YRFLABREIZET AL LR DT ABIERE 19894118

(WmsmmEicsrson — 1 1 n ekISEEnx

COMPARATIVE STUDY ON ON-LINE APPROACHES TO STRUCTURAL IDENTIFICATION -

RE m#m . me 2
Tetsushi KURITA Kunihito MATSUI Manabu MATSUSHIMA

Structural identification methods are broadly divided into- two
“groups, which are on-line and off-line -approaches. Two. methods
representative of on-line approaches are "Dynamic Programming” and
"Extended Kalman Filter”, which are used to identify structural-
characteristics. The methods are compared in view of computational
efficiency and effectiveness.

Numerical experiments are performed by’ u31ng nulti-degree-of-
freedom system. The effect of measuring noises on the identification
is investigated. It is also found that a repetition of the approaches
improves the identified results.

Key Words : Structural‘Identificatibn. Dynamics, Dynamic Programming,
Extended Kalman Filter
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2. @EF®

—fic, BN TEBI3SEEBRETVOEMARIAIRLD LS LT LMTES,
Mz2+Cz+Kz=f(t) (1)

ZZT. M, C, KitehEhERBI M)y 7 BEIMIYIX, BT NI I XTHD. i 1

ENHEERTAIRT M, 2LT, 2, 2, 2lBETOBELZRTINHESY MV, HERY b,

BRI MV TH D,

(1) Dynamic Programming®

R O&> BAWHERTRSLERORBHERIZ

dx _
_&—T fh(X) (2)
tEEIND, e, BRI MVvEwW, BHl )4 L2V M v LBAAERL
w=Ix+v ' (3)

THB, ST TRIREBAY MV EHEEERBRHIZI IV Y2 I TH D, WE, BRIZBITHD.
B, BHERRMONS A~ LT3 LRBRY MV

X = {leZE|"'121)221'"1011021".1k1|k2v"'}T (4)
T#H %o Dynanic ProgrammingdAREBEBIIM DO LS IR I h B,
J= s: {(w-Tx) (w=Tx) dt+ (x(0)—x¢) A (x(0) = Xq) (5)

CIT Xo Ft=0DNO7TVFVRKEEETHD. AGHNEEE: REOREBIINTE TS M7
MUY IR THD, HERBERNTIXOBEREEEL e L RT L

%{-=h(e)+0rf(w—rx) , e(0)=xs : (6)
Fiz. [FOQEV A M-I MY I THD

d@ _ ,ah(e) ah(e),"_ .-

da - (3hle)) g+ (2hle)y'_grira , a@=a- (1)

A6),(MNzHETZETHEIZLICEDe(t)2RDBMTES,
(2) $57BKalman Filter®’
R(DOI>L2EHARATRIMZRORBABEIIREERE T

9% =h [x(t)] (8)
LRENDLT Do Ehy BH<Y MV Ew, BH) 4 TERY ML v T L BRARR I T

w(i)=Fx(i)+ v(i) (9)
mL.

E[v(i)] =0 (10)

E[v(i)vi(j)] =RUH)6; : (11)
Thd, 2T, TIHIREBAY MV HEEEZRIGATZY N Yy 7R THD, E [ -] GHREE, 6k
JAXyAOTFNVIERERT, W&, BREISHTHD., BB, BEERINSA-F LT3 LRERY
bVik
X= { 21,22, 21,50,%,C1,Ca, 1 K Koy} T (12)
i3, H(B), W TERINDIYZAFLICHT SHEEKalnan Filterd PN ) XL TOLS5I2k5,
)74 NT—FHERX

XU+ =x/0+T ) Th [X(/D] d (19)



x(U+1/i+1)=x(i+1/1)+ G [i+L:x(i+1/1)] [w(i+1)-Fx(i+1/i)] (14)
DAy 4 >

G [i+1;§(i+1/i)] =P{+1/D)FT [FTPUH+/I)TT+R(1+1)] (15)
CHEEIRE D
P(i+1/i)=® [i+1,i;x(i/i)] P/ ®T [i+1,i;x(i/i)] (186)

Pli+1/i+1)= {1 -G [i+1;x(i+1/i)1 I} P(i+1/i)
* {1 -G [i+L;x(i+1/))] T} 7T

+G [i+1;x(1+1/1)] R+ G [i+1;x(i+1/1)] -
d) MM
X010 xs (18)
P (0/0) = Pa )
EL
® [i+1,i:%(1/1)] &1 +AtH [1;x(i/1)] | o)
H[1x(i/1)] & | Qe [x(8)] ) o
[_ o :] at x(t)=x(i/1)

I, THBEFFIERT, £, RQNOEDEx (t) == (i/1) THEUEETS 3, R (13)~(21)
ERWTREREMEX () 2RDB LMNTES,

3. BiEmKH

H-10&5%25BHHERODETNVERAWS, EFNVOETIE, BEm,~mes=1.0 kgf-sec?/cn, HEF
#ci~ce=0.5 kgf-sec/cn, Wik, ~ks=40.0 kgf/cmé U, AF#EE UTEL Centrogk(El Centro
1940 NS Imperial Valley Earthquake) % BAHIGEEEI00 galic @ L. BEBIRIAA £ =0.0200 =0~ 204 H
URunge-Kuttaik (40) ic & D BIRGERIT 2 TV, TOEMGE2HRAMBPEL Uk,

(1) #hBELHBORE

KHEINTGA—-YOMEEZEC,~Ccs=0.0, Ky~Kks=20.0, Tz A bDOH]
HEQ;(0)=0.0 (i#j). Qi (0)=1.0 (i=1~10), Q;;(0)=10% (i=11~
20) & &5 2 Dynamic ProgrammingZMWEIEZ T2 %o on-lineikid EIEREH
NHRHFOEREZITMEENH I LBRINSED. BOEUEER10ME
ToRbOLEDETE- 1 2OBEETRY, £, ARCHE ) 1 Lick3
HEER~DED, 0.1Hz~2BH2ETONYRYVIFYER-FKTIL b4 AV
(t)2fEB LS N %

_ max| v(t)]
SNﬂ:— m x 100 (22)

LEBRUT, SNEOK 5%, 105, 2050 ) 1 XREMGE = (1) (X EEE
Toke Wiz, HERBOLA/HOVMEEP ,,(0/0)=0.0 (i#]).
P;:(0/0)=1.0 (iz1~10). P,;;(0/0)=10% (i=11~20), @ /A ZoH*S ®-1 S5HHERETN




BER:(0)=10"°~10° (i=1~20)& LT, #k#Kalnan Filteric X D EEZRITo /2o OB REIIT A —
¥ U EDaynanic ProgramingdFs & I LIEEM 2o $ /2, FIRO ) 1 XEEABEIMA, DB
U TDRVWHE L0 E LA EIES > B>V TR Uk, TORRER-20RT. R- 1,

2&D. SNHOBEE, Hicbynanic Programmingixn iE LA EETHEL THHERWERNIE ST
W3, BFEHEL LRAE ) 1 XHID - BE, BOEUHEEFDRNE DR BENEN LD
3. Lb, TOMBIHERBOBRHZLRL TS,

£-1 BOEUHBEORBICX2EEERDR ! (Dynanic Programming)

SN 0% 5% 10% 20%

EDiR 1 10 1 10 1 10 1 10

U %
c 0.49116| 0.50129 [ 0.42031 | 0.49127| 0.53879 | 0.46390 | -0.07134 | 0.36201
Co 0.50588 | 0.49933 | 0.49922 | 0.50316 | 0.31955( 0.51185| 0.19535| 0.60020
Cs 0.50189 | 0.49931} 0.56197 | 0.51525| 0.62434 | 0.54125[ 1.1774 | 0.53423
Ca 0.49015 | 0.49935] 0.62417| 0.50602 | 0.89704 | 0.53175| 2.4912 | 0.63574
Cs 0.49793 | 0.50203 | ©0.32139| 0.48912|-0.32690 | 0.45579 | -0.24868 | 0.36830
K, 40.053 | 39.998 | 40.006 | 40.096 | 39.649 | 40.166 | 38.743 | 40.189
K, 40.037 | 40.000 | 40.112 | 39.833 | 40.827 | 39.717 | 43.078 | 39.975
ks 39.897 | 40.000 | 39.819 | 40.043 ] 39.454 | °39.989 | 34.904 | 39.340
k., 39.964 | 40.001 | 39.988 | 40.010 | 39.882 | 40.078 | 52.771 | 40.096
ks 40.065 | 40.000 | 39.863 | 39.902 | 38.679 | 39.796 | 30.197 | 40.211

£-2 BOREUHEOEHRI L2EE/REDREN (Wi5EKalnan Filter)

SN 0% 5% 10% 20%

: JF'cH 1 10 1 10 1 10 1 10
LB
C, 0.44524 § 0.50000 0.32878 | 0.49390 ) 0.21704 | 0.41675§ 0.05855] 0.24195
Ce 0.60544 [ 0.50000 [ 0.78874 | 0.44941| 0.79394 | 0.45701 | 1.5597 0.82795
Cs 0.42446 | 0.50000 | 0.36428 | 0.57855| 0.54562| 0.67379|-0.59048 | 0.21603
Cq 0.40715| 0.50000 | 0.46665 | 0.49957 | 0.38082 | 0.54814 ] 0.45481| 0.78162
Cs 0.59133 [ 0.50000 { 0.61952 | 0.44907 | 0.96751 | 0.36357 | 1.6402 0.15022
ki 39.848 40.000 39.626 40.235 39.783 40.489 42.301 40.898
ko 40.243 40.000 40.882 39.730 40.502 39.327 38.265 39.004
ks 40.165 40.000 40.005 40.091 40.898 40.374 42.490 40.809
ki 40.328 40.000 39.171 39.841 37.834 39.604 34.229 38.529
ks 40.172 40.000 42.311 39.965 43.794 39.951 46.122 39.174

(2) 86§ 1 ZOE
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4 X%%n%’n%iﬂi{’ﬁﬁib&(ﬂﬁ'ﬁ%llbﬂibynamic Programming% HWEE AT o RHROTHE, MBRFEE,
EHENEE- 3ISRT . FRIcHEalnan Pilter AN EHEOBERER - 41‘.71'?'0 MR L bR
H(OBELERTSHD, 10EO®DEUHEET> EERTH 3. E

MFEL HAMEL S NI20XOHE TS EHRROBAEIINERTHD . PRD falifi< ROBHRTH
%, LML, BEAKIES NESOBS TENRRINER. S NL0OHE TREMBROR ML 25%
t/%X@%ﬁ%&ﬁf%ﬁ@ﬁB?%ﬁi%M:tﬁbﬁ5oik\?&ﬂtﬁt%%@%ﬁ%?%&‘
#:EEKalman Filter & b Dynamic Programmingd A MPVBEO LWHERMBOEMATVNE LI TH 20

£-3 HETREOVHME MRS, ZHHEK(Dynanic Progranning)

SNt 5% 10% 20%
TiE | ERREE | £8 EHE | EERE | £ L | BRRE | XY

' FE(R) FBL(K) FE(%)

Ci 0.49834 | 0.018764 [ 3.7653 0.48659 | 0.043544 | 8.9488 0.49005 | 0.20657 | 42.152
C2 0.49708 | 0.021193 | 4.2635 0.49059 | 0.053804 | 10.967 0.43124} 0.33978 78.7914A

Cs 0.50732( 0.026219 | 5.1682 0.51999 | 0.081455 | 15.665 0.82025 0.52851 | 64.433

Cs 0.49874 | 0.019574 | 3.9246 0.52633 ) 0.073761 | 14.014" 0.79702. ¢ 0.99721 | 125.12

Cs 0.49894 | 0.030386 | 6.0301 0.44823 1 0.11403 | 25.439 0.55736 | 0.53482 1 95.956
ki 39.991 | 0.050128 | 0.125351 39.983 | 0.097380 0.24355 | 39.829 0.79488 1.9957
Kz 39.998 | 0.11480 | 0.28701 | 40.013 | 0.17653 0.44119 | 40.209 0.95383 2.3722
Ks 40.009 | 0.15388 0.38460 | 39.983 | 0.24684 0.61737 | 39.899 1.5446 3.8712
K, 40.003 | 0.15088 0.37716 1 40.015 | 0.28261 0.70625 ] 40.611 4.8482 1.1938
Ks 40.001: }0.21273 0.53181 | 39.941 | 0.45839 1.1477 39.248 3.7384 9.5250

#-4 FTRROVHME, ERREZE, EHRB(FEESalnn Filter)
SN 5% 10% ' 20%
FHE | ERRE | £8 RHE | RERRE | £ PHE | BREE | T

E5: 4¢)] BE(%) REL(%)

(o 0.50985 | 0.046216 [ 9.0646 0.49805 | 0.098222 } 19.721 0.44266 { 0.24072 | 54.382

Coe 0.47133) 0.056721 | 12.034 0.44999 | 0.13065 | 29.034 0.53411 | 0.27885 ) 52.208

Cs 0.51676 1 0.064134 | 12.411 0.55837 ( 0.17114 | 30.651 0.60425 1 0.51980 86.023

Ca 0.50181 | 0.035228 | 7.0192 0.5495571 0.20283 | 36.909 0.90386 | 0.59003 | 65.279

Cs 0.47800 { 0.065993 | 13.806 0.39254 | 0.16056 | 40.902 0.58222 ] 0.35486 | 60,949
ki 40.077 {0.17892 0.44644 | 40.234 [ 0.45978 1.1427 40.877 1.0147 2.4944
k2 40.013 | 0.13374 0.33424 ) 39.623 | 0.67242 1.6970 40.056 1.3997 3.4943
ks 39.860 | 0.32243 0.80892 ] 40.279 |} 0.74678 1.8540 39.478 2.4975 6.3267
Ka 39.976 1 0.20187 0.50498 ;  39.959 | 0.59906 1.4992 39.424 2.1261 5.3929
Ks 39.963 | 0.33002 0.82581 | 39.430 | 1.3596 3.4482 38.514 3.7409 9.7130
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on-linedEDRFM L F#TH SDynanic Programmingl HiiEKalaan FilterZML\. NELHROKE,
B 1A OB HE UEFEORYELZREL 12,

MEDHERED, MO LS 2iERNELN B,

@Dynamic Programming, fiiEKalman Filteritiz, DELUHEAZTORVWIES. BEREOHEMNEL.

REE2LT2:20RBVELHENMSETH 2,

QEM L4 XOXBIE. MERBOEZHICHEIIRNS,

@Dynanic Progranming  #i3EKalnan Filter®it#t4 3 & . Dynamic Programmingd 7 Ao DRMEM L L,

BERZMBIZBWT, on-linek 20 E TIIHENECEDELVHERTVREOR LERZLEMN
HBd. TDORHon-lineDFWHEMEN T, BERoff-linek LTHERT>TWAI ik,
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