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Abstract 

In order to better analyze the influencing factors of traffic jams in some sections and 
optimize the accuracy of traffic jam prediction, we use the collected data to predict and 
analyze the inherent regularity of traffic jam duration. We establish a model for different 
situations and based on the data of the query, using principal component analysis, 
mathematical statistics, queuing theory, operations research and other knowledge to 
give certain algorithms, and draw conclusions. First, this article establishes a principal 
component analysis model. the model mainly includes the traffic factor and the time 
factor. Using this analysis model, we can calculate the linear combination of all the two 
components as the individual variables. We concluded that the average speed has the 
greatest influence on the degree of traffic jam, and the influence degree is as high as 
94.1%. In the time factor, the influence of the early peak on it slightly higher than the 
evening rush hour, the proportion is as high as 84%. Secondly, based on the main 
influence factors of  the model one, we construct the queuing model of the vehicle on the 
congested road section. we decompose and analyze the composition of the congested 
road queuing system, optimize the road queuing system, and increase the influence of 
the jamming behavior to predict the vehicle when it is crowded. Waiting time to ensure 
the right service intensity, and is supported by specific analysis. According to the case 
analysis of the Yagang South Avenue in Guangzhou, the four indicators in the original 
model have changed: because the occurrence of the jamming behavior, there is a 
decrease in the value corresponding to the original model of 0.09 and  an  increase of the 
value of 0.01, the average waiting time of the whole process is the time when the vehicle 
was waiting in line to reach the first row and the time passed the green light rose by 1.3 
minutes; the average waiting time for the queue rose by 0.9 minutes. Finally, the paper 
analyzes the error of the model, and obtains the comp rehensive evaluation model in the 
sensitivity analysis. This article also introduces the promotion and evaluation of the 
model. 
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1. Introduction 

Nowadays, with the improvement of living standards, the number of people owning cars has 
increased dramatically. However, the capacity of the road is limited. When too many vehicles 
are flooding into a certain lane at a certain time, add bad road conditions and bad driving habits, 
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such as road repairs, road repairs and congestion, rushing, etc. As well as some unexpected 
events, it will cause serious road congestion. 

Dynamic path planning is a major function of in-vehicle navigation software. It can provide 
drivers with important travel routes, thus achieving the shortest route and the fastest time to 
reach the destination. In order to use time more efficiently, we often use navigation software to 
estimate the time it takes from the departure point to the end point. The navigation software 
predicts the time based on the latitude and longitude coordinates and real-time speed and time 
data transmitted by the GPS. The distance of the unpassed road segment is divided by the real-
time speed of the current vehicle to predict the time we pass the road segment. 

However, when we encounter traffic congestion, the traffic volume is too large, the speed of the 
vehicle is slow, and the speed change usually changes slightly in a short time. Based on this, it 
takes a certain time for the navigation data to be collected, so that the error in time leads to the 
inaccuracy of the speed, and thus the inaccuracy in the prediction time. Moreover, the speed of 
the vehicle when the road is congested is much slower than the normal running speed of the 
vehicle, and there may even be a speed of 0. This phenomena on may cause errors in the speed 
acquisition of the GPS, resulting in inaccuracies in the time prediction. 

2. Basic assumptions and symbolic description 

2.1. Basic assumptions 

We make the following assumptions about the environment of the problem: 

(1) The traffic congestion section is a straight line segment, and there is no intersection at the 
intersection or the curved section. 

(2) The road conditions on the traffic jams are good and there is no road construction. 

(3) Assume that congestion on the road is not caused by an accident. 

2.2. symbolic description 

 

Table 1. Symbol Description 
Total number of road vehicles n 

The average number of vehicles passing per minute lambda 
Street light time for each section mu 

Busy probability of traffic jams per minute rho 
The average number of vehicles passing through the designated section Lc 

The number of vehicles waiting for the average number of queues in the specified section Lw 
Average waiting time for the vehicle on the designated road segment Wc 

Average waiting time for vehicles on traffic jams Ww 
Interval at which the previous vehicles arrives at the designated location until the next vehicles arrives at 

the designed location 
T 

Number of vehicles arriving on each road x 
Probability of traffic jams without deceleration P 

The probability that the vehicles must wait P(n≥k) 
The strength of the vehicle passing every minute rho 

Main component factor Fi(i=1,2…n) 

 

3. Models 

3.1. Basic Model 

3.1.1. Model preparation 

① modeling ideas 

The idea of building a model for this problem is represented by a flow chart, as shown in Figure 
1: 
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Figure 1. Model I Flowchart 

 

3.1.2. Model building 

① Select indicators, see Table 2: 

 

Table 2. Indicator  selection 
Facet Indicator number factor 

Degree of influence 

 congestion index 
 Average speed 
 Average time 
 Whether early peak 
 Whether late peak 

 

② Validity test 

The validity test means that the measured result reflects the degree of consideration of the 
content. The closer the measurement result is to the content of the investigation, the higher the 
validity; otherwise, the lower the validity. 

There are three types of tests: Bartlett spherical test, inverse correlation matrix test, and KMO 
sampling fitness test. The most commonly used KMO sampling suitability test is as follows: 

 

Table 3. KMO sampling suitability 
KMO>0.9 very suitable 

0.8<KMO<0.9 suitable 
0.7<KMO<0.8 generally 
0.6<KMO<0.7 not suitable 

KMO<0.5 not suitable 

 

③ Convert the selected indicator into a random vector form 

 
Here we take p=5, there are n samples 

. 

Construct a sample matrix, where there are n=48 samples, and normalize the elements in the 
sample matrix. The formula is as follows: 

                                                 (1) 

Especially,  . A standardized matrix Z is obtained. 

④ For the normalized matrix Z, find the correlation coefficient matrix, the formula is as follows: 

                                                                     (2) 

Especially,  
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⑤ Solving the characteristic equation of the sample correlation coefficient matrix R: 

, get p eigenvalues, determine the principal component, Determine the m value by  

, so that the utilization of information is greater than 70%, for each , 

solve the equation , and obtain the unit eigenvector . 

⑥ Convert the standardized indicator variable into a principal component with the following 
formula: 

                                                             (3) 

 is called the first principal component,  is called the second principal component,…, and  
is called the kth principal component. 

⑦ According to the proportion of the basic factors to the main factors, the classification is 
based on the specific gravity >0.5, the p basic factors are integrated into k main factors, and the 
correlation equation between the basic factors and the main factors is written. 

3.1.3. Model solving 

① Through the validity test, determine whether the selected variable is suitable for factor 
analysis. The inspection process is as follows: 

Perform a validity test, which is essentially to calculate the correlation coefficient between 
variables, and then determine the correlation between the variables. If the correlation 
coefficient between variables is generally greater than 0. 3, and pass the test, the variable is 
suitable. Do factor analysis. According to the KMO and Bartlett spherical test, it is judged 
whether it is suitable for fact or analysis. Using SPSS software, the analysis -dimension 
reduction -factor analysis steps, the results of KMO and Bartlett spherical test, to determine 
whether the validity test passed, the results are shown in Table 4: 

 

Table 4. KMO and Bartlett spherical test 
Kaiser-Meyer-Olkin Measuring sampling suitability 0.727 

 About chi-square 114.866 
Bartlett Spherical test df 10 

 significantness 0.000 

 

According to the data in the table, KMO=0.727 can be obtained. It can be known from 
“0.7<KMO<0.8, general” that the selected variables can be factor analyzed by validity test. 

In summary, according to the results of the reliability test and the validity test, it can be 
accurately obtained that the five variables selected from the initial rejection and screening are 
suitable for factor analysis. 

② According to the selected 5 variables and 48 samples, the sample matrix is constructed, the 
sample matrix elements are normalized, and the matrix of correlation coefficients is obtained 
for the normalized matrix. By observing the correlation coefficient matrix, it can be seen that 
between the elements the correlation is strong. Using SPSS software, the analysis -dimension 
reduction -factor analysis steps, to obtain the correlation matrix, the results are shown in Table 
5: 

Table 5. Correlation coefficient matrix 

      
 1.000 -.816 .712 .204 .391 
 -.816 1.000 -.832 -.245 -.312 
 .712 -.832 1.000 .125 .274 
 .204 -.245 .125 1.000 -.116 
 .391 -.312 .274 -.116 1.000 
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According to the data in the table, there is a certain correlation between the variables, but the 
correlation size is different. For example, compared to X1 (traffic congestion index), except for 
itself, X2, X3 and its correlation are relatively higher; X4, X5 and its correlation are relatively 
low. 

③ First, determine the number of major factors based on the total variance of the factor 
interpretation. The magnitude of the total variance of the factor interpretation reflects the total 
information level of the factor in the survey data. The greater the variance contribution rate, 
the factor is considered to be one of the main factors affecting the degree of traffic jam. Using 
the SPSS software, the total variance interpretation table is obtained. The results are shown in 
Table 6: 

Table 6. Explains the total variance 

 
element 

 Starting eigenvalue Extract square sum loading 

total Variance% Accumulate% Total Variance% Accumulate% 
1 2.800 55.994 55.994 2.800 55.994 55.994 
2 1.112 22.247 78.241 1.112 22.247 78.241 
3 .690 13.797 92.038    
4 .265 5.307 97.345    
5 .133 2.655 100.000    

 

Extraction method: principal component analysis. 

According to the data in the table, the first factor has a characteristic value of 2.800, which 
explains 55.994% of the total variation information of the five variables, so it becomes the main 
component of the variance contribution; the second factor has a characteristic value of 1.112. 
It explains the 22.247% of the total variation information of the five variables, so it becomes 
the main component of the second contribution of variance; the eigenvalue of the third factor 
is greater than the eigenvalue of the first two  variables, and the cumulative variance is always 
The contribution rate reached 78.241%, that is, the four variables explained 78.241% of the 
information of the five basic variables, so the two variables were extracted as the main factors. 

Secondly, using SPSS software, we can get the gravel map with the factor number as the 
horizontal axis and the corresponding feature value as the vertical axis. The steepness of the 
gravel map is the slope, which can reflect the importance of each variable. The result is shown: 

 

 
Figure 2. Gravel map 

 

According to the above figure, the slopes of the first two variables on the fold line are larger, 
indicating that the interpretation of these two variables is stronger, so it is more appropriate to 
select the first two factors as the main variables. 
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① According to the orthogonal rotation, the rotated load table can be obtained, and the factors 
are named and explained. Using SPSS software, the analysis - dimension reduction -factor 
analysis steps, get the load table results, the results are shown in Figure 3: 

 

 
Figure 3. Composition matrix 

 

The main purpose of factor analysis is to comprehensively process the factor, select the most 
representative few major factors, and explain most of the information in one time, so as to 
establish a suitable fitting model. After the above steps, we have identified two main factors and 
established a relatively simple factor model through their intrinsic links. At this point, we can 
name and explain the main factors. 

The first factor ( ):  consists of two variable indicators, including the traffic jam index, 
average travel time, and average travel speed. It is named “pass factor”. 

 

 
Figure 4. Component score coefficient matrix 

 

The second factor ( ):  consists of two variable indicators, including whether it is early or 
late peak, and named it "time factor". 

Based on the results of the above factor analysis, it can be seen that the influencing factors can 
be summarized as follows: the traffic factor and the time factor. 

The table is the factor score coefficient matrix. The factor score expression for the two factors 
from the table is: 
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3.1.4. Sensitivity analysis 

In question two, through calculation, we get the degree of traffic jam F. The two main factors F1 
and F2 combine these two equations to obtain a comprehensive evaluation function: 

Where a=0.664, b=0.336 and a+b =1, the two main factors are used as independent variables, 
and the degree of traffic jam is used as the dependent variable.  

 
According to the relationship of a+b1, we perform sensitivity analysis on different values of a, 
b, c, and d, and obtain the result. 

 

 
Figure 5. Sensitivity analysis 

 

From the sensitivity analysis, it can be seen that when the values of a and b change, the change 
in the degree of congestion is small. Therefore, the sensitivity of the model is better than that 
of the original model. 

3.1.5. Model improvement 

From the theoretical and practical calculations of principal component analysis, each of the first 
few principal components represents some of the indicators in the evaluation index system. 
Generally, each indicator can be represented by a certain principal component. Through a large 
number of examples, the author finds that if the indicators represented by the previous 
principal components are combined with their coefficients, as a comprehensive evaluation 
function, the comprehensive evaluation function is reasonable, so the above problems are re-
analyzed: 

In model one, we summarize the five basic factors into two main factors. The first main factor 
F1 contains three basic factors: traffic congestion index (X1), average speed (X2), and average 
time (X3). Factor F2 contains two basic factors: whether it is early peak (X4), whether it is late 
peak (X5), where the coefficient of X4 is larger than the coefficient of X5, and adjustment is 
made, so F2 represents the basic factor X5; 

The relationship between the main factor and the basic factor obtained by the model is as 
follows: 

 
 

Combine these two equations to get a comprehensive evaluation function: 

 
Because the coefficient of    is small, it is omitted in the final comprehensive evaluation 
function. According to the principle of proportion, the basic factor with relatively large 
retention coefficient is reserved as the independent variable of the comprehensive evaluation 
index equation.  
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3.2. Model-The queuing model of the vehicle on the congested road: 

The queuing theory model refers to the model established by the immediate queuing when the 
object arriving in the specified area cannot get the service. 

The queuing process consists of an input process, a queuing rule, and a service process. 
Attached model solving thinking flow chart: 

 

 
Figure 6. Flow chart 

 

3.2.1. Basic assumptions and premises 

To facilitate the calculation and simplify the model, the following assumptions are made for the 
model: 

(1) When the vehicle passes the traffic light, it is regarded as exiting the queuing system. 

(2) The average arrival rate of vehicles on each section of the road is unchanged during traffic 
congestion; 

(3) Each time the traffic light is on, only the first row of vehicles can pass completely before the 
next red light is on; 

(4) The number of vehicles arriving on each road is subject to Poisson distribution; 

(5) The time interval between the arrival of the two vehicles is subject to an exponential 
distribution; 

(6) The intensity of the vehicle passing through each minute; 

(7) Number of same lanes on each road s=2 

3.2.2. Congestion road segment queuing system composition 

3.2.2.1 Input process 

In the queuing system of the road, all vehicles in the vicinity including the road can be used as 
potential objects to enter the congested road section, so the source of the object is infinite, that 
is, the system is an infinite source system. It is assumed that the objects entering the queuing 
system perunit time are subject to the Poisson flow, that is, the time intervals at which the 
vehicles arrive are independent of each other and subject to an exponential distribution. 

3.2.2.2 Queue rules 

When a vehicle arrives, there is a vehicle on the road. If there is a vehicle in the front that has 
entered the designated section, wait in line until the vehicle in front passes the traffic light and 
wait for service, and in principle, the queuing rule is that the first-come vehicle first passes the 
traffic light, (exit the queuing system first), and arrives at the Services are independent of each 
other. 
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3.2.2.3 Service Process 

Road setting the number of two co-directional lanes on each road is independently and in 
parallel, that is, each of the same lanes allows the vehicle to wait for traffic lights here. The 
service time of each lane depends on the time of the green light of each road section. That is, 
one lane of each lane can pass one car per minute (consistent with the assumption), then the 
whole system can pass two vehicles perunit time. 

In summary, we use the M/M/c queuing model, that is, the Poisson distribution with the vehicle 
obeying the parameters of the specified road section perunit time. The time interval between 
the arrival of the two vehicles is subject to the exponential distribution, and each road is set to 
two. In the same direction lane, the system has no limit on the number of queues. Generally 
speaking, the vehicle first passes the traffic light first. From this we get a simplified queuing 
model of the vehicle on the congested road, as shown in Figure 7. 

 

 
Figure 7. Schematic diagram of a simplified model of a vehicle on a congested road segment 

 

3.2.3. Optimize system goals 

One of the optimization goals of the road queuing system is that the waiting cost of the vehicle 
is to be reduced. The purpose of studying the road queuing problem is to use the queuing theory 
model to predict the waiting time of the vehicle in the case of severe congestion, and to 
determine the appropriate service intensity of the system, and secondly to improve through the 
actual problem selection scheme model. 

3.2.3.1 Guaranteed more accurate vehicle waiting time under severe blockage 

When the vehicle arrival rate exceeds the number of lanes in the same direction on each road, 
the team will be extended, and the waiting time and cost will tend to infinity. As the waiting cost 
increases, the owner may be impatient, so giving the owner a more precise waiting time can 
reduce impatience. 

3.2.3.2 Ensure appropriate service intensity 

The total service strength of the system is , ρ represents the ratio of the number of vehicles 

arriving at the system per unit time to the number of vehicles being serviced, which reflects the 
service intensity of the system and the busyness of the system. For systems with ρ>1, if the 
system is maintained for a long period of time, the vehicle fleet in the system will be infinitely 
long, which will affect the quality of service of the system.  When ρ=1, the patient who enters 
the system per unit time can receive all the services. Therefore, in order to ensure the stability 

of the system,  should ensure that vehicles entering the system per unit time can receive 

services and ensure a high quality of service on the road. 

3.2.4. Queuing model 

Let's first list the symbolic variants of the obeying distribution below: 

I. The time interval between the arrival of the previous vehicle and the arrival of the next vehicle 
to the designated location T: 

 
II. Number of vehicles arriving on each road x: 
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III. State probability P: the designated road section (blockage section) can pass without 
deceleration 

 
IV. The probability that the vehicle must wait when the number of vehicle sexceeds the number 
of same lanes on each road 

𝑃(𝑛 ≥ 𝑘) = ∑𝑃𝑛 =

∞

𝑛=𝑘

𝜌𝑘

𝑘! (1 − 𝜌)
𝑃0 

V. The intensity of the vehicle passing through each minute is: 

 
The following indicators are available: 

 
To sum up: According to the above indicators, we can get a new forecast time for vehicles with 
severe road congestion. 

3.2.5. Example analysis 

According to the assumption: each time the traffic light is on, only the first row of vehicles can 
pass completely before the next red light is on. We have selected the information of the Lugang 
Nanda Road section in Guangzhou, Guangdong Province, China; 

(1) The average number of vehicles passing per minute on the road 

(2) The number of seconds of the indicator is 30s 

Therefore, the average queuing system per minute is the vehicle that passes the traffic light. 

 
Substituting the above data into the program is available: 

 

 
Figure 8. The results 

3.3. Error Analysis 

(1) In model 1, some data of serious traffic jams exist in the original data, and such data is 
excluded from the study. For the study of the entire traffic analysis system, the error will be 
poor. 

(2) In Model 2, we ignore the overtaking phenomenon in the case of serious traffic jams, which 
rarely happens in actual situations. Therefore, we ignore the overtaking directly, and only 
consider the traffic jam prediction under the straight line situation. The calculated results and 
actual conditions may be There are discrepancies. 

(3) In order to predict the traffic jam time in traffic conditions, we collect crawling worms for 
the real-time speed of individual road segments. The obtained data contains the average speed 
at a certain moment. This calculation will cause a certain error in the prediction time. 
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(4) We assume in the hypothesis that the upstream traffic flow is constant, but the upstream 
traffic flow is constantly changing, resulting in the lack of analysis of this variable in the model, 
which has a certain impact on the final data results, but the degree of impact is not known. 

4. Other suggestions 

(1) The cycle of traffic lights, that is, the exchange time of traffic lights, is one of the key factors 
affecting traffic congestion. When the traffic volume is too large, too short a cycle will cause 
blockage of road traffic. However, an inappropriate large cycle, although it can increase the 
traffic flow at one time, will also prolong the time delay of the next blockage. Therefore, we 
recommend that road sections that are prone to congestion, adjust the appropriate traffic signal 
cycle according to the traffic volume of the road section, and alleviate the congestion 
phenomenon. 

(2) We consider that when the factors affecting the navigation software's in formation collection 
have time delays and small changes in speed, the GPS speed collector cannot effectively discern 
the speed change, which leads to inaccurate time prediction. Therefore, we recommend 
improving the GPS related technology to improve the accuracy and sensitivity of its data 
collection. 

(3) One of the important factors of traffic congestion is whether the trainers are civilized, 
whether there is any uncivilized phenomenon such as congestion or stalking. Gaze, rushing, etc. 
will disrupt the original order of queuing, which will lengthen the delay of the vehicle. In this 
regard, it is especially important to improve citizens' awareness and quality of civilized driving. 

(4) In the context of today's big data, we propose to establish a multi-data common collection 
feedback system under the big data network, collect data such as the driving speed of multiple 
vehicles in the common area, and correct the data at smaller time intervals. Processing to make 
the predicted time more accurate. 

(5) We recommend that the navigation software side cooperate with the relevant departments 
to combine the traffic dynamic detection and the multi-data common collection platform of the 
big data network, starting from the factors such as traffic flow and driving speed, plus certain 
algorithms, so that the congestion is achieved. The time prediction of the road segment can be 
close to reality. 
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