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Abstract. This article aims to introduce an innovative framework and associated construction content for the modern smart high-

way, and to succinctly provide viable recommendations for its rapid development. This study examines the construction frame-

works and guidelines across 13 provinces and cities, identifying their commonalities and variations. The new framework is cate-

gorized into five layers: Perception, Support, Data, Computing, and Application. The construction key points in these layers

are concisely explained and the Application layer is further segmented into six facets: Safety, Efficiency, Green, Convenience,

and Toll Collection. This study analyzes the critical application scenarios in various provinces and cities. It aids in rectifying the

disparity in understanding during actual construction across these provinces, providing a classification criteria for smart highway

construction content. These guidelines will significantly influence future project construction improvements.
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1 Introduction

Smart expressway is a digital and intelligent express-
way based on the business needs of managers and users’
travel needs. It’ s data-centric and make full use of the
new generation of technology to realize intelligent percep-
tion, intelligent service, and intelligent management. It
promote the deep integration and coordination of people,
vehicles, and road environments. Finally realize the dig-
italization and intelligence of the whole process of con-
struction, management, maintenance, operation and
service.

As of March 2023, according to the release time of
the construction guides for smart expressway, 13 prov-
inces and cities including Zhejiang Province, Jiangsu
Province, Shandong Province, and Beijing have issued
construction guides. All guides have given answers on
how to build smart expressway from different focuses
based on the experience of smart expressway construction
in provinces/cities. However, the phenomenon of “bulk
version-smart expressway  is serious. The situation of “a
diversity of ideas” leads to the inability to form a unified

construction framework system. Only refer to the con-

struction guide of the province (city) or take the advan-

tages of each guides when actually construct smart expre-
ssway is a question worth exploring at present. This arti-
cle aims to sort out the 13 guides, compare their similari-
ties and innovations, and give relevant suggestions for the

future construction of smart expressway.
2 Summary of Guides

2.1 Scope of application

In the past three years, all provinces and cities have
reached an agreement on the scope of application of the
guides. That is to say the construction of new and reno-
vated (expanded) smart expressway, and the intelligent
upgrading and transformation of operational expressway.
2.2 Guides overview

Because different provinces and cities have summa-
rized their experience in the construction of smart expre-
ssways according to the actual characteristics of their
provinces and cities, their requirements are different.

Zhejiang Province; As the first guide in China, it is
comprehensive, giving basic application scenarios and
innovative application scenarios, as well as the construc-
tion experience of Shanghai-Hangzhou-Ningbo Express-
way, Hangzhou Ring West Double Line, and Hangzhou-

Shaoxing-Ningbo Smart Expressway, but lacks an overall
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framework of smart expressway that dominates the whole
text!".

Jiangsu Province: Focusing on the functional re-
quirements, equipment performance requirements and lay-
out requirements of the perception layer and the applica-
tion layer. The service, management and support layer are
relatively simple The detailed overall framework is pro-
posed in the guide for the first time. The concept of all-
factor perception is proposed for the first time, which was
later used by the guides of many provinces and cities'?.

Shandong Province; The idea of the overall frame-
work is different from other guidelines and relatively sim-
ple, focusing on the full life cycle of smart expressway.
It build a system from the aspects of construction, main-
tenance and operation, focusing on the smart construction
and maintenance of the smart construction and mainte-
nance system, and the road network control and travel
services of the smart operation system'”

Beijing: For the first time, the classification of
smart expressway intelligence levels is proposed in the
guide. The overall framework is relatively perfect, which
elaborates on the content of intelligent perception, the
functions of intelligent middle platform, the equipment
and functions of intelligent services, and intelligent man-
agement covering smart expressway construction, opera-
tion, maintenance and decision-making'*'.

Sichuan-Chongqing area; The guide was divided in-
to four releases, including overall technical require-
ments, intelligent grading, roadside facility setting speci-
fications, and data exchange of vehicle-road coordination
system. The level division, grade evaluation and grade
requirements of smart expressway are given in further de-
tail. The guide covers a relatively comprehensive area,
with the construction experience of the Rongcheng Sec-
ond Ring and Chengyi Expressway > .

Yunnan Province: The guide covers the technical
requirements, functional requirements and construction
requirements of perception, service, management, appli-
cation and support layer. It adds smart expressway con-
struction requirements, construction processes, industry
management systems and enterprise operation systems,
and improves the smart expressway level and application
configuration'® .

Gansu Province: Focusing on the perception layer,

data layer and application layer. Including the data col-
lection requirements of all-factor perception, facility lay-
out requirements, comprehensive transportation data cen-
ter functions, typical applications and innovative applica-
tion functions. Compared with other guidelines, it is a
“basic version” ')

Henan Province; It comprehensively covers the
functions and layout requirements of monitoring facilities ,
the functions of application support environment, the da-
ta transmission requirements of construction and mainte-
nance links, and the functions of basic business applica-
tions, special scenarios and innovation scenarios' '’ .

Hebei Province; Focusing on the technical require-
ments and layout requirements of the application layer. It
is only a brief introduction to other levels and is accom-
panied by the construction experience of Yanchong Smart
Expressway, Jingxiong Smart Expressway, Rongwu Ex-
pressway New Line, and Jingde Smart Expressway, as
well as key technical and product index references' >’ .

Shanghai; The relatively simple cloud-edge-end
framework gives in great detail the requirements for infor-
mation collection and layout of roadside facilities. It
gives the requirements for the cloud control platform at
the road network level and the regional or road section
level, the requirements for edge computing functions and
layout, and the application function requirements and
comparison tables at the road network level, region or
road section level "',

Guangdong Province: In addition to the technical
framework, the overall framework also adds data flow
framework and road network collaboration framework , fo-
cusing on the requirements of general business scenarios
and innovative business scenarios, with requirements for
the whole process management of smart expressway con-
struction and smart expressway innovation ecosystemm].

Jilin Province; Lacking the overall framework and
the classification of smart expressway, the guide is rela-
tively simple. The layers are briefly introduced and the
application layer focuses on road network control'"”.

Guizhou Province: There is business framework,
data framework, technical framework. According to digit-
al infrastructure, converged communication facilities,
green energy supply facilities, intelligent cloud platform,

intelligent applications, etc. to organize the smart expre-
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ssway construction process, with typical application sce-
narios of smart expressway, preliminary research work re-
quirements of construction projects, and sub-project divi-

sion tables!'®).

3 Guide framework

As shown in Table 1, the frameworks of the 13
guides are classified, except for Zhejiang Province and

Jilin Province. The other 11 provinces and cities have

proposed the overall framework, except for Shandong
Province ( smart construction and maintenance system,
smart operation system, support system) , the remaining
10 provinces and cities can be further summarized into 2
categories, that is, the “perception-service-management-
support-application” framework represented by 7 prov-
inces and cities such as Jiangsu Province and the “cloud-
edge-end” framework represented by 3 provinces and cit-

ies such as Sichuan-Chongqing area.

Table 1 Comparison of the framework of the construction guides of each province and city

Provinces Jiangsu Beijing Yunnan Gansu
All-factor perception, all-round ) . o ) )
) . Intelligent perception, intelli- All-factor perception, all-round )
service, full-service management, ] ) ) . ) All-factor perception,
) o gent service, intelligent manage- service, full-service management,
) vehicle-road coordination and au- ) ) ) N . ) o support and guarantee,
Architecture o ment, intelligent middle office, innovative application, support ) o )
tonomous  driving, support and typical applications, inno-
cloud platform, support and guar-  and guarantee, new technology ap- ) o
guarantee , and new technology ap- o vative applications
o antee plication
plication
Provinces Henan Hebei Guangdong
Information infrastructure, ap- Digital perception layer, con-
plication  support environment,  verged communication layer, cloud 1 perception transmission sys-
Architecture  basic business applications, spe-  control resource layer, control and tem, 3-level data center, and N-
cial scenarios, and innovation sce-  collaboration layer, application  class application scenarios
narios service layer
Provinces Sichuan-Chongging Shanghai Guizhou
Roadside facilities, cloud con-
o Cloud-controlled  platforms,
) trol platforms, application serv- ) )
Architecture edge computing facilities, roadside  Cloud-network-edge-end

ices, infrastructure digital support o
. ) ) ) facilities
environment, information security

In the “ perception-service-management-support-ap-
plication” framework , the perception layer is the founda-
tion for building smart expressway and realizing the col-
lection of multi-dimensional data information. The serv-
ice layer includes lane-level services, all-weather traffic,
free-flow toll collection, in-transit information release,
and smart service areas. Which mainly for drivers and
passengers, realizing Mobility as a service ( Maas). The
management includes construction management, opera-
tion monitoring, emergency command, toll collection
management, maintenance management, decision sup-
port, etc. , mainly for management personnel to achieve
management quality and efficiency. The support layer in-
cludes facility power supply, converged communication,

service middle platform, and data middle platform to en-

sure the effective transmission and efficient processing of
various types of data and provide support for business ap-
plications. The application layer uses the unified data
and capabilities of the platform to provide upper-layer ap-
plications related to expressway control, safety, and serv-
ices.

The “cloud-edge-end” framework refers to the ex-
pressway cloud control system composed of cloud subsys-
tem, edge subsystem, and end device, with bottom-up
step-by-level data processing and control instruction
transmission logic framework. The cloud subsystem refers
to the expressway operation control center of cloud com-
puting technology architecture, that is, the cloud control
center. It can be divided into road segment cloud, re-

gional cloud and road network cloud. Edge subsystem re-
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fers to facilities with edge computing capabilities de-
ployed along expressways, the main roadside edge com-
puting control station (ECCS) and the road section cloud
control center (road section cloud). End equipment re-
fers to terminal equipment that has a stable and reliable
network connection on the expressway and can be online
in real time, mainly including roadside terminal equip-
ment and vehicle-side intelligent terminal equipment''”’.
Combined with the characteristics of the two types of
architectures, and the European Cooperative Intelligent
Transport System ( C-ITS), Japan’ s next generation
smart road program “Smartway” and other foreign smart
expressway experience, the following compares the simi-
larities and differences of the construction guides of vari-
ous provinces and cities according to the  perception-
support-data-computing-application 7 framework.  This
new framework summarizes the characteristics of different

provinces and cities and is suitable for future expansion,

standardization and innovation.
4 Specific content of the guide

4.1 Perception layer

All provinces and cities have basically reached a
consensus on the content that the perception system
needs to perceive, and put forward relevant data collec-
tion requirements, layout requirements, functional re-
quirements , performance requirements, etc. The percep-
tion content is divided into three categories. The first cat-
egory is the monitoring of expressway subjects and ancil-
lary facilities, including bridge condition monitoring,
tunnel condition monitoring, road condition monitoring,
traffic engineering and facility status monitoring along the
route. The second category is traffic operation status moni-
toring, including traffic flow/parameter monitoring, license
plate recognition/video monitoring, traffic incident monito-
ring, and vehicle operation monitoring. The third category
is expressway meteorological environment monitoring.
4.2 Support layer

The support layer includes communication system,
power supply and distribution system, information securi-
ty, etc.

Converged communication systems, including

wired/wireless communication networks and high-preci-

sion positioning. By building a basic network architecture

integrating 4G, LTE-V, 5G, WiFi, and optical fiber, it
provides a strong guarantee for the transmission of data,
voice, image, and video. The communication system
provides network communication and data transmission
services for smart expressway, including two-way data
transmission between the perception layer and the compu-
ting layer, high-speed data transmission between edge
computing server-edge cloud-central cloud, bus data
communication between edge computing server and per-
ception layer, and remote wireless communication be-
tween application layer-edge computing server-vehicle
equipment and user terminal.

The power supply and distribution system carries out
real-time distributed monitoring and centralized manage-
ment of high and low voltage power distribution equip-
ment, generators, transformers, UPS, EPS, on-site
lighting, ground transformation and lighting, ventilation
and drainage and other mechanical and electrical equip-
ment in substations along the expressway. So as to realize
unattended operation, ensure expressway safety, improve
the level of automatic management, and reduce the oper-
ation and maintenance costs of mechanical and electrical
equipment.

4.3 Data layer

The data layer mainly includes high-precision maps
and big data centers.

High-precision maps consist of static and dynamic
data layers. The static data layer is structured and pro-
cessed based on static data, which includes road data,
lane data, road facility data ( traffic sign markings,
guardrails, speed bumps, roadside facilities, bridges and
tunnels, toll stations, service areas, roadside buildings,
etc. ), with atiributes, geometry, association relation-
ships and other features. Dynamic data layers include
layers such as traffic flow status, traffic events, road me-
teorological environment, road infrastructure status, traf-
fic control information, and warning information.

The big data center has data aggregation functions,
data storage functions, data quality management func-
tions, data analysis and processing functions, data serv-
ice functions, and data backup functions.

4.4 Computing layer
As shown in Table 2, the computing layer mainly

includes cloud control platform, intelligent middle plat-
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form, and edge computing. The main functions of this
layer are based on the computing and data resources pro-
vided by the edge cloud and the center, processing, in-
tegrating and analyzing the raw data perceived by road-
side devices, and providing traffic information services
and auxiliary decision-making for vehicles based on the
requirements of application scenarios. At the same time,
the computing layer is also responsible for the condition

monitoring, communication control and task scheduling

of roadside sensing devices. The computing layer in-
tegrates sensing, computing and communication, and a-
dopts a multi-level storage mechanism to store input and
output data locally, in edge clouds and central clouds,
reducing the consumption of the overall communication
bandwidth of the system by data transmission within the
computing layer, and avoiding the impact of communica-
tion delay caused by multi-level data transmission on the

real-time performance of local computing.

Table 2 Comparison of the specific requirements of the computing layer of the construction guides of each province and city

Provinces Cloud control platform

Intelligent middle platform Edge computing

Functions and construction requirements of
Zhejiang provincial-level cloud control platforms, road

sections/regional cloud control platforms

Jiangsu Relevantly simple

Shandong —

Functional requirements of the cloud control

The ToT control platform, algo-
rithms and models of the intelligent —

middle office

Basic middle platform, knowledge

Beijing —
platform middle office functional requirements
Sichuan-Chongqing Functional requirements — Facility requirements
. Functional requirements of the cloud control Expressway Digital Twin System
unnan —
platform Functional Requirements
Functional requirements of data
Henan — centers, GIS+BIM, video platforms, —
and data service platforms
Hebei Technical requirements, layout requirements — —
Road network level cloud control platform,
) . ) Functional requirements, layout re-
Shanghai regional or road section level cloud control plat- BIM+GIS
) quirements
form requirements
Jilin Relevantly simple — —
) ) . ) ) Edge computing facilities, infra-
Guizhou A series of middle platforms for intelligent cloud platforms

structure information models

4.5 Application layer

As shown in Table 3, the basic and innovative ap-
plications of each province and city are classified accord-
ing to safety, efficiency, green, convenience, toll collec-
tion, and others, with a total of 17 scenarios in 6 catego-
ries. Group according to the number mentioned in the

guide: 1-4 occurrences are personalize scenes, 5-7 oc-

currences are improved scenes, and 8—13 occurrences
are required scenes.

Sort the scent by heat, as shown in Figure 1. Infor-
mation services, service areas, vehicle-road coordina-
tion, traffic control, emergency management, and all-
weather traffic are the popular scenarios for reaching con-

sensus on smart expressway, this section explains the fo-
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cus of each guide on mandatory scenarios. (1) Safety
Table 3 Comparison of the specific requirements of the @ All-weather traffic
application layer of the construction guides of each There are two categories; all-weather traffic and al-

province and city most-all-weather traffic. Jiangsu and Shandong prov-

Application scenario remark inces, which proposed the definition of all-weather traf-
All-weather running Required fic, did not give an explanation. The remaining five
E y man: Required . .. :
mergency management edure provinces and cities proposed almost-all-weather traffic,
Safety Vehicle-road coordination Required . . . . .
which is defined as: automatically collecting road weath-
Autonomous driving Improved . .
er data and using this data to formulate short-term warn-
Infrastructure Improved
Traffic control Required ings or recommendations that can be provided to drivers
Efficiency Active management Personalise to improve traffic safety under specific adverse weather
Vehicle Platooning Personalize conditions such as foggy weather, ice and snow. Inclu-
Green Energy Personaline ding foggy driving guidance, intelligent ice and snow re-
Inforcaation Servics Required moval , specific to application points, equipment and lay-
Convenience . .
Service Area Required out, functional requirements and other aspects.
Free flow toll collection Improved @ Emergency management
Toll Collection .
Network access charges Improved Emergency management includes emergency sup-
Construction Personalize port, emergency rescue, emergency command and dis-
Others Management fmproved patch, emergency handling, etc. The guide of Shandong
Maintenance Improved . . .
Province put forward requirements for tunnel traffic safety
Operation Improved L . .
monitoring, emergency handling (secondary accident
Management
Energy

Vehicle platooning
Active management

Operation

Free flow toll collection

g infrastructure
‘§ Maintenance
=, Construction
2* Network access charges

Autonomous driving
All-weather running
Emergency management
Traffic control
Vehicle-road coordination
Service area

Information service

0 2 4 6 8 10 12 14
Numbers

Fig.1 Scenario sorting

Table 4 Comparison of all-weather traffic requirements for construction guides in various provinces and cities

Provinces All-weather traffic Requirements

Zhejiang Almost all-weather traffic Requirements for the layout of vehicle-side and roadside equipment
Jiangsu All-weather traffic Roadside equipment layout requirements
Shandong All-weather traffic Device functional requirements

Beijing Almost all-weather traffic Brief introduction

Traffic information services, vehicle-road coordination, autono-
Sichuan-Chongqing Almost all-weather traffic
mous driving, and traffic under adverse weather conditions

Yunnan Almost all-weather traffic Requirements for the layout of vehicle-side and roadside equipment

Gansu Almost all-weather traffic Roadside equipment layout requirements
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prevention) and major activity guarantee. The guide of
Yunnan Province put forward functional requirements and
construction requirements for disaster early warning and
emergency rescue. Some provinces and cities have also
put forward functional requirements: Shanghai ( emer-
gency management and management) , Guangdong Prov-
ince (emergency command and dispatch) , Jilin Province
(‘emergency response ) , Guizhou Province ( emergency
rescue and command and dispatch). The rest is only a

brief introduction; Gansu Province ( emergency command

and dispatch ) , Henan Province ( emergency command
dispatch and disposal ) , Hebei Province (traffic safety
risk identification ) .

@ Vehicle-road coordination and autonomous driv-
ing

As shown in Table 5, the vehicle-road coordination
in the guide includes requirements such as scene classifi-
cation, equipment and layout, and functional require-
ments, while the requirements for autonomous driving are

relatively simple.

Table 5 Comparison of road coordination and autonomous driving requirements in construction guides for provinces and cities

Provinces

Vehicle-road coordination

Autonomous driving

Scenes, Data
Zhejiang
Jiangsu 3 categories 11 scenes
Shandong —
Beijing —

Vehicle-road coordination system
Sichuan-Chongqing
data exchange

Yunnan 11 scences

Gansu 10 scences

Henan 3 categories 13 scenes

Hebei —
Shanghai —
Guangdong 3 categories 31 scenes

Functions, Layout

Device capabilities

Equipment function and layout requirements

Equipment function and layout requirements

Device capabilities

Equipment function and layout requirements

Functions, Application points

Simple requirements
Simple requirements

Simple requirements

Simple requirements

Functions, application points

Device capabilities —

Simple requirements

Equipment function and layout requirements —

Device capabilities —

@) Infrastructure

Upgrading scenarios mainly focus on bridge and tun-
nel operation and control. Including bridge and tunnel
safety improvement ( Zhejiang Province ), infrastructure
status monitoring and intelligent management ( Gansu
Province ) , infrastructure management, smart bridge,
smart tunnel ( Henan Province), smart tunnel ( Hebei
Province) , bridge and tunnel operation control facilities
(' Guizhou Province) , etc.

(2) Efficiency

(D Traffic control

As shown in Table 6, traffic control includes lane-
level traffic control, including main line control, ramp
control, and ramp diversion service functions, layout re-
quirements.

@ Active management

That is active traffic control. Shandong Province,

Beijing, Sichuan-Chongqing and Guangdong Province

have all put forward requirements.

€ Platooning

It mainly include truck platooning, cargo transporta-
tion control, special vehicle control, and important oper-
ating vehicle control.

(3) Green

It refers to the requirements of green energy, inclu-
ding energy management ( Beijing) , condition monitoring
and intelligent operation and maintenance of mechanical
and electrical facilities ( Gansu Province) , energy moni-
toring and management ( Henan Province ), new energy
application, energy conservation and carbon reduction
measures ( Guizhou Province) .

(4) Convenience

(D Information services

As shown in Table 7, information services are divid-
ed into two categories, companion information services

and travel information release.
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Table 6 Comparison of traffic control requirements of construction guides by province and city

Provinces Traffic Control Requirements
Zhejiang Lane-level traffic control Traffic control requirements, equipment layout requirements
) ) Main line control, ramp control, and ramp shunt and merge
Jiangsu Lane-level service ) . )
service functions, layout requirements
) Functional requirements for main line lane guidance and ramp
Beijing Lane-level service o ]
diversion area guidance
) ) Functional requirements for lane-level control and active traffic
Sichuan-Chongqing Lane-level control
control
Yunnan Lane-level traffic control Functional requirements, construction requirements
Gansu Lane-level service Control sign laying requirements
Henan Lane-level control and service Functional requirements

Dynamic lane control, smooth speed limit adjust-

Shanghai ) )
ment, and coordinated control of entrances and exits
Guangdong Congestion section management
Guizhou Lane-level traffic control

Functional requirements

Measures to control congested road sections

Functional requirements

Table 7 Comparison of information service requirements of construction guides by province and city

Provinces Companion information services

Travel information release

Information release content, timeliness, release

Zhejiang . . ) —
method requirements; Facility layout requirements
Jiangsu — Smart information board, Internet
Shandong Application points —
Beijing Requirements for smart information boards, intelligent calls, Internet, FM broadcasting, and vehicle intelligent terminals
Sichuan-Chongqing Simple requirements —
Yunnan Functional requirements —
G Content timeliness requirements, release method requirements,
ansu —
and smart information board layout requirements
Henan — What to publish, how to publish it
) Technical requirements for transportation service
Hebei —
systems
. . Application capability requirements at the road
Shanghai ) —
network , region, or segment level
Guangdong — Beidou navigation application requirements
Jilin — Travel Service Requirements
. Regulations on the construction of location based ) o ) ' )
Guizhou Intelligent application functions and regulations of travel services

travel service facilities

(2 Service area
All provinces and cities have put forward functional

requirements for smart service areas, and build express-

(5)Toll collection
@D Free flow toll collection

On toll roads without physical isolation facilities,

way service areas that provide users with intelligent serv- electronic toll collection technology is used to automati-

ices such as vehicle services and travel information serv- cally complete the toll processing of free-moving vehicles

ices. on multiple lanes, also known as multi-lane electronic
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toll collection method or all-electronic toll collection
method.

(@ Online toll collection

It is current method in China. Including toll collec-
tion, toll management ( Beijing), smart toll operation
(Yunnan Province ), cloud toll collection, online toll
audit and credit management ( Gansu Province) , online
toll management, smart toll station ( Henan Province)
ETC network toll collection ( Shanghai) , toll station con-
gestion control, toll audit, ETC extended application
( Guangdong Province ), intelligent charging, charge

management ( Guizhou Province) , etc.
5 Conclusions and Recommendations

(1) All guides set out corresponding construction
requirements at 5 different layers. (1 Covering the per-
ception layer of expressway main body and ancillary facil-
ities monitoring, traffic operation status monitoring, ex-
pressway meteorological environment monitoring. @ Cov-
ering the support layer of communication system, power
supply and distribution system, information security and
other systems. 3 Cover the data layer of high-precision
maps and big data centers. @ Computing layer covering
cloud control platform, intelligent middle platform and
edge computing. 3 Application layer covering safety,
efficiency, green, convenience, toll collection, etc.

(2) With the process of expressway intelligence,
different provinces and cities have also shown different
points. There are differences in functional requirements,
performance requirements, layout requirements, con-
struction requirements, etc. . Due to the influence of the
smart expressway pilot project carried out by the prov-
ince, there are inconsistencies in the details of the tech-
nical and construction understanding of different levels of
the overall framework. The complex interconnection po-
ses a challenge to the seamless integration and large-
scale development of the future smart expressway system’ s
“point-line-surface” infrastructure.

(3) Need to track whether the guide is actually be-
ing used. We cannot blindly guide for the sake of guide,
fall into a passive, involuted release guide, and ignore
its real role after release. It is urgent to build a smart ex-
pressway system framework and standard system with
broad consensus, interoperability, scalability and up-

gradeability on the basis of extensive consulting and re-

search, so as to promote the healthy development of the

industry and improve the utilization rate of investment.
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