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Adaptive CRBF Nonlinear Filter and its Improved Learning Algorithm
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Abstract The traditional stochastic gradient algorithm uses squared error cost function based on second order statis-
tics. It is difficult to achieve higher precision because it contains less information, To solve the problem,a new minimum
exponential squared error adaptive learning algorithm was put forward. It uses exponential squared error cost function
based on high order statistics,and combines the nonlinear adaptive filter based on convex combination of two RBF net-
works. The simulation experimental results of nonlinear system identification and nonlinear channel equalization show
that the convergence performance of the improved algorithm is superior to the traditional stochastic gradient algorithm.
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tem identification, Nonlinear channel equalization

EFRFERRNENERRRBO#HAENEE I EE
A BB R M RN, B R T RLHER
BERIIEBRF . T YISRET RBF Mg adgdt 585
WEA, BRI, R ERENINGEEEIRFUTIL
Fir  BEDLBSBE (SO LT (A B/ e (OLS) Fk L BT i
ST IR R IR B i 3% (RANEKE) ) A4: K 87 4% (GAP)
BESI%%, K SCHEBEMNARNE, HAERALU
THAEY (DZBERSFER; QO RBBRREXRFIEE;
(D ZBEFBS T LA A 5E N JE % RBEF M T E 0S8 XA
AT AP R AF 8 2 R S 3, T H B A B K B .
AT, SG BIE Y25 20 5 K — AR R I [E 52 W 3 20, EATTRY
WH EHR W E S RLUE AR s S RED S . il 2
A, ARG RIS OB B 6T £ R BRSO
HRECAZ . L IR PR BB s S, S S B BR, iR
AR IR BR, RS RERRE. Hl. ARBEEILK
(B BT 12 , T B B MIAR SR 22 2 [ BV 74, (B 1
FEARE HIXE.

HT A bR BB R RBF JEH S SG REFBE K

B H $1:2013-09-29  iR4E H#5.2013-10-29
s B R AR B 5 58 & TR & (SWITUL2CX026) ¥ B

Prep AR, 56 A A RIS BE R I B I DL IR RS B ARV Al
BBLAED Y RATEAESCRI 1L HE T — R R & T H 2
RBF MM (CRBE) 3k &tk A & ML B B #4514, F 48
HEEIEE, XMTERERANARL KK RBF M%E
RN H T RESER FESRESHN BN, R
BT MAESH P RBE M4 U S % 18 3 RBF M4
FRZMMEPE R, AT XA ET P2 RBF M LA S
BRIV B B RBA R T —ERENER.
DRI IR BRI TR T A MR O SOR B L e — E R b
B TR R E  BRG TRARZN TR RE, B
B RAE K. HT#H— P RPN IREANEE, &
fREaA IR, A CFE SCHR 11 48 H 19 2 S RS RO Bt | AT
Bk, JH T E T ZE RBF MM A4 IR M B IS R B E%
YU B

1 EFHE RBF MENMAS(CRBP)KIELERE
R38R %

CRBF JE£kHE: B & RO A A S5 08 1 Bt M

AXZEKHRE 2SI H (61271340,61134002), 01| & FER H H £ (2012]Q0046),

BRMA974—), %, 4, TEHRF A BB EE S E, E-mail: 2xpingl63@163. com; &IEFR (1959 —), B, ##, L 4= BIW, ERMFEIT
MRS BACTE BB S (1974—), B B2 W LA BIF, EEW R T I ARG SAE; FREA1969—), 5, W, ML E RN, TEHR

TR S MR RS ST EE,
+ 266 -



FHEMEB AR, F— 2N IELR R BRI, AN AR $
KAH#Y RBF R4 (K25 8 RBF1 /M6 £ 6 RBF2) A 8L,
i1~ RBF W48 57 sthid ot B S B H A NS
E_BROEE M EIT, NN ML RBF B4 4E
B8 BENEEMNRE SR A FHITHEE, AT
CRBF #iRZREI B/,

x(n)

y(n

x(n-m+1)

e;(n)\/‘

Bl 1 CRBF 34kt BB IR EH

B 1P, x(n) FERAGS, 27 R EREF, N
BARER X EXITF;

X =[xz ,x(n—1),+yx(n—m+1)]" (D
He,m FidltkE.

y (M y: (53318 RBF1 M4% 5 RBF2 W% i) SEBRi
H, HRBEF A RBF M 48 09 B 55 S 30 28 &, T3 F W 4%
RBFi(i=1,2), %t yi (W) T LART R

3= Stwi by () =WF () H, () @
LRI REF R W, ()RR H, ()25 XF .

W) ={wi,1{n) ywis (n) > ywi ()17 €))
H: () =[hi,y (1) shia () s+ s hip () ]T 4

H, ki () FRM 4 RBFD M58 1 A~ BB M 2005 80 A
X () BV E +

“ X(n)—Ci,l(n) ” 2
2012,[(71)

P 0. (1) L RBE, W5 | MRBHZETHT REE
C...(n) AR % RBF; 1958 { TRm e, B

Coi (W =[ciua(m) scis(n) s> scirm () ]T (6)

A1PE_REMAEMEE vy REITHEMNER R
LR B 0 GO 3 (D SIRESE A R ML, &
XaF

) =2y () +A—A(n)) v, (n) )

B G RRE B SR W RBF W45 A48 o #0381 oY
HETHREESHOTRNBLURE, R, KB EMNEE
Ri RBF JEi A% 15 8 4~ W 48 R sk, i/ P K i J 8 R
RBF S a8 RIS RERD.

2 ET CRBF BiEMRERMMHNFEIEE

%F CRBF H &R B 25 M 45 S5 MIR- & S 8%
#HRELL SG BEMFIHRR TR, BB ERTTL
T KA KA RBFL W 4% 5k 42 B W s ik, 3F 8t /N K i
RBF2 R4 PR AR AR 2 (0 B N SRR BE b i3t S I A%
EERWER, I TH—-SRE/IEKE RBF2 M4 KT
W P ERRAIRE, AR T % T CRBF HiE M
BRI BH R ES B, X BIEBLUT 3 MRS
2.1 X% RBF1 RS 14

ATRBWHCGERE, THRR A SG H S 57 8 5 30 N 3k 1|

h,-,l(n)=exp(— )912192’""k (5

gk K RBF1 MZH&NSH,
& e1 ()24 RBF1 M4 SEbri S5 85 2z E &R,

EXLH:

e (m)=d(n)—y () 1€))
M| RBF1 M4 R0 R% J. (0

Jiw)y=él () 9

RIE SG B & M B B AN, 15 B RBF1 # K 4 2 3
Wi () o1, () ye1,0,;, (D (G=1,2,,m31=1,2, -, L)) HE
BN
Wi+ D =W +we (W Hi (W) +p (W, () —
Wi(n—1)) (10)
e (nt 1) =cry; (n) + wer (n) Wy (n) by, (n)
xn—j+1)—cp; ()

() + 1 Covy () —

¢ (n—1)) an

oun+ 1) = o1 (n) + wer () Wy (n) by ()
| X(tn)—Cy.,

2
WU o —

ol (m)
1. (n—1)) (12
H,w (i=1,2,3) 0% 35K, HBEEKHE: 5 (i=1,2,3)
AHBEF,
2.2 INB RBF2 M8 814
RBF2 P48 28 TR R BN I8 48 A IR B B, PR A
REFRE, ER_BRITEH T RERNER BEHH
FERBELTHEUSHESAEE. 5HEit&ML, 5y
St E A RALE N E E RS R, 7 RBF2 M S5mI4
B A SCR AT IR ECE R 2 R R EOR BT iR
ERMEEOD .
J2(n)=exple}(n)] 13
K6 (n) & RBF2 R4 59 5K Brdi th 5 1 B 4 s =22 () R
2,5 LR

ez(n):d(n)—yz(n) (14>

K (13) e L H ARG B (Maclaurin series) B, ] 18
+oo

T2 (m)= 3 +e% (n) (15)

i=ot!
BRI, ZIR R E AN AR EE T A RE RN
BERE, AMEEESWNE R, A |50 RN
% B4 B E A /DR SR 25 R AT H R 25 il T LR
JrIRZEAH RB IR 2 th T B BEWY , (B TR e
HE.
RIEFEALEE AL, 7T LS B RBEF2 FIME S W, (0),
0’2,1(7!) 9C2,4,j (n)(j=1,2,'",m;l=1,2,'",k)l§9i§?ﬁ’4\\iﬁ:
W (n+1)=W,(n) tue: (nexpled (n) JH, (n)+
(W2 () =W, (n—1)) (16)
ez (n 1) =cz,1,; (W) Fp (co,0,; (W) —¢2,0,; (n— 1))+
uses (n) exp [ &8 (n)] Wy (n) hyy (n)
x(n—j+1)—cy; ()

RS a7
o2 (nt D) =05, () + 25 (02.. (n) — 02, (n— 1)) Fuses (n)
| X =G |12
exp[iz (Tl):le (n)hz,z(n) Ug.[ (71)
(18

H,u (i1=4,5,6) FE B, HRE/NAIE; p (i=4,5,6)
.« 267 -



HEHBET.
2.3 BRAESUMBENAR

%4~ CRBF & #$00% 1 yv(n) i RBF1 1 RBF2 P45 %)
A ERERRTE, R, RPH A R—NERE
WESECGEBREXE, 1IN, ITHERESHAWE
BTGRP i — Sigmoid BREORITE

An)= (19

1
1+exp(—a(n))
EXBAREHRIRE e, () N S RHAERR d () F
H y(n) Z BB 2E(E .

eq (m)y=d(n)—y(n) 200
T EACH % T (R .
](n):%eﬁ,(n) @n

SR FRBEMLRS BE B2, (158 W45 AR A PR /DR A
BMASTHIRESEANAE «(OMEFHRARXMT -
an+D=am Ftueq (W) [y () — 3. (M A [1—
A(m)] (22)
He,u, HEIEK,

3 {FREIE

BT RAUEA IR A2 F CRBF JEL M BB R IE B A1
Bt S B A B B AR T T A R &M R G BHR A
R EHHHLHF S, H L Matlab P& BT THES
.

3.1 FRMRGHIAPHRA

B 2 454 T # T CRBF IBEA LM R PHARES

Ko () HRAGE S, y() IR AIERER GBI E

B, y(n)% CRBF H & R M 52, e(n) WP Y18
EEE, EHEPRAMTRAERE RS,

y(n+1)=0. 3y(m)+0. 6y(n—1)+gluln)] 23
HAopydE R g BTG
g(u(n)) =0, 6sin(zuln))+0. 3sin(3ruln)) +

0. 1sin(5xuln)) 24

x(n) y(n)

kT3 T

H2 FELuRGEFHREHE

LI, BN A SR B2 S B sk CRBF 38
#3(CRBF-EE), CHA [ 11142 i 592 3 B 2 4 CRBF I I 2%
(CRBE) LA R %4t 9 RBF 3% (RBE) &L A FAE& MR
. #1HIHT LR 3 ABERSEMAAERE.

®1 IMBESSEMILE

5% CRBF-EE CRBF RBF
u; =0, 5 u;=0.5
u, =0. 05 u, =0, 1 u; =0, 15
F33F5 % u;=0.5 u; =0.5 uy ==0, 15
u, =01 u, =0.1 u; =0, 15
u, =200 u, =200
BWAH 2 2 2
R 4 4 4

M 3 45 T4 SCHE Y Mk B 1k B9 CRBF-EE I8
« 268 - v

ERSMIERERGHVORE , KGR TR RS AHER; A
4T 3 MBS IRE MSE) HEBER LR R. M
E H A LA S , CRBF-EE i #5 #9f4 1R 228 /N F CRBF i
KA M{E48: RBF 38k 2%, M CRBF-EE 3B Ik 2% 59 W SUE B 8
BRFEERAEES. WS, CRBF-EE, CRBF 1 RBF
PRSI IH— LA IR 2 (NMSE) 1132 2 AT, i e 418 i
1, CRBF-EE i i 3% M $HSOR B 88 .08 F CRBF iR 28 ff%
% RBF JEH 4.

1 ) P
o8|/ H L
w ! / ¥ |
ﬁ s ! H 3
04 /
= WA
02 1% B
LI S
op-- - e
a2 |
00 200 300 400 50 600
B
B 3 CRBF-EE ZZHHRER
0
-10
-20 ¥ 2
) PR b
W —a0l\Y, A \‘ \ R ,
5 /
-soriff1-§ Builk
®
B Coy
1
-80
~90
-100
00 200 300 400 600
HRAK

A4 3FBEENAZIRRELRE
F*2 3FEEEEN NMSE

Fom A A NMSE(dB)
CRBF-EE —22.0216
CRBF —19. 0216
RBF —14.1377

3.2 degiEfE e R AR A

#F CRBF Wi :FE M Ha W E 5 frn, B
() RBEES un) AREFES(—RAIB AR r(m R
tn®| CRBF &8+ HES, y() RHBHE S, d(0) RIR
BE xMATEEBHES e ) HRMEWIREES. MR
SRS RN R RETHRR MRS mEQ e SE
LUEFEE". “NLERZREEPEESWIERERE,
., 1% CRBF 8P HES rDEETELREEESS
SN ST, RATH B SRR A 8 &N IE
BHOSE FHHABESSHESHER -2, ATHEER
LIS IE A B RANRIRFE R,

xn) [ k&M s s,(n) X _u(n) r(n)
P ﬁiﬁ M /

CRBF
4B

e(n) éyﬁl )
) )

B 5 4 CRBF @#NHETRAL
AL SCERES, 13 1B 4R Y i 07 ¥, X “ SR RAEAR T B R )
BT .
st (my=z(n)+0. 5z(n—1) (25)
RALBAFIIES 2 BB N (1, — 118 Z B bk




W (PAMYES . 3t BB M5 SEN B2 70 P ikAE.

“NL7JEZe Mk HBER T I @B T .

sz (m)=s; (n) —0. 953 (n) (26)

RIET  fFE A s () R GRS B RRT , BE KA
B B IR INSME R 0 20 o BB MR . XAE, 3I0R
BUEINESREX N HREBRETHES r=x )+
u(n), X BD” R RY G EHLMNERTR, MHBES
dEXL R dn)=x(n—D),

B 6 43 Hy T 528+ CRBF,RBF1 & RBF2 3 #RRE A
BRI RE , BB RS EMB AN iR E MSE, 8K
BFTERR B R [F) 4 — 3 i AH B8 8 ¥ (BPSKO BENLIF 31 3 BL15
R ARV B SE SNR #4 20dB, 2 B K %S
BRIERE 3. NEFR LB E Y, 48 RBF H43
FEE RN, 76 PR S B R A iR
% (MSE) 2 [6] #E4 7454 , SR i CRBF X545 28 [ B /@ 3L 7 PRk
WHFMERR RS FiRE (MSE) ML A, B FRAEATET
RBF W40 N & REE XM R EERZ A,

[}
~~~~~~ RBF1
EREE
-5 ;
-10
»
X
15}
x
-20
725 5500 1000 1500 2000 2500 3000 3500 4000 4500 5000

#RAK
& 6 CRBF.RBF1.RBF2 #8588 LA

*3 FRENE[RSBHILE

5% CRBF-EE CRBF RBF1 RBF2
u; =0, 4 u; =0, 4
u, =0, 015 u, =0. 02
u3 =0. 2 uz;=0.2 u; =0, 4 u; =0. 02
%23 Fk u, =0, 04 u, =0. 04 up =0, 2 u, =0. 04
ug =0, 2 u;=0,2 u3=0.2 u3 =0, 04
ug =0, 04 ug =0. 04
u, =50 u, =50
A% 2 2 2 2
(S 30 30 30 30

& 7 44 T CRBF-EE #1 CRBF #5588 iyl skt fe fika
BHFREN . NE R LIEH , CRBF-EE 488 it
R SGE B A R R AR 2 07 TH A M BE HR B AL F CRBF ¥145
2%,

[ CRBF e

ofiaiion

-2 [ R R At el ad s
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
HRRK

7 CRBF-EE #1 CRBF 4 84t 8 Hh 4%
24 FE M) F A L, CRBF-EE B 28 Tig B TE Sk
HE RGO, ke84 F CRBF il 8 %

4t RBF IE 25

BRE AXETHE RBF MASWIERE BB
Bam BT —FETR/MEBF T RENEIE L, %
B R CRBF 4% J Bk 9/ K i) RBF MR ZE
R0 BB B R i BB IR O TR E A R
FF PR BE T R v U e 2 0 248 10 S4BT BSE R .
FHLO5 ELGE SRR T 2 SCHE H A3k 70 W S35 FE FIORG BE b 46
ZLT RBF i ia% LI R RAE SR SG B ikH CRBF B
o

£ £ X W

[1] Park], Sandberg I W. Universal approximation using radial-ba-
sis-function networks{ J]. Neural Comput,1991,3(2);246-257

[2] Kassam S A,Cha 1. Radial basis function networks in nonlinear
signal processing applications[ C] // Proceedings of the 11t Asi-
lomar Conference on Signals, Systems and Computers. 1993:
1021-1025

[3] Chng E S, Chen S, Mulgrew B. Gradient radial basis function
networks for nonlinear and nonstationary time series prediction
[J1. IEEE Transactions on Neural Networks, 1996, 7 (1) ;190-
194

[4] Chen S, Cowan C F N, Grant P M., Orthogonal least squares
learning algorithm for radial basis function networks[]]. IEEE
Transactions on Neural Networks,1991,2(2) :302-309

[51 Kadirkamanathan V, Niranjan M. A function estimation ap-
proach to sequential learning with neural networks[J]. Neural
Comput, 1993,5(6) :954-975

[6] Huang G-B, Saratchandran P, Sundararajan N. An efficient se-
quential learning algorithm for growing and pruning RBF(GAP-
RBF) networks[J]. IEEE Transactions on Systems, Man, and
Cybernetics, Part B: Cybernetics, 2004, 34(6) :2284-2292

[7] Zeng X,Zhao H,Jin W, et al. Identification of nonlinear dynamic
systems using convex combinations of multiple adaptive radius
basis function networks[J]. Measurement,2013,46(1):628-638

[8] Chal,Kassam S A. Channel equalization using adaptive complex
radial basis function networks[J]. IEEE Journal on Selected Ar-
eas in Communications, 1995,13(1):122-131

[9] Andersson P. Adaptive forgetting in recursive identification
through multiple models[J]. International Journal of Control,
1985,42(5):1175-1193

[10] Niedzwiecki M. Multiple-model approach to finite memory adap-
tive filtering[ J7]. IEEE Transactions on Signal Processing, 1992,
40(2):470-473

[11] Zeng X, Zhao H, Jin W. Adaptive Convex Combination of Two
RBF Networks and its Application to Nonlinear System Identifi-
cation[ J]. Advanced Materials Research,2012,562;1697-1701

[12] Boukis C,Mandic D P,Constantinides A G. A class of stochastic
gradient algorithms with exponentiated error cost functions[]].
Digital Signal Processing,2009,19(2).:201-212

[13] Lee J,Beach C, Tepedelenlioglu N. A practical radial basis func-
tion equalizer [J]. IEEE Transactions on Neural Networks,
1999,10(2) :450-455

+ 269 -



