FaBAR) HsH
19945 A

T+ EERERFR
Journal of Image and Graphics

Vol.4(A),No.5
May 1999

EEHENREMSEHL
] ARTMAP 12 M 2%

® oW AL

1 A

(AAME TU¥ENATRR, BE 330034 )

B OE RETMAHEEMERS BN ARTMAP HZR% , SR F MBS ART MK E TR MER
WKBH IHEE IS BT BEAE, ERE THPEZEBBE LUK B Nested B LK 5 R
FIHN o B2 MR DURRIR AR, SRR T R AETEL SN ARTMAP #4214 ) iC 28 v Fn s i )
R, FFARR T A2 GBI ARTMAP $842 P28 R BEAC B RK 3F O 5 A FAE 2 18] 1 S0 2K [RT R

*@im N B ARIMAP MZM%E BiEN B

0 35

ij

EFHENMIBREICHHERL, B ART M &
M RAEB AR K HE AL e B R W
Ko, HREXRBT —F 58 ART 2R E, 4+
ARTIM  ART2'? | ART3™ , B08) ART™ , ARTMAP® 1
B ARTMAP'® %5, A T R 7, EA S, Kk
(cluster) RIS M A M@ T ¥ I BTN AR 2K
(category) FIRHE LAY, (i M AN E R B TR, 8
— R TH BN RKESZ R, B—HRKS5—NE
RERERBHE——XM

fE2, ART BRI HEMEEHELEUT=EARR
;O AREEDFARARBBEESHES;O &
EREE FRREEICIZMBEENRE I TG
FfE, @ ENEAERRIESEAXBRS NS
1] S

ASCES T —REA B BB S BER
ARTMAP Hi 2 GRS RI L B 55 22 X 10 B 36 B9 2 ST 31
W, EREEA AR B RS A ENEENER
S8, 74 AT AR A KB EE 25 8 85 A
FALBBH Y BRFESI NIRRT idiz
MM AR RS, AFECHEENE
FE B AL BT TE (BP Nested HHTE ) BIHL
MR T B A R B2 R 5 2 R,

R H 1 - 1998-07-14; BB AR H 1 :1998-08-24

1 HEH) ART HEMLE

O] ART M2 R4 45— (XL T4
R —MZTT) MR T — BT, BRI A
KEHEIBEBA:I=la, a}, P a M 4%
KiE, WEREN: (W, j€[1, M)}, BRERS
BN po MBI TFHBEE j MIBTHEREN W, =
fu,,vi | BT BRI —BHE R, BH T
BESMTUE N v, BERENTEN o, B
MRTEXHIR = v, - u;l . MMAKE a B
KL R, B, BHTY R, T BHIR™ = R Da, B
I R BRI AR IE B R H
MBEBA S ao MY R T BT R i 2 R
£ IR @al <(1- ) M, MK j AT UKL
BRI

2 1R ARTMAP 2 M 2K

BOB1 ARTMAP # 2 M 4 4500 s 1 FiR, B
@i —4 MAP B F* 457 881 ART ¥ & M %
ART, #l ART, EHE—&, MAP 2 F* FiR#E T
ART, U4 B926HR 55 ART, RISEH A3 R
ZEMEBEXL R, B ART, Bl MAP |2 F* [ KBk



378 o B 5 B TR F 4R

F4EAR)

WERERN: W, 0,2 F*ZHERSE .. 4 ART,
RITII W 5 Y* 37N I SR 4 2 B OF JE , MAP
FHMEEEFEFREER, RS 1X <p, 1Y
B, MAP Z{#78 ART, ERSE o, M, HEI TR
AR -

MAP 2 F*

ART, ART,

F-{aa} -

B 1 ¥ ARTMAP Z5HHER

JUE O FEBON ARTMAP # 23 B 48 75 N 915 8¢
ORI ART R MEME R EAERWHERE,H
WEZES 1 PR, EN0E 3 N RRE:

(1) MWFEERSFE B, YRR KA
BEAR KR G AR R T M FRE 23 [ AT, A 08T ART
RHEF RN B RN RS BRI F BN, B
RES H BLAR IR /02, 1R ARTMAP #4128 X 4% 1 3
R SHRERAE RS LR, ABARE Lifk
T5) R

(2) AAFEEERE, hTFHEM ART RIVEH
s AREA HBEET , B — BB E R B
SRS H R R BOR, — G B IE
RS AREAECNER BN, § TREX
B2 R EEE S8, EA1A il e ds iRt s
%,

(3) BN AREAZS (] 9 53 2P A B, Nested
BHEREE BT R e — R BRWE
& . XTHM ART %1, MR A — Nested 8
TR, %IV RER SO EENEETE
STLEA,HIEEGHEM ART R5|H AEFEH
BRI I, B 15 40 i 2% 57 B A BE B ST Nest-
ed B . FTLA, HNSR HE— A5 AREAFFIE 2 18]

X =IFPAWl<p, || (1)
it ART, RAEEE, R HMARKERE G HH
B T . B8 ARTMAP #2 M 4558 13 4 ART,
EMSH AR, R ART M 2R 4% 1R
IE-

B2 BABENEERS BN ARTMAP SHIER

FAET RIS B4 AREARFIE S Bl 2 P, BEH ART
RIRREHATES 2, HIERH ART RIIA
BEXt IR M AREAR 25 [ AT IERR I 232K

3 EEHENEERSHIIEM AR-
TMAP #£2 W 2%

R B@E N RERS B HER ARTMAP # £
REREFARER : — RRERMAS N B 18 D%
BEREE, B —RHHET N,

(1) KERIASE BE NS RN

EFRMEMES , ARWKBERAARKE
IR SR, X BB R A S AR Y E R
R RGN A, H A SRS R
SR - %o 3 2 o 4R/ IMIFAIE 25 (] 9 28531 , B AT
RERIZE IR B R BRI S 2, T 48 kA
EZS T 25, BATX R I 28 TR B R B A
RS, FEMMEM% AN S KT AR, 12
BT REANTEARMEREANEZR, K
BIR S0 B E R S RN ER R P E T
BRI (4) RADMX(13)H#ik.

(2) Frk=# > B



BE5H ®

W% BA BB KBRS BB ARTMAP #12 R4 379

FHFE I MR R E— AR08 Y % 3
SHMEHEWB A AL, FHILEMHAR
A, AR EEDRTNA BB SN B2 B
IEB AT, B2 I N2 T UG AR R
MIERR T REER . ASCHR T B 2 ) 4% LU SR
ARTMAPHZMEE R E, FAUEBE¥IITR
o, M AR BHFET AR T ERGM A5 (B L
MR A BTG ) B, 3BT 09 2 ST B0 Bt b A RE A
BB 2B A B P ) Nested BT,
P AT DA AR B A5 GE A5 R ARTMAP % 22 B9 48 S g 4b
IR A RRAE 23 7] B9 4 28040 ,

BA BB MRS B ER ARTMAP # £
R IME 2 fim, ©HELT—4 MAP 2R %
MER ART AN S MEERAE—E. 58 1 iR
LGB ARTMAP #1245 XiF LE , %t B i) MAP
2 F*F ART, AR, LR T FPENERS
¥ o, ,ART, BB SR N —K&p, = {p.: i€[1,
N1, H o, 78 ART, 5 i KM ERSE, N,
X ART, il EHE0M, Wit 2 ART, A RAER
B KKK ART, BMIMZMERH —B/D R
FHERSE oo, T A R EEBR SR L H KT H
ET V0= 0™, B MAPE FPHIBH X" BT
RMR(0VRE, W ={wj: i€[1,2M,];5€[1,
N, 11 % ART, ALE L& ,2M, 9 ART, AKET
={a,a’ | AR, B a=1{a, i€[1,M ]}, W 3t
NE N ADRE, Tl N, MBHEERR:R =W =
{u,vil; j€0,N, 1o W ={w?: jE[1,N,]; i€
[1,N, ]I =M ART, i BB FPENRELXR, H
N, B PP RN R ET ART, W EWE
T4 ART, HEH B 5E5HER ARTMAP
ML s B R E B AE . ART, KR F

THRBIFTF I HM . ART, EARYER R ART
PP, T B0 I 5K v ) S BN RS %
X#R[4], XA BEE,
HA BE R SRS BN ARTMAP ¥ 2
M4 TAEBRIAZ S W R A W23 (Y #0)
MBS (Y = 0) B RELR, AT 84 3318,
S BMERIHiL:
1% MKk,
WERESE pm€[0,1], BREMENELR
BYHE:
W™ =1, i = 1,2,,M,5 j = 1,2, N,
(2)
, i =1,2,,N,5j = 1,2,*,N,
(3)
o =1,j=1,.2,,N, (4)
H2H MEHA
WAL =1a,a}. INE ART, AL = {b,
b e R IBER RN ART 225 5 T/EHL T
% ART, B9%i i Y, R P = (b, b ) AR, N
ART, Bt Y RIESERS,
FB3F HEWAKRE a5 ART, BHEES
KR, HITE ART, HHRE Y,
HIW a BREFEENDLE S, MERBEEX
ANEFEH, R
uy < e <vy, ¥Yi =12, ,M, (5)
W a FEBIER, B, R a HFAZEZA Nested i
HRH e X a FBERTB/MIBEHER, b, M
RS JARBERE Sy =110 9] =0, j#
Jo Wik a RiERRK(5), W a RELEAEME T IE
W BEET i R R FEEE RS Y =0,
4% HEMAPE FPRIEH .

ab(init)
wl’ mi = 1

Y AW Ny WEIASREEHEY LETRERS

X =

Yy Ly WEJANSBREEE Y LTSRS

(6)

0 Yy A TFEMERSH Y LTHERE
0 Yy £TFERERSH Y W TERERE

4 Xx* =08, F*E¥MAE ART, #TERSHELEH
VA%, %4 X“ =18, ART, #17 T IE¥MIELE
T =%, 55 540 S A (R A A B T

8545 ART, PI4H MAP Z¥#,

35 5 FELL.

MRy =0 FEHKERES, WA Y LTH
ORZAS, W P2 x® =0, ¥ =0 TFIEBGER

A, %W a REFRE—LKROBIE S

@ REEE Y ={yk=1, 57 =0 Vj=K}, &Rl
SREAKGIAEEE A ART F& PR BTA KK (B
HYEE ©: :

= {W:Y AW =1,;€[1, NI} (D

@ HEBIEES o PREBHFEHORER
A a BSEMEHFIE R, , REFTTE R, = R®a,



380 HEEREEEH

FaH(AMR)

RBHE R HEKXQG)HFARHLER9):

IR @al<(-pi"M, (8)
Ug < Uy < Vo O U < U < Uy
vii,jl = tie(1,m], j€[1,N,] and j % Q!

9)
MAHENTY R, AT BY B2 G AR
Adia, W (8)MBY RIS KR W B/
TP, R 2 2 (9) TR AT I A Y
&, B R B2 S RIS W ART, BOLE XK
SRR ASTRRM R R (8) LR R (9) B8
W R, R TIRREY RELE, BFF R, TR
H Ry = Ry@ao HRMESIWF:

an(ne-w) = I /\ Wv}(old) (10)
; M. -1R,pa
oL = o (11)

BRI (D) RBXZEE J B RS E N B & R
AR, REREE B, HTHREASSE,

@ WROPBHE R, AR LRKIEREY
R, WERHRES o PREAESEWAR
a BIEWBHTEER RO,

@ MEOHBEHEES © PHRABFIEHA
R BB AN, WA ARE o #
—FHBEIER,, HESHERE Y = lyc=1, y/ =
0V j> K AHREK:

Wy =r (12)

pi =1 (13)

We = {wgk =1, wy =0.Vj=Jl (14)
BREEEHITHREAS L,

(2) IR 55 =1, LFEERES, WH F*H
i X =0,

JEY ART, PI4E MBS B 5 ART, BER
AR, « BEAB TR —LENEHE R,
i, :
WA Ry R FZM:up<up<v; and u; <
va<vp V€[, M INREHERBEITE R, PH
Nested . EMHFTE R, PR SHERHIM
KEKHI nested BATEER ©, L UTHERO ~ Qi
FTIER B nested BETEY R, MREHEES ©
K AR (12), R(13)FX04) 8 « ERTFE
R, FES—NHTH nested BH K. BREIE 2 4,3
THHRmA 553K,

(3) WE ¥ =1, ¥ A FHERE, Bt ¥

=lyk=1, y' =0 Vj=K},TH F* % X = 1,
BEEF ART, M4 B BIIUS H 5 ART, B35 A
Al, MENELRBEAE,RESE 2 5, #1T7H MR A
54%, |

(4) R 47 =17, B FERFRES, W F* 8
HWE X =1,

SRS A BA AR Y, ART, WZ83#E4T 1F 3 T 4
L, MENELEART, RESE 25, HITHNEA
H54a%,

(5) IR v 5y #HLTIERERS, W F* 8
il x* =0, '

BEB A TN ok AN HA B o, ZE BT ART,
MEHBHEESPRIBESEALER a THITIERX
BRIV BB EES O, BERTR/PHE
FI R, #TIEREY R, A AR Q0) AR (11)#fT
MR HMEHREBEREYT, WRBIEES O RN
= FAR2)MA(13)H a B —NFREH
. RIGREIE 25, #7HNmAS DL,

4 REERS5HR

B HEMNEERS BB ARTMAP # £
P 4% B T M I L T SR RE AR I I T S BUR B
AR R FIIME | L 2 fin, HEFE
I T R R K 55 T % GBI ARTMAP # 2
B RER, FHEREREAETHRBREELETAE
50 26511, 5000 P ELRES, F—RKFH| ELHF 100 4
BEA, EEREA IR T Dept. of MEEM, City Universi-
ty of Hong Kong LA, ELHAHTFEL
M= KBNS (BREMSR B BAMBRIEL) 1 25
AT AR AE BT iR e I° = {a,a 1A I’ = {b,
b VERFEFER A B EE 317 50 Ik, R B
VNSRS 2 8 — R M E SO B RS E A
AT GRF ST . EEREA A RIE (SNR = 15) 1850
T AEGAH ARTMAP 4 22 P45 (9 ART, M 4% 40
HERBE ™ =0.85, T HLIRRLER, BE
B8 B A R B B AR ARTMAP # 28 W) 45 19

'ART, MR B/NERSER N o= =0.85, HERI%E

SRR T RERSEN o™ = p7"=0.78, 4
FrA BB A BRI BB YIGRET, 4308 H B3
MR 0T LUK 100% BRBIHR, Y RER BB
YIGREREARE B0 T, BT R 2 P48 B IR A A
PRBEAS, B EL TR K A SEHBERT ARTMAP #4122 P 45 £



% 510 BOB%. B AENAER SN ARTMAP 2 R% 381

HARERE,

*1 BERAWATRAGAERXERASY
B ARTMAP 2R ER WL R

AXEHHER  ALRREH
ARTMAP M % {1 ARTMAP M % i 5
R (%) (%)

5000 ¥ A A W B
P gkat

1000 B4 W B
PGt

500 HAH BB
i

100 100

R2 BENEEMRTRABERAFASH
BN ARTMAP 2 M & X B4R

AR BN G REDN
ARTMAP M % i1 ARTMAP M % iR

(%) (%)
5000 B A A W H 100 0.6
Ykt ’
1000 A H UWE
g 98.7 93.3
500 AR B
i 9.5 88.4

LG ERTR, AR NI RA BENRERSE
MIRUH] ARTMAP 3 22 I 4% LG A4 58 B BER) ARTMAP
P4 BA B R IR R X2 P
2530 RA AP HICIZ RS tEFICAZ R, 3F 7T DAAR
PALGEEN] ARTMAP i 2 M 45 1 BE AR SR B O B

AREAR S 6] 51 2K

FEEHFR T,

8% EFEERER¥ER
E A0, 1984 TR KL N %
R L0, SR BALE T2 BE]
B, TENBRB I EAEZLESE

8% XM

Carpenter G A, Grossherg S. A massively parallel architecture for a self-
organizing neural pattem recognition machine. Computer Vision, Graph-
ics, and Image Processing. 1987,37:54 ~ 115.
Carpenter G A, Grossberg S. ART2: Stable self-organization of category
recognition codes for analog input patiems. Applied Optics, 1987, 26:
4919 ~ 4930.

Carpenter G A, Grossberg S. ART-3: Hierarchical searching using
chemical transmitters in self-organizing pattem recognition architectures.
Neural Networks, 1990,3:129 ~ 152.

Carpenter G A, Grossberg S, Rosen D B. Fuzzy ART: Fast stable leam-

ing and categorization of analog patterns by an adaptive resonance system.
Neural Networks, 1991,4:759 ~ 771. '

Carpenter G A, Grossherg S, Reynolds J H. ARTMAP: Supervised real-
time leaming and classification of nonstationary data by a self-organizing
neural network. Neural Networks, 1991,4:565 ~ 588.

Carpenter G A, Grossberg S, Markuzon N et al. Fuzzy ARIMAP: A
neural network archit for i tal supervised leaming of analog
multidimensional supervised maps. IEEE Transactions on Neural Net-
works, 1992,3:698 ~ 613.

Georgiopoulos M, Heileman G L, Huang J. Properties of leaming related
to pattern diversity in ART 1. Neural Networks. 1991,4:751 ~ 757.
Moore B. ART 1 and patter clustering. Proceedings of the 1988 Connec-
tionist Models Summer School, San Mateo, CA. 1989:174 ~ 185.
Huang J, Georgiopoulos M, Heileman G L. Fuzzy ART Properties. Neu-
ral Networks, 1995,8:202 ~ 213.

® B O198FETLEEEKRYE
FIBRKFELEA, 1997 FTRHRAME
BARFMRATRR G20, AAEA
MET W *ERATRR, TERAEESR
b3, BERF, # 5 R 4R RGBS B kT
)0 Erm

WA 1969 FF TR RMEZ MR K B HEH REKF

AL BUAEEHE T EREER. EEAFMEEARN
B RRE T mRBIR LA,



382 FEEREEFER

FABAR)

Fuzzy ARTMAP with Adaptive Vigilance Parameter for Each Cluster
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Abstract A new fuzzy ARTMAP neural network with adaptive cluster vigilance parameter is proposed. Each cluster (hyper-rectangle) has its
own vigilance parameter which is adaptively adjusted during the training procedure. And a new leaming law that defines the establishments and
expansions for either non-overlapped hyper-rectangles or non-overlapped nested hyper-rectangles is proposed. The proposed neural network can
obtain high prediction rate, which has resolved not only the problem of memory stability and plasticity but also the problem of non-convex input
patterns, both of which exist in traditional fuzzy ARTMAP neural networks. The simulations of applying the new net to palm prints recognition

demonstrate its good performance.

Keywords Pattem recognition, Fuzzy ARTMAP, Adaptive, Hyper-rectangle
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