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Abstract:

Experimentation in real environment is the most appropriate means to understand cyclist's behavior and evaluate cycling safety (Shoman et al., 2023), but it not always the most appropriate method, due to its costs, uncontrolled variables and risks facing cyclists.

In contrast, simulators allow to detect the behavior of cyclists and other road users in various riding situations, while controlling variables at play and avoiding the risks associated with a real environment (Shoman et al., 2020), however, simulator studies are valid as far as they provide results generalizable to real-world situations. This study aims to compare between riding a bicycle simulator and cycling on real road, to validate the simulator from physical, subjective, and behavioral aspects.

We instrumented a city bicycle with a tri-accelerometers, IMU, GPS, potentiometer to measure the steering angle, a laser scanner, pedaling power meter, speed, and cadence sensors as in Figure 1. In addition to a mobile eye tracker wore by the cyclists. After the instrumentation and calibration of the sensors, an experiment conducted in the city of the Stockholm using the instrumented bicycle.

22 cyclists participated in this experiment riding the bicycle on pre-determined route of 3.6 km, the route was divided into 3 zones: zone 1 consists of a mixed traffic street with 30 km/h speed limit without separate cycling lane; zone 2 consists of an on-street separate cycling lane without physical barrier for most of it and a shared bicycle-bus lane for the rest; and zone 3 consists of shared pedestrian-cyclist way between tress and parking lots, the surface condition was a mix between snow and ice and 6 participants repeated the experiment on dry to wet surface. After the cycling task finished, the participants completed a questionnaire in regard to their evaluation of cycling safety and comfort, besides, the signals from the sensors were logged for analysis.

The same experiment was reproduced in PICS-L bicycle simulator in Paris [START_REF] Shoman | Bicycle Simulator Improvement and Validation[END_REF] by building a virtual environment of the experiment route in Stockholm. 31 cyclists rode the simulator for around 1.8 km; the same questionnaire was answered, and the same signals were collected. The results from both experiments were then analyzed and compared.

The data analysis of the sensors output for both the instrumented bicycle and the bicycle simulator show that the average moving velocity for all participants on icy/snowy surface is 12.45 km/h, 15.73 km/h on dry/wet surface, and 14.34 km/h for the bicycle simulator. While the average maximum speed recorded is 20.2 km/h on snowy/icy surface, 24.4 on dry/ wet surface and 22.9 km/h on the simulator. The average normalized power is 121 W on icy/snowy surface, 187 W on dry/wet surface and 63 W on the bicycle simulator. The analysis of the questionnaire of the real-life experiment shows that 13 cyclists (59%) felt safer on zone 3 of the experiment route due the physical barrier separating between cycling path and other vehicles, 17 cyclists (55%) choose the same zone on the simulator according to the same reason. 17 cyclists (77%) felt they consumed more power on zone 1 due to the steep slopes of the street, while on the simulator, 13 cyclists (42%) felt they consumed the same power during the experiment, while 7 of them (23%) felt they consumed more power in zone 3, as it was the end of the experimental route.

The experimental data of both the instrumented bicycle and the bicycle simulator was studied and analyzed, the comparison between the results shows that the virtual velocity of the bicycle simulator is 10% lower than cycling in real conditions when the surface is dry/wet; this difference increases to 15% faster than cycling on snowy/icy surface. The results also show that the average power consumed on the simulator is lower by 52% comparing to snowy/icy and by 52% when comparing to dry/wet surface conditions.

The subjective evaluation of safety for different traffic zones shows quite similar results: in reality, 59% of cyclists chose zone 3, while in simulation 55% of them chose the same zone. One of the perspectives of this research could be creating different routes and scenarios to test them on the simulator to evaluate cycling safety and establish recommendations to improve it.
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 1 Figure 1. The instrumented bicycle used to conduct the on-road experiment in Stockholm (to the left) and the bicycle simulator used in the in-lab simulation (to the right).
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