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1. Introduction 
Measuring a bike's handling quality requires 
quantifying both the workload and the performance 
achieved. Indeed, handling quality was defined by the 
ease and precision with which a pilot may complete a 
given task (Cooper and Harper 1969). Whereas 
subjective workload measurement methods are 
beginning to be proposed in the literature (e.g. Ronné 
et al. 2023), performance measurement methods 
remain very limited. 
 
Zellner and Weir (1978) proposed a test procedure for 
motorcycle handling quality. The task was to ride on a 
narrow line painted on the ground. The proposed 
performance metrics are related to trajectory deviation 
from the reference line (mean absolute deviation and 
mean square deviation). However, the method they 
used to estimate deviation was indirect, i.e.: relies on 
acceleration measurement coupled with a task-
dependant trajectory model. 
Since then, very little non-task-specific quantification 
method has been proposed to study bicycle path-
tracking performance metrics. 
 
In this study, we proposed to develop an automatic 
performance quantification method based on a line 
deviation measurement using computer vision during a 
line-following task. We demonstrated this method by 

analysing the performance of a group of cyclists on a 
straight-line path-tracking task. 
 
2. Methods  
2.1 Experimental setup  
A GoPro Hero3 camera was affixed to the bicycle’s 
handlebar so that both the front wheel and the ground 
were in its field of view. The camera settings were 
1920x1080 image, 60 Hz frequency, fisheye, and 
automatic stabilization turned off.  
A 43 m circuit materialized by a 10 cm wide white line 
was marked on a tarred surface. The experimental 
bicycle was a foldable city bicycle from the brand 
Strida. 
 
2.2 Calibration of homography 
This step aims to convert the camera images into a 
calibrated top-view image of the ground. A static 
image (with the bike upright and the handlebar 
straight) of a calibration grid drawn on the ground was 
taken to estimate the homographic transformation 
matrix. In a transformed and calibrated top-view 
image, an operator manually identified the mean axis 
of the wheel and its plane of symmetry. The 
intersection of these two entities gives the point of 
contact (Q) of the front wheel with the ground. This 
point was fixed in the steering frame of reference. 
 
2.3 Line detection 
The videos are broken down into a succession of 
frames that are systematically transformed using the 
homographic process. Each image was converted into 
HSV format. The pixels belonging to the line are first 
identified after thresholding. Each line’s pixel was 
included if, for each color channel, its value was 
between the high and the low thresholds. The line was 
then approximated by a rectangle following an edge 
detection and a boxing approximation (findCountours 
and minAreaRect from OpenCV). The deviation from 
the line (distance between the contact point Q and the 
center of the white line) was ultimately the number of 
pixels between the axis of the detected rectangle and 
point Q. 
 
2.4 Method assessment 
This method assumes that the transformation matrix 
remains relatively the same when roll and steer angles 
are varying. To evaluate its validity, a video recording 
was made of a line-tracking task with the front wheel 
covered in fresh paint on a 15-meter straight line 
followed by a left turn. On one side, the deviation from 
the line was estimated using the method described 
above. On the other side, the distance between the line 
of the track and the trajectory (the trail left by the 
painted wheel) was measured using Kinovea software 
on an aerial view. This distance was defined as the 
reference measurement. The agreement between the 



two methods was assessed following a Bland-Altman 
method. 
 
2.5 Calculation of a performance metric for a cyclist 
sample 
A group of 20 cyclists were asked to perform a line-
following task. Instructions were to follow the white 
line drawn on the ground with the front wheel as 
closely as possible at three subjective speeds (slow, 
comfortable and fast). Each condition was repeated 3 
times in random order following a free-speed training 
trial. The mean absolute error distance (noted 
|𝑑𝑑𝑄𝑄/𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙|�����������) was calculated for each participant and trial.  
We assumed that performance was a parabolic 
function of speed and was subject to a strong training 
effect. We tested these hypotheses using a generalized 
linear model with the following factors: mean speed 
during the trial (𝑢𝑢�), speed squared (𝑢𝑢�²), and 
exponential of trial number (𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑙𝑙).  
 
3. Results and discussion  
3.1 Method assessment 
The Bland-Altman assessment shows a 95% limit of 
agreement of 0.27 ± 4.9 cm between the computer 
vision and manual painting methods. These results 
exhibit a very small bias and variability of error of a 
few centimeters. This variability was likely because 
the homographic transformation was less correct when 
the bicycle was out of the vertical position. A more 
elaborate method should take the roll and steer angles 
into account. 
 
3.2 Effect of speed and training on performance 
The statistical model reveals a parabolic effect of 
velocity on the performance metric, as well as an 
exponential training effect (Table 1) and Figure 1 
shows |𝑑𝑑𝑄𝑄/𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙|����������� as a function of 𝑢𝑢�  for every trial where 
a parabolic speed effect suggests an optimal velocity 
for task completion (as per this metric). Indeed, at this 
velocity, vehicle stability is adequate to facilitate the 
task, whereas lateral dynamic sensitivity remains 
moderate, forgiving overly sharp trajectory 
corrections. This result is consistent with Ronné et al. 
(2023), showing that handling quality perception was 
also U-shaped with speed. It is also interesting to note 
the strong training effect (see Fig. 1) on the task and on 
the bicycle (the bicycle used was unusual for the 
participants) with a stabilized performance after five 
laps. 
Table 1. Statistical model of the performance metric. 

|𝑑𝑑𝑄𝑄/𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙|����������� = 𝑖𝑖 + 𝑎𝑎𝑢𝑢� + 𝑏𝑏𝑢𝑢²��� + 𝑐𝑐𝑒𝑒−𝑙𝑙𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 + 𝜀𝜀 (cm) 
𝑅𝑅2 = 0.26 Coef. p 

𝑎𝑎 -4.0 0.009 
𝑏𝑏 0.82 0.007 
𝑐𝑐 34 <0.001 

 

 
Figure 1. |𝑑𝑑𝑄𝑄/𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙|����������� as a function of 𝑢𝑢�  for every trial 

completed and statistical model for 𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑙𝑙 of 2, 5 and 
10. The performance metric exhibits a high sensitivity 

to speed and training effect. 
4. Conclusions 
We proposed an automatic method for quantifying 
line-tracking performance. The measurement error 
associated with this method was sufficiently low to 
investigate the underlying phenomenon for which it 
was designed: the handling quality of the two-wheeled 
vehicle, human control, or pilot skills. 
 
This article presents an initial exploration of the effects 
of experimental conditions on the calculated metric. 
The metric proves highly sensitive to both bicycle 
speed and participant training. 
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