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Abstract

Trajectory planning is a critical component for the safe navigation of autonomous vehicles, aim-
ing to generate collision-free and efficient trajectories in real-time within dynamically changing
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environments. To improve the computational efficiency of trajectory planning and the quality of
generated trajectories, this paper proposes a coarse-to-fine two-stage planning method based on
sampling-space-optimized coarse search and bidirectional gradient fine optimization. The method
first generates adaptive sampling spaces according to different driving scenarios, enabling efficient
exploration of possible trajectories through discretized coarse global search. Then, it performs bi-
directional gradient descent optimization in a continuous refined local space to fine-tune the tra-
jectory and minimize its cost. By leveraging this two-stage approach, the method not only acceler-
ates planning speed but also produces higher-quality trajectories, significantly enhancing overall
planning performance. Experiments demonstrate that compared to baseline methods, this ap-
proach reduces runtime by 16.1% and decreases total trajectory cost by 12.6%.
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Figure 1. Trajectory planning framework diagram
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Table 1. Safe following distance for vehicles

T FRRERFER

T8 % [X 8] (km/h) HEAFFRZEZE PR (m)
>100 >100
60~100 SRS (el
50~60 >50
40 & PAF >30

XM RS 2 MR R A 2 ProR. SRk BNEHTRAER,  REEAINECR e 4 % %
SYTURAS s BT SR S IR A 00 281 R A i % R IR A 4 B R e A BRME I, SRS R N A
W T — EIAERL R ARER, ARG FOR PR S8 A

IEARE

A

o

e IR I BE

Fo

v v

3

R RERG 520K

o
o

Figure 2. Diagram of vehicle condition conversion
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Figure 3. Schematic diagram of the sample space
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Figure 4. Quickly iterate on the search strategy flowchart
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Table 2. Comparison results of trajectory planning algorithms
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