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ABSTRACT

This study compares the Forward Collision Warning (FCW) characteristics of product vehicles under critical 

cut-in scenarios. In urgent cut-in events, a target vehicle intrudes into the ego vehicle lane with limited safety 

margin, making FCW activation timing an important factor in safety assessment. In addition to warning timing, 

vehicle response under collision-critical Time-To-Collision (TTC) conditions was also examined to interpret the 

safety implications of FCW intervention. Real-vehicle tests were conducted under controlled conditions with 

predefined vehicle speed, relative longitudinal position, and target vehicle trajectory. The FCW activation point 

was identified for each test, and warning characteristics were analyzed using TTC, relative distance, relative speed, 

and elapsed time from cut-in initiation. The tests were further evaluated under collision-critical TTC conditions to 

examine vehicle response in highly urgent cut-in situations. The results showed that the two vehicles exhibited 

similar tendencies in FCW activation timing under equivalent cut-in conditions, while differences were observed 

in overall response behavior under more severe situations. These findings suggest that comparable warning timing 

does not necessarily imply identical safety response characteristics in urgent cut-in events. This study provides 

comparative real-vehicle data on FCW intervention characteristics and their relationship with vehicle response in 

critical cut-in scenarios, and may support the development of scenario-based evaluation procedures and safety 

metrics for advanced driver assistance systems.
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ABSTRACT

This study investigates the deceleration decision mechanisms of autonomous vehicles in highway cut-in scenarios 

using repeatedly conducted full-scale track test data. Experiments were performed using two commercially 

available autonomous vehicles equipped with different collision avoidance systems: a vision-based perception 

system primarily relying on a forward camera and a radar-based sensor-fusion perception system. Time-series 

vehicle dynamics prior to deceleration were analyzed using a Long Short-Term Memory (LSTM) model to capture 

the temporal evolution of collision risk. Interpretable tree-based models were then applied to reconstruct the 

deceleration decision process as explicit decision rules. In addition, the tree-based models were used to identify the 

relative importance of key vehicle dynamics variables influencing deceleration decisions. The results reveal 

distinct decision characteristics between the two vehicles. The sensor-fusion-based vehicle initiates deceleration 

after the cut-in vehicle enters the ego lane and the longitudinal collision risk, represented by Time-to-Collision 

(TTC), exceeds a certain threshold. In contrast, the vision-based vehicle responds more sensitively to the 

magnitude and rate of change of lateral intrusion and tends to trigger deceleration earlier, even before the cut-in 

vehicle fully enters the ego lane. These findings indicate that deceleration decisions in cut-in scenarios are not 

determined by a single instantaneous metric but are formed through the spatiotemporal evolution of collision risk 

and differ depending on each vehicle’s perception strategy. This study provides an interpretable analysis of 

deceleration decision mechanisms in black-box autonomous driving systems based on real-vehicle experimental 

data and offers a quantitative approach for scenario-based safety evaluation.
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Waymo Open Dataset을 활용한 심리적 안전 마진 기반 
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ABSTRACT

The advancement of autonomous driving technology has heightened the need to ensure not only physical safety but 

also the psychological safety of human drivers in mixed traffic environments. Existing interaction safety metrics, 

such as Post-Encroachment Time (PET), provide thresholds for physical conflicts but fail to reflect the 

psychological safety of manual vehicle drivers interacting with autonomous vehicles. In this study, psychological 

safety is defined as a state in which a manual vehicle driver does not feel anxious due to the behaviour of the 

autonomous vehicle, and we propose that interaction safety evaluation criteria must complement existing physical 

safety indicators by incorporating psychological safety. Accordingly, this study proposes a methodology for 

assessing autonomous vehicle–manual vehicle interaction safety based on the Psychological Safety Margin (PSM), 

defined as the speed range within which an autonomous vehicle can pass through an intersection whilst ensuring 

the psychological safety of the human driver. PSM comprises the preemptive threshold speed—the minimum speed 

required when the autonomous vehicle passes first—and the yielding threshold speed—the maximum speed 

required when it yields. A speed within the PSM range ensures psychological safety, whereas a speed between the 

two threshold speeds indicates it is not ensured. A Psychological Safety Score (PSS) was computed by scoring the 

proportion of driving time satisfying the PSM relative to total driving time, and utilised as an interaction safety 

assessment index. The proposed methodology was applied to the Waymo Open Dataset, and the results 

quantitatively demonstrate differences in psychological safety levels across intersection types and interaction 

scenarios. The methodology proposed in this study can contribute to establishing psychological safety evaluation 

criteria for improving the social acceptability of autonomous driving technology, and is expected to support the 

assessment of autonomous vehicle driving performance and the development of speed management strategies 

accounting for the psychological safety of road users.
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ABSTRACT

As autonomous driving advances, public transit passenger safety—particularly preventing internal falls in 

autonomous buses—remains insufficiently addressed. Current fall prevention evaluations rely on treating 

longitudinal (braking) and lateral (steering) accelerations independently or combining them via simple 2D planar 

calculations. This study analyzes the non-linear effects of 3D load transfer on passenger fall risk during complex 

evasive maneuvers using PC-Crash simulation to identify dynamic errors in conventional 2D logic. Assuming 

urban speeds (30–80 km/h), single braking, single steering, and combined maneuvers were simulated using a 

PC-Crash dynamics model. Pure horizontal (XY) accelerations were derived by excluding vertical gravitational 

acceleration (9.81 m/s²) from 3-axis absolute data. The theoretical 2D mathematical sum of single maneuvers was 

cross-compared with 3D combined maneuver measurements against an elliptical boundary model-based fall 

threshold. While 2D calculations predicted combined accelerations would remain safely below the threshold, 3D 

simulations demonstrated that superimposing pitching and rolling caused dynamic amplification. The resultant 3D 

acceleration peak exceeded 2D calculations, eroding the safety margin and risking a threshold breach. This 

physical evidence highlights critical blind spots in 2D safety logic. In conclusion, collision avoidance logic for 

autonomous buses must incorporate 3D dynamic physical limits, including suspension behavior, rather than 

relying on simple mathematical margins.
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ABSTRACT

As the commercialization of autonomous vehicles equipped with End-to-End (E2E) AI technology progresses, 

in-service safety monitoring and continuous risk response have emerged as critical challenges, spanning from 

Level 2+ to Level 4 automation. Due to the inherent “black-box” nature of deep learning models, there is an urgent 

need for a standardized evaluation system to identify and quantitatively manage functional insufficiencies from the 

perspective of Safety of the Intended Functionality (SOTIF) in real-world environments. This study proposes a 

safety requirement-based monitoring methodology to continuously evaluate the in-service safety of autonomous 

vehicles by identifying SOTIF triggering conditions using real-road driving data.

The methodology first derives Unsafe Control Actions (UCAs) through System-Theoretic Process Analysis 

(STPA) and establishes detailed hierarchical safety requirements, such as the timeliness of transition demands and 

the stability of control handovers. Subsequently, it quantitatively defines triggering segments that cause sensor 

perception limitations by extracting Operational Design Domain (ODD) parameters from collected real-road 

driving logs. Finally, it systematically manages post-deployment risks by analyzing whether system behavior in 

the identified triggering scenarios continuously satisfies the established safety requirements.

The framework proposed in this study serves as a foundational technology applicable to certification processes for 

both Level 2+ and Level 4 autonomous systems, providing objective verification metrics for in-service audits by 

regulatory bodies. Furthermore, it provides manufacturers with a practical framework to continuously update 

safety arguments based on real-world data and proactively manage potential risks.

This work is supported by the Korea Agency for Infrastructure Technology Advancement (KAIA) grant funded by 

the Ministry of Land, Infrastructure and Transport (Grant code RS-2021-KA162182).
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