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Background

Micro-mobility in its different forms (walking, bike, e-scooter) is sustainable and healthy but
also the most vulnerable mode of transport in urban mobility. E-scooter is a new mode of
mobility that is in a relative unique position where they are small enough to negotiate pedestrian
traffic, yet fast enough to travel on roadways. Today, the e-scooter is showing high increase in
the both number of users and crashes, with the highest accident rate of 2.07 accident/100.000
km in the shared mobility system.

Aim

Compared to the other mode of transport, the micro-mobility vehicles suffer of a "digital divide"
in terms of availability of technologies and sensors on board, often limited only to the
smartphone capabilities. That limits the opportunities for high dimension and quality data
collection and analysis. In such framework, we designed a multi-sensor data acquisition system
to be installed on bicycles and e-scooters. An experimental test was carried out to collect data
from users riding bicycle and e-scooter in shared paths with also pedestrians.

With the developed system and collected data, we want to answer multiple questions about
riding behavior, visual attention and workload: which objects are focused on most and how
distracting are advertisements in rider’s field of view (FoV) of the road environment, how those
affect the riding behavior.

Method

A hardware architecture and processing system have been designed and developed which acts
as a data logger for different types of sensors. The system is modular and allows to acquire and
synchronize high-frequency data of driving dynamics (GNSS/INS), driver visual attention (eye
tracker) and workload (EEG, HR), Field of View (FoV) around the vehicle (180° cameras).

In contrast to existing works, we are presenting a visual analytics-based approach to identify
patterns in the field of view of rider’ by fusion of eye glaze (using eye tracker) on video images
of the riders’ FoV in the context of riding speed and trajectory. The application of advanced
computer vision techniques on video stream together with the gaze estimation allow to develop
a pipeline capable of extracting the semantic components of the scene and therefore obtaining
a corresponding sequence of the fixated components over time. Proportion of fixations and
fixation time are assumed as a proxy of visual attention. Thus, the relative frequency of fixation
has been used to rank those elements that draw cyclist attention. In addition, the data provided
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by the high frequency GNSS/INS sensors make possible to track location, speed and trajectory
of the vehicle.

Experimental Results

We conducted an experiment, in which a panel of participants had to follow a selected track -
exclusive or shared with pedestrians in an urban area in Poland. Test riders were not informed
about the purpose of the research but only about the working principles of the equipment and
the route to ride on.

We collected eye movement and trajectory data as well as a video recording to enable a holistic
analysis of riders’ behavior during an encounter with a pedestrian or another road user. When
investigating eye movement data in real-world road and traffic situations, we had to define a
high number of Areas of Interests (AOIs) and components of the scene. Therefore, we use the
FoV in front of the vehicle as reference image for mapping eye movement data onto AQOls and
classified semantic components. The results showed that the explorative analysis with multiple
data streams leads to an efficient overview of the collected data.

Conclusion

E-scooter and cyclist riders are vulnerable road users and their safety is a serious issue to be
addressed. The study of visual gaze correlated to kinematic parameters, can be a tool to
understand rider behavior and to investigate which strategies are adopted by micromobility
users in complex environment shared with other vulnerable users.



