SS - Special Session | Abstract (and subsequent Paper)

SS - (27763) - TOWARDS SAFE DEPLOYMENT OF AUTONOMOUS VEHICLES: RESPONSIBILITIES,
HAZARDS, AND METRICS IDENTIFICATION BASED ON STPA METHODOLOGY

Cheng, Tingting (United States of America)'; Correa-Jullian, Camila (United States of America)’; Singh, Siddhant (United
States of America)’; Mosleh, Ali (United States of America)'; Ma, Jiagi (United States of America)'; Stewart, Theresa (United
States of America)’

1 - University of California Los Angeles

The autonomous vehicle (AV) industry has advanced substantially since the California Department of Motor Vehicles
(DMV) launched its AV testing program in 2012. As developers expand towards commercial passenger services, key
methodological and practical challenges remain in systematically assessing and monitoring the safety performance of AV
fleets. In the U.S., AV developers primarily report limited incident metrics and offer little insight into how risks may evolve
as AV fleets scale. This limits the ability of state and local regulators to make informed decisions about AV integration
within complex urban traffic systems. Therefore, developing safety-centric tools to support jurisdictions in monitoring and
assessing the safety performance of AV fleets is key.

This work proposes System-Theoretic Process Analysis (STPA) and semi-quantitative risk scales to identify, model, and
rank safety-critical interactions between AV fleets and other road users to elicit more comprehensive operational safety
metrics. We apply STPA to examine AV fleet functions across deployment stages and capture interactions with human
agents, identifying hazards that arise from unsafe control actions (UCAs) capable of leading to system-level losses such as
increased crash risk or delayed emergency response.

The STPA process includes defining system-level hazards and constructing a functional control structure that maps
interacting entities (e.g., AVs, human-driven vehicles, remote operators), their responsibilities (preventive and mitigative
controls), the control actions they exchange (e.g., remote interventions), and the associated feedback mechanisms (e.g.,
environmental data shared with operators). UCAs are identified by analyzing these control actions in relevant operational
contexts and grounding them in available operational and incident data. Finally, we develop causal scenarios for the
identified UCAs, which directly inform measurable, risk-driven safety performance metrics. Outputs include a functional
control and interaction model of a generic AV fleet, a structured catalog of UCAs and associated hazard scenarios, and
derived metrics linked to system safety objectives.



