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Intelligent Vehicle Trajectory Planning Based on Spatio-temporal Risk Fields

KONG Huifang WANG Chenshun  ZHANG Qian"  LIU Tiankuo

School of Electrical and Automation Engineering, Hefei University of Technology, Hefei , 230009

Abstract: Aming to describe and avoid different dimensions of risks faced by intelligent vehicles, a
two-layer trajectory planning method was proposed based on spatio-temporal risk fields. Traffic elements
were divided into abstract elements and concrete elements, the spatial-temporal risk fields of abstract ele-
ments based on Gaussian distribution function and concrete elements based on spatial vector were estab-
lished respectively to represent the environmental risks faced by intelligent vehicles in three dimensions:
vertical, horizontal and temporal. Additionally, the trajectory planning problem of intelligent vehicles was
divided into path and speed dual planning problem. The longitudinal-lateral dimension risk and longitudinal-
temporal dimension risk were accordingly applied to dynamic planning cost function. Then, the path and
speed with the comprehensive lowest cost were calculated s and combined with quadratic programming algo-
rithm, the path and velocity were further optimized to obtain the final trajectory. Simulation results demon-
strate that the proposed methodology may effectively characterize spatio-temporal driving risks across di-
verse scenarios while generating constraint-satisfying trajectories, thereby significantly enhance road driv-
ing safety.
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Fig.1 Trajectory planning architecture based on spatio-temporal risk field
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Fig.2 Schematic method of spatio-temporal risk field

modeling of abstract elements
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Fig.3 Spatio-temporal risk field of abstract elements
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Fig.4 Plots spatio-temporal trajectories
2) R RAZINIE b ) — 5d P AE I 25 o B AR Y
S« 5 7E 1L P AR AE — P47 T oy - 1 19 1 @
WP SRR o ak B R P A AR U e
D) 1] 77 ) B AL AT A B T o B B (]
N Ls U PA DT I B 10) 898 0 Loy o PA 0532 51
o b s ALE o BRI IC N G B i PBUT ]
(18] 510 Lo PRI P A
B&a LA,;J_C(}
L,./a P€a

A R T T o 5 1 oxy AT oxy

7'y

(2)

o

5 MEHEYTmESRHBLHE
Fig. 5 Tangent vector and projection rendering of

spatio-temporal trajectory
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Fig.7 Spatio-temporal risk field of concrete elements
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Fig.8 Schematic diagram of spatio-temporal risk field
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Fig.12 Spatio-temporal risk of straight-line

driving scenario
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Fig.14 Velocity result curves(scene 1)
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Fig.15 Acceleration result curves(scene 1)
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Fig.16 Driving scene at an intersection without

traffic lights
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