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Figure 1 Monorail two-degree-of-freedom vehicle model
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Table 1 Variation range and step size of parameters
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method based on state estimation
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Table 2 Vehicle dynamics parameters

SR WA

BETHE m/kg 506. 900
AR 1/ (kg-m®) 220. 057
ArEE M K €/ (N-rad ™) -16 766. 500
JEEMmNIE €/ (Norad™) -21 384. 806
BB RTEE RS [/ m 1.065
FLORI TR 1/ m 0. 835
e REAEII 21. 667
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Table 3 State estimation error of simulation test

in 100 km/h double lane change
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WAL AN 4 FE 9 Frm

738 4 ) B R R AR
4.3 LHERKW

o ] 0 A 5 4 R OUURS 2 B A7 Bt 36 B T
R KU B T TR R AR B 0. 75, 4 R
FEE R 30 km/h, SR RS [E] A 0.001 s, 3T
EKF AR S 80 i 118 5 00 42 30 1% 8 &R Gt iy
%) I 8 A X b, O 22 o) 2 0 ) R 42 AR e B th 2 ik

F4 30 km/h BLELEFRBREM[ITIRE
Table 4 State estimation error of real vehicle

test in 30 km/h double lane change

EiEEn S5z A £/ (°) Y EE/ (ms™)
R KiR%E 0.367 0. 054
TR 2% 0. 100 0.010

9 30 km/h MBELFKELER
Figure 9 Real vehicle test results of 30 km/h double lane change
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Research on Vehicle Yaw Stability Analysis Method Based on State Estimation

KOU Farong, CHANG Hangtao, WANG Qianlei, FANG Bo

(School of Mechanical Engineering, Xi’ an University of Science and Technology, Xi’an 710054, China)

Abstract; Aimed at the problem that the state parameters were difficult to obtain and the analysis results were sin-
gle in the process of vehicle yaw stability analysis, a two-degree-of-freedom vehicle model was established as a ref-
erence model for yaw stability analysis and state estimation. The phase plane was constructed by using the sideslip
angle and its angular velocity to analyze the yaw stability of the vehicle, and the adaptive phase plane stability do-
main based on multi-layer perceptron (MLP) was designed. According to the real-time state of the vehicle and the
phase plane stability region, the yaw stability evaluation index was constructed. A vehicle state estimation algorithm
based on extended Kalman filter ( EKF) was designed, and a vehicle yaw stability analysis method based on state
estimation was proposed. In order to verify the effectiveness and practicability of the proposed yaw stability analysis
method, simulation tests at 100 km/h and real vehicle tests at 30 km/h were conducted under double lane change
conditions. The simulation and real vehicle test results showed that the average error of sideslip angle estimation
based on state estimation was less than 0. 1°, and the average error of longitudinal velocity estimation was less than
0. 03 m/s. This method could quantify the yaw stability from O to 1 based on the estimated vehicle state parameter
input, reflecting the dynamic changes in vehicle yaw stability.
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