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The increase in highly autonomous vehicles raises concerns about coexisting with conventional vehicles, cyclists, pedestrians or motorcyclists in particular. Implementing alternative safety measures like traffic conflicts is essential to ensure the successful integration of autonomous vehicles into existing traffic conditions. This study aims to improve this integration by assessing vehicles' responses to real-life risky interactions with motorcyclists. Critical interaction scenarios between autonomous vehicles and motorcycles were identified from accident databases, and three associated interaction situations were recognised in a Natural Riding Study. Using real data, scenarios were simulated for car-motorcycle interaction, and then autonomous vehicle detection process. The results emphasized issues related to motorcyclist behavior, potential autonomous vehicle reactions, difficulties in maneuver selection, and the importance of anticipating motorcyclist maneuvers. By simulating real-life scenarios and considering realistic speed values, interaction distances, and environmental context, this study provides relevant data to guide designers and contribute to safer integration of autonomous vehicles into existing traffic conditions.

Introduction

According to WHO 2015 (1), 1.2 million deaths are due to road accidents in the world, with a significant and worrying increase in developing countries. It is still an important issue for European countries, since after a significant improvement until 2013, with a decrease from 10.3 deaths per 100,000 inhabitants in 2010 to 9.3 in 2013, road mortality is stagnating in Europe, and is even increasing in France and Germany.

Research studies [START_REF] Fleury | Accident prototypical scenarios, a tool for road safety research and diagnostic studies[END_REF] have largely demonstrated that the causes of an accident are multifactorial: alcohol, speed, fatigue, attention, role of the infrastructure, vehicle default, etc. At the European level, on average 21.8% of road deaths are due to alcohol [START_REF] Vissers | Alcohol-Related Road Casualties in Official Crash Statistics[END_REF]. At the Ministerial Conference on Road Safety in 2017 (4), Member States made recommendations, advocating for example zero tolerance on speed and alcohol, but also the development of interoperable automatic and connected vehicle compatible solutions. This was also a recommendation of the Amsterdam Declaration in 2016 (5) and the Commission's Strategy on Cooperative and Intelligent Transport Systems [START_REF]A European strategy on Cooperative Intelligent Transport Systems, a milestone towards cooperative, connected and automated mobility[END_REF].

In the coming years, more and more vehicles with a higher degree of autonomy are likely to appear on the road. The questions raised by the cohabitation of increasingly automated vehicles with conventional vehicles and vulnerable users, cyclists, pedestrians and Powered Two-Wheelers (PTWs), are a concern of public decision-makers, manufacturers and specialists in road infrastructure, road safety, etc. The integration of automated driving technology into the current traffic ecosystem holds immense promise for reducing congestion, increasing overall transportation efficiency, and enhancing road safety. Pilet et al [START_REF] Pilet | Estimated crash avoidance with the hypothetical introduction of automated vehicles: A simulation based on experts' assessment from French in-depth data[END_REF] estimated that a reduction of approximately 60% of injury crashes and fatal crashes could be expected by replacing all light vehicles (LVs) on the roads in France with Autonomous Vehicles (AVs), based on a national database of all fatal crashes (8) and 5% of injury crashes observed in France in 2011. The authors conclude that even if all LVs were replaced by Level 5 vehicles [START_REF] Czech | Autonomous vehicles: basic issues[END_REF], not all problems would be solved, especially for crashes involving motorcyclists, bicyclists and pedestrians.

The constraints associated with crash data and methods centered around crash occurrences have spurred the exploration of alternative safety metrics, such as traffic conflicts [START_REF] Zheng | Traffic conflict techniques for road safety analysis: Open questions and some insights[END_REF]. In some instances, researchers have adopted traffic conflicts as a safety measure [START_REF] Zheng | Modeling traffic conflicts for use in road safety analysis: A review of analytic methods and future directions[END_REF]. It is therefore very important to test autonomous vehicles under all real-life conditions. The successful implementation of autonomous vehicles depends on their ability to manage complex and potentially dangerous interactions with different road users, including vulnerable groups such as motorcyclists.

This study aims to contribute to a safer integration of autonomous driving technology within current traffic conditions, with a specific focus on addressing potential risky interactions with motorcyclists. By analyzing conflict scenarios between conventional vehicles and Powered Two-Wheelers that have frequently led to accidents, critical interaction situations were identified using a Naturalistic Driving and Riding Study database. Notably, these interactions were skillfully managed by human drivers, preventing accidents. However, the question arises: can autonomous vehicles handle such situations as effectively? Furthermore, are these situations risky for both AVs and PTWs? Such critical situations will be kinematically reconstructed to provide objective information on speeds, trajectories, and maneuvers of the vehicle involved. Moreover, simulating the LV's detection of the PTW in these situations will offer insights into the AV's interdistance from PTWs and potential courses of action.

Material and methods

Potential future critical interaction scenarios between AVs and PTWs were identified based on accident databases and Naturalistic Riding Studies [START_REF] Mignot | Automated vehicles and road safety: first results of the surca project. Road & Rail transport saftey : some examples from the international experience and implication for China[END_REF]. Among these scenarios, two predefined scenarios were selected for being particularly challenging for AVs, frequently encountered during normal driving, often leading to incidents and potentially requiring decisive human intervention to avoid accidents.

Data from Naturalistic Riding Study

The first step consisted in exploiting the DYMOA database [START_REF] Naude | Road riding hazardous situations for motorcycles. 7thTransport Research Arena[END_REF][START_REF] Naude | Real use of vehicle dynamic capacities: Motorcyclists versus motorists[END_REF] to extract critical interactions. The DYMOA project is based on the instrumentation of a fleet of 32 vehicles (26 PTW and 6 cars) using Event Data Recorders and front-facing cameras. The collection, lasting one and a half years, extended over 3 departments in France, consisted of recording vehicle journeys, incidents detected when vehicle dynamic demands thresholds were exceeded, and passages over predefined areas of interest such as accident-prone areas and specific layouts.

During these situations, vehicle dynamics and driver behavior were recorded for at least 45s, 30s before the event/incident is triggered, or entry into the area of interest, and 15s after. The data recorded are GPS speed and trajectory at a frequency of 1 Hz, longitudinal, lateral and vertical accelerations and roll, pitch and yaw rates at a frequency of 100 Hz. The context outside the vehicle was collected through a video recording of the scene in front, with a resolution voluntarily degraded in order to have a good idea of the context (interactions with the other users, configuration of the road, surface condition and visibility) but without possibility of identifying the pedestrians and license plates.

Three critical situations were selected in the DYMOA database thanks to the videos, with an interaction between a Light vehicle (LV) and a PTW corresponding to the two predefined scenarios. The time when the situation occur in the recording is independent of the dynamic or geographical triggering.

Reconstruction of the interaction

The second step consisted in reconstructing the interaction situation between the PTW for which we have real data and the interacting car for which we do not have any direct kinematic data recorded. The evolution of the latter is however visible on the video. The simultaneous evolutions of the interacting vehicles are simulated and then in a second time the detection of the PTW by the AV.

The data used for the PTW are its GPS coordinates and speed, and its longitudinal acceleration. The GPS trajectory of the PTW is repositioned on a Google Maps. Any other stopped vehicles can be added on the map if they have played a role in terms of visibility masking.

The vehicle is positioned at the moment when the two vehicles are closest to each other, using external landmarks such as trees and road signs, and a visualization of the place thanks to Google Earth or Google Street Maps. The trajectory and speed of the light vehicle over time are then estimated from its evolution visible on the video, before and after the moment of closest interaction.

Simulation of the detection by the AV

The third step involves numerically simulating the same situation, treating the LV as if it were an AV, capable of detecting the presence of the PTW and assessing the criticality of the interaction, which the real-world driver successfully managed.

The reconstructed interaction situation is reenacted with an AV equipped with a system able to detect other road users. The detection system is modelled by a cone in front of the AV, and possibly another one behind. These detection cones model classical cameras. A range of 30 m and a field of view of 25° on either side of the vehicle axis (i.e. a global view angle of 50°) were used for demonstration purposes (Figure 1). The two vehicles are modeled by rectangles and the evolution of the 4 corners and the center of the rectangle-PTW is tracked over time. The PTW is considered detected when at least 3 of the 5 points are within the detection cone 

Results

Case 1

The scenario illustrated in Figure 2 involves a PTW "B" overtaking a vehicle and encountering another Light Vehicle "A" approaching from the opposite direction. In this situation, the motorcyclist exits a roundabout, overtakes other vehicles, and end up in front of the Light Vehicle A while still overtaking. Vehicle A flashes its headlights, moves a little closer to the roadside and slows down to allow the PTW to pass. The motorcyclist is still in the middle of the road when they pass, as he is about to overtake a pickup truck. His trajectory (Figure 3) and images from the video in front of the motorcycle illustrate key moments in the interaction (Figure 4). The recorded velocity and longitudinal acceleration of the PTW are plotted (Figure 5) with a focus on the interaction situation between 12 and 20s. At the height of the interaction with the oncoming car, around 17-18s, the motorcyclist brakes moderately as indicated by a peak of negative longitudinal acceleration near -4 m/s². The use of the PTW kinetic data and the analysis of the video allowed to estimate the most probable scenario among several hypotheses of approach speed and deceleration of the antagonist LV, and to simulate the entire interaction situation in adequacy with the actual driving sequence. The simulation was replayed with a detection cone in front of the car. It was assumed that the AV behaved similarly to the LV in the real situation, slowing down and shifting to the roadside. The PTW is detected late by the AV, primarily due to its high speed. The spatiotemporal evolution of the two vehicles during the last 4 seconds before the interaction and one second after is given in Figure 6. The PTW is detected only 0.7s before the close interaction. In this situation, if the AV detects the motorcycle only 0.7s before the risky interaction, it has little time to react. In the real situation the LV has anticipated the risk before, at least 3s before, and has made a double maneuver to minimize the risk of accident. If the AV can't anticipate as much, slow down and get close to the right as a precaution, or even alert the motorcyclist with headlight calls, it may have to react more abruptly. On the other hand, its deceleration should be as limited as possible to avoid surprising the following vehicle if any. This example raises the issue of distance detection.

Case 2

This interaction situation also corresponds to the scenario represented by the pictogram in Figure 2. The PTW overtakes a line of vehicles stopped at a traffic light at an intersection. On the opposite side, a passenger car starts at the traffic light ahead of the same intersection. As they enter the intersection, the vehicles are facing each other and the motorcyclist quickly pulls over to allow them to pass. The car had no particular reaction, except perhaps to slow down (Figures 7 and8). The measured speed and longitudinal acceleration are shown in Figure 9. The interaction occurred between 15 and 25s. Using kinetic data from the PTW and analysis of the video, it was possible to validate the most likely scenario among several hypotheses for the start of the vehicle stopped at the traffic light, and to simulate the complete interaction situation. The simulation was then replayed with a detection cone modelling a detection system on the LV transformed into an AV. The same instants are shown in Figure 10. The spatiotemporal evolution of the two vehicles over the last 4 seconds before the interaction and one second after is shown in Figure 11. The PTW is detected about 1.7s before the vehicles are closest. In this situation, the AV can choose to do nothing because the motorcyclist manages the interaction independently. However, the AV must be certain about this decision.

Case 3

This situation corresponds to another scenario, illustrated by the pictogram in Figure 12. A vehicle B, in this case the PTW, is moving up the car lanes and is confronted by a vehicle A, in this case a car, which is changing lanes to the left just ahead. The PTW is stopped at a traffic light in a dense urban environment. It starts off, moving up a line of vehicles at low speed, approaching an intersection governed by traffic lights. The motorcyclist wants to overtake a passenger car, but the latter has put its left turn signal on. The motorcyclist waits it to change lanes and then finally passes him on the right. The trajectory (Figure 13) and images taken from the video of the PTW illustrate the key moments of the interaction (Figure 14). The measured speed and longitudinal acceleration are shown in Figure 15. The interaction occurred between 16 and 28s. This recording was triggered by the motorcyclist passing through a zone of interest just beyond the point of interaction. The motorcyclist brakes moderately at around 20s, with a maximum deceleration of -3 m/s². His speed is reduced from 38 km/h to 20 km/h, then he accelerates again. Once the PTW trajectory has been placed on the map, the kinematic evolution is known. The video and visual context markers enable the car to be repositioned at several key moments. Its kinematic evolution is then reconstructed step by step; the car's speed and trajectory are thus calculated. As the two vehicles follow each other for a long time, this reconstruction is fairly reliable.

The simulation was replayed with two detection cones at the front and rear of the LV, now considered as an AV. Indeed,the PTW is approaching from behind the car and is riding between two lines of vehicles, making detection only possible from the rear. The PTW is detected quite early, as the two vehicles stay behind each other for a long time, with the motorcyclist waiting for the car to complete its maneuver before overtaking. The spatiotemporal evolution of the two vehicles over the last 10 seconds before interaction and one second after is shown in Figure 16. The PTW is detected by the rear cone 7.5s before the point of maximum interaction and up to 1.5s before the closest distance. It is no longer detected when it gets so close that it is not in the rear cone. It is detected again after the VL lane-change maneuver, in the last part of the motorcycle's overtaking on the right. This interaction is quite complex. The car driver may have delayed his lane change to be sure that the motorcyclist had taken his wishes into account and was not continuing to move up the lane. Detecting the presence of the PTW behind is not enough to decide not to change lanes.

Conclusion

This study investigated critical interaction situations between light vehicles and motorcycles to gain valuable insights into the challenges and risks associated with autonomous driving. While human drivers can typically manage these situations in accordance with behavioral norms of light vehicle users towards PTWs, AVs may encounter challenges in such interactions. The results highlighted issues concerning motorcyclist behavior, potential AV reactions, the difficulty of maneuver selection, and anticipation of PTW maneuvers.. Particularly critical situations involving overtaking maneuvers, lane departures, and intersections were identified.

By exploring and simulating real-life interaction cases, this study generated relevant data that can guide autonomous vehicle designers. Realistic speed values and interaction distances were carefully considered, while accounting for the actual environmental context and infrastructure. These findings will contribute to further recommendations for the successful integration of AVs into existing traffic conditions. It is worth noting that there are complex driving situations that might be challenging for the AVs to manage [START_REF] Mignot | Automated vehicles and road safety: first results of the surca project. Road & Rail transport saftey : some examples from the international experience and implication for China[END_REF]. For instance, anticipating traffic slowdowns beyond an oncoming vehicle may require the AV to reduce speed differentials and increase safety distances. Understanding the challenges and risks associated with autonomous driving in such scenarios is crucial to refine AV algorithms and create safer road environments for all road users.
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