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Trajectory tracking control technology for autonomous vehicles

based on dynamic Kalman polynomial networks
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Abstract: To achieve high-reliability and high-precision trajectory tracking control for autonomous
vehicles in complex dynamic scenarios, a predictive control framework based on a dynamic
Kalman polynomial network was proposed. The dynamic characteristics of vehicles were captured
by utilizing time-series memory capabilities, and the adaptive adjustment of Kalman filter was

integrated to achieve the optimal correction of real-time control errors. By utilizing the nonlinear
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feature extension of polynomial networks, the modeling capability of the system was further
enhanced. Dynamic perception, error correction, and nonlinear modeling were integrated into the
method, significantly enhancing the adaptability and precision of the system to vehicle dynamics
variations. Furthermore, a feedback controller based on lateral and heading deviations was
incorporated to work synergistically with the predictive module, thereby achieving more accurate
path tracking error correction. The co-simulation verification of CarSim and Simulink shows that
the predictive-feedback controller exhibits obvious advantages under extreme conditions of low-
adhesion surfaces and high-speed emergency lane changes. Specifically, under the condition of
high-speed emergency lane changes, compared with ILQR and NMPC controllers, the root mean
square value of the lateral deviation of path tracking is reduced by 32. 5% and 38. 4%,
respectively; the root mean square value of heading deviation is reduced by 37. 8% and 40. 0%,
respectively. The proposed method can provide an innovative and effective solution for the high-
precision and high-reliability trajectory tracking control in autonomous driving systems.
Keywords: automotive engineering; vehicle dynamics control; polynomial network fitting;
Kalman filtering; autonomous driving; trajectory tracking; real-time error correction
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Fig. 1 Vehicle dynamics model
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Fig. 4 Vehicle preview error model
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2Rk A T F N 45 ] (Nonlinear Model Predictive
Control, NMPC) 5 % 4 £k ¥ — W 9 47 # il
(Tterative Linear Quadratic Regulator, ILQR)/E N
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BRI LA PP AL 2 45 ) DR TR B A sh B B v
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Table 1 Vehicle parameters

ZH Bl
G it m/kg 1525
A BE £/ m 1.111
J5 R £,/ m 1.756
g 1,/ (kg + m?) 2 315
BRESH LR r/m 0.325
e b/m 1.55
®2 BHHFSH
Table 2 Controller parameters

28 ol
ky 0. 065

ki 0.01

7 0.05

R 0.1

Q 0.011,
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Table 3 Errors of control targets in case [

S8 ik RKRE | BTRRE
ILQR # il 8 0.174 1 0.076 5
B 1 R 2 /m NMPC $ il 45 0.184 9 0.092 0
- 2 At 4 o 0.192 6 0.095 7
ILQR # i 48 0.026 1 0.012 6
R R 2 /rad | NMPC #5243 0.029 2 0.015 4
- At 4 o 0.0315 0.014 0
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Fig. 9 Comparison of centroid side-slip angles in scenario |
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Fig. 10 Comparison of lateral accelerations in scenario [
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Fig. 16 Comparison of lateral accelerations in scenario [l
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Table 4 Errors of control targets in case [[

i ik RRBRE | BrRRE
ILQR # il #% 0.249 6 0.127 2
A 1] g 22 / m NMPC # il 2% 0.257 3 0.130 3
T - 2 457 42 o 0.239 1 0.120 7
ILQR #1424 0.053 6 0.0217
M2 /rad | NMPC £ 28 0.048 2 0.019 8
oI 52 A5t 42 i 4 0.044 1 0.020 7
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05 37 5 AL, T — b g A7 o 7 op 42 A4k
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Table 5 Errors of control targets in case [[

24 7k RRBRE | B
TLQR i £ 2.425 3 0.739 2
A 18] fi 22 / mu NMPC # il 4% 2.541 0 0.810 7
T - A5 4 o 2 1.721 2 0.499 3
TLQR i &% 0.219 6 0.069 1
Wi 25 /rad | NMPC 5 il 2% 0.242 8 0.0717
T -2 45 4 ol % 0.133 9 0.043 0
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Fig. 17 Comparison of lateral positions in scenario [[l
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Fig. 19 Predicted feedback steering angle in scenario II
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Fig. 20 Comparison of yaw rates in scenario [Il
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Fig. 21 Comparison of centroid side-slip angles in scenario [l
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Fig. 22 Comparison of lateral accelerations in scenario [l
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Table 6 Performance error comparison of controller variants in case [[

ZH H: R 2% )05 iR 5 22
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AL 1 i 22 / rad B INCE AN O E ST E W d :9) 0.261 0 0.082 3
B AR IR e 20 T 0 2% TR - S5 A 4 o % (8 BT 98D 0.133 9 0.043 0
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Fig. 23 Hardware-in-the-loop test platform
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Fig. 26 HIL test: Centroid side-slip angle variation
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