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Discussion on the Development Direction of Urban Rail Transit
Signaling Systems in China
LI Zhonghao

(Honorary Committee Member of China Association of Metros Expert and Academic Committee,

Professor-level Senior Engineer)

China’s urban rail transit signaling systems possess the distinct advantage of later development. Nearly all existing metro lines
adopt CBTC ( communication-based train control) system and has achieved moving block except for few lines constructed in early
1990s, which is a long-awaited goal for several generations of rail transit signal professionals. Following the commissioning of Bei-
jing Subway Yanfang Line FAO ( fully automatic operation) train control system based on CBTC, numerous Chinese signaling sys-
tem suppliers have independently developed their FAO products and completed engineering validation. The development of China ur-
ban rail transit signaling systems is now entering the 'unmanned (leadership)’ phase. The question of the future direction for China
urban rail transit signaling systems must be addressed by ourselves independently.

When it comes to direction, it is essential to recognize the characteristics that set rail transit apart from other transportation
modes. Regardless of the train speed level, departure density, or the number of compartments, there is only one track, making it
the sole dedicated resource. Only centralized control can ensure that this sole dedicated resource operates at maximum efficiency
while maintaining absolute safety. Consequently, railway inherits a semi-militarized management characteristic. Railway achieves
centralized dispatching, command, and control of trains by adhering to train diagram, which serves as the link between transporta-
tion demand and transport capacity.

FAO (fully automatic operation) is the development direction for urban rail transit transportation. By implementing the automa-
tion of train operation entire process, manpower can be significantly saved, transportation efficiency enhanced, and transportation
safety ensured. FAO greatly expands the architecture of the signaling system. Any disciplines related to train operation safety and ef-
ficiency, such as comprehensive monitoring systems, power supply systems, platform screen doors, and passenger guidance sys-
tems, can be categorized under FAO system. With a larger system, the probability of malfunctions increases. Considering the oper-
ational resilience of the FAO system and improving the efficiency of train operation under fault conditions, the ability to enable trains
to operate autonomously in fault conditions becomes a developmental requirement. To achieve this goal, it is necessary to introduce
the concept of 'fault-tolerant safe operation. " The most significant feature of signaling system is 'fault-tolerant safety,’ which means
ensuring the absolute safety of train operation under any circumstances. When adopting FAO system, the aspect of fault-tolerant
safety changes to demanding the absolute safety of passengers, in addition to the absolute safety of train equipment. The introduction
of fault-tolerant safe operation principles requires FAO systems with train autonomous operation capabilities to have active obstacle
detection functions that meet safety integrity requirements.

FAO systems with train autonomous operation capabilities impose specific requirements on FAO system. It is essential to em-
phasize that. first, when the FAO system is functioning normally, it operates in fully automatic mode, without the necessity to grant
train the autonomous operation capability ; secondly, for low-medium capacity systems such as urban rapid rail, it is not necessary
for all of them to adopt FAO systems with train autonomous operation capabilities.

The issuance of train diagram instructions conventionally involves communicating through pathway to ground equipment. The
ground equipment then interlocks the sole dedicated track resource to establish a train safe operation entry routing, notifying the train
to travel within a specified range at a given speed. In order to improve ground resource utilization rates, there is also the approach of
issuing train diagram instructions directly to trains, letting trains request resources from the ground, and the ground resource can re-
duce interlocking units. Considering new interlocking conditions such as train-to-train communication, resource utilization rate can
be improved, leading to enhanced transport efficiency. Some signaling suppliers incorrectly consider train-to-train communication as
a signaling system, whereas it is simply a technical means.

Metro is the high-capacity transportation means primarily serving commuting flows, and the characteristics of peak hours are
very prominent. From the perspective of shortening the operating intervals and reducing energy consumption, flexible train formation
is essential for this transportation mode, and achieving dynamic flexible marshalling is advantageous for transport organization, a
specific form of which is virtual coupling. Technically, implementing virtual coupling requires controlling the acceleration of trains
and ensuring precise speed control to have crash-softening capabilities. However, engineering validation is needed for applying virtu-
al coupling to transport organization, ensuring safety, and delivering benefits.

After the development of urban rail transit signaling systems in China has entered the era of unmanned operation, standardiza-
tion of signaling systems becomes evidently crucial. In response, the China Association of Metros organizes the compilation of the
CMTCS (China Metro Train Control System) general principles. These principles summarize the essential requirements of urban rail
transit signaling systems, categorizing them into five types: CMTCS0 to CMTCS4. CMTCSO0 has ATP (automatic train protection)
functionality, CMTCS1 has ATO ( automatic train operation) functionality, CMTCS2 has FAO functionality, CMTCS3 has train
autonomous operation functionality under fault conditions, and CMTCS4 has dynamic flexible marshalling functionality. The de-
mand for interoperability is considered a fundamental requirement of the CBTC system. There is no claim that one level is more ad-
vanced than another; instead, the focus is on applying the most suitable version.

As urban rail transit enters the era of networking, China’s rail transit construction is transitioning from a high-speed develop-
ment stage to a high-quality construction stage. The economic and sustainable development requirements are especially emphasized.
All transportation equipment must aim to meet transportation needs and fulfill the overall policy requirements of being safe, effi-
cient, convenient, green, and economical, as outlined in the strategy for building a nation of transportation power. The development
direction for China’s urban rail transit signaling systems is thus established. (Translated by ZHANG Liman)

- 263 -



