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1
. Cohen s ,

. Cohen :
ace o= gl U f oo ox [”' %‘]X[“ %‘]e_jet_jw“du“d& ()
X(t) x(t) .o

X(t) = x(1)+ jx( 1),
x(t) x(t) :
1 [TxD
x(t)= ].[pv[wt_ dT
d)(e’ T) 2 *
Wigner_Vile Wigner ( Choi_
Williams ) , Wigner Vile s
,  Wigner Vile ,
( ) .
[5] .
w(t)= a(t)e (2)
1 |da(e) At ‘
a(t)| di de |’
1 R(t, » x(t) , Q ,
Rt @), 1, @) € Q
091, w) = (t, ©) (t, ©)
0, (1, ©) £
y(t) B(t, ©) P( @), y(1) v (t) Q
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x(t)  y(1) C M( Q)ex(t) T oy(1)
2 x(t) = a(t)cos®(t), Q(t)
O(t)= [o(t)- Ao()/2, o)+ Ao(1)/T], (3)
o(t) = ®1), Ao(t) = late)/a(1) s
1 .
Q x(t)= a(t)e", f(x(t)) Q,
Mif (), 01 = s e Saen - (4)
flx(t)) = fla(t)e™) ' . a(y & :
« @ . & a . f(x(1)) =
fla(r)e™) a ¢ , ¢
¢ ,
fle(o]= 25 Gl ™, (5)
Ci(t) = ﬁff[a(t)e-i“’]e-i“’d@- (6)
_ _ Lo 5(2k- 1)o(t), 0.52k+ 1) o(t)] (k= 1,23, ..,
1, @) = {[0, 0.5w()] k=0, (7)
P (1, ©) C Q1 ©), .
flx(0)] Q . flx(1)] Cre
(1, ) : Q(t, ©)
Cl(l)ej‘P(t)’
MIf[x(t)]. @] =~ M[f[x(t)], Q'] = Ci(1)e""" =
%na1,:)Lf[a(t)e“’]e‘”“’d@-xm- (8)
W elerstrass
(9)
. ol .
MILw ! =eign(x), B = Jal((n+ /2% 1) * (%)
F(-) r
2
wte) = [axe)+ ja(t)o(e)]e", - (10)
¥(1)= [a(t)= a(t) @ (1) + 29(1)a(t) + ja(t) oxe)]d" " (11)
alt) ¥(1) , J¥00)

X)) W), Q
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M[x¥t), Q] = 2Xt), M[x(1), &] = x(t)*

my+ F(y,y = 0

y(t)= x(t)+ z(1),
x(t) 2 2(1)
x(t)= a(t)cos/ ¥(1)],
o) = d¥P(t)/dt,
a(t) ®(t) ()

a(t) = Jx2(t)+ x (1),
_ox(t)e>(t) + x(t)e>(t)
A= T v )
gg'ﬁ

(14)

M(me, Q)+ M(F(x,x3, Q)= 0
12, :

X+ 2hox>+ Wy = 0,

| /2
Wy = [@f) F(acos®, — awsin®)cos ‘qu§|
1 A8
ho=— ZJTma‘*)JZ F(acos® — aWwsin®P)sin ¥l P
, wo(t)
a(t) o(t) (13)
(13) , GSLS,  @o(t) hot)
GSLS
GSIS
GSLS x(t), Hilbert

GSLS . x(t) y(t)
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a(t)
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(19)
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y(t) x(t),

W(a, ®  ho(a, @ (13)

(21) (22)
y+ P(y)+ Q(» = 0,
Ply) Q(y X, x>
1/2
W @, ®) = W(a)= [JTLGEP(acos ‘P)cos‘Pd‘ﬂ ,
ho(a, ©) = hofa®) = - anawflo(- awsin ®)sin ¢4 #
Wy a ,  ho aw s w(a)
P(*) Q(*)
Y+ ch|y>|’ sign(y> + Zk | yl *sign(y ) = 0,
' 2 T(i/2+ 1) . v
ol a) = [ZJ‘ Ci(i+ D/2+ 10 l”)] ’
o) = 3 s ot
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CSLS (20) ~
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)
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4.2 GSLS
y(t) x(t) .ox(t) Bt @)
Q y t 1 B(t, @) o),
a(0< a< 1), o) , I B (e, @I >al B(t, o(1))
Q
x(t) = M(y(t), &), ()
Bt @), (1, ©) € Q,
(e, ») = 0 (1. 0) £Q (30)
R(t, @)
Q(t (*) Jru»JG(t v2) .
R — (O)” 20T dtd wdo, (31)
b6, T) (6,7
[6]
Qx
y(t)
4.3 GSLS
GSLS
236l GSLS:
X(t)+ 2ho(t)aXt)+ Wo(t)x(t) = m 'u(t), (R2)
[2,3,6J‘
= o a(t) Ble)axe) a(t) a3(t)  @Xt)ot)
O(t) (t)+ ma(t) o(t) a(t) 2(12(;)+ a(t)o(t) (B)
B(1) a#t) > 1)
ho(t) = S00e) ™ a(t) ™ 20(1)° (34)
x(t) u(t)+x(t)u(t) x(t) u(t)—x(t)u(t)
afe) = x(t)+x(t) B = ) )
a B 0,
5
1 :
V4 oy ol vy kiy+ kay+ k= u, (35)

ki= S0, k= 3% 10°72, k3= 2x 102 ¢1= 0.05 ca= 0.2
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wofa) = Lki+ (34 ka’+ (/8 ksa’l?,  (36) Fi4 ,
hof a®) = ci+ (4/37) crawr (37) :
) ky
y(0)= 0.02, %0) = 0, y(0) = 0 .
5% Yo ¥
., 1 0~3.07s
ECKD (B ), (0~ 3.07
s). (0~ 166. 67 Hz)* 2 0~ 20.48 s
C ) (36 3
(37) C :
35.55 Hz 6.25 Hz, 106. 65 Hz 18.75
Hz, , [2~ 4] .
2 .
Y+ o> Mesim(yd+ F(y) = u, (38)

F(y) 3 ) .
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ki= 16007, ka= 250071, yo= 0.5 c= 0.8 M= 60T

u(t) = 50001+ t)cos[ZJT[ZO+ 10.524t] t] .
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Identification of Nonlinear Dynamic Systems:
Time_Frequency Filtering and Skeleton Curves

WANG Li li"?, ZHANG Jing hui'
(1. School of Civil Engineering and Mechanics, Xi’ an
Jiaotong University, Xi’an 710049, P R China;
2 Institute of Mechanics, Chinese Academy of Sciences, Beijing 100080, PR China)

Abstract: The nonlinear behavior varying with the instantaneous response was analyzed through the
joint time frequency analysis method for a class of S. D. O. Fnonlinear system. A masking operator on
definite regions is defined and two theorems are presented. Based on these, the nonlinear system is
modeled with a special time_varying linear one, called the generalized skeleton linear system( GSLS).

The frequency skeleton curve and the damping skeleton curve are defined to describe the main feature
of the non linearity as well. Moreover, an identification method is proposed through the skeleton

curves and the time frequency filtering technique.

Key words: system identification; nonlinear dynamic system; non_stationary signal; time_frequency
analysis; Hilbert transform



