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Estimation of road adhesion coefficient based on EKF and RBF
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Abstract: Aiming at the problem of road adhesion coefficient estimation under vehicle driving, a fusion algo-
rithm is proposed integrating extended Kalman filter and radial basis function neural network. The vehicle state
parameters needed to estimate the road adhesion coefficient were obtained by the extended Kalman filter algo-
rithm. Combined with the direct data such as wheel speed, the road adhesion coefficient was estimated by ra-
dial basis function neural network. Training samples of neural networks were collected by Carsim/Simulink in
different driving conditions, and the decision coefficients of radial basis neural network algorithm were opti-
mized by the method of difference optimization. Finally, the accuracy of the algorithm was verified based on
double lane change conditions.
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network ; determination coefficient optimization
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Fig.1 Vehicle dynamic model

K1, F 5 F, 350 M i 4 4
1] S A 336 SRR e £ rad 58 S BT i £
rad; V, F1V, S35 4258 5 M1 Ak, VIR Y,
IV, BFIEEEE km/hs V,, BV, S BIRERIR AT
JE R AR BT  km/hya N R ZE R A
m;b B EJERIIE R, m; L NSRS m,

VAR S BT B AR RS 5
2 77 R

- d’k, + bk, ak, — bk, ak,
w, = w, + -—
! LV, ' I, I,
. ak, — bk, . k, +k, k, 5
= —_ + —_
B mV: @ mV, B mV,
V.=V.Bo, +a,
(1)
ak, - bk, k, +k, k,
a, = o, + B-—06 (2)
! mV, m m

K, o, AR E I, rad/s; I, A1
kg + m’; k, AETFS A0 0w W BE , N/rad 5 k, J5 30
MR N/ rad s m VR BT kg a, AT AN
B, m/s’
1.2 FRFREBEH
EKF [ Ji B2 38 3 {8 52 19— B Taylor BT,
W ARG R R AL R et B, 2R T R 1Y
I
5 PR MR RIS =0 (1) Ml (2)
13BN ZER AL R AL
x(t) =w(x(e),ult),q(r)) (3)
y(t) =z(x(t),r(1)) (4)
K3 (D, x(r) RERGERELEE ;v (1) 18
FEMIE s u () RBERGH A q(0) R
AMEFE T 22560, B q(t) = L5 - 1005r(e) 10
LIPS Bl 5 2255 HL r(¢) = [0.01]
W AR(3) L (4), KRS Ty R Ty
TR 5 85, 75 20 AT B 5

W(t) = [a“’a(’“)} | (5)
x x=x(1)
Z(1) = [Gz;x>J | (6)
X x=x(t)
y(t)=exp(W(t)) - At = W(t) - At + 1

(7)
b W) RaAELPERE, w(x(o),u(s),
q (1)) RPARZAZEER A T RO HE 7 LU s Z (1) 3R



5513

= K%, 3BT EKF R RBF MBS M & 2 51T 3

ARAEZRME PR 2(x (1) ,r(2)) XPRASAE BRI S
AOHESCELRE B s y (1) FAIRESHAB IR Al
RAEMF ],

ASR(S) | (6) IR 5E ORI AT R AL
Y

a)ra2 + Bb’ ka = k,b (k]a2 + kzbz)
LV, I, A
W(t)=|ka - k)b —mvx2 k, +k, 20,(k,a = k,b) (k, + k) ok, (8)
mV,? mV.’ B mV_ > B mV, ? * mV,?
V.8 V.o, w, B |
ka - kb TR SN A o I S 1 e 22 o
v, (UL A | FLs SRR 2 o e 28 1 K T 25 2R K
k, +k, A7 A Y R
Z(1) = (9)
m 0.067
(k,a = kyb) 0.04}
L i sz_ T 0.02¢
13 {FESH g
ML Carsim 45 Matlab JEFREA 720, R0 2
EKF 53500 400k 25 2 B8 AT 1, 45 20 o ] é#@
R AR OC SN R 1 s, -
S L 2 B 4. 5 6 @ W6 m
F1 HRHRRERENEXSH o

Tab.1 Relevant parameters of vehicle model in

simulation software
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Fig.2 Estimated results of vehicle state parameters
by EKF algorithm
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Fig.3 RBF neural network structure
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driving conditions
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