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1 G auss

11 n

Gaussp (p> 0)

D'X(t)+A D 'X(t)+ -+ A, DX(t) + AX(t) = B(t)+ 0(t)DW(t), (1)

,Ai(i=1.-.p) nXn ; D i ;B(t) n
;0(t) nXn ; ~<W,, T 0SS 1< 0<>
n B rown . DW () , (1) ,
X(t)= (1,0 -.,0)Y(1), (2)

dY(t) = AY(t)di+ By (t)de+ C(t)dW (),

(3)
CY(t) = (Yo(t) - You () mp LY (1)(i=Q.p-1) n
B (1) = (O - 0, B' (1)), C(1) = (0, -, 0,0 (1)),
0 I, 0
0 0 0
A=| P s
0 0 I,
-A, -A,, . —-A,
(3) :
Y(t) = ¢'Y(0)+ jé‘”‘”Bl(s)dH ;fé“"“C(s)dW(s), (4)

At

&= I+ Z(At)"/n!.
S(t) =Y(t) -E(Y(1)),
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dS(t) = AS(t)di+ C(t) W ().

Y(1t) S(1), . Y(1)
dY(t) = AY(t)dt+ C(t)dW(1). (5)
2 Gauss CAR
21
Brockwell 2007 Ll
CAR
(5)
dYo (¢) = Y, (t)ds
: (6)
dY,-2(t) = Y,ou(t)ds
dY,-1(t) = [~ A, Yo(t) = =AY (t)]dt+ O(t)dW ().
(6) p-1 LY (0)(j=0-p=-2) Y.i(1) Y(0) =
(Yo s Y1) : (6)
dY, 1 (1) = G (Y-, t)dt+ O(t)dW (1), (7)
G(Y. .t n <1;,_1(s),0<s<>

L = r{ J(o“(s)G(zp_l, s)) AW (s) - —; JII o ()G (Z, 5) sz},

L. H 0 T < oo 73 P,
P = Lrdpy .
S crory” ,
Ef(§) = E, f(&)Lr = fyi)L(iT)dPy,,,l(i)-
Ly Py Yoi(t) yri Y_,
Ly

{3(s) = (B(s) ~ Z(5))" 0< s<T},

Inly = fﬁ"‘(oo"‘)”(s)dzmw——;}"‘(oo“)*‘(s)ads. (8)
(8) A, A, Q
21 P= (A, - A,) 1 CAR ;
Y(1) = (z(t) - 20(t)) R(t) = (Y()Y (1)) = (0(1)0 (1)),
vec(P) =—[ (}e(;)d]lve{ OTI(O([)OT(U)‘d;,_If(t)], (9)
, vec(* ) , * Kronecker .
(6)~ (8)
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bl = - 125(t)AI_i(ooT)”(t)dz)_lm -
LIS S alody aam
Ai(i= 1 p)

i ]‘i_iAiT;:iOT)ld@_l = J(OOT)ild%—li—a

0 ].i_iA,-T(OOT)']A,- zodt
0A,
Lj= 1"T'7P iif > ,
d }A (00')"'A, ;zdt D &TA,T_J- (00" ) 'A, s zdi
A, - A, -
j(o o' ) 'A, iz 7 du

T
=2 J(OOT )_lAizu-i%T—idt-

i= 1 . p,

ol : < .
T_T == ](OOT) gz - JZ;(OOT} A5z di =
; =

1 1|
_ J(OOU"d@-]zL— J(OOT)“(A., v Ay) (2o s 20) il
a]nLT/aAi: Q=1 R
- J(OOT)”@_.(@T_I, @) =

](00"’)“011, Ay ) (%t s D) (Zen s 20) d. (10)
. O(t) , . :
22 A, - A 1 CAR . (AL L A) =
(by, - b, )",
b =-[ ]ozzmdzp-u(t)f(u][ ’Jo;z(z)y(,;)f(z)@", (11)
, 0i(t) 0(t) l s %-1i(1) Z-1(1) l
(10) . izl

- ]"?Z(t)dz,,“(z;!;b wn20) = b JOU (D) (5 s 20) (e s 20) de.

22 0(y)
CAR(p) ;) 3 ’ , ,
(4) :
Y(t)- "V Y(n) = Jé”“”c*(s)dW(s). (12)
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E(Y(1) = e ¥(10)) (Y(1) = €YY (0))" =

Jé”"“C(s)CT (s)& Y ds. (13)
, 0(t) [QT] ,
T, .-, T, Ti= [t t+.) | ), 9(t)

) i T, h>0 hQ m=IT,1 /h T, m
[ t+h) - [6+ (m—=1)h t+mh). (13) , j=1 .- m,
E(Y(t+jh) - " Y(tu+ (j= Dh))(Y(t+ jh) - " Y(t+ (j- Dh)) =

th jh ; )
’[j eA(tt—#]h—s)C(ti)CT (tL) eAT(t,+]h—x) ds —
(= 1Dh
Jéﬁl_UC(E)CT (:;) eAT/h—.s) ds. ( 14)
j=Llowm  (14) : Covie+gh) -
Y+ (= Uh)) (Y(ti+jh) = &Y (it (= Uh)) j= 1 o :
{Z(m +gh) = €"Y(h+ (= Dh))(Y(t+ jh) -
=1
m A
eAhY(ti+(j— 1)h))>\m= (Vi)ij=123 (15)
Vi(ij=123) n
¢ = (Hy(h=s))iian  Hi(ij=123) n
h T T(h-s
JeA(}ks)C(ti)Cl(ti)é{ (h )ds:
h h h
l}’mooT(ti)HTudS j’lsooT(E)H;dS l‘FIBOOT(ti)H23d
h| - - h - ., h| - -
jimool(li)Hll}dS j’zz»ool(ti)HzrzdS jimool(li)Hlnd» .
h h h
DP’%OOT(E)HTB(]S j[%ooT(,;)H;ds j"%ooT(ti,)HT%zdi
(15)
h - . h - - h - -
j’lsool(li)H:Mh j’lsool(li)HleS Cf’lsool(&)lfézd
h h h
}lzsooT(ti)HLdS j’zzOOT(ti)HTBdS %00 (1)Hydf =
h h h
"&3300T(&)HT3dS }3300T(&)H£3d5 3300T(E)H§3d‘
(Vi)ij=123. (16)
, O(t) n’ , (16) on’ ,
h T T
Vi = j]3300 (& JH 33 ds. (17)

h

Ah

O > € H33 °
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0(1)0" (1) = == (18)
2 h‘ ] ’ ,h
0 001
0(g) , Vi /h cholesky o0(t) s
. O(t) : o(t) =
diag( 0y (1), -5 0u(1) ). » 0(6) = diag(0y(5;), -5 9u(ti)) T
. V33 Viiy (18) Ti O(tt)
0 ()= Ju/h Jj=1n. (19)
( ),
0,
0, 0
(0)
o =| % O 0
onmd(n, k1 0 o 0
o, 0 0
, (19)
O(t)(i=1 - k) o(1) :
21 o(t) . o(t)
4 o(t) s e(t)
0, 0 0
0, po, 0
g(t) _ g, 0 pol
Omod(n, k1 0 [ER} O
o, 0 pow
. P , &(t) O9(1) ,
, €(t) 0(1).
, P 0005 Q05 , L l , P
0005 . p
G auss s :
M.)'c'(z)+ Cx¥t)+ Kx(t) = u(t), (20)
.M C K n Xn c¥(1) x¥F) x(1) nx1
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,u(t) nxl

.[15] , H arris z
P(z 1) =Q(z) + Q(z)Bwovi (1),
. Q(z) = . Bw v (t)
ve('t) . , ui(t) Gauss . ve(t)

vi(t) = M(t)+ ]¢1(s)dW(s),
Wi(t) B rown . , v t)
mh( sy sy) )
Y(S],Sz)Z I ¢’1(u)du

vf(t)
e"' (P> 0)

vi(t) = M(t) + 6 J¢1(s)dV(s),

P () . vi(t)
ve(t) P(zt)

P(z1)= X(z0)+ ¢ j.¢2(z s)dW (s). (21)
21 . (20 u(t)
u(t) = M(t)+ e j¢3(S)M(S),
M(1) AW n Biown L bs(1) . ( 20)
Mx(t)+ Cxpt)+ Kx(1) = M(1)+ 6" J¢3(.s)dW(s). (22)
(22) e , M e

7 (A+MTO)x () + (MT'C+M K )x¥t) + M 'Kx (1) =
N(t) + M 6P by (1) dW (1) /dr.

A+M 'C=A, M'C+M'K=A, M 'K-=A4A,
0 I 0
M e b (t)=o(1), A=| 0 0o I
—A; —A, —-A,
(22)
x(t) = (I, 0 0)Y(1),
dY(t) = AY(t)dt+ A(t)di+ C(t)dW(t),
Y(t) = (Yo(t) Yi(t) Ya(t))' 3n LMY = (O O Na(2))', C (1)
= (0,0, 0 (1))
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) , EMD At).
21 22
: RC K A, Ay As. ,
A+M 'C=A,
M 'C+M 'K = A,

M 'K =A,

Ql—ﬁA1+942—A3= 0.

_ MA, -MA; K - MA;

C = 5 : o (23)
3
. ’ ’ M =
diag( 1 00Q 1 000 1 000) kg k= 980 kN /m ¢ = 2 814 kN* s/m
(j=123). G auss . s
s 30 s.
, 1.
, Q0 %,
1 3
m
f/Hz /(%) f/Hz /(%)
1 8 95 0. 081 8 36 0. 081
2 6 20 0. 056 6 1911 0. 056
3 222 0. 020 2 2154 0. 020
2. ,
2 3
@ K /(KN /m) C /(KN* s/m)
1 000 O 1 000 O 1. 000 0 1 960 - 980 0 5. 63 -2 815 0
L 801 9 04450 -12470 - 980 1 960 - 980 -2 815 5 63 -2 815
22470 - 08019 0.5550 0 - 980 980 0 -2 815 2. 815
1 000 O 1 000 O 1. 000 0 1 957 - 983 4 5. 65 -2 68 -0 15
1L 802 6 04436 -1.2548 - 94 1 975 - 985 -3.06 5. 72 -2175
2250 6 - 08036 0.542 1 -9 - 967 973 0. 12 -276 273
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A New M odal Identification M ethod Under the
Non-Stationary Gaussian Am bient Excitation

DU Xiwli, WANG Feng-quan’
(L College of Mathen atical Scien ces,Nan jing N om alUniversity,
Nan jing 210046 P.R. China;
2 College of CivilEngineering, SoutheastUn iversity, Nanjin g 21009 P.R.China )

Abstract Based on the multivariate continuous tin e autoregressive m ode] a new tin e-dam ain
m odal identification m ethod of LTI system driven by the unifom ly moduhted Gaussian random
excitation was presented The m ethod can identify the physical param eters of the system from
the response data Firsf the structural dynam ic equation is transformed into the continuous
tin e autoregressive m odeloforder 3 Second based on the assumption that the unifomm ly m od-
ulated function is approxim ately equal to a constantm atrix in a very short tin e period and the
property of the strong solution of the stochastic differential equation, the uniform ly m odulated
function is identified piecew iss and two special situations are discussed toa Finally by virtue
of the Girsanov theorem, a lkelhood functionw as introduced which is just a conditional dens#
ty function M axin zing the lkelhood function gives the exact maximum likelihood estin ators
ofm ode lparam eters Num ericalresults show that the method has high precision and computing

efficiency.

Key words modal dentification uniform Iy modulated function contnuous time autoregres-

svemode] Brownin motion exactmaxinum likelihood estin ator
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