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Abstract 
The highway has greatly promoted the development of the population and economy of 
the city, and played a leading role in the development of the transportation industry. In 
order to better improve the value of highway, we have conducted research on highway 
service levels, systematically reviewed the research progress and methods in recent 
years, and divided the highway service level research into the establishment of highway 
service level evaluation index system and highway The service level identification 
method summarizes the highway service level classification standards of various 
countries. At the same time, it briefly summarizes the service level evaluation 
parameters of different structures of the highway, and conducts the calculation method 
and modeling method of the parameters required for the evaluation. Inductively analyze 
and describe its strengths and weaknesses. Looking forward to the future research 
trends and development directions of highway service levels, analysis should be 
combined with specific and reliable real-time data. 
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1. Introduction 

In recent years, with the development of social economy and the vigorous development of 
transportation, expressway plays a key role. The development of Expressway not only strengthens 
the economic ties of various regions, improves the economic development of areas near expressway, 
but also improves the space network structure and layout of roads in China. Service level is an 
important parameter to describe road operation efficiency and road capacity. Careful analysis and in-
depth research on expressway service level is of great significance to expressway management, 
design and planning. At the same time, through the research on the selection of various parameters 
and indicators of expressway traffic flow, we can reasonably evaluate the service level of expressway, 
provide efficient and real-time road condition information for Expressway users, and improve the 
traffic capacity of expressway.  

2. Study on Parameter Selection of Expressway Service Level 

Level of service (LOS) is a quality index describing the operation of traffic volume. It is usually 
described by service indexes such as speed, travel time, driving freedom, traffic interruption, comfort 
and convenience. Service traffic volume[1] refers to the traffic capacity of roads under different 
service levels according to different use requirements, also known as design traffic capacity, which 
is the basis of road planning and design. The service level of expressway is determined by a number 
of parameter indicators. The selection of evaluation indicators and the use of evaluation methods will 
have an impact on the evaluation results of expressway service level. The parameters to evaluate the 
service level of expressway are as follows: such as traffic flow density, saturation, spatial average 
speed and so on. There are also many evaluation methods for expressway service level. Fuzzy 
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comprehensive evaluation method, grey system theory and fluid based traffic flow theory model are 
typical service level evaluation methods. 

According to the service level of different structures of expressway, the evaluation parameters are 
also different. The structure of expressway is divided into basic sections, weaving areas and service 
areas. The service levels of different structures of expressway are evaluated and analyzed respectively, 
so as to have an overall grasp of the research on the service level of expressway. The selection of 
evaluation parameters and indicators should follow the principles of scientificity, practicability, 
systematicness, independence and real-time. 

2.1 Service Level of Basic Sections of Expressway 

The service level parameters of basic sections of expressway are mainly V/C (the ratio of maximum 
service traffic volume to basic traffic capacity), traffic density and speed. Traffic density refers to the 
number of vehicles per unit road length at a certain moment. The greater the density, the smaller the 
headway and the lower the speed, which can be used to reflect the road congestion. Saturation is the 
ratio of traffic volume V to traffic capacity C, which can also be used to evaluate the congestion level 
of traffic flow. The higher the vehicle speed, the shorter the running time, the lower the saturation 
value, and vice versa. 

2.2 Service Level of Expressway Weaving Area 

The main factors affecting the service level of expressway weaving area include the weaving flow 
ratio, the length of weaving area, the number of lanes in weaving area, etc[2]. in HCM2000 version, 
density is used instead of driving speed as the service level measurement index of weaving area. 
Interleaving includes merging and diversion. In the process of changing lanes, two lanes need to be 
used, which is unreliable with the traditional density. Therefore, Pei Yulong[3] put forward the 
concept of relative density, which reflects the distribution law of vehicle headway during vehicle 
driving. When the traffic flow in the weaving area is at high density, the service level decreases 
obviously with the increase of weaving ratio. 

2.3 Service Level of Expressway Service Area 

The service level of the service area[4] refers to the service level or service quality that customers 
entering the service area may obtain from the status, conditions and environment of various functional 
facilities in the service area. Service area is an important place of expressway, which also plays an 
important role in ensuring the rapid and smooth operation of vehicles on the expressway, and can 
reflect the service level of expressway. The main facilities in the service area include parking lot, gas 
station, restaurant and toilet. The service level of the service area[5] can be obtained through the 
comprehensive evaluation of passenger queuing time, service time and user feedback satisfaction.  

2.4 Research on Service Level Method of Basic Sections of Expressway 

The basic section accounts for a large proportion of the whole Expressway and has a large mileage, 
which is the top priority in the study of expressway service level. Experts at home and abroad have 
different evaluation methods for the service level of basic sections of expressways. Xu Qing Jun[6] 
take a class of passenger cars as the characteristic vehicles with the help of the charging information 
of networked expressways, and adopt the method of evaluating the service level of Expressways 
Based on the actual average speed of characteristic vehicles in each section. It has complete coverage, 
accurate data, intuitive and easy to realize, This method can be used as one of the evaluation methods 
of expressway service level for further discussion and research; Hai Qiang Liu[7] proposed an 
evaluation method of service level of basic sections of Urban Expressway Based on factor analysis, 
selected 22 sections of six expressways in three cities as samples, and explained the application of 
the evaluation method with the help of SPSS and Amos software. The results show that the method 
based on factor analysis can effectively evaluate the service level of basic sections of urban 
expressway. It can also be applied to the study of expressway service level, and the influence weight 
of different parameters can be detected; Zhuo Wang[8] selected three parameters of traffic flow 
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(average speed, occupancy rate and flow) as service level indicators, used multivariate quality control 
method and time-dependent method to screen and recover abnormal data, used Delphi method and 
semi supervised clustering method to classify service level, and finally used neural network to 
evaluate service level. The research results show that, the choice of three parameters of traffic flow 
as service level indicators is correct, and its results provide timely and accurate traffic condition 
evaluation indicators; Through screening and recovery, make the data used more accurate and provide 
high-quality data for service level classification and evaluation. Gao Zhao Hui[9]put forward the 
evaluation method of traffic operation state based on fuzzy comprehensive evaluation for different 
evaluation indexes of expressway service level. At the same time, they also used the combination of 
analytic hierarchy process and entropy method to determine the weight of each index. Taking Su Jia 
Hang expressway as an example, it was verified that the evaluation method was reasonably selected 
according to the traffic parameters to determine the evaluation results; Tan Lian Wu[10] combines 
the multi-level analysis method of fuzzy mathematics with the evaluation of expressway system 
service status, and puts forward the multi-level fuzzy comprehensive evaluation method of 
expressway system service status. The evaluation results are indeed consistent with the actual 
investigation results of the expressway operation status; Liu Shi Duo[11] reasonably analyzed the 
expressway unblocked and congested state, and established a series of evaluation index systems of 
Expressway unblocked and congested state on this basis. Then, they made a comprehensive 
evaluation by using the analytic hierarchy process and combined with the real data of an expressway 
in Shandong Province, which is of great significance to solve the expressway congestion and 
operation state. 

Due to many factors affecting the service level of expressway, in order to improve the accuracy of 
evaluation, it is generally used to comprehensively consider multiple indicators to evaluate the traffic 
flow state and judge the service level.  

3. Study on Classification of Expressway Service Level 

Expressway service level refers to the level used to measure the service quality provided by 
expressway to road users. Its quality standard range can be reduced from the satisfaction of high-
speed, comfort and convenience to the lowest level of congestion, obstruction and unbearable. At 
present, the classification of road service level can be carried out according to the following 
indicators:[12]. 

1) Degree of freedom during vehicle driving; 

2) Average interval speed and average driving time; 

3) Traffic density; 

4) The extent to which the vehicle is restricted; 

5) Driving comfort and smoothness; 

6) Safety of vehicle driving; 

7) Economy of vehicle driving. 

For the division of expressway service level, the national standards are different. The United States 
divides the service level into six levels A ~ F in the Road Capacity Manual  (HCM2010) [13], which 
is adopted by many countries. As shown in Table 1, the service level evaluation indicators adopt 
speed, traffic flow density and traffic flow rate; The German Road Capacity Manual (HBX2015) 
[14]adopts the load rate for the evaluation of service level, that is, the ratio of planned or actual traffic 
volume to facility capacity. According to the load rate, the service level is divided into four levels: A 
~ F. In Russia, the service level is divided into four different levels, and in Japan, it is divided into 
three levels. China's research on service level started late. At first, the road service level was only 
divided into four different levels. In recent years, the service level has been divided into six levels in 
the technical standard for Highway Engineering (JTG B01-2014) [15]. The specific service level is 
shown in the Table1. 
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Table 1. Classification of highway service level in the United States 

Grade Service level characteristics 

A The traffic volume is very small, the vehicles flow freely, the traffic density is low, and the road 
operation economy is poor. Traffic participants are basically not affected by other vehicles. The 
running speed of vehicles is high. Drivers can choose the speed at will without any interference or 
delay. Vehicle drivers and passengers are very comfortable and convenient, which is the highest 
service level that the road can provide. 

B The traffic volume is somewhat increased compared with the level a, but the traffic flow is also in 
a relatively stable state. In the whole traffic flow, traffic participants are vulnerable to the influence 
of nearby vehicles, but the driver can still choose the speed at will, with almost no interference or 
delay. The degree of freedom decreases slightly, but the driving delay is still very small. Because 
other vehicles begin to have great and small effects on some drivers, the degree of leisure and 
convenience provided by the road is lower than that of A, But the service quality is still high. 

C The traffic volume has increased for the level B service level, and the traffic flow is in a slightly 
stable equilibrium state, but the mutual interference between adjacent vehicles is also increasing. 
Drivers can not choose the speed at will. When driving, they should always pay attention to other 
vehicles. The leisure and convenient distance is obviously reduced, but it can be tolerated. 

D Compared with Class C service level, the traffic volume has increased a lot, and the traffic flow 
has been unstable. The drivers are very limited in driving the vehicle, and the degree of leisure and 
convenience is low. The vehicle drivers and passengers are dissatisfied with the traffic conditions. 
If they reach the lowest limit of this service level, increasing a little traffic volume will lead to poor 
road operation, and continuous queuing in case of traffic accidents. 

E The traffic flow of this level of service level is a pure unstable state. The vehicle speed is very low 
and the traffic flow is not smooth. The traffic volume is almost the same as the road capacity. 
Parking often, the freedom of vehicle driving is not generally low, and the degree of comfort and 
convenience is also very low. Any form of traffic accident will cause serious traffic congestion and 
poor service quality. 

F The traffic flow at this level is in a forced flow state, and the vehicles basically queue up and slow 
down, and often stagnate. The car stopped and went, the drivers and passengers were extremely 
dissatisfied, and the service quality was very poor. 

 

Chinese expressway service level classification is somewhat different from that of the United States, 
and the service level classification for different vehicle speeds is also different. Refer to the technical 
standard for Highway Engineering (JTB B01-2014). According to different classification standards, 
the road congestion is also different. Based on the study of highway traffic audio signal, Gou Jun[16] 
proposed a highway traffic flow state recognition method based on deep neural network, which 
divides the highway traffic flow conditions into five categories: Car Free Road, expressway, normal 
road, busy road and blocked road. Guo Yi Rong[17] divided the traffic flow state into four states: 
smooth, blocked, crowded and blocked, and set a unified speed threshold according to the same level 
of roads to judge the current traffic state. In a word, the traffic state of expressway is divided into two 
extremes: congestion and unimpeded, and then its congestion degree is qualitatively described 
according to specific parameters and indicators.  

4. Research on Recognition of Expressway Service Level 

After the selection of expressway service level parameters, the expressway service level can be 
identified by adopting reasonable evaluation methods according to the standard service level 
classification method. However, the process of identification is also different. Different scholars 
adopt different parameters and indicators for expressway service level, and different model methods. 
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At the same time, in the measurement of expressway service level parameters, due to the constraints 
of data transmission cost and data storage capacity, the actually detected traffic flow data is not perfect 
and difficult to quantify and evaluate. At present, it is also under continuous research. For the 
parameter detection and service level identification of traffic flow state, the conventional coil 
detection is generally adopted. Benjamin Coifman[18] uses the double loop road detector to estimate 
the travel time and vehicle trajectory of the road through the basic traffic flow theory, based on which 
the service water equality level is judged; Mehmet Yildirimoglu[19] used statistical prediction 
algorithm to predict the travel time of vehicle sections based on the traffic flow data provided by 
previous and current real-time detectors, and then evaluated the service level; Ming Jun Deng[20] 
and the first mock exam are based on the correlation between the spatial distribution of traffic and 
the travel time of roads. The model of combination forecasting is established to predict the minimum 
variance of error as the final goal. In order to improve the precision and accuracy, some scholars use 
GPS data and mobile signaling data to measure and collect the relevant parameters of expressway 
service level in real time, but the problems of high transmission cost and great difficulty still exist. 
Dawn Woodard[21] start from the GPS data of mobile client, the trip method is used to predict the 
traffic popularity time and traffic state at any time and on the road section in the expressway network, 
which improves the accuracy of service level discrimination; Hillel Bar Gera[22] uses mobile client 
signaling data to detect the running speed and travel time of vehicles on the road, but the technology 
and equipment quality are not mature and need to be further improved. 

In order to accurately estimate the traffic conditions of different sections of expressway, domestic 
experts and scholars have also established different parameter identification models to identify the 
service level of expressway. By analyzing the macro model of expressway section, Shi Zhong Ke[23] 
puts forward a new multi-channel section error state equation, which comprehensively considers the 
propagation of estimation error of traffic density and average speed of each section. Through this 
model, the extended Kalman filtering method can be used to estimate the traffic state of multiple 
sections, improve the calculation efficiency and enhance the numerical stability. Compared with the 
traditional service level identification method, this method improves the stability of parameter 
indexes; On this basis, Long Ke Jun[24] also put forward a traffic state estimation method based on 
the traffic volume method in view of the insufficient fineness of China current expressway traffic 
flow monitoring technology and detection data. The service level is evaluated based on the two 
parameter indexes of density and saturation respectively, and finally a comprehensive evaluation is 
carried out to make up for the defects of the single index discrimination method, the state of traffic 
congestion is well distinguished. 

The service level of expressway can be accurately identified by only one absolute parameter, or by 
the combination of multiple parameter indexes. The accuracy and accuracy of identification are 
different. Due to many factors affecting the service level of expressway, most of them use two or 
more parameters for fuzzy comprehensive evaluation to judge the service level of expressway, and 
the parameters in the identification process mainly select density, saturation, speed and occupancy. 
These items have controllable error and high precision in data collection, which can accurately 
identify the service level of expressway, Judge the degree of road congestion. 

5. Expectation 

To sum up, in the future research on expressway service level, we should pay attention to the selection 
of expressway service level parameters, select parameter indexes with high reliability and accuracy 
to establish the evaluation system, and use higher precision instruments to measure the traffic flow 
parameters; In terms of service level evaluation methods, we should pay attention to the combination 
of old methods and new methods, constantly optimize the data extraction technology and the 
establishment method of evaluation indicators, and identify the service level of Expressway more 
carefully. With the rapid development of artificial intelligence technology in the era, new ideas and 
methods can be established for different algorithm models of multiple variable service level parameter 
indicators to make up for the shortcomings of traditional methods in parameter calculation. At the 
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same time, combined with the emerging technologies in the era of "big data", mobile communication 
technologies such as big data, 5g and mobile signaling can be used to dynamically collect highway 
traffic flow parameters in real time, then carry out real-time identification, which can quickly reflect 
the service level at this moment, which is the direction of research and development of expressway 
service level in the future. 

Meanwhile, traffic safety is also a hot topic in the current traffic field. It is also worth thinking about 
whether we can connect the expressway service level with highway traffic safety, and use this to 
evaluate the road congestion, analyze traffic safety and further provide a theoretical basis for the 
treatment of traffic accident hidden dangers. Zhong Lian De[25]  analyzed the safety service level 
of expressway, put forward the concept of safety service level of Expressway and graded it, but did 
not deeply consider its influence variables and evaluation indicators, and the research on safety 
service level is still in its infancy. Taking the data of traffic accidents and factors leading to traffic 
accidents as the theoretical basis, establish a different new highway traffic accident prediction model, 
and then use the model algorithm to evaluate the highway safety service level, which is not only the 
expansion and extension of highway service level, but also a new direction of service level research 
in the future. 

6. Conclusion 

In recent years, the research on the service level of expressway has also received extensive attention 
from all countries. It is of great help to the design and management of Expressway and the 
improvement of expressway traffic environment. Thanks to the development of expressway, the 
economy along the expressway is developing rapidly, the whole expressway network is unobstructed, 
and the traffic efficiency is improving day by day, it has greatly promoted the development of 
transportation. Research on the selection of expressway service level parameters, measure and 
evaluate different parameters, and then use reliable identification methods to identify and evaluate 
the expressway service level, and divide and evaluate the expressway service level according to 
different classification standards. This series of processes are the basic research ideas of expressway 
service level, it is also the development trend in the future. 
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