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Abstract

This study proposes a fast model predictive control (Fast-MPC)-based method with dimensionality
reduction to address quadratic programming (QP) challenges in real-time trajectory tracking for
autonomous vehicles. Traditional model predictive control (MPC) suffers from low computational
efficiency under high-dimensional inequality constraints, making it difficult to meet real-time re-
quirements, especially in high-speed trajectory tracking tasks. Although Fast-MPC significantly ac-
celerates the optimization process, its sensitivity to high-dimensional inequality constraints may
cause computational efficiency degradation and solution instability. To overcome these limitations,
this paper introduces an inequality dimension-reduction method that integrates principal compo-
nent analysis (PCA) and k-means clustering algorithm (K-means). By employing dynamic grouping
and an optimized constraint retention strategy, the proposed approach effectively reduces QP com-
plexity while significantly enhancing computational efficiency. Compared to conventional dimen-
sion-reduction techniques, the proposed algorithm achieves a 60% dimensionality reduction in con-
straint space and avoids trajectory oscillations through more accurate feature preservation. Com-
prehensive co-simulations using Simulink/CarSim platforms under double-lane-change scenarios
validate that the algorithm notably improves trajectory tracking accuracy, particularly showcasing
stable and reliable performance in high-dynamic lateral stabilization. Further analysis reveals that
this method exhibits strong adaptability, making it extendable to dynamic obstacle avoidance and
real-time trajectory tracking in complex urban environments. This work provides an efficient and
robust solution for autonomous vehicle trajectory tracking, demonstrating strong potential for de-
ployment in complex driving scenarios with dynamic obstacles.
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Figure 1. Vehicle linear two-degree-of-freedom dynamic model
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Figure 2. Scatter plot of solution time
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Table 1. Solver performance comparison
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Table 2. Vehicle dynamics parameters
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e AW B AR ORIE B SR R ARSI BT R RRUE . HERR I SEBL P ER ER F AR, IR0 A4 fhl Pk g

LA A2 SR PEEER

Table 3. PK-Fast-MPC control parameters
# 3. PK-Fast-MPC &£ %

ZH . LX)
KEEFH(T) 0.05 s
THUI (V) 20 s
P I (V) 10 s
Rt o 4 ke 100
Faith R+ p 1000
114 A5 7 3
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Figure 4. MPC lateral control system
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d; [1+tanh(z,)] —%[1 +tanh(z,)]

¢u,()Y)::annan[dyl(Esgﬁzz;j]z(%Z%)__dyz[;Bgﬁzzzslz(iiéj] (29)

X1,z =24(X-27.19)/d, -12, d,=25, z,=24(X-5646)/d,-12, d,=2195, d, =405,
d,=57.

7 PK-Fast-MPC 1, PCA FEAEAERL k 1168 B L R EE L RE S5 R MR . IR IR AN 55 AU P 4
£y 384 x 31, [ 5 AIEl 6 4 T AN &k BUA NRIERERSGE R, v B WA R 32 a8 k 0 SRR
M, St TR k BUE FRCFETE SRR, g 4 Bk, S5REW, k=40 1, EHERTHIRES
UFEREEZ I, (HAE 100 m 5280 HI) B Am 2, Ui PE4Ed 2 R BOCRAIASE B LK, dmsem
JEBURERTERE . 2 k=60l k =80 I, FREFHURA Pk, (HAE 100~150 m X[AMIAAAE—E R Hh
k=80 RHHRGHEVDN, UHHERE T HZHMEE. M2, Mk=100M k=120, REFHELSSEH
MEEAE S, HEAARREMEESF, KU YL 5 ViR e B IR B RGNS RHE. BT & B 100 #5K
2120 JEMEREIRTEA IR, PRI & =100 AT AL E -

Yref(X):
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Table 4. Average computation time for different values of &

%= 4. NEBVE k B9 F19i &Rt
k 40 60 80 100 120
TP IRHA]/ms 0.482 0.542 0.625 0.806 1.026
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Figure 5. Trajectory tracking effect under different PCA dimensions
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Figure 6. Diagram of solver solution time under different N, dimensions
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Figure 7. Diagram of trajectory tracking effect of the solver at 60 km/h
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Figure 8. Error plot of the solver at 60 km/h
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Figure 9. Diagram of solver solution time
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Figure 10. Tracking performance of the controller at 30 km/h
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Figure 11. Tracking performance of the solver at 90 km/h
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