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Abstract: A strong tracking finite-difference Kaman filter (STFDEKF) is presented to handle the divergence
problem of state estimation of a nonlinear misnatched model and Iimited application scope In filtering calculation,
strong tracking factor is introduced to modify priori covariance matrix to improve the accuracy of the filter. The
filter uses finite-difference method to calculate partial derivatives of nonlinear functions to enlarge its goplication
soope The comparison of several Kaiman filters show s that the ST FD EKF filter has high numerical stability, strong
tracking and larger gpplication scope and it can be applied to state estimation of complex nonlinear systans
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CFy(K)QuF (k) |
(SFEKF) ,Gw (K)RGw (K) Po
(. ; Ak + 1) [1]
, SFEKF Ak+ 1) = N, o2 1 (13)
1, < 1
o= tr[N (k+ 1)1/trM (k+ 1)], (14)
N (k+ 1) =
EKF Vo(k+ 1) - Gx(kK)Fv(K)Q«k*
Fv(k) G (k)" - Gw (KRG (K) T, (15)
M (k+ 1) = Gx(k)Fx(k)P«Fx (K)Gx (k). (16)
Xkr 1= f (X, Uk, VK), (1) ctr(®) NVolk+ 1)
ye= g (Xi,w). (2) :
- Volkr = 33 0=
Gx (0)PoGx (0) + Guw (0)RoGw (0) ', k= O
, oK) + XX K> 1
E[vi] = go @v[vi,vi]= QuSlk- j), v p
Ewe] = ro coviwew;]= Rdk- ). (3) (17)
0< P 1 , =
Q 95
(EKF) Taylor
Xk 1= f (XAk,Uk,qk) + Fy(k) (x« - XAk) +
Fu(k) (vic- ad), (4) s
yi= g (X, 1) + Gu (k) (xk- xi) + '
Gw (K) Wk- ri). (5) (23]
:Fy (k) Fv(k) f() X,V ; ’
Gx(k) Gu(k) f() x,w
SFEKF
B . (STFDEKF)
Xiv1= f (Xk,Uk,Qk), (6)
ye= 9 xe nd; ™ QuR.Pr Py Cholesky
_ - Q= S.SV, R« = SuSu,
Pie1= Ak + 1)Fx(K)PeF« (k)" + = 58l Pz oor (18)
Fuv(k)Q«Fv (k)" (8) 0 _
Akk+ 1) = 1 Fx(k),\: {fij}’\: A
{(f i(Xk,j + AXk,j,Uk,Qk- f (Xk,j -
Ki1= Pk+1Gx(k)T[Gx(k)P_k+1Gx(k)T+ A AXk,j’:Uk,qk))/ZAXk,j}. A £19)
Gu (KRG (K) 7] 2, (9) Axxj= hsq.j, h DS Sx
Xt 1= Xke 1+ Kis 1[ Yk - y_k], (10) j R
Pio1= [1- K iGx(K) JPres (12) Fu(k)Sx= Su =
{(filxx+ hsqj,ux, o) -
Yoi= ye- vn (12) Fi(xc- hsor, ue g)/2h), (20)
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Fv(k)Sv= Sw =

{ (fi(xx,uk, a + hs.j) -

fi(x,ux g - hS/,j))/Zh}a (21)

Gx(K)Sx = Syr=

{(gi(x_k+ hs.j, r«) - gi(X_k' hgx,jark))/Zh},
(22)

Gw (k)Sw = Sy =

{(gi(xk, e+ hsvj- gilxk, re- hs,j))/2h}.
(23)
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Ak + DFx()PEK)T+ Fu(K)QeFy (k)T =
Ak + DFx()SSIE ()T + Fu(K)S.SIF. (k)T =
Ak + 1)SuSix + SxSiy (24)
K=

PGx (K) T[Gx (K)PGx (k)T + Gu (K)R:Gw (k)] * =
S«Sx (SyiSx 1) "[SyiSyc+ SwSw] '=
S«SyISyxSyx+ SwSw] & (25)
Pt =

[1- KiiGx(K) ]Pre1=

S:Sx - K 1Gx (K)SxSx =

SiSx - SuSyiK ke 1- K 1SyxSX + SkSyiK e 1 =
SiSx - SiSyiKir1- K 1Sy:Sx +

K ke 1Sy7SyiK ke 1+ Kicr 1ISywSmwK ke 1 =

[Sx- K 1Syx Kis1Sw] X

[S_x - K 1Sy>7 K+ 1Syw ]T. (26)
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Xwk+1= X+ S°*° (I)S(X3k+ t),
X 1= X+ S° sin(xa+ t),

Xak+ 1= Xk + T

Vikt 1= X+ 1+ W i,
Yoa+r1= Xx+1t+t W,

Vak+ 1= Xak+1+ Wak

s= 1 09 x 10'4[6.(U1k+ vi) + b(ux + V2k)],
t= 1 09 x 10'4[a(U1k+ vik) + b(ux+ Vzk]/C,

a,b,c

a= [Q0]",r= [0,0,0]",

Q«= diag([1/12, 1/12]),

R« = diag([10 ",10 7,10 ']),

xo= [12 - Q20,264010105],
Po= Po=

diag([10 %, 10" %, 10 %, 10 %, 10" *, 10 *]).
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: ( ) STFDEKF
( 2
): a,b,c
rX1k+1: X+ s* c0S(4xa + t), 3(a)
X2k+1= X+ S* Sin(5X3k + t), 3(b) 3(d)
Xak+1= X+ 5
ak+ 1 = a,
b 1= b, ’
Ck+r 1= Ck , )
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