55 B 4 112007 4E 12 H
1672-6553/2007/05(4)/334-5

oo s ERF R

JOURNAL OF DYNAMICS AND CONTROL

Vol.5 No. 4
Dec. 2007

YL ME T RBF 2 M 4% 00 B BB I I 5t

S

R

(L VYL Tk R TR 228, P4 710072) (2. RIEBE T RS Tk 2R A 25 M o047 R X R S0 %, iE 116023)

BE BRI EUZ B RO 7R 52 PR 2 G0 I A 28t PR MR A 22 I 25 Pl 9 D0, R — BT
RBF 1 22 9 2% (1) 15 HCHE RSS2 7 P 0 MR A PR S S Py ) DR sl 42 IRV REHEA 7 T WS AR A0 8 R e
R G2 1R R R TT R R 45 1 7 5 Vel (9 07 3k R & TRl i ksl L—4
SRS SUAS AR IR 56 E BT £ G A IO R T 1k B A . S B A R AT AR SO 4
Hh B ) 7 T RE A A A el N 4 R (L 7 [N SR 1 s 4 o R IR H 9.

KGR BHORBLER, ML, PR,

51

il

TR T — PR B R B, AT X a0t
REBEA KA AU, BB 2R T i, 45161
TRV T PSR L, WO T N T R G E I . 7R
bR LA TSRS R B B R G, K
RGEEARSEH B 5 BT O e e
I A — A E S AH R A3 7R 20 20 80 AE S
1, B A A ) R R, I AR T AR AR
B 7 —F VRN B EOR GeEAR IR
R T ARSI B3R P R T, M ™ A b T
TR ] 25 V-8 T8 Bl T A T P A (] 25
8, DT 7 A IR 2R ) R g B A ol A
b 2R G5 H 0 PR 1 2

FE# 1N, Yang 57 S0 B i Oy
PG IS AR TR 1 PR sh ] [ v, 510
Lyapunov B # 7 A BOHE . SCHRL 8,9 ] BT 5
[ CiER G SNy Ry R s e n M C-U il KE 8 S5 LK |
TRHR EX BT RS EA B R ER. 24 e
AFEFIEER R, e (), AT/ RGEREHE. (H &
(BRI B 52 ) 22 58 31 35 ) 488 T 1) 0 3 2. g L
U ARG SHUBAL R 8RR GEAFTE LR 1A 1
SEVERE, Ry 180 ORI SRS A TE , b 25T R
MRS AL & {8, RBOR K & (H R R+
PRI AN, AT 52 W) 28 58 1) PR BE. A2 [] B o) 4K ( radial
basis function, RBF) #1228 W 4% J&: i1 J. Moody FiI C.

2006-11-01 Y45 1 75 ,2006-12-08 i F & i

ik Rsh

Darken 75 20 {iF47 80 AFACH HH ) —Fiph 2 [ 2%, &
TR LA B2 1 = 2 I 4%, B G 2 ST L
BP #2225 10° ~ 10° 7%, HLA B 932 1L Ak
F T B AR, T ARG F R B e AR 26 2
Tl 22 I 4 24y, DRI TG 2 — ol JB) S0 30 19 4%, 4
BREAT RO 1 8 AT B 4k s k. RBF 2
SREERINIEL 1 R,

[ 1 RBF #1225 4544

Fig. 1 The structure diagram of RBF neural network

N T BT A R T AL, AR SCAR s 1l 22 ) 45
PERIBARR AL, R T —FhJE T RBF #i 22 j 2%
P TR A A2 1 15 925 0 b e A T S BT 45 40 1 A
Sl AT 7T, [ A Matlab 5
il ALY, 2T AL R S

1 ERREHERIEHTE

X~ B BEECH n B2 ) 55 D) B 57 45
PUAEH , B TR 2 B I oy i ok &, (1) , iz 3
TR RN A

Mi(t) +Ci(t) +Kx(t) =Du(t) —mi,(¢) (1)

* [H A AP A4 (10572119 ) B AR AL 0 F5 A4 3K (NCET-04-0958) , T 4 H AR} 342 (0511011800 ) M ICHE IR T2 Tolk 25

B A 58 R S A T A 4 Y I



5543

PG IS T RBE M 22 0 265 11 15 IO B 1 IF 7Y 335

Hoprow = [ wp,my,0,x, 170 n GEGLRS 51 ] 4 (x,
N L JRARS T HUE AL F2 ) s M = diag[my, m,,
cem B m=[mymy e m, 1T 550 (noxon) 4
LRI R R n 4R R 1] 38 (m, NS )R
WS SR ) su (o) N r A 150 R D O (nox
r) QP T B s &, (o) S A SIS R
JNESE ;€ A1 K 535000 (n x n) 445 KB E FHITEE
.
(D) ARSI e

Z(t) =AZ(t) +Bu(t) +EX, (1) (2)
EVC L
x(t) 0 I,
20 _[k(t)]’A_[ MK —M"c]’

0 0
b= M’ID]’E:[ —M"m]
Hol . Z(¢) 2 2n 4EIRSH 1A A & (20 x2n) 4E
RYERE ;B J&(2n xr) JEHE 4 E J& (2n x 1) 425
[
MR SCHR (11 ], AR (2) iR B B B TE 20k

(k+1)T

Z[(k +DT] = "Z(kT) + j T By (RT)dr +
kT
(k+1)T

j T B (KT dr (3)

P, T DR S ).
Ln=(K+D)T-7 MK (3)%N

T

Z[(k+1)T] = ¢"Z(kT) + je“"Bu(kT)dn +

feA”Ex'g(kT) dn (4)
0
é\
T T

A,=¢", B, = jeA”Bdn,E,, - je“”Edn (5)

T, R R G B BRI D B AT Ry

Z(k+1) =A,Z(k) +Bu(k) +E;&,(k) (6)
AHLZCR) R Z(Ck + 1) 3 o i R G k2B
(XS IE) g ¢ = BT) FER K+ 1 25 (XF LI E] 2 ¢ =
KT+ T) BPIRZS BN su (k) J2 56 k220 FE8haidil )y
&, () 55 b A RBRERA.

2 REURERHE
TR B4t V) R A EAT I T 25X

S(k) =OL(k) (7)
Hr:S(k) =[5, (k) , S, (k) =+, S, (k) ] 0 r HEF ]
S, (k) R AE . O 24 (r —2n) HEFFHfE AR

HE VIR I IE AR Z 40 R Bl ik, —
AL B T 12 4. BT SR (1,12 ], A SCTE
BEAFAEIE.

3 EREHESRRRIT
S BT AR Bl B S A HE L AN ] 2 BT

Earthquake

/ Acceleration

z
Switch Sliding Mode
—

Surface »
B2 B B ] AR A5

Fig.2 The structure diagram of

Controller

the discrete-time sliding mode controller

3.1 EUBEEHSET

TEM BB R AR S I A

S(k+1) =S(k) (8)
= (6) (T)RAK(B) , AT

S(k+1) =O[AZ(k) +Bu(k) +Eg, (k)] (9)
AR (6) (7) F1(8) , 15

u,(k)=-(6B,) '[OA,-DZ(k) +

OF,&,(k) ] (10)
SN UEET RS )
u(k) =u, (k) +u,(k) (11)

Horbru, (k) 2y RBF P22 6 45 1)
3.2 RBF #&E N BEEGI ST
WX, =[S,(k),S,(k) =S, (k=1)]" R4k
AGH, = [y e by e by, 10 g A BB 2
Hh oy oy e s ST BRER
I X, =C, || . i=1,2,r
2be, j=1.2,.m
Ht €= ey ,epn ]’ CM by by 5 R T AL 5L
AIBIAG A, m R 55 @ R ) % o A B 2
B

W, = [wn yWpy W

hij:exp( - (12)

ij"“9w£m]T (13)

Forp W, i MR TR AL
P 2% 114 i £ A



336 I S|

I I

2007 4F55 5 &

w, (k) =w,hy +w,hy 4 4wk, (14)
HEPE RBF 148 [ 2452 2] F5 bR

EL.(k):%s,.(k)z (15)
s (6) FX(7) , FH

X (@B,); 4 O M5 i 175 B, 5 i XN ICR
3.
HRYGBEE T ik, 2 W 22 > B3y

-OE (k) oS, (k) ou, (k)
w, =- [ :_Sl(k) [ ni —
v o, ou, (k)  ow,;
-S,(k)(O@B,) h; (17)
w,;j-(k) =w;(k-1) +nAw, +
alw;(k-1) —w;(k-2)] (18)
-0k, (k) _ S, (k) ou, (k) _
Aby =- db, _'S”(k)aum.(k) ab;
X -C;|°*
~5,(0) (0B, o L E )
ij
b(k) =b,(k-1) +nAb, +
alb;(k-1)-b,(k-2)] (20)
-0E. (k) S, (k) ou, (k)
2, = - =-). k =
Aci dey Sit ><9um'(k) e
Xy-Cyll®
—Si(k)(@Bd),;wijhij% (21)
i
ci(k) =c;(k=1) +nAc, +
ale,(k=1) —c;(k=2)] [=1,2 (22)

o 2R >050 HERET,0<a <.
4 HHHH

Y UEAS SR $R 7R AT R BR 1AL 3 BT
N =2 B U R SR A A R A TR S BT 45
ZHRANT LA ZE RN m; = 1000 kg ;7K

M| Ay k, =980kN/m; BHJE REL N ¢, = 1. 407kN s/
m(i=1~3). 735 APIRI I EE 3] : (1) EL Centro
HuFESh , FFLEmT 1] D 8 A, e Kb If iz Bl fin g JEE A
BN (2,(1) ) e =0.35g5 (2) Kobe #1525, $:52:
INFT] g 20 b, d KM Iz S s (£, (1) ) 0 =
0. 85g. {2 F4) 45 J2 I 22 S A {01 B e Il 1 it B2
RIS TR M2 — 2 28T T8 S48 (ABS) 1
PEsh &, R R E — B (LQ) e i 4% 1 7
P e Y R TR IO 25 0 Q =
diag(10*, 107, 10*,1,1,1) , SR AT sRAGF I 4 -
S =35.3782x, —3.5862x, +3.999x, + %, +0. 50694,
+0.3567x,. PILELERIEL2 -6 — 1, 2527 2] SHU
1 =0.65,a=0. 05. P45 A1 4a AU B g 3 ek 5=
B i AU X BB HILAA.

m,

m

K3 gt

Fig.3  Structural model

B AR BT, R R S T, 2 4% i
VEFIHIR FAAS S B B P ) 5 VA I, 45 M 45 )=
FRRZ AL RS | S RONEE JEE AR 3 1 1 55 ) 01
XL B OR P 3 nz 1 BzR 2R 455 B e
PN PEIRAS T SR VA AE BN AR X T H R 25 i
/NITE L

R HHWREEAESINEEEERE(x/cm,/cm +s77)
Table 1 Maximum response quantities (x/cm,%/cm +s™*)
Floor El Centro earthquake Kobe earthquake
oot No control With control u,,, =12.27kN No control With control u,,, =36.86kN
X X X X X X X X

1 4.17 922.9 0.45(89.2%)
2 3.18 1354.7 0.22(93.1%)
3 1.67 1767.8 0.67(60.0% )

295.8(67.9% ) 12.10 2271
549.4(59.4% )
857.6(51.5%)

0.96(92.1%)
1.04(89.4% )
1.49(72.9% )

330.8(85.4% )
688.2(89.4% )
1206.1(89.9% )

9.82 6482
5.50 11938
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DISCRETE-TIME ADAPTIVE SLIDING MODE CONTROL OF BUILDING
STRUCTURE USING NEURAL NETWORKS*

Li Zhijun' Deng Zichen"’
(1. Department of Engineering Mechanics , Northwestern Polytechnical University, Xi' an 710072, China)
(2. State Key Laboratory of Structural Analysis of Industrial Equipment, Dalian University of Technology, Dalian 116023, China)

Abstract Based on the advantage of RBF neural network control method, a new discrete-time adaptive sliding
mode control method, which is one of the active control algorithms, was applied for seismically excited building
structures. The undue chattering effect and the major disadvantage of conventional sliding mode controller have
been removed by introducing RBF neural network controller to suppress parameter vibrations and perturbations
greatly. This paper proposed several ways to get the switch surface and to design the feedback controller. For nu-
merical application, a three-story shear building model subjected to ground excitations was considered. The
ground accelerations recorded in two different earthquake events were used to evaluate the effectiveness of the
control algorithm for varied disturbances. The simulation results show preliminarily that our new discrete-time a-
daptive sliding mode control method is quite effective ; not only can it reduce the peak-response of the ground mo-

tion, but also it can keep the chattering effect sufficiently low so as to ensure the system stable.

Key words discrete-time sliding mode control, neural networks, chattering effect, structural vibration
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