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Abstract

To accelerate the development and implementation of high-level autonomous vehicles, scenario-
based virtual simulation testing has become crucial. Regarding virtual simulation testing for
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autonomous vehicles, its testing scenarios offer advantages such as diversity, repeatability, explain-
ability, and high generation efficiency. It serves as a core method for verifying the reliability and
safety of autonomous driving systems and has emerged as a research hotspot in the smart automo-
tive industry. This paper conducts an extensive review of automated test scenario generation meth-
ods, with a focus on the technical evolution of testing scenarios. It systematically outlines the devel-
opmental trajectory from basic element extraction to intelligent scenario generation, revealing the
technical characteristics and breakthroughs at each stage. To achieve the ultimate goals of automa-
tion and full coverage in scenario generation technology, future research should concentrate on:
constructing a high-dimensional risk estimation model based on key scenario parameter distribu-
tions to precisely identify potential hazardous areas; integrating multiple technical strengths to de-
sign a hybrid scenario generation framework that balances realism and efficiency; and combining
traffic knowledge, physical constraints, and surrogate model incremental learning to establish a
“generate-feedback-iterate” closed-loop mechanism. This will continuously enhance the coverage
and exposure of high-risk scenarios, thereby effectively supporting the verification and safety as-
surance of autonomous driving systems.
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Figure 1. Autonomous driving simulation test framework
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Figure 2. Timelines defined for various scenarios
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