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Abstract: Aiming at the fuzzy modeling of complex nonlinear dynamic systems with hundreds of possible inputs, this
paper proposes a new fuzzy identification method considering the selection of important input variables. First, the two
stage fuzzy curves method (TSFC) is used to give the weight of the correlation between each input variable and the output
from a large number of selectable input variables, and the important input variable is quickly selected according to the
input variable index. Then fuzzy C'—means clustering (FCM) and Gaussian membership functions are used to determine the
premise parameters of the fuzzy model, and recursive least squares (RLS) are used to identify the conclusion parameters
of the fuzzy model. Finally, the effectiveness of the method is verified by fuzzy modeling of two international standard
examples of Mackey-Glass Chaotic System and Box-Jenkins system. In order to verify the practicability of this method,
this method is applied to the fuzzy modeling of an actual variable load pneumatic loading system.
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Table 1 List of performance index for Mackey-Glass
chaotic system
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WA x(t—1) 2(t—2) x(t—3) x(t—4) x(t—5) z(t—18)
P; 00611 0.1164 0.1967 0.3003 0.4203 0.4960
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Fig. 3 Comparison of our model and the original system for
Mackey-Glass chaotic system (training)
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Table 2 Comparison of the results of selecting input variables for Mackey-Glass chaotic system
FI A A% MSEL(EEE)  MSE2(Fl)
FCM-G a(t—1),2(t — 2),2(t — 3),2(t — 4), z(t — 5), z(t — 6) 2 4.6697 x 107°  4.881 x 1077
TSFC-FCM-G  x(t — 1), z(t — 2), z(t — 3), z(t — 4), z(t — 5), z(t — 18) 2 3.0711 x 1075 3.1425 x 1079

% 3 Mackey-Glassi&iE £ 407 Bl AR A 64tk
Table 3 Comparison of different models for Mackey-Glass chaotic system

TR F%  MSEI(GEE)x10™%  MSE2(Hill)x 10~*
XHk[16] 25 5.76 6.401
WHR[16] 36 7.1289 6.5536
SCHR[17] — 9.61 10.24
SRk [18] — 4.84 7.29
CHR[19] 10 5.0216 6.7449
AR 2 0.46697 0.4881

AR (TSFC) 2 0.30711 0.31425

4.2 Box-Jenkins iSRG
AT RE g N A S A A R 45 12021,
uRANFI N BB ISR, v RS
SRR —EAIR S, REER N9 s, HA 29614
N H A
42.1 HETTSFCEFEMALZE
WRHPEA S 3T HITSFC I, 2
- Juk—i-1), i=1,2,--- 5,
Y yk—i+5), i=6,7,8.
FIFHZAS) T Ha, IV REFE bR R B P, 15245 &
o R WIRAFT R, P/, S N8 bk B 2L
FahaUEH, y(k—1), u(k —4), y(k —2), u(k —
3), y(k — 3)Flu(k — 2) &ty (k) % VIAH K #H
RPN S
4.2.2  TRPRERI T
XSG/ PRRE L, 55 IA OO BT 29640

Km0 A TR AT, N T R E R\
X AR BUAE B2 RIS IR, i NS S IHK2, 4, 61X 3%
TEAXHEATIAE. PR PERE LU S RANRSFTR. M
FKHFTLAE H, 3 B0 N AT B RE FENR UK,
R R AN BRI OL R . i N AR AL
N6, B SCHR— iR u(k), u(k — 1), u(k — 2),
y(k — 1), y(k —2),y(k — 3)TE ALK ¥ N AL &
AR SO AR B N R PR RR Fy(k — 1),
uw(k —4),y(k —2),u(k — 3),y(k — 3)Flu(k — 2)1E
NT-SHEHIBRL N, B NECA 2.

% 4 Box-Jenkins & Zui AT 2 M AL FEATT R
Table 4 List of performance index for Box-Jenkins
system

Ty Te s 7 T4 s 3

N y(k—1) u(k—4) y(k—2) u(k—3) y(k—3) u(k—2)
P; 00705 0.1494 0.1605 0.2604 0.3061 0.4296

% 5 Box-Jenkins 2 W AT 2 F & R (FH 1)

Table 5 Comparison of the results of selecting input variables for Box-Jenkins system (Case 1)

s AR A% MSE
FCM-G u(k), y(k — 1) 2 0.4243
TSFC-FCM-G u(k — 4),y(k — 1) 2 0.1655
FCM-G u(k),u(k —1),y(k — 1),y(k — 2) 2 0.0757
TSFC-FCM-G u(k —4),u(k —3),y(k — 1),y(k — 2) 2 0.0609
FCM-G u(k),u(k —1),u(k — 2),y(k — 1),y(k — 2),y(k — 3) 2 0.0579
TSFC-FCM-G  u(k — 4),u(k — 3),u(k — 2),y(k — 1),y(k — 2),y(k — 3) 2 0.05464
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# 6 Box-Jenkins & &R RF A2 A 69 LR (1)
Table 6 Comparison of different models for Box-

Jenkins system (Case 1)

TR MALER ME MSEGIZ)
ik [22] 6 2 0.068
SRR [23] 6 2 0.066
SCHR [24] 6 8 0.075
XHER[11] 6 2 0.0561
SRR [15] 6 4 0.0498
SCHR [25] 6 3 0.0560
SCHiR [26] 6 3 0.0534
AR 6 2 0.0545

SE2FPE DL, K B 148 Bt X AE I gt &,
AR 148 Bt M R B0 it SRR VP ORI AR 7Y
HREON2, fan N AZ B HON6IT, 8L B I 255K
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Fig. 7 Comparison of our model and the original system for
Box-Jenkins system using tasting data (Case 2)

KT TR IFRR AR e R A
PRt .
% 7 Box-Jenkins # 47 B A2 A 49 LA (5 2)

Table 7 Comparison of different models for Box-
Jenkins system (Case 2)

LAY FNIEL MSE1(EH5%) MSE2(Fill)
SCHR[27] 4 0.071 0.261
SCHR[28] 2 0.034 0.244
SRR [24] 7 0.022 0.236
Sk [29] 3 0.0159 0.1255
SCHiR [26] 3 0.0150 0.1470
SCHR [30] 2 0.0254 0.1243
R [31] 2 0.0168 0.1402
SCHR[32] 3 0.0149 0.1324
ALY 2 0.0165 0.1522

ARSCHEFY(TSFC) 2 0.0151 0.1674
ARSHESY 3 0.0144 0.1627
AHANTSFC) 3 0.0142 0.1540

MERTHRT DU H, A4 3 1) T-S AR B 28 )l ik
AEFRPRMSEAZ0.0142, 56 P EFE FRMSES20.1540,
M BRI SCHR R R v i B A A2
AN SR U BTSSR A5 B (1 5 1% e HE ARMSE A2
0.0151, KB MEAETEFRMSERZ0.1674. & Rk
TP TS AR BRIt A 23 AMEER A U, )11 21k i
Fabr AR IS M e TR AR eI AR SCHE I 7 1, (HIX 2
R g ) kAR ) B A R R
142 5% (gravity search algorithm, GSA)26- 321154

HE IR 4 0] 39148 2% 53 (improved hybrid backtrac-
king search algorithm, THBSA)BUEE 55 24 & ¥ )t 1k
ARRIRAG I, A SCERRI AR T 1 XL %
RIIEAR: 2 AR,

4.3 SEBRBATIMB RS

ENRGRA A i B b e Tois g
Y47 AR R, Tz N T 0k E B Ak ek, S8
1M, 2SR R SEP R R HE R S
EL A5 R FR) U B AR 2« BEDCREE o I it 12 DA R <UL
FEE IR R, ST ARG AR L
SRR, T2 BN R G ) R AR 2 il iy >k
VP2 A RS, — kit AT RGUBALA PR 2
—ReTEA I ARGRIBAT IR, ARYE Y B R S
B 55— R AR RIS AT A S50 24 R iR
ARG AR I 18 A N\ AR B e PR AR
HERTTE, LA SR BT N AR G i T-S IR A5
.

BN HAT NG ER LI F TN BT RS R N
BB 1 28 T AR B AR B AT DA, T RS AU b T A1 2
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Fig. 8 Structural diagram of the variable load pneumatic load-
ing system
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43.1 HETTSFCEFRMAZE

FIF R EE R 1) 10004 Beds, MR A S 2R 238 4
R TSFCHT VL NS R THET, ‘e A 1 E B
WIRS AR, 1wk — 1), u(k —2), u(k —3), u(k —
4), y(k — 1) Fly(k — 2)6472% B AE AR A5 7Y 1) &

TN,

k8 AFHLBRFT B R AMANT B HARIRATI| K
Table 8 List of performance index for variable load
pneumatic loading system

Ty x12 x9 g Z10 x13 x7
BN y(k—1) u(k—2) u(k—3) uw(k—1) y(k—2) u(k—4)
P; 0.0212 0.0262 0.0375 0.0577 0.0598 0.0702

432 TRAERIES

T UL NS BB S PR AR LR M B S R 4t
A R FH, 23 0 R O R N AR Bk — 2),
u(k — 1), u(k), y(k — 1), y(k — 2),y(k — 3) 1 #H
fan NAR B 3 7 TSR AR 2R 1047 LU, W ROR A0 0
O3, KA SR TS REURIARE A B ST
BN AT N R G BRI, e S i A
ST (I T SE PR R G P R SRR TR
253 5 a0 FE9(a)-9(b) T 7, AT WL A4 52 A T-SASE ) A5
R4 RE 05 1R 4 Mol 3T SERR S s IS R g it fan
SENINER R G N2 Rk PR PR AR LB IR O fT
N, MEROHTT LUE H, TEM N B4R, 58
B N B IR R PEREFEARMSE 43,7864, AN K &

H BN R Bk B PE RE B FRMSE N 19.4820; 7E
i N T AUCN6RT, 5 RE H B A N\ AR S I B I 1 R
TR FRMSE A 1.8307, A5 i B B N\ AR e £5 1 14
AE 4R FRMSE N 14.7006, T WL SCHE H BSR4 A
JTE RN R ZE PN R bR T R\ S Sk
P71k, EEM N T RERIEREN T LRI S RS
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Fig. 9 Square wave loading test results for the variable load p-
neumatic loading system

k9 AFhBRFGMANT ZRFLERILE
Table 9 Comparison of the results of selecting input variables for variable load pneumatic loading system

it AL A% MSE
FCM-G u(k —1),u(k),y(k —1),y(k —2) 3 19.4820
TSFC-FCM-G u(k —1),u(k —2),u(k —3),y(k—1) 3 3.7864
FCM-G u(k — 2),u(k — 1), u(k),y(k —1),y(k — 2),y(k — 3) 3 14.7006
TSFC-FCM-G  u(k — 1), u(k — 2), u(k — 3),u(k — 4),y(k — 1), y(k —2) 3 1.8307
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