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Abstract: The number of tollbooths is always more than the number of lanes on the 
highway. After passing tollbooths, vehicles enter lanes through a merging area. The 
shape, size and merging pattern of the merging area can affect its capacity of accident 
prevention, throughput and cost. We build a cellular automation model to examine the 
issue of shape, size, merge mode, throughput, potential collision, number of lane 
changes and time spent in New Jersey toll stations issue from an optimization 
perspective. The simulation result shows that the proposed model performed well on 
the freeway traffic. 
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1. Introduction 
 
Traffic flow models were developed to simulate and understand traffic operations. The 
models are mathematically theory-based or simulation-based [1]. After the proposal of 
the car-following model, a cellular automation (CA) model was put forward by Cremer 
and Ludwig [2]. The model is discrete in both time and space, which is an effective 
simplification to approximate to the solution of differential equations. Compared with 
many car-following models, CA model can well simulate overtaking behaviors in 
highway with unidirectional two lanes [3-4]. In general, CA model belongs to 
simulation-based models for its clear evolution rules of vehicle operations. It is easy to 
implement on computer for its discreteness. With the rapid development of modern 
computers, this model becomes increasingly popular in the 90s [5]. Its popularity gains 
partly due to its flexible framework to incorporate traffic control and many other 
interesting components. For example, Horni et al. [6] used CA model to conduct 
parking simulation, and they incorporated agent-based techniques as well. Chai et al. 
[7] made use of CA model to simulate traffic streams at signalized intersections. 
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The thing incorporated is fuzzy logic, and results show the model can well replicate 
decision-making processes [8]. CA model can even be used to evaluate vehicle load 
effect in bridge construction [9]. 

Unidirectional two-lane freeway is a typical and the simplest form of freeway. The 
traffic flow characteristics including safety condition on two-lane freeway is of great 
significance in planning, design, and management of a freeway [10]. In this paper, we 
choose five lanes and nine toll stations. Then, by the influence factors such as 
throughput, cost, potential collision, number of lane changes and time spent on CA. We 
build a evaluation model to examine the issue of shape, size, merge mode, throughput, 
potential collision, number of lane changes and time spent in New Jersey toll stations 
issue from an optimization perspective. The present experiment was designed to test 
the validity of fee barrier. Our main research objectives for this study include reducing 
the bottleneck effect, reducing costs and ensuring safety.  
 

2. The foundation of CA model 
 

2.1 Background 
 
Highway toll station is a significant service facility on the highway, whose service level 
directly affects the highway capacity. The design of highway toll station, as a vital part 
of the highway traffic management service facilities, obtains more and more attention 
from the construction sector. 

It is observed that some sections of the actual traffic flow growth rate is far greater 
than predicted. The capacity of freeway toll stations are often not so satisfying and the 
traffic capacity of the expressway, resulting in traffic congestion, often occurs in the toll 
station. Highway toll station has become a key impact aspects of the Expressway 
logistics circulation, the travel time of vehicles and the traffic cost. 

Some modern toll facilities require all payment to be made by electronic transponder, 
so that vehicles do not have to slow down in order to pay the toll. But on many older toll 
ways moving to all-electronic payment is not an option, while mounting congestion 
means that planners are faced with the problem of configuring their existing 
infrastructure to provide the best possible service. Therefore, it is an effective way to 
improve the level of traffic capacity and service by optimizing the shape, size and 
merging pattern of the area following the toll barrier. 

Consider a toll highway having L lanes of travel in each direction and a barrier toll 
containing B tollbooths (B>L) in each direction. 

In order to study toll plaza in New Jersey, we search the figure1 from Google Map. 
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Fig. 1 Asbury Park Toll Plaza - Garden State Parkway 
 

 
 

Fig. 2 simplified toll plaza 
 

For researching toll plaza comprehensively, we decided to simplify toll plaza in 
figure2.In figure2, we know that vehicles come from upstream to deceleration lane in 
which vehicles prepare to slow down and reduce speed. 
 

2.2 Assumptions and Notations 
 
The assumptions are as follows. 

The freeway section is homogeneous. 
A car comes to a complete stop at a tollbooth. 
The plaza consists of three types of cells: occupied cells, vacant cells, and forbidden 

cells (which represent cells that vehicles are not permitted to occupy the boundary of 
the plaza). 

Cells represent a physical space that may accommodate a standard vehicle and a 
comfortable buffer region on either side. 
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And the notations are presented as follows. 
B: The amount of tollbooths; 
L: The amount of lanes; 
L1: the end of tollbooths to the initial section of merging lane; 
L2: the initial section of merging lane to outcome lane; 
S: the first tollbooth lane to first outcome lane; 

 
2.3 The CA model 

 
The smoothness assumed in the continuous macroscopic approach could be 
inappropriate for a toll plaza. To address this possibility, we turn to cellular automata 
theory to develop a discrete, microscopic model. As to this question, we use cellular 
automata (CA) Because of CA’s Superiority in discrete problem which is a discrete 
system whose behavior is completely specified locally. In the cellular automata model 
of toll plaza dynamics, each cell is designated as a vehicle, a vacancy, or a barrier to 
traffic flow. The model follows individual vehicles through the plaza. For assessing 
comprehensive performance, we pick up some indexes to describe evaluation of toll 
plaza. 
 

 
 

Fig. 3 Indexes of evaluation 
 

Construction cost: how much to build this toll plaza. 
Area of toll plaza: is positive correlation with construction cost. 
Performance of toll plaza: assess the traffic capacity of toll plaza after tollbooths. 
The number of switching lane: represent the ability of vehicles movement in high 

speed and unobstructed or crowed toll plaza. 
Throughput: number of vehicles per hour passing the point where the end of the 
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plaza joins the outgoing traffic lane. 
Cost of time: The cost time refers to the time each vehicle travels from the toll booth 

to the highway. This time characterizes the efficiency of the toll plaza. 
Accident and crush risk: the probability of risk in vehicles movements. 
Potential collision: when vehicles switched lane, it would be easy to happen accident 

with the vehicle close it. 
According to figure 2 and the request of problems, we focus on analysis which 

include the zone after tollbooths merely in figure 4. 
When the number of tollbooths B and lane L is certainly, we can change one of S, L1, 

L2, merging pattern, traffic flow and the proportion of method in tollbooths and others 
are constant to analysis trend of evaluation index. 

 
 

Fig. 4 simplified objection 
 

 
 

Fig. 5 the chart of CA 
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In CA model, potential collision represent that when vehicles prepare to switch lane, 
its back vehicle or front vehicle is close to it and the interval less than 1 cell, then this 
change is a potential collision. 
 

3. Simulation results 
 
After constantly trying and simulating, we input L=5 and B=9 into our cellular 
automata in figure6. Then we know S=2 in white section of graphic is empty sections, 
black part is not viable part, the cyan-blue part is the toll booth, the blue part of the 
vehicle, the entire graph is drawn using the cellular automaton principle. 
 

 
 

Fig. 6 the basic cellular automation 
 

In this part, we set the same area to choice the optimal shape. This shape selection 
mainly aims at how to construct the connection between toll booths and expressway. 
We change S to change toll plaza shape. Our result probably as follows (S=3 and S=4). 
 

 
 

Fig.7 the optimal shape model 
 

For B = 9, L = 5, in this case, we set the experiment as follows: 
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Fig. 8 the trend of index in CA model 

 
There are potential collision, the number of switching lane, throughput and area in 

figure7. Then consider 4 indexes comprehensively, the optimal S is 3. 
We set the same shape to choice the optimal area. When the shape is certainly, area 

is positive correlation with L1 and L2. The experiment for the second half of the toll 
plaza’s size, we study the size of the situation is mainly to research the changes of L1 
and L2 on the impact of measurement indicators. 

After experiment to change L1, we set optimal L1 as follow: 

 
Fig.9 the optimal L1 
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Fig.10 the trend of index in model 
 
After considering 4 indexes comprehensively, the optimal L1 is 12(cell units).Similarly, 

we set optimal L2 as follow: 
 

 
Fig.11 the optimal L2 

 

 
 

Fig.12 the trend of index in model 
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After considering 4 indexes comprehensively, the optimal L2 is 12(cell units). 
 

4. Conclusion 
 
We build CA mode to solve traffic problem is meeting Features of vehicles movement 
that it can be saw as a discrete motion. When B=9, L=5, we get S=3, L1=12, L2=12. 
It is found that the results of this evaluation coincide with daily experience of drivers, 
providing ground for effectiveness of the safety coefficient. 
 

Acknowledgements 
 
This paper was financially supported by National Natural Science Foundation of China 
Youth Fund Project (NO.11501131), Guangdong Youth Innovative Talent Project 
(NO.2014KQNCX202), Guangdong Province, the outstanding young teachers training 
program funded projects (NO.YQ2015117). 
 

References 
 
[1] Li L, Jiang R, Jia M, et al. Modern traffic flow theory and its applications—volume I: 

freeway traffic flow. Tsinghua University Press, Beijing 
[2] Cremer M, Ludwig J, “A fast simulation model for traffic flow on the basis of Boolean 

operations”, J Math Computer Simulation, 1986, Vol.28(3), p297–303 
[3] Hua XD, Wang W, Wang H ,”A two-lane cellular automaton traffic flow model with 

the influence of driving psychology”,2016,Acta Phys Sin Vol.60(8), p84-96 
[4] Xu DJ, Mao BH, Chen SK, Bai Y, “Improved generalized force model considering the 

comfortable driving behavior”, Math Probl Eng 2015, Vol.19(3), p1–9. 
[5] DAS S, “Cellular Automata based Traffic Model that Allows the Cars to Move with a 

Small Velocity during Congestion”．Chaos, Solutions& Fractals,2011, Vol.44 (5 ) , 

p185 -190． 

[6] Horni A, Montini L, Waraich RA, Axhausen KW , “An agent-based cellular automaton 
cruising-for parking simulation”,Transp Lett,2013, Vol.5(4), p167–174 

[7] Chai C, Wong YD, “Fuzzy cellular automata model for signalized intersections”, 
Comput Aided Civ Infrastruct Eng, 2015, Vol.30(3), p 951–954 

[8] Qin XS, Xu Y, “Analyzing urban water supply through an acceptability-index-based 
interval approach”,Adv Water Resource.2011, Vol.34(7), p873–886 

[9] QIAN Yong-sheng, ZENG Jun-wei, DU Jia-wei, et al, “Cellular Automaton Traffic 
Flow Model Considering Influence of Accidents”, Acta Physica Sinica,2011,60(6), 
p103 -112 



Volume 4 Issue 4 2017 

404 

[10] LRRAGAME, ALVAREZ-ICAZAL, ”Cellular Automaton Model for Traffic Flow based 
on Safe Driving Policies and Human reactions”, 2010, Physica A: Statistical 
Mechanics and Its Applications, Vol.389(23), p5425 -5438 

 


