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Abstract: Due to the fact that there is no protected signal phase
for right turns at most signalized intersections, the conflict
between pedestrians and right-turning vehicles is one of the
most common conflict types for pedestrians.
safety analysis of the common right-turn mode at four-phase
signalized intersections is presented. Relative risk is used as a

A pedestrian

measure of the effect of behaviors. The analysis mainly
includes five pedestrian factors that affect the conflict process
between pedestrians and right-turning vehicles. Pedestrians
tend to have a higher risk of being involved in conflicts in the
following six situations: crossing with others, running over the
crossing, entering the intersection, being near the exit lane,
crossing in the middle or at the end of a green light when the
right-turn lane is shared, crossing at the beginning of a green
light or red period when the right-turn lane is exclusive. It is
easier for pedestrians to get priority when crossing the street in
the following situations: running over a crossing, entering the
intersection, being near the entrance lane, and not using the
crosswalk. However, pedestrians are more inclined to yield to
right-turning vehicles when pedestrians are crossing in the
middle of the green light time. Some measures to alleviate the
conflict are put forward according to the conclusion. Video
observations also indicate that a clear pedestrian waiting area
must be marked for both pedestrian safety and right-turning
vehicle efficiency at major flat intersections, particularly when
the arms cover the lateral dividing strips.
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ignal control mitigates conflicts between traffic
S streams with different directions by separating the
passage time. However, right turn on red ( RTOR) is
permitted in many countries, so right-turning vehicles can
move in full time. Thus, the conflicts between pedestri-
ans and right-turning vehicles are inevitable. Right-turn-
ing vehicles cannot always yield to pedestrians due to

Received 2018-08-04, Revised 2018-11-01.

Biography: Chen Yongheng (1978—), male, doctor, associate profes-
sor, cyh@ jlu. edu. cn.

Foundation item: The National Natural Science Foundation of China
(No. 51278220).

Citation: Chen Yongheng, Liu Fanghong, Bai Qiaowen, et al. Analysis
of conflict factors between pedestrians and right-turning vehicles at sig-
nalized intersections[ J]. Journal of Southeast University ( English Edi-
tion), 2019, 35(1): 118 —124. DOI: 10. 3969/j. issn. 1003 —7985.2019.
01.017.

many factors. Sometimes, right-turning vehicles and pe-
destrians competed at the intersection, which increases the
risk of pedestrians. In fact, right-turning vehicles are a
key element in making pedestrians unsafe at signalized in-
tersections. A study has revealed that the conflicts with
RTOR are more serious than those with protected/permis-
sive right-turn phasing (PPRT). Meanwhile, right-turn-
ing vehicles more likely yield to pedestrians at PPRT in-
Currently, normal non-channelized right-
turn lanes with RTOR are widely used. Therefore, the
study of safety involving pedestrians and normal non-
channelized right-turning vehicles is necessary.

There are generally two methods for safety analysis.
The first is the accident data analysis method”™. The
second is the conflict data analysis method'"*'. Since the
accident data cannot recreate the accident process well,
the corresponding records are incomplete. The frequency
of accidents is low, and the prevention of personal injury
and property loss lags behind. Therefore, this method
cannot meet the needs of research. Studies have indicated
that conflicts and accidents have strong correlations™ ™.
Safety analysis using conflict data has the advantages of a
shorter data cycle, a more complete record of the conflict

tersections'"! .

process, advance prevention of accidents, and easier
analysis. Therefore, this study uses conflict data instead
of accident data to analyze traffic safety since it can be a
good substitute for accidents.

There have been many studies on the factors that influ-
ence the conflict between pedestrians and vehicles. Some
researchers analyzed flow factors'™®. Other researchers
analyzed the influences of channel conditions and traffic
facilities on the conflict'”™. Moreover, many researchers
have studied pedestrian behaviors. Some researchers ana-
lyzed the factors that affect pedestrian behaviors” . All
these studies are conducive to the understanding of the
conflict process between pedestrians and vehicles. There
are also some studies analyzing the influences of pedestri-
an behaviors on conflicts'”™"*. However, the influences
of pedestrian behaviors on the conflict between pedestri-
ans and right-turning vehicles under the RTOR mode still
lacks in-depth research.

Through the survey, it is found that the process of con-
flict between pedestrians and right-turning vehicles may
be affected by pedestrian factors such as pedestrian com-
panion behavior, speed,

crossing crossing position,
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crossing signal phase, and the direction of entering or ex-
iting intersections. After analyzing the background of the
study, this paper does not use the widely used odd-ratio
method' ™. Conversely, this study measures the influ-
ences of factors by directly calculating relative risk. The
influences of pedestrian factors in the process of conflict
between pedestrians and right-turning vehicles under the
RTOR mode is analyzed.

1 Conflicts between Pedestrians and Right-
Turning Vehicles

When a pedestrian and a right-turning vehicle approach
each other, a crash would be likely to occur if neither of
them takes actions such as decelerating, running to avoid
a vehicle, stopping short and swerving to avoid risk. All
the following conflicts are the conflicts between pedestri-
ans and right-turning vehicles.

The post-encroachment time ( PET) is used to distin-
guish conflicts. In this paper, PET is the time period
from a pedestrian entering the conflict area to the pedestri-
an returning to his/her normal walking speed''”’. Here,
the time that the pedestrian takes to return to the normal
walking speed is the time for the pedestrian to leave the
conflict area. Also, the conflict area is the overlap of the
pedestrian’s pass area and right-turning vehicles’ pass
area. The PET is the straight-line distance of the conflict
area with pedestrians crossing divided by the walking
speed. A pedestrian arrives at the conflict area and de-
cides whether he/she can cross the street. Then, if right-
turning vehicles also arrive at the conflict area within the
PET threshold, the situation is considered a conflict. To
determine the PET threshold for a given intersection con-
figuration, the average speed must be clear. Muley et
al. """ indicated that the average crossing speed was 1.43
m/s; however, in this study, the walking speed was as-
sumed to be 1.2 m/s, which is a publicly recognized av-
erage speed, to calculate the PET, since the use of 1.43
m/s will substantially underestimate the number of con-
flicts.

Pedestrians have priority over right-turning vehicles ac-
cording to the rule of law. However, pedestrians must
sometimes yield to right-turning vehicles to avoid con-
flicts. Drivers compete with pedestrians over the right of
way, which is a common phenomenon in some countries

such as China and Qatar""”

. To better understand the pe-
destrian characteristic, this paper studies the yielding be-
havior of pedestrians. The frequent yielding behavior of
pedestrians implies the low yielding rate of right-turning
vehicles and vice versa.

There are situations in which a pedestrian or a group of
pedestrians has conflicts with continuously right-turning
vehicles in reality. These pedestrians first yield to vehi-
cles but subsequently refuse to yield because they lose pa-
tience. Hence, the number of conflicts with these pedes-

trians should be recorded twice. In addition, the number
of yieldings and the number of no-yieldings should be re-
corded once.

2 Data Collection

The influence factors in the conflict between pedestri-
ans and right-turning vehicles are as follows.

Field observation shows that a pedestrian and his/her
nearby pedestrians affect one another when the pedestrian
is crossing in groups. Therefore, pedestrian group (PG)
is proposed in this paper. A pedestrian group contains one
pedestrian or several pedestrians with time headways less
than 2 s and identical origination and destination. The
following studies of pedestrians are conducted by the pe-
destrian group.

The speed of both sides in the conflict affects the con-
flict decision; thus, the walking speed should be consid-
ered. According to the field survey, pedestrians can be
divided into two groups: runners and walkers.

The direction of crossing pedestrian affects the aggrega-
tion behavior of the pedestrian groups. Hence, the pedes-
trians can be divided into two groups by direction: ente-
ring pedestrians and exiting pedestrians, as shown in
Fig. 1.

I
[
Entering* :
Exiting+ ?
0

Fig.1 Five trajectories of pedestrian crossing

The crossing location can affect the vehicle velocity
that the pedestrian faces. According to the use of cross-
walk in the conflict area of pedestrians and right-turning
vehicles, there are two types of pedestrians: pedestrians
in type | use the crosswalks well, and their tracks are
entirely within the crosswalk area; the tracks of pedestri-
ans in type [ are not entirely within the crosswalk. As
shown in Fig. 1, there are five typical trajectories in real-
ity. Trajectories m and n belong to type [ . Trajectory m
is near the entrance lane, and trajectory n is near the exit
lane. Trajectories p, g and o belong to type Il . Trajecto-
ry p is near the entrance lane, and trajectory ¢ is near the
exit lane. Pedestrians choose trajectory o in the protected
left-turning phase. This phenomenon is notably rare and
commonly occurs when pedestrians have more freedom.

At signalized intersections, groups of pedestrians accu-
mulate during the red light time. When the green light is
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on, they will move together. Moreover, if the right-turn
lane is shared, right-turning vehicles are blocked by
through vehicles and must frequently stop, so the veloci-
ties of right-turning vehicles are slow. The conflict is
closely related to the present color of pedestrian lights.
This study mainly discusses typical intersections with
four-phase traffic signal control. Pedestrian lights only
have red and green lights. The color of pedestrian lights
is a reference. All survey sites have no countdown lights.
There are four periods: 1) Initial green time (1G); 2)
Middle green time (MG); 3) End green time (EG); 4)
Red time (Red). The initial green time affects the pedes-
trians who arrive before the green light is on. IG encom-
passes the first three seconds since the green light is on.
The end green time is defined as the pedestrian flashing
green interval. In this study, the end green time is the
last three seconds before the red light is on. The middle
green time is the remaining green time. The red time is

the time period when the pedestrian light is red.

Data was collected during both peak hours and off-peak
hours in June 2017. Three sites with normal non-channel-
ized right-turn approaches in Changchun were selected:
the west arm of Jiefang Road-Renmin Street (JF Rd. -RM
St.) intersection, the west arm of Ziyou Road-Tongzhi
Street (ZY Rd. -TZ St.) intersection with a shared right-
turn lane, and the east arm of Ziyou Road-Renmin Street
(ZY Rd.-RM St.) intersection with an exclusive right-
turn lane. These sites are situated in the downtown with
heavy traffic and more conflicts between pedestrians and
right-turning vehicles. Therefore,
common situations of the study. During the video collec-

they can represent

tion, the weather was fine, and the traffic operated as u-
Manual counts were used to obtain information.
The
investigation time is 1 h and 50 min in non-peak hours,

sual.
Tab. 1 shows the observation results of three sites.

and 2 h in other conditions.

Tab.1 Number of samples under different conditions

West arm at JF Rd. -RM St.

East arm at ZY Rd. -RM St. West arm at

Investigation site and period Non-peak Evening pea_k Morning pea_k Evening peak ZY Rd. -TZ St.
hours hours hours hours of evening peak hours

Right-turning vehicles per hour 189 212 530 213 71

Through vehicles per hour 18 51 0 0 193
Pedestrian groups per hour 242 310 297 318 348
Pedestrians per hour 366 545 466 593 611
No-conflict groups 382 501 386 533 669
Conflict groups 65 135 255 111 26
Yielding groups 33 57 116 45 8

No-yielding groups 32 78 139 66 18
Running 23 79 92 56 44
Running in groups 4 12 11 12 9

Trajectory m 207 347 339 355 407
Trajectory n 120 167 155 183 266
Trajectory o 1 0 1 1 4

Trajectory p 26 10 87 88 1

Trajectory g 89 95 11 9 17
Exiting the intersection 249 329 303 339 364
Entering the intersection 194 290 290 297 331
Initial green time 87 83 80 78 92
Middle green time 297 483 391 423 470
End green time 6 17 32 23 25
Red time 53 36 90 112 108

3 Methodology

There are several methods to measure the correlation,
such as crosstab analysis, correlation coefficient, regres-
sion analysis, and analysis of variance (ANOVA). How-
ever, for the effect of the factors to study in this article
on conflict, these methods do not fit. The crosstab analy-
sis cannot tell whether the correlation is positive or nega-
tive. The correlation coefficient can only measure the lin-
ear correlation. Regression analysis makes sense only if
the result is under a very large sample size. The actual
situation does not match the basic assumption of ANO-

VA. We need a simple and effective method to measure
the relevance between the factors and the traffic-conflict-
related incidents.

In recent years, some scholars adopted odd-ratios
(ORs) in studying the relationship between factors and
traffic conflict events. This method is simple and efficient
and makes a good measure of relevance. All studies indi-
cated the applicability of the OR indicator in traffic con-
U718 However, due to the relatively large
pedestrian flow and motor flow at the survey sites and dif-

flict research

ferent indicators selected in the conflict measurement, the
highest percentage of conflict obtained in this study is
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much higher than 5% . The OR indicator cannot accurate-
ly reflect the relative risk (RR) of exposure factors. In
addition, the research in this article is a cohort study,
which implies that the sample can reflect the population,
and the relative risk index can be directly calculated.
Therefore, instead of using the OR indicator, which is
currently widely used by researchers in traffic conflicts,
we directly calculate the relative risk.

The relative risk was originally defined as the ratio of
cumulative incidences of exposure to the cumulative inci-
dence of non-exposure groups. Corresponding to the in-
fluence research of conflict events, the relative risk refers
to the ratio of the exposure group conflict rate and the
Tab. 2
quired parameters in the calculation.

non-exposed group conflict rate. shows all re-

Tab.2 Number of pedestrian groups in the conflict groups and
reference groups depending on the exposure

_A/(A+0)

RR = B/(B + D)

(1)

In Tab.2, A is the number of conflict group under the
exposed factor condition; B is the number of conflict
group under the unexposed factor condition; C is the
number of reference group under the exposed factor con-
dition; and D is the number of reference group under the
exposed factor condition. If RR is equal to 1, the factor
has no effect on the occurrence of conflict. If RR is grea-
ter than 1, the factor is risky. If RR is less than 1, the
factor is protective and can decrease the number of con-
flicts. The calculation about pedestrian yielding behaviors
is similar to the calculation about conflict.

The factors include the scale of pedestrian groups, pe-
destrian speed characteristics, selected trajectories by the
pedestrians, directions ( whether the pedestrians are exi-
ting or entering the intersection) and present color of the

Groups Exposed factor Unexposed factor corresponding pedestrian lights. The calculation results
Conflict A B are shown in Tabs. 3 and 4. C/R in Tab. 3 means conflict
Reference C D group/reference group. N/Y in Tab.4 means no-yielding
group/yielding group.
Tab.3 Relative risks to conflicts between pedestrians and right-turning vehicles
Investigation West arm at JF Rd. -RM St. East arm at ZY Rd. -RM St. West arm at ZY Rd. -TZ St.
site and Non-peak hours Evening peak hours Morning peak hours Evening peak hours of evening peak hours
period C/R RR C/R RR C/R RR C/R RR C/R RR
In groups 25/109 1.46 51/209 0.88 69/114 0.93 65/242 1.55 12/290 1.12
Alone 40/273 0.68 84/291 1.14 186/272 1.08 46/291 0.64 14/379 0.90
Running 6/17 1.87 30/52 1.93 53/52 1.34 15/44 1.55 3/41 1.93
Walking 59/365 0.53 105/448 0.52 202/334 0.75 96/489 0.65 23/628 0.52
Exiting 34/218 0.85 68/268 0.90 113/207 0.80 46/295 0.63 6/358 0.27
Entering 31/164 1.18 67/232 1.11 142/179 1.25 65/238 1.59 20/311 3.67
Tab.4 Relative risks to pedestrian no-yielding behaviors in conflict situations
West arm at JF Rd. -RM St. East arm at ZY Rd. -RM St. West arm at ZY
Investigation ) ] ]
site and Non-peak Evening peak Morning peak Evening peak Rd.. -TZ St. of
period hours hours hours hours evening peak hours
N/Y RR N/Y RR N/Y RR N/Y RR N/Y RR
In groups 13/13 0.98 28/23 0.92 41/28 1.13 21/24 0.86 9/3 1.17
Alone 20/19 1.03 50/34 1.08 98/88 0.89 25/21 1.16 9/5 0.86
Running 3/2 1.24 25/5 1.65 33/20 1.19 10/5 1.14 2/1 0.96
Walking 29/31 0.81 53/52 0.61 106/96 0.84 56/40 0.88 16/7 1.04
Exiting 20/15 1.32 32/36 0.69 59/54 0.93 24/22 0.81 2/4 0.42
Entering 13/17 0.76 46/21 1.46 80/62 1.08 42/23 1.24 16/4 2.40

4 Result Analysis on the Factors of Pedestrian
Crossing

4.1 Companion

The result of relative risks in Tab. 3 is not very conver-
gent. But our preceding research has convergent re-

19
sults'™ .

Thus, the pedestrian crossing in groups has a
larger risk of being involved in conflicts. The reason can
be that the span of several pedestrians is longer than the
span of one pedestrian. When they are crossing in

groups, pedestrians in groups can affect one another and

become more impatient to choose a safer acceptable gap.
Therefore, the pedestrians in groups are more likely to
yield to vehicles.

4.2 Walking speed

Running is a distinct acceleration behavior of pedestri-
ans. Tabs.3 and 4 show that the running pedestrians have
a larger risk of being involved in conflict and no-yielding
behavior than those pedestrians who walk slowly. On the
one hand, running pedestrians are commonly younger,
more competitive and have more confidence than the
walking pedestrians. On the other hand, the running be-
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havior of pedestrians causes some perception limitations
between the pedestrian and the driver. Not running causes
conflicts, but pedestrians choose to run due to conflicts.
To some degree, running is a yielding behavior of pedes-
trians to vehicles, but running is undoubtedly a risk factor
of pedestrian crossing. To maintain safety, the vehicles
should slow down, and the pedestrians should increase
their vigilance and not abruptly speed up when they cross
intersections.

4.3 Direction

The pedestrians who enter intersections and those who exit
intersections have different aggregation characteristics be-
cause of the signal control. Entering pedestrians gather with
one another and form larger pedestrian groups while they
wait during the red period. The exiting pedestrians gradually
disperse when they are crossing the intersection. Thus, the
direction of pedestrians (entering or exiting intersections)
obviously affects the pedestrian-vehicle conflicts.

Tab. 3 shows that the pedestrians entering the intersec-
tion have greater conflict risk than those exiting the inter-
section. This phenomenon is connected with different ag-
gregation characteristics of exiting pedestrians and ente-
ring pedestrians. The result is identical with the previous
study'"”.

Tab. 4 shows that the pedestrians entering the intersec-
tion more likely do not yield to right-turning vehicles.
This behavior conforms to the right of way.

Thus, the combined action of pedestrian groups and
signal control modes varies the conflicts and yielding de-
cisions between entering pedestrians and exiting pedestri-
ans.

4.4 Trajectory

The results of the effects of pedestrian trajectories on
conflicts are shown in Figs. 2 and 3. Every point in the
following figures should be contrasted with 1. The maxi-
mum RR value in Fig. 2 is 19.17. For the drawing
range, we replaced 19.17 with 5.

Fig. 2 shows that the pedestrians who use the crosswalk
well in trajectories m and n make a strong contrast with
the pedestrians who do not use the crosswalk well in traj-
ectories p and g with regards to conflict risk. The pedes-

trians select trajectory n with a RR of conflict larger than

—e—JF Rd. -RM St.
non-peak hours

—a—JF Rd. -RM St.
evening peak hours

——Z7Y Rd. -RM St.
morning peak hours

—<Z7Y Rd. -RM St.,
evening peak hours

q 7Y Rd. -TZ St.,
evening peak hours

RR
S =N WA UL

p m n
Trajectories

Fig.2 Relative risks of trajectories that pedestrians choose to
cross intersections to conflicts

4 ——JFRd.-RM St.,
non-peak hours
3 —a—JF Rd. -RM St.,
o evening peak hours
&2 —+-7Y Rd. -RM St.
morning peak hours
1 ——ZY Rd. -RM St.,

| evening peak hours

24
P m n
Trajectories

%

Fig.3 Relative risks of trajectories that pedestrians select to
cross intersections to no-yielding behaviors of pedestrians in
conflict situations

1 and a RR of no-yielding less than 1. Hence, pedestrians
in trajectory n have a higher risk of unsafety.

The contrast between the pedestrians who use the cross-
walk well and those who do not use crosswalk well, as
shown in Fig. 2, indicates that we should pay particular
attention to pedestrian safety, specifically on exit lanes.

Fig. 3 shows that pedestrians are more likely to yield in
trajectory n than in trajectory m, which may be signifi-
cantly related to the velocity changes of vehicles during
the right turn. Right-turning vehicles driving to exit lanes
are faster than those at entrance lanes, which is closely
related to the stop line on the entrance lane. Although pe-
destrians have priority, they prefer to yield to right-turn-
ing vehicles.

Pedestrians who do not use crosswalks well, such as
those in trajectories p and ¢, tend to compete to pass be-
fore the right-turning vehicles.
venturous and take priority for granted, and thus,

are inclined to save time instead of safety.

Those pedestrians are ad-
they

4.5 Signal phase

The west arm at JF Rd. -RM St.
east arm at ZY Rd. -RM St. intersection are notably dif-
ferent in Fig. 4. The effect of the signal phase to conflicts
may be related to the pattern of right-turn lanes. For
shared right-turn lanes, conflicts tend to occur during the
middle and end of the green period. For exclusive right-
turn lanes, conflicts tend to occur during the initial green
period and red period. The following reasons are likely
explanations: There are more pedestrians and pedestrian
groups during the initial green period;
of drivers noticing pedestrians is lower during the pedes-
trian red-light phase.

intersection and the

the attention level

3 ——JF Rd. -RM St.,
non-peak hours
2 —=—JF Rd. -RM St.
Sé evening peak hours
1 —4—Z7Y Rd. -RM St.
morning peak hours
——ZY Rd. -RM St.
0 L evening peak hours

1 N
1G MG EG Red

Signal phase —*—7Y Rd. -TZ St.

evening peak hours

Fig. 4 Relative risks of signal phases when pedestrians cross
intersections with conflicts
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Fig.5 shows that pedestrians crossing during the middle
green period more likely yield to right-turning vehicles.
Furthermore, the yielding behavior may relate to different
periods of the day.

3
——JF Rd. -RM St.,
non-peak hours
2 —=-JF Rd. -RM St
é evening peak hours
1 —+—Z7Y Rd. -RM St.,
morning peak hours
oL . . ,  TCZYRARMSt
G MG EG Red evening peak hours
Signal phase
Fig. 5 Relative risks of signal phases when pedestrians are

crossing intersections to pedestrian no-yielding behaviors in con-
flict situations

To better understand the effect of different phases on
the conflict process, we analyzed the effect of the signal
phase on the conflict and yielding behavior in different
crossing trajectories. The differences among intersections
were ignored. Comparing Fig. 6 with Fig. 7, we observe
that the relative risk of conflict at p is negatively correla-
ted with the pedestrian no-yielding behavior relative
risks. The conflict relative risks at g is positively correla-
ted with the pedestrian no-yielding behavior relative
risks. In Figs.6 and 7, the RR trends at m and n show a
significant negative correlation.

3
——p
—-—m
2 —a—n
& —*—q
1
O 1 1 S
IG MG EG Red
Signal phase

Fig. 6 Relative risks to conflicts of different trajectories with
changing signal phases

2 ——p

—.—m

—A—n

51 —>—q
0 1 1 N2

IG MG EG  Red
Signal phase

Fig. 7
conflict situations of different trajectories with changing signal

Relative risks to pedestrian no-yielding behaviors in

phases

5 Conclusion

This paper uses relative risks to analyze the influence
factors of conflicts between pedestrians and right-turning
vehicles at signalized intersections in detail. The findings
of this study can be used as the foundation of traffic con-

trolling measures and regulate the street crossing location
of pedestrians. For example, set physical isolation in
place so that the pedestrians cannot directly enter the mo-
tor vehicle lane from the sidewalk at the spot without the
crosswalk. There are more frequent conflicts between pe-
destrians and right-turning vehicles at the exit lane. Also,
the priority of pedestrians cannot be guaranteed. There-
fore, the speed of right-turning vehicles in front of the
pedestrian crossing should be restricted by additional
measures such as setting signs or flashing lights to indi-
cate right-turning vehicles.
there are frequent conflicts between pedestrians and right-
turning vehicles, it is advisable to give up the RTOR

At the intersections where

mode and separate pedestrians and right-turning vehicles
by signal lights. If the arm covers dividing strips, a clear
pedestrian waiting area should be marked to reduce the
vehicle delay caused by the waiting pedestrians. This
work will contribute to normalizing the pedestrian cross-
ing, reducing the number of accidents and improving the
operating efficiency at intersections. This paper examines
the situation from a pedestrian’s perspective without con-
sidering the driver. An extension study will investigate
the effects of vehicle velocities and driver behaviors on
the conflict. The conclusion of this paper is applicable to
the following conditions: The pedestrian flow is 350 to
600 people/h, and the right-turning vehicle flow is 100 to
550 veh/h. However, different cities, districts and inter-
sections have different pedestrian flows, right-turning ve-
hicle flows and pedestrian behaviors. In order to obtain a
more systematic and comprehensive conclusion, various
combinations should be considered.
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