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Abstract

With the continuous iteration of sensors and perception models, the perception capability of auton-
omous driving has been significantly improved. However, long-tail emergency scenarios on roads
and uncertainties in human-vehicle interactions remain bottlenecks for the deployment of high-
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level autonomous driving. This paper argues that the primary contradiction in autonomous driving
has shifted from shortcomings in perception hardware to insufficient cognitive robustness of the
decision-making and planning module, and the complex verification and testing system exacerbates
the risk of decision failures. Combining typical accident cases and industrial test data, the paper
analyzes inherent challenges from four perspectives: generalization to out-of-distribution scenar-
ios, interactions in mixed human-vehicle traffic, decision fault tolerance under perceptual noise,
and difficulties in system verification. It compares cutting-edge solutions including reinforcement
learning, world models, neuro-symbolic fusion, and vehicle-road collaborative assisted decision-
making. Finally, improvement strategies are proposed from the dimensions of algorithm architec-
ture, test verification and institutional support, providing theoretical support for enhancing the
practical reliability of autonomous driving decision systems.
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Table 1. Comparison of mainstream technical routes for autonomous driving decision and planning
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