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A NEW EQUIVALENT-INPUT-DISTURBANCE APPROACH FOR ACTIVE CONTROL OF BUILDINGS
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Kou MIYAMOTO, Daiki SATO and Jinhua SHE

This study presented a new structure and design method for active structural control (ASC) based on the equivalent-input-disturbance (EID) approach. The

method considers an absolute acceleration and relative displacement. In the last few decades, ASC has been studied widely, and some advanced control methods,

such as the EID approach, was also applied for ASC. Suppressing absolute acceleration is important to protect properties and people from a large earthquake.

However, previous EID control systems only considered the relative displacement but not absolute acceleration. In contrast, this study developed an extended

EID control system that suppresses absolute acceleration and displacement simultaneously.

Keywords : Active-structural control, Equivalent-input-disturbance, vibration control, absolute acceleration, displacement,
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I 7=HERTH D, ThiE, 74— K8y 7 HIENEHE R OEE
JE IR EB DU ETTY, FMATISNELHEE S & 47— &
DRERLSIND 7 4 — R 7 4 U — Rl 2 b AR S D AT
ML ED L DITHEM L, ZHEMAL2BENHDH, 2D Lnb,
PERMBANHNTNDIREET 4 — RNy ZHlHIC R, L0 Zwn
HIEPEREZfF b D Z E N iff s LD,

Bl ATIINELFEZ W2 M D 7 7 7 4 7 il B 2 BETE
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FHHENL & A O filfH 2 FIRICE O Th o 7o, BEMOIR
il i, A EmZ, HEERNRICTS 2L BEETH
HOTEN, RIS, e InE R (x4 2 HIETERE 2 B L S E 2 2
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b IS FEE A RERR A 1S 2% BRI B D N AU T2 R AR SR A A ) AL R 1R
(EEID: Extended EID) % #242 L, #axf ek 2 35 89 2 Sl A J1 4+
ELOHIER DO PR 2T 5, AFHSCTIE, HEEEOREIC LD
WL IR U CARERGIT O /8T A — 2 MRIEEREIC 5 2 5 B e
Bl TR L, BEIEOARTA—ZHHE R TTH LA HAE
LT, BEMLET 7T 4 THIEEEN 1 BHECTRINDIET LV E
KL+ 5, ZLT, HELATTF ¥ o3 (FLiE) HHHAETO
BREMBABHGROICHL T 22 LICXY, AT F =R EY
4—%Ay7%@uﬁﬁ®n7f A DI REIC 5 2 D SR A T

W95, ZhICEY, MbEREZ 5B L, S8y O REiHIH
"Ltﬁbw+ﬁxﬁ%ﬁ$&%%$¢é LICBELT, (T
A= OITFEEZR ST L, HIERRGHE KIBEICAES T 5,
i L ORERK Z R, 2 % Tl EEID OH#EE 7 /L= Y X LR, #l4H
FZOREEOM, il 72D BID IZOW T3, 3 8T, FMLA
T3> B FHREZENL & RGN B & C ORI S A B 5 222 L, EEID @
AEANA T =R LZHBNCT 5, 4 BT 1 HRERE XS
L CERFEHH DT X =2 PRSI 5 2 % 882 BRI & 5
IZ9 %, 5ETIL, EEID & EID, & 527 4 — KNy ZHl#H O A
ISR % bl U, EEID O Atk &A%,

2. EEID F#mEiMHA
2.1 EID & EEID Dt ZE

T 7T 4 THIBAT u(@)E b R OER) AR AT R Y
xInsb,

M 5(t) + Dgx(t) + K x(t) = =M ({1}X, (1) + E u(t) (D)
ZITC, (OISO EM L VRS ENT ML THY, Ml
BE~ M) v 7 A, DJIHREE~ N v 7 A, KFRlE~ MY v
7 A, X0 FHBNEECHY, E LT 7 Fam— 2O
T~y 7 ATHD

IZ LIz, ﬁ(l);s:ﬁ(z)fz%énébk ELRRICEHT 5,
2(t) = Adt)+ Bu(t) + B,d(r) )
ZZT,

x(1) 0 1
2n=|. |, A= B 5 s
(1) -MjK, -M;'D;

U B ;
ME, -1

At =%, ).

Do KESUTIHE, z2(0) % FlExE R OREE & S,
XQ)E 7Ty 7HREANTERLEZLONRK 1 Th D,
d@

u(t)

Fig. 1 Block diagram of Eq(2)

T, ARSI TH D, BAFSMELATIZ Y v 7 ZATH Y, S
PDANSNETF v xNzkT, £, BIEHBALI~ Y v 7 2
ThY, HEANATISNETF v 7N Thd, A FHENROH)
Pt R AT7 L~ M) v 7 2T D, CIEMLA~ M) v 7 2T
bo, sIFETTITAERFERT, £, y @O BEHATHY, K
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E, (A, BIXAHIE, @ OB THD LT D,

WIZ, SMEL LRI DS, HIEATF ¥ 20 B b AN Ei
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q,(0)

Fig. 2 System with EID

ZIT, d,@) FHRIBEADTF v 2N AN ENDAETH Y,
ZokOREEZE L, HHEF0ET D,

Bl1E2I2D0WT, 3y ()= yy () BV LD E X, d, (1) % d(t)D
SAMASIINEL E RS, 728, §, (1) DN yp(DERLTHD Z &
N, d, () OFRFOESER 1RO u@IHWDZ Eicky, 4
Hick 2 hcB T BEEIMHT L2 LnTE D, W2,
c=[1 o] b@ETH L TEMEMATHI LD, FIERIZIA
ZIA 5 EID ZH#EL, WNDbDITk5b,

A OIREN A INRE A MZ 5 Z ENEBETH D, L
ML, RGP HHD5 L9 ITHaHIN L I XHIE xS ok Ty
7=, RQ)DIRIEFFEXE HWTHIIT DT H 00 T RAMLE
Th b, KT, IR L, £iESCHk6),7) & ki, Ik
e (x().x()) EHIBAT (u@)) ZHNTRG)D L DT,

ﬂ0+iﬁﬂ=—M;Dya0—M;Kyu0+M;EMU) 5)

&0 A G D ARTE 200 & HIE AT u@) DRI G DR E
fﬁﬁm HEHNIRAD LS ICRT Z LN TE D,

y(1) = Cz (1) + Du(r) (6)
C:[—MS"KS —M;‘DS], D=M;J'E, @)
ZIT, DIFEEHEELMNEIND, LR, BEEED ZPNDLZ L
WD, MR 2 M1+ 5 2 ERNFREIC AR D, DARE, EEEN

&;5%é.\o>dm (), EZENZWEEOHINX yu(t) & T 5,

Z OREOAMRAE G FERUL, MR Z 30 2 2 S A J1 5L d.(6) %
WTH@IZE W REnD, T3 IEXN®) 277 v 7K TE L
LOTHD,

{Z(t) = Az()+ Blu(n) +d, (1]

(8)
y(t) = Cz(t)+ Du(t)

3O dOIERMILICEVIREIND, HEIEEZZE LT
%ngﬁkﬁ%ﬂ(wm)@%@,_ﬂ%*w HEZ WD 2
LT, MEXPINEEE A2 BE LI AT DO A AIHEIZ e D,

2.2 HRAIMEEZLFMT 5FMAANEDHES

AT T v > v B 0B ANFTF 2 FAMATISNEL do(0) & HEE S
(1)

u (430> 5 |

Fig. 3 System with EEID
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D7DIZiE, B o E TCOBEMBOMHEHRIT S Z L THEA
WTEDH, LinL, XM DEY, ZHHERICBO CEIALERE
ABFHET L2 ENRBENTWD, AEERFEEAT HI5ERH
B OWEIIAREE 2 A O Linh, Sl A SIS ELO F R RS
T Db, RFEEEZSAEDE~IER U7 BE oo 23 K # i
LI ENEIREND, 0T, KX T, A7 —"EHND
TRy, BEEBOWEE WD Z L, A AT SMNELE HE
ETEHX51E75,

RH T IR M N B % 5 B L T2 S A D AN EL O FH R T E & R
%, R®)D VAT KTkt T DIREHEER: (AT =) O FERAE
HLONRT,

{20%:A20)+Bu0)+l?ck0)—20ﬂ ©

y(t) = Cz(t) + Du(t)
ZIT, IRz 0DHEEMETHY, LplZATHF =T ThH
e
KON HHRO)ZWT 5 2 & TXA0)EFD

{Aaoz(A—ngAao+BdAn (10
Ay(1) = CAz(1)
ZZT,
{mm:wrgn (1
Ay(1) = y(&) = y(t)

THY, &O)ITA TV = NICEDHE LTRIEME 2() & Bl z(n &
DR T,
—J, 2ETHRNIZL ST, A BRTHIETHLEELY

Az(t) = AAz(t) + BAd (1) (12)
ZIE T M) BFEET D,
KAONZK(12)Z AT EZEicky, XUHEHD,

Bld, (1)~ 4d(1)]= L,CAx(1) (13)

A TIINELOHEEN d.¢) %, FMATIINEL du(r) & 4d@) 2 VW TA
(14 TEHT D,

d,()=d, (1)~ 4d(r) (14)
L1 Z2XAITRAL, KAL) THZONDHIEHATI~ Y >
A B OFSEHATE B a2 e DT 5 2 2T L0, s N g A
T2 SEAMA I INELOHEEE 4,0y 1ZN(1S)Ic KV G2 b, 7eds,
FEFRELATENE, ATHI BRI TINT 7 ThDHEEIFET D, 1
T, RQB)DITHI B HFOBIL, LPTHEET D Y,

d,(t)=B'L M) (15a)

B*=(B"B)"'B" (15b)

3’

FIEIZIL d@Er—SAT 4 NE—F)TT 4 VE Y T L%
GFEdm 205 (GL16) 2

D,(s)=F(s)D,(s) (16)
22T, D9 ED(s) I, d, (1) kA0 ETNENT T T R
LGB Th D, £, m—/"A7 4 L Z —F)IERANIC X 5.

— NF
Fo)=o b a7

KRBT, QT y M7 OAEREERL, NelX0<N =10
FERHCERINDNTA—FThD,
AT uOIWZITIREE 7 4 — Ry 71k B2 60 b w() &,
Sl A TISVELOHEEE 4,0y DU 2 VTR Eh D (K(18),
u(y=u, (1-d, (1) (18)
2T, u(@)FRANIT K DRI E S OFIEA T TH Y, £TOIR
ENEEER AR TH L L2 ELTND, £, KplLIRET ¢
— KRy 754 ThY, #l21E, LQR (Linear Quadratic Regulator)
ICRVHEISND, K, ORFHIETHOWTIE, 5 EIZTHRA~S,
u, =1k, “ﬁﬁii

}:K;dn (19)

B2, BEID & W= HlEEsR o 7 m y 78I 4 TREND,

2 BT, MIEE AR BE ST 2 2 LA EME LCHE
H D RNdHVAT AL TE S K 9IRSz MA S5k
GLCTd D EEID 2R L, TOFRGEAR Lz, RETIE, 7
F—NFA v bar hma =T DNRT A= TF 2 == T DT
BERETHZEAHNE LT, AMELATITF v L By o b AR
L x(r) & MERIMEEE () + %, (1) T TOMREREE, SATISELE
WD, HERED A D =X LEP HNIZT 5,

EID estimator

State observer

Fig. 4 Configuration of EEID system

Gp(s) Building

Fig.5 Control system from disturbance to output.
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3. HELAAF v oRILHDHEFEM, EIEEE TOGERK
AT, EEID FEoar he—7 454 v K, (K(10) 47 H—
WAV Lp (R9) BIMELBREICH 2 5B HLNIT D, £D
721, SMELADF v v v By b I E TOmEEEE TR,
#(2), (10), (11), (15), (16), (17), (1) ZJHNT, K4 &M 5D X 1T
EXZ, SELANT v I By BIRTER 2()E TOEEMBO
BEEEITH, 5 LY, SMLASIT ¥ R By AT S DAL
A, IS F v 2 BH AT HHEEFMATISNEL 4, (1)
WZEVMReND ZEBmnD, £T2, d@) &d, ) DEGHa Y
Fa—=F 54 LV AERSNDIRET 4 — Ry ZHIBATT up (0l
EoT, EBITMABLNTNDLZ L H05,
WICARHEROREIC Wi~ 5, S5 kv, Riflfzix, 4
licxt LT, RQOIC LV 526007 4 — R 7+ U — RilHE 5
Crr(s) &, RQDICE W 5215 7 4 — KNy ZHIHE S Cre 2D
RSN AHEE Lo TWAHZENIND,

Cpr(s)=B, —BF(s)B"L,G, (s) (20)

C,;=BK, 1)
ZZT,

G,(9=dsI-(A-L,C)]B, 22)
Thd, 74— KNy ZHIHOZD DR S LD HIERTIE, 7+

— KX 7 ISy O 2% IV CEVRRE LIS E O#EE LTV 5,
Zuzxt L, AREEFEE, 74— Ry 7B EMSIIZT 4 — K
T AU — RIS ELBREEIT ) Z L1 LY, ko7 4 — KA
v 7 H LY S BROAMLBREMERRE S O S, SVl UE, 7o
— Ry 7 RS S VIR G2 o0 [ AT TR0 R s i 4 2 S T 4 1l
ENRHDH PO, 74— R7 4T — Nl E, HELEOL
DIZERL, Mix 2%EN» DD,

WA, SNELATI T % v RV SARKEENL (x(r) F 7= 1 n i

(¥ +%,(0)) ETCOREFE TN ENRD S, FIEXRO(E
B Go(s)IZ23)c kv G2 oivd,

Gy(s)= (s - A)" (23)
KL, BT 4 — Ry 7 5o v K RO A ORERE
Gr(s)ITRhHIz kv Fsn b,

Gpy(s)=IsT ~(A-BK,)]" (24)
SVELATTIT ¥ Vi HHflEIRISR & 72 5 @Y OARTE 2()FE TOIE
FEREL G()IE, Gra(s)E Crr(s)ZH N TR THZOLND, £
B, & 21750 M OATHIRRRFATH adj(M) &, 1781 M| % FIW T
KEOTRENDZ EEFNWTND,
1G.(9) = Gy($)Cp () = Gy (5){B, = BF (9)B*L, G, (5)}

=[st - (A- BK,)|{B, - BF(5)B*L,C[s1 — (A~ L,C)]"'B, }
_adisl=A=BK) [, Ne Cadj(sI—A+L,,C)Bd}
lsi-a-BK,| | " (@s+D |st -A+L,c]|

P

_ adi(sI — A— BK,) {Bd B

N,B*L,Cadj(s] - A+L,C)B, }

|sI —A- BKP| (Qs + l)lsl —A+ ch|
(25)
M= _“‘liiyl ) (26)

WELATF % > I b, FIRIZERE £ T DG BE (Go(s)1E3(25)
WEMNS [T Olz#HsztickokkTchzbN5,
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4Go() =1 01, (9B, - BF(5)BL,G, ()}
=[r 0l,G6.(9
2B, RET 4 — Ry ZHIEOZ 3D AT A TzBEOAELAT
F v U FI By DB x()F TOMREMEE Gpoms) T 5 &,
dGp TR QHIZEND 1 o]Z2H T 52 LT, KRy TEENLD,
(Gos() =11 0lls7 —(A-BK,)I"B,
=1 06,8,

K28)IE, KENDIZBWT, BF(s)B'L,G,(s)=0 DAL —%T 5,
#(20), @)XV, EEID 37 4 —RF7#+ UV —Farbtue—J%kH
HAbLEDIHERTHD Z & xik~T, X enEEDIEE LY, 7
4= K74V —Fartr—J%8#HT52 LT, mEMKTOI
FLASF + v 3 By#S, (B, —BF(s)B"L,G, () WAL 5 Z &
inolz,

IS, HBNIEFE X, (1) 2> BAEEIETE X, (1) + X(r) £ TOIRER
Hakowsn, KGN, KA EXANEMAT E Z & TR
N5,

27

(28)

(1) + 5, (1) =M Dyi(t) = My Kox(t)+ M3 E,u, (1)~ M3 E,d (1)
=MD +E, K, i) - MK + E, K, b0 - MFE,d ()

=—M;' Dy, i(t)~ M3 K, ()~ M3 E,d (1)

eq

(29)
22T, Dy, =Ds+EK,, Ky, =K +EK,, Th s, Q9D
M Dy 3()-M'Kex(®) 1%, HHh~ bV v 7 A%
C, =Mk, -M;'Dy ], Sz X () b Ui fRiEmEes)
DA yOIZE LW, 65T, —M5 Dy 30~ M G K x(1) 135 75 %
WA L 25 E AW TRBO)THREND,

~M;'Dy 0 =M Ky, 50 = L'[C, G5B, - BR&)B LG, (9}, )]
=L(C, Gy (9)5X, (5)]

(30)

E7z, d,miFRKickvkEng,

d,(t)=L"{F()B"L,G,(5)s*X , (5)} 31)
oT, RQOHO M 'E,d (1) 1F, §X,(5) ZFVTRE)IC L
DRFTZENTES,

ME,d (t)=L"{ME F()B'L,G,(s)s*X ()}  (32)
K(30), 22X ATLHZET, KBHEHFD,
i)+ 5,0 = L'[C,Go(5)Crr (995X ()|~ LM E,F(9)B LG, (5)5° X ,(5)}

= L{[C, Grs(5)Cor(8) ~ M5 E,F()B*L,G, ()] X ,(5)}

(33)
KEYDOWN % T 7T AEEL, E5IT 5°X,(s) ThrI 2 & T, LA
TF ¥ 2 IV BRI E & TOBERBEL LT RNk 5
ZHib,

s {x, 0+ x 0}

G =
4G (8) sng(s)

=C,,Gy(9)Cpp ()~ M'E,F(5)B*L,G, (s)

(34
7E, KRBT 4 — N8y 7 D 7 2 FFOilER Tk, SMELATI A
ORI FE & TORERIL (Gorp() 3 GH D> B Al AT SHEL O
H-M{'E,F(s)B'L,G,(s) ZFRS LTRGBS W 5265,
s, 9+ X(9)}
52X, (5)

AREETIE, SMELATIT v Vi AN, #kEIEE £ Co

4G (8)= =C, G (5)Cpp () (35)
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REEBIEE I O L, RE T, Mxbindgg 2 43 % EEID

(c=[-M7k, -MiD,} D=MJE, OHE) &, LM% H
7179 % EID O AHIFENT & fa sl ANk B~ o> il {1 BE O 3 & PRI
52T 5,

4. 1 BEHEZRZRAWEID & EEID O tbE
41 ®EETIL

A SIS ELOHEEIIZRAS) D B0 D L 512, HIfEEE AL
BIZBET218B) WD Z D, ZHBERZNSE L
A, WA Of E AR &  HHHPERRICE B A 52 5, ZD7),
AL, FNHOEEE RS L CEID & EEIDOMREZ i+ 5 =
EEAME LT, MOIRTHEANARIOIEBERORGMNHET VA&
HAna, 7ok, KPIZEWCE & iIms, WMk, FitkiXdsd 3
5, Zok, KiEHFEA N@G) DIEHERICET 2283
BOIZLEV B2 Bi5,

ms
ks

Xg

(a) Without active control (b) With active control

Fig. 6 SDOF model

P s
s
0 0 (36)
B= L B B, Z{ }
mg -1
dt)=x,()

4.2 FYHh—IUDOBEEIZL D4 THF—NT A oD%
KRETIEA T —=NT A v L DFFHIEZHDOW TR D, #HEEF
AT d (1) VXA TP =T A v IR AyOIC L0 AR S
noHZEND (RS, AT =T v OBREDHIENEREZ E
DIWICERE LD, ATV —NT A YNGR 52 LIk
O, ATV — OB L, B S 7 RBEOHEERR 2 4200 (X(11))
S L, FMAINLOHERE LB D Z LRI D,
AT, K5 HOFTF =T A L, PR AT B DL
Ty = v O E VR WTEREEITO . JhuE, AT
BA LR RE LB, F TP —SOf%E —a, + b, \CHEET D L, %,
KGDAZHNT, X@T)IC LV EHRITL2FETH D,

L,=[0 1UZPA) (37a)
-,

UT=[C"  ATCT] (37b)

PAy={a? —2a,a+ (@2 + b2 )] (37¢)

UclZ AT BLAMEITAITH Y, niIfTHA DRTTH D, T HF =10
W% C=[C, C,ltLitx, | HHERDAFTF—NrFA
Ly IXR(37b) EKGTOICKB)D A #AT 5 Z L TRE8)IC L &
Hans,

3 &

Ca _ﬁcoz Sta; +0; _%4'%
L=0 1 msd N d k dzms de
C, Ci——C, 2a,—— —=+=2 =20, — 4@+
mg mg mg g mg
(38)

4.3 #EXANEEIZH T B MR

AHiTIL EID & EEID OAMVELATI T ¥ 2 L Bk IR FE & ©
DA SN TR AR5,

4.3.1 EID O#axtiEE (SR T S 1EEE

XBHZHND Z LIk Y, EID OFELA S B s £ ¢
OARTEREL 1o 1T XB)IC LD KT Z LB TE D,

4G e1) = C. G () Crpe ) =M E, F()B* Ly G, y(s) (399)

=G, Gpy(HB; ~BHpyp()} =My 'E, H(5)
I,

H () =F()B*Ly 11pG, 1p ($) (39b)
K(39a) L ¥, EID DAELATI T ¥ > R Bt InE B3 515
ERELE, 74— N7 4 U — NS Crrup(s) DB %% 1T T
D2 ENGND, RB9)EBIYEY,  Cpppp(s) =B, —BHp(s) T
BHY, Crrem()D 7 A V1 |B,—BH, (| IC L WEHFE SN D Z L hb,
{RIERIBCH () DT A VB TEENCRET 2 2 & T, Crrun(9)D 7 A
UIINEL D, UL, BT 2 AMNELAT) D B AR O {5 R
B aGppp (R(46)) DT A L ZRBSE LB 2 EHRT 5, LiL,
K(B92) LV, Hpp()iE C, Grp(){B, —BH($)} DAL 5 H 5130 TW0 D
ZEnn, MIENOHEEE LT Hup(s)DTA Y EFRET H L,
AT IEE N6 LT OAREBIE iGain DT A IR T D 2 & 0ME
WEND, ZOED, RTA—=FF a—=1 7 ORSITHEINERE &
FASZENLD b L— KA 7 DOEBNRMBHEL 2D,

4.3.2 EEID o#axthnRE (- xtd 2 MERE

KEBHEHAND Z 12XV, EEID OAELAF 26 Husk Ik E £ ¢
DAGIEBEEL jGopep 130T LV £FTZENTE S,

1G9 =C Gy C g () = M5 E, F($)B" Ly G, p(S) 400)

=C,,Gra(HB, = BHyf)} =My E, H pf5)
ZIT,

Hppp(s)=F (S)B+LP,EEIDG0,EE[D(S) (40Db)
K(40a) L Y, BEID OHELATITF v > F 0 b & Tofx
RS D, EID & AR, Hyo)Ilid hb—RAF70MGBTH D
T EDBGIND,

4.4 MRERMICHT HERELE

KR TRDIZAENAT) D BAHII AN F T OIREBIEL (Gp(s) % H
WC, AHRMENL A ) L9 2 S M AJISNELTH D BID &, Akt
DNGHFE 2 HY ) Ll 3 2 S84t A ) #MEL EEID AR 286712563 5 M

HEZ LT 2,
4.4.1 EID OEXIEMDMERE
c=lc, c,I', L,=L,, L,,]|"tLrlx FTF—10

B G ()1, RKeyZHWLZ TNk L2 HND,
adj(sI —A+L,C) -C,, —C,,s

G =C B, = 41

N Y Vs I ceweryy perwrarys B

HRMEMZMNT 247 —"EHnica (EID) OfmEREEK
Gopm)IE, REDIZC,=1& C,, =0 ZRATLHZ &izT, kAT k
hERESNhD,
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G =
o (5) (s +a, + b,,j)(s +a,— boj)

(42)

F70, MMEMNEZ BT DHEDOL T —RT A2 Lppp 134T
— N G (s)DHi%E —a, + jb, & LTk &, KQB8IZ Co=1,Cpr=0 %1t
ATHZ iR vrLTchHEzZbND,

2a,— ds
L o
LP,EID =| = 2 s (43)
Lps i kS d —2a, d_+a +b2
g mS myg

K@Dz (44a) & (44b), & 512, (44c) (44d) THE SN D BB by,
G BB, & —a, £jb, DBIRXERAL, ms, ds, ks, a, & b,
BWEL, WG 0 BRI fs, WRER hs & AT HF— " DH

AR f,, WREE h, ZHNT, BEIZRESD L HIckT 2
LINTED
s _ 4hgrm fg (44a)
mg
k—s= 471'2fs2 (44b)
nmg
J—

CJa e (44c)
B yal+b?

fo="—"1 (44d)
L — LPI,EID _ 4ﬂ(fuh() _fshs)

B Ly | |47 3 4R f = by foh, £, + £7R])
K452 RCDITRAT D Z & T, EID OAGLA N F ¥ R BH
SN F T OARTFEREL oGoem($)IFT ALV 52 b b,

1Gpen(s) = [I O]GFB(S)CFF.EID(S) (46)
2T, Crrem()lE, QOIZHA(18), (22), (36), @3)EILATHZ
ticky, wchzons,

(Qs+1)(s* + 2a,s + au2 + bgz)— N Lpcoy »
(Qs +1)(s + a,+ b0j)(s +a, —b(,j)

(45)

CFF,EID ()=~

R 5 47)
_ NB,EIDS‘ + NZ,EIDS + Nl,ElD s+ N(),EID
(Qs+1)(s+ a,+ buj)(s +a, _b,,j)
Niypp =Q
Nygp =2a,Q+1
) ) (48)
Nipgp =a,Q+b,Q+2a,

Nogp = af + boz —Lpypp
2(48) % HIAHIRE G D [ AT JE W EK fs, WIRTERL hy & A TV — A O[HA
JEAREEL S, WRTEIL h, TET & Nogn~ Napp 149 £ 9 12725,

Ny =Q

Ny =47 f,h,Q+1

Nygp =47 f, (7, Q+h,)

Nopp =472 £} = Ly g
KUANL Y, TTF—=NEA 2 Lo DB L TWDHDIET T T A%
HWOHEFEFThHDHsDORTHD (EBETHD) Noen DHTH D
ZENGIND, Fiz, s O3 FEOHEHE ORI Nsep TRAT)TE S
LR —NAT 4 NVE—=DHy NATZEAMTHDL Q BT LT
2200, QOEEZ/NESLTHILICLY, WA S DR
A SHEDHZERARETH D Z E N nb,

(49)
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4.4.2 EEID QERERMDMERE

EEID 2V SN 547 = SOREREI Gorpp(s)lE, @IS
C, =—ks/mg & C,=—ds[mg #AF 52 & T, KRUZEY HZ D
nos,

k d
Ks [ ds
mg g

(s +a, + bﬂj)(s +a, — buj)

G, wen(s) = (50)

—J7, HaRHINERE 2 HF L 95 EEID DA 7Y — "7 A 2 Lppep 1T

X(38) 12 C, =—ks/mg & C,, =—dg[mg ZARANTHZ L2 E D, K’
TRIND,
; Msds (42 4 b2y - 24, 25
Ly = preem | | kg kg 1)
’ LP2,EEID

m 2
l—k—j(af +b;)
H@3)0 B R@5)~DZEH & RO FIET, K(dda) & (44b), E 51
Ki(44c) 4d)TREND A TV — ORERI h,, BEAEWE S, &
1t —a+jp OBAFRNEZ XS DITRAL, ms, ds, ks, a, & b, ZTHEL,
I e 52 0D [ A7 JE e B s, DR AE B hs & AT — SO [E A7 B ELS,,
W EE h, Z AT, RIICKG)DO L Y IcEkT LN TE S,

- [ fhs j
L f °
Ly = { P1,EEID } _|7 fs s (52)
' Ly pe £l
1- f(;

EEID "COANELATI B> B RN FE CORIEBIML oG.een(s) B, EID
LRERIS, KRGk~ THEZLND,

4 Goeen(®) =1 01y (IC s pin(s) (53)
T IT, Crreen()lE, RQOIZH18), (22), (36), GHERAT S
Lizky, wchxond,
(Qs+1)(s* +2a,s+a? +bf)—NFL,,2AEE,D(—d—S s—k—sj

Mg Mg

c §)=
er.en () (Qs+1)(s+a, +b,j)(s+a, —b,j)

B NS.EEIDSSP + NZ.EEIDSZ + N epS + No gep
(Qs+1)(s+a, +b,j)s+a, —b,])

(54)
ZZT,
N'SEEID _Q
N, o =2a,Q2+1
dy
N,y =a2Q+b2Q+2a, + N, —= Ly, poy (55)
m

k
— 2 2 S
Noggp =a, +b, + N, —L
mg

P2,EEID

HK(55) 2 WIS G OB JH R fs, WREHE hs & AT — N OREH
W S, WEEEE h, Z AV THRAD L S ITEXHRZ 5,

NSAEEID - Q

Ny o =47 f,h,Q+1

Ny e =47 £, (7, Q + h, )+ 47 f Loy o

No gew = 4m? f 2+ 4717 f$ Loy pop
EID DARZER D5 B TORE & HERC, K(S3)EY, sD 3 F
ORI (Nsgep) 13, KA TRENHE— AT 4V H—DT) v
NAZ M THD QNEHIT BN TWD, ZHIC XV, EID & RIS

(56)
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QOMENESL T D LT, BB ORBELE LS EDLZ L
NAHETH D, & T =37 A > Loppen 1%, EID ((47)) & RIS,
EITE (Nogep) W CHEBTHZEORRET, IBHIZ, sD1FED
RECTHD Nipew \CHHET L2 03005, REHEY, A7
—NDOEFEWRE S, & £, > fjr e T oG5 LT
Loy epip (3BT D ZDEE, Niggp < Nigip &80 s O 1 IROLRE
IXEID £V HK<F 52 ENTE, INEHREZWNET L Z LN TE
%, WL, EID T SHEDLZENTE RV s O 1 FOBEHOM
# EEID T SEDLZ LN TED, s=jo 2RALEHAEE
&9 % &, EEID (X EID &V %, SITEEEET, JuvRWHilEN
AL Z ENTNDd,
4.4.3 EEID & EID DR EMICH T HitREHREL

EID (Z%f4" % EEID OARZRB O T NEHICKED E T 5 2 &
TR TEEIND,
Crrpen () _ B, ~BH yp(s) _ Q8> +(2a,Q+1)s* + N, gy s+ No g
Crp g (5) B, —BH ., (s) Qs? +(2aUQ+l)s2 + N gpS+Nogp

(57)

ZIT, s=jo #RGDRAL, JBEREIEED S A v OlFEERD D
Z LT, EID & EEID OAHRIZENIC %3 5 AR L Aas(s) 12 20(58)
L ko,

. 3 5 .
|_ JNs,EEmw - NZ,EEIDw + JNI,EEIDw+ NO,EEID|

A ()= ; 3 .
|_ JNS‘EIDw - NZ,EIDw + JNI.EIDw+ N0<EID|
(58)
2 2
_ \/(NI.EEID(U_ NS.EEIDw3) + (NOEEID - NZ.EEIDwz)
2 2
\/(Nl..emw_ N3,l:'ll)w3) + (NO,EID - Nz,f;‘u)wz)
5 BEfpl

AETIE, | HHERZHIEGS E LRERBUSERZ7R L, 2
Mr&airH, RETIE, il Lo NC, 5 TH2bNLIREET 1
— KRRy 77 A v K, OBRBED 1T iz ET VCThDH FB, fHxt
BN E AT 25 MASIINELTH D BID &, AR THRET 5 il
FikETH HEMAIISNELTH D EEID O 4 FiEOTT /LI OW T
T 5. MRHTIZIWT, Hl RO EA R f 1X0.5, 1.0, 2.0 Hz
D 3T A Tz, FIHE GO EES he1$ 0.02 & LTz, v —
IRATANB—=DNRFGA=HT Q%NS THT LT, mEEEnk
NEAy RTEDZ LMD, Q=001, N;=1.0 & L7z,

51 LORICKBKET 4 —FN\v I 54 D&

a v hv—7 7 A O FHT I3 A E §il ## (LQR: Linear guadratic
regulator) % VT, KG9 TH 2 BN LFEMEE F/Med 5 L5
WCRET D,

J= T{z O Wz (@) +u @) Rut) \dt (59)
0

2T, W60 TH AN EETHOELTHY, R ITED
AN T—Thbd,

9 0
W= (60)
|:0 ‘121|

ZIZT, ¢(30), g2 GOEIWHODNRTA—2Thb,
Fo, RISHORET 4 —Kw 7 54 0 KpiZIRNTHX D,
K,=-R"'B"P 61)

3 &

72720 PIER62)D U 1 v F X EW - T IEERMECH 5,
ATP+PA+Q-PBR'B"P=0 (62)

Rd, AR R Sy & STREE R hey 5% BT, g &

GEROTENEN, KRICLY 52 bhb 9,

1 ’k? +¢q,R™
== 63
S 2 m (63)
\/cf +q,R™ = 2mskg +24mik} +miqR™ (64)

50 Crr(s) D% FHTIE, R(63) & 2(64) % T H IO [E47 8 3
B, WEEEICRD K OICHR ¢ & ¢ B EINT D, KT, £y
=15Hz, h,=021272% X 5124(63), (64)Z T FB, EID 5 X
OEEID @ g, & ¢» & R 2R L7 (8 A B H),

5.2 BEEIZ&KS4 ITHF—NF A oD%t

A2 TR LI, AT —ROBEEK L, ZwmDD LT,
RIEDOHEER S Az Z AR S 2 & b 5, HEESAMA S SMNELIL
HEL dOBA TP = SICAF LEEBEOH A% T LCTHEE S T
2205 (M5), IWEOHERELZIZ D Z L1E, Sl A4
DOHEEREE 2 i, SMLZ EREICHRETE 2B 2>, — 5T
FT Y= ROBWMBEREGSRELTEDZ LICLD, HEIRK
L RDZENBEEMELI VAL /57219, I BHIZ, 442 FHT
W ~N72 Xk 91Z, EEID 2% L CIEA 7P — oA EKEK f, &=
£osfjr ERET DI EREE Lirot, ARETIE, Zhbo
TV ROWEERA T SO [E A Sl AL
HEEREYZRB L, &7 F—OHEERE S, & W E8 h, REn2E
U £,=200 Hz, h,=0.6 \2722% &£ 912 (44c) & (442 XY a, & b,
LT,

5.3 SAELAHD S S IEE QR ZEBB O E L E

NC, FB, EID # X O EEID DOAMILATITF v v L s B st s JiE
FCORERBOREBISER ZM 712733, K7 XV, FB (T,
NC k0 LR CORBF LRI L TWDZ LA nd, EID &
EEID Tid, FB £V & & HITHARIFOISE 2R L T\ D 2 &2y
M5, F7-, EID & EEID (I U CILIRI % O MERE 2 FF
LAEDEDLZ Ebanoiz,

54 HSELANSDHEMNEMDOGEERBDOEELEK

8 |2 NC, FB, EID # X O EEID OAELASIF ¥ > 3V By, H
KENE x(1) F T OARZEBB O FREICE X 273, 7238, NC Dix
FEABUEAT R B IZRE LT,

KDLV, RET 0 — RNy 7 Kl O B % £ FB LI 5 0 %
i E A B ET 2 2 LD, HEROIREZ KBS TS 2 L
LEED LR D (M 8@)~(c). TAUUTK LA ATISMLZ A
WC, AN EnDAMELE D S O &Ml &4 2 EID X° EEID (3K)E 3
Rk 5y T OIS FTREIC 72 Do HERH G 0 A RS W 08
A T%, EEID (X EID £V HHAEMICR LT, K0 BVHlEMkE
BHELNATND Z L3 gind, 528k, KEEEICET 2

Haoc Inis FE O #EEAEIX, NC, FB, EID, EEID TR CTH 5D Z & 23R
&M, X8 £ EEID I% FB X° EID & Il UC, (KA EKICH+5
ISEHFICARINC X 2 Z LAURE NI, — IS, MR EE &R
RIZENIE B L— RA 7 OBMRICR > TWD Z e, MHRENITH

“~dmaf,,
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Fig. 7 Transfer function of 4Ga(s) of EID and EEID (hs = 0.02)
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Fig. 8 Transfer function of ¢«Gn(s) of EID and EEID (hs = 0.02)

T HHEEREEZ DD Z LIS LY, MG EOIREITRE 8D,
EEID (At M E 2 BE L CRFF SN TWDH I Enb, fxhing
FEORJERIKIT 274 v EEDd D L, MBI oM
HEx NC X FB, EHIZEID IV bE<TOHILENARERTHDLZ L
DRSSz, £z, M8 X0, M RO BAEMEE L 13E< 25
L EID & EEID OPEREDEN D2 72D 2 WD, ZORKZE
HBMCT D721, KEITIE, EEID & EID OPEREDEWZHE H
L CTorT 5,
5.5 SEAANDSHEAELE TOEEBHOERERE LR
EID X° EEID 1% FB X 0 H AR 63 D HAEMEREA L <, #F
I, R CITEN 2 HIBEPERE N & 5 2 & Ny h o 7o, REI T,
EEID & EID IZHEMEHLY, SESOEAREHE T L 0, K(S)
ThHZ 5% EID 2% % EEID OAEH AL DGR O 7 A D
e (ERESE) LugOIZDWTHHTT 5, 22T, H(S8)DITLl=L
F~zo—U YRBHZHOTROG)D X I cksns,
| [s® +(2aQ +1)s” + N, s+ Ny | |
[los® + (2aQ +1)s> + N, s + No g ||5:jw

_ |N],EID (Jw) + NO‘EIDl _ VN&EID + 1\',]2.E1Da)2

|N1.EEII) (o) + No g | \/N(iEEID + N @7

ﬂ’dl.vp (jo) =
(65)

Zhiz kY, @R E W TIEORkO EID & D ik Zz, fiftr 2170
PFICHlZ2 95 Z LA AHRICZ2 Y, EID CTIEER TE 2d - 2 PERE
WA FFOMIER OB EKBLT D700, &7 F—RDRT A —
BT a—= U IREHATRA D, 7F, ~v7/r—U VERZHWE
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OFAEREIZB DTS, (OSITFEF TR L <K ZzHR LTV
5T ENGMND,

WA, A B OEA AR L D s D 1 FORIETHD Nygp &
Nigemw, SHIZs D 0OFORETH D Nogip & Nogeip PIEIZ DOV TSy
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Fig. 9 Gain ratio of 4Gp (s) of EID and EEID
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Fig. 10 Np and N, of EID and EEID (fo = 200 Hz, ho = 0.6, hs = 0.02)
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This study presents a new control system, which is an extended EID (EEID) method, for active structural control (ASC)
based on the equivalent-input-disturbance (EID) approach. This method considers both the absolute acceleration and
relative displacement of a building. In the last few decades, some advanced control methods are also applied for ASC.
Suppressing absolute acceleration is important to protect properties and people from a large earthquake. However,
conventional EID control method only considered the relative displacement but not absolute acceleration. In contrast,
EEID considers both the absolute acceleration and the displacement.

Section 2 explains the EEID and EID method. This section shows the whole EEID control system, and how to calculate
an EEID of a system.

Section 3 considers the transfer function of EEID from the disturbance input channel to the state of the control system.
This section shows the EEID system has two control parts, which are the feedforward and feedback control parts. The
feedforward part consists of the observer and the low-pass filter and the feedback control part consists of the feedback
controller gain and the control input matrix.

Section 4 uses a single degree-of-freedom shear building model to compare the control performance of EID and EEID
for a displacement and an absolute acceleration. This section explains that the observer gain of EID only adjusts the
constant term of the transfer function of the disturbance to the displacement. In contrast, the observer gain of EEID not
only influences the constant term but also the dynamic characteristic term.

Section 5 shows the results of numerical examples. This section uses three models that ordinal frequencies are 0.5, 1.0
and 2.0 Hz to demonstrate the validity of EEID. The results show that the control performances for absolute acceleration
of NC, FB, EID and EEID are almost all the same especially for low frequency. In contrast, the results of the frequency
responses for the transfer function from the disturbance to the displacement shows that the control performance for
displacement of EEID is much better than that of the NC, FB and EID. There is a trade-off between the absolute
acceleration and the displacement in addition to the control performance for absolute acceleration of the EEID being the
same as the EID. However, despite this, the control performance for the displacement of the EEID is much better than
that of the EID.

Section 6 is the conclusion of this paper. The advantages of EEID are as follow:

1) EEID consists the two control parts, which are the feedforward and feedback control parts. Thus, the control

performance for displacement of EEID is much better than that of the conventional feedback control system.

2) The observer gain of EEID adjusts not only the constant term but also the dynamic characteristic term in the

transfer function from the disturbance to the displacement. Thus, the control performance for displacement of
EEID is much better than that of the EID.

3) There is a trade-off between the control performance for the absolute acceleration and the displacement. The

control performance for displacement of EEID is much better than that of the EID while the control performance

for absolute acceleration of EEID is the same as the EID.
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