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ABSTRACT 
To address the issue of poor matching of lane allocation with traffic demand 

and composition, such as exit and entrance of highway toll stations, 

Electronic Toll Collection (ETC) and Manual Toll Collection (MTC), a dynamic 

lane control method for highway toll stations is proposed. Based on the lane 

control method, a mixed integer linear programming optimization model for 

the optimal opening scheme of toll lanes is established to achieve rational 

allocation of toll lanes. The results show that when the traffic demand at the 

entrance is significantly greater than that at the exit, dynamic control will 

allocate more toll lanes at the entrance. Compared with conventional 

control, the traffic capacity can be increased by 12.5%, 50% and 33.33%, 

respectively, under the three traffic schemes. When the traffic demand at 

the exit is greater than that at the entrance, dynamic control will allocate 

more toll lanes at the exit. The traffic capacity can be increased by 6.67%, 

25%, and 33.33%, respectively, under the three traffic schemes. When the 

traffic composition at the entrance and exit matches the toll lanes, the traffic 

capacity and lane allocation of these two control methods are the same. In 

various traffic scenarios, dynamic control can adjust the lanes at the 

entrance and exit according to the traffic composition at the entrance of the 

toll station, so as to accurately match the traffic demand and capacity in all 

directions of the toll station, and improve the traffic efficiency of the toll 

station to realize intelligent expansion. 

1. INTRODUCTION
With the rise of highway network encryption and expansion, the highways near urban areas 
are increasing. In addition to serving as a transit transportation service, suburban highways 
also carry the daily traffic short-distance travel needs of urban residents, with the latter traffic 
demand being the main type of transportation demand. Considering the obvious "tidal 
phenomenon" in daily urban travel, especially the roads near the urban area, the demand for 
inbound traffic is mainly in the morning rush hour and outbound traffic is mainly in the 
evening rush hour, leading to the "tidal phenomenon" in toll stations of suburban highway. 
However, due to the limited land area of urban roads, it is difficult for toll stations to physically 
expand, resulting in severe traffic congestion at some toll stations. Even more, the queuing of 
toll stations often overflows to the main line of the highway or intersection, causing potential 
traffic safety hazards. In this case, achieving smart expansion of toll stations through 
intelligent operation management is the focus of future research. 
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Based on the Electronic Toll Collection (ETC) technology, some scholars have conducted 
related researches on free-flow toll collection [1], ETC vehicle behavior and rapid guidance 
at toll stations [2], and analysis on the impact of traffic signs and driver lane changes [3], to 
improve the efficiency of toll stations. However, since the utilization rate of ETC is difficult 
to reach 100% in a short period of time, the mixed configuration of ETC lanes and Manual 
Toll Collection (MTC) lanes is the conventional design of the current lane layout of toll 
stations. The current research hotspot is to optimize the optimal opening scheme of toll lanes 
under different traffic flow scenarios [4-7]. 

Ahmad et al. [8] evaluated the waiting time of toll station traffic queues under different toll 
lane configurations based on simulation, so as to achieve the optimal lane opening of toll 
stations. Wang et al. [9] adjusted the lane allocation scheme from the perspective of vehicle 
queuing. Ramandanis et al. [10] developed 39 alternative toll lane alternatives to analyze the 
operation performance of toll stations under different ETC penetration rates, thereby selecting 
the best opening scheme of toll lanes. Liu et al. [11] established a two-level programming 
model at the road network level to optimize the layout of ETC lanes in the highway network. 
To further improve the traffic capacity and service level of toll stations and reduce the mutual 
interference between the upstream and downstream of toll stations, some scholars studied 
from the coordinated management and control between entrance and exit ramps of toll stations 
and connecting intersections [12-14], coordinated control between toll stations and service 
areas [15], and variable speed limit control of toll stations [16], to ensure the orderly operation 
of traffic in toll plazas. 

The above studies have limited effect on the alleviation of traffic pressure of tidal traffic at 
toll stations. This is because the maximum toll lanes that can be provided at the entrance and 
exit of toll stations cannot be adjusted, resulting in the difficulty of accurately matching the 
traffic capacity at the entrance and exit of toll stations with traffic demands. For this reason, 
some domestic highway toll stations have piloted "tidal lanes" to increase the lanes available 
at the exit or entrance of the toll station by adjusting the toll lane directions, thereby enhancing 
corresponding directional traffic capacity and alleviating the problem of tidal traffic 
congestion [17-18]. Taking the Xiong'an North Toll Station on the Jingxiong Expressway as 
the research object, Qiao et al. [19] set some ETC lanes in the middle of the toll plaza as tidal 
lanes, so as to analyze the setting schemes of tidal lanes by simulation. It was found that 
adjusting the number of tidal lane openings can help improve the traffic efficiency of toll 
stations. However, due to the limitations of research objects and methods, it is difficult to 
generalize the results to other toll stations. 

Based on the concept of dynamic lane control for urban intersections [20-21], considering 
the adjustable toll directions (entrance, exit) and toll functions(ETC, MTC), a universal 
optimization model for the optimal opening scheme of toll lanes is established to adapt to 
different design schemes and traffic flow scenarios of toll stations. At the same time, with the 
launch of new generation intelligent transportation products such as intelligent remote-
controlled command of mobile guardrails, has made the changes in toll direction and function 
of the toll plaza lanes, and the position switch of the central isolation guardrails, fast, 
convenient and intelligent, providing a technical support for dynamic control of toll plaza 
lanes. 
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2. MODEL AND METHODS 
2.1. Dynamic control method 
The layout of a highway toll station is shown in Fig.1. The conventional control method is 
that the exit lane of the toll plaza can only be used for exit traffic, and the entrance direction 
lane can only be used for entrance traffic. Each toll lane can be adjusted to ETC lane or MTC 
lane as needed, that is, the toll direction cannot be adjusted, but the toll function can be 
adjusted. Conventional control methods cannot adjust the maximum number of toll lanes 
available at the exit and entrance of toll stations and are not suitable for toll stations with tidal 
characteristics in traffic flow. 
 

 
Fig.1 Plane layout of the toll station 

 
The dynamic control method is that the toll lanes can adjust the toll function and direction, 

which can dynamically allocate the lanes according to the traffic demand in each direction and 
has high application flexibility. For example, when there is a high demand for exit traffic, the 
excess toll lanes at the entrance are allocated to the exit traffic by the conventional control 
method; when there is a high demand for entrance traffic, the excess toll lanes at the exit are 
allocated to the entrance traffic by the conventional control method. From this, it can be seen 
that the dynamic control method breaks through the limit of the maximum number of toll lanes 
that can be used at the entrance and exit of the conventional control method. It can adapt to 
various traffic scenarios, maximize the utilization of traffic resources of toll stations, and 
achieve accurate matching of traffic demand and capacity at the entrance and exit of toll 
stations. 
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2.2. Model optimization 
2.2.1. Objective functions 
To fully leverage the advantages of dynamic control methods in terms of traffic capacity and 
construct a linear objective function, maximizing the shared traffic coefficient of toll stations 
is taken as the first level optimization objective. The shared traffic coefficient represents the 
ratio of the reserved capacity of toll stations to traffic demand, and maximizing the shared 
traffic coefficient means maximizing traffic capacity. The second-level optimization aims to 
set location preferences for different types of toll lanes, such as setting the exit MTC lanes at 
the outermost direction of the exit, and the entrance MTC lanes at the outermost side of the 
entrance. The specific preferences for setting different types of toll lanes can be determined 
according to the needs of toll station operation and management. The objective function of 
this document is constructed as follows: 
 

 𝑚𝑚𝑚𝑚𝑚𝑚      𝐴𝐴𝐴𝐴 + 𝐵𝐵∑ ∑ �
𝑥𝑥𝑖𝑖,𝑗𝑗

|𝑗𝑗−𝑟𝑟𝑖𝑖|+1
�𝑗𝑗∈𝐽𝐽𝑖𝑖∈𝐼𝐼 ,𝐴𝐴 ≫ 𝐵𝐵                               (1) 

 
where, 𝐴𝐴 and 𝐵𝐵 are the weight coefficients of the objective function, and 𝐴𝐴 is much greater 
than 𝐵𝐵; 𝜑𝜑 is the traffic coefficient shared by the toll stations; 𝑥𝑥𝑖𝑖,𝑗𝑗 is whether 𝑖𝑖 chooses lane 𝑗𝑗, 
and 𝑥𝑥𝑖𝑖,𝑗𝑗 ∈ {0,1} respectively indicates No and Yes; 𝑖𝑖 ∈ 𝐼𝐼 = {1,2,3,4} represents the traffic 
flow that selects exit MEC, exit ETC, entrance MTC and entrance ETC, respectively; 𝑗𝑗 is the 
number of lanes, 𝑗𝑗 ∈ 𝐽𝐽 = {1,2,⋯ ,𝑛𝑛}, as shown in Fig.1; 𝑟𝑟𝑖𝑖 indicates that the toll station tends 
to prioritize the traffic flow 𝑖𝑖 to use the lanes 𝑗𝑗 = 𝑟𝑟𝑖𝑖 and 𝑟𝑟𝑖𝑖 ∈ 𝐽𝐽, and 𝑟𝑟𝑖𝑖 is the total number of 
lanes in the toll plaza. 
 
2.2.2. Constraint conditions 
This article does not consider the combination of ETC/MTC, assuming that each toll lane is 
allowed at most one type of traffic, as shown in Eq. (2). Based on the traffic direction at the 
exit of the toll station, to avoid conflicting traffic of various flows, the exit MTC lanes should 
be located on the right side of the exit ETC lanes; the exit ETC lanes should be located on the 
right side of the entrance ETC lanes, and the entrance ETC lanes should be located on the 
right side of the entrance MTC lanes, as shown in Eqs. (3)-(5). Each traffic flow has at least 1 
toll lane for use, as shown in Eq. (6). Each toll lane is only possible for use if it is designed 
with supporting facilities for traffic𝑖𝑖, as shown in Eq. (7). The value constraint for the use of 
markings𝑥𝑥𝑖𝑖,𝑗𝑗 in toll lanes is Eq. (8). 
 

∑ 𝑥𝑥𝑖𝑖,𝑗𝑗∀𝑖𝑖∈𝐼𝐼 ≤ 1,∀𝑗𝑗 ∈ 𝐽𝐽                                                   (2) 
 

𝑥𝑥𝑖𝑖,𝑗𝑗 ≤ 1 − 𝑥𝑥𝑖𝑖′,𝑗𝑗′ ,∀𝑖𝑖 ∈ {1}, 𝑖𝑖 ′ ∈ {2}, 𝑗𝑗 ∈ {2,⋯ ,𝑛𝑛}, 𝑗𝑗′ ∈ {1,⋯ , 𝑗𝑗 − 1}                      (3) 
 

𝑥𝑥𝑖𝑖,𝑗𝑗 ≤ 1 − 𝑥𝑥𝑖𝑖′,𝑗𝑗′ ,∀𝑖𝑖 ∈ {2}, 𝑖𝑖 ′ ∈ {4}, 𝑗𝑗 ∈ {2,⋯ ,𝑛𝑛}, 𝑗𝑗′ ∈ {1,⋯ , 𝑗𝑗 − 1}                      (4) 
 

𝑥𝑥𝑖𝑖,𝑗𝑗 ≤ 1 − 𝑥𝑥𝑖𝑖′,𝑗𝑗′ ,∀𝑖𝑖 ∈ {4}, 𝑖𝑖 ′ ∈ {3}, 𝑗𝑗 ∈ {2,⋯ ,𝑛𝑛}, 𝑗𝑗′ ∈ {1,⋯ , 𝑗𝑗 − 1}                      (5) 
 

∑ 𝑥𝑥𝑖𝑖,𝑗𝑗∀𝑗𝑗∈𝐽𝐽 ≥ 1,∀𝑖𝑖 ∈ 𝐼𝐼                                                   (6) 
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𝑥𝑥𝑖𝑖,𝑗𝑗 ≤ 𝑋𝑋𝑖𝑖,𝑗𝑗,∀𝑖𝑖 ∈ 𝐼𝐼, 𝑗𝑗 ∈ 𝐽𝐽                                                     (7) 
 

𝑥𝑥𝑖𝑖,𝑗𝑗 ∈ {0,1},∀𝑖𝑖 ∈ 𝐼𝐼, 𝑗𝑗 ∈ 𝐽𝐽                                                    (8) 
 
where, 𝑋𝑋𝑖𝑖,𝑗𝑗 indicates whether lane 𝑗𝑗 has designed as supporting facility for traffic 𝑖𝑖, and 𝑋𝑋𝑖𝑖,𝑗𝑗 ∈
{0,1} respectively indicates No and Yes.𝑋𝑋𝑖𝑖,𝑗𝑗is a constant, determined by the traffic design of 
each lane of the toll station. 
 

The shared traffic coefficient of the toll station shall not be greater than the traffic 
coefficient of each traffic flow, as shown in Eq. (9). The traffic of flow 𝑖𝑖 is equal to the sum 
of the traffic flows of each toll lane selected, as shown in Eq. (10). Each toll lane can only be 
greater than 0 if it allows the traffic flow𝑖𝑖 to use its corresponding lane, as shown in Eq. (11). 
The traffic flow 𝑖𝑖in the available toll lane is equal, as shown in Eq. (12). Based on the queuing 
theory, it can be seen that the service intensity of each toll lane is less than 1, as shown in Eq. 
(13). 
 

𝜑𝜑 ≤ 𝜑𝜑𝑖𝑖 ,∀𝑖𝑖 ∈ 𝐼𝐼                                                         (9) 
 

𝜑𝜑𝑖𝑖𝑄𝑄𝑖𝑖 = ∑ 𝑞𝑞𝑖𝑖,𝑗𝑗∀𝑗𝑗∈𝐽𝐽 ,∀𝑖𝑖 ∈ 𝐼𝐼                                                (10) 
 

0 ≤ 𝑞𝑞𝑖𝑖,𝑗𝑗 ≤ 𝑀𝑀𝑥𝑥𝑖𝑖,𝑗𝑗,∀𝑖𝑖 ∈ 𝐼𝐼, 𝑗𝑗 ∈ 𝐽𝐽                                            (11) 
 

−𝑀𝑀�2 − 𝑥𝑥𝑖𝑖,𝑗𝑗 − 𝑥𝑥𝑖𝑖,𝑗𝑗′� ≤ 𝑞𝑞𝑖𝑖,𝑗𝑗 − 𝑞𝑞𝑖𝑖,𝑗𝑗′ ≤ 𝑀𝑀�2 − 𝑥𝑥𝑖𝑖,𝑗𝑗 − 𝑥𝑥𝑖𝑖,𝑗𝑗′�,∀𝑖𝑖 ∈ 𝐼𝐼, 𝑗𝑗 ∈ 𝐽𝐽, 𝑗𝑗′ ∈ 𝐽𝐽 − {𝑗𝑗}        (12) 
 

𝑞𝑞𝑖𝑖,𝑗𝑗
𝜇𝜇𝑖𝑖

< 1,∀𝑖𝑖 ∈ 𝐼𝐼, 𝑗𝑗 ∈ 𝐽𝐽                                                  (13) 

 
where,𝜑𝜑𝑖𝑖is the traffic coefficient of traffic flow 𝑖𝑖; 𝑄𝑄𝑖𝑖  is the traffic demand/(pcu‧h-1) of traffic 
flow𝑖𝑖; 𝑞𝑞𝑖𝑖,𝑗𝑗 is the flow/(pcu‧h-1) that traffic flow𝑖𝑖chooses the lane 𝑗𝑗; 𝑀𝑀 is a large integer to 
determine the linear constraint construction, and 𝜇𝜇𝑖𝑖 is the average service rate /(pcu‧h-1)of toll 
lanes in traffic flow𝑖𝑖.  
 
2.2.3. Model discussion 

The decision variables of the optimization model in this paper include the shared traffic 
coefficient 𝜑𝜑, the lane markings 𝑥𝑥𝑖𝑖,𝑗𝑗, and a series of intermediate variables 𝜑𝜑𝑖𝑖 and 
𝑞𝑞𝑖𝑖,𝑗𝑗introduced for the establishment of linear constraints. The objective function is Eq. (1), 
and the constraints are Eqs. (2)-(13), which is a mixed integer linear programming model that 
can be solved by standard branch delimitation method or majority solver. The above 
optimization model is applicable to the optimal opening scheme of lanes when all toll lanes 
are activated in traffic congestion at the toll station. In non-congested hours, the objective of 
toll station operation and control is to ensure that the toll lanes opened under a certain level of 
service should be as small as possible. Consequently, the decision variables of the 
optimization model for the optimal opening scheme of toll station lanes in non-congestion 
hours include the lane markings 𝑥𝑥𝑖𝑖,𝑗𝑗 and a series of intermediate variables 𝜑𝜑𝑖𝑖 and 𝑞𝑞𝑖𝑖,𝑗𝑗  
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introduced for the establishment of linear constraints. The objective function is Eq. (14), and 
the constraint conditions are Eqs. (2)-(9), (9)-(13), and (15), which is also a mixed integer 
linear programming model. According to limiting 𝑋𝑋𝑖𝑖,𝑗𝑗, the optimization model in this paper 
can be used for conventional design, i.e., the directions of toll lanes cannot be adjusted. 
 

 𝑚𝑚𝑚𝑚𝑚𝑚      𝐴𝐴∑ ∑ 𝑥𝑥𝑖𝑖,𝑗𝑗𝑗𝑗∈𝐽𝐽𝑖𝑖∈𝐼𝐼 − 𝐵𝐵 ∑ ∑ �
𝑥𝑥𝑖𝑖,𝑗𝑗

|𝑗𝑗−𝑟𝑟𝑖𝑖|+1
�𝑗𝑗∈𝐽𝐽𝑖𝑖∈𝐼𝐼 ,𝐴𝐴 ≫ 𝐵𝐵                         (14) 

 
 

𝑞𝑞𝑖𝑖,𝑗𝑗
𝜇𝜇𝑖𝑖
≤ 𝛾𝛾,∀𝑖𝑖 ∈ 𝐼𝐼, 𝑗𝑗 ∈ 𝐽𝐽                                                    (15) 

 
where,𝛾𝛾 is the traffic intensity threshold, 0 < 𝛾𝛾 < 1. 
 
3. RESULTS AND ANALYSIS 
3.1. Case analysis 
The toll station shown in Fig. 1 is selected as the research object. Under conventional control 
methods, there are 7 lanes in the exit direction and 5 lanes in the entrance direction, 12 toll 
lanes in total. The average service time of each type of toll lanes is taken as 16 s for the exit 
MEC lanes, 4 s for the exit ETC lanes, 8 s for the entrance MTC lanes and 4 s for the entrance 
ETClanes.9 traffic input schemes for toll stations are designed to compare the advantages and 
disadvantages of conventional control methods and dynamic control methods, as shown in 
Table 1. The optimization model established in this paper is used to solve, and the results are 
shown in Table 2. 
 
Table 1. Traffic input schemes for the toll station 

Exit traffic 
flow/(pcu‧h-1) 

Entrance 
traffic flow 
/(pcu‧h-1) 

Schemes ETC 
Usage/% Schemes ETC 

Usage/% Schemes ETC 
Usage/% 

2000 4000 1 60 4 70 7 80 
3000 3000 2 60 5 70 8 80 
4000 2000 3 60 6 70 9 80 
 

As shown in Table 2, when the ratio of traffic demand at the exit and entrance of the toll 
station matches the number of toll lanes at the exit and entrance, the capacity and lane 
allocation of the toll station under conventional control and dynamic control are the same, 
such as Scheme 2, Scheme 5 and Scheme 8. At this time, the dynamic control does not change 
the direction of toll lanes. When the traffic demand at the entrance of the toll station is 
significantly greater than that at the exit, dynamic control will allocate the excess toll lanes at 
the exit to the entrance. Compared with conventional control, the traffic capacity can be 
increased by 12.5%, 50%, and 33.33%, respectively, under Scheme 1, Scheme 4, and Scheme 
7. Conversely, when the traffic demand at the exit of the toll station is significantly greater 
than the entrance, dynamic control will allocate the excess toll lanes of the entrance to the 
exit. Compared with conventional control, the traffic capacity can be increased by 6.67%, 
25%, and 33.33% respectively under Scheme 3, Scheme 6 and Scheme 9.Form this, it can be 
seen that dynamic control can flexibly adjust the allocation of lanes at the entrance and exit 
of toll stations to best match the traffic demand, maximize the traffic capacity of toll stations, 
and effectively alleviate the problem of tidal congestion at the toll station. At the same time,  
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as the ETC usage increases, the traffic capacity of the toll stations has also been improved to 
a certain extent, indicating that the promotion and utilization of ETC can improve the 
efficiency of toll stations. 
 
Table 2. Comparison of results 

Scheme Control 
methods 

Number of lanes Common 
traffic 
coefficient 

Relative 
proportion of 
common traffic 
coefficient /% 

Exit 
MEC 

Exit 
ETC 

Entrance 
MTC 

Entrance 
ETC 

1 

Conventional 
control 6 1 3 2 0.75 

12.50 Dynamic 
control 4 2 3 3 0.84 

2 

Conventional 
control 5 2 3 2 0.94 

0.00 Dynamic 
control 5 2 3 2 0.94 

3 

Conventional 
control 5 2 2 3 0.70 

6.67 Dynamic 
control 6 2 2 2 0.75 

4 

Conventional 
control 4 3 2 3 0.75 

50.00 Dynamic 
control 3 2 3 4 1.13 

5 

Conventional 
control 4 3 2 3 1.00 

0.00 Dynamic 
control 4 3 2 3 1.00 

6 

Conventional 
control 4 3 1 4 0.75 

25.00 Dynamic 
control 5 3 2 2 0.94 

7 

Conventional 
control 4 3 2 3 0.84 

33.33 Dynamic 
control 2 4 2 4 1.13 

8 

Conventional 
control 3 4 2 3 1.13 

0.00 Dynamic 
control 3 4 2 3 1.13 

9 

Conventional 
control 3 4 1 4 0.84 

33.33 Dynamic 
control 4 4 1 3 1.13 
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3.2. Sensitivity analysis 
The trend of the traffic capacity improvement ratio of dynamic control method compared with 
conventional control method changing with ETC usage, and the ratio of exit traffic to total 
traffic at the toll station is further analyzed. Three lane layout schemes are designed: 8 lanes 
in the toll plaza (5 exit lanes and 3 entrance lanes under conventional control), 12 lanes (7 exit 
lanes and 5 entry lanes under conventional control), and 16 lanes (9 exit lanes and 7 entrance 
lanes under conventional control). The ETC usage is set at 50% -90%, and the proportion of 
exit traffic is takenas20% -80%. 

As shown in Fig.2, when the ratio of exit traffic matches the lanes at the entrance and exit 
of the toll station, these two control methods have the same capacity, and the ratio of dynamic 
control to capacity improvement is 0. When the exit traffic is greater than the matching value 
of lanes, as the ratio of exit traffic increases, dynamic control will allocate more toll lanes in 
the exit direction, thereby improving the capacity of the toll station. When the ratio of exit 
traffic is less than the matching value of lanes, as the ratio of exit traffic decreases, the traffic 
increases in the entrance direction, making dynamic control allocate more toll lanes in the 
entrance direction. To this end, the improvement ratio of traffic capacity in dynamic control 
is rapidly increased compared with conventional control. In various traffic scenarios, the 
traffic capacity of dynamic control is not less than that of conventional control, indicating that 
dynamic control has obvious advantages of traffic capacity. The ratio of traffic capacity 
improvement is affected by the ETC usage rate, and there are significant fluctuations. The 
reason is that toll stations have optimal capacity when the ETC usage at the toll station matches 
the ETC and MTC lanes. 
 

 
(a) 8 lanes 
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(b) 12 lanes 

 
(c) 16 lanes 

Fig. 2. The trend of traffic capacity improvement ratio of the toll station 
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(a) 8 lanes 

 

 
(b) 12 lanes 
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(c) 16 lanes 

Fig.3. Entrance and exit lane allocation under dynamic control method 

 
Lane allocation at the entrance and exit of the toll plaza is shown in Fig. 3. The surface is 

the dynamic control method, and the plane is the conventional control method. The 
conventional control method has fixed entrance and exit lanes, without changing in various 
traffic scenarios. The ratio of exit lanes to the total lanes is 62.5%, 58.33% and 56.25% 
respectively when the total lanes are 8, 12, and 16s.Compared Fig. 2with Fig. 3, it can be seen 
that when the ratio of exit lanes under these two control methods is the same (i.e. the part 
where the overlap of the surface and plane overlap in the figure), the traffic capacity 
improvement ratio of dynamic control is 0.When the ratio of exit lanes under dynamic control 
exceeds that under conventional control (that is, the part of the surface on the plane in the 
figure), dynamic control allocates more toll lanes for exit to improve the exit capacity. When 
the ratio of exit lanes under dynamic control is smaller than that under conventional control 
(i.e. the part where the curve is located below the plane in the figure), dynamic control would 
allocate more toll lanes for entrance to improve the entrance capacity. From Fig. 3, it can be 
clearly seen that dynamic control can dynamically adjust the lanes at entrance and exit of the 
toll station according to traffic demand, so as to accurately match the traffic demand and traffic 
capacity of the toll station. 
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4. CONCLUSIONS 
1) Referring to the concept of dynamic lane control of intersections, allowing toll plaza 

lanes toad just their toll directions (entrance, exit) and toll functions (ETC, MTC), this 
article proposes a dynamic control method for highway toll lanes. The toll lanes are 
adjusted to the exit MEC lanes, exit ETC lanes, entrance MTC lanes and entrance ETC 
lanes as needed to alleviate the problem of tidal congestion at toll stations. 

2) Based on a case study, it is found that dynamic control can flexibly adjust the allocation 
of lanes at the entrance and exit of toll stations to optimally match the traffic demand. 
When the demand for entrance traffic is significantly greater than the exit, more toll lanes 
are allocated for entrance; when the demand for exit traffic is significantly greater than 
the entrance, more toll lanes are allocated for exit. Dynamic control can overcome the 
disadvantages of conventional control not being able to adjust the maximum number of 
lanes available at the exit and entrance of toll stations, making the application more 
flexible. 

3) Through sensitivity analysis, it is found that when the traffic composition at entrance and 
exit matches the lanes at entrance and exit of the toll station under conventional control, 
the traffic capacity of these two control methods is the same. Otherwise, as the ratio of 
exit traffic increases or decreases, it will aggravate the uneven traffic distribution of toll 
stations. Dynamic control can ensure the capacity of toll stations when adjusting the lanes 
at the entrance and exit. With the aggravation of uneven traffic distribution, dynamic 
control can improve the traffic capacity of toll stations more significantly than 
conventional control. 
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