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ABSTRACT At present, the transportation industry is developing rapidly. Studying intelligent highway
systems in the Internet of Things (IoT) context is of practical significance. This paper aims to promote the
comprehensive integration of modern information technology with transportation facility management and
operation management. Firstly, the fundamental nature and laws of IoT and intelligent transportation are
studied. Based on the current situation, the feasibility of developing intelligent transportation based on the
IoT technology of the highway is analyzed. Secondly, the design requirements of the highway Intelligent
Transportation System (ITS) are analyzed. Then, the overall architecture of the highway ITS is designed by
comprehensively using various advanced information, communication, and control technologies guided by
demand analysis and relying on the technology platform of the IoT. It is identified as three layers: a perceptual
layer, a transport layer, and an application layer. Finally, the main application function design of the highway
ITS is carried out. The results show that: 1) the efficiency and effectiveness of the maintenance management
system in dealing with emergencies before equipment failure is much higher than that of the traditional
highway management system; 2) after using the updated system, user experience satisfaction and executive
experience satisfaction have improved. It is more ideal than traditional highway traffic processing methods;
and 3) expectation of the public for the innovative system designed here is 4.8. It reveals that the proposed
intelligent transportation system meets the expectation of the majority of the public for highway traffic
management. The purpose of this paper is to promote the development of transportation informatization and
intelligence, improve the efficiency of the transportation system, and enhance the safety of transportation
through IoT information technology.

INDEX TERMS Internet of Things, artificial intelligence, smart city, intelligent transportation, system
design.

I. INTRODUCTION
At present, human society has ushered in the Fourth Indus-
trial Revolution with information technology as the primary
carrier. Information is beginning to become the main factor of
production for social development [1]. In the traditional Inter-
net era, the types of information and the means of obtaining
information can no longer adapt to the development of the
times. As the in-depth expansion of information technology,
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the Internet of Things (IoT) has gradually received attention
and promotion. It has been progressively applied in many
fields, such as smart cities, intelligent transportation, smart
grid, smart home, modern agriculture, and the logistics indus-
try [2]. The IoT builds an intelligent network with extensive
coverage between objects and people to achieve topology and
mapping of the physical world to the virtual world to establish
an organic connection between the two. Then, human society
will move towards comprehensive informatization [3].

In recent years, with the upgrading of the intelligent trans-
portation system (ITS) and the increasingly perfect road
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planning, traffic in many large and medium-sized cities
has been greatly improved. Due to the development of the
economy and the improvement of people’s living standards,
highway intelligent transportation combined with IoT and
artificial intelligence (AI) has become the best choice to
improve traffic [4].

IoT is defined as a network that connects any object
to the Internet for information exchange and communica-
tion through information sensing equipment such as radio
frequency identification, infrared sensor, global satellite nav-
igation system, and laser scanner according to the agreed
protocol to realize intelligent identification, positioning,
tracking, monitoring and management. As a new technology
integrating wireless communication technology, microelec-
tronic sensor and embedded system, IoT is gradually used in
ITS and other related fields that need data acquisition and
detection, thus bringing a new upgrade to urban intelligent
transportation. The ITS based on IoT can collect the vehicle
and road information in the whole city in real-time, and
intelligently and dynamically calculate the optimal command
and dispatching plan and vehicle route. According to experts’
research, the number of deaths in traffic accidents alone can
be reduced by more than 30% each year and the efficiency
of vehicles can be improved by more than 50% [5] after the
adoption of intelligent transportation technology to improve
the level of road management.

According to the above research status and the existing
problems of the ITS, a new idea is provided for constructing
an efficient ITS. First, the basic concepts of the IoT and
the technologies related to AI are expounded. The feasi-
bility of developing intelligent transportation based on IoT
technology on the highway is analyzed. Second, the design
requirements of the highway ITS are analyzed. Then, the
overall architecture of the highway ITS is designed com-
prehensively using various advanced technologies guided
by the needs analysis. It is determined to be three layers
composed of the perception layer, transmission layer, and
application layer to innovatively and completely construct a
new ITS.

II. LITERATURE REVIEW
The research status of the ITS is as follows. Kaffash et al.
proposed that the amount and availability of data in ITS
led to the need for data-driven methods, and the application
of big data algorithms further enhanced the intelligence of
applications in the transportation field. The big data algorithm
in ITS has a wide range of applications, including but not
limited to signal recognition, target detection, traffic flow
prediction, travel time planning, travel route planning, and
vehicle and road safety. This study aims to provide a bib-
liography, comprehensively review the application of ITS,
and review the most recognized models of big data used in
the context of ITS. Dynamic pricing plays a crucial role in
modern ITS, which can solve congestion control, peak load
reduction, and mobility management of traditional or electric

vehicles in a cost-effective way [6]. Saharan et al. conducted
an extensive analysis on the use of dynamic pricing technol-
ogy in the relevant literature of ITS, enabling them to compare
the application of one technologywith the advantages of other
technologies. They discussed in depth the problems solved
by dynamic pricing technology, the importance of various
evaluation parameters, the limitations of dynamic pricing
technology and its application. The study also introduced
different classificationmethods used to explore various issues
of dynamic pricing in a structured way, and proposed the
challenges and future research directions of ITS dynamic
pricing [7]. Lv et al. improved the ITS through deep learning,
which can significantly reduce the data transmission delay
of the system, improve the prediction accuracy, effectively
change the path in the face of congestion, and inhibit conges-
tion diffusion. Although there are some deficiencies in the
experiment, it still provides an experimental reference for the
later development of the transportation industry [8].

IoT-based ITS must fully consider various types of infras-
tructure and traffic objects. By building the perception net-
work of basic traffic, various types of intelligent management
service systems can be developed. Yang et al. pointed out that
IoT-based ITS needs to take into account all infrastructure
projects, transportation vehicles and reasonable transporta-
tion objects, build a reasonable network of basic transporta-
tion systems, and develop various intelligent management
service systems. Through the introduction of IoT theory and
related technologies, a certain framework of an ITS based
on IoT will be formed to realize the smooth operation of
intelligent transportation in all regions of the city [9]. Liu and
Ke introduced the application status of transportation IoT and
designed an ITS based on the national standard of IoT six-
domain model. The system mainly includes the user domain,
service provision domain, perception control domain, object
domain, resource exchange domain and operation and main-
tenance control domain, and analyzes the application of trans-
portation IoT. It includes four systems, including a parking
management system, traffic guidance system, public trans-
port management system and public security management
system, which provides a reference basis for the design of
traffic IoT system [10].

To sum up, the design of ITS at this stage is mostly
about the transformation or upgrading of a certain link in
the system and how to better integrate the IoT concept and
AI technology into the overall transportation system. There
is a lack of research on the comprehensive upgrading and
optimization of the system. Under the guidance of demand
analysis, this paper designs the overall architecture of high-
way ITS by comprehensively using various advanced tech-
nologies and determines it to be composed of three layers:
perception layer, transmission layer and application layer.
In addition, a new ITS has been innovatively and com-
pletely constructed to study and analyze the feasibility of
developing intelligent transportation on highway based on
IoT technology.
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III. MATERIALS AND METHODS
A. AN OVERVIEW OF THE IOT
1) DEFINITION OF THE IOT
The definition of IoT is that things are connected. The study
of the IoT began with and differed from the Internet [11]. The
core of the IoT is to extend the node form of the network to
everything. It is connected using a cable and an optical cable.
The IoT mainly enables object connections over a wide area
through wireless forms [12].

2) THE ARCHITECTURE OF IOT TECHNOLOGY
The IoT can connect things. It mainly relies on spe-
cific communication protocols. An essential function of the
communication protocol is to unify the format of various
information [13]. The purpose of connecting things is for
multiple applications in production and life [14]. Therefore,
the essence of the IoT is to form a communication network
of massive data collectors and sensing devices following the
communication protocol of the agreed format. Then, it is con-
nected to the Internet and various networks. Communication
and exchange of information can be performed to realize an
interactive physical network of intelligent, automated posi-
tioning, tracking, recognition, monitoring, and other func-
tions of the connected objects [15]. From the composition, the
IoT can be divided into three levels: the perception layer, the
network transmission layer, and the information processing
application layer, as shown in Figure 1.

FIGURE 1. The architecture of IoT technology.

The perception layer is the collection system of basic
information of the IoT. Every object is an objective being.
This objective existence, in turn, derives the unique prop-
erties inherent in the object that distinguish it from other
objects [16]. The physical attributes of the network layer
are from the perspective of various network forms, such as
the Internet, wireless communication networks, local area
networks, and exclusive networks. The technical properties
of the network layer are the various communication protocols
that make up the efficient and correct operation of various
physical networks. The application layer interfaces the IoT
and the user [17]. According to the application of the IoT in
different industries, the data collected by the perception layer
will be transmitted through the network layer and processed,

classified, screened, and processed into relevant formats for
end users according to the needs of industrial applications. Its
implementation relies heavily on various database technolo-
gies, professional software, and mobile applications [18].

B. OVERVIEW OF AI
AI has been a newly revitalized technological force in recent
years. It is a new technological science that studies and devel-
ops theories, methods, technologies, and application systems
for simulating, extending, and expanding human intelligence.
The current development of AI is extremely rapid, from
simple intelligent recognition to intelligent robots that can
respond similarly to human intelligence, AI is undergoing
continuous evolution of self-innovation. In short, AI is a
simulation of the information process of human meaning and
thinking. It is not human intelligence, but can think as humans
and may also surpass human intelligence. The application
of AI in highway inspection is a future trend, which will
bring immeasurable benefits and convenient services to avoid
highway accidents, and bring huge impetus to the innovation
of smart highways.

The application of AI in highway inspection can make
the search for road fault problems simple and efficient. The
inspection vehicle utilizes intelligent inspection equipment
installed on it to collect and capture high-definition images of
highway faults at speeds above 60km/h, efficiently complet-
ing maintenance inspection tasks. The intelligent inspection
equipment and backend services of the inspection vehicle can
be applied to conduct inspections, locate, take photos, and
inspect at any time. In this process, based on AI image recog-
nition, various technologies such as high-definition image
acquisition, 5G, Beidou, and big data analysis are combined
to complete the integrated work of road fault detection, col-
lection, viewing, confirmation, and reporting. It fully solves
the problems of omissions, insufficient safety and accuracy
faced by manual inspections.

Currently, many road inspection companies are turning
their attention to AI detection robots. They liberate testing
personnel and equipment through various means, and con-
duct comprehensive inspections of highways from multiple
directions and levels. The AI detection robot integrates equip-
ment such as ground penetrating radar, flatness gauge, and
deflection instrument, and can adapt to various fault situa-
tions for detection and inspection. Meanwhile, AI is used as
the processing center for information data to obtain three-
dimensional (3D) mapping and stitching images of internal
faults. Then, based on the detection results, the heat map
of the target area and components is created for abstract
analysis. The fault source is explored through deep learning
of multi-dimensional hierarchical analysis of fault features.
Later, manual intervention is conducted to optimize this well-
trained fault source model. Based on AI, the features of high-
way fault data are extracted and data training is performed
to provide the driving force for highway detection and fault
analysis calculation. Then, it can achieve more intelligent
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fault detection and implementation plans to cope with more
road inspection businesses.

C. THE MEANING OF INTELLIGENT TRANSPORTATION
Professor Li Deren, an academician of the Chinese Academy
of Sciences and the Chinese Academy of Engineering,
defines the smart city as ‘‘smart city = digital city + IoT +

cloud computing’’ [19]. He believes the connotation of the
smart city is the integration of the three concepts of a dig-
ital city, the IoT, and cloud computing, as demonstrated
in Figure 2.

FIGURE 2. Composition of a smart city.

Intelligent transportation = digital transportation + IoT
+ cloud computing. Therefore, the transportation system
can interconnect, communicate, perceive, analyze, predict,
decide, and control in the city, region, and even a wider
time and space range. Intelligent transportation fully protects
people’s transportation safety, effectively exerts the efficiency
of transportation infrastructure, and maximizes the efficiency
andmanagement level of transportation system operation. So,
it serves the increasing public mobility and sustainable socio-
economic development of transport needs [20].

From the definition of intelligent transportation, it is based
on the premise of digital transportation. The concepts of
digital and intelligent transportation have a solid consistency
to some extent [21]. The outstanding feature of intelligent
transportation is the collection, processing, release, exchange,
analysis, and utilization of transportation system information
as the basic functions. Intelligent transportation enables real-
time, diverse, targeted information services and intelligent
decision support for transportation participants [22].

D. DEMAND ANALYSIS OF HIGHWAY ITS
Demands analysis is the starting point for system devel-
opment and design. It is the key to the success or failure
of the system. Insufficient analysis of various demands can
lead to insufficient functionality and system design capa-
bilities. This, in turn, leads to a surplus of capacity and
the waste of inputs [23]. The system demands are analyzed
from the two aspects of user and technical demands to
improve the adaptability and feasibility of the design of the
highway ITS.

1) ADMINISTRATIVE AUTHORITIES
The main function of the industry authorities is to for-
mulate industry rules and regulations. It provides macro-
management of highway operators’ entry, operation, and exit
management [24]. Therefore, the real-time highway intelli-
gent traffic information demand is mainly reflected in the
highway traffic management department. Figure 3 shows the
demand analysis.

FIGURE 3. Demand analysis of administrative departments.

2) HIGHWAY OPERATOR
Through the effective management of assets such as high-
way facilities and equipment, highway-operating enterprises
provide high-quality services to the general public and enter-
prises with transportation demands and obtain corresponding
investment returns or operating income [25]. The relevant
demands analysis is shown in Figure 4.

FIGURE 4. Operator demand analysis.

3) HIGHWAY SERVICE DEMANDER
Serving the service demand side is the ultimate purpose of
highway operation. Their demands represent the direction of
intelligent transportation efforts and development [26]. Their
main demands analysis is shown in Figure 5.

4) HIGHWAY DERIVATIVE SERVICE PROVIDERS
Highway derivative services refer to other value-added ser-
vices related to highway traffic, such as navigation, insur-
ance, financial support, vehicle leasing, and other commercial
enterprises [27]. The demands analysis diagram is shown
below.

46656 VOLUME 11, 2023



Y. Cui, D. Lei: Design of Highway ITS Based on the IoT and AI

FIGURE 5. Demand analysis of the demander.

FIGURE 6. Analysis of derived service demands.

5) TECHNICAL DEMANDS
The intelligent transportation information system of high-
ways must have the characteristics of openness, compat-
ibility, dynamics, overall, and intelligence to truly realize
intelligence. The characteristics of the five aspects are the
basic prerequisites for the intelligent operation of the system.
Without these five characteristics, it is impossible to achieve
the intelligence of the system [28].

E. AI TECHNOLOGY FOR HIGHWAY INTELLIGENT
TRANSPORTATION
The Highway Intelligent Transportation Big Data Artificial
Intelligence Center takes the sharing, exchange, develop-
ment, and service of traffic data resources as the main line.
Meanwhile, all kinds of data scattered across subsystems are
brought together to eliminate information silos. Information
barriers between systems are broken to realize the overall link
from the grass-roots application, middle-level monitoring
and evaluationmanagement, and high-level decision-making.
The ‘‘integrated’’ data platform covering data collection,

data management and application, and data service functions
is built to support the situation monitoring and intelligent
decision-making of highway operation [29]. The main com-
pleted work and implemented functions are as follows.

1) DATA PLANNING AND DESIGN SYSTEM
The data planning and design system realizes the unified
planning of various information resources in the data center
and designs the correlation relationship of various data types.
The reports and rules of various data types are customized to
ensure the orderly association and integrated management of
data resources [30].

2) DATA ACQUISITION SYSTEM
The data of each subsystem is collected by import and
exchange. Each task of data acquisition is scheduled, moni-
tored, and counted. Data acquisition systems can also perform
automatic error correction for data acquisition tasks.

3) DATA SHARING AND EXCHANGE PLATFORM
The data sharing and exchange platform focuses on each sub-
system’s information exchange and sharing needs and breaks
down data silos based on SOA architecture through front-
end machines, database docking, and Web Services [31].
Then, the management of information resources between the
various subsystems of intelligent transportation is realized.

4) DATA MANAGEMENT AND ANALYSIS SYSTEM
Data management and analysis system realizes the integra-
tion, processing, and unified management of various data
types. It flexibly organizes various types of report data,
indicator data, and text materials in the form of thematic
topics [32]. For all professional users, various types of data
comprehensive analysis applications are achieved, including
query retrieval, temporal analysis, data drilling, visual dis-
play, GIS, and other functions through a series of analysis
configurations.

5) DECISION SUPPORT DATD
Through various visual technical means such as GIS maps,
reports, and timing animations, decision support data pro-
vides various theme-oriented statistical analysis services for
decision-making, such as comprehensive information dis-
play, hot spot monitoring, and comprehensive analysis [33].

6) MOBILE APP DATA SERVICE APPLICATION
For all kinds of users, based on the mobile intelligent terminal
(support Android, WP, and IOS systems), mobile APP data
service applications can realize the active push of various data
services to meet the needs of data service acquisition.

The various perceptual information of the highway ITS
involves a wide range. Various signals and informationmodes
are different. Standardized processing must be carried out to
meet the needs of information fusion. The technical indicators
of various signals are standardized, and the value of each
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indicator attribute is uniformly transformed into a range by
constructing a transformation function [34]. The interval-type
standardized function is:

ai = Udi (xi)

=

1 −
max

{
mi1−xi,xi−m

i
2

}
max

{
mi1−xi,Mi−mi2

} xi /∈
[
mi1,m

i
2

]
1 xi ∈

[
mi1,m

i
2

] (1)

In Eq. (1). di = [mi,Mi] is the threshold for metric i.
di = [mi,Mi] indicates that the value range of di is between
mi andMi. xi is the property value of the indicator (measured
value). m∗ is a fixed value.

[
mi1,m

i
2

]
is a fixed interval.

F. INTELLIGENT TRANSPORTATION CLOUD PLATFORM
BASED ON THE IOT AND AI
According to the results of user needs and technical require-
ments analysis, this paper starts from the overall architecture
of the system and the interactive functions realized combined
with the technical, functional characteristics of IoT technol-
ogy system perception, information processing, and commu-
nication. It carries out preliminary framework construction
and the main available application layer design of highway
ITS based on the IoT. From the overall functional structure
perspective, the entire system can be divided into three levels:
the perception layer, the network and transport layer, and the
application layer, as shown in Figure 7.

FIGURE 7. The overall architecture of intelligent highway transportation.

The highway ITS designed here is a distributed and open
platform integrating functions such as integration, opera-
tion, processing, decision-making, and comprehensive appli-
cation. It relies on the current advanced data acquisition
technology, powerful database technology, and efficient dis-
tributed computing technology to integrate various informa-
tion facilities and equipment, forming an intelligent system
that can collect data, process information by itself, make self-
decision-making, and actively push and publish.

FIGURE 8. The network structure of ITS.

FIGURE 9. Hierarchical architecture of ITS.

The entire network function topology space of the highway
ITS comprises three levels: data acquisition subsystem, data
comprehensive processing platform, and information release
subsystem, as presented in Figure 8.

The highway ITS designed here can divide the network
into three levels from the function: application subsystem,
information service center, and command and control cen-
ter. These three levels are also three functional modules for
different information demands. The roles and functions of
information centers and command and control centers are
relatively clearly defined. The application subsystem contains
several subsets. It is a collection of all applications except
the information service center and the command and control
center, as shown in Figure 9.

In Figure 9, the three levels have four functions. The first is
to carry out hierarchical and centralized processing of the col-
lected traffic information. The second is to have an advanced
intelligent command and control center. The third is to have a
wide range of information collection, aggregation, processing
capacity and a stable and reliable software and hardware
facility configuration and operation environment. The fourth
is that the information collection and release system has a
fault self-test function and can timely inspect and maintain
these facilities.

The cloud-based comprehensive service platform mainly
consists of three major parts: data aggregation and sharing,
intelligent management, and intelligent services. Massive
real-time collected traffic data are stored. Besides, cloud
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FIGURE 10. Framework model of expressway intelligent transportation
platform.

computing technology is adopted to aggregate, process, and
interactively share massive traffic data to form an efficient
comprehensive traffic database, providing intelligent ser-
vices for applications on cloud platforms. An integrated
expressway intelligent transportation operation service sys-
tem has been constructed to provide comprehensive and
accurate information on expressway operation status for
highway managers, providing monitoring, management, and
decision-making basis. The system provides accurate and rich
travel guidance information for highway travelers, and offers
safe, efficient, comfortable, and fast traffic information ser-
vices [35]. Once the highway is in an abnormal traffic state,
the cloud-based comprehensive service platform provides
decision support for highway managers. It can achieve coor-
dinated emergency handling among highway-related depart-
ments such as the highway traffic police department, the
highway emergency rescue department, and the highway
maintenance department. Besides, it can ensure the safety
and smoothness of highway traffic, avoid or reduce secondary
traffic anomalies, and improve the efficiency of collaborative
management [36]. Figure 10 is a framework model for a
cloud platform:

Data acquisition is to utilize radio frequency identification
technology, on-board intelligent terminals, and other sensing
devices and technologies in IoT technology, and integrates
a large number of electromechanical transportation systems
in highways, realizing the interaction of people, vehicles,
roads, and the environment, and collecting traffic data in
a timely, comprehensive, and accurate manner. It provides
effective basic data for the safe operation and management of
highways and effective service information for travelers. The
data acquisition system mainly collects six types of dynamic
data in the highway, including images, traffic flow, traffic
environment, traffic events, traffic operation control, and
vehicle pricing. Table 1 displays its various data collection
tables:

Regarding the application of intelligent transportation
data collection, this section mainly takes the tunnel sys-
tem’s internal and external brightness lighting system as the

TABLE 1. Traffic data collection table.

testing instruction. After sending the power on and measure-
ment commands, it is essential to wait for a measurement
time more than 120ms to read the illuminance value. The
data obtained by sending power on, measuring instructions,
reading illumination values, and processing data programs is
float type. Hence, first, the float type results are stored in a
zero-time storage area in the form of hexadecimal numbers
using a memory replication method to facilitate subsequent
data processing and transmission. The code designed for this
system is as follows:

Data [0]=0 × 01;
if (!I2C_WriteNByte(I2C1, Data, 1))
Data [0]=0 × 11;
flag = I2C_WriteNByte(I2C1, Data, 1);// Sending mea-

surement commands
if (!flag){
Delay_m3(300);// Waiting for more than 120ms
if (flag){
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GPIO_SetBit3(GPIOB, GPIO_Pin_0);
} else {
illhumi = ((Data [0] < < 8)+Data [1])/(1.2∗2);
memcpy (buf, sillhumi, 4);
usRegInputBuf [0] = (buf [0] < < 8) | buf [1];
usRegInputBuf [1] = (buf [2] < < 8) | buf [3];
}
} else {
usRegInputBuf [0] = 0 × 0000;
usRegInputBuf [1] = 0 × 0000;
}
The illumination value returned to the host is a 16-digit

number, which is then converted to decimal to be the illumi-
nation result. According to the chip instruction manual, the
result in continuous H-resolution mode 2 needs to be divided
by 1.2 to obtain an accurate illuminance with a resolution
of 0.51×. Therefore, accurate illuminance is obtained by
dividing the data read from the I2C bus by 1.2.

The intelligent transportation infrastructure layer platform
is actually an information collection and transmission layer.
It completes data collection during the construction, oper-
ation, and maintenance periods through various types of
infrastructure on the highway, providing reliable basic data
resources. During the construction period, the main tasks are
to complete data collection for projectmanagement, measure-
ment and payment, design changes, experimental data, and
on-site video monitoring. During the operation period, the
platform mainly completes data collection for road section
monitoring, tunnel monitoring, vehicle pricing, environmen-
tal testing, fire monitoring, vehicle testing, slope testing, and
bridge healthmonitoring. During themaintenance period, it is
to complete the collection of information on the condition of
highways, bridges, and tunnels, as well as the operation and
maintenance of electromechanical equipment. Then, the col-
lected data are transmitted to the cloud computing platform
through the network to achieve data aggregation, fusion, and
sharing.

G. HIGHWAY INTELLIGENT TRAFFIC NON-STOP
TOLL SYSTEM
The working principle and process of the highway non-stop
toll collection system designed here are as follows. When
the vehicle is driving to the non-stop toll lane, the speed is
reduced to less than 20km/h according to the speed limit
prompt electronic sign, entering the vehicle detection and
perception range. First, the read andwrite antenna starts when
the vehicle passes the trigger coil and enters the communica-
tion range. The read and write antenna communicates with
the non-stop toll in-vehicle system to determine whether the
vehicle’s electronic tag is valid. If both the conditions for the
validity of the electronic tag and sufficient balance are met,
the transaction is made. The transaction is successful, and
the system control railing is raised. The traffic signal light
turns green, and the transaction information is displayed on
the fee card. If it is judged that the trading conditions are
not met, immediately alarm and keep the lane closed until

FIGURE 11. Operating framework diagram of the non-stop toll collection
system.

the vehicle leaves the detection coil sensing range. After the
vehicle passes through the drop bar to sense the ground sense
coil, the passage railing automatically falls back. In addition,
the traffic signal light turns red, and the system saves the
transaction record. The transaction is uploaded to the non-
stop toll system server, and the system re-enters the standby
state to wait for the next car to enter. Figure 11 shows the
principle and composition.

The entire settlement system includes three levels, man-
agement, operation, and user. The whole architecture of the
system is divided into two parts: a one-card service system
and a regional toll collection system from the perspective
of business functions. The one-card service system refers to
the background support settlement system and payment card
issuance and user service system of networked charging. The
regional toll collection system includes a four-level structure
of lane, toll center, toll sub-center, and toll station systems.

H. HIGHWAY INTELLIGENT TRAFFIC GUIDANCE SYSTEM
The main function of the highway intelligent traffic guid-
ance system is to guide vehicles to pass safely and effi-
ciently according to dynamic and real-time traffic situations.
Dynamic and real-time traffic conditions include sudden
traffic accidents, highway infrastructure roads, bridges, and
tunnels. Then, information and program support is provided
for traffic management decisions.

The dispatching system monitors and detects the operation
status of regional traffic flow in real-time. It quickly collects
various traffic flow operation data and analyzes the traffic
flow operation characteristics timely. Besides, the dispatch-
ing system intelligently and adaptively predicts changes in
traffic flow and formulates the best response measures and
programs, which are released to the public through various
channels timely. Figure 12 shows the traffic guidance process.
There are several main methods of vehicle positioning

technology: map matching positioning, Global Position-
ing System (GPS), racking positioning, inertial navigation
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FIGURE 12. Traffic guidance flowchart.

system, and tuned radio frequency positioning. The function
of the vehicle positioning system is to determine the vehicle’s
precise position in the road network.

This section analyzes the accuracy of the plane and eleva-
tion values of the overall realistic 3D model of the highway
survey area. Inspection points within the survey area are
selected according to the method of uniform sampling points
in the general area and enhanced density collection in areas
with large terrain fluctuations. The 3D coordinates of each
inspection point measured are set to (X, Y, Z). They are
compared with the encrypted 3D coordinates (X′, Y′, Z′) of
the corresponding point coordinates of the same name in the
real scene 3D model constructed using the unmanned aerial
vehicle system. The difference between themeasured and true
values of the coordinates in the 3D model is calculated.

Root mean square error (RMSE) is an important indicator
that reflects the accuracy of errors. Therefore, this paper
analyzes the accuracy of realistic 3D models constructed
based on AI systems by calculating the RMSE of planes and
elevations. The calculation equation is as follows:

mx =

√∑
(X ′ − X )2

n
(2)

mY =

√∑
(Y ′ − Y )2

n
(3)

m =

√
(mX )2 + (mY )2 (4)

m =

√∑
(Z ′ − Z )2

n
(5)

n represents the number of checkpoints; m represents the
calculated RMSE.

I. SWOT ANALYSIS MODEL
SWOT analysis mainly focuses on the analysis of inter-
nal and external competitive environments and conditions.

It includes S-Strength, W-Weakness, O-Opportunity, and
T-Threat. SWOT analysis identifies the strengths/weaknesses
and opportunities/threats of design based on the definition
of a competitive strategy for intelligent transportation on
highways. Finally, all types of strength, weaknesses, opportu-
nities, and challenges related to research objectives are listed,
and a matrix is adopted to arrange them. The relationship
between the influencing factors is determined based on sys-
tem analysis, and decision-making conclusions are drawn
through analysis. Through this method, it is possible to con-
duct a comprehensive, systematic, and accurate analysis of
the actual situation of research objectives to formulate sound
plans, policies, and strategies.

This paper conducts a SWOT analysis for the design of
intelligent transportation systems for highways based on IoT
and AI, as shown in Table 2 below:

TABLE 2. Swot analysis of intelligent transportation.

IV. RESULTS
A. SWOT ANALYSIS AND COMPARISON
The SWOT analysis method is adopted to analyze and judge
the environment in which the intelligent transportation busi-
ness development is located, and the following strategies are
available for selection:

SO strategy: under the condition of coexistence of internal
advantages and external opportunities, it is essential to adapt
to a favorable policy environment, seize opportunities, utilize
the advantages of intelligent transportation to expand its main
business, and increase research, development, and investment
in the intelligent transportation business.

WO strategy: under the condition of the coexistence
of external opportunities and internal weaknesses, external
opportunities should be utilized to compensate for internal
weaknesses. Enterprises should actively respond to existing
policies, establish corresponding contacts with each other
and strengthen better cooperation with government depart-
ments. Moreover, they must strengthen internal management,
conduct personnel training, and timely acquire advanced
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management knowledge. Besides, they should improve the
personnel assessment, salary and treatment system, attract
high-tech talents to join, ensure high-quality and efficient
management results, and solve the problem of fundamental
weaknesses in human resources.

ST strategy: under the condition of coexistence of internal
advantages and external threats, enterprises should utilize
internal advantages to avoid external threats. Existing assets
need to be fully utilized. The development model and related
products of intelligent transportation projects should be com-
bined with smart cities and the intelligent transportation
industry. It can minimize the risk of information leakage from
intelligent businesses based on their technological advantages
while diversifying their development.

WT strategy: under the condition of the coexistence of
internal weaknesses and external threats, internal weaknesses
should be reduced and external threats should be avoided.
Enterprises should strengthen evaluationwork and early plan-
ning as early as possible. Based on a reasonable grasp of
national policies, they can also effectively grasp their entry
into new industries to resolve the crisis better. Moreover, they
can transform from a highway enterprise with a relatively
single core business to a diversified enterprise to achieve
sustainable enterprise development.

B. COMPARISON OF HIGH-SPEED EMERGENCIES
IN NEW ITS
A comparative test is conducted on the new ITS designed
here. The system proposed here is implemented for one
month for a small range of applications. The degree of occur-
rence of real-time information acquisition, number of traffic
accidents, road congestion time, and maintenance efficiency
of highway facilities is collected and compared with the
degree of occurrence of each project before implementation.

First, for the comparison of real-time information acquisi-
tion time, the time when real-time events occur on site and the
time when the system prompts are compared to compare the
efficiency of information acquisition before and after using
the intelligent transportation platform. Then, for the compar-
ison of the number of traffic accidents, the number of traffic
accidents before and after using the intelligent transportation
platform is calculated monthly. Next, real-time statistical
records of road congestion are used for comparison. Video
surveillance during congested highway sections is selected
for comparison before and after using the platform. Finally,
regarding the efficiency of highway facility maintenance, the
experiment compares the arrival time ofmaintenance workers
before using the intelligent transportation platform with the
response time of the early warning system. It can ensure that
maintenance workers arrive at the scene early in case of an
accident. The comparison results are revealed in Table 3.
In terms of real-time information acquisition, the informa-

tion that users want can be obtained within ten minutes from
the previous half-hour acquisition. The frequency of traffic
accidents has dropped from 75 to 38. Road congestion time
has been reduced from 45 hours to 30 hours. Highway facility

TABLE 3. Actual situation of different projects before and after use.

maintenance has shifted from about an hour ago to using a
facility warning system. Repairs are done well in advance
of facility failures. On the whole, the efficiency and results
of dealing with emergencies are much higher than those of
traditional highway management systems.

C. COMPARISON OF THE USE OF NEW ITS AND THE
EXPERIENCE OF MANAGEMENT PERSONNEL
The classification test of user satisfaction is collected for the
new ITS designed here. After the system proposed here is
applied in a small area for one month, the data collection and
comparison of the experience population of the expressway
ITS is divided into users and managers. Figure 13 reveals the
comparison results.

FIGURE 13. Satisfaction of the user’s experience before and after.

From Figure 13, user experience satisfaction increases
from 46% to 67% after using the ITS. Executive experience
satisfaction increases to 78% from 56% previously. It is
more ideal than the traditional high-speed traffic processing
method. The feedback effect of each user group is also high.

The questionnaire form of the implementation intention of
the ITS here is also distributed in large quantities through
online solicitation and circle of friend sharing. People’s com-
ments and opinions on the current highway treatment sys-
tem are investigated. The questionnaire also includes the
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FIGURE 14. User intent survey.

intention to implement the innovative system reported here.
The specific situation is shown in Figure 14.

From Figure 14, in all aspects of highway traffic inci-
dents, the expectation of users’ satisfaction with traditional
systems is lower than that of ITS here. Moreover, on the
two expectations of continuing to implement the conventional
transportation system and implementing the innovative sys-
tem designed here, the average user expectation value of the
former is 2.2. The expectation value of the latter reaches 4.8.
It indicates that the ITS proposed here meets most of the
public’s expectations for high-speed traffic management.

V. CONCLUSION
The design and construction of intelligent highway trans-
portation systems help realize transportation’s informatiza-
tion and intelligence. It plays a massive role in improving
the transportation system’s efficiency, enhancing the safety
of traffic travel, and increasing the public perception of the
highway industry. This paper is based on the improvement of
the service capabilities of the highway industry. The neces-
sity and urgency of building intelligent transportation and
construction’s importance and leading role are studied. The
results show that: (1) the efficiency and effectiveness of the
maintenance management system in dealing with emergen-
cies before equipment failure is much higher than that of
the traditional highway management system. (2) After using
the updated system, user experience satisfaction increases to
67%, and executive experience satisfaction increases to 78%.
It is more ideal than traditional high-speed traffic processing
methods. (3) In terms of the two expectations of continuing to
implement the conventional transportation system and imple-
menting the innovative system designed here, the average
user expectation of the former is 2.2, and the latter is 4.8.
It suggests that the ITS proposed meets the expectations of
the majority of the public on high-speed traffic management.

Here, the characteristics, substance, and development
process of IoT technology and intelligent transportation

technology are systematically analyzed. The highway ITS
designed here is based on IoT and AI technology. This system
has more advanced sensing technology, more powerful infor-
mation processing capability, and more abundant terminal
applications than the current widely used traffic information
system. This is a breakthrough and exploration in IoT and
intelligent transportation. It aims to play an active role in the
future design and research of highway command transporta-
tion systems.
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