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Abstract – With the development of urbanization and the acceleration of industrialization in China, traffic congestion 

has appeared in some big cities, such as Beijing. As the problem becomes more and more serious, it brings great 

inconvenience to people's travel and life, and it has a very bad impact on the environment. Therefore, some experts put 

forward the suggestion of setting traffic lights on the two sections of the overpass deck to control motor vehicles entering 

and leaving the overpass. In this paper, the feasibility of the experts’ suggestions is mainly studied by means of 

mathematical modeling, which is as follows: Firstly, we collect traffic data of Beijing Second Ring Road, visualize the 

data, and intuitively get the average motor vehicle flow and road congestion time of Beijing Second Ring Road in each 

working day. Secondly, we use the cellular automaton model under open boundary conditions to analyze the time when 

a train passes through three signal lights in an idealized situation, and compare it with the previous situation, so that 

we can get the relative result after having the signal lights. Previously, the time spent crossing intersections without 

traffic lights has been greatly reduced, and the conclusion that the traffic flow has increased or decreased has been 

reached. Thirdly, on the basis of Problem 2, we increase the number of signal lights, change a congested overpass into 

a study of two congested overpasses, simplify the problem and superimpose the two systems accordingly. Thus, we can 

conclude that if we take into account the two traffic lights at the same time, it will not improve the driving efficiency, 

ease the traffic flow, and even bring pressure to the traffic, so we need to carry out the research. The conclusion that 

traffic lights are adjusted at wrong time to improve driving efficiency. Finally, we increase the research objects, not 

only to study the East-West Main Road, but also to study the North-South Main Road. We analyze what impact the 

East-West Main Road will bring to the South-North Main Road when the above-mentioned reform methods are 

adopted. We introduce the concept of average delay to carry out quantitative analysis, and draw a conclusion through 

Webster's delay formula. 

Keywords – Open Boundary Conditions, Cellular Automata Model, Webster Equation, Traffic Signal Lamp, Vehicle 

Flow. 

I. RESTATEMENT AND ANALYSIS OF PROBLEMS 

With the development of urbanization and the acceleration of industrialization in China, traffic congestion has 

appeared in some big cities, such as Beijing. As the problem becomes more and more serious, it brings great 

inconvenience to people's travel and life. And it will have a very bad impact on the environment, therefore, some 

experts put forward the suggestion of setting traffic lights on the two sections of the overpass deck to control 

motor vehicles entering and leaving the overpass (See [1-7] and the references therein). 

In view of the serious traffic congestion on some overpasses of Beijing Second Ring Road during the traffic 

congestion period, in order to reduce the emergence of such dangerous scenarios and the pollution of automobile 

exhaust to the environment, some experts put forward the suggestion of setting traffic lights on the two sections 

of the overpass deck to control the entry and exit of motor vehicles. The topic requires a feasibility study on the 

experts' suggestions by means of mathematical modeling, which specifically solves the following problems: 
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1. By collecting the public traffic data of Beijing Second Ring Road, we can make a visual judgment and study. 

The average motor vehicle flow and the time of road congestion in each working day of Beijing Second Ring 

Road are found out, and we can draw a conclusion. 

2. Choose one of the working days in Question 1. Aiming at the traffic management department's decision to 

implement the measures of traffic signal light control on the two ends of a congested overpass on the Second 

Ring Road, analyze and study the measures, and select an ideal traffic light control scheme. When a train 

passes through n traffic lights, the time spent is increased or decreased compared with before. Judging how 

the average motor vehicle flow and the period of road congestion will change during the working day after 

the implementation of this scheme. 

3. On the basis of Question 2, traffic lights are set up at both ends of a congested overpass on the Second Ring 

Road to control the entry and exit of motor vehicles, and traffic lights are used at both ends of two congested 

overpasses on the Second Ring Road to control the entry and exit of motor vehicles. The results of the two 

methods are compared. The reliability of the model is further verified. 

4. After the implementation of the scheme of Question 2, it is not limited to the analysis of this road, but judges 

the impact of this scheme on other roads, that is, after the implementation of the traffic signal lamp scheme, 

what kind of impact will it have on the vehicles of other roads, whether it is positive or negative, or not. The 

model is further discussed. 

II. MODEL ASSUMPTIONS 

This paper makes the following model assumptions: 

1. The operation of traffic flow is carried out under normal general conditions, i.e. excluding the influence of 

external factors such as traffic accidents and emergency evasion of special vehicles; With the development of 

urbanization and the acceleration of industrialization in China, traffic congestion has appeared in some big 

cities, such as Beijing. As the problem becomes more and more serious, it brings great inconvenience to 

people's travel and life. And it will have a very bad impact on the environment, therefore, some experts put 

forward the suggestion of setting traffic lights on the two sections of the overpass deck to control motor 

vehicles entering and leaving the overpass. 

2. The driving speed is not affected by other factors under ideal conditions, such as weather and other force 

majeure factors. Generally, the maximum speed is 80 km/h. 

3. There is no overtaking phenomenon in the model train, driving in sequence, only taking the head car in the 

train as the main research object; 

4. The main and secondary roads are two lanes with four lanes in both directions, and the speed limit of ramps 

is neglected. 

5. Regardless of the impact of vehicle length on the problem, the default vehicle length is equal to the unit length. 

6. Combine the time of yellow light into the time range of red light. 
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III. SYMBOLIC DESCRIPTION 

Throughout the text, we make the following symbolic descriptions (see Table 1). 

Table 1. Symbolic descriptions. 

Serial number Symbol Explanation 

1 M  Traffic light coordinates 

2 D  Interval length of traffic lights 

3 xL  The length of the journey from the first traffic light to the last one 

4 maxV  Vehicle upper limit speed 

5 ,  gTr T  The cycle of traffic lights 

6 ijT  Time taken from signal lamp i  to j  

7 Tacc Acceleration time 

8 Tun Uniform Speed Time 

9 2n Traffic light cycle 

10 
1S  Accelerated Section Length 

11 2S  Length of uniform speed section 

12 E, F North-South Path 

13 C Time of a cycle 

14   Ratio of Effective Green Lights in the Period 

15 g Green light time 

16 q Vehicle flow 

17 s Maximum traffic flow 

18 X Road traffic flow saturation 

19 d Delay time 

IV. MODEL ESTABLISHMENT AND SOLUTION 

4.1 Modeling 

For the overpass on Beijing Second Ring Road, we choose Chaoyangmen overpass as the research object for 

analysis. The overpass is shown in Figure 1-1 below. It is a circular overpass. Each of the four directions has two 

main roads which converge into the central circle. A fast lane passes under the circle (because there is no influence 

of traffic lights, this fast lane is not analyzed). The main body of our analysis is the four main roads connecting 

the central ring, with the traffic volume of a lane crossing the east-west direction as the main body. Now the 

following mathematical model is established to simplify the circular road into a straight line. The coordinates of 

the three traffic lights passing by are marked as .M  We approximate equal intervals between traffic lights, and 

the length of each interval is recorded as .D  Let the distance from the first traffic light to the last traffic light be 
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xL , and the speed of the car be 0,1,2,…, 𝑉max.  According to the title, we think that the conversion between traffic 

lights is synchronous 𝑇12 and the period is equal, that is, .r gT T T   Let  denote the time from signal lamp 1 to 

signal lamp 2. Similarly,  𝑇23 denotes the time from signal lamp 2 to signal lamp 3 [1]. 

 

Fig. 1.1. Overpass on Beijing Second Ring Road. 

                       
Fig. 1.2. Analysis of Beijing Second Ring Road traffic flow data. 

The existing open traffic flow data of Beijing Second Ring Road are analyzed [2]. As shown in Figure 1-2 

above, the traffic volume on the road is in a dynamic change at any time. At the same intersection, the traffic 

volume values are different at different periods of the day, and at the same period of the different dates, the traffic 

volume values are also different. The above figure shows the traffic flow changes of Fuyangmen Interchange on 

Beijing Second Ring Road. The average motor vehicle flow per working day can be obtained, which is stable 

between 74.87×105 and 75.3×105 vehicles. By analyzing the change trend of daily average hourly traffic flow, the 

speed of increase of traffic flow is very fast between 8 and 9 o'clock. At 10-11 o'clock, the traffic flow reaches 

the first peak, reaching the peak again at 17-19 o'clock, which accords with the actual situation of peak commuting. 

4.2 Model Analysis 

In order to explore the influence of new traffic signal control mode on average traffic flow and road congestion 

period, the influence of traffic light cycle on trunk traffic flow is analyzed at first. Discuss it in the following 

situations [3]. 
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First, when the average speed reaches its peak, that is, when the traffic is relatively free, we have ①  

max

12
V

D
T  , that is, before reaching the second signal lamp, the maximum speed has been reached. 

In addition, suppose 

TTT  2312
 (1) 

where ∆T denotes the time spent in the acceleration process, taking the head car of the first traffic light jam as the 

research object, we have 

.
)1(5.0
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maxmax
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V

VVD
TT acc


  (2) 

and 

).1(5.0 max  VT  (3) 

and since 

,DSS section speed Uniformsection onAccelerati   (4) 

,02)2()1(5.0 maxmaxmaxmaxmaxmax  VTnTVVVTVV  (5) 

where n2  denotes the complete period of the traffic light, the solution 

.
2

maxV
n

D
T   (6) 

is obtained by combining (3) and (5). 

②  

maxV

D
T 

，at that time, the peak value of average velocity was smaller than that of the first case., during 

the green light period, the first signal light is blocked by a series of vehicles traveling to the signal lamp. Part of 

the vehicles can pass through the signal lamp, when converted into a red light, the vehicles passing through the 

signal light 2 are blocked at the signal light 3, and the rest of the vehicles will be blocked at the signal light 2. 

During the next streetlight time, the two parts of the vehicles will pass in a signal light just behind them. 

The vehicles passing through the signal lamp 2 are: 

max
max max max max1
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1
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Vehicles blocked at signal light 2: 

max max
max2 1
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2
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       (8)  

If the signal light 3 can be passed by 2S  in the green light step, there are: 
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and 
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The period corresponding to the next peak is analogized once by this method.When the main road is relatively 

blocked, the average velocity is Valley value: ①  ma x

ma x

1

2

D V
T

V


  ，at that time,traffic strings blocked in 

front of the first signal light will encounter traffic lights changing from green to red at every intersection in the 

future. The traffic strings have to wait for a T in front of the signal light until the traffic lights are changed again. 

The road will be seriously blocked, which is reflected by the curve on the basic speed map. Minimum 

value.Considering the head car of the traffic jam, there are 

2 , 0,1,acc unT T T nT n     (11) 

Among them,
accT is the time for acceleration, 

unT

 

is the time for uniform speed. By calculating these two times, 

we can get: 

max

max

1
, 0,1,

(2 1) 2(2 1)

D V
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n V n


  

 

 (12) 

According to the theme, we think that the traffic lights in which 
1 2 3, ,M M M  change at the same time. We 

think that the interval between the traffic lights on the circular overpass is not large. So, T <  
𝐷

𝑉𝑚𝑎𝑥
 when the traffic 

is smooth, then 
max=

2

D
T V

n


 is valid. After three traffic lights in the example, we think that it has gone through 

three cycles (when the cycle is considered green light at this time), and will increase to three times as long as the 

original one. Then the length of passing will be reduced to 0.333 times as long as the original one-third of the 

traffic jam period. Average motor vehicle flow = total vehicle flow/transit time, therefore, the reduction of the 

length of the road will lead to an increase in the average motor vehicle flow, which should be increased by three 

times as much as the original. 

4.3. Model Checking 

Now one congested overpass is increased to two congested overpasses, other conditions remain unchanged. 

The above schematic diagram is expanded as follows: 

 

Fig. 3.1. Two sketches of congested overpasses. 
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We simplify the problem by setting he 𝐿𝑎  as the length of the road connecting the two overpasses and assuming 

that if the speed of the car is kept 𝑉max , at the passing time will be 𝑇𝑎 = 
𝐿𝑎

𝑉max
 . 

If overpass A and B are regarded as two integral parts, then the problem becomes one involving two traffic 

lights. Taking the head car in the first intersection as the research object, and considering that the three signal 

lights passing through an overpass change at the same time, then according to question 1, we can superimpose the 

two same systems, and the following situation will occur (See Table 2): 

Table 2. Superposition results of two systems. 

Situation Position Position Traffic Signal situation analysis 

1 A B green light In system A, the efficiency will be increased by three times, while in 

system B, the efficiency will be increased by three times, and the system 

superposition will increase by six times. 

2 A B Red light Individual systems improve efficiency, but because of the time spent 

traveling from one system to another, the lights change when the next 

system arrives, making the efficiency not further improved. 3 A B green light 

4 A B Red light Red lights were encountered in both systems, which did not improve 

efficiency. 

Referring to the above possible results in Table 2, it can be found that the passage time of direct highway 
aL  

between two intersections traffic light systems has an important influence on the short traffic jam time to improve 

traffic flow efficiency, because the traffic lights of the two systems are adjusted at the same time. If the traffic 

lights of the two systems are in the green light range, the passage time can be guaranteed in T, that is, when the 

first signal is a green light, and when ,an T  it will get a more efficient case 1, which greatly improves the average 

traffic flow level. When ,an T  the traffic efficiency in this direction will be reduced. Therefore, we can adjust 

the above tables appropriately so as to adjust the flow at wrong time. That is to say, when the first green light is 

passed, the straight road is continued and the second traffic light is reached, the two roads will be changed. The 

interval between green lights is ,an T which can make the traffic flow more smoothly and avoid traffic pressure 

caused by red lights in tributaries. 

V. FURTHER DISCUSSION OF THE MODEL 

According to the actual structure of Chaoyangmen overpass, on the basis of Question 2, we add two north-

south route straight lines named E  and F on the basis of 
1M  and 

3M , as the north-south trunk road, and study 

whether the east-west road will cause congestion on these two trunk roads when using the above traffic signal 

transformation method. That is to say, to investigate whether the average traffic flow will reduce or increase the 

time of congestion, we introduce the concept of average delay to measure whether this scheme will increase the 

burden on the main roads. 
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Fig. 4.1. The  sketch after adding two more north-south branch roads. 

Model Introduction: Webster Delay Formula [4]. 

This formula is a model of average vehicle delay at intersections controlled by traffic lights proposed by 

Webster in 1958. The formula is as follows: 

1/32 2
2 5

2

(1 )
0.65 .

2(1 ) 2 (1 )




 

    
   

c x c
d x

x q x q
 

The meanings of each symbol are as follows c : Time of a cycle, =
g

c
 , Ratio of Effective Green Lights in 

the Period, g : Green light time, q : Vehicle flow, s : Maximum traffic flow, x : Saturation = Flow/Effective 

Ratio × Maximum Flow，If it's a continuous green light, then =1x . 

The first item of the formula represents the vehicle delay with the same arrival rate. The second and third items 

are amendments to the first item. The above formula is more complicated. Now we simplify it. 

2 2(1 )
0.9 .

2(1 ) 2 (1 )

c x
d

x q x





 
   

  

 

If  = 60 ,c s  = 0.5, Saturation  = 7200s (Vehicle/hour)  = 3600q (Vehicle/hour) = 1 (Vehicle/ second)，

= 0.5.x
s


  Then the calculation can be obtained.  = 9.45 ,d s We think that every vehicle needs an average delay 

of 9.45 seconds. On the traffic arteries such as the Second Ring Road, 9.45 seconds may be superimposed on a 

larger number of delay figures, which indicates that blindly adjusting the traffic lights on the East-West arteries 

may increase the burden on the traffic conditions of the North-South arteries, so it requires the time of the North-

South arteries. Control is further optimized to achieve a relatively balanced state to alleviate traffic pressure. 

VI. MODEL EVALUATION AND IMPROVEMENT 

6.1. Model Evaluation 

Advantages: The model can more intuitively and clearly express the convenience of traffic congestion after 

adding traffic lights, which makes the results more convincing and resonates with most people, and the calculation 

process is simple and easy to understand. The transformation method of turning curves into straight lines is used 

to simplify the complicated vehicle popular route. Thus, the result can be clearly reflected. The problem of 



 

Copyright © 2019 IJASM, All right reserved 

188 

International Journal of Applied Science and Mathematics 

Volume 6, Issue 5, ISSN (Online): 2394-2894 

congestion time can be indirectly transferred to the problem of delay through Webster equation, so that the analysis 

results can be quickly obtained, and the existing concise model method can be used to solve the difficulties. 

Disadvantage: The model is more idealized, eliminating some external factors that interfere with it, and 

incorporating the time spent in yellow light into red light. 

6.2. Model Improvement 

In Lane processing, the model only uses two lanes, and does not consider the ramp speed limit. In addition, the 

response time of the driver to the traffic lights and the dynamic process of the speed change of the vehicle are 

properly ignored and simplified in this model, and these problems will affect the evaluation of the problem to a 

certain extent. Therefore, the influence of ramp Branch Lane on the traffic flow of main lane can be calculated on 

the basis of the original model and incorporated into the original model as an influence factor. At the same time, 

a certain reaction delay factor can be added to the Webster equation to make the model more complete. 
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