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1 INTRODUCTION

With aging, the sensory, motor, and central nervous system deficiencies lead to inadequate bicycle postural
control in older cyclists [1]. Similarly, variety in riding skills leads to different bicycle postural control
strategies. Cycling seems to be an automated task but keeping the bicycle stable at low speed, pedaling, and
steering requires continuous physical and cognitive effort, and in long term may lead to fatigue induced by
steering and stabilizing the e-bike at low forward speeds especially in older cyclists [2]. E-bikes enables
riders to cycle for longer duration and distance by reducing the physical fatigue [3]. There is an increasing
societal interest in electric bicycles where in 2021, 26.73 billion US dollars worldwide have been invested
on e-bikes and by 2027 this global market size will increase to 53.53 billion US dollars (Statista). However,
with increased numbers of e-bikes, bicycle accidents due to inadequate steering and balance control by
older cyclists have increased [4], which suggests needs for extra safety measures to maintain balance on a
bicycle for challenging situation such as facing undesired disturbances or low forward speeds.

We developed a prototype steering assist [S] which aims to increase safety and improve the user experience,
by reducing the steering effort and enhancing the bicycle postural control (rider-bike balance control). We
investigated the potential effectiveness of the steering assist technology in real life challenging situations.
Our present study should be considered exploratory research to find the potential effectiveness of the
steering assist technology in improving the user experience and safety compared to a non-assistive e-bike.
The improved bicycle postural control is validated by smaller range, variability, and rate of steering and
roll trajectories when the rider is subjected to an unwanted disturbance. Improved bicycle postural control
is expected based on the reduced need for compensatory behavior in the presence of assistive technology.
Decreased steering effort is expected due to reduced demand for acute steering control in the anticipatory
control strategy.

2 METHODS

This study focused on the effects of steer assist technology on bicycle postural control at low speed,
mimicking the condition when an unwanted disturbance applies to the rider or bike and causes instability,
such as when you hit a bump in the road or front rack cargo pulls the steer in an undesired direction. These
pilot results are part of a larger data set to be collected from 40 participants (20 old and 20 young). The
ethical board of the Delft University of Technology (The Netherlands) approved the research ethics. One
healthy male participant (age 27) participated in this pilot study. The participant had no fall history during
cycling over the last year. The participant first cycled for 5 minutes to get familiarized with the steer assist
system to reduce the habituation effect throughout the experiment. Afterward, he performed four trials in
total on the steer assist e-bike on eco mode. We instructed the participant to cycle in a straight line with a
self-selected speed. We induced 1.2 Nm steer torque perturbation half a second after the forward speed
reached 1.5 m/s, with the presence (x2 trials) and absence (x2 trials) of the steer assist system on the e-bike.
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We have selected the data segment where the rider accelerated at the start point of the track and stopped
after deceleration at the end of the track based on the data collected from a wheel speed sensor. We used an
inertial measurement unit sensor on the rear frame and the steering angle sensor on the steering column and
calculated the roll rate and angle and steering rate and angle. In the selected part of the time-series data, we
calculated the standard deviation of the steering and roll angle and rate. Moreover, we calculated the range
of change in these variables defined as maximum minus minimum values in a selected segment of the time-
series data. Finally, we calculated the average of two trial repetitions per condition.

2.1 Results

The results are shown in Figure 1 and Table 1. In Figure 1, we report the time-series data of roll and steer
trajectories for one representative trial per condition. In Table 1, we report the average data of two trials
per condition. Note that the large range of the steering angle in the trial without the steering assist (Figure
1, right panel) is due to the large steering angle at the end of the trial.

3 Bicycle velocity 3. Bicycle velocity
7 : o)
E 2 E 2
> =y
8 1 8 1
g e L/ | |
15:59:40 15:59:44 15:59:48 15:59:52 15:58:20 15:58:24 15:58:28 15:58:32
Apr 07, 2022 Apr 07, 2022
i Steering angle
_ 80 Steering angle =80 g ang
E’ 60 S 601
;‘ 40 k%) 40
20 220
5: 0 _—V\/-M“’\J\J\M—"\/\f— < oF™
-20 u L L Il -20 L
15:59:40 15:59:44 15:59:48 15:59:52 15:58:20 15:58:24 15:58:28 15:58:32
Apr 07, 2022 Apr 07, 2022
Steering rate Steering rate
=100 @-100
> =)
S0 -—J\,M‘N\/\/J\/\W\‘)h\{/\c 30
-100 ‘ ‘ ‘ ; 100 ‘ ‘ ‘ ‘
15:59:40 15:59:44 15:59:48 15:59:52 15:58:20 15:58:24 15:58:28 15:58:32
Apr 07, 2022 Apr 07, 2022
Roll angle Roll angle
10 D0+
s s,
20 o ol
=) 7 =2 ~
=4 =
< <
10 | . . , 10 . . . .
15:59:40 15:59:44 15:59:48 15:59:52 15:58:20 15:58:24 15:58:28 15:58:32
Apr 07, 2022 Apr 07, 2022
Roll rate Roll rate
20 20 r
2 7 |
k=2 k=2
20 | . . , 20 . . . .
15:59:40 15:59:44 15:59:48 15:59:52 15:58:20 15:58:24 15:58:28 15:58:32
Apr 07, 2022 Apr 07, 2022

Figure 1: Time-series data in the presence of perturbation; in the left panel, the steering assist
is activated (one random trial with the steer assist condition reported in the abstract); in the
right panel, the steering assist is deactivated (one random trial of without the steer assist
condition reported in the abstract). The orange vertical line is when the disturbance is applied.
data in presence of perturbation; in left panel the steer assist is activated (one random trial of
with the steer assist condition reported in the abstract), in the right panel the steer assist is
deactivated (one random trial of without the steer assist condition reported in the abstract). The
orange vertical line is when the disturbance was applied.
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Table 1: We present the average standard deviation (SD) and range of trajectories of two trials in the table.

Variables Disturbance with | Disturbance without
steer-assist steer-assist

SD Steer angle [deg] 7.3 15.875

SD Roll angle [deg] 1.991 3.884

SD Steer rate [deg/s] 26.55 34.515

SD Roll rate [deg/s] 4.6066 6.3942
Range of Steer angle [deg] 42.65 86.1
Range of Roll angle [deg] 8.3079 17.9336
Range of Steer rate [deg/s] 181 249
Range of Roll rate [deg/s] 27.015 38.0444

3 CONCLUSIONS

A bicycle, by nature, is unstable at low forward speed. Applying an external disturbance can excite the
instability. We aimed to increase the stability at low forward speed by a steer assist technology. We
evaluated the system's effectiveness in a challenging condition mimicking the real-life disturbances
applying on the rider and bicycle. Our pilot data showed promising results when riders face perturbation
while riding in a straight line at low forward speed.

The results showed that the amount of steering was reduced when using a steer assist system. Moreover,
the roll parameters, including roll rate which influence bicycle postural control, were reduced when using
a steer assist system. Our results suggest that the steer assist system has the potential to increase safety in
challenging conditions and improve the user experience. Further investigation is required to confirm our
pilot results.
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