ARCHIVES OF TRANSPORT ISSN (print): 0866-9546
Volume 67, Issue 3, 2023 e-1SSN (online): 2300-8830

DOI: 10.5604/01.3001.0053.7075

THE CELLULAR TRAFFIC CAPACITY
MODEL OF TOLL STATION SQUARE

Yuning BAIY, Kaixuan WANG?, Lei YI3, Bo PENG*
1.4 Ningxia Jiaotou Expressway Management Co., Ltd. Yinchuan 750000, China
2.3 5chool of Traffic and Transportation, Chongging Jiaotong University, Chongging 400074, China

Abstract:

Traffic capacity is an important index to measure the operation efficiency of expressway toll stations. In order to provide
relevant theoretical support for accurately evaluating the congestion degree and service level of toll stations, this paper
establishes a traffic capacity calculation model for the square in front of expressway toll stations based on the traditional
cellular transmission method. Firstly, by dividing the square in front of the station into regular cells, the process of calcu-
lating the traffic capacity is simplified; Secondly, the capacity model of the square in front of the station is established
based on cellular transmission, and a large amount of data is collected through the monitoring videos of several toll
stations. The theoretical capacity of the square in front of the station is calculated by using the important parameters of
the model calibrated by the measured data under different lengths of the square in front of the station and the configuration
of toll lanes. Then, the simulation platform of VISSIM software is used, and many experiments are carried out with relevant
measured data to verify the accuracy of the model in multiple scenarios. Finally, the simulation value of the capacity of
the square in front of the station is obtained, and the error is calculated by using the simulation value and the calculation
value. The results show that the error of the verification result is 5.19%, and the error is within the allowable range, which
shows that the model is accurate and feasible. The theoretical capacity calculated by the capacity model of the square in
front of the toll station established in this paper is compared with the actual capacity, which can be used as a standard to
judge the congestion degree of the square in front of the toll station and further provide a theoretical reference for evacu-
ation of congestion.
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1. Introduction

By 2021, China’s highway mileage had reached
161,200 kilometers, and 10,788 toll stations had
been built across the country. The existing highway
system has been relatively perfect, but from the
overall highway system congestion frequency, toll
stations are one of the most frequently congested ar-
eas. Due to the problems of excessive heavy vehicle
rates, unreasonable lane settings and sudden in-
creases in traffic volume, toll stations produce traf-
fic congestion, which limits the operational effi-
ciency of expressway traffic systems [Wang et al.,
2020]. By studying toll station traffic capacity, the
congestion degree can be evaluated, and improved
toll clearance methods, such as controlling static ve-
locity [Lu et al., 2010], setting up reversible lanes at
toll stations [Kumar et al., 2020], and optimizing
lane allocation [Liu et al., 2022], can be adopted ac-
cording to the congestion degree of different lanes
to achieve the purpose of easing traffic congestion.

Most scholars study the capacity of toll stations by
analyzing driving behavior, service level, vehicle
type ratio and other influencing factors. To address
the influencing factors of driving behavior, Saad et
al. [2019] established a series of linear mixed mod-
els based on random effects to reveal the factors in-
fluencing driving behavior at toll stations. Wang
[2017] established a nonlinear integer programming
model based on minimizing the toll station operat-
ing cost and the driver waiting cost. Bari et al. [2021]
analyzed the influence of many factors on the ser-
vice time using the statistical distribution of the data
of toll stations in India. Li et al. [2021] transformed
the problem of capacity estimation into two aspects,
service duration distribution and influencing factors,
and determined a description method for the propor-
tion of vehicle types in toll lanes. Toll station traffic
is mixed traffic flow. Navandar et al. [2019] pro-
posed an equivalent coefficient, which equates the
mixed traffic flow to a balanced traffic flow com-
posed of cars. On this basis, they studied the service
level and traffic efficiency of toll stations [Navandar
et al., 2020]. Liu et al. [2011] used mathematical
analysis to determine the distribution characteristics
and the maximum likelihood estimation of single
lane service time, thus determining the capacity of
a single lane of a toll station. Zhao et al. [2022] an-
alyzed the traffic flow characteristics of mixed toll

stations, quantitatively divided the service level of
toll stations, and determined the service level stand-
ard of different types of toll stations and the corre-
sponding maximum traffic volume. Mohammed et
al. [2019] studied the impact of the percentage of
heavy vehicles on the queue length performance of
toll plazas, and the results showed that the percent-
age of heavy vehicles in the traffic flow signifi-
cantly affected the queue length of toll plazas. Most
of these research methods analyze the capacity of
toll stations from the perspective of different influ-
encing factors. Lane changes, acceleration and de-
celeration will increase the risk of traffic accidents.
A long service time and electronic toll collection
(ETC) equipment identification error may lead to
traffic congestion. The proportion of manual toll
collection (MTC) system vehicles and heavy vehi-
cles will also affect traffic efficiency. These influ-
encing factors can indeed reflect the level of traffic
efficiency to a certain extent, but the explicit value
of traffic capacity needs further study.

At present, there are two main types of models for
calculating toll station capacity: analytical models
and simulation models. Most analytical models are
based on traffic flow theory, which is more logical
and applicable, but the calculations are often com-
plicated [Bari et al., 2020]. Based on vehicle types,
toll lane configuration and other factors, Zarillo et
al. [2009] built a toll station square capacity calcu-
lation model. Zhao [2012] compares MTC lanes
with ETC lanes and proposes a new model to calcu-
late and analyze the capacity of toll lanes. Gui et al.
[2021] studied the design capacity of toll plazas by
establishing a balance model and two mathematical
programming models. Yu et al. [2021] developed an
integer programming model based on simulation to
provide a more efficient operation scheme for toll
plazas. Qian et al. [2013] established an improved
cellular automata model based on a traditional NS
model, which was used to analyze the traffic flow
of a mixed toll station. Cheolsun Kim et al. [2016]
established a model to analyze the traffic capacity
of toll plazas by observing the real-time traffic flow
and travel time of vehicles. It is more convenient
and intuitive to use simulation software to build
models, but there is some randomness, resulting in
insufficient precision [Yu et al., 2020]. The com-
monly used microsimulation software is VISSIM,
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developed by PTV Company in Germany. Dong et
al. [2019] designed five kinds of conventional toll
station traffic scenes in VISSIM, which were used
to compare and analyze the traffic capacity between
different guidance strategies. The results show that
guidance measures in front of toll lanes is better
than guidance measures behind toll plazas. Bains et
al. [2017] developed a well-calibrated and verified
toll plaza simulation model in VISSIM and simu-
lated several scenarios to test the efficacy in im-
proving traffic capacity. Bartin [2019] combined re-
inforcement learning with a genetic algorithm to
study the capacity of toll plazas and used a simula-
tion toll plaza developed using Paramics simulation
software for experimental analysis. Most existing
studies are based on models to calculate the capac-
ity value of toll stations [Jian et al., 2021]. A simu-
lation model can address a variety of traffic scenes
simply and intuitively, but it is not accurate enough.
Although a theoretical analysis model has complex
calculations, it has high accuracy. Considering the
advantages and disadvantages of both models, this
study adopts a method combining theoretical analy-
sis with simulation to calculate the capacity value to
achieve better results.

Daganzo et al. [1993] proposed a cell-transmission
model (CTM) based on a classical macroscopic traf-
fic flow model. Combined with the theory of fluid
mechanics, the model divides a road into connected
cells and describes the traffic flow state of the sec-
tion according to the traffic flow transmission rela-
tionship between the cells. Tampere et al. [2007]
combined a CTM with a linear Kalman filter and
proposed an extended Kalman filtering-cell-trans-
mission model (EKF-CTM), enabling the CTM to
switch between linear and nonlinear traffic condi-
tions for prediction. Laval et al. [2005] added lane
change behavior on the basis of a CTM and estab-
lished a lane-changing (LC) model, which well re-
produced the phenomenon of unstable slow growth
in queuing and had a good short-term dynamic pre-
diction effect of traffic flow. Based on the present
situation, the existing research has not developed a
method to determine the display value and has not
combined simulation, theoretical modeling and ac-
tual inspection. In this study, through the cellular
transmission idea, a toll station square is equivalent

to a regular geometric area, and the calculation pro-
cess is simplified. A traffic capacity model of the
toll station square is established. Studying the ca-
pacity of toll station squares with different lengths,
different lane numbers and different lane configura-
tions not only provides a theoretical basis for eval-
uating the degree of congestion but also has a cer-
tain reference for improving operational efficiency.

2. Modelling

As the number of lanes in a toll station square
changes from fewer to more, the transition area is
irregular, resulting in differences in the capacity of
each section. A cellular transmission model can di-
vide a toll station square into regular areas and de-
scribe the changes in traffic flow in the whole area
through the changes in the number of vehicles in
each cell, thus simplifying the traffic capacity cal-
culation process. To improve the toll station square
capacity calculation precision and provide theoreti-
cal support for subsequent congestion alleviation at
the toll station, the advantages and disadvantages of
a common traffic capacity calculation method and
the actual station square situation are considered
and a cell-based capacity model is proposed to ana-
lyze the toll station traffic capacity.

2.1. Toll station square regularization

A CTM is mainly used in research on highways and
dedicated lanes but has not been applied to toll sta-
tions. In this study, based on the principle of a CTM,
the toll station square is divided into n cells of the
same length so that the distortion area can be equiv-
alent to a regular geometric area, and the traffic ca-
pacity can be calculated more directly, as shown in
Figure 1.

The toll station square is divided into regularly
shaped cells:

qi-1,0ut = qi,in (D
Qi out = di+1,in 2)

where q; ;,, represents the number of vehicles flow-
ing into cell { per unit time, q; o+ represents the
number of vehicles flowing out of cell i per unit
time.



38

Bai, Y., Wang, K., Yi, L., Peng, B.,
Archives of Transport, 67(3), 35-47, 2023

!

Divided into cells
with regular shapes

Fig. 1. The toll station

A vehicle will continuously drive from one cell to
the next until it leaves the final cell. Since the traffic
flow is a continuous process, the number of vehicles
leaving the previous cell is equal to the number of
vehicles entering the next cell, and the maximum
number of vehicles entering a single cell is related
to the maximum number of vehicles entering the in-
itial cell in unit time. The capacity of a single lane
is determined by the capacity of all cells in the lane.
Lane change behavior will occur among multiple
lanes, so the capacity of a single lane cannot be
simply added directly. Therefore, the capacity of
multiple lanes can be calculated by applying a lane
reduction coefficient.

2.2. Traffic capacity of a single lane

The traffic capacity of an entire lane is the maxi-
mum number of vehicles that can pass through this
section in a certain period of time. According to the
cellular transmission characteristics, the traffic ca-
pacity of a single lane is the maximum number of
vehicles that can pass through all the cells in the
process of entering the initial cell and exiting the
end cell in a certain period of time. Therefore, the
vehicle running state of a single cell is analyzed first,
and the maximum number of vehicles passing
through a single cell is obtained. Then, all the cells
in the lane are used to calculate the traffic capacity
of a single lane. The maximum number of vehicles
leaving a cell in At time is only related to the dis-
tance traveled per unit time and the spacing between

vehicles. To postulate that at t, the first car just
pulled into cell i, and after a unit time delta At, at t
the first car moves out of cell i a certain distance.
For the validity of the model, it is assumed that the
number of vehicles passing in unit time is at least
one, that is, the distance of vehicles passing in unit
time is at least one cell length, as shown in Figure 2.
The capacity of a single cell is the maximum num-
ber of vehicles that can pass through the cell in a
unit time, and its capacity is related to the cell length,
vehicle speed and unit time length. To simplify the
analysis, all vehicles are treated as one point, the
length is ignored, and only the headway distance is
considered.

=V xAt 3)

=1 4
¥ —1

Qix = [xT 3)

where V represents the average velocity, At repre-
sents the unit time, X represents the distance trav-
eled by a vehicle per unit time, S represents the
mean headway distance, [ represents the cellular
length, and Q; ; represents the number of vehicles
that can pass through a cell per unit time.

The maximum number of vehicles leaving a single
cell in time ¢t is calculated, and the capacity of a sin-
gle lane can be obtained using the number of cells
in a single lane for calculation.

3600

Co = f Qu dt ©)
0

L

p-t ™
B

Ca= j Co dx ®)
0

where C, represents the maximum number of vehi-
cles leaving a single cell at time t, § represents the
number of cells on the road, L represents the length
of the lane, [ represents the cellular length, and C,
represents the capacity of a single lane.
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2.3. Toll station square traffic capacity

The capacity of multiple lanes is not the sum of the
capacity of all individual lanes. This is because dif-
ferent lane location layouts will produce reductions
to a certain extent. There are many lanes in a toll
station square, and the location of each lane is dif-
ferent. However, the number of ramp lanes is small,
and most vehicles need to change lanes to reach the
target toll station. As the lane change process will
affect the traffic flow status to a certain extent, there
will be a certain reduction in traffic capacity, so a
capacity reduction factor is introduced. If n ETC or
MTC lane is directly opposite to the entrance lane
of the toll station, vehicles do not need to change
lanes, and the capacity reduction factor is set to /,
i.e., the capacity is not reduced. For lanes in other
locations, the capacity reduction coefficient can be
calculated as the ratio between the traffic volume of
a single lane and the traffic volume of the opposite
lane [Luo et al., 2018]. The specific substitution
process is as follows.

] (18 o
f= (fl,fZ:fS'""fn) = <1, Ql,Ql, f Ql) )

where f,, represents the reduction coefficient of
lane n, the number of lane offsets from the main line
to the outside isinturn 1, 2, 3...... n, and Q,, repre-
sents the number of vehicles passing lane n.

At present, ETC/MTC mixed lanes and ETC special
lanes are mainly used in toll stations in China. The
design of ETC/MTC mixed lanes must conform to
higher design specifications to meet the needs of
ETC and large cars. If a mixed lane is used only by
ETC vehicles, the capacity of that mixed lane is
equal to the capacity of a single ETC lane. When the
lane is only used by MTC vehicles, the capacity of
the mixed lane is the same as that of a single MTC
lane. When the lane serves both types of vehicles,
the smaller the proportion of MTC vehicles, the
greater the capacity. In mixed traffic flow, the larger
the proportion of MTC vehicles, the smaller the im-
pact of ETC vehicles on traffic capacity, and the
slower its decay rate.

The capacity of an ETC/MTC mixed lane decreases
with the increase in the proportion of MTC vehicles
in the mixed traffic flow, and the decreasing rate
gradually increases from 0 to a certain degree and

then gradually decreases. The change process can
be approximately expressed by a cosine function
[Junlong Cheng et al., 2015], and the mixed lane ca-
pacity formula can be obtained.

C=Xm fiCu +Za fiCe + X2, fiC (10)

where C, represents the ETC traffic capacity, Cp,
represents the MTC traffic capacity, Cpx repre-
sents the mixed toll lane traffic capacity, and 0 rep-
resents the proportion of MTC vehicles in mixed
toll lanes.

Therefore, the multilane capacity of a toll station
square can be expressed as follows.

C=XM fiCu +Efo1 fiCe + 27, fiGi (. (1)

where m represents the number of MTC lanes, k rep-
resents the number of ETC lanes, p represents the
number of mixed lanes, f; represents the reduction
factor of lane j, and C represents the capacity of the
toll station square.

The model divides the entire irregular area of a toll
station square into multiple regular cells, uses the
cells to calculate the capacity of a single lane, con-
siders the lane change behavior between different
lanes, then introduces a lane capacity reduction co-
efficient, reduces the capacity of each lane, and fi-
nally obtains the capacity of the toll station square.
Compared with other models, this model is based
on the geometric shape of the toll station area,
which can better reflect the traffic characteristics of
the toll station. The use of cellular transmission sim-
plifies the modeling process and makes the calcula-
tion simpler on the premise of ensuring accuracy.

3. Model validation

Since some model parameters cannot be directly ob-
tained, the traffic volume of different lanes and the
average speed and time of vehicles can be counted
by investigating surveillance videos of multiple toll
stations. A large amount of measured data can be
used to calibrate key model parameters. After pa-
rameter calibration, the toll station square capacity
model needs to be verified.
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Fig. 2. A vehicle passes through a single cellular procesThe maximum number of vehicles leaving a single
cell in time ¢t is calculated, and the capacity of a single lane can be obtained using the number of cells

in a single lane for calculation.

The number of ETC lanes does not need to be taken
as an experimental variable. Therefore, the data set
with the maximum traffic capacity, that is, the larg-

est number of ETC lanes, is selected for verification.

To verify the accuracy of the model in multiple sce-
narios, a VISSIM simulation model was used to es-
tablish toll station scenes with different lengths and
different numbers of lanes, set corresponding pa-
rameters for simulation to obtain simulation results,
verify the model and conduct error analysis.

3.1. Parameter calibration

The main parameters to be statistically measured in
the established model are as follows: the average
vehicle speed, the average vehicle passage time, and
the lane capacity reduction factor. After the calibra-
tion of these three parameters, the toll station square
capacity value can be calculated to facilitate model
verification.

Through the investigation of multiple toll stations in
Yinchuan South, Yinchuan East, Helan, Wuzhong,
and Liupanshan, the length of most toll station
squares is between 80 and 180 meters, and the total
number of one-way toll gates is between 4 and 8.
For the entrance of a single lane ramp toll station,
the number of toll gates is between 4 and 6. There-
fore, the maximum length of the gradient section of
a toll station square is 180 meters, the minimum is
80 meters, and the number of toll gates is 4 to 6.
DSS Cloud remote monitoring software was used to
collect video data of multiple toll stations in the
Ningxia Hui Autonomous Region, and the average

speed and average time parameters of vehicles pass-
ing through the toll stations under different square
lengths in front of the stations and different types of
lanes were counted, as shown in Table 3.

It can be concluded from the above table that with
the increase in the length of the toll station square,
the average speed increases gradually. The main
reason is that drivers will not slow down immedi-
ately after entering the toll station square. Instead,
they will maintain the original speed for a period of
time or speed up for a period of time according to
the length of the toll station square and then slow
down when they are close to the toll gate. Because
a driver is evaluating the acceleration and decelera-
tion according to the visual distance from the toll
gate in front, when the distance is closer to the toll
gate, that is, the shorter the length of the toll station
square, the driver will slow down in advance. When
the distance from the toll gate is farther, that is, the
length of the toll station square is longer, the driver
will maintain a uniform speed or even accelerate to
a proper distance and then slow down.

The traffic volume obtained from the investigation
is calculated according to formula (9), and the re-
duction coefficient value is obtained by taking the
lane directly opposite the entrance lane of the toll
station as the standard, as shown in Table 4 and Ta-
ble 5.

From the results in the above two tables, it can be
seen that the traffic volume of the lane directly op-
posite the toll gate entrance is the largest, and the
greater the lane deviates from the opposite lane, the
smaller the number of vehicles passing. The MTC
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reduction ratio will be slightly greater than the ETC the resulting capacity reduction will be greater. Sta-
reduction ratio because when MTC vehicles change tistically, drivers tend to prefer the toll lane on the
lanes away from the main line, the speed will be left, regardless of traffic conditions.

smaller than when ETC vehicles change lanes, and

Table 1. Parameters list

Parameter Syn_lbol

Average vehicle speed

Average vehicle passage time

Lance capacity reduction factor

Cell length

Lane length

Mean headway distance

Number of ETC lanes

Number of MTC lanes

Number of mixed lanes

Proportion of MTC vehicles in mixed toll lanes

S SR EREST I B N EN RS

Yinchuan East

TEEET

= SR

Fi. 3. Part of the toll station surveillance video

Table 2. Parameters of some toll station squares

Liupanshan Helan toll Yinchuan South  Yinchuan East
toll station station toll station toll station
Length of toll station square(meters) 80 100 120 160
Number of ETC lanes 3 2 3 3

Number of MTC lanes or mixed lanes 2 5 5 5
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Table 3. Average speed and average time parameter table

Lane Relevant parameter Length of toll station square
category 80m 100 m 120 m 140 m 160 m 180 m
ETC Average velocity (m/s) 10.47 10.87 10.92 11.75 12.07 12.38
Average time (s) 7.64 9.20 10.99 11.91 13.26 14.54
MTC Average velocity (m/s) 8.77 9.76 9.91 10.29 10.65 11.06
Average time (s) 9.12 10.25 12.11 13.60 15.02 16.28

Table 4. ETC lane reduction factor

First lane off the Second lane off the Third lane off the Fourth lane off the

Lane position Main line . S s o
main line main line main line main line

Volume of traffic 768 726 648 606 522

Reduction factor 1 0.95 0.84 0.79 0.68

Table 5. MTC lane reduction factor

First lane off the Second lane off the Third lane off the

Fourth lane off the

Lane position Main line main line main line main line main line
Volume of traffic 360 336 300 276 216
Reduction factor 1 0.93 0.83 0.77 0.60

3.2. Capacity of different toll station square
lengths

With the rapid development of ETC in China, the
number of ETC users reached 265.79 million in
2021, and the ETC penetration rate was approxi-
mately 86.21%. Therefore, it is assumed that the
number of ETC lanes is at least one. Because ETC
is not exclusively utilized, the number of MTC
lanes is at least one. Therefore, the capacity of dif-
ferent ETC quantities is discussed when the total
number of lanes is 4 to 6 and the number of ETC
and MTC lanes is at least one. According to formula
(11), taking the entrance toll station of a single lane
as an example, the maximum capacity values of dif-
ferent lanes under different square lengths in front
of the station are calculated as shown in Table 6 be-
low.

The table shows that the capacity increases with the
length of the toll station square when the total num-
ber of lanes remains the same. When the length of
the toll station square and the total number of lanes
remain the same, the capacity increases with the in-
crease in the number of ETC lanes.

4. Error analysis

According to the toll station square capacity model,
which is different from the traditional toll station ca-
pacity, the toll station square capacity is calculated

based on the length of the toll station square, the lo-
cation of the lane, and the key traffic flow parame-
ters, and the influence of the service rate on it is not
considered. Therefore, to verify the effectiveness of
the model, a VISSIM simulation is used for verifi-
cation, as shown in Figure 4.

The case with the largest number of ETC lanes is
selected for verification. When the number of ETC
is the largest, the capacity is the largest. To maxim-
ize the simulated capacity, a simulation scheme is
designed from the following two aspects: different
lane configurations and the length of the toll station
square. For the toll station square capacity under
different station front square lengths and lane con-
figurations, the entrance single lane toll station is
taken as an example to conduct the simulation, as
shown in Table 7 below.

According to the above table, the trend is consistent
with the conclusion obtained from the model calcu-
lation value. To verify the effectiveness of the
model, the following formula is used to analyze the
error.

X;i-Y;
ZZ” 1 ‘X : (12)
where ¢; represents the total number of lanes and is
the error between the calculation capacity value and
the simulation value of j lanes, X; represents the
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calculated values of the capacity of group i data, Y;
represents the simulated values of the capacity of
group i data, and m represents the total amount of
data.

The error calculated when comparing the theoreti-
cal calculation data and simulation result data in the
above table are shown in Table 8 below.

The results show that the error between the simula-
tion results and the calculation results is 5.19%.
This error indicates that the results of the simulation
model and the calculation model are different for
several reasons.

(1) There are some differences between the theoret-

ical following model and the Wiedemann99 simula-
tion model, and to simplify the calculation, the
length of the car body is ignored in the theoretical
model, which will lead to some errors.

(2) The key parameter in the theoretical model is the
average speed, but in fact, changes in the speed are
all different in the process of cellular transmission,
and the average speed cannot fully reflect the
changes in the overall speed.

(3) In the simulation model, vehicles choose differ-
ent lanes, and some drivers even make more than
two lane changes. The impact of such lane changes
on traffic capacity cannot be fully reflected in the
theoretical model.

Table 6. The capacity of the plaza in front of the single lane toll station entrance with different lengths and

different numbers of lanes

Length gy m 100m  120m  140m  160m  180m
Number of lanes

4 lanes, 3ETC 1344 1566 2150 2299 2529 2783
4 lanes, 2 ETC 1138 1353 1896 2007 2369 2595
4 lanes, 1 ETC 1036 1147 1545 1817 2213 2310
5 lanes, 4 ETC 1653 1931 2662 2858 3131 3454
5 lanes, 3ETC 1552 1724 2408 2667 2974 3265
5 lanes, 2 ETC 1446 1611 2258 2479 2721 3080
5 lanes, 1 ETC 1245 1505 2004 2288 2564 2891
6 lanes, 5 ETC 1937 2264 3134 3375 3686 4074
6 lanes, 4 ETC 1836 2057 2986 3196 3437 3895
6 lanes, 3ETC 1730 1845 2734 2907 3282 3607
6 lanes, 2 ETC 1629 1738 2584 2720 3032 3422
6 lanes, 1LETC 1527 1632 2332 2531 2877 3234

20 14

o {12

E15 ¢t O

< 11035

g1 18 %

el 16 8

f%‘j’ 5 14 E

$ 12

<

0 0
80 100 120 140 160 180
Length of toll station square/(m)
ETC Average time MTC Average time
ETC Average velocity MTC Average velocity

Fig. 4. Average speed and average time of different lanes under different lengths of toll station square
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Fig. 5. Capacity of 4 lanes under different station square lengths
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Fig. 6. Capacity of 5 lanes under different station square lengths
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Length of toll station square/(m)
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Fig. 7. Capacity of 6 lanes under different station square lengths
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Fig. 8. Toll station simulation

Table 7. Maximum simulation capacity

Length 80m 100 m 120 m 140 m 160 m 180 m
Number of lanes
4 lanes, 3ETC 1468 1722 2238 2376 2655 2823
5 lanes, 4 ETC 1809 2152 2757 2948 3257 3512
6 lanes, 5 ETC 2138 2567 3230 3466 3818 4134
Table 8. Error between calculation value and simulation value
Length 80m 100m 120m 140m 160 m 180m
Number of lanes
4 lanes, 3ETC 8.45% 9.06% 3.93% 3.24% 4.75% 1.42%
5 lanes, 4 ETC 8.62% 10.27% 3.45% 3.05% 3.87% 1.65%
6 lanes, 5 ETC 9.40% 11.80% 2.97% 2.63% 3.46% 1.45%
4500
=
S 4000 }
(5]
>
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Fig. 9. Simulated and calculated capacity values
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5. Conclusion

By dividing the irregular area of a toll station square
into regular cells, a toll station square traffic capac-
ity model is established. According to the calcula-
tion results of the model, the traffic capacity in-
creases with the length of the toll station square
when the number of lanes is fixed. When the length
of the toll station square and the total number of
lanes remain the same, the capacity increases with
the increase in the number of ETC lanes.

The VISSIM simulation is used to verify the capac-
ity. The error of the verification results is 5.19%,
which is within the acceptable range and has certain
theoretical guidance significance. This model can be
used to calculate the display value of the capacity of
a toll station square, and the calculated display value
can be used as the criterion to evaluate the conges-
tion degree. When the actual traffic volume is more
than the capacity display value, it indicates that the
toll station is congested. The relevant measures need
to be taken to guide vehicles to avoid traffic paraly-
sis, improve traffic efficiency and ensure smooth ve-
hicle travel.
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