Vol .37 No.12
2009 12 ACTA H_ECTRONICA SINICA Dec. 2009

( , 100081)

TNO11. 72 A : 03722112 (2009) 12-273506

Study of Asynchronous Multirate Data Fuson Estimation
Algorithm Based on Nonlinear Systems

YAN Li-ping ,DENG Zhi-hong ,FU Mengyin
(Beijing Indtitute o Techndlogy , School d Automation , Beijing 100081, China)

Abgract: A kind of time-vary nonlinear dynamic system is studied in this pgper. An effective data f usion state estimation al-
gorithm is presented in time of multiple sensors observing a single target with different sampling rates asynchronously. The asyn-
chronous multirate system is transformed to synchronous multirate system by use of the established multiscale models. In each step,
to get the state estimate,state prediction is followed by state update. In state and measurements prediction step ,strong tracking filter
(STF) is used. While,in state update step , distributed structure with feedback is used ,and the fused state estimate is obtained by se-
quentially use of the measurements observed by different sensors. The augmentation of state or measurement dimensions are avoided
by use of the presented method ,and the rea-time property o the agorithm is guaranteed. Simulation results show the eff ectiveness
o the proposed agorithm.

Key words: data fusion; nonlinear system; asynchronous; multirate; strong tracking filter

Kaman , i
(Bxtended Kalman filter : EKF) 1. EKF (341
’ Kelmen Bayes Morte
) Carlo ,
' Ka man . Bayes
,EKF Jaoohi ,Jacobi (99 . Bayes
(LB Kelman ,Bayes
(21 EKF Jacobi ,

:2008-12-11; :2009-07-07
: (No. 60773044) ;



2736 2009
Kal man x(k+1) = f(x(K) + G(K) u(k) +w(k (1)
yi(k) = h(x (k) +v(k;i=1,2, ,N (2
,Bayes (1) x(k R
i Monte Carlo Sk )
Bayes f .u(k) R ,G(k R
) w(k) R
Morte Carlo w(k N0, Q(K).
,SS Bayes N ’ (2)
' yi(k)  Ri(gs<n S i
Sgma  Kaman (SPKF) K Ch(+)
h . i(1<i<N) i
, Ka man (Unscented Kalman i N
filter: UKF) Kd man (Centra Difference
Ka man filter : CDKF) UKF (Sguare - Root UKF:
SFUKR) ~ kamen (Squere - Root S=nS.1<i<N-1 (3)
Centrdl Difference Kalman filter : SPCDKF) 57 o K _
UKF JUKE  Jdier o - Y 1 '
Uhirrenn Kairen xi(k =fi(x(m(k-1 +1),i=1,2, N (4
G Fol ,fi f X(ni(k-l)+1) G(ni(k- 1)+|),u(ni
Kdrmn’ (k-1 +D:1=1,2, .,n
Taylor , ) :
UKF xi(k):'i‘i[Iin(ni(k-l)+l)J i=1.2, . N(5
u(kk =0 ,
:SPKF fizi[“l | .i=1.2, N (6)
EKF n JZ fJ
Kaman n=1,fy=1 xn (k) =
Kaman SPKF x(K) .
Vi ( k) Rq‘ Vi ( k)
(Srong Tracking Filter : STF) N(O,R(K)). , w(k)  vi(Kk
(.91 x(0) .
90 Xo  Po. x(0) w(k) vi(k)
3 STF
(2 (4,
STF Vi(K = h(fi(x(n(k-1) +1))) + vi(k)
=(hf) (x(n(k-1) +1)) + vi(k
Ah(x(n(k-1) +1)) + vi(K (7
,hi: h- fi .
, (k- Drodni=0 , (7)
\ WD = h(x() + w4 (®)

[9,10]

i=1,2, ,N,



12 : 2737
() Xy @, o) © o ol Fon(0 B0zt
— S Bon(k) <1
XK LB (W] Y ();i=1,2, N} (10)
X (KK AEx(0Y" () _tr(Ny(K)
=12, Nyt @ 7o () o
) =4.,4, , N3 I, A
A J n Nw(K) = Vi (K - HeCak k- 1) QUK 1) HY
X, (KK 2Ex(W] Y2 () (xn(K k- 1) - 1(K) Ry(K) (25)
=12, ,N;y(ip,k?lﬂ),p:l,z, n MN(k):HN(%NA(Mk-l))F(%N(|f|k-1)) P(k-1] k-1)
' cFT(Oxw(kl k- 1) Hu(xn(K k-1)  (26)
R yn(D) yn (1) k=0
(9 Yi (i) [ 1 K Vi (K = o - 2
(kK x, (Kl K x (k) " pVN(k'l)liz)“(k)yN(k),k21
R WG
] T h . Ly = 9 (x(K)
y(ip|k;l+1)} [ a] POl D) =75 X(K = %, (K k- D 29
p p=1,2, ,
a | Fl( k- ) = ] (29)
X x(K) = x, (K k- 1)
D (@), £(-) )
he-) ’ STE hy = h (30)
K- 1 (k) 21 : :
x(k-1] k- 1) (k) =1- dy (31)
P(k- 1] k- 1), k
x(kl k) Pk K dk:ffp&—l (32)
" K=1.2. i=12 N ,0.95<p so._995 o
1,(k- 1)modn #0, @ k=12, (1<
A N <SN-1), (k- 1)nmodn; =0,
x(Kl k) = xy(k| k) (13) ) ) Kol oo ked
P(K| k) = Py(K| k) (14) x(Kl K) = xn(Kl k) + K( N +1) yi( N +1)
n . (33)
xv(Kl k) = xn(Kl k- 1) + Ky(K) yn(k)  (15) k-1
P(k|l k) = Py(k| k) - K +1
Pu(k K) = Pu(K k- 1) - Ke(K) P (K) KE(K) R N
(16) P () KT ) (34)
xv(K k- 1) =f(x(k-1 k-1)) + G(k-1) u(k- 1) (K P (k| K (15 (32)
(17) k-1 . o~ k-1 k-1
Pu(k k- 1) =04 (K) F(x(k- 1| k- 1)) P(k- 1| k- 1) KO Dy 7+ RO+
F'(x(k- 1] k- 1)) + Q(k- 1) (18)
Tu(k) = (k) - WK = (k) - hCa(k k- 1)) (19) G =y (1 - na(dR) 39
Ka(K) = Py, (K) P5l(K) (20 A A
P5.(K) = EL[x(K) - x(K k- DTy (K - (1) KOy =p (e ey @
— _ T2 _ _ . .
_PN(kIAk 1) Hy(xn(k| k- 1)) (21) Pyl('K?l+l):Hi(XN(k| K) Pu(K| K) HiT(XN(k| K)
Py (K) = Hy(xn (Kl k-1)) Py(k| k-1) ' 1
HR O (Kl k-1)) + Ru(K) (22) FROTHD (37)
On(k =1 . . k-
Oni Py (D) = B X(K- (K KT + 1)



2009

2738
= Pu(kl k) HI (xn (K| K) (39)
MGk ) =200y
X x(K) = %, (Kl K
(39)
(3) k=1,2, , j v
i1, L(NZi 22 =0 =1) (k- 1)
m)dnip=0,p:1,2, vjl
x(K K =x,, (KK (40)
P(K K =P, (KK (41)
, =12, ,j,
M (0 =3, (410 + kG ST+
Ly, (1) -y, () (42)
P (4R =P, (K- K (D)
Ilyh('k__il+l) K{(Kr']—ilﬂ) (43)
xi, (Kl K) = xu (Kl K (44)
R,(KI K = Pu(K| K (45)
Ka,(%l*'l) = p&‘(%l+1) Pj‘l(kr;—il+1) (46)
gt ey =y Sty - HGe, L 0)
(47)
PS4 = Hx, (KD R, (KK
HIGx, (K K0) + R (S (48)
P () = BIX(R- X, (K R19TC54)
= P, o, (KR HI(, o, (KL K) (49)
Hi, (X (K] gy = Inlx(0) = hef
‘ 0x X(K =K ‘
(50)
X ( k| k) Pu ( k| k) (15) (32)
1
4
, 3

EKF
(9.

FIHSTF & 5
%(k-1k-1)
P(k-1]k-1)

G+,

FIFSTF W Hr 2
e rie
L
Bt
B BEREE
x(k+1) =0.1ax(k) + x(k) +0.1bu(k) + w(k)
(51)
z(k =x(k +v(k; =123 (52)
' a ,b
, X . a b Tap
=-0.58 b =0. 2.
: Q(k) =10°. u( k)
0.9 1.1 200
Ri(K) =10 % Ry(k) =4x10"* Ry(k) =9x10°*
, 2 3 6.
x(0) =0, x(0]0) =0,
P(0] 0) =100.
, 4
1: , ,a=ay,b=h.
2:
,a=0.75ay, b= by.
3: , , o, a
= a,b=1.5h.
4: , ,a=0.75a),
b=1.5h.
) p =0.95.
1
EKF STF
| A= 3 0.0027 | 0.0140
b= ho 3,21 0.0022 | 0.0031
» |a=075a 3 0.0732 | 0.0175
b= ho 3,21 0.0504 | 0.0141
4| a=a 3 0.1194 | 0.0200
b=1.5b 3.2.1 0.0934 | 0.0193
4 |2=0.7a 3 0.1300 | 0.019
b=1.5hy 3,21 0.0018 | 0.0180
1
( 1) ,EKF STF.



12 2739
EKF
08 08
| STF , oo R
, ( 1 4) , EKF STF,
04
3
0.2 —_x
, ---- xe-EKF ---- xef-EKF
> 6 2 05 700 200 300 400 500 600 05760 200 300 400 500600
) (a)
, (a) (b (c) (d) 8 08
1 2 3 06} 06} -
0.4 04H
02 02 —x
60. 3 6 4 ’ g,
(a) (b (o (d (¥, 0’5700 260 300 400 500600 0'5 700 260 300 400 500 600
(c)
3 Ka man ; .
B4 H2Fh BT BAh T th R
EKP) Kaman 3 o
EKP STF 3 (xe-STP " AN N
3 (xef-STP .
0.4
08 08
02 —x
g';: 82 - xef-EKF
05t 0.5} 0'5 700 200 300 400 500 600
% 0.4 —o04f )
0.3 No3 0.8
02 02
0.1 01
0 i e 0 i " i
0 100 200 300 400 500 600 0 50 100 150
08 L 08 L
0.7t 07t 02 —x
0.6} 06F —— xef-STF
0.5f 05r 0 100 200 300 400 500 600 0’5760 200 300 400 500600
04 o4t © 7
03 03
02 02 BS5 R3PS T MG thk
0.1 0.1
0 " " n " " 0
0 50 100 150 200 250 300 0 100 200 300 400 500 600 08
m
(c) (@) 06}
B2 RisfESmuEsS
04
. 08 02 —% 02 —F
il - xe-EKF < xef-EKF
05700 200 300 400 500600 0’5760 200 300 400 500600
04 @ )
08
02 —x
--- xef-EKF 06f
075700 200 300 400 500 600 073700 200 300 400 500600 ik
(a) ()]
0.8 02 iy 02 —
--— xe-STF - xef-STF
0

0.2 —_x 0.2 —Xx
---- xe-STF --— xef-STF
05700 200 300 400 500 600 0°5 700 200 300 400 500 600
© (@
B3 BRI T Rfh T ek
3 6 (1)
STF )
,EKF ; (2
,EKF
, ( 4 6 (a (b
, STF (

0'5 700 200 300 400 500 600 0 100 200 300 400 500 600
(c) (d)

Blo SEARMHEILT Aot h 2%

(o (d )5 (3
(
3 6 (a (b , (o) (d) ),

, (D)
,STF EKF; (3) STF

I © 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.  http://mmw.cnki.net

;1 (2)



2740

2009

[1] Chui C K,Chen G. Kaman Fltering: With Rea- Time Applica
tions[M].New York:Springer,1999,18 - 65.
[2] , . [J1.
,2004,26(2) :160 - 162.
KangJ,Si X C. Nonlinear filtering techniques for passive locat-
ing and tracking[J] .Journa of Systems Engineering and Hec-
tronics,2004,26(2) :160 - 162. (in Chinese)
[3] . [M].
,2007,323 - 342.
Henk A P B, Edwin A B. Particle filtering for stochastic hybrid
systems[ A ]. 43rd |EEE Corference on Decision and Control
[C]. Atlantics, Paradise Island,Bahamas: | EEE, 2004. 3221 -
3226.
Rudolph V D M, Eric A W,Simon | J. Sigma Point Kaman
filters for nonlinear estimation and sensor fusion applications to
integrated navigation [ A ]. AIAA Guidance, Navigation, and
Control Corference and Exhibit[ C]. Providence, Rhode Island :
AlAA ,2004,5120:1 - 30.
[6] SimonJ J Jeffrey K U. Unscented filtering and nonlinear esti-
mation[J] . Proceedings o the |EEE,2004,92(3) :401 - 422.
[7] Rambabu K,Bjarne F,Lars |. Applying the unscented Kalman
filter for nonlinear state estimation[J].Journal of Process Con-
trol ,2008,18(7) :753 - 768.
[8] , .
[J]. ,1997,17(3) :321 - 326.
Zhou D H,Wang Q L. Strong tracking filtering of nonlinear
systems with colored noise[J]. Journd of Beijing Institute of
Technology ,1997,17(3) :321 - 326. (in Chinese)

[4

—_

[5

—_

(9] ; ,

[J1. ,
2002,30(11) :1715- 1717.
Wen CL ,Chen Z G, Zhou D H.Joint state and parameter esti-
mation for multisensor nonlinear dynamic systems on the basis
o strong tracking filter[J]. Acta Hectronica Sinica, 2002, 30
(112) :1715- 1717. (in Chinese)

[10] YanL P,LiuB S,Zhou D H. An asynchronous multirate mul-
tisensor information fusion algorithm[J]. |EEE Transactions
on Aerospace and Hectronic Systems, 2007,43 (3) : 1135 -
1146.

Emall :dzh . deng @hit. edu. cn

Email :fumy @hit. edu. cn



