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Abstract

In complex traffic environments, accurately establishing a driving risk model and quantifying risk
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distribution is crucial for assessing the safety of autonomous driving, and it also serves as the foun-
dation for the system to achieve human-like decision-making. However, existing risk field models
still have deficiencies in handling the coupling of multiple risk factors and adapting to dynamic sce-
narios. To address this, this study proposes an improved driving risk field model that integrates
multi-source risk factors. This model constructs a dynamic interactive risk field and a static con-
strained risk field, successfully transforming driving risks into quantifiable spatial distribution
field intensities. Subsequently, this study deeply embeds this model into the lane-changing deci-
sion-making framework of autonomous driving. The system is capable of completing real-time risk
assessment and path optimization at the decision-making level, effectively addressing lane-chang-
ing demands in complex scenarios. Finally, simulation experimental results show that the improved
model can significantly reduce the probability of vehicle collisions and effectively enhance driving
efficiency. This study provides a solution for autonomous driving decision-making and planning
that combines safety and robustness.
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Table 1. Factors to consider in two types of risk fields
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Figure 1. Comparative visualization of risk field topology under static and high-speed mation states
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Figure 2. Schematic diagram of a two-way four-lane mixed traffic scenario configuration
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Table 2. Configuration of vehicle parameters in simulation scenarios
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2 Ego car 4.400 1.90 1350 (60, 42) 20
3 SUvV 4.950 2.00 2100 (110, 38) 22
4 Car 4.200 1.70 1150 (30, 42) 28
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Figure 3. Thermodynamic diagram representation of unified risk potential intensity under complex traffic environment
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Figure 5. Schematic diagram of static risk field distribution under ideal straight track scenario
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Figure 6. Schematic diagram of static risk field distribution in a curved road scenario
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Figure 7. Fifth-order polynomial programming trajectory cluster
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Figure 10. Simulation experiment results of obstacle avoidance in single lane
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