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1 INTRODUCTION 

Micro-mobility in its different forms (walking, bike, e-scooter) is the sustainable and healthy but also the 
most vulnerable mode of transport in urban mobility. Therefore, safety of vulnerable road users is still a 
challenge. E-scooter is a new mode of micromobility which is showing high increase in the number of users 
and crashes. Although the lack of extended studies, the Italian “national Report on sharing mobility, 2022” 
[1], shows an increase of +250% in the travelled distance between 2020 and 2021 (41,2 Mkm in 2021) with 
634 accidents against the 201 incidents recorded in the bike-sharing system. Today, the e-scooter micro-
mobility shows the highest accident rate of 2.07 accident/100.000 km (0,74 for bike sharing system). E-
scooters are in a relative unique position where they are small enough to negotiate pedestrian traffic, yet 
fast enough to travel on roadways [2]. This enables an e-scooter operator to change when and where he 
rides, e.g., from traveling on a sidewalk to riding in a clear traffic lane to avoid a group of pedestrians standing 
at an intersection. Such changes may catch nearby motorists off-guard, thereby increasing the risk of a 
collision with the e-scooter.  

2 METHODOLOGY 

Compared to the other mode of transport that are moving to always higher levels of automation, the micro-
mobility vehicles (e.g. bicycle, e-scooters) suffer of a "digital divide" in terms of availability of technologies 
and sensors on board, often limited only to the smartphone capabilities (i.e. low frequency GPS, camera, 
accelerometers). That limits the opportunities for high dimension and quality data collection and analysis [3]. 
In such framework, an experimental test was carried out to collect data from different users with an 
instrumented e-scooter equipped with a multi sensor data acquisition system to define visual attention and 
rider behavior. 
2.1 Acquisition system 

A hardware architecture and processing system have been 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 from: 

A. Sensors of physical data related to driving dynamics: a GNSS/INS solution that integrates a multiband 
RTK/GNSS receiver coupled with 6-axis inertial sensor to improve the accuracy of position also during 
GNSS interruptions and the frequency acquisition up to 20 Hz.  
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B. Sensors related to driver behavior and workload (eye tracker, EEG, HR): 3 wearable devices: 1) an 
earphone which, by means of a biometric sensor, allows continuous measurement of heart rate, 
oxygen saturation and blood pressure; 2) a headset that allows to measure the electrical activity of 
the brain in the EEG power spectra (Alpha waves, Beta waves); 3) an eye tracker consisting of glasses 
with an integrated video camera. 

C. Cameras related to the Field of View: Two cameras can acquire high resolution videos at a frequency 
of 30 fps and 180° field of view (fov) which are synchronized with the other sensors. 

2.2 Description of the experiment 

The presented experiment test makes use of GNSS/INS system (A) to track at high resolution and precision 
the e-scooter and bicycle path.  We apply a visual analytics-based method to inspect e-scooter’ and cyclists’ 
gaze behavior as well as video recordings and accelerometer data. This method using multi-modal data allows 
us to explore patterns and extract common eye movement strategies. Multiple eye tracking experiments 
exist that analyze cyclists’ behavior [4-7], while more emerging is the topic related to e-scooter behavior [8]. 
In contrast to existing works, we are presenting a visual analytics-based approach to identify patterns in the 
field of view of cyclist by fusion of eye movement and video data in the context of riding speed and trajectory. 
The 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 (Figure 1). This sequence of object fixations is then correlated with other data on a 
time basis to extract patterns of riders’ behaviors. 

 

 

Figure 1 – Example of object segmentation from rider’s perspective. The red cross shows the estimation of the rider’s 
gaze. The stabilized gaze on time can be associated with the corresponding object (car in this case) 

To investigate riders’ behavior, we conducted an experiment, in which a panel of participants had to follow 
a predefined track—exclusive or shared with cyclist and pedestrians in an urban area in Poland. Testers were 
not informed about the purpose of the research but only about the working principles of the instrument and 
the route to ride on. 

After the performance, they completed a survey about the experience. They have been asked to provide 
information regarding their perception of path quality, the perceived visual information, by which elements 
their attention has been captured, which type of facilities they have perceived as more difficult to ride, and 
other personal information- e.g. regarding their cycling habits. 

Proportion of fixations and fixation time are assumed as a proxy of visual workload. Thus, the relative 
frequency of fixation has been used to rank those elements that draw cyclist attention. In addition, the 
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combination of multiple data sources, provides high precision and frequency GNSS information related to 
location, and continuous tracking of speed and heading. 

3 RESULT AND DISCUSSION 

The system has been evaluated and tested to ensure the accuracy and reliability of the collected data. 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 traffic situations, we had to define a high number of Areas of Interests (AOIs). Therefore, 
we use the fov in front of the vehicle as reference image for mapping eye movement data onto AOIs. The 
visual analysis showed that the explorative analysis with multiple data streams leads to an efficient overview 
of the collected data. 

With the collected data, we want to answer multiple questions: 

• Which objects as well as obstacles are focused on most and how distracting are advertisements in rider’s 
fov of the road environment? • What common gaze sequences do riders perform? • What factors affect 
riding behavior and how rider adjust speed and trajectory to increase comfort and safety on shared-with 
pedestrian-cycling paths? 

4 CONCLUSION 

E-scooter riders are vulnerable road users and their safety is a serious issue to be addressed and the study of 
eye movements, correlated to kinematic parameters, can be a tool to understand visual behavior and to 
investigate which strategies are adopted by micromobility users. As a result, the proposed system allows 
safety researchers to select among a wide range of measures to analyze the behavior, workload and comfort 
of the riders in different road and traffic contexts.  
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