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Abstract: To ensure the efficiency and safety of citizens’ travel while enhancing the management level of urban public transportation, this paper
constructs an intelligent bus control platform deployed on the Internet, leveraging Building Information Modeling (BIM) technology. Two systems,
“Comprehensive Monitoring” and “Operation and Maintenance Management,” have been established. The platform achieves three-dimensional
visualization and controllability for functions such as “Active Safety” and “Intelligent Scheduling” on the Internet. The research outcomes facilitate

” «

the integration and sharing of information among “people,” “vehicles,

» «

roads,” and “environment,” as well as the whole-life health monitoring of

related facilities and equipment. It provides a comprehensive operation and maintenance management platform with robust functional
practicability, an excellent level of intelligent decision-making, and high visualization for the management departments of urban public

transportation at all levels.
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1 Introduction

In recent years, with the rapid development of communication
technology and autonomous driving technology. Traditional cars
are gradually being updated and iterated to intelligent network-con-
nected vehicles. While strengthening their own sensing ability, the
powerful and time-efficient, and stable communication ability of
intelligent network-connected vehicles is also changing people’s
travel mode by osmosis. Intelligent networked vehicles are not only
able to monitor the vehicle operating status, the environment in-
side and outside the vehicle, as well as energy consumption, pas-
senger flow, and other data in real-time, but also have the func-
tions of path planning and decision-making, cooperative control,
etc. Through V2X technology, it solves the difficulties of vehicle-
vehicle communication and vehicle-road cooperation, provides a
safer, more efficient, more energy-efficient, and more comfortable
way of travel for transportation participants, and is also the recog-
nized future development of transportation in the world. It is also
recognized as the future direction of transportation in the world.

The outstanding advantage of intelligent networked vehicles is
that each vehicle is a road traffic environment information collect-
or, roadside RSU real-time collection of massive information from
the running intelligent networked vehicles, through the back-
ground or roadside edge calculation, and then the corresponding
emergencies, weather conditions, road body stability and other in-
formation feedback to other vehicles in the road network, for the
road section and even the efficient operation of the entire road net-
work provides a strong database and planning capabilities.

With the rapid progress of 5G technology at this stage and the
layout plan of 6G technology in the future, the communication
between car and car, car and road, and car and people will be more
timely, and will further promote the safety and reliability of future
self-driving vehicles.

With the continuous improvement of the urban road network and
the continuous development of the public transport system, the use
of information technology to solve the city bus waiting for diffi-
cult, crowded, congested, uncontrollable, and other problems have
become an urgent need of bus operating companies, traffic man-
agement departments.

The application of BIM(Building Information Modeling) techno-
logy in urban public transport, especially in the intelligent net-
worked bus system due to its digital, parametric, visualization, and
other characteristics, will effectively improve the quality of system
construction, can provide the intelligently networked bus popular-
ization and the upgrade of the operation and maintenance manage-
ment platform of the digital twin way with strong reality mapping,
high information traceability and the digital base for carrying in-
formation [1].

Based on the project “Solution+, the flagship project of sustain-
able intelligent transportation demonstration” jointly declared by
Nanjing University of Technology, T-Systems International
GmbH, Germany, and the European Intelligent Transportation As-
sociation in 2019, this paper creates a set of cloud control plat-
forms for intelligent networked public transport with high practic-
ality, high informatization, and excellent 3D visualization. The in-
novation is the first time to create a cloud control platform based

Received: 26 June 2024; Revised: 13 September 2024; Accepted: 29 November 2024

" Corresponding author: 22022244@njust.edu.cn
DOI: 10.26599/HTRD.2025.9480046

2095-6215/ © The Author(s) 2025. Published by Tsinghua Uhiversity Press. This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.00/).

A RESEARCH INSTITUTE OF HIGHWAY
MINISTRY OF TRANSPORT

| Sci®pen


mailto:22022244@njust.edu.cn
https://doi.org/10.26599/HTRD.2025.9480046
http://creativecommons.org/licenses/by/4.00/
http://creativecommons.org/licenses/by/4.00/
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://doi.org/10.26599/HTRD.2025.9480046
https://www.sciopen.com/journal/2095-6215
https://www.sciopen.com/journal/2095-6215
https://www.sciopen.com/journal/2095-6215

X.T. Xia/ J. Highw. Transp. Res. Dev. 2025, 19(1): 1824

19

on BIM technology for intelligently networked transit, using the
model parameterization features of BIM technology and the render-
ing capability of UNITY, integrating key technologies such as
multi-dimensional perception and analysis of intelligently net-
worked transit, system control, etc., strengthening the whole chain
of perception-analysis-control intelligent networked transit control
technology and realizing efficient, safe and low-carbon digital
management of urban transit. The system is a digital management
system for efficient, safe, and low-carbon urban public transporta-
tion. It solves the lack of digital twin capability of the intelligent
Internet-connected bus system and lays the foundation for intelli-
gent urban management in the future autonomous driving environ-
ment. In addition, the Twinmotion plug-in is also used to solve the
prominent problem of material loss during format conversion in the
BIM industry, laying a foundation for further expansion and applic-
ation of BIM.

2 Current status of domestic and international research

2.1 Research status of BIM technology

Combined with the interpretation given by the Ministry of Hous-
ing and Construction, BIM is an information modeling technology
that can realize the planning and design of the project, and also the
operation and maintenance management of the project after the
project is delivered.

In 2007, the National Institute of Building Science released the
first BIM technology application specification “BIM application
standard based on IFC standard”. In 2011, the UK introduced the
“Government Construction Strategy” and released some docu-
ments on the application of BIM technology. In 2014, the Japanese
Ministry of Land, Infrastructure, and Transport issued the BIM ap-
plication guidelines and introduced a series of policies to promote
the application of BIM technology in the country. BIM technology
started late in China, but during the “Eleventh Five-Year Plan”, it
was included in the national science and technology support pro-
gram, and currently, all provinces have released BIM-related policy
documents [2].

Regarding the development and application of BIM technology,
Ding et al. systematically discussed the nD BIM model framework,
which supports the use of high-dimensional BIM models in actual
construction site work [3]. Lee et al. believe that high-dimensional
BIM models involve both technical and cultural aspects and will
lead to interdisciplinary research in the future [4]. Hamid com-
bines 3D laser scanning, wireless radio frequency, and BIM tech-
nology to achieve efficient aggregation of various data on construc-
tion sites, assisting in information management and scientific de-
cision-making of engineering projects [5]. El Mekawy et al. com-
bined GIS (Geographic Information System) with BIM to achieve
applications in building analysis, construction planning, urban
planning, and other fields [6]. Most of the relevant research abroad
focuses on the exploration of BIM modeling technology, while
there are many applications of BIM technology in China, resulting
in a large number of digital twin platforms targeting various indus-
tries. Shu Xin optimized the design scheme of the parking com-
plex building of Nantong Government Center through BIM techno-
logy and studied the application value of BIM technology
throughout the entire lifecycle of the project [7]. Huashe Design
Group uses BIM technology to carry out high-precision modeling
of Wufengshan Yangtze River Bridge and Nanjing Fifth Yangtze
River Bridge and serve as the data base of the digital twin system,
realizing the three-dimensional digital operation and maintenance
management of the project.

2.2 Status of development of intelligent networked public transport sys-
tem

The rapid development of Internet of Things technology has led

to rapid changes in the transportation industry, and in the context of
the “Internet+ transportation” era, people’s travel patterns are also
undergoing profound changes.

Intelligent networked public transport is one of the important de-
velopment directions of urban public transport, dedicated to the
mobile Internet, Internet of Things, big data, cloud computing, and
other new generation of information technology applied to urban
public transport operations, services, management, and other as-
pects, to create a safe, efficient, reliable and comfortable urban
public transport information service system to improve the level of
urban public transport intelligence.

The U.S. Urban Public Transport Administration has carried out
an intelligent bus system project to build functional modules for
dynamic monitoring of bus vehicles, satellite positioning and wire-
less communication, and command and control. Europe through
signal priority, dedicated right-of-way, and other initiatives to
achieve intelligent scheduling and monitoring of the bus system.
Japan has achieved improvements and upgrades in management
systems through technologies such as passenger count statistics,
vehicle operation monitoring and control, and progress informa-
tion release. Numerous cities in China have also continued to op-
timize their urban bus scheduling and management systems
through technologies such as vehicle-road collaboration and 5G
Telematics. To date, most first-tier cities have carried out the intel-
ligent design of public transportation.

However, many existing bus control systems or platforms only
solve the problems of data statistics and real-time monitoring for
operation and maintenance management and traffic management to
a certain extent, but there is more room for improvement in terms
of system intuitiveness and system intelligence. After literature re-
view and survey visits, there is no domestic intelligent cloud con-
trol system that can simultaneously serve multiple participants such
as bus vehicles, dispatching command centers, and passengers, and
there is no BIM technology introduced into the field of public
transport operation and maintenance management platform. There
are key technical points worth breaking through in terms of data
transmission, bearing methods, information invocation, intelligent
decision-making, etc.

In summary, both BIM technology and intelligent networked bus
system have certain successful application cases, however, no BIM-
based intelligent networked bus cloud control platform has been
seen in relevant research results at home and abroad. This paper
will explore the innovative application of BIM in the platform to
help create an innovative intelligent networked bus digital twin
control platform with three-dimensional panoramic visualization,
efficient command and dispatch, all-day safety and security, and
low-carbon environmental protection and green.

3 BIM-based intelligent network connected bus cloud control plat-

form functional design

This paper proposes a cloud control platform for intelligent In-
ternet-connected public transportation mainly for the pain and diffi-
culty of data synchronization, lagging response to traffic events,
and difficulty of accident warning generated by public transporta-
tion companies in the process of operation and maintenance man-
agement, as well as for the poor travel experience of passengers in
the process of travel, such as the difficulty of waiting for a bus and
the degree of congestion. Through information perception and edge
computing devices to build a comprehensive intelligent perception
of people, vehicles, roads, and stations, the establishment of a sev-
en-layer system framework, including the security layer, percep-
tion layer, data layer, analysis layer, decision-making layer, con-
trol layer, display layer, forming a closed-loop system based on
BIM technology to support the intelligent networked bus cooperat-
ive control. As in Fig. 1 [8-10].

The BIM parametric model of intelligent bus lines and road net-
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Fig. 1

works within a certain range is used as the digital base of the digit-
al twin cloud control platform, which integrates multi-source het-
erogeneous data from vehicles, roadsides, stations, and operation
and maintenance management centers on the model to achieve
three-dimensional visualization browsing and invocation. The data
are analyzed by the platform to the four modules of safety, effi-
ciency, reliability, and comfort to form intelligent scheduling de-
cision plans such as departure time optimization, speed control, tra-
jectory control, and safety warning, and control commands are is-

Cloud control platform for 3D real-time online simulation )

Overall platform architecture.

sued through relevant control modules and information release
devices. The vehicle terminal, operation, and maintenance manage-
ment center, and passenger cell phone terminal system show the
relevant operation and operation status and the prediction and ana-
lysis results in a subsequent period of time in real-time for man-
agers, drivers, and passengers to plan and form in advance to im-
prove the line operation and passenger travel efficiency and guar-
antee traffic safety [11-13].

In terms of functions, as in Fig. 2, the platform develops and ar-
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ranges a number of typical application scenarios around the two
functional modules of a comprehensive monitoring system and op-
eration and maintenance management system.

3.1 Integrated monitoring system

The comprehensive monitoring system of the platform includes a
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video monitoring system and a data monitoring system, as in Fig. 3.
The video monitoring system includes roadside monitoring, vehicle
monitoring, station monitoring, management center monitoring,
etc.; the data monitoring includes vehicle status information monit-
oring, road condition information monitoring, station traffic statist-
ics, equipment status monitoring, and system status monitoring, etc.
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Fig. 3 Screenshot of the platform-integrated monitoring system.

While the integrated monitoring system performs daily monitor-
ing, the video, image, radar, and other data information collected
by monitoring equipment, roadside RSU equipment, etc. will also
provide data support for active safety, passenger flow prediction,
energy consumption monitoring, red light warning, and other func-
tions.

BIM technology-based intelligent network connected bus cloud
control platform integrates a large number of intelligent products
with wide data classification, high integration of application func-
tions, and complex system linkage. The platform builds a central-
ized and unified data collection system, which is responsible for
collecting real-time status data of various intelligent devices and
monitoring whether the operation status of maintenance objects is
normal. These data support the workflow of facility resource man-
agement, centralized monitoring management, and maintenance
process management on the basis of the BIM model, and are also
the basis for efficient supervision by staff.

According to the different regulatory needs, when viewing the
equipment parameter information, it can be displayed in the form
of a data list superimposed on the BIM model. When viewing the
temperature of the equipment room, it can be displayed in the form
of a heat map; when viewing the information released on the sta-
tion display, it can directly display the information released on the
model; when checking the road monitoring information, it can click
on the facility model to pop up the real-time monitoring screen and
other forms of multi-style, multi-factor integration display to im-
prove the efficiency and means of comprehensive control.

Video data is mainly through the front-end control platform by
clicking on the corresponding stake location camera BIM light-
weight model, associated with the corresponding link video data is
immediately pop-up monitoring window. Based on the parametric
information display achieved in the modeling stage, click the cam-
era BIM model in the platform, you can achieve the camera name,
state, location, model, pixel parameters, and other dynamic and
static information of the unified display, but also in the platform in-
terface to provide direct application of camera rotation, zoom, and

other functions. Facilitates the operation of supervisors, and
provides technical support for rapid response to traffic events.

3.2 Operation and maintenance management system

While creating a comprehensive monitoring system based on
BIM technology, the platform will also create an operation and
maintenance management system for the urgent needs of the opera-
tion and maintenance management department, such as compre-
hensive public transport control and big data decision-making for
public transport.

The operation and maintenance management system will also be
based on BIM technology, with a 3D parametric BIM model as a
digital base to achieve four core functions: data analysis, vehicle-
road-station collaboration, event processing, and asset manage-
ment. Based on each functional module, it will simultaneously op-
timize functional sub-modules such as intelligent dispatching, act-
ive safety, red light warning, conflict warning for vulnerable traffic
participants, path deviation warning, event warning, and passenger
flow prediction.

In terms of data analysis, the system makes intelligent decisions
based on various types of data collected by roadside equipment.
According to the traffic evaluation of the road network, it intelli-
gently optimizes the path decision of vehicles in non-stationed road
sections. According to the health monitoring data of roadside and
vehicle facilities and equipment, it optimizes the attendance effi-
ciency of maintenance operation staff and intelligently identifies
hidden dangers.

In vehicle-road-station cooperation, roadside equipment inter-
acts with vehicles and stations in real-time, and when a pedestrian
runs a red light and the vehicle is within the danger range, the
vehicle cab realizes sound and light alarm to ensure travel safety.
In case of abnormal driving status vehicles, the system will also
automatically alarm and prompt the region’s bus vehicles to pay at-
tention to avoid. The station will also display real-time bus arrival
information to optimize the passenger waiting experience.

In terms of incident handling, the system will determine the
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severity of the incident based on the video image information col-
lected by the relevant equipment, save the relevant data while auto-
matically sending alerts to the appropriate departments to achieve a
rapid response to the incident and take emergency measures at the
first time.

In terms of asset management, the system will automatically in-
ventory all kinds of asset information, and automatically prompt
the replacement of consumables and maintenance plans to ensure
the smooth operation of the bus system.

Combined with the BIM lightweight model, the O&M manage-
ment system can visually show the real-time mapping of the digit-
al twin road signals and traffic distribution on the platform and also
realize the list of all vehicles, roads, and stations information stat-
istical display. By clicking on the station BIM lightweight model in
the system, you can also view the information of the scheduling
scheme under preset different traffic and meteorological condi-
tions, including the information on departure density, path de-
cision information, and regular intelligence information, which can
realize the virtual display of intelligence display system functions.
It provides a visualization basis for supervisors to quickly select
equipment for information release and choose appropriate release
contents [14].

4 BIM technology support

4.1 Build a parametric 3D model of traffic engineering

Unlike the design and management of highways and bridges, the
design and operation, and maintenance of facilities and equipment
along traffic engineering are more about the extensive perception
of the state of the roadway and the accurate management of dy-

namic data, so the establishment of a parametric digital model of
traffic engineering is of great significance for building a complete
virtual world of intelligent networked public transport so as to en-
hance the digital level of the operation and management of the pub-
lic transport system and help the application effect of intelligent
networked public transport.

The use of BIM technology to achieve the restoration of traffic
engineering facilities and equipment, not only to achieve the virtu-
al presentation of the model itself but also to achieve the applica-
tion of equipment-related functions and digital display, taking into
account the later refinement of equipment management, the plat-
form traffic engineering and ancillary facilities and equipment
models in accordance with the model fineness LOD (Levels of De-
tail) 300 (component-level model units) to carry out modeling. In
the modeling process, the key dimensions of equipment compon-
ents are parameterized and associated. Take the road model as an
example, the lane width, the number of lanes, and other dimen-
sions are parameterized and associated with good component rela-
tionships to achieve rapid adjustment to adapt to different roadbed
widths and lane conditions. The use of parametric modeling ideas
to build facilities and equipment models containing monitoring sys-
tems, pre-buried projects, intelligent networked public transport
systems, and other professional, effective integration of the main
engineering model to achieve the construction of a virtual digital
world of all elements.

As shown in Fig. 4, in the BIM software Revit, the lighting
status of the bus station, information board release content, advert-
ising space content, vehicle arrival status, and other attributes are
parameterized, which will provide data support for subsequent plat-
form applications. It can realize the efficient management of man-
agement personnel in the operation and maintenance process.
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Fig. 4 Parametric modeling of bus stops.

4.2 Build CIM city information model

At this stage, many government management departments and
enterprises are actively building intelligent cloud control platforms
for each profession. The number of platforms is huge, the func-
tions overlap, and the intelligent functions are realized while wast-
ing huge social resources. Cloud control platforms with similar
professions are in urgent need of unification. In this paper, while
fully considering the future development direction of the cloud
control platform, in order to enrich the platform presentation effect,
the CIM city information model will be built around the target road
section.

The platform constructs a perfect regional city information mod-
el around the demonstration site of Nanjing Baixia Hi-tech Zone of
intelligent network connected bus. The detailed structural features
of real buildings are restored with high precision. The building
models all come with engineering information such as construc-
tion unit and completion time, while information interfaces such as

architectural drawings and management units are reserved to fully
prepare for the future unification of the CIM platform. At the same
time, the platform is also based on BIM technology to create a
three-dimensional model of the construction site in the region and
will be used in the future to synchronize the construction progress
and enrich the function and presentation effect of the cloud control
platform.

As shown in Fig. 5, we have parameterized and customized the
floor area, resident personnel, affiliated units, building name, build-
ing nature, the contact information of the property manager, and
other contents in the building model. In addition, we can reserve
more information that may be needed in the future CIM platform.
Adding building information to the BIM model will greatly im-
prove the utilization rate of model information, and also improve
the efficiency in the process of platform development.

4.3 File format conversion and material comparison test

In the practical work application of BIM technology, it is usu-
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Fig. 5 Parametric BIM model of buildings.

ally necessary to export the 3D model created by the BIM software
Revit to the back-end developers to realize the display and related
applications at the platform end. the file-saving type of Revit is di-
vided into family and project, which are .rfa and .rvt files respect-
ively. And these two file formats cannot be read by the back-end
software. At present, the common solution is to export .fbx or .glb
format, and then re-edit the material through SketchUp or 3DMAX
software to restore the simulation effect in Revit. Twinmotion plug-

in can realize the export of Revit model with texture material to
fbx format, but it cannot save the effect of Revit self-editing trans-
parency and bump. The scheme comparison is shown in Fig. 6.

As shown in Fig. 7. In this paper, while BIM modeling, we con-
tinuously carry out material comparison experiments, and import
the model built by Revit into the Unity platform after exporting
fbx format through the Twinmotion plug-in to verify the presenta-
tion effect of materials among different platforms.
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Fig. 6 Flow chart of format conversion.

Unity presentation effects

Revit presentation effects

Fig. 7 Comparison of display effects between Revit and Unity.

The test results show that the .fbx files converted by the Twin-
motion plugin show well when imported into the Unity platform.

5 Conclusion

In order to fill the gap between BIM technology and an intelli-
gent network-linked bus management system, this study takes
Nanjing Baixia High-tech Zone as an example and establishes an
intelligent network-linked bus cloud control platform based on
BIM technology. First, BIM structural models of all landmark
buildings in the scope and roadside facilities and equipment mod-
els were established through Revit software. The 3D models were

lightened through the Twinmotion plug-in. Highly integrated
vehicle-road coordination and other forward-looking, innovative
technologies, through intelligent, comprehensive solutions to
provide strong support for the intelligence of urban public trans-
port, a comprehensive improvement in the ability to respond to un-
expected situations, road network traffic information services, road
safety index, and road environmental performance, and actively ex-
plored the morphological characteristics of the intelligent network-
linked bus cloud control platform, drawing the platform system
framework and clarifying the platform construction The platform
system framework has been drawn and the platform construction
model has been clarified, and the application of BIM technology in
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the intelligent network connected bus cloud control platform has
been completed.

The intelligent network connected bus cloud control platform es-
tablished in this research has achieved some of the functions of
CIM smart city and completed the construction of a bus cloud con-
trol system based on BIM technology, though. However, with the
popularity of automatic driving technology, several functions of the
automatic driving management system should also be integrated in
the future. With the further development of computer technology,
the future should also have the management and user-oriented use
of AR, and VR mode scenarios.

In the face of the above outlook, the research of BIM series soft-
ware and each rendering platform should be further strengthened in
the future, while actively exploring the interaction between the
autonomous driving system and the dynamic and static models to
build a comprehensive cloud control platform for the future.
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