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BEHAVIOUR ANALYSIS OF LEFT-TURNING
MOPEDS AT SIGNAL CONTROLLED
INTERSECTIONS — A CASE STUDY IN YANCHENG CITY

ABSTRACT

Mopeds (electric bicycles and light motorcycles) are
commonly used as a personal transportation mode in
China. However, the understanding of characteristics
of lefi-turning mopeds at signal-controlled intersections
has been relatively limited. To bridge this gap, firstly,
this paper proposed a video conversion method of mo-
ped movement data acquisition. Then, a method of data
accuracy verification was introduced by comparing the
results between the field experiment and the video con-
version method. Secondly, the ideal traffic space for
lefi-turn mopeds from different entrances was defined to
analyse the characteristics of the lefi-turning mopeds at
intersections. Further, three indicators, namely, trans-
verse distance, the proportion of lefi-turning mopeds
with crossing behaviour, and the average number of
avoidance behaviour, were proposed and used to anal-
yse the asymmetrical characteristics behaviour, crossing
behaviour, and avoidance behaviour. Finally, based on
empirical data collected from five signal-controlled in-
tersections, the proposed methods and behaviours were
analysed. This paper provides both a valid method of ob-
taining the position data of mopeds and a reliable basis
for improving the safety of left-turning moped riders at
urban signal-controlled intersections.

KEYWORDS
traffic engineering, riding behaviour; left-turning
moped traffic flow, signal-controlled intersection.

1. INTRODUCTION

Mopeds (including electric bicycles, also known
as e-bikes, and light motorcycles) are a relatively
new type of vehicle that have emerged to provide
favourable characteristics such as being light-
weight, low cost, and high speed. Besides, mopeds
using electricity as a source of power produce less
pollution and consume less energy than many mo-
tor vehicles [1-4]. Since mopeds can maintain a
certain speed using less fuel, their carbon emissions
are significantly lower than those of cars travelling
at the same speed and similar distances. Therefore,
mopeds have become the main choice for short-dis-
tance travellers in many Chinese cities [5, 6]. In
2012, global moped sales reached 31 million, and
in 2018, 47.6 million [7]. As of 2016, the number of
mopeds in China reached more than 250 million and
continues to increase rapidly with an annual growth
rate of 9.4% [8, 9].
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At present, a rapid increase in the number of mo-
peds as a mode of transportation has dramatically
changed the urban traffic situation negatively. None-
theless, traffic management departments have not
focused enough attention on mopeds at signalised
intersections and have not taken effective measures
to manage mopeds. At signalised intersections, mo-
peds robbing, encroaching on the driving space of
motor vehicles, and occupying motor vehicle lanes
are important reasons why the traffic capacity of ur-
ban road networks has been reduced and traffic ac-
cidents have increased [10-12]. To ensure the safe-
ty of road users, it is necessary to study the driving
characteristics of mopeds at signalised intersections.
Due to the large number and irregular driving curves
of mopeds, a lack of left-turn guidelines for mopeds,
and their proximity to other left-turning vehicles, il-
legal behaviours of the left-turning moped riders at
signalised intersections are key causes of moped traf-
fic accidents [13-15]. From 2012 to 2016, a total of
193,000 road traffic accidents involving mopeds oc-
curred in China, resulting in a total of 37,700 deaths
[16, 17]. Among those traffic accidents, 56,200 were
caused by mopeds and resulted in 8,431 deaths, giv-
ing the rate of accidents caused by mopeds of 29.1%,
and the death rate of 22.3% [18, 19]. Zhang and col-
leagues analysed moped accidents in a city in China
and found that nearly 64% of these accidents were
caused by motor vehicles [20].

China is not the only country with a high inci-
dence of moped-related traffic accidents. In Iran,
moped-related traffic accidents represented a major
problem. In 2014, 5,270 people lost their lives due
to accidents on roads, and 930,000 were seriously
injured. In Sweden, the death rate of moped-related
accidents reached 8% of the total traffic accidents in
2016. Moreover, accident and fatality rates of tradi-
tional bikes are high in other large cities in Europe
[21]. Therefore, understanding the characteristics of
mopeds to improve traffic conditions has become an
urgent problem that remains to be solved by traffic
management agencies.

To date, a great deal of research on mopeds has
been carried out around the world. To reduce traffic
accidents involving bicycles in developing countries,
a bike accident model was constructed and used to
design bicycle lanes [22]. Juremalani et al. demon-
strated the benefits of using non-motorcycles in cities
[23]. Wang et al. showed that traffic accidents caused
by non-motor vehicles can be reduced by introducing
reasonable traffic organisation methods [24]. Simi-

larly, Damsere-Derry et al. analysed traffic accident
data in northern Ghana and showed that further plan-
ning of traffic infrastructure is required to reduce traf-
fic accidents associated with sharing of road space
between non-motor and motorcycles [25]. In South
Korea, the number of traffic accidents caused by mo-
peds accounts for a large proportion of the total traffic
accidents. To decrease the number of traffic accidents
and ensure the safety of cyclists, Lee et al. proposed
automatic emergency braking for bicycles [26].

To investigate cyclist casualty rates in developed
countries in Europe, Leo et al. analysed injuries to
cyclists due to traffic accidents based on traffic ac-
cident data from Sweden and the Netherlands [21].
Otte et al. compared and analysed data on injuries
sustained by traditional cyclists and moped riders and
concluded that wearing helmets can effectively re-
duce injuries and mortality rates [27]. Ou et al. stud-
ied the driving characteristics of mopeds at signalised
intersections and proposed a set of rules for the use of
public mopeds to ensure safety [28]. Liu et al. found
that improving the awareness of traffic safety issues
among cyclists is one of the most important ways to
solve traffic accident problems [29].

In addition, a large body of research exists on mo-
ped drivers, from the basic characteristics of scooters
to traffic efficiency. Cherry used survey data to anal-
yse the basic relationship between three parameters
of traffic flow on-road sections and traffic charac-
teristics of electric bicycles at intersections [30, 31].
Rose established a travel demand model for electric
bicycles based on supply and demand in urban ar-
eas [32, 33]. Bang proposed a classification criteri-
on for determining the influence of non-motorcycles
on motorcycles based on lateral friction factors [34].
Ye analysed electric bicycle and bicycle traffic char-
acteristics and introduced the concept of a bicycle
effective driving area [35-36]. Han and others used
traffic survey data to perform an in-depth study of
relevant traffic characteristics of electric bicycles and
used regression analysis and other methods to derive
some basic laws of traffic behaviour [37, 38].

In summary, research has mainly been performed
from the perspective of vehicle right-of-way and
associated conflicts, whereas few studies have ad-
dressed the placement of mopeds on-road sections
and intersections and the association with traffic con-
flicts. Studies on the characteristics of moped riders
are relatively limited [39-41].
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To this end, this paper analyses the spatial riding
characteristics of left-turning moped riders at sig-
nal-controlled intersections. Firstly, a data acquisition
scheme for collecting the spatial riding characteris-
tics of moped riders at five signalised intersections
was established. Then, a systematic mopeds analysis
method was proposed, based on the different riding
areas and behaviours. Further, based on the empirical
moped riding data, the proposed method was tested,
and the characteristics of left-turning mopeds were
systematically and comprehensively analysed.

2. DATA ACQUISITION AND
PROCESSING

In this section, we introduce the method of mo-
peds' movement data acquisition and then describe
the method of verifying the effectiveness of the data
acquisition method through a field experiment.

2.1 Original data collection

To obtain the original data of moped move-
ment, five typical signal-controlled intersections
with protected left-turning phases were selected
in Yancheng, China. All these left-turning mopeds
enter intersections from entrance lanes in four di-
rections, namely east, west, south, and north. The
width of these entrance lanes is 5 meters. In addi-
tion, the medians between the motor vehicle lanes
and non-motor vehicle lanes are set to separate the
left-turning lanes for motor vehicles for each of
these five surveyed intersections.

In terms of signal control, these five surveyed
intersections have the same traffic signal phase
sequences and the same signal timing schedules.

All the surveyed intersections are four-phase in-
tersections with two protected left-turning phases
and two straight phases. The green light duration
of the left-turn phase is 30 seconds and the yellow
light duration between the green light and the red
light is 3 seconds. There is no all-red time for these
intersections.

A photography-based method was selected for
moped riding behaviour data acquisition. The vid-
eos that include the whole process of passing the
intersections of mopeds at five signal-controlled
intersections were captured over a certain period
by cameras placed above these intersections. The
videos of the bird's eye view of these intersections
were recorded during morning peak times (7:30—
8.30), afternoon peak hours (11:00-12:00), and
evening peak times (17:30-18:30) of weekdays.
To avoid the influence of traffic flow fluctuation on
the behaviours of moped riders, the morning peak
time on Mondays and the evening peak time on
Fridays were excluded.

After recording, these videos were analysed by
the Adobe After Effects software second by sec-
ond. And then the coordinates of mopeds were
recorded manually according to the grid at the in-
tersection at the interval of 1 second. According to
the geometrical characteristics of the intersection,
the perspective mesh tool of Photoshop was used
to select the four intersections of the non-motor ve-
hicle parking extension lines, and the perspective
grid plane corresponding to the intersection road
plane was determined. Video images were pre-pro-
cessed to ensure that the position of mopeds and
vehicles on the grid perfectly corresponded to
their relative position in the video screenshots, as
shown in Figure 1.

ddddd dhdid dddddddddl

i &

Figure 1 — Schematic diagram of the video coordinate method (An example)
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2.2 Verification of data acquisition method

To verify the effectiveness of the data acquisi-
tion method, analogue data acquisition in the form
of video recordings was carried out in various open
spaces and from various observation angles and
heights. Measurement accuracy was confirmed by
comparing the x and y coordinates, namely the ac-
tual physical distance in the two-dimensional space,
measured in the field with the results from processed
video data (Figure 2).

Sl e

Figure 2 — Diagram of the simulation experiment

A simulation of an intersection was set up in an
open space and five marks, namely A to E, were
made on the ground. By comparing the actual coor-
dinates of the marks with the converted coordinates
of each marked location from videos filmed at high
altitudes, the coordinate error was obtained (7able 1).

Based on the final field measurements and vid-
eo conversion coordinate data, the error was found
to be 0.1 meters and the x-y data reading unit was
accurate to 0.1 meters; therefore, this data acquisi-

Jianjun
Road

I’g

&Il

Figure 3 — Riding trajectories of left-turning mopeds

tion method is effective. Coordinates of each moped
at each moment in time (location of front-wheel or
rear-wheel contact point) were recorded by manual
observation every 1 second to establish a dataset.
On the completed coordinate grid, the vehicle run-
ning for 1 second is taken as the timing unit, and
the driving track points of each moped are marked
by manual punctuation. Then, the coordinates were
calculated and converted to obtain a coordinate
map, and thus, the original displacement data for the
riding characteristics of a single moped and moped
groups.

From the x-y coordinate data, the traffic trajec-
tory of each moped rider while turning left can be
depicted, as shown in Figure 3.

3. MOPED RIDERS BEHAVIORAL
ANALYSIS METHODS

To analyse the characteristics of the left-turning
mopeds at intersections, we first defined the ideal
traffic space for left-turn mopeds from different

Table 1 — Results of the field experiment and the video conversion method

Tags Coordinate Measurement [m] Video conversion [m] Error [m]
X 1.0 1.1 -0.1
A
y 22.4 22.4 0
B X 10.7 10.7 0
y 259 26.0 -0.1
X 7.9 7.9 0
C
y 16.7 16.8 -0.1
X 2.0 2.0 0
D
y 4.0 4.0 0
X 11.2 11.2 0
E
y 8.1 8.2 -0.1
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Figure 4 — Traffic space diagram of left-turning mopeds at signal-controlled intersections

entrances so that the analysis baseline of the ideal
traffic space can be given, which is the midline of
ideal traffic space of left-turning mopeds. In addi- ilc’ l|l¢ | :l ‘ &

tion, three types of quantitative analysis indicators
for the traffic characteristics of mopeds were pro- | “"'U"""ﬂ"" |
posed according to the different areas of the ideal \

traffic space. _ /

3.1 Determination of ideal traffic space of
mopeds

Figure 4 displays the ideal traffic space of left-turn-
ing mopeds (blue-filled area) and the driving direc-
tions of left-turning mopeds (red arrow lines) in dif-
ferent non-motorised lanes, and the outer edge liens

(i

of left-turning motor vehicles (green solid lines). \ !/ \I
3.2 Transverse distance referring to the “ "l“""""""l" "
midline of the ideal traffic space 4| ! 3
To quantify the scatter characteristics of mopeds ’l : | ! ”'

in the process of passing intersections, the trans-
verse distance was proposed which refers to the

. . - Ideal traffic space of left-turning mopeds
vertical distance between mopeds and the midline P & mop

— The midline of traffic space of left-turning mopeds

of left'tuming traffic spaces. To capture the charac- — + Outer edge line of left-turning motor vehicles
teristics of the different stages of passing the inter- wmmnnee Measuring section

section, three typical measuring sections were taken @¥% Non-motorised vehicle lane

on the midline of each traffic space and defined as Figure 5 — Schematic diagram of transverse distance
Sections I, I1, 111, respectively (Figure 5). calculation
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3.3 The proportion of left-turning mopeds
with crossing behaviour
According to the recorded videos, the cross-
ing behaviour signifying that left-turning mopeds
crossed the outer edge of the left-turning motor
vehicle was found. Figure 6 shows a trajectory of a
moped with the crossing behaviour.

QTN

B Traffic space of
left-turning mopeds

<— Crossing behaviour
trajectory

—— Outer edge line of
left-turning motor
vehicles

&% Non-motorised
vehicle lane 1

Hoae?

Figure 6 — Schematic diagram of the trajectory of a moped
with the crossing behaviour

Since the crossing behaviour of moped may be
different under different left-turning motor vehicle
flows, we analysed the crossing behaviour under
different traffic operating conditions. The traffic
conditions here can be characterised by the Vol-
ume-to-Capacity ratios (V/Cs), which are common-
ly used in traffic engineering, where V (unit: pcu
per signal cycle, ‘pcu’ is the written abbreviation
of ‘passenger car unit’) is the volume of left-turn-
ing vehicles, and C (unit: pcu per signal cycle) is
the maximum actual traffic capacity of left-turning
lanes at signal-controlled intersections. Here, the
proportions of left-turning mopeds with crossing
behaviour were defined to analyse the crossing be-
haviour, which refers to the number of mopeds with
crossing behaviours that account for the total num-
ber of left-turning mopeds.

3.4 Average number of avoidance
behaviour of mopeds

Avoidance behaviour of left-turning mopeds trav-
elling in opposite directions refers to the behaviours
used to prevent collisions and ensure driving safe-
ty when mopeds are turning left from opposite

directions at the same time. Driving trajectories
of mopeds travelling in opposite directions are
presented in Figure 7. Here, the average number of
avoidance behaviour during the left-turning phase
is proposed under different flow rates of mopeds.

Jianjun
Road

%JHH’%

. [l
N\
&

g |

Figure 7 — Driving trajectories of mopeds travelling in
opposite directions

4. EMPIRICAL ANALYSIS

4.1 Qualitative analysis of riding
characteristics of left-turning mopeds

During red traffic lights, all mopeds gathered in
front of the crosswalks and formed a queue. Each
moped had a small lateral footprint. When traffic
lights turned green, each moped started to acceler-
ate, then advanced into the centre of intersections,
and finally, they exited the intersections. There are
three distinct features for mopeds through intersec-
tions: irregularity, clustering, and variability.

Irregularity. A left-turning moped is a non-self-
balancing system that sways from side to side while
riding. Since a moped is in the same driving plane
as motor vehicles at the intersection, it is easy for
a moped to drive out of the non-segregated areas.
However, the acceleration and braking of a mo-
ped are very different from those of a motor vehi-
cle, which can cause moped riders to feel worried,
and the moped may sway laterally, easily deviating
from its original trajectory. Therefore, interference
from surrounding mopeds and motor vehicles is ob-
served. This phenomenon is manifested as irregu-
larities in moped trajectories, as shown in Figure 8.

614
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Figure 8 — The serpentine trajectories of lefi-turning mopeds

Clustering. After the traffic light turns green, the
mopeds flock into the centre of an intersection. The
transverse distance between the mopeds is small
while riders wait during the red-light period. There-
fore, as the vehicle starts to move, the running state
of the vehicle will depend on the behaviour of other
vehicles in the cluster. At intersections, many mopeds
can amass in a short period, which can have an impact
on the driving behaviour of motor vehicles (Figure 9).

Variability. Mopeds can easily turn, accelerate,
and decelerate. Moreover, rider behaviour can vary
greatly, and the speed and direction of an individual
vehicle will often change suddenly. Therefore, riding
positions of mopeds at intersections are relatively
scattered, and riding behaviours are variable and dif-
ficult to control.

P i s &

Figure 9 — Clustering moped traffic

4.2 Quantitative analysis of the
characteristics of moped movement

Next, three characteristics of mopeds are quan-
titatively analysed according to corresponding indi-
cators based on the behaviour data extracted from
the surveyed videos.

Asymmetrical characteristic behaviour

of mopeds on the midline of traffic space
Figure 10 demonstrates the relative frequency

distribution of the transverse distance of mopeds at

three selected sections. The following conclusions
can be drawn: (1) On Section I, more than half of
moped riders tend to ride in the left area of traffic
space. The proportion of mopeds distributed in the
left and right areas were 57% and 43%, respective-
ly. In addition, most of the transverse distance was
distributed within 2.5 meters from the centreline,
accounting for 84%. This indicates that mopeds
tend to ride in the middle of the traffic space when
it starts to enter intersections (Figure 10a). (2) On
Section II, some mopeds appeared to drive to the
right area of traffic space, which may be caused by
interference from motor vehicles or other mopeds
on the left side. This phenomenon makes the ratio
of mopeds on the left and right sides of the passage
space the same. Besides, the proportion of mopeds
concentrated on the midline of traffic space has also

been reduced, only 71% of the mopeds within 2.5

meters from the centreline, 6% down from the pre-

vious period (Figure 10b). (3) On Section I1I, the pro-
portion of mopeds on the right side was 4% higher
than that of the left side, with the value of 52% and

48%, respectively. 75% of the mopeds within 2.5

meters from the centreline, compared to the first

stage and the second stage before dropped by 9%

and 3%, respectively. This implies that mopeds are

relatively dispersed during the end phase of the left
turn, indicating progressive diffusion characteristic
along the left-turning direction (Figure 10c).

To sum up, it can be concluded that:

1) The moped riders deviated from the midline
of ideal traffic space in the process of crossing
these intersections;

2) The mopeds appeared to shift from the left area
of the ideal traffic space to the right one in the
process of crossing the intersection.

Crossing behaviour of mopeds in the left-area
of the traffic space

Tuble 2 summarises the scenario parameters at
surveyed intersections. Among them, the capacity
and flow are for left-turning motor vehicles. In the
context of three different V/Cs, the behaviour of
mopeds crossing the outer edge line of the left-turn-
ing motor vehicles was analysed.
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Figure 10 - Relative frequency distribution of transverse distance on different sections
Table 2 — Summary of scenario parameters at surveyed intersections
Actual traffic Volume (pcu/signal cycle)
ID Intersection name Directions ca'lpac1ty V/C e V/C e
(pcu/signal cycle) (0,0.3] (0.3,0.6] V/C>0.6
East/West-bound 22 0, 7] [8, 14] >15
1 Kaifang Rd-Jianjun Rd
North/South-bound 18 (0, 6] [7,11] >12
East/West-bound 20 (0, 6] [7,12] >13
2 Jianjun Rd-Wengang Rd
North/South-bound 20 (0, 6] [7,12] >13
East/West-bound 22 0,7] [8, 14] >15
3 Jianjun Rd-Renmin Rd
North/South-bound 20 (0, 6] [7,12] >13
East/West-bound 20 (0, 6] [7,12] >13
4 Jianjun Rd-Jiefang Rd
North/South-bound 18 (0, 6] [7, 11] >12
East/West-bound 22 0,7] [8, 14] >15
5 Daqing Rd-Wengang Rd
North/South-bound 18 (0, 6] [7,11] >12
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Figure 11 shows the relationship between the
number of left-turning mopeds crossing the outer
edge line of left-turning motor vehicles and the total
number of left-turning mopeds under different V/
Cs. The following results were obtained:

1) Under the same V/C, as the number of left-turn-
ing mopeds increased, the number of left-turning
mopeds with crossing behaviour also increased
linearly.

2) With the same number of left-turn mopeds, the
higher the V/Cs, the smaller the number of mo-
peds with crossing behaviour. Also, as the num-
ber of left-turning mopeds increased, the dif-
ference in the number of mopeds with crossing
behaviour under different V/C was greater.

593 [o8)
[ (=

393
(=

—_
=

W

line of left-turning motor vehicles
O

(=]

The number of mopeds crossed the outer

S

5 10 15 20 25 30 35

The number of mopeds (vehicles per signal cycle)
- V/C&E(0,03] - —m V/CE(0.3,0.6] =A= V/C>0.6

Figure 11 — The number of lefi-turning mopeds with the
crossing behaviour under different V/Cs

Figure 12 presents the relationship between the
proportion of left-turning mopeds with crossing be-
haviour and the number of mopeds under different
V/Cs.
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- V/CE(0,03] - —m V/CE(0.3,0.6] A= V/C>0.6

Figure 12 — Changes in the proportion of lefi-turning mopeds
with crossing behaviour under different V/Cs

It can be found that: (1) generally, the higher
the V/Cs, the lower the proportion of mopeds with
crossing behaviour. This is because when the V/
Cs were relatively high, the free space before and
after motor vehicles that mopeds can pass through
was small, which makes mopeds riders unwilling
to take the risk to pass. (2) Under the same V/C,
when the number of mopeds was less than 10 vehi-
cles per signal cycle, the proportion of mopeds with
crossing behaviour in the total left-turning mopeds
changed relatively greatly. When the number of mo-
peds was greater than 10 vehicles per signal cycle,
the proportion of mopeds with crossing behaviour
in the total left-turning mopeds tended to be rela-
tively stable, accounting for 80%, 60%, and 20%,
respectively, of mopeds under three different V/Cs
was greater.

Analysis of avoidance behaviour of mopeds
from the opposite directions

Figure 13 describes the distribution of avoidance
behaviours of mopeds from the opposite directions.
It can be concluded that: (1) In general, avoidance
behaviours were frequent for left-turning moped
riders travelling in opposite directions, and the
number of avoidance behaviours ranged from 0 to
6; (2) As the flow of mopeds increased over time,
the number of avoidance behaviours of left-turning
mopeds travelling in opposite directions increased.
There is a linear relationship between the average
number of avoidance behaviour and the flow rate of
mopeds, and the regression coefficient was 0.9577.
Based on this, it can be recommended that spatially
separating left-turning mopeds into different entry

E_ 7
2
279
>
gc st
£3
2 a 4t
Z o
«— g 3
o E [
=
22 1=6.0704x-0.2299
ES R>=0.9577
=
52 I}
o =
E
> 0
< 0.0 0.2 04 0.6 0.8 1.0 1.2

The flow rate of mopeds (vehicles/second)

e Empirical values == Fitted regression line

Figure 13 — Distribution of avoidance behaviours of mopeds
from the opposite directions
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lanes can limit avoidance behaviours and effec-
tively ensure the safety of mopeds passing through
a signal-controlled intersection.

S. CONCLUSIONS

Understanding the behaviour of left-turning
moped riders at signalised intersections is the ba-
sis for safe operation and management of inter-
sections. To this end, we carried out a series of
work from two aspects of acquiring the behaviour
data of left-turning mopeds at signal-controlled
intersections and analysing three behaviours of
left-turning mopeds. The main results of this study
can be summarised as follows:

1) A video conversion method of moped move-
ment data acquisition was proposed and the ef-
fectiveness of the data acquisition method was
also verified through a field experiment. The
results showed that the errors of moped move-
ment data obtained by video conversion method
were within 0.1 meter, which satisfies the anal-
ysis of the moped riders’ movement behaviour.

2) To analyse the characteristics of the left-turning
mopeds at intersections, the ideal traffic space
for left-turn mopeds from different entrances
was defined. Based on this, three indicators,
namely, transverse distance, the proportion of
left-turning mopeds with crossing behaviour,
and the average number of avoidance be-
haviour, were proposed and used to analyse the
asymmetrical characteristics behaviour, cross-
ing behaviour, and avoidance behaviour.

3) In terms of the asymmetrical characteristics
behaviour, we found that the mopeds tended to
shift from the left area of the ideal traffic space
to the right one.

4) The higher the V/Cs of left-turning motor vehi-
cles, the lower the proportion of mopeds with
crossing behaviour.

5) There is a linear relationship between the av-
erage number of avoidance behaviour and the
flow rate of mopeds.

Owing to limited time and resources, this paper
has several limitations, which should be addressed
in future research. We only considered the influ-
ence of moped traffic volumes and the traffic vol-
umes of adjacent vehicles that crossed the lines of
mopeds. At the same time, this paper did not anal-
yse clusters of mopeds in different driving states
that are related to signal lights.
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