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URBAN MASS TRANSIT

Leveraging Safety by Intrinsic Nature, Promoting High-quality Development of
Fully Automatic Operation Systems

ZHANG Lingxiang
( Vice President, Shanghai Shentong Metro Group Co. , Ltd. , Professor-level Senior Engineer)

Urban rail transit FAO ( fully automatic operation) systems integrate and coordinate professional systems related to train opera-
tions, such as signaling, vehicles, communication, platform screen doors, and comprehensive monitoring, to achieve fully automa-
ted train operations without driver intervention under normal conditions. Compared with conventional manual driving systems, FAO
systems elevate the automation level of train operations and are characterized by safety, efficiency, flexibility, cost-effectiveness,
and ease of deployment. Since the launch of the world's first FAO system in 1981—the Port Island Line in Kobe, Japan—the global
FAO system has accumulated over 40 years of operational experience, with over a decade of such experience in China. According to
incomplete statistics, more than 30 countries and regions worldwide have launched over 110 urban rail transit FAO lines, with a total
operating mileage of approximately 2,800 km, nearly one-third of which is in mainland China. According to the International Asso-
ciation of Public Transport (UITP: Union Internationale des Transports Publics) , 75% of newly-built lines globally are expected to
adopt FAO systems in the future, with the majority of this growth stemming from China. Statistics from the China Association of
Metros reveal that, by the end of 2023, over 40 FAO lines has started operation in 21 cities in mainland China, with an operating
mileage of 1,051.8 km, alongside over 1,500 km of FAO lines under construction.

Examining the development and operational trajectory of FAO systems, their advantages are evident: significantly enhancing
operational reliability, mitigating safety risks caused by manual operational errors, and improving workforce efficiency. However,
there remains debate over the feasibility of adopting a fully unattended operation mode, and a misconception persists that FAO sys-
tems are equivalent to driverless operations. While the information comprehensiveness and the overall safety of FAO systems have
greatly improved through functions of core systems such as signaling and vehicles, including status monitoring, redundancy design,
automated handling, and enhanced interconnectivity between subsystems, these systems have only been automated to the extent of
maintaining normal operation without manual intervention. The end-to-end unattended operation with supervision is not fully real-
ized. Some FAO lines operate under a fully unattended and supervised mode, but the associated safety risks warrant attention. These
risks arise primarily because safety measures for some FAO application scenarios have not been comprehensively implemented. For
example, automatic recovery or remote troubleshooting during faults is not fully developed, environmental perception and emergency
handling capabilities for line operations remain incomplete, and operation-management frameworks and operation-maintenance
modes are not yet sufficiently robust.

How to further enhance the intrinsic safety of FAO systems and continuously improve efficiency, especially in swift handling
and recovery of high-density operational lines under abnormal working conditions to achieve ’fault-imperceptible operations’, is
closely related to many factors including system design, construction quality, interface management, risk management-control, in-
telligent operation-maintenance, management modes, and standards and regulations. It is a complex system engineering task invol-
ving multiple joints, disciplines, and subjects, that requires refined scenario analysis, strengthened risk assessment and judgement,
and technological breakthroughs. The following areas call for exploration, practice, and advancement.

First, carrying out systematic research. Challenges shall be addressed at their root, through systematic research on design, con-
struction, and operation-maintenance, including operational needs and scenario analysis, system integration design, interface man-
agement of disciplines, operational environment situation perception, system integration and joint commissioning, key equipment in-
telligent operation-maintenance. Simultaneously, taking risks as an anchor point, technologies and management measures on risk
management-control shall be developed with specificity by thoroughly investigating and assessing risks associated with various opera-
tional and maintenance working conditions, passenger behaviors, and environmental factors.

Secondly, overcoming technological barriers. The foundational logic of related systems such as signaling, vehicles, and com-
prehensive monitoring shall be delved into, actively leveraging emerging technologies like artificial intelligence to enhance FAO sys-
tem operational efficiency. The redundancy design of key equipment such as train, signaling, power supply, and platform doors
shall be continuously improved and automated isolation and restoration/remote handling during faults shall be enhanced to ensure
higher reliability and stability of equipment operations. Scenario analysis of obstacle detection in train operation environments for in-
trusion risks shall be refined, and development and deployment of long-range obstacle detection systems shall be accelerated to miti-
gate operational safety risks. Gap detection systems shall be integrated and innovated for platform screen doors and train doors to ad-
dress monitoring blind spots caused by different technological means, thus reducing the safety risks of human/object entrapment inci-
dents.

Thirdly, improving the OM ( operation-maintenance) management systems. Enhancing the operational safety and efficiency of
FAO systems requires not only advancements in FAO-related technology but also the complementary and applicable OM management
modes. Systematic research efforts shall be exerted on OM management systems for FAO line networks of varying scales, such as
establishing frameworks for standardized OM regulation, safety risk management-control, and digitalized management support. Op-
erational dispatch and OM strategies shall be designed in alignment with the number of FAO lines in the network. Job standards,
post hierarchies, multi-responsibility positions, and talent training program shall be refined according to the OM modes.

As a future direction for China’s urban rail transit industry, FAO systems require all professional fields to leverage the intrinsic
safety of FAO systems while continuously improving reliability and efficiency, fostering technological innovation and promoting ad-
vancements across related industries. Whether retrofitting existing lines or building new ones, cities should adopt technical solutions
involving FAO systems that suit local conditions, establish comprehensive FAO operational management frameworks, and prioritize
safety as a foundation for improving operational efficiency. Through thoughtful application, the high-quality development of urban
rail transit FAO systems will be promoted.

Translated by ZHANG Liman
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