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Abstract : As autonomous driving technology advances, systematic analysis of on-road operational data has become a
crucial part of system safety evaluation. This study collected autonomous vehicle disengagement reports submitted to the
California Department of Motor Vehicles (CA DMV) from 2015 to 2024 and analyzed the causes and situational
characteristics of disengagements from a human-machine interaction (HMI) perspective. An integrated dataset was
constructed from 763 reports, and disengagement causes were standardized into three primary categories: driver, system, and
environment. Longitudinal trend analysis over the 10 years revealed that large-scale reporting by a specific manufacturer in
2018 served as an inflection point in the overall data; however, when this outlier was excluded, system-related factors
accounted for approximately 72.8 %, underscoring the need for further improvement in technological maturity. Notably, the
finding that 69 % to 88 % of all disengagements were initiated by proactive interventions from safety drivers suggests that
future HMI design should focus on building user trust and providing anticipatory information. Additionally, the case of Tesla-
widely perceived by consumers as synonymous with autonomous driving yet classified as a Level 2 driver assistance system
and thus exempt from CA DMV reporting obligations, highlights a notable discrepancy between public perception and
regulatory classification of autonomous driving technology. This study aims to provide foundational evidence for user-
centered autonomous driving safety evaluation through a multifaceted analysis grounded in on-road data.
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