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On-board data collection and road safety diagnosis
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Due to a decrease in crashes involving cars in occidental countries, accident data are nowadays more diffuse and often not sufficient to focus on road unsafety spots, to understand crash patterns and causes, and to know how to prevent them. The first objective of the Naturalistic Driving Study conducted in France and presented in this paper is to obtain knowledge about the vehicle dynamics as well as the drivers' behavior and to put figures on the real use of cars dynamic capacities by drivers. The second objective is to scale up road safety diagnoses applied on a regional road network scale in order to orientate the local policies priorities.

Material and methods

The SVRAI project (Saving Lives through Road Incident Analysis Feedback) was initiated in 2012 in France by the French Government. In a first experiment, a specific Event Data Recorder (EDR) called EMMA was implemented on 46 passenger cars of public fleets located in three different regions of France to acquire data during 12 months. The aim was to detect some critical driving situations, called incidents, in which the vehicle endures high dynamic demands in longitudinal, lateral or combined directions. The device records especially the speed at 1 Hz and the accelerations at 100 Hz during the 30 seconds before and the 15 seconds after the trigger [Naude & al. 2017a]. In addition, it records the trajectories and aggregated dynamic parameters of driving (Concept of "Travel Synthesis" [START_REF] Naude | Vehicle dynamics data collection to characterize the drivers' behavior[END_REF]). These data were used to get a better understanding of vehicle dynamics and drivers' behavior, through the analysis of how accelerations and operating speeds are distributed. The study focused on the time spent with medium or high demands, in longitudinal direction (accelerations / braking) and in lateral direction (cornering).

The road safety diagnosis is based on a field survey on-site. Experts of the road network inspected the road sections concerned and collected reference trajectories and operating speeds thanks to an instrumented vehicle. They estimated if the road infrastructure played a role in the happening of the incident, especially if the defect or failure was due to an improper road design, a lack of maintenance or an inconsistency of the road signing [START_REF] Ledoux | Using event data recorder to detect road infrastructure failures from a safety point of view[END_REF].

Results

In one year, the first experiment enabled to collect 3052 journeys and 339 incidents for a travelled distance of 116 000 km and 1507 hours of driving, meaning that one incident occurred every 340 km or 5 hours of driving.

The drivers rarely endured high levels of longitudinal and lateral accelerations (Fig. 1). For example, they exceeded 2 m/s² only 1% of the time in acceleration and 1.5% of the time in deceleration. Beyond 3 m/s², the proportions fall respectively to 0.2% and 0.3% of the time. They spent 13% of the time under 10 km/h and quite the same proportion beyond 130 km/h. The data were also relevant to differentiate the drivers' behaviors [START_REF] Naude | Vehicle dynamics data collection to characterize the drivers' behavior[END_REF]. The road safety diagnosis was conducted especially in the Seine-Maritime Department, with 24 of the 46 equipped vehicles. Equipped vehicles travelled almost 35 000 km on the department road network. In one year, this traffic generated 62 incidents (Fig. 2). The infrastructure was involved in almost 31% of the incident. The experts focused on ten cases, suggested some corrective actions or modifications of the layout, such as the moving of a bus stop or the clearing of road signs, which were planned in the following months by the road manager of the Department. The results show that data collection of aggregate accelerations is useful to characterize the drivers' behavior, which is essential for a better understanding of the occurrence of crashes. The incident collection and analysis generated by the SVRAI fleet of instrumented vehicles are relevant for the road safety diagnosis. The global process could also contribute to the training of the road safety actors.

A second stage of this project has been ongoing since December 2018 using a dedicated smartphone and a specific application with quite the same features as the EMMA device.

Other regional authorities are interested in this innovative approach and the process is being transferred to two private companies to be expanded in other French Departments.
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 1 Figure 1 -Distribution of accelerations and speed levels for the whole fleet in the first stage of SVRAI
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 2 Figure 2 -Map of the SVRAI traffic and incidents in the Seine-Maritime Department