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$%%E : & T RBF(radial basis function) /i 4% F1/8 A1 8% (perceptron) N5 & T E— M H M NUET M B2 ME—R
f) B /R 1 3% R 4% (RBPN, radial basis perceptron network) . iM% EEH LT A 1) MEEH L, HERERSELE
£; 2) FIMN L, KRB % B A S B A5 8 % 10C(input-output clustering) A & H B A P LR
B8 o BENENL. ST AT BN B RE, ZRETRIBA SR> RMES, TREHS
. FAERRBOEZIES.
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Applications of RBPN for pattern recognition
HAN Min, XI Jian-hui, CHENG Lei
(School of Electronic and Information Engineering, Dalian University of Technology, Dalian 116023, China)

Abstract: Based on radial basis function neural network (RBFN) and perceptron neural network, this paper built a new
four-layer feed-forward neural network named radial basis perceptron network (RBPN). This network can be summarized as
follows: 1) It is selective connection between the units of two hidden layers; 2) During leaming procedure, RBPN adopts input-
output clustering (IOC) method, and the appearance parameter o of centers is self-adjustable. This is illustrated using an exam-
ple taken from applications for component analysis of civil building materials . Simulation shows that RBPN can be used to pre-

dict the components of civil building materials successfully and gets good generalization ability.
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1 5| F (Introduction)

AT # 22 P 45 (ANN) 2 ) L i A8 0 B8 so 3
RAERENGEiT 4 28T B8, AT ERIERH RSB
. B — BB I HE 2% o 302 6] Y B AT R T 4 R IR
2 (perceptron) P #5111, {8 & 0f #E 2 25 (6] R 4 R 1T 4%
MRS EA R R BP W4 R — b3 58 b F 4 1
4%, B T HORER T 4 TR B T B AE R YR AL g,
AT 388 45 B B A R 8 A U . 3L — 2t Ak SR g
ma B LR kB PI% BRTUKES
R/, B ERR A, BE SR . RBFN (radial basis
function networks)“17E —E BB 3R T k3R (6153,
B BN TR R RS RERIER
EBR ST , TG S B AR 1 2R 1 L, B TR 2
R, BB T2 I #E . {E RBEN WBIEEH R
LABUR TR B R Y BP9 RBF L %
TR BB B2 T B R A R B R BT, TO M2

+» RE&OiH - BHFEARBIER S (50139020) FH S5 B %K.
IWoRE B #3:2001 — 09 — 13; W SORT H 39 :2002 - 06 - 14.

RIZg A TRDIR R MZ B, EH T ERENF#
JRA NTMERBERTHBER, B LR, 15
REHREESMESHZEMR T —HFE. FrLiE
{2 FF RBFN 1 55 R4 [ BF, 404e] BRI RS2 B o 3K, i 1k
P48 45+ 2 RBEN e A R — N EEME, R H 2
HXREZRBRHEABIRIIELRL.

Chester U AEIE LB T —MEZKRIME, DK
BEREMELE—-ERZEMSE, TSP ERKE
IR EMEFZAEA, FERBRIERISB
RERTHEER L. 5340, 7E A RBEN #7HERR
Hiet, B T REHEREAMERMEZE , RFRAEH Z EH]
SH—EBREWNZER, FBOEHR, T —LiELE
BB N R E BT LA B X B ik, &
XHET RBIN fIRHHBNERE —-MEARERE
A4 BT B 1 2 0 25— 1) B R 1 2% P 445 (RBPN, radi-
al basis perceptron network) . 3 —E3J2% [T RBFN
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WRE  F_RESFATHRNEERAG. SRE
MERMESHEMES,RBPN W ABEBE 2 H 5
RBFN —#, By — R BA , AUEZ T 7T LR
F3 LS (linear least squares), RLS (the recursive linear
least squares) & T 5. 55— 7 H, B 5 RBPN W
RBEN £ T —ERE, FIUEHEREELES K
ARASBRITEZRITW L.

REFERB\BEREABPIREE BE BESE
{5 B 1] 43 25 IC (input clustering) 1 IOC (input-output
clustering) 5 ¥ . B TR G5 B BRI G FEHA
MR PY  AREERGER, R BEEPRSG
BIEEZMER, FUAEREXSIBFTREEBARGE,
EREER T RASHEMNET &3 RBPN 3% A 10C
T, E—RE  ETHASHABAEERFRT
AR ERZREREF L B ZRE, MET
WS RS EERFIREIFERREXRRESR
TE B AN BRUE Z 18] B LB T R A 28 B
FERAEEE TS, NTEIR/HRIE. THE =
FRFE 41 3R RBPN M E B4R E. 5B = L CaO-
ALOS-SIO, =T RGN FLETHEAR . FWUALH
&S, F 5t — SR A TS
2 RBPN #ii& (Description of RBPN)

NG LA B 4G 195 30 A ARSI B T 4
LWL FEERFE . RBPN W ERFLRWT :

1) MWL, WERTAMERE, RET A
BEXIIBRTHEHE, AFHREZ EFEME
e, ¥ B vE B T4 B 2= IR T € 5

2) I FE L, RESE KRN EHAR
BiESMIOC HE, BREFLHEREH - BE
R AL, AUE VR o BB A5k AT LR 7 ¥, LS X RLS.
2.1 RBPN £5#33##i# (Structure description of RBPN)

RBPN W ME 1 iR, s C R ABARE,y
EREAEGEHE, W = (0,0, o) AHHE
PUEEME, wp = (wor,wor, > wor)” 95 i B TR
BE,REIMRBFEEFL, ; = (S H
EREMARR,q = (a1,a,ay)  €ERY A
ERERME, D () IE—BRERBEREEF
BUE Gauss B¥, B IKREHE. 0,(-) ME_RE
&5 B3, AT BN Heaviside BB, R RBE . X%
—BES  TEHNHE IO (2, ), MR O,(-) HE
EB AT R, ML AEFIE xo LR BB BURTE A -

¢l(x,Ci) = ¢l(x0,cl,) + éé_l((;;,_cg

(x—xo)+

xX=x

dzd51(x,c,-)

i (x - %)+ . (1)

0

X=X

BrEL, AR —BERAWER , KB j T WAK
WAL AEITPMEBHARKANRZEZ0NX,H—R
J2 S5 B S o R X 25 [ 9 A o T 4 . [RD R, A R 4%
W IRRE R MBS

Y = Zwycpz(k) + wq;- (2)
t HE—REREEI, UL KBENIIREX
F-RENSFHEAS.

Bl 1 RBPN#s#
Fig. 1 Architecture of RBPN

b EREARNS RS, FRAARENE
E S AL ZBREMNIHETRERN S, REER
TN LS I RRBESRERNE-REN
REGL, AR E5REK50HE, PELE R
EHET 5 A ZS B X 45 — 26 5 8 ol 1 4 %1, T AJ LA
R AR LB .

2.2 RBPN # % # i® (Algorithm description of
RBPN)

Bk Bk, RBPN 455 7 RBEN 18 A 3% M 45
FRF AL, BT LLVE BT R 98 19 35 Bt 7 768 B AT A Y [
B: DPEEHET  DHREBNREN T S8,
RBF REFLMEBREY; 2)RBREZ R KERE, B
WMBREZ R M EFEENEN; 3) % B BUER
E,RAERANRLS, LS 4 HE Y. THHEN
ERMAPBERESR LY QB PREIE.
2.2.1 BEVRANAEER RBF BEROHBE

(Choose the number of units of hidden layers
and define the RBF centers)

B, MG ETH B S R X R ERNE
E—R#aEiRL AR RELINGEE . BHEELR
BOH S, r AEZHERBMBKERS, M, M, 5
X RE— B RENY S8, RELERNT .

$E1 BAEFEAGL,y (")), % s = 1,17
E_REMNBITE M, = 1,H4 2, = y(2');

PE|2 REAE s MEEERL(2, y(2*)), AT
B_RESATEAI M, = M1 ,itH
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d; = min I y(x) - 2z |l . (3
He,i=1,2, M,&d > r NEE_REPF
M— B8t H S 2y = y(2°),s = s + 1,M =
M+LEL<r, AN BFEIRM =M+
1,s = s+ 1.IREISETE2. 5 s = S, JIANERLHAE
BIEHR M,, #HITH R 3.

YB3 PIHRENEE—RE. S M =M, =
M, BRIV SRR BTz B ——XF N . 8
BEH = [hylyum,i=1M,j=1,, M. 35 h
=1, RAE—-RERN i TVAE5E_REN; T <H
H;RZ,hy = 0, RAEE . VRS —BRERIIHE
Kk

1 s
T @
o, = a* d,)n, (5)
dim = max || #* - ¢; | . (6)

MAIBT z BRBREEXN, 0, IBEEFLERS
&,dirn %E?‘m?@#**ﬂﬁ'%?@*‘l}m%*ﬂﬁ%,a
HRERY, TREFREIRK.

HRK,ETFULER, ME—-K5, EwARESE
IR RER ENE—RERNEEPL. EHF
®,(+) 2 Gauss EREL, D,(+) 5 Heaviside FR%K .

Step 1 MIEFEREWMETFR, S k = 1;

Step 2 MK HTIE L2, AAREN
HBHMRERX (7)), (8),(9), (10) 5 M 45 4 b
#(x).

y(x) = wqg + Z_Z)wj¢2(£j), (7)
1, tj > aj,
D,(1;) = {0’ L < a, (8)
t; = max(Dy(x,¢;) x hy), (9
- X = C; 2
D (x,¢;) = exp{‘-ILT‘z—“}, (10)

| - || & Euclidean 83X .
PLE X4 i B b R BCH

Es = 122 | yi(2) = 92 12 (11)

i=1 s=1

WH Es, FIMHR T RIPEME, H53, BB
W, ¥R FWRAED,RE LS HEABHUE.
HHE max || y(x*) - 9(2*) || , REFIERHRER
KE— B o, 2.2 2 BEREESIREIREN
FEERPLERSEAA.

Step 3 Hibt »* BRECREES L, FELE, S
k= k+1,180 Step 2. 5XE, ¥  ER—TFN
BEAP.L, EE—BERFEN—1TBER, H45
cmr = 2, TE HEEFIMINEM, + 147 LBy (2*) 5
z,j = 1,2, My, 5 &* € z;, WK FHHEITSE—
BUZ jBIUHE, & hy o,y = LEN, AEE, 4
hy o1, =0.B% k= k+1,M = M +1,8H

Step 2.

B DA B 43 0, 3 PR 08 1k 68 (R B 35 B R 4% 25 #a 0
SR FAE,EHwRERLE PO NN BB BN FE,
FEMEDE. BREMTE _RE, BREREN
B B, X E B B R R K, B LA R 48 AR R
T RBF WI482 3] s B PR, 8 G0 Ry SR AR /NS0 A
2.2.2 RBF %R & ¥ i 8 & K % 5] (Adaptive

learning of appearance parameter of RBF)

# Fi) RBF lR¥H Gauss ¥, £ “ KRS,
Gauss BN (10), R=FHILEME 2 i,
RBPN 55— B2 E 3L R 12 A 28 el i) R i i 20 1 4
REE NEFRITLES, B8 o WEETEHK
b Ao B ma R K, AT AT 43 25 25 A% 1 B Bl 8K
HEEMAEWE. o HEX, MZBYH NEBRZEKRE
BN, FE TS0 HB/D, BEEE, B/
ey BN AR RS, EFOETE o, LHMESR
RARUMNFRG, FAIEENREP LN o HEAR
—, XRTE o RIEELARERE, BEMK
R4k,

B2 Gauss&?&ﬁ’] HEdn4h

Fig. 2 Three dimensional topology of Gauss function

MR g = f(2,(+)), 0,(+) B HHMERE, AR
F BB RS T e k® s o ALRABE,y,
O,(+) HA—ERENERE, WX (8),(DNAX
Heaviside pR%UFIEL 8 K {H BB 2K, X B o] B A — 4 4
R MBI ME " PR o

Bl BEWHS oo, BREK 2 > 05

B2 BRWNEXEIBE LE,00 = op_1 + A,
W8 E (k);


http://www.cqvip.com

6 38 RBPN 721 iR 5B 5T o B9 i 943

$]|3 H E(k) < Es(k -1), FRABER
oy, #A 2.2.1 F8) Step3; 7 Es(k) = Eg(k - 1),
MFREREIW, TS - A x BAREAREZZE 2,4
SR L AEB R, TRE S
3 {HFE(Simulation)

M2 W £ N7 FE T 04 L U R A A 2 M4 3t e
KRR MRBERE, UREARATEWMHR RS
AR S0 Ca0-ALO,-SI0, =TT & 4 P,
Ca0,ALO; 1 Si0, AR LLHIZ & , EARBET,
AR 15HEEY RERE=ZTEEA(CFEHL)
gheT Rt A L =F P B, EA R AR 1 iR .C R
F Ca0, A 3k ALO;,S 3K Si0,, 4 BLHI Y i Al B
C,A,S R4 Bt Bl — %R . Bl N, C,AS &K 2
CaO-ALO; "SI0, , RIS E KA, AR L FI R (2,1,
D EHMETLERG T, RETER—ZEHNY
&, 8% Ca0-ALO;-Si0, EHR12],

%1 CaO-ALO;-Si0;, =L AE &
Table Static points of CaO-ALO;-Si0,

T&EE B/ (%)
(T) 0 ALO; SiO,
=M AELCAS,+ AS, 1345 9.8 19.8 70.4
L—#A%K+CAS,+2-CS 1170 233 14.7 62.0
L==CAS5+CAS+a-CS 1265 38.0 20.0 42.0
=—CAS+GS+a-CS 1310  47.2 11.8 41.0
L+aCS=—GCS+CGAS 1315 482 11.9 399
L+GS=—GCA+a-G,S 1455  58.3 33.0 8.7
L+ C0=—=CS+GA 1470 9.7 2.8 1.5
=—a-GS+GA+CpAy 1335 520 412 6.8
=a-C,;S+CA+CppA; 1335 495 43.7 6.8
10 L+CGAS=¢a-CS+CA 1380 483 420 9.7
11 L=—=C,AS+CA+CA, 1500 375 53.2 93
12 L+ CAy=—=CAS + CA4 1475 312 4.5 243
13 L==CAS,+ GAS+CA, 1380 292 39.0 31.8
14 L+ a-ALO; ==CAg+CAS, 1495 23.0 41.0 36.0
1SL+ a-ALO;==CA S, + A;S, 1512  15.6 36.5 47.9

TEAMER G B X —EAK, B SR A
BEMHEERNER AU LR, BEAREN «
= [ %1,%22,23,24),%,(i = 1,2,3,4) FRRETRER
BEECASHEERE. BARBEN=ZFYRE, Al RE
BWREWN y = [}’u,_’}'12’}'130/21,_’}’22,}'8!.‘}’31v}'32,
yul, HF, vy vy THERERNE—FYE
B C, A, SEIEER LB, yor, yo, yu RTRISE R R,
Y315 Y329 Y33 SN =F i EE RPN T=F, %
N4 R A X, P4 RTE A C, A, S A AL
FilME — 7R S T TE BB B

iR P

V-2 BN B - SV B B S

M Ca0-ALO;-Si0, B 5112 b 6 Bz 220 40 Bd,
HAP 180 HAFINGEM4%,40 A TRIEM%. In
M3, HEN =&AL AR%FCASHEH,
“+ TR —IBER L AR R AT AT, BB
HFRAGAFB—LB[0,11EEN . JLEBH:

1) #%#¥ &,(+) K Gauss K¥, ,(-) H Heavi-
side BB¥X, ¢; MFXX 2 FIE0(8), (9), (10) Fi7R. o
= 0.9,a = 2.19, BUEE K, UIRIETE & ST s it
BTE-FRENBEASHESCIEN. XIELUE
MEIJRETUNANFTERBERINBRRRGEET
HELJNER SR, EHABRDTY - Wik
RS o b, AT E LB o 8, AT U E
ot BE¥EIEE.B = 0.1.

2) A, EZE%ISBF, AFBRREPLH o
A ER , el IR FHE - BEF.CP%
BB KE o B . XM RS R F T RE R
Y B REZ e .

B3 RIEMEEE
Fig. 3 The samples

HA4BHTREEIREMBRIREE, LK
NEIJRE, BERIBERE, BB RZEIRE. AT
BN, ZMEETJREBTE, ZHRELTLUT
R B — B/ AOE.

0.07
0.06 {\ — FIRE
0.05 F\ e KBS
i_ﬂé 0.04} T, BERE
" 0.03} ‘ :
0.02} %_;\\«\ . 7
0017 _ o ]

00 20 40 60 80 100

F 2 W

a4 ¥INREARR-RZEMNLR

Fig. 4 Curves of learning error and testing error
RTHAMBREPLERSBMELER,
PLAS(EXRA), CSHREKRA), GAS(FHHEEK
7)Y A6 IERENBRMHRERETLHEREE E
FAEES, BTE 5. T LLE L, s MUERSGE
K, IRIER T FHEEEESITAREERS,
MBS REEHEEINMER L, mERE. XA

AT EL R o EFAE MR P.ORBDRE.

120 140
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e N U

60 80 100 120 140
IR

Es RENA¥MoHE

Fig. 5 Self-adjustable o

R2HWRME o BEN LM o BEEMFHE
SLH LB, B ¥ )R EG— K 0.002. ATLUF L, 0
H & N AR A B B B R B R, T EL XS 2 I B &
WA K. o ANAEET, B B BUE K /N3 R 45 2 3 iR
BRREZRBRAEN, BELRELSES, BRIFE
# o +4rEXE. BT LIPS BEARIE BRSO B &R R &
o 16, EEFR R R S EBER  SFBURBIIF ISR
A2 oAl AERPENGF I REPBES
Table 2 Leaming times and testing rate of networks with

constant ¢ and self-adjustable o

o BEE
o BN AL
0.1 0.15 0.2 0.25
FIW®B 130 127 128 184 145
BBHE  46.0% 56.8% 54.1% 67.6% 78.4%

4 %58 (Conclusion)

AR T —F E T RBF M 45 F1 8% 51 2% M 4%
BT B M 45 RBPN, 4 H W AT 5 &N EBAM B
SRS, T LERILI TSR

D AXHRMERAMNEREEFEEEREX
BT A SR, SEBUE A 40 235, AT IRAB E R EZ AL Bk
51 . RERER MR ESBFEZ AR, A ERRET
RBF BE%IHFR ASBARBR/DMIKL.

2) B T B4R P9 BB A4 O #A B, U B
ZRERGEHIBENEBRIERAERZRENBTE R T,
A A5 3% )RR T b4 ek 4,

B4 A — 2 e A RITE .

1) BEBPLHAERATIEBRERKPYA, A
—ERREBIRIEL R, N E.

) o HEBENKE. XX o HHZLXRAT —
BWEITE,BEERICELHERRE, IR §E5E BR
WHBEMNUE o BEHE-THEBEOPFRIMN.
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