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Abstract 

With the acceleration of urbanization and the gradual increase in the number of cars, the 
problem of urban traffic congestion is becoming more and more serious. As an important 
connection point of the urban road network, level road intersections seriously affect the 
accessibility of urban roads. Aiming at the current situation of traffic signal control at 
three adjacent intersections of Baizhang Road (Jiangdongbei Road ~ Caihongbei Road) 
in Ningbo City, the main problems of traffic signal control at intersections at the flat peak 
and morning and evening peaks are analyzed, and the convolutional layer network 
model is used to calculate and identify For traffic signals, from the two levels of single 
point optimization and trunk line coordination, the three intersections on Baizhang 
Road (Jiangdongbei Road ~ Caihongbei Road section) were optimized for single point 
signal control schemes and trunk line coordination control schemes. Then compare and 
evaluate the proposed optimization schemes to improve the traffic operation efficiency 
of Baizhang Road (Jiangdongbei Road ~ Caihongbei Road). 
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1. Introduction 

An advanced urban transportation system is an important indicator of the rapid development 
of a city. It can significantly change the status quo of urban traffic, reduce intersection delays 
and improve traffic efficiency while ensuring that there is no conflict between people and 
vehicles. The main reason for the development of the urban traffic operation system so far is 
that its small investment and quick results have been favored by various cities. Since the middle 
of the last century, scholars from various countries have conducted different types and degrees 
of research in various fields of traffic signals. With the rapid advancement of science and 
technology and the in-depth study of traffic flow laws by experts and scholars, road 
intersections Coordinated control technology can more effectively relieve road congestion, so 
this technology has been widely used in recent years. 

1.1. Research background and significance 

The appearance of an urban intersection means that at least two urban roads intersect here. As 
the number of intersections increases, an urban transportation network is formed. 
Intersections are the bottleneck of urban traffic and are in a vital position in urban traffic. 
Therefore, to achieve reasonable traffic governance and scientific traffic management, in fact, it 
is necessary to effectively control the intersection. At present, domestic theoretical research on 
individual intersections is relatively abundant. In recent years, a lot of energy has been invested 
in the coordination and control of arterial roads. However, due to the terrain and surrounding 
construction facilities, several domestic intersections are relatively close. If the traffic signal 
timings of several adjacent intersections are not coordinated, it will cause downstream vehicles 
to pass through the downstream intersection during the green light time and not be able to pass 
the upstream intersection in time. This will increase the length of the vehicle queue on the road 
section, which is easy Cause traffic jam [1]. 
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Baizhang Road, as a main urban road in Ningbo, is located in Yinzhou District of Ningbo City, 
starting from Mosheng Road in the east and Lingqiao (Jiangdongbei Road) in the west, with a 
total length of 7.6 kilometers. The section of Baizhang Road (Jiangdongbei Road ~ Caihongbei 
Road) has Yinzhou People’s Hospital in the east, Tianyi Square in the west, and traffic 
attractions such as New World Plaza and Ningbo Art Experimental School along the road 
section, which will attract more people and cars flow. Whether it is the east-west direction on 
the road section or the road at the intersection of the road section, there is a lot of traffic flow 
on this road section, which is likely to cause congestion on the road section. This article 
investigates and analyzes the signal-controlled intersections on the section of Baizhang Road 
(Jiangdongbei Road-Caihongbei Road), and optimizes the signal-control plan of the intersection. 

1.2. Literature review 

In 1981, Akeelik [2] et al. regarded the number of stops at the intersection and the stop time at 
each intersection at the same time as the optimization objective, introduced the concept of 
"parking compensation coefficient" and proposed a multi-objective optimization timing 
method for the first time. It was the later familiar ARRB (Australian Road Research Board) 
method; in 1958, Webster used the minimum average delay as the objective function to 
establish a period-based timing optimization method, namely the Webster method; in 2000, 
Ghassan Abu-Lebdeh and Rahim F . Benekahal proposed that the technology of signal 
coordinated control is incomparable in designing traffic capacity; In 2006, the Road and Traffic 
Engineering Research Society conducted research and analysis on the green wave coordinated 
control technology of signalized intersections; Ahmed Abdel Rahim and Michael Dixo  [3] In 
Automated measurement of approach delay at signalized intersections: avehicle event-based 
method, a lot of research on the delay time and delay factors of signalized intersections was 
carried out, and the exact calculation method and follow-up theory were finally proposed. 

With the development of China's scientific and technological power and the gradual 
improvement of overall living standards, the domestic per capita vehicle ownership rate has 
shown a leaping growth in the past two decades. At the same time, the shortcomings that have 
appeared have caused the complexity of traffic management. The most intuitive phenomenon 
is the danger of upside-down to the design and implementation of the traffic signal control 
system. More and more signs show that the bottleneck section of urban traffic congestion is 
mainly manifested at road intersections. The survey found that the capacity of many 
intersections is less than 50% of the average capacity of the road section. The key to full 
utilization of road resources is the rational planning and utilization of road intersections. The 
traffic signal control system at the intersection is directly related to the intersection. The traffic 
efficiency. Therefore, the technology has received the attention of experts from various cities, 
and the development speed is obvious to all. [4] 

Compared with foreign research on traffic signal control, domestic research started late, but it 
has also achieved good research results. When Chen Xiaohong [5] studied the problem of setting 
the signal control plan at the intersection, he constructed a multi-objective signal timing 
optimization model that took the saturation of the intersection as the basic constraint and the 
average delay and capacity of the intersection as the goal. Liu Jinming  [6] adopted the idea of 
compromise and transformed the multi-objective function into a single objective function. The 
total delay at the intersection, the total capacity and the total number of stops were used as 
indicators to evaluate the timing plan, and a multi-objective signal timing optimization model 
was established. Use particle swarm optimization algorithm to solve the model. In order to 
obtain the minimum phase difference error in theory and in practice, Cao Jiaojiao  [7] et al. 
established a dynamic optimization model of arterial signal to compensate for the negative 
effects of randomness and uncertainty of traffic flow, and solved the timing Program issues. 
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1.3. Methodology 

Develop from three aspects: signal control method and signal timing parameters, influencing 
factors and correlation, and random chance constraint programming.Figure 1 summarizes the 
proposed methodology. 

 
Figure 1: Proposed methodology 

2. Adaptive green light time optimization model 

Establish an adaptive green light time optimization model for single-point intersections, seek 
the best green light time by shortening the difference between the actual required green light 
time and the ideal green light time, and seek the optimal signal timing plan under the condition 
of random vehicle arrival rate. A stochastic planning green light time optimization model based 
on the minimum green light deviation value.  

2.1. Model assumptions 

All vehicles pass the intersection at a constant speed;  

Vehicles arrive or leave uniformly in each cycle;  

The phase sequence of each signal timing scheme is fixed;  

The vehicle arrival rate is a random variable following a specific distribution. 

Table 1: Model parameters 

Symbol meaning 

i Intersection phase sequence, i=1,2,3,...n, c represents the key phase 

j A certain traffic flow in the direction of the entrance,j=1,2,3,...m 

A Yellow light duration 

Ｉ Green light interval 

L Total lost time 

Ls Lost time to start 

C Cycle length 

s Saturated flow rate 
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gimin The shortest green time of phase i 

q Vehicle arrival rate 

Q Phase capacity 

g Green time 

 

(1) Objective function 

Calculate the deviation values Fc, Fi between the green light time of each phase and the 
corresponding green light time required to release the vehicle at the saturated flow rate under 
the condition of random arrival rate,And take the sum of the two F minimum as the 
optimization goal to establish the signal timing optimization model, 

The minimum green light deviation value model for the intersection is as follows: 

                     F(g,q)=min(Fc+∑ 𝐹𝑖
𝑛
𝑖=1 )                                                                  (1) 

Fc---- Green light deviation value of each traffic flow in key phases; 

Fi----Phase i Green light deviation of each traffic flow; 

F(g,q) ----Total green light deviation value at intersection 

Define the phase green light time deviation value as the sum of the green light time deviation 
distances of each traffic flow in this phase: 

                           Fi=∑ |𝑓𝑖𝑗|
𝑚
𝑗=1                                                                                (2) 
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Fi---- Green light deviation value of each traffic flow of phase I; 

Fij---- Green light deviation distance of j-th traffic flow in phase I; 

Qij---- The arrival rate of the j-th traffic flow in phase i. 

In the unsaturated state, the model goal is to minimize the sum of the absolute value of the 
difference between the green light time of each phase and the actual required green light time, 
so that the utilization rate of the green light time reaches a higher level. In the critical saturation 
state and the supersaturation state, the goal of the model is to reduce the delay caused by 
excessive saturation of the intersection on the basis of ensuring that the green light time of each 
cycle is as close to the ideal green light time as possible. 

2.2. Restrictions 

The difference between stochastic planning and deterministic planning is whether the 
constraint conditions are deterministic conditions. For the stochastic characteristics of traffic 
flow, using uncertain constraints can more accurately reflect the actual situation of vehicle 
arrival rates at intersections. This paper considers the uncertainty of the vehicle arrival rate of 
each phase at the intersection, and defines the constraint condition of the vehicle arrival rate of 
the intersection phase i as follows: 

s.t.Pr{qi≥Qi}≥βi 

qi----Phase i vehicle arrival rate; 

Qi---- Phase i vehicle capacity; 

Pr ----Probability of vehicle arrival rate in each phase. 

The constraints of cycle duration, total loss time of periodic signal, and shortest green light time 
are as follows: 
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                                                                             (4) 
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                      gmin≤gi≤gmax                                                                                                              (6) 

2.3. Model solving and algorithm 

When dealing with the constraint conditions in the planning problem, there are usually two 
ways. One is to decompose the constraint condition and the objective function, break them layer 
by layer, and deal with them separately; the other is to set the penalty function as an individual 
pair The degree of violation of constraint conditions is reorganized with the objective function 
by setting a certain penalty basis to form an objective function with penalty. This article takes 
the second approach: 

Max   f(x) 

s.t. hi(x)=0   i=1,2,…,m                                                   (7) 

gi(x)≤0   j=1,2,…,p 

 

f(x)---- Objective function; 

h(x)---- Equality constraints, m is the number of equality constraints; 

g(x)---- Inequality constraints, p is the number of inequality constraints. 

Set the penalty coefficient, deal with the constraints, and expand the objective function in the 
form of penalty function: 

 

   
1 1

( ) ( ) | ( ) | | max{0, ( )}|
pm
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i j
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            (2,8) 

 

                      Hi(x)       0    if |hi(x)|<ε                                         (2,9) 

       hi(x)     else 

Taking the difference between the green light time of each phase and the actual required green 
light time as the objective function, a green light time optimization model based on the 
minimum green light deviation value is established for a single signal control intersection. 

3. Status Quo and Analysis of Dabugang 

An important process of signal control at intersections is to conduct field surveys on signalized 
intersections and arterial roads. The considerations are the location of the intersection and the 
operation of signal equipment, the geometric conditions of the intersection, the operation of 
the intersection, the phase, the queuing of vehicles, the traffic source of adjacent sections, and 
the signal timing plan. [9] 

3.1. Basic information 

Dabugang (intersection of Baizhang Road and Dabu Street) 

The intersection of Baizhang Road and Dabu Street is also called Dabugang. At this intersection, 
the two-way five-lane entrance at the north entrance is three-in and two-out. The entrance road 
has three motor vehicle lanes and one non-motor vehicle lane. There is a left-turn waiting area. 
The central isolation of the road is separated by a guardrail, and the machine is separated by a 
non-motorized guardrail; south entrance It is a three-in-two, and there is a left-turn waiting 
area. The center of the road is separated by a guardrail, and the road is separated by a guardrail; 
the west entrance is a four-in and two-exit lane, the center of the road is separated by a 
guardrail, and the machine is separated by a green belt; Four-in and three-out lanes, the center 
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of the road is separated by a guardrail, and the machine is separated by a green belt. The basic 
information of the intersection is shown in the figure below. 

箕漕街

百丈路

箕漕街

百丈路
24s

16s

16s

24s

2+0

2+1

2+0

2+1

 
Figure 2: Basic information map of the intersection of Baizhang Road and Dabu Street 

3.2. Current traffic volume survey 

Traffic flow survey: Traffic flow survey is the most basic step in traffic control. Traffic flow 
refers to the converted number of vehicles (bus, etc.) passing through a certain cross section of 
a road or a certain lane in a unit time under common conditions (such as climate conditions). 
The model is converted into a car at a certain ratio). This survey adopts manual counting 
method, randomly selects a certain day of the working day, and investigates the morning peak, 
flat peak and evening peak flow in each direction separately, with a time interval of 15 minutes, 
a total of 3 time periods are investigated, of which, the morning peak time is selected The period 
is 7:30~8:30, the time period of flat peak is 12:30~13:30, and the time period of evening peak 
is 16:30~17:30. The results of this survey are shown in the table below. 
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Table 2:Flow meter at the intersection of Baizhang Road and Dabu Street 

Morning peak Flat peak 

  

Evening peak  

 

 

 

3.3. Survey of current traffic control solutions 

The intersection of Baizhang Road and Dabu Street is a four-phase intersection, and the right 
turn is uncontrolled. Phase A is going straight from east to west, Phase B is turning left from 
east to west, Phase C is going straight from north to south, and Phase D is turning left from north 
to south. According to the survey, the period of the morning peak is 180 seconds, the period of 
the flat peak is 160 seconds, and the period of the evening peak is 180 seconds. The specific 
signal timing scheme is shown in the table below. 

The saturation of the morning peak at the intersection of Baizhang Road and Dabu Street is 0.69; 
the saturation of Pingfeng is 0.69; the saturation of the evening peak is 0.64. According to the 
data obtained, it is found that the delay and queuing length of the three time periods at the 
intersection of Baizhang Road and Dabu Street are relatively high, resulting in a lower service 
level. Therefore, the cycle time of the intersection can be appropriately reduced and the traffic 
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at the intersection can be reduced. Delays and reduce queue length. The specific values obtained 
at the intersection are shown in the table below. 

 

Table 3:Information Control Plan for the Intersection of Baizhang Road and Dabu Street 

 

    

 

 Phase A(s) Phase B(s) Phase C(s) Phase D(s) cycle(s) 

Morning peak 41 52 56 31 180 

Flat peak 43 40 45 32 160 

Evening peak 43 47 59 31 180 

 

Table 4:The morning peak current situation table at the intersection of Baizhang Road and 
Dabu Street 

 
Overall 

saturation 
Overall delay 

Maximum 
queue length 

Service Level 

Morning peak 0.69 70.4 141.2 E 

Flat peak 0.69 64.6 117.4 E 

Evening peak 0.64 68.1 105.6 F 

 

4. Optimized design of signal control scheme 

4.1. Single point signal control scheme optimization 

Optimization of single-point signal control plan for Dabugang (intersection of Baizhang Road 
and Dabu Street) 

Without changing the original phase and phase sequence, it is calculated that the best period 
(Webster period) for the morning peak at the intersection of Baizhang Road and Dabu Street is 
140 seconds, and the best period for flat peaks (Webster period) ) Is 128 seconds, and the 
optimal period (Webster period) for the evening peak is 124 seconds. The specific signal control 
scheme is shown in the following table: 

Table 5:Signal control plan for the intersection of Baizhang Road and Dabu Street 

 

    

 

 
Overall 

saturation 
Overall delay 

Maximum 
queue length 

Service Level 
Overall 

saturation 

Morning 
peak 

32 39 45 24 140 

Flat peak 34 32 37 25 128 
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Evening 
peak 

30 32 41 21 124 

 

4.2. Trunk line coordination and optimization 

This time the main line coordinated control optimization scheme design uses a six-stage 
method to determine various parameters and optimization schemes. Specific steps are as 
follows: 

The initial parameters are determined, cycle C, green letter ratio λ, intersection distance S, 
speed V； 

Positive green wave zone (determine a one-way green wave zone)； 

Reverse green wave band (positive and negative phase compared to key intersections)； 

Reverse adjustment of phase difference and green signal ratio； 

Optimize the phase plan； 

Optimize the phase difference； 

After the six-stage method, the coordination plan at peak time is shown in the figure below. The 
specific letter control plan is shown in the table below. 

 
Figure 3: Flat peak Time chart 

 

Table 6:Flat peak Coordination Plan Intersection Signal Control Plan 

Intersection of Baizhang Road and Dabu Street 

Phase 

    
Cycle 

Time(+43s) 33 30 32 25 120 
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5. Case evaluation 

5.1. 5.1Aidaroe data analysis 

According to the intersection delay time and queuing length obtained before and after the 
traffic control plan optimization, and the comparison before the optimization, we can intuitively 
see that after the traffic control plan is re-adjusted, the overall saturation at the intersection has 
not changed much. In this case, the saturation of the different lanes of each entrance is changed, 
and the saturation of each entrance is adjusted to an acceptable value. Then, comparing the 
delay level and queue length of the intersection before and after optimization, it can be found 
that when the optimized signal control scheme is used at the intersection, the delay level of the 
intersection is significantly reduced, and the queue length is also significantly reduced. The 
specific numerical comparison is shown in the table below. 

From the comparison table of delays at intersections and queue lengths, it can be found that 
after setting up a single-point optimized signal control plan, both the delays at the intersections 
and the queue length will be significantly reduced. The overall delay of the evening peak at the 
intersection of Baizhang Road and Dabu Street was reduced from 68.1 to 49.9, and the 
maximum queue length was reduced from 105.6 to 69.3. The optimization effect is more 
obvious, which reduces the waiting time of vehicles at the intersection to a certain extent. , 
Improve the traffic efficiency. 

5.2. Traffic simulation 

Traffic simulation uses computer technology in the field of traffic engineering, which refers to 
the use of computer simulation technology to study traffic behavior. Traffic simulation uses a 
computer as a carrier to build a digital model to reflect the traffic network or traffic 
phenomenon, looking for references It is necessary to pay attention to the disadvantages and 
the whole or part of the operation process of the real traffic system can be simulated on the 
computer. The traffic simulation in this article mainly uses Synchro software (traffic signal 
coordination and timing design software). Synchro is developed by Trafficware in the United 
States in accordance with the HCM standard of the United States Department of Transportation. 
The parameters in the standard are based on vehicle performance and driver behavior. Some 
of the calculated results (such as delay time, service level, exhaust emissions, etc.) set by traffic 
laws, etc., are relatively important parameters for comparison of scheme generation. They have 
important reference value and signal timing is also very reasonable. 

(1)Build simulation model 

This article builds a simulation model for the section of Baizhang Road (Jiangdongbei Road ~ 
Caihongbei Road), mainly for the simulation before and after the optimization of the signal 
control plan at the intersection on this section, and after the optimization of the trunk line 
coordination and optimization. 

(2)Simulation results 

After setting the lane information and basic information of traffic lights at the intersection on 
the Baizhang Road section in Synchro, set the signal control plan before the intersection 
optimization, the single-point optimized signal control plan, and the coordinated and optimized 
signal control plan, Synchro Carry out parameter setting in, respectively carry on traffic 
simulation. Output the obtained simulation results into a table, and the comparison of the 
simulation results of the intersection is shown in the table below. Among them, the time-
distance diagram obtained by the simulation of the trunk coordination optimization in Synchro 
is shown in the figure below. 
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Table 7:Comparative analysis table at the intersection of Baizhang Road and Dabu Street 

Morning peak delay 

Before optimization Optimized 

  

Queue length in morning peak 

Before optimization Optimized 

  

Peak delay 

Before optimization Optimized 
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Flat peak queue length 

Before optimization Optimized 

  

Late peak delay 

Before optimization Optimized 
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Queue length at night peak 

Before optimization Optimized 
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Figure 4: Synchro Road network diagram 

Table 8:Comparison of simulation results at the intersection of Baizhang Road and Dabu 
Street 

  Before optimization Single point optimization Coordination and optimization 

  Delay 
the length of 

queue 
Service 
Level 

Dela
y 

the length of 
queue 

Service 
Level 

Delay 
the length 
of queue 

Service 
Level 

E 

L 61 74.6 E 50 38.2 D 26.8 24.6 C 

S 50.6 65.4 D 40.9 49.8 D 20.3 33.5 C 

R - - - - - - - - - 

S 

L 60.3 17 E 49.5 13.6 D 45.1 12.5 D 

S 45.7 46.8 D 35.3 34.8 D 35.7 33.4 D 

R - - - - - - - - - 

W 

L 88 119.7 F 91 90.4 F 62.7 86.1 E 

S 69 87 E 54.7 71.7 D 47.7 72.7 D 

R - - - - - - - - - 

N 

L 93.8 70.9 F 86.3 56.4 F 73.2 51.9 E 

S 68 110.1 E 54.3 84.1 D 66.2 81.9 E 

R - - - - - - - - - 

 

(3)Traffic simulation summary 

Mainly through Synchro, three sets of traffic simulations with different signal control schemes 
were carried out on Baizhang Road during peak times. By comparing and analyzing the 
simulation results of the three sets of schemes, it is found that after optimizing the signal control 
scheme of the intersection at a single point, it can effectively reduce the delay at the intersection, 
reduce the queue length, improve the service level of the intersection, and improve the traffic 
capacity of the intersection; After coordination and optimization, simulation found that it can 
significantly reduce the length of the line in the east-west direction of the road section and 
reduce the delay level in the east-west direction. 
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Figure 5: Synchro Simulation time chart 

6. Conclusion 

6.1. Analysis conclusion 

This paper takes the intersection signal control optimization problem as the research object, 
considers the randomness of the vehicle arrival rate in each phase of the intersection, and 
combines the theory of chance constrained programming to establish multiple adaptive signal 
control models to optimize the intersection signal control plan; use the improved The particle 
swarm algorithm solves the established model; designs an adaptive signal timing model 
selection strategy, and studies the adaptive signal control method based on random chance 
constrained programming. 

An adaptive green light time optimization model based on the minimum green light deviation 
value is established, and the calculation method for calculating the signal timing plan with the 
minimum green light deviation value as the optimization target is obtained; according to the 
characteristics of the green light deviation value, the phase green light time according to the 
green light deviation value is derived An improved model for secondary adjustment; based on 
the idea of sequential decision-making, a two-stage stochastic programming adaptive green 
light time optimization model is established. 

6.2. Research Outlook 

The emergence of urban congestion is the result of accumulating time and time. Only relying on 
theoretical research on signal timing methods to control urban traffic "bottlenecks" has a 
certain degree of one-sidedness. Future research should still improve the problems in the paper. 
The following problems remain to be solve: 

The thesis only studies the signal timing model of single-point intersections. Whether the 
single-point adaptive signal timing model proposed in this paper can be extended and applied 
to the coordinated control of trunk lines and the coordinated control of areas remains to be 
discussed. 

The adaptive signal control method proposed in this paper does not consider the adjustment of 
the phase sequence of the phase scheme. The adaptive signal control method that optimizes the 
signal timing and phase scheme as a whole is still to be studied. 
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