BB B4 BFE5FEEE#R Vol.23 No.4
2001 4£4 A JOURNAL OF ELECTRONICS AND INFORMATION TECHNOLOGY Apr. 2001

— AT RS EERR SR IRN B & RIS

F B BAE T EEK

(FRETHHEASELAESLEESERE BE 710071)
*(Fgm TRk 296 44 mx 710071)

w ¥ xRH—EATFEANELRERAREANESALMERE — QNN SM%
( AFNN ). AFNN M#EwmE, B4 EREIRSY, ReRh TREINFENM RIEHR
PrH s agiRaE, WEEAS REMPUEE, HETRBRRHEBEROTRSRRIET AFNN RgM4
Bk,

KR BERARMWESRE, MERE REHR SRIER

|8 TP391.4, TN-052

15 &

EX RSB ILEH R, BAEREIERENREREHITIHRN, MR Ry
B/ ZFRAAE T MELA RS, X AN RAY, LERMBRFBH TR ~RHEM %
gAY AR B AT RAHIRM AR %R BP W%, 7/ BP M&MRAAL
BRI RPRNEZA, MRRAEMNHHEFHML, BLANEUBRESFET: WRE
YL BRAR AR RE AR [E 4 AR 2 BRI AL R, RS E B ma 48 I SRid Mg BEFEE BE. BN AE VI
SErB, BN RRBUR B I T LUAB RIFRBIRUR, EAMRYB, ERGFREE
RBE, PHARER L IREDRLER, BET BN REHPEE. X4 REXF BP
W B AR R R A RHE R I LA SE AR, FRBITRESGEM G, SI3HEmRk B
RYEAR, B4 —FIRERNEEE — BBV (AFNN) , X HIE S P4 HE
HTZZ=SRBGE KA. KRRV, ENGHRRITER, RENHRERBRESARE
.

2 P4 54

ATRBRAGHRLBRTE T RECWFEEMHRLRE, TRRAEMBINTE
KRN Z BRI HE TR, §— K68 FF S E T R G5, BN RS MEs
MED T 2WMAEE, BRTFMENEE. B 1 AHT AFNN MEMEH. A% HHLEMN
WA T RIS 2535,

2.1 HRASy 2428

FIRBBI R B IR AR S HITRE, RAFHE IR —&IN, — M EXE
BRIBUIR AT RN C M (FCM) Rk B fHmamny

N ¢
B/ME { J(u,2) =" Z(uik)'n(dik)?} (1)

k=1 i=1

1 1999-06-24 #Fl, 1999-11-19 shy
E& 863 it AMERFERELTHTE



41y S AT AR E ARG S SO K 333

FR% 1
KB u = [uiklexy W
. < Y
WA X Q i
c —p 3 Z

w =1
2 Eeln N () S
Uk € [0, 1]

Pt

1 AFNN m4ess

o m € [1,00] HBIRIMBIEEG 2z = (21,27, 20 € RP F-8 i £REHL, B
(dix)? = ||z — 2]l o |} - || A Euclid 783,

7€ FCM B, BRAME5NE c(RIFLINIAY 430 B BREC MM, BT RAMARS, &
TEERZ SRR AR AT, WIS ARRESTAE — N RMOREIGNE. HIRITHE FCM
EIEAL R NEM RN, FIFF W5 ] B SR # R LR ISP Kt
L TS B KNI AFRE A O FBE . X DML RATIRZ NERISr 25238, Fas A
2 ffi/R.

B2 HOMIy RS

[t
[di; (B)? = [mi(k) — 2;;]° (3a)
P
[di(R)? = ldis () (3b)
=1

]2/("1—1)} (30

. [d;(k)
w) =1/ {; b

i=1,--,p;j=1---,¢k=1---,N.

2.2 TR

45 1 SR RN ER (¢ then”) BR¥. XA TUNE 3 FiRi 2 M EL
¥, R RN (0 <4 < o) AR EIEHAR.



334 B F 5 # B ¥ #® 23 &

ASIUE w; = [wos, wis, > WpilT 2 B
ABEAE X = [1,21,--,2p)7 , WISH i MF
WA X B HR g = XT wi .
KRB EHIR SRR

Y = Uil = u,;-XT~w,- 4)
CERESCTTT ; Y ; (

2.3 AFNN #9i8 fiBir st

WY Bkl (4) XL THIRE BARBHRNES, Ve eU,ui(z) B (3) kENL H
U € R™ REFH, FNt doo(f1, f2) = sup,ep(Ifi(z) — folx)]) & sup- 5EFF, AR (Y.dwo)
B -AEREEs], THEREEEY (Y,do) 1 (CU], dw) HREFAEN, Hri ClU] Jv UE
U FHTH EESCR BB E .

TR MNTIEAENIEERHE U € B™ FAIESER g, FH >0, NMFEfeY,
15

sup,cylfi(z) — falz)l <€

XA E B AUE AL T SCHR (4] Ay E sl 10X SLUERA A o

3¥HE

AFNN Wk AR S 2 a0, BR800 I R M BT 2l (EP)E
I TEOTES, T TR E WIZRSRA A BOTR LMS Bk,

3.1 WIS HB/ME D HE

ORIy 438 ST R0 IS RN RIS N 2 PR M 4B RO 45 Ha B AR . LA 5
BIE o ST AL (EBUI4B0 , &Y SHEE SN px e BIARBIRRERR
fzi(i=1,,p; j=1,---,¢) REBLEPL, ZR—AHE Q) ROBMALE. RATR
JHF:T EP 6958 8IS ¢ BA/N 2; BME. BT

(1) BEHLR=AE — AN IEARERR, Frh 4 A AR — I8 54, TR PR 3 A0 L
MEA) K PISALME (B2rh0) BHTIRS SURAIG, §— MATEEIEIE 4 FiR:

L T o T &+ 1T T 5
! ' ' v

WMHTE SE1WMAYE S5E2HA¥A E®Bp#ATR
 g=] AR M RE AR IRE LSRR

4 MEmEER

AR T S R EITIASE], HAERIER ¢ MAREAAE RAIEEIE S A5, B
YIthR I L
2) BN MEBER E, 53X B SUE R Bl N

F(i) = 1/(H; + const) (5)

JErh Hy = = 0L, S5, wielogluje) v “5r#” 5% 1) .



4 1 TS —FAT SRR RGN B G R R 335

(3) Xt RENMEHATLEA T, AR ABES, — AR S E, Mg
Minnum < Num(k) < Maxnum (6)

K Num(k) R8T S50 kB9 MESE, Maxnum F1 Minnum 43 51 8 B A1/ ME .
T3 IR R X MAF RAUEN B, R SR

zij = zij + a/ F(1)p(0,1) (7

Hrh F() A MERERE, o -1~ 1 ZE—NSH  w(0,1) NEHEF.

(4) ZTHIHLIES ¢ BRI ENRINFRMME T EHHR K, 48T — R,
XA © BEYL g IR AERRHERIBENL g #4353 P(d)scores BYTERM 0 B XET W BERIERY
B IEMH:

F(%)
MaxFitness

F(i)

PG = P(s +aC|1- MavFitne
(4)scores (Dscores + & ( MaxFitness

)Panmms+ﬂ Pli)scores  (8)
Forb a, B O~1 FIEITTISEL, C = ¢/N 5 IREE JEb t Jpbpkeh Ay B B B it
BB ERAMASE, N WERA K.

(5) 5 24 I S IR LET, BIER (2) «

3.2 TGS SIEE

SR IE TR SRS Y, AT I, 5 SR AN

E(k) = (1/2)[y(k) - y* (k))? (9)

A y(k) WEIR G, y7 (k) MM, RA LMS Wik, A 3 FRe0 TR
f w; BTG

(1) IEHBUE wi(0) FIFETE o(0) € (0,1) 5 HHGEIIRE ¢, BARBRKK T ;
t=0;
() % k=1, N, HFETEEH v :

y(k) =D ;-2 (k) - wi(k) (10)
i=1

a(t)
[l (Rl

B) iIBRBEE E =Y BR), H#E<edit>T, ik Tt =t+1,
alt) = a0l - (/7)) IHEE (2) .

3.3 I EEMMBES T

f£ AFNN w1, ATRA 74 B I RITIS: S A MG BRENR S S Ik, ¥
Seliid — N TR IET EP MR B MBS 2 B8 BT VIS, IATIRE 5 U A5
TG B BRI IS e ) T T IO VIR, MITCaERAt, (LRI 2 R
(s, B R BT A AN SR . BT XM 4R, Hil
A TR LMS B se it FRIL 0 Igh. SR KRR &2 5 S B Rt i AR o
HeAT I B A T o 15 e T RSR[5 0 0\ 255 12 P 4 A 25 [ 41 5 0 4 B8 23
i), DR I GRS AR O RN,  RAT BRINE TR R IARE S .

wi(k + 1) = w,-(k) +

[y" (k) — y(k)] - z(k) - uq (11)



336 I S N 23 %

4 KR ER

R L AFNN Fgsxf 525 SUMBER RYGHTHN. 1 -ZSMBHERRY
B AEAMEERIERERNAL MASKEFEE (), ARdR (G), BREE
b (K)» EAS (u) BB 3 LEMESS (6:); REMUEA BMEBN YL Y2, B
e FEIARRAR o FRATHEHL 150 MREAS A (P ta) (i = 1,2, -+, 150) SHWIAEIAATIILR, WILRAIL
FAOPE 5 TR, HOREE 5% 5 AEWGSERUE, HEE 100 MR s TR, 45 RN
6 Fim. RS, AT T/ BP MEHTRIRIGER, 08 7 BUR. XfELFTRH0 4o
LSS, WU AFNN W45 TR TR N, WA SR RIARENANZAL
f871. WA, AFNN MgadIgRmtie) (] C il E4E 586 Shlt) J 22 4344, T BP Fik
BRI RIS S T K% 2 A/, BRI LS ERUSCEEE 1T RS,

14000 —
12000 NS SR ,’l‘
10000 .
8000 &
6000 [P/ VY W
2000 - g et o e
0

=}

FEE (km)

0 20 40 60 80 100 120 140 180
BAY (1)

B 5 AFNN WmgERNilghesR
LHEERRMARLRIE, BRFR AFNN K550

16000 r j 16000

14000 \1 T TR e P T
Z 10000 |- SRR SO U SN U 1 N J Y z 12000 pr=Ygrm g opoeees 3 i e
2 2000 it i = 10000 s e Al i
5000 Ag. i1'/v ® 8000 |- 2wy

4000 \v')\,.A. e iy 2 so00 . H ¥

2000 RPN S B W e B AL LA !

; o | bt
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 TO 80 90 100
B (1) RA¥ (1)
6 AFNN £ &
e AFNN W LRFARKRMAGE Y, BLRER BP mgmt
b5 %R E

2= ATBORIRASH) BAR S| AFPEM D, SR — RS iR &2 W B 88— B B AR
MFamLg (AFNN) , JHH TRZRNIELERMREHHR. BN TIRE TRAS
BITFAETAT R GEHF R BT SR A FIRE 0, TR AN R G PHANE . MBLEHIRIR, A
FERBIERIEST, 3R IS FITCIRE SJHL S MRS FIET UG, WECHE:,
i, AFNN W28 32 3 R 25 MM AR R B ), RITTA SR A0 ST BB TR IBHE S



4 4 WG —FATRREERREHHY BB BRI R 4 337

10 AFNN W28 /] T2 R BGE D HRE T, ASEAEIM S NG OUREE, T H A7 Bebh
ISR .

2 £ X W

1] K. S. Narendra, K. Parthasarathy, Identification and control of dynamical systems using neural
network, IEEE Trans. on Neural Network, 1990, 1(1), 4-27.

[2) K. J. Hunt, Neural networks for control systems—A survey, IEEE Trans. on Neural Networks,
1993, 3(5), 752-760.

[3) J. C. Bezdek, Pattern recognition with fuzzy objection function algorithms, New York, Plenum,
1981, Ch.3.

[4] L. X. Wang, M. Mendel, Fuzzy basis function, universal approximation, and orthogonal least-
squares learning, IEEE Trans. on Neural Network, 1992, 3(5), 807-814.

[6] Li Rui-Ping, M. Mukaidono, Fuzzy modeling and clustering neural network, Control and Cyber-
netics, 1996, 25(2), 225-242.

[6] A. Bastian, Sequential fuzzy system identification, Control and Cybernetics, 1996, 25(2), 199-223.

[7]  A. Bastian, An effective way to generate neural network structures for function approximation,
Mathware, 1994, 1(1), 139-161.

[8] P.J. Angeline, et al., An evolutionary algorithm that construct recurrent neural networks, IEEE
Trans. on Neural Network, 1994, 5(1), 39-53.

AN ADAPTIVE FUZZY NEURAL NETWORK FOR
IDENTIFICATION OF THE COMPLICATED NONLINEAR SYSTEM

Li Ying Bai Bendu* Jiao Licheng

(Key Lab for Radar Signal Processing, Xidian University, Xi’an 710071, China)
*(P. O. Box 296, Xidian University Xi’an 710071, China)

Abstract This paper presents a compound neural network model, i.e., adaptive fuzzy neural
network (AFNN), which can be used for identifying the complicated nonlinear system. AFNN
has a simple structure and possesses the ability of universal approximation. It is capable of
overcoming the error of system identification due to the existence of some changing points and
improving the accuracy of identification of the whole system. The effectiveness of the model is
tested on the identification result of missile attacking area.

Key words Adaptive fuzzy neural network, Fuzzy clustering, System identification, Missile
attacking area
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