B ERMEBLERLAERY R BETFE. BRETEELRN CHER
KUEMMASLRE. WTEEEH CHERXTEATIREALNE, &Y
ERATTFH, AREBIL B Xie-Beni MG MR, 10 EEEA MK,
AU SR R C-HER AT L EMNT BN KKE, LR N R
SAERK, BAR. AR, B, ZREBEREMERYER.

42 EFXEB S ETNRE

Hil, MFEFBEISGROTMIFEAITRY “ SRl BREMNnT
Prize 200 EMIPMERFRBHCT, EIPN LR WH L ERKL
LRNYRMEMH RGN FERETEN, ARG HERRTEIFER
WAL, RBTERNFNTE, FREREATIR, FRATESHE, £RGHK
BRAGKMER—EHBAN, KRPRITEEERNARRATIE. 20
VETRE R RER TR A Ground Truth IE#4 145 RAERL MR B1R, @ita
A FAREROERIER, BANSHSEROERIPHE. HPHE TG
RHARN:

pcE = RSB 1400,
Ref 1)

Hof, Seg RARH B RIMARHR, Ref F i Ground Truth TFH A %I
LIS EER,

43 BEF SOM-FCM Mo R

AR BE L MATLAB 43 #2531 SOM-FCM £ 5 , % B B7 A 1A £ BrainWeb
2 R MR ACAE S 42 b (1 M A U R A X SOM-FCM — B A5 R AT 934
RETVHE, BRERAFEARALENEN Z ERGIRE A B &S
TR, RAEETEN BRI RAASE NG THR, BEALBRERER
Ho HRERAHHERRREELNA—ZEE G SOM-FCM Hik & t R
PHAT R, I 554 FCM B3I R ITH .
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431 AFRBELAEFIMEGIBFAER

FIF SOM-FCM &% BrainWeb 25 & YEIE{CE SR & () 2 2 70 75 i MR
Bl (Z=30 1 Z=48) #ATEHE], H Z=30 RGP HFES RIEELER
it Z=48 REBP TR, T XK BEAF RN, TRERERMNE
RRENES, FXEMARTHS K, BFEEAR (WM. K (GM). i

(CSPF). ZRMEWAEMR L (MS) FIE . K41 MK 42 354 H T SOM-FCM
FEE R 10 BAEL S RECRFHEG 2 8145 RIOA R R BUE, & 4.1 % Z2=48,
Z=50\ Z=52 Z=54 M Z=56 iX 5 B RAMH Z K EIERIENER, K429
Z=14, Z=24. Z=26. Z=28 M Z=323X 5 BR#H % R EWERT K EE.

K41, T MSHIEBRIEEREUERHE

Vg Z=48 Z=50 7=52 Z=54 Z=56

2 0.2469 0.2448 0.2464 0.2426 0.2385
3 0.1333 0.1121 0.1040 0.0983 0.0933
4 0.0450 0.0434 0.0453 0.0452 0.0403
5 0.0572 0.0596 0.0480 0.0595 0.0536

%42, F MS Fatk B HI4RA R HE

VIES Z=14 7=24 7=26 7=28 7=32
2 0.3308 0.3269 0.3190 0.2916 0.2715
3 0.1955 0.1778 0.1332 0.1230 0.1158
s 0.0780 0.0649 0.0724 0.0688 0.0694
s 00614 00595 0.0700 00635 0.0646
6 0.0833 0.0693 0.0913 0.0760 0.0840

MF 4.1 Fik 42 PAlAEH, XF 5 BE MS HEEER 5 BH MS itk
%, RREERHNRREEARERBE PS4 K50 5 BabEF B /ME, "L
BRI BB F AR ENORRA R A B ENRLEE.

432 F—REGAFABREZFRNFELGR
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7 Z=30 X— R BB SN 1%, 3%. 5%F 1% BEEE, AFA
iR 9 SOM-FCM AL SE FCM B[4 8145 R AT HBRMY . 8 4.2 A
THFMA 7%BEHR A T) IAUR A T, MAUIR, A SCH8 169 SOM-FCM B3
ML FOM HIEM A 814 R TR,

(d)SOM *ﬁﬁé% (U FCM A HI4R (D54 FCM 3145 R

B 42, BEEH %KM MR BE S54SR

B 4.4(2)« ()7 AN T%BEHURE 7 ) T) DIAUEA T, ALK, BTLLE BN
AL HERBINRE S, FRARNITADERT, ALK ML REE
&8 B 4.4(c)R BrainWeb M i EIRILH L Z RGN FHARER, FES
A5, BEKR. BR. BHEE. SRUEELERLEAERER. B440)R
FIF SOM MZ M 4% Lk T) LG T, UG 1 EHR 15 B 5 AT 2 21
%, NETTUESR, dTFMET TG T g mERgEE, Mg
JRBVE T F I T IR 40 BR 48 75 BURBE K KR [/ 4.4(e). (4 B 4 FI B SOM
P2 IR 45 RAE N MBS FOM B0 8145 BRI B BRI R B T, InAUR
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T BURAE DRI 1558 FOM EiE A BI4 R LR, HFEH SOM #
ZRMEXT M LAERERNEE, SN FCM BB N 5314 Rxtg s
BATBIF RN, BRI S R LI S B fE A — i 9 I
%, BRE RIS R ERL .

R 4.3 4t SOM-FCM SLEEA R G051 53 F 72 IO IR 75 25 40 F - T I R4 40
KA A KR AFRE KERIERIL) BEHEIE,

R 43, PIFHEAETIRER S SH T DR A SR 2 B R0 H

1% /5 3% i 5%Me i 7% i

SOM-FCM # CSF 0.9543 0.9210 0.9063 0.8846
® GM 0.7661 0.7196 0.7192 0.7373
WM 0.9795 0.9699 0.9589 0.9322

MS 0.9955 0.9420 0.8616 0.7768

X FCM B CSF 0.8808 0.8545 0.8437 0.8826
&% GM 0.2307 0.5303 0.6492 06937
WM 0.9303 0.9479 0.8605 0.6771

MS 0.7991 0.8080 0.7500 0.6384

MRPHIATUE L, EMEESHT, FIRBIHEHKG SOM-FCM ikl
FEAESE FCM SRR BRI 2 8RS B0 00 TR Al 2 B R M0 R A
e, HiTAAMESNARMEROEN, KFNARE—EMES, &%
KM ERS B R LB,

7 SOM & MK )5, SHEM FCM S I FHIUS [EIZE 1min A4,
&4 FCM EENEE 2min 2. B 4.3 441 T HRAEER 4 g ES4E15BH
G RIFE ER S #1E.
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100 -
0 M
80 + {8
70 + &
60 + B8
50 + B

2 SOM-FCM

EHEIE (%)

w1 B
20+ 58
10 + 2

' FCM

1% 3% 5% 7%
M 7 4 %

43, FEHEHLEIELE

B & 75 S B AN K, SOM-FCM SLIERMESE FCM BV 1) -3 1F #4321
EERBAAFEN (P<0.05).
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HSE 4#ig

BBt R S 2 5B GR T ARG LR, HE &S LR T M
B ASHAEARXS R R MR R A, &4 T MBURA T AU AR h &
EBEA, FH SOM MM MARGE BRE RN BT S, HE%
RABRAHBRNET TR, MEATREBGERNEN, WD THH C-
ERREENMAAR . E830EFEH FCM SIEME1TI B/ F 14 FOM
Wi TRl X FARRALENOAFRER, A3 H K HIER 58 0 IERH
REHH, FESLIREUMT& X TR RGBSR —EEE, b F#H soM
HERER EWABGHETHIE, EOEN CIHERKHEN TRAT AlE
HE, EILG BRI IR SRR T4 FCM 1%, SRREHHEEN
(P<0.05). BRMERTIEMTIA SO BER LI, AREB T4

1. MRIFTRA N Z SHBBIRA S S B BIHERE TR, RIERR
SRR RE XA, &% PdARUR, R T AR T, AU 1 b Sk
FAARIR, Hi TOBGET ERARSE, T MAURE THREGALR N E .

2. SOM #MZMAFH 4X20 MR T2EMRI N, 2%
JEi RES BB IO S AN B AR B RFE 5 ) o

3+ I\ RO B BRI C-¥ RN AR 08 158 L A B A B SR
H, #dTHH sOM#EM&f & EGERFRAINBGRELRANERL, B
it B RS B A ROAREYE, FRIEM A FRE FA4 FCM ik,

B2, HTEZEBAGIEME. ST, MEERENGE S MBS
K, FEARBEES — M RRE, 7E0 % RUEFIERLL IS 514 R+
HFE-ENLDEIR, BEREIRE SRS BREREFNERL. 8T
HEEREIR S, HAFREZEKEGRE BT, L ERUHESE N ERGE
BAEANSE, SEREEN BRI, R, KRG SOM M2 R % 1TH
SEERI R K, W T EEEENE, FLERES0E SOM MAMK L
HRSERE, Dntl s Em SRR
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KL A B RITM-

B5E, AR REE ZHXAERRN Pd UG, L5 HABIRE
By, IR, AR T SOM-FCM ZE A1 4% FCM #1750,
BJa, MRS R B R AR C-BIE AR BE R A E B R R AN
H.
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i LR % 2 B 75 8 R L

WE. HMIRBGRAARALREEN . LML SERGHEA, TR
ShEEMIRR AU T s AR Ik . BEZ 0K, MRELIREGIN=4ER. €8
AHHEGTRALN T RS, TXEHFEEMEHMIBI%ER. R,
WARZ REAREE—R, BREBWHOR, FRAMZ BKERERK, B
W EERG SR P BANASN MABRVURIL KRR, s
HREGAENATEE. Fit, BRIRE &S EIRN 460 E % RGBT 545
MR, ZXNASHNEZSHERHA I EENA S - SERE
BB G EEM T — MBS, EASNT 28RBS EFHAT
MAMEMREEE, BB T &5 R0 SRR RYE K& B iR IR B g
S BRI .

R WIRRE, BRAE, Z2SHRE, REHE, ANTHEME
- 5IF

BEAEHRF1R (Magnetic Resonance Imaging, MRI) A, RAREMHIILER
B, FRSHRKh R BB IR AT, BFRERT SR G, Bt
MR TR R BB LR, PAEMURES, HENARAREESERRRG
. MRIGRERANEZREHEAMLAEE LR, THS. 228, &
PHPENESRANCH N, EEXBEPRIEERRBANOERN. R,
MRI A ARE K RF=ET REAFESAVHRG, XRTEGE G P BXBHX
BRI K, HEERTRINEEENER, WRKST IREEHRRATE
BRI BTUL, B3 RIBINGE 2 BB PR AN E BE BN ATRAOHFE,
i th R I BHATEFXEG M. BREHRNXBEAR, HABRERIEIERKN
FREEEZWUERTHM. WHARRGOFRED, BR, ReKkBE2KRN
EEMT TS ER—THER RN RMEN THE, HEROTAEERENTE
B B, BERABAOTHAZAARLAHRMAE T, U4 RE
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B 4 B R
=, BEEsEEX

FrifBGA SRS B R AEHRE XN ARRRE TR, KSR
EHARZXN, MK R R RS — Bk, M 5 A R4 )
R AE B G e B R TS5 00 B E BRI SERL. R4 0T PR ST LSS B R K
B, 802, REMGHHESMSEES, FIRXSHENENTUR G
A Bk, EHESBEHEGSETA LN FREFRME L

EX: AEE R REEMESHMERRE, ¥ R OABTUBERESE R
BN MEEUF EMSMHEETFE (FRED, R, Ry, ..., Ra:

(1 L"JR,.=R;
pat

() MBEMR ], Wiz, RR=0;
(3) XFiHi=12,..,n, HPR)=TRUE;

(4) B EMi=j, HPR|JR,)=FALSE;
(5) HPFi=12,.,n, R ZEEXSR.

K pREEHONEEER, TR N _HEZERK, WREEMREHELE
RS, WEMMEY TRUE, BNA FALSE; OHRFFE£Y,

FMREEN—REGK S HE R 28T RN R AOHE) N A ER
BTHEEREMERR).

FHFQEBUESHERPEANTFRERAAERM, NERUESBEEP—
MEEAN BRI B FRIAMX 8

FHQYRH T BIG R P B TR i (5.

EHE@BRUENBER T, FRAOFRELE ARG, BEARTE,
B BUR T ARX RN E E %R — SRR

FHC)ERFBERPR—ANFREMWBENYRERY, PR— FK
BHEEERME EEZTFREA LHEE.
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EFRGSEIN—-BIRDE 2.1 Fis:

BWA il
_’[ Hikb H FFAESEX ]—’[ x| ]'—'[ ﬁ%’éiﬁl?ﬁﬁ)—’

& 2.1, EFEEEIERE

Her, Wik am>BEPrthE, HUNRRGMAE; FERNAEEAY
BB ENR AL BRI B & ﬁ%ﬂmﬂ%ﬁ{%%ﬁﬁiﬂﬂﬁﬁgiﬁ, FUAE A
FIARKIATR: FEBEE BT H & AR RA LR AR,
=, BWIBgSEAE

EFXEGaEHIREEZZBAHPNZEHES, HPREXBHNELCKEEE
R g, TR e B 2 FIRR FERE & H A AAIAS, RSB
SR VE MRS A R SV RO R RERE SRR . B XY MRI R
SRR TERUAT, FRGHEBEHER. ERENBILRENELT, &
XEEE| MRI 228, ZRENBEEEA, K MRI BE>EFES A RSH
BRI FEMESHE GRS EFERAED, MR TRERNE.

() BBHERSHT® '

B REREREEANEZRGHL AT RGE R L S5 SRR S,
ATHRINERFRBL. FRALESFEHE MR BR, EFHBERETIRR
WA, FEMERRRMENG KRB ENS, XRERITHEIANE MK
R LAE. @i B AR E R Bk i [8](Time to Repeat, TR)FN ] GER it ]
(Time to Echo, TE), #t 7] IFRECRFIE Ty T, & Pd(proton density) i il B &1,
HE—EAEBIMNZERE T B T, R PdEHRT LS8 MRIBG, ER
MNBEME-EHEN—ERE® T T, 5 Pd)#TEBR 2, WKL RSEE
BAE .. RBREGYEIFTERE LAY AR TR FENET O R 5
.

1. ETXIEM5 358

EHRFEGS, BT MEKXE0EE A HUNEE, BRE, e
FERFE AL AR . BT XS ESE G E 7R RS 75 E R

L0



AR EHARHIR G BEHTHE . #DOET XRS5 2758 BE
EMR A KL,

2. BiEE

BE Y FIRARR—FHAT A B, REMSEEHIEEARY, &RET
HEL R RS ERARMXE, ¥HTEMEXES BEN SR
REBRABENAKERNEG. BESBHANXBETRENEE, AR
HIBIEM R TIEEE AR S EIGR. BEKFET UM N RRE T ENZH
H77i%, HRRETEETR—REEREIE N BIRNYRAANKS; LREH
EREERREANEE, BIENREKEERIFASA R EMY ®. BER
MNP EEEEREEFOER, h—SRRARMLB AT SRk ED,

VR P 0 T B O R S IR 1, b F B AR K AR E R KB RIR AL,
ExFHASEREARZEKEERAH RMER, REBREEROKEHE
EHERAERNER, BESBNEUGEMRNER. BobTREREN
MHHERENMRE, BRALEBRRZBOZRKXR, FUGEEELEHRER. Hik
A& & HOMRN B T i MRI 1% 5 1,

3. Rk

B34 KV R — PR BGE 1 F5E 2 M B R B R R R AR, &
BN RETKERS BT U RERGHAET., XHEANEABEELE
EANKEEFR—LMF R, TSR SR B AR 8 AR s
KRUMER X BB HAEKY Ko FER AR R R AT S X R S5 30 AR
IBIREI KB SIMER . SORBTERS BR ORI HER AT el ) X
BAERMRESBIGER. BT RD RBF AR S K58 MR B, £ MR
BRI, —BRMAKREKERRKROGR. REEKEEEHER
R, BERIEAMFEORFEEFERBE KN FANBEE. BEIEINER
BB T 7 RREERER, TREE MRHZRNEE RIEE 477
HIF T R B AR DIRA: B AR % 0 81 i 55 O R R OB 2R L MR B
REVGHIBOR A, (BN TR0 B 3 i A 3R B o T i B 2R O AR A 48
gif, REAREAREERUAIEANLER.
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4. ETURMYEFE

SETRBENPETEARRIR, HFUROFETERE BGRB[0
A—BERAL S, B OETAR ) ETER QSR RA R E RS,

5. B%Rm

WHEBWTTIEAT USRI ABRENTEZ—, EAALRARESE—
BrefERAERB N ST TR, DRI E T LR X i 7,
AR RIEE BHRUEBOR E A . T RIS M RN TS RE E T
R

S 2= 1380 = F g2

MEGHTREREAEMEEHE T 5BRESREE. RIEER, SR
HTE5RBERNERRK—DSH, MU TRETH-HIREREHNER. &
Brefeh s R. X8, REFEAHETH—-HE_BS5 RuLlestE
BEATFIIEBART FR S B Gk — R SRASE— T .

A LTS RATTLLE S, AGRIN A R0 R R R, Wit
GRINE T HRH . ¥R E TH Robert 5T Sobel F. Prewitt
HF. Kirsh #F. LOG(Laplacian of Gaussian)if. F. Canny EF%, HEHT2
BB, UERNBEREEDEFREROGR. ST MR BEGXES
ROEFEG, RARBLERNEAR, FAUMREIKRALNFRLR. LEN
At —BRESHERRMBFEHABEBRALESE R, SERIAEMI,

6. WHER |

DGR — MR 0% FOE R R NTI = 4: — & P& B I R 10
R, XA T B A AR T A R . BRAEER. s
AR Hough ZHRE MG EEFEP., 2ihgEEmamls, Rk
MHHABAE BN PEXRMR, TIRHERERARIATR M &R th
W, XX R S A R KB

) ZBYEBHEFE

PLEVHE TR TR EM D E T EMETFUREHE L. TSR L7 %
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WHKER BB HEG BT, BERF AR IENE MR BURE, S H
B GBI — RO IR R M KB X8k A T2 B R b i — 24
SRS, TN T — A SRS AR RS, S
BEREENN. 2EHEBRETHET ZELSHEAGNER, FLARMLTES
MALEHSEHER, FAZSHEGNHBRNAREMHERESE TR
g,

1. EfG#e

KL SHERPBINABOTEZ BRI ITEZRE . MRIFIE R
RELAURGARALAN LEREG, MEL2508&, o T g, T, g,
R EEMUEEN, T IGTEEARRE EHE, BK. QRS
R RGA T, BRI NBAAESTES ARAALARK M. T, kg
BB MGIAGEN, 5TRI RGEARKBRRE ELRGEKEER
WAL, ik B B RZ B KEERNL T MAUGERE, BE8H5mM
B B4 SRR TR &M 8RB 230,

BaIH AN ERREETIET SRR E, EXME. MEFEED, fin
FEBHERRER. BMER. FWEE. BEESHE, ETHARENTE
RABMMEIEERE, AR TEGHEHABIKT BEAMLE. B4
BEEMTECRBRETAERR. BEESERNME, EXORESRS
FiERZRE. Z04HENTE, HMATHERERRNENMEER L DIH#T
M, HEZRE. 20HE EROEBEOEEFENRNER, BiAEF0#
BRR. MERHERBEHTHL— DO RRRRG. MR
RERE. LHHENIREMTE, HAENERESNMEE LSBT,
SRR, BARER, HEERIFONEMGERBHL At WTH
f BUR FAAR 43 RO R A B IREIE K, T R F T3 R
A%, RETZHEGEAER, M KB EFHREBE.

2. ETATHEMEN N8I

AT #HZM%% (Artificial Neural Networks, ANN) £—F 4 2 (b B85 (F
mD AR REREIAEY), RERARME IR KT . BiHE
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M RERERITRANEE, B RBAT M2 EEX R EEF%0E
7. ANN $ZIEEYE RT3 A0 5 P 2 R0k T AR B 26 s UNERRE AR B T Azt oy
SAEREEIAMERBEEIFR R, BTFAEOTFH—RA: BBEI6TF
SR, sEfbs . A REENRBRILERES, ANN TR ZHMH
TEXEZ3E

ANN LS ING)E BT EEET B E (A ZR) (Pixel-based/ Voxel-based)
AEIEFEER, BAUETFEGRHE#THE. BATEMATRNS. Hopfield
M. BALZIRST (SOMs). BEEMZMEE (PNNs). Bkt &2 Mg %,

EMAHUIRER 2R E D, 2R S RE T G EH LR L
BB, ENHINAESLE, BERYFNEREHER", Akmal Younis 2 A\l
REFHEA TARMLREGOERVIGE, BEHTARALORILRER
RAATE, EMIFCHISEGNMEME, BTHABIRCHNE, 5%
HRFIAL. BB, EHREATLSEIISHENRT,

Hopfileld %8 R—FERE 2> E1 5%, WEHTURSHATISE. BE,
Hopfileld 7} &1 77 X HI 00 MEHE T 40 BURK, 3452 B ARBONE 4 MR SE 4R R4
RIABIRREE. SBP, BT HARRKERERUNGER, iR
AFFIKIGEE, £ B) T #3] Hopfileld N2 RRMME, WitEH THILKEE S
NEIMBERRE, XFE, Hopfileld P44 7E Bl 3E4% B 5 43 1 o i 0 I 7T LA 78 33
— a1,

BRI (PNN)s b7 E R —F B ERE TR, THSEHEIA T HE Mm%
R . (BE B R A N, FTLLLE 2 B2 AU A I A S A St ST A (B 0 e
A HF E A E . Tao Song, Mo M. Jamshid 2 A"YRH T —Fr30# 9 PNN H
T MRI BRI E. ETTES, R EMHRER R 2P0 R P i
BEFRAT, HFEEMBERERPEMTRER T, RS2 M % 4
RITET U RN RS 45 R BOTT L@ R % 8 72 7 T MRI B (=)
WARMN. ©RAEALM SOMME N S EMARK MR B, A5
EMEFERRBEHFTLEMSERE. FRT—HET e B ks
“R” FRICHLE, EANER TSN SOM 2% H &4, Tao Song
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FALLRTAREENANFEMER, I HIER T HHREFENE RN
B

BRIPAR S0 IS R — AN IR T He G0N T4 22 P 0 3 2L PO 25, R 0 o
BESNEHHETHBANMMEEAGHREFEREX, E5LARBESM
RLRI# 2 o K. R RR S AN AL A K Z TR &4
Rkt B TRAM A SR 028 (0] A3k SRR BE LA, TR 7 S LR B
BENKEER. BTERGNE. HRURSNEIHRESRZYRNS Y, B
WRAR S IR SERGHZ AR, BPHEEHE WA b By
W RBEN T 5314 R EJEE EZE M Z W . Henrik Berg % A AW it
WHERUEE TGS, RIEEFRBR. BEIGEERE, Bit—FBRE
¥, BEREGH—ASHET—BRGHR, LRI EIMER.

XM ANN FEIFERB=AFE0E: mf&# ETXER, ifiasy (&
BHD SRMRRSETTEN S . ETFXE R LUEEZE ANN F5] N2 w48
FHEENZ RIS /NG e R S b R B2 K80, el 4niR ey A& BTk ik
HITEAR s 2 (el L N0 B AR AL ) RE AT A MR, SR #9248 (fuzzy ANNs)
2l DA % KR OHE R A 64, KRB AT 3| A SE R 503

3. ETERNSET®

REDE T R —FpIE BB (unsupervised) 2 EIH AR, & 88 B 2k b 503
Mg . BARENGHAE, BEREZERMOIITH EE RIS K NE
EH. NERBEXLE#, RRE-FBERINERSE, Kb, KIE. EHCHY
{&(Fuzzy C-Means). EM(Expectation-Maximization) 5.7 & % F K R EL %,

K SEREAR AR NS —LKKSE, RELHERMIERGREITER
FRBBEANBERENE), MHEROEFERITHENLE.

B C BEHE (FCM) MWEMESERIA LM K HE#T TH >,
FCM AT BB EIN B —MEREEMRRE MR e d R, EEEST MR B
o LR AN S M AR T B0 2,

Renjie He ¥ AP EAR £ A HIH AR TR FCME A S EIMR BB G TR,
FHFRERET: (1) FCM B—HIERBHIEIL L, EEFANTR, SEHidE
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RUT 2B RHT, (2) FCM RERFHGTE A, B4 AU K
MR At B[] (¥ PO 7E 50 A i B BEL AR AEEE; (3D FCML B2 6 2 T8 Ik
YNA; (4) FCM 7E MR BHZAEIP RN B ER S NBBNER. R,
FCM HEAR LR —MRHE R INEAR, EHBREERE T —MATEMeL
(Hill-Climbing) SRR F H B AR . FZEIER MBI D B, B5 BN R
HRME, TIRAEILRBRMRE,

AT IER FCM BEXIAEBEN N E, @RS 52 MGk if
HBMEEEM, Lia Morra AP T — i 05t % 2 550 M1 B1% 5 EI19
ML RHKTTE, 1§ Kohonen B 4 SRS S 4\ 2% B 4T 22 1 A5 0 M T 14 7%
R, WHTHERTELMEN, RERESMI FUHRMNERR, A
HW MR B EHERE MRENE. ©W% AP 202 s c-1ERE
- HEFCMA)RILEK BT MARE P LR, BEBINR BT BRMETHE
EREHE, TREEERERISREMNME, Fit#EHIEGA)S FCMA
44, ¥ MRI E&#TRE, FHREERERLARMM, NTER#GT
) C-IERAR TR A B RAMEAM N, FEEERE ESILT 54 MRI B4
#H, BAETHEHENBR. &B2B AP ESEMGRA L L HIRRE
ARKE,/NEAR IR 7 B K B K BB 32 8 T — P A ISR %
C BME R KK % (Weighted Fuzzy Kernel C-Means), HE— MBS T — M EIAR
{H; R ZHEIINBZSERED, Bt TR/ 5 KbE
AMBEN D BEREEE, BRT ESHRENHT R EINBUERH S5
muﬁﬁmiﬁW@%%%%iﬁﬁ&ﬂﬁﬁﬁ%ﬁﬂﬁ%&mmmmMMm
Sandham % \P2ES BASGRIBOM R A 2R LR T — R &m0 BG5S F
Tk, BT KBTI KR AL FE ARG, B hmEmge
EEERENRIIE, EREGSEIFES NHENRE,

EM HEEERGPE- M ENKEEEERILAMER M6 (—RARRS
i) HE—ELEIES, BIRUETRRERBEZM B bR R HORETHX LA 3
ZANHSHEMENZEFREWH . FEREFEBL—RIIRN0EESH
M RE, BRI UH - MR MEHRRRD, BEMIAEEI4
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£, BRFEA - MHEIFRVESE, VHESEMBENIREREWRK,
BT, REWEHZBEMRKER, Fb xSk EARS 8RN,
M.  ZHIPPEs

AT EREMGETEERRER THRR, UIREENSECREN R
FIEG; SEEBREMIEN G EREMAENE, BFEERER S EIERHT
VY, T IA AL B H

Ak, VP T IERLE R AT L AR A kD,

(D MAFEAYE, BEEETIPNARREN S BRI IE S & F R 5
HtE L.

(2) BRI E BAZ RN, X B 2 B R VST HikE
HRTERE, BURISTFHEN T AAHEE.

(3) MEERGE A EE T IRME P 4 R EF T M, R X g N
AT (36 S R 25 X0t 57 B 250 kA% (0 0 e s B Y A 36 R R A

AR TE— B AP B—RREEMASHNEELGHRE, &
fF. BRNSE, B ARHEEREM AT (analytical method); H—
R BRI F5 VR LR BT 43 80 ok i B8 50 & 0k 8 B2 VP A 9 L 0¥ (empirical
method). FASKIE AT 2 AR L HE (EGM) MER LKL (EDM); EGM
BN ERMILEREE S TEEENRE GEEAEAMER): EDM ELE
S EIE B 55 % BG LI X R P H

SRR EREERS, B RAEITAE, Flb ki@ ® s g%,
AL B A G E MR R ERY . Frederick Klaushen 2 AP EDM B T
MR B&ESEIF, BERMITEX—MRERRSEIZFERHEESN, R
EEERANMERH, —RRADEBENEML, B MRENEZERTN L
M5 REE .

KRIENS % BIR LB S ARG ARG, R G — SR 445
HIEMZ R (Ground Truth) AT BT RIE 48145 RIIEAS, ELEGUHEA
HARMNMZIHEENRLBRRETHE, RERATHREROTME.

h. B4
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AX MR BEHNS SHE G AT ER EZEN AT - H RN R
NETEBT — M RIEEGFE, Far T LRTENR ARRE. BLER
BRURERETRA RIS TEREBAFNHR, RETREMFHRE,
BT R EA S RN, HiirEs R ENRRESTIEN, /F—
AN IME o

A GBI EZ B G BB T ORI R, BHUTER:

(D i MR BREWRR, SHRZETHBLR, MHkE. Bra
RN EREW, ERUARSEERSEFEREGAERN IR,
BEAMEALRR NS S HE GRS 7 ER R R EIS R R

() AT BN EIBUA AR T —F0 A B R 2 B B EE R LA — AR AR
WAL ANHENIHER, BUAMIERLEBNTRFNMS, FhEIAE
B FPEMFAN, EMERSHIEHENEBLEE .

(3) ZZZHBRAETHETRETET U B BT B3 E, AT
ZRMBTTERARENGHEE, B, BRRTEMLSEHETH MR B1Z3#,
RBE¥REAEHRY— A EET M.
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