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Abstract: By combining the modet based analysis for dynamic systems with multiscale signal transformation, we propose a new
muliscale dynamic model based on dynamic system with single model and single sensor at one given scale. By developing Kalman fik
tering we put froward a new multiscale algorithm for stochastic signal on the basis of the multiscale dynamic model, and we can simuk
taneously implement decomposition and estimation for stochastic signal. The estimates obtained by use of the new algorihm is more ac
curate than the results based on Kalman filtering at the finest scale. A set of Monte Carlo simulations is performed, and the resluts show

the efficiency of our new algorithm.
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X(N,k+1)= A(N, k)x (N, k)+ w(N, k) (1)
) Z(N, k+ 1)= C(N,k)x(N,k)+ v(N, k) (2)
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w(N,r;vM+ M) (22)

w(N, mM+ 2M~- 1)

X 1(N)= Au(N)Xn(N)+ Wu(N) (23)
E{W.(N)}=0 (24)
E{ Wo(N) Wo(N) )= Bn(N) Qu(N) BL(N)  (25)
Qm(N)z dlag/ Q’ Q’ A Q} (26)
Z(N, mM+ 1) cC 0 0 0
Z(N, mM+ 2) 0 C 0 0
Z(N,mM+ 3) | = 0 0 C 0
Z(N, mM+ M 0 0 0
Z(N, mM+ 1) v(N, mM+ 1)
Z(N,mM+ 2) v(N, mM+ 2)
Z(N,mM+ 3) | + | v(N, mM+ 3) (27)
z(/V,n;M+M) v(/V,n;.M+M)
Zu(N)= Cu(N)Xu(N)+ Vu(N) (28)
Vu(N)~ N[O, Ry(N)] (29)
R, (N)= diag{R, R, --, R} (30)
(23) T(i)
T(i)Xui(N)= T(i)Au(N)T"(i)T(i)Xu(N)
+ T(i) W,(N) (31)
Xy me1(1) Xw(i)
Xp, me 1( 1) Xpm( 1)

Xp, me1(i+ 1) | = Au(N)| Xow(i+ 1) | + Wu(N)

Xp, me 1(N= 1) Xpm( N+ 1)

(32)
X t(N) = Apu(N)Xu(N)+ Wo(N) (33)
An(N)= T(i)An(N)T"(i) (34)
Wo(N)=T(i) Wa( N) (35)
E{Wu(N)}=T(i)E{ Wu(N))= 0 (36)
E{ W,,(N) Wi(N)} = Qu(N) (37)
0u(N)= T(i) Qu(N)T"(i) (38)
(28)

Zu(N)= Co(N)T(i)T(i)Xu(N)+ Vu(N) (39
Zn(N)= Cu(N)Xu(N)+ Va(N) (40)
C(N)= Cu(N)T'(i) (41)

Kalman Xn(N)

Xoo( N). .. Pool N), (5)

(N, 1) A

%(N,2) A?

XoolN)= =1 . [x0= Aogxo (42)

(N, M) AM
Poo(N )= AgPoAl+ Bo(N)Qo(N) BY(N) (43)

Wo(N)= [ w'(N,0), w'(N,1), ... wI(N, M= 1)]" (44)

1 0 0 ... 0 0
A I 0 ... 0 0
Bo(N)= : : : O (45)
AM— 1 AM— 2 AM—3 A I
Qo(N)= E{ Wo(N) Wo(N)J = diag{ Q(N,0), Q(N. 1), -,
Q(N, M- 1)} (46)
Xu(N)
)%0|0(N)= T(i)Xoo(N) (47)
Pao(N)= T(i)Pao(N)T (i) (48)
, (33) (40)
(47) (48) Kalman . m
X.(N) );(WZ(N)
I_)mIm(N)y

Xm,+ m+ ](N) = Xm+ 11 m,(N) + Km+1 (N) [Zm,+ I(N) - zjm+ 1

(N) X 11 n(N) ] (49)
X i N) = Zu(N) Xt n(N) (50)
P tin(N)= Zu(N)Pui u(N)AW(N)+ Qu(N) (51)
Ky 1(N)= Pui tim(N)Chis 1t(N)[ T t( N) Prui i m( N) Tl
(N)+ Rus1(N)] ™! (52)
Poitime1t(N)=[I- Ky {(N)Crs o( N)]Prs 11 m(N) (53)
(12),
XV om+ 1me1(1)
XD.m+ 1|m+l(i)
X tlme t(N)= T ()| Xp, e time1(i+ 1) (54)

XD,m+ Il m+ I(N_ 1)
Posime I(N): TT(l) Fm+ 1m+ I(N)T(l) (55)

A(N)=1,Q(N, k)= 001, C= L, R(N, k)= 1
x(N,0)=10, P(N,0)= 10

N= 3 =1, Haar
, o1 2
1 100 Monte Carlo . 1
Kalman



822

2002
1 Kalman 6
Kalman
0. 1195 0. 085
13 13 Kalman s Haar Monte
12 12 Carlo s
1 11 , >
x N
10 10
9 9
8 8
0 200 400 0 200 » 400
(
@ [ 1] B S Chen.Multirate modeling of AR/MA stodhastic signal and its ap
3 ! plication to combined estimat iorr int erpolation problan [J] . IEEE Trans
12 05 on Signal Processing, 1995, 43(2) : 32— 312.
" ﬁ 0 [ 2] L Hong. Multiresolut onal distributed filtering [J]. [EEE Trans on Aw
10 i tamation, Control, 1994, 30: 853— 856.
’ °? [3] [D].
8 200 400 s 200 400 -19%.
() () [ 4] Wen Chenglin, Pan Quan, Zhang Hongcai, Dai Guanzhong. Multr sensor
single model multiscale fusion [ J]. Control Theory and Applications,
1 (a) i(b) i(c) 2000,17(6) : 841— $46.
Kalman ;(d) Kalman [5] , , ,
[J]. ,2001, 27(2) : 158- 165.
13 13 [ 6 ] . [J] .
12 12 , 2001, 29(3) : 341- 345.
1 11 [ 7] > , - B
" Yo 1. . 2000, 43(4) : 659— 664,
[ 9
8 8
0 50 100 0 100 200
(a) (b)
13 1 , 1963 , 1986 19% 199
12
05 >
M , 200 5 2002 4
= W oo
10 % ,
9 0.5
8 1 60 N 4 N 1
[ 200 400 0 200 400
© (@ ,1970 , 1999 .
2 (a) 1 (b) , 1999 2001 R
2 i(c)
:(d)

30



