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Abstract: This paper presents a comprehensive analysis of the integration of mechatronics in
intelligent transportation systems (ITS), elucidating its functional capabilities and limitations.
As urbanization accelerates and traffic demand rises, the ITS has emerged as vital solutions
for addressing traffic congestion and safety issues. In this regard, mechatronics technology
plays a key role by enhancing the intelligence of traffic management, thereby improving the
overall efficiency and safety of transportation networks. Thus, the paper provides a detailed
analysis of the mechatronics application in intelligent traffic signal control, road condition
monitoring and management, and vehicle positioning and navigation. In the domain of
intelligent traffic signal control, mechatronics technology facilitates adaptive signal
adjustments through real-time data collection and analysis, effectively alleviating traffic
congestion and enhancing road capacity. In the field of road condition monitoring and
management, this technology combines advanced sensors and monitoring equipment to
realize accurate identification and dynamic monitoring of vehicles, providing powerful
support for traffic management and law enforcement. In addition, the use of mechatronics
technology in critical areas such as vehicle positioning and navigation markedly enhances
road utilization, effectively mitigates traffic congestion, as well as supports sustainable urban
development initiatives. Meanwhile, the performance of mechatronics in ITS, including
real-time, intelligence, safety and reliability, is analyzed, highlighting its remarkable effect in
enhancing the overall performance of ITS.
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1. Introduction

With the rapid acceleration of urbanization and the ongoing increase in traffic demand, traditional
transportation systems are facing significant challenges, including heightened traffic congestion, a
rise in safety incidents, and growing environmental pollution. As such, Intelligent Transportation
Systems (ITS) have been developed to provide smarter, more efficient, and environmentally friendly
traffic management by harnessing the latest information and communication technologies. In this
process, mechatronics technology serves as a key component of ITS, playing an important role. By
integrating various disciplines, mechatronics facilitates seamless collaboration between mechanical
and electronic systems through the use of sensors, controllers, and actuators. And the application of
this technology not only enhances the intelligence of traffic signal control but optimizes road
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monitoring management and vehicle positioning and navigation. This paper explores the specific
applications and performance of mechatronics in ITS, particularly in traffic signal control, road
monitoring management, and vehicle positioning and navigation. By conducting a literature review
and analyzing case studies, it evaluates the practical performance of mechatronics across various
scenarios, highlighting its importance in ITS and offering strong support for sustainable development
in this field.

2.  Overview of Mechatronics Technology and Intelligent Transport Systems

Mechatronics is a multidisciplinary domain that combines mechanical and electrical engineering to
achieve automation and intelligent operation of mechanical systems through the synergistic
integration of electromechanical component. At its heart, it brings together sensors, actuators, control
units, and communication technologies to create efficient, flexible, and reliable system architectures
[1]. And this field encompasses various disciplines, including mechanics, electrical engineering,
microelectronics, information technology, and sensor technology, forming a unified framework. The
concept originated in Japan in the early 1970s, which highlights the vital connection between
mechanical and electronic systems. The ITS represents a technological advancement that employs
sophisticated information and communication technology, along with intelligent perception and
control mechanisms, to enhance the efficiency and safety of the transportation system. In response to
the rapid advancement of information technology and intelligent systems, there is an increasing
acknowledgment of ITS as a crucial area of application. And the system integrates emerging
technologies such as mechatronics, Internet of Things (IoT), big data, artificial intelligence and cloud
computing to realize the intelligence and automation of inspection. For example, the integration of
high-resolution sensing technology with state-of-the-art electromechanical systems enables real-time
monitoring of critical variables, which includes highway pavement conditions, traffic flow, and
environmental indicators [2]. Mechatronics systems play an key role in the construction of urban
digital transportation networks, providing multi-dimensional sensing capabilities and the basis for
intelligent traffic pattern analysis for digital road transportation. This provides support for the
construction of a modern digital transportation system that is smooth, efficient, environmentally
friendly, and safe, enhancing the entire lifecycle of planning, design, construction, management,
operation, and maintenance of urban intelligent transportation [3].

3.  Application of Mechatronics in Intelligent Transport Systems
3.1. Road Condition Monitoring and Management

Road surveillance management is a key part of traffic management, using scientific and technological
means to realize real-time monitoring and management of road traffic conditions in order to ensure
traffic safety, improve transport efficiency and facilitate travel. It not only monitors the road
condition, but regulates traffic flow and responds swiftly to emergencies. The traffic monitoring
system based on image recognition technology can effectively understand the vehicle operation status
and traffic flow by providing real-time and accurate vehicle identification and traffic violation
detection, thereby enhancing road usage efficiency and reducing traffic accidents, which has a
positive impact on traffic safety [4][5]. Surveillance equipment, such as cameras and sensors, are
installed on major roads and traffic routes to ensure comprehensive monitoring. Real-time image data
is sent directly to the monitoring center through the transmission network, and the traffic conditions
are monitored in real time using image processing technology and distributed computing, combined
with congestion determination conditions [6]. Traffic data is crucial to urban traffic management, and
a perfect data analysis mechanism needs to be established to support traffic planning and urban
construction and provide a basis for decision-making. Cloud computing technology, on the other

96



Proceedings of the Sth International Conference on Materials Chemistry and Environmental Engineering
DOI: 10.54254/2755-2721/126/2025.20055

hand, can effectively process traffic data to meet the demand for regionalized and grid-based services
for intelligent traffic monitoring [7].

3.2. Vehicle Positioning and Navigation

As urban traffic congestion intensifies, the construction of elevated bridges and tunnels has emerged
as a vital solution to mitigate this problem. Nevertheless, accurately locating vehicles becomes more
challenging when these facilities are adjacent to or overlap with ground routes. The essence of
modern traffic management is anchored in accurate vehicle positioning and effective navigation
technology. This ensures a more convenient and safer driving experience for drivers while addressing
the demands of road usage and management. Leveraging Global Positioning System (GPS) and
Geographic Information System (GIS) for precise navigation facilitates real-time monitoring and
route adjustments. Continuous tracking and analysis of vehicle locations and trajectories enable the
system to swiftly identify potential issues and implement necessary changes. Moreover, GIS can
evaluate environmental factors like soil composition, traffic patterns, and weather conditions to
improve traffic route planning [8]. The BeiDou Navigation System serves as an important
complement, playing a key role in vehicle positioning and precise guidance. This system employs
advanced satellite technology to deliver high-accuracy positioning services, achieving greater
precision in certain functions compared to other systems. This enables drivers to accurately identify
their location and plan optimal driving routes. The BeiDou system not only offers basic positioning
capabilities but also considers dynamic factors such as traffic flow and road conditions, helping
drivers devise suitable routes. This not only alleviates road pressure and improves traffic efficiency
but also reduces the burden on drivers, enhancing safety [9]. Passengers can choose the shortest or
least costly routes according to their needs, increasing flexibility and personalized options for travel.

3.3. Other Key Areas

The level of application of mechatronics technology in ITS covers several focus areas. By integrating
devices such as sensors and actuators, real-time data acquisition and interaction between vehicles and
roads can be realized to improve the degree of intelligence of the traffic system; in response to the
problems of increasing traffic pressure and traffic congestion in cities, the intelligent traffic signal
light control (TLC) system can minimize the waiting time of vehicles [10]. Compared with the
traditional traffic management system, mechatronics technology effectively controls traffic signals
and street sign displays and other equipment, realizes intelligent optimization and control of traffic
signals, improves the efficiency of vehicle traffic, and reduces traffic congestion. Mechatronics
technology can also be applied to the intelligent parking system to realize automatic detection and
allocation of parking spaces through the control of the vehicle parking guidance system to improve
the utilization rate and management efficiency of the parking lot. By developing a layered system
based on blockchain, it improves the security and realizes the traceability of the existing charging
system, which is not easily accessed by intruders and is not susceptible to various types of attacks [11].
In terms of performance, the application of mechatronics technology can significantly improve the
safety and reliability of the transportation system, reduce the probability of traffic accidents, and
improve the efficiency of road access through real-time monitoring and control of the vehicle's
driving status. The Intelligent Traffic Speed Limit System (ITSGS) aims to address environmental
pollution from traffic and foster low-carbon, clean transportation, whihc has varying emission
reduction potential during morning, midday, and evening peak hours, and can curb high-speed and
aggressive driving behaviors. This contributes to smoother driving trajectories, reduced speed
fluctuations, and decreased road traffic emissions [12]. Mechatronics technology can also realize the
monitoring and management of vehicle energy consumption, promote the development of the
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transportation system in the direction of low-carbon and environmental protection, and reduce the
adverse impact on the environment.

4.  Performance Analysis of Mechatronics Technology in Intelligent Transportation Systems
4.1. System Performance Evaluation Metrics

When evaluating the performance of mechatronic technology in ITS, several key indicators can be
analyzed. First, real-time capability measures the speed at which the system processes traffic data and
executes control commands, ensuring a quick response to traffic changes, which is crucial for
alleviating congestion and improving traffic flow efficiency. Second, intelligence assesses the
system's ability to autonomously optimize traffic flow and signal control through data analysis and
decision support, reducing human intervention and enhancing management automation. Safety
evaluates the system's capacity to prevent traffic accidents and handle emergencies, directly
impacting the safety of passengers and pedestrians, making it a critical factor in determining the
system’s success. Finally, reliability examines the system's ability to operate stably over the long term,
including the reliability of components, sensors, and controllers, as well as the stability of data
transmission. High reliability ensures the system can function continuously and stably in various
environments, minimizing failure rates.

4.2. Traffic Flow Control Performance

The performance of mechatronic technology for traffic flow control in ITS is primarily reflected in its
dynamic adjustment capabilities, predictive modeling, and comprehensive analysis of influential
factors. The Dynamic Adjustment Capability System (DACS) monitors real-time traffic flow data
through sensors and employs intelligent algorithms to dynamically adjust traffic signal timing,
optimizing traffic distribution and significantly reducing congestion while enhancing road capacity.
Additionally, the system utilizes mathematical models and simulation techniques to establish
predictive frameworks for traffic flow, enabling proactive adjustments to signal control strategies
based on anticipated conditions, thereby alleviating congestion before it occurs. Furthermore, the
system considers various influential factors, including weather, road conditions, and time of day, to
conduct a thorough analysis that ensures the accuracy and effectiveness of traffic flow control
measures. Collectively, these features highlight the advanced capabilities of mechatronic technology
in optimizing traffic management within ITS.

4.3. Traffic Signal Control Performance

The performance of mechatronic technology in traffic signal control within ITS is critical for
enhancing traffic efficiency and safety. Adaptive control mechanisms enable the system to
dynamically adjust the green signal duration based on real-time data from traffic and pedestrian flows,
significantly improving the flexibility of traffic management and reducing waiting times and delays.
Additionally, the integration of multi-system linkage allows the traffic control system to interface
with subsystems such as firefighting, lighting, and ventilation. This connectivity facilitates rapid
adjustments to traffic signal strategies during emergency situations, ensuring public safety is
prioritized. Moreover, advanced communication technologies, including 4G and 5G, support
real-time and reliable data transmission, which is essential for effective traffic signal management. In
parallel, the application of mechatronic technology in vehicle positioning and navigation within ITS
involves high-precision positioning achieved through the integration of GPS, BeiDou, and other
satellite navigation systems with onboard sensors. This approach provides accurate vehicle location
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information, which is vital for navigation and traffic management, while ensuring robust data
transmission to enhance overall traffic signal control efficacy.

4.4. Vehicle Positioning and Navigation Performance

The performance analysis of vehicle positioning and navigation systems reveals their profound
impact on traffic management. Through real-time navigation, the system quickly analyzes the latest
traffic data and vehicle location information, providing drivers with optimal routes. This intelligent
service not only significantly reduces travel time but also effectively mitigates traffic congestion,
enhancing the overall efficiency of the road network. For example, the system can dynamically adjust
recommended routes during peak hours, helping vehicles avoid congested areas and optimizing
traffic distribution. In terms of risk avoidance and management, the system's real-time monitoring
capabilities promptly detect changes in road conditions and vehicle status anomalies. When potential
hazards arise, such as sudden braking or road obstacles, the system can rapidly analyze the situation,
alert the driver, and even automatically adjust the driving path if necessary. This timely feedback and
intervention greatly enhance driving safety, reduce accident rates, and ensure the safety of passengers
and pedestrians.

5. Issues and Challenges
5.1. Technology Integration

To tackle the challenges of inadequate coordinated planning in the development of urban intelligent
transportation management systems, it is crucial to establish cross-departmental collaboration
mechanisms and develop unified construction standards and planning, which facilitates effective
coordination among stakeholders, minimizing instances of duplicate installations and access issues
[13]. To manage the high complexity of technology, forming specialized technical integration teams
can improve communication and collaboration across different fields, which can effectively tackle
compatibility and interface issues, leading to overall system optimization. Additionally, promoting
standardization within the industry by creating unified technical standards can mitigate discrepancies
between different manufacturers and systems, ensuring compatibility and interoperability.
Furthermore, to alleviate the high research and development costs, it is important to encourage
government or industry organizations to provide financial support and technical training, helping
small and medium-sized enterprises lower their R&D risks and thus promoting the application and
dissemination of mechatronic technology. Through these measures, the challenges in constructing
intelligent transportation systems can be effectively overcome, leading to more efficient and safer
traffic management.

5.2. Data Processing and Security

In intelligent transportation systems, handling vast amounts of traffic data is crucial for achieving
efficient management, which places significant demands on data processing and analysis capabilities
and requires the system to respond quickly and in real time. In order to satisfy these requirements, it is
necessary to utilise high-performance data processing architectures, such as distributed computing
and edge computing, in order to optimise processing efficiency and guarantee the timely response to
traffic changes. However, data security risks are a significant concern, as data involving personal
privacy and public safety is vulnerable to leakage and tampering during transmission and storage.
These risks not only threaten the stable operation of the system but can lead to public distrust.
Therefore, implementing robust encryption technologies, access controls, and data integrity checks
can effectively mitigate these security concerns. Moreover, privacy protection presents a major
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challenge. Balancing effective data utilization with the protection of personal privacy can be
accomplished through data de-identification and anonymization, alongside proper user consent
mechanisms. Additionally, establishing a comprehensive legal and regulatory framework to govern
data collection, storage, and usage practices is essential for protecting individuals' privacy rights.

5.3. System Reliability and Stability

In the design and implementation of ITS, the reliability and stability of the system are crucial;
however, challenges such as high complexity, poor environmental adaptability, and maintenance
difficulties persist. To enhance reliability and stability, a modular design can be adopted to simplify
the system structure, allowing subsystems to operate independently and facilitating easier debugging
and maintenance. This approach reduces the risk of fault propagation and improves flexibility and
scalability. Additionally, strengthening the system's resistance to interference and conducting
environmental adaptability tests will ensure stable operation under harsh weather and complex road
conditions, effectively mitigating the impact of environmental factors on system performance.
Establishing a specialized maintenance team and developing a detailed maintenance and update plan,
combined with intelligent monitoring technologies for real-time tracking, will help identify potential
issues early, reducing downtime and maintenance costs. By incorporating advanced predictive
maintenance techniques, along with data analysis and artificial intelligence algorithms, the system
can provide early warnings of potential failures, enabling proactive maintenance. Implementing these
measures will not only significantly enhance the overall performance of ITS but also ensure efficient
and safe management under various operating conditions.

6. Conclusion

This paper provides an in-depth analysis of the critical applications and performance of mechatronics
technology in Intelligent Transportation Systems (ITS), highlighting its unique contributions to
enhancing traffic management efficiency and safety. By systematically reviewing performance
evaluation metrics, the importance of real-time capability, intelligence, safety, and reliability in
modern traffic management has been established. Furthermore, it explores key challenges in
technology integration, data processing and security, and system reliability and stability, suggesting
solutions such as modular design for easier upgrades, environmental adaptability assessments to
ensure robustness under varying conditions, and predictive maintenance to enhance system longevity
and performance. In short, mechatronics technology provides a solid technical foundation for the
effective implementation of ITS, driving the modernization of transportation. In the future, continued
advancements in related technologies and the gradual establishment of standards will optimize
mechatronics applications, contributing to a more efficient, safe, and sustainable traffic management
system. This will provide a solid foundation for the smooth operation and sustainable development of
urban transportation.
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