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Abstract

This study focuses on the use of eye-tracking technology to analyse the rider’s visual
attention during racing on a Ducati Panigale V2 motorcycle. Using the TOBII Pro Glasses
2 system, the rider’s gaze dynamics were recorded, including fixations, eye movements
(saccades) and gaze distribution on key sections of the track. The results revealed a link
between gaze stability and cornering efficiency, particularly in optimising braking points
and selecting the ideal trajectory. Identifying unstable visual behavior—such as frequent
gaze deviations or constant switching between reference points—provides valuable insights
for improving driving technique. This approach confirms the importance of eye-tracking
as a tool for objective evaluation and optimization of rider performance in motorsport.

Keywords: eye-tracking; motorcycle dynamics; rider-vehicle interaction; performance
optimization; braking points; trajectory selection

1. Introduction

Motorcycle performance is a critical factor in competitive motorsport, where small
improvements can translate into substantial competitive advantages. With advancements
in data acquisition technologies, it has become feasible to collect comprehensive datasets
that capture the complex interaction between rider inputs and motorcycle responses [1,2].
In motorsport, the human factor remains a decisive element in achieving top performance.
Although motorcycle technology is constantly evolving, the final result on the race track is
often determined by how the rider perceives, processes and reacts to situations in real time.
This is why research focused on analysing visual attention and gaze strategies while riding
is becoming increasingly important, with eye-tracking technology becoming a key tool for
objectively evaluating these cognitive processes [3,4].

Eye tracking allows for detailed monitoring of a driver’s eye movements and thus
reveals their strategy for visual processing of space, which is particularly important in
sections requiring quick reactions, such as braking zones or cornering [5]. The importance
of stable and targeted visual behaviour as a factor influencing performance has already
been proven in many sports, and motorsport is no exception.

Current research combines eye tracking with advanced data processing methods and
machine learning to gain a deeper understanding of the interactions between the driver and
the machine [6,7]. These approaches enable not only retrospective performance analysis
but also prediction of the optimal trajectory or braking moment, thereby contributing to an
effective training process and personalised motorcycle settings.
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This study draws on data collected from the Ducati Panigale V2, manufactured by
Ducati, Borgo Panigale, Bologna, Italy (see Figure 1), a high-performance motorcycle in the
supersport category. The technical specifications of the bike are listed in Table 1.

Figure 1. Analyzed racing motorcycle of the supersport category Ducati Panigale V2 [8].

Table 1. Parameters of the measured motorcycle [9].

Model Ducati Panigale V2
Year: 2020
Category: Supersport
Engine type: V2, four-stroke
Engine displacement: 955 cm?
Engine power: 116 kW (10,750 min 1)
Engine torque: 104 Nm (9000 min—!)
Frame construction: Aluminum monobloc

The analytical algorithms developed during the research were implemented using the
RaceStudio 3 software platform, which is widely adopted by professional racing teams for
performance analysis and motorcycle calibration. The proposed methodology is designed
to enhance the detection of key events, minimize the time required for data evaluation,
and contribute to improving on-track performance. This is especially critical in motorsport,
where swift and data-driven decision-making is essential to fine-tune both rider technique
and machine configuration.

2. Methodology
2.1. Track Description

The driving data was obtained from testing and training at the Most racetrack (Table 2),
located in Czechia near the town of the same name. This circuit is often used by the AMG
Moto SP Race Project for testing and training, making it possible to subsequently verify the
modifications made on the same track.

Table 2. Parameters of the Automotodrom Most.

Track Parameters

Place Automotodrom Most
Track length 4.212 km
Number of turns 21
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The track was divided into a total of 17 segments (Figure 2). These segments do not
correspond exactly to the division of the track according to the number of turns; the track
is divided according to anticipated significant points where there is a drastic change in
the point on which the driver’s gaze is focused or in the driving maneuver. Therefore,
some sections are combined into a longer straight segment, or two consecutive turns are
combined into one. In the figure above, you can see three types of track divisions. Straight
sections are shown in green, right-hand turns in blue, and left-hand turns in red.

Figure 2. Automotodrom Most with color-coded sectors for testing. (The individual sections are
shown in color).

The test driver was Jonas Kocourek, a driver for the SP Race Project team, which
operates under AMG Moto. This driver was chosen because the subsequent data will
be used to analyze data that may be related to both poor machine response and the
response of the driver himself, which has a negative impact on vehicle dynamics and
overall driving performance.

During testing, a total of 10 full race laps were measured, and the speeds and tracks
in each sector were then analyzed for their impact on the overall lap time, with the best
time achieved in lap 1. During training, three other drivers were present on the track, but
their presence had no effect on the measurements, as the drivers were moving at very
large intervals on the track. The measurements had to be taken during training, as these
experiments cannot be carried out during the race itself.

2.2. Data Acquisition

An eye-tracking system (TOBII Pro Glasses 2, manufactured by Tobii, Stockholm,
Sweden, Figure 3) was integrated into the measurement setup to capture rider focus and
visual attention during testing. This system provides real-time gaze data, including fixation
points and saccades, which are critical for understanding rider behavior and decision-
making during high-speed maneuvers. The eye-tracking data were synchronized with the
primary telemetry dataset using RaceStudio 3 software, allowing for precise correlation
between rider inputs, motorcycle dynamics, and visual attention. This approach provides a
more comprehensive understanding of rider performance, including the impact of visual
distractions and gaze consistency on lap times. The eye-tracking system records the rider’s
gaze direction and focus of attention at a sampling rate of 50 Hz, providing a time-resolved
record of visual behavior.
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Figure 3. Tobii eye tracker—pro glasses 2 [10].

2.3. Gaze Behavior Analysis

Eye-tracking data is analyzed to extract quantitative metrics characterizing the rider’s
visual behavior. These metrics include the following:

e  Fixation Duration (ms): The average duration of gaze fixations within a defined area
of interest (AOI).

e  Saccade Frequency (Hz): The number of rapid eye movements (saccades) per unit time.

e  Gaze Distribution (%): The percentage of time spent fixating on predefined AOIs, such
as the track apex, braking point, and instrument panel.

2.4. Validation

The methodology is further validated using data collected from multiple riding ses-
sions conducted under varying track conditions. The recorded data demonstrates consis-
tency and supports the observed trend linking the rider’s gaze direction with track line
selection and braking points. These findings enable the application of eye-tracking tech-
nology to analyze suboptimal decision-making in motorcycle control, with a measurable
impact on rider performance within specific track sectors.

3. Results and Discussion
3.1. Braking Point Optimisation and Visual Behavior in High-Speed Sections

In the analyzed section (Table 3), maximum speeds exceeding 250 km /h were recorded,
underscoring the critical importance of precise braking point timing for optimal perfor-
mance. The optimal braking point was consistently identified at the termination of the right-

side safety barrier, where a characteristic eye movement toward the barrier—indicative of
peripheral visual tracking.

Table 3. Times and values in the home straight section.

Segment 1 Distance Max RPM Max speed Max LatAcc Max LonAcc
Lap Time [m] [rpm] [km/h] [g] [g]
1 (best) 0:08.609 485.28 11,472 254 0.88 0.35
2 0:08.495 485.44 12,045 254 0.79 0.37
3 0:08.613 485.66 11,766 254 0.94 0.29
4 0:08.737 485.68 11,949 253 0.95 0.33

The most favorable performance in this section occurred during the second lap, where
a peak velocity of 254 km/h was reached (Table 3). This lap was also associated with the
latest initiation of braking and the steepest gradient in brake pressure increase (Figure 4).
While this late braking resulted in the shortest section traversal time among the observed
laps, it negatively affected the entry conditions into the subsequent section due to subopti-
mal trajectory setup.
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Figure 4. Speed and braking pressures on the home straight.

The delayed braking point corresponded with unstable ocular behavior. Specifically,
a lack of visual fixation and increased eye movement variability prior to braking were
evident. During the second lap, the rider repeatedly glanced at the instrument cluster,
indicating attentional shifts away from the braking reference point and reduced visual
concentration (Figure 5).

Figure 5. Driver’s view during braking on the second lap. (The red dot represents the rider’s view.).

Conversely, the most technically proficient passage through the initial section was
observed during the first lap. The rider maintained a stable gaze with no signs of visual
distraction or cognitive overload. Braking was initiated near the optimal reference point,
resulting in a favorable trajectory and smooth transition into the following segment. This,
in turn, contributed positively to the overall lap performance.

3.2. Analysis of Trajectory Selection During Cornering

One of the key parameters influencing cornering performance is the selection of the
riding trajectory, which is inherently linked to the rider’s approach dynamics. The optimal
trajectory, identified during the first lap (depicted in red in Figure 6), was characterized by
a line that closely followed the inner radius of the curve. In contrast, the trajectory observed
during the second lap (green) represents a suboptimal path, wherein the rider initiated the
turn from a wider position, resulting in a less efficient cornering line. For reference, the
blue trajectory represents data from the third lap, serving as a comparative example.
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Figure 6. Records of passage through the second section. (The red dot and line indicate the route for
the first lap, the blue dot and line indicate the route for the second lap, and the green dot and line
indicate the route for the third lap).

A qualitative comparison between the first and second lap (Table 4) reveals marked
differences in both trajectory smoothness and visual attention dynamics. During the first
and fastest lap, the rider maintained a stable gaze directed toward the corner apex, with
minimal visual distraction. In the second lap, however, the rider’s gaze was directed deeper
into the turn, accompanied by increased visual dispersion and a less effective trajectory.
These findings suggest a strong correlation between visual fixation behavior and optimal
trajectory selection (Figure 7).

Table 4. Times and values in the second section.

Segment 2 Distance Max RPM Max speed Max LatAcc Max LonAcc
Lap Time [m] [rpm] [km/h] [g] [g]
1 (best) 0:02.194 44.61 7774 89 1.33 0.65
2 0:02.271 46.50 7858 92 1.39 0.70
3 0:02.199 45.63 7957 90 1.33 0.65
4 0:02.231 46.08 7834 88 1.29 0.78

Figure 7. Comparison of the passage of the second section in the first round (left) and the second
round (right), (The red dot represents the rider’s view.).

Increased corner entry speed during the second lap—although advantageous from a
purely time perspective—put the driver in a less predictable and less comfortable situation.
This required real-time corrective maneuvers, such as mid-corner steering adjustments and
trajectory changes, which were accompanied by a disruption in visual focus.
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Such conditions can be interpreted as a sign of increased cognitive load, where the
driver switches from automatic, pre-learned driving strategies to cognitive control processes
at the executive level. This interpretation is consistent with the cognitive control hypothesis,
which states that increased cognitive load selectively impairs tasks requiring conscious
attention and decision-making, while automatic performance remains largely unaffected.

The gaze pattern in the second round—with reduced fixation at the apex of the turn
and increased visual switching—reflects the rider’s need to reassess the situation and make
quick adjustments, suggesting a shift from routine performance to cognitively controlled
behavior. These results underscore that subtle variations in entry speed and precision of
setup can elicit measurable changes in cognitive load, as evidenced by eye-tracking metrics.

4. Conclusions

This work demonstrates the potential of eye-tracking technology as an effective tool for
a deeper understanding of a rider’s visual strategies during racing. The analysis showed
that stable and goal-directed visual behavior during demanding driving manoeuvres,
especially in the areas of braking and cornering, is closely linked to optimising driving
efficiency and dynamics. In contrast, unstable gaze and visual distraction can lead to less
efficient line traversal.

Each one of the segments of the circuit was analyzed separately, reflecting the discrete
nature of racing maneuvers. This segmentation allowed for higher-resolution analysis of
visual and motor behavior, as combining data from the entire lap would obscure critical
momentary variations. The best performance of the driver was identified from each
segment, allowing for a theoretical reconstruction of the ideal lap composed of the optimal
execution of individual sections. This method offers a promising approach to performance
benchmarking and individualized feedback in motorsport training.

These findings confirm the importance of integrating eye-tracking into motorsport
training and analysis processes and open the way for further development of methods for
individual rider skill improvement and motorcycle setup modification. Future work could
extend this approach with additional measurements and machine learning for automated
detection of behavioral patterns and optimisation of racing strategy.
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