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Improved Strong Track Filter and Its Application to Vehicle State Estimation

ZHOU Cong! XIAO Jian'

Abstract Accurate and real time acquirement of vehicle state variables in running is of great significance to vehicle
chassis control. However, these key state variables are not easy to measure directly or cheaply. An improved strong track
filter (ISTF) which is much more stable is introduced in this paper. By using a nonlinear 3 degree-of-freedom vehicle
model including longitudinal motion, lateral motion, and yaw motion, a state estimation algorithm was established and
applied to vehicle state estimation. Comparison was made between extended Kalman filter (EKF) and ISTF. A double
lane change test was carried out on Carsim and Matlab/Simulink co-simulation as well as on a real vehicle. The results
showed that ISTF is better than EKF in the estimating accuracy, tracking speed, and restraining noise. It was proved

that ISTF can satisfy the requirements of vehicle state estimation.
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Fig.1 3 degree of freedom vehicle dynamic model
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Table 1  Parameters of vehicle dynamic model
KK AR
A Sy w, (rad -s~1)
JSTC O e F B (rad)
EARES v, (m-s71)
TTHC % d¢ (rad)
A i o e ay (m-s=2)

91 I L a; (m-s72)
R m = 1429 (kg)
¢ 7, B s 1., = 1765 (kg - m?)
T l; = 1.05 (m)
S e I, = 1.569 (m)

2 O 5
e el A5 i D

C; = 145 000 (N - rad—1)
C, =268 000 (N - rad~1)
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L1 = f(xk;uk) + Ty -wy
Yirr = h(@pi1) + Vi
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KRS Wi sl FE. T ARE& S KRB0
B, wy, vy, 23501 A e 0 23 A (R R R R e i A
LR G4 E(wy) = E(vg) =0, E(w,-v]) =0,
E(wy -w]) = Qx, E(vy, -v]) = Ry, E(wy, -v]) =0,
Hp, Qp IRFRAESERE, Ry, ARHRIEE M. W)t
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Kalman filter, EKF) M)A 42 o i g g8 i 5
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Ty = Trr1x + Kipr - Skt
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- Of (z,u
A, Bo= &) g, = 24 X )
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A0 PN A 2 0 7 2 B DL S AH N 1) B 5 AR B, S
ek 25 1 E s W, ek 59 8 e R 1 A R
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FRARE, AT A5 5858 5% 22 W 07 22 W 1R IR e vk ORae
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Poprg - HYyy — Kieyr - Vipr =0 (20)
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(21)
I SA N T e

Hk+1 . Pk+1,k . H,;F+1 = Vk+1 - Rk+1 (22)
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i
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Fig.2 Block diagram of simulation based on Carsim
and Matlab/Simulink
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ISTF. STF M EKF Skt vHERE. KPR Ajyy
MW IEFE A 1) Apgr IR TR 5
A AH A (0) = X (0) = X3(0) = 1; 2)
Ay BIE AR A ORAICHT I DA AR AR ZE 80K, EE T
A (0) =1, A2 (0) =1, A3 (0) = 10.
3.2.1 AO = diag{/\Lo, A270, A3)0} = diag{l, ]_7 1}

I AE TCAE AT S g8 SRR A DR, e T
7 B RIME AT A X (0) = 1.0 ARSCkETE Ay =
diag{A1,0, A2,0, As,0} = diag{1,1,1} AR D0 5 5
VAR L8, JF N STF. ISTF 1 EKF 5.3
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fEt=4~10s XKW, TETABLITHRE, 4
) 2R3, A O R OO i £ S5 RS A B X ]
PRSI, Wil 5 iR, TR A B g R )
U5 ZFEBUE /N, EKF SkAE th &k (0 B TR BB
B S AREm S, 1 STF. ISTF §0y5RH T 2 H Ik
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LR IE R I EE S Y5258 0.04 1 A e S I
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AL AL TR R, 3R 2 Thgs =R L B A VB
FHRE T 52 B AR (1)~ 33 4 0] 158 22 $R A (Mean abso-
lute error, MAE) A5 #i%ZF5F5 (Root mean
square error, RMSE), 115 A1 F:

5 &k — Tousim ()]
MAE (z) = =2 - (26)
J S (i — Toamm (k)
RMSE (z) = \| £ - (27)

M 2 H ik IR SR 25 o BT FR AR AT LA BE
INEMHE HAE RS54 F, STF 5 ISTF &R
fETERE 3, JFms e T EKF 5LV AAS TR .

g5 LRTIR, ERGAT L R rh AE AR A SR AN
WA AL 2 T, STF 5 ISTF &vkAefliit
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k.
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Fig.5 Comparison between estimated value and Carsim value
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*2 =M MAE f8bRRI RMSE b5
Table 2 MAE and RMSE of three algorithms

MAE RMSE
Sk Uy (m-s™1) w, (rad - s71) B (rad) v, (m-s71) w, (rad - s~1) 3 (rad)
ISTF 0.067 0.0144 0.0011 0.084 0.0229 0.0018
STF 0.070 0.0150 0.0013 0.089 0.0230 0.0020
EKF 0.0286 0.0608 0.0035 0.355 0.0962 0.0055

3.2.2 AOZ diag{Alyo, Az’o, A370}: diag{l, 1, 10}

M H R AR RS 2 (k1) BT
AR, AR RS A R 7 A (k + 1) BOHUE, 1
BF5t @ (k+ 1) ROPURERES. AR 100 Wi ATk,
TR STF 8k Apy WAERTTA, 4 Ay P&
DA R 7 ANAHAE I, WA BR I, B AR5
A e, BB BN S

% BBV L I, B4R B B ) 4 T
v Sy T OAR, DR B O AR R B AT e BT
WIME Az = 10, BALAEREFAT T, BE A =
diag{\1 0, Moo, Aso} = diag{1,1,10} MHUHE, FRK
T BV LRK, Wi STF 5 ISTF Skt
fE.

MIEL 6 (a) ~ 6 (c) ATUAF H, 7EXURS 2150 11 i
Firf, ISTF SVEIR AR REE AT, I R it
FTH AR ERREIIs AT IRZS. IR 6 (d) ~ 6 (f) %
W1, Nt = 4s TFIR, IRAEBEATBERATIORE, M) 2:
TR R 5 O Al 7 SR A G I R A
AR, AR IR TR 1B 2 R, X R AR AL AR

x 108
16.8 10
T?) \/_,—ﬂs”v TS jrrm e —————
£166 £ i
BN :w 0
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_ 02 5
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E o g i
~ \; _5
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6 ISTF M STF 1 Ag = diag {1,1,10} RIftiitihsk
Fig.6 Estimation of ISTF and STF when
Ao = diag {1,1,10}
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FH A4 fioh Xk 88 A Sl R 1) 4. J o i v
IR S ARG B A ISTE 50000 85 AT T % L.
DAL RS AR A 2 2 5 A R AR, 55 7 v R RE 2 2 LA
0o A0 O 17 1) AR A2 A G 2% A Tl AR SR ik
ITERE. B 7 AN 8 gy T ri AR R R A
RSG5 ISTF SEaAAhvHE R b £, i o
Bz, X PR RS Sl g6 ORGSR AR R AR N i
Re, SAREDVIEERER, I RER sh SR =R HIAE 10 %
LA, X TS b R G A AE M S B N 3, i T
ISTF Sk i I3 AR AR AR, B 5S 17 e 75 1) 5
Wi, AFAFIRAS AL TR LIRS, MR B THE
SRS A REF T80 7R IR Z2 [ IR A 5 A gk
i I TR 22 LRSS BN B AT € I
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--- ISTF
15.1 |
5 10 135
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K7 Gk 20 At 85 e e R 0T L it 25

Fig.7 Comparison of vehicle longitudinal velocity

between estimated value and test value
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