w2 % HOW BH¥*E5EB%H Vol.23 No.5
2001 4 5 A JOURNAL OF ELECTRONICS AND INFORMATION TECHNOLOGY May 2001

BEERBMEMEN—HBERNERFEIFE

B T4

(FERSAEIRNE A8 230027)
*(FEBERERK 4K 230031)

W OE AXRET -RBRRERRAAMENEREREIVER. REITEREREHA TR
TIPS TR, TSR M E U R0 TUAR TR, E% I Bd WSS E B R Rk
AL, SCPEMRA T XA R R E TR, SEMRBT NSNS EERNE. REHEL 2
LY R 45 B A SR A BT BE D A BTN L RE .

T REABEY BEFS, EEYIFE, FRESE, BBBS, DHEFEFITH

pEE TN-052

15 &

TR 4G BEMS SE T n 4 Buclidean 25 (A9 T4 A B m 4 Buclidean ZEH R T
B Of(A) AR 0 AC R > R U | FERTEWHZLME T, MLP #1 RBF Hamsg
BT RSB P R AR RN, FASHTITHMEM %4 RBF Mg LA &
fe e P e R v B B, BIETALE, BARBE T IFEHETEBCGETE M
My RBF #2 M2 S 8k 45 | X se iy s B 15 P 48 5 M B 3IARE (B PR 48 SR IR Y 53
Bl) R5Fem TS, B, HeTisS 8 kR 3o 5 5 ket B g7
GAMRAL M4 vERE, BT RS D, YIEEER AR, XRIFEFBHWEERMN
HEREGER A, A, FFRARERT — B a M4y 7 572 S5 B UUE 2 AL R
T E e 68,

Platt 1991 £E R IR I T —Fh b7 RIS R VAT M 45 (RAN)E) | s phm 28 2 —F
YRUEAECAR A Bl Bk 2 9 4% . Kadirkamanathan 1993 48 M\ 56 035 (1B 54 A B 11 2 A EE IS |
3t RAN $647 TR AR, FE7EBCEER_EXt RAN /6 T #E—2 AU, 184 T8 Kalman
BRI VIR A B 4% (RAN-EKF)(7) | 32 45 AR RS T % iR S0 300-6-F0 7 o4 BE 17 EL 58
EROF T REE (REY) . (EX SR e R T AR AN A, MBS
BB S EIA M TR B LR, A SN EE. B, AUEEEINRESI
AR SR, LB YEE A R A .

AN THEMEH —MERWERE I FE, BRIV N P-RAN | ELRLERE—
R A ER TS FERHITRR BN TR O MBS R %,

2 P-RAN # [ % % 44

FXETRHE P-RAN B— MR BERIRHEMNE, o AMAER. F_BNRETE,
BRI AR, X R 2 R R 2 M S B FT RN A

K
f(@) =ag+ ) axdi(r) (1)
k=1

11998-08-12 we¥), 1999-05-09 #j
ERBRFEESE T H



5 # S REAEREME SR — AR ERE T FR 473

A ap T b DR AESH U2 EMERESUE, K R TH. B3 6 By AR,
ENURAZMER. X8 r ®EARN

r = |jx — u||/ok (2)

Hpu, e R VRE L ANBRPAPO. or e RAEEANERBHRE, RRMEITHA
HEEIEA P S, o]l I7E R™ Z=E]AY Buclidean 783, HE R o(x) A4 3% K Gaussian
BRBOE R
MF R FEHE P AMERER x1,20, 0, Tp , R T R RAEMTINMZALERE,

Bu B ERENERRI K. BRPPO v MRHAEF o ME. Fif, TREH
EMEMBRENE o . AT RRAEE, RIOVEIILIMESHERREY vwio,u,0) . SFFE
SCHTRIEAL: B SR LAY, EMBEHRATE— M E—THFRAAMYE, WER
BTSRRI E, A, RIMNERT —HEMMERBHRMSEETHE
P-RAN(pruning resource allocating network) . #£—35, A7 hideiX FhRE gy i3 E B UE T
SEF F, AR A LMS ik M & 28 w(a, u,0) #4THEN IR,

3 P-RAN # KB 18 & 47

BMEER K MRS, BicMEFRIEAMBERE LN (@0, y,) . BB, MR
THINMEHRET &, TRAREYN K DB ARG RSN y. , B n -1 8
A ERAGTE 0 AREE (RE 1) . WRNEEFFREEESME T RFESHESS, B
iC yn ¥E K 4 Hilbert 7228 Hyx WIIRBHR fR(z,) . WiEBRES y ZE

en = Yn — f(@Tn) (3)

VEFERERE—AFHEEZ R, e, B fR(z.) Kbt y, BEETITH. Ak, W#
e BT —E R, NWRFFHMNEEFRERELSEHTBFRESSNER, BEFES S
BETH n -1 PRESFREEW “HE”. MFXMER, RIOLFHM—N5 He =
MEE AR SARRRXHM R, BIESMGIT . .

1 ERBRSREREE

RAN, F-RAN, P-RAN SHu%ERETFXFTRBPHESBRETHEKRIT.

#3044 P-RAN M&RRET SEANT. BT WERER A (To,yo) AN M EAHLT
WAL, WEEBTREMNA — R HUFERRA, WEEZEHHE MR AN B A A
%2 W] 25 S5 R0 J7 R S B P A R4 B REIT RORAARGE. X RSB Y AU bu B A HE TR
ANEEFFHER KN, A, 4 — 1 FHMERE (Tn,yn) FlAET, FEERMBEHBHX



474 " F 5 @& B ¥ # 23 %

WAMRFFRECEEE RGN FE. WRAE, NWAFNEHN—ITRBTR HUWAR
AT S0 BB TR RN BT A B B IR E. SRR T R A8 R4 Fe 5 R
HEACYLrMER S ERER.

NTHBBRESEMN “FE, EREETREREREHELTURANLE. XER
NAEETEREPFFEATIN=MAES A TTRERE.

(1) o0 & iy o R 22 0 o B /MR Z T PR -

en = Yn — f(Tn) > €min (4)

gq: €min jbﬁd‘i%%f]ﬁﬁ.

AVEH HIRERR A ZRA TP EEERRY “FE” B, CHRERETRE
RATFURE, ABEFRNFHBEYRENZL “FE”.

(2) NS5 EFRAR BT ERBL TR

”mnunr” > En (5)

HPu,, WRAZERTS 2, BTN EEER (BEY) ., ¢ ¥BE, € = max{enax?”, Emin}s
YHRN—AT 01 Z S, . BXPRE T ERE —MGE UL B PR SoXfls 418988
TN, B xR B 18 W 4 2 Sl o R BB TR B 3 o JOR ALK I S gy B A 41y, SRS XA
RPOZ W AL LU — S RS BT .

(3) MERH IR BT HXREIRE (CME)

en = Yn — f(Tn) > ecME (6)

H+F
ecME = A-en—1+ (1 —A)eq, (0<A<1) (7

EHIZTIHWT RN T RS FH R FHRET SRR, 297 FIRFE LS R T 5 R
MANBIEAR, AR QENMB TR EEFEIEE, RIGIATXTHAE., EREF
S 3t 3 S X b U 7 B R B 7 A

4 PR A ENERE R R R, AP T A R — IR TR, FiHE
B A& ISR TREN

AK 41 = €n
UK+1 = Tp
Ok+1 = K||Tn — Une| (8)

HY s ARBET, BERET FHMEBET S A 0N e R = 5.

IR EFMBERER (Tn,yn) MARIBEE, LRZAHENREER BT Z, N L% A B8 b
By =, ER, ATHANNEFRRERNRRIRSE, BEMNKNESHHTE LR,
R A LMS Rik#1T P& S HIH%E.

MNAB—FEHE, B TREZERBIT RN RIBFRIEE XEREEFTHNMBERY &
BB E R T WA Z R B LL, A N Z M BAHEITHE. YNEEE —EH
BLat, FRER BN IR S TR, SHBIATTRAS. TSR L% SR
KRR (AEEHMER) . ITESFBANABRRUAE, XERU T THEREY
HBAEAEE,

LER W SR WA AUER /DN, EXT R L B TR, RO EM—AE
TETF CO0< (<L) . YHENAF—EITHRN, ROMIHELBEE. S, 45 0K8R
WA, R,

a; < Qpy, j=1,-- K (9)



5 M A% RREENHRR SN — R ERYE T H R 475

Ul
Q= Caj (10)

X B ap, FTARESIIR. WE
aj <ap, j=1,---,K (11)

N 5 BT RER BT SIS P ER, BSRBTRB K € K-1. (11) XPH op A
R BRI RR.

4 P-RAN & &

W LB PTRITR, ACFTRER P-RAN HEF RgRRBRMT:

F—% WiE4k, & € = emin, 20 = Yo,

FoF XNE—PUWEHEES (Tn,yn), TEMERY f(z,) MRE e, . REBWES
D Upe . SARBERMIMA SR en > emin and ||Z, — unr|| > €, and en > ecmp , B
MEFHEEN A, FU: ABRNESY o,u,0.

F=ZF XMNEBIMWER o, j=1, - K, HIEEHLMAESE - FRMRRE, @
EwERNBATHNERE. S K=K-1. %%

5 HE 14l 58 B Fu b 8B 0 AT

X FEEHTT WAARAMBEREE. F—NEREST Hermite £ /Y #SEE,
= AL R X Mackey-Glass YR 1Bt {8] 51 &Y 10 2k 3h 25 T BE B A5 1 F Bl .

TEA LI P ErERE LR RAN Fik 530k (8] A RE, HENRXEHNBHOH
Bt ERBAI T 0.(i =1, K) TRHTT HENIFE. HTHIT RAN, RINIHFZ
% RAN-E . 84, RAN-E ZE¥:EE LALT RAN .

#— A5 25t Hermite A SEE. Hermite ZI XA R POE X TR AT

f(z) = 1.1(1 — z - 2z%) exp{—2?/2} (12)

HfrzeR,

LW b TR IR EER © 78 (-4, +4]) KEIAE 40 MREVUREER. HEBRERL
2. @ 2(a) &4 T 43¢ P-RAN Fi:5 RAN-E 77608 A BEWE ¥ H L.
MBTATE H P-RAN J7ieny ¥ l5HA B R iE:548 F RAN-E ik, FTABY S84 T RAN-ETF
BT Z—. B 2b) AR RENFRMR. B 2c) AT FERME X E A B R
& iR A Hermite A BHMLE, HPFS oRRKEA.



476 ¥ 5 f# B ¥ # 23 %

0 T N T T T U T T T T T T ™ 1 1
0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
pLE - 2- 3 ¢ jUE 27 X ¢

(2) REYAHEL () BaREYTREE

3.0+

2.0

Hermite o #

1.0+

0.0 T 1
4

T
-4 -2 0 2
X

(c)Hermite M4 dhek

B 2 P-RAN #1 RAN-E 7t Hermite J¥#iE a4 vE 6k

= LERE P-RAN #f Mackey-Glass (M-G) JBHiFF A KEEERIN. M-G TR 75
B T 5Bt 2 A R

z(t+1) = (1-01)z(t) + 025 2t - 17)

+ z(t — 17)10 (13)

FIFRNIH 2(1), z(t ~ 6), z(¢t — 12) 1 2(¢ — 18) PI4~BE 2 B9 B S T z(t + AT) . HEZHL
B AT HA 50, ERLERRFE S, NRRIFTEYSE 2 SRR,

6 %

ARSCIR T — T 5 1 S RO 4 I 2 T e, LR BB AE I 45 2 X R o S 4
IR BRI R 0, LI PR ERAMEE. SCPH AR Y 0% 55 RAN HRTE R
ST, ’E%—‘:?E?@E#l?ﬂf?iﬂéﬁi&ﬁﬁ%iﬁﬁﬁﬁﬁﬁﬂfﬁﬂﬁ%%%ﬁﬁwB’U@ﬁ‘ﬁi&ﬁTéﬁﬂc&‘. L



5 #

X RN AR RO R A ) — R R EE R T ek 477

BLHRRY, RO REGFIEEAELHRZEY AELHE RAN #3725 G By56 165 Hi
WE, #EREAL RAN DB RE RENEEER.

1]
2]
(3]

(5]

! 0.0

S el e PR
AR A "
(2) BT MEL L (b) IR TRER 2

(c) F¥eE I

B3 ERETENE M-G R M e ES)

& £ X B

R. H. Nielsen, Kolmogorov mapping neural network existence theorem. in Proc. Int. Conf.
Neural Networks, 1987.3, 11-13.

T. Piggio, F. Girosi, A theory of networks for approximation and learning. AT Memo. No. 1140,
AT Lab, Massachusetts Institute of Technology, Cambridge Mass: 1989.

J. Park, I. W. Sandberg, Universal approximation using radial basis function networks. Neural
Computation, 1991, 3(2): 246-257.

Y. Tan, Z. Y. He, Arbitrary FIR filter synthesis with neural network. Neural Processing Letters,
1998, 8(1): 9-13.

A. W. Bruce, et al., Cooperative-competitive genetic evolution of radial basis function centers
and widths for time series prediction. IEEE Trans. on Neural Networks, 1996, NN-7(4): 869-880.



478 B F 5 F B # #t 23 %

[6) J. Platt, A resource-allocating network for function interpolation. Neural Computation, 1991,
3(2): 213-225.

[7] V.Kadirkamanathan, A function estimation approach to sequential learning with neural networks.
Neural Computation, 1993, 5(8): 954-975.

[8] Deng Chao, et al., Sequential learning neural networks and its application in agriculture. Pro-
ceedings of 1998 IEEE International Joint Conference on Neural Networks (IJCNN’'98), Alaska,

U.S.A: 1998, 366-370.

AN EFFICIENT ON-LINE LEARNING METHOD FOR
RADIAL BASIS FUNCTION NEURAL NETWORKS

Deng Chao Xiong Fanlun*
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Abstract This paper proposes an efficient on-line learning method for radial basis function
(RBF) neural networks. The proposed learning method not only dynamically allocate the
network resource in accordance with the increase of input information, but also efficiently
recycle the redundant resource of the network. During the learning process the parameters of
the network can be sequentially adapted. The learning criterion, mechanism of increasing and
decreasing resources and the parameter adjustment algorithm are elaborated. Meanwhile both
the mapping approximation ability and predication performance of the network are analyzed
in details.

Key words Radial basis function, Neural networks, On-line learning algorithm, Resource
allocation, Function mapping, Dynamic prediction of time series
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