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General Study on Urban Rail Transit Network
GE Shiping
(Deputy Secretary of the Party Committee of Shanghai Shentong Metro Group Co. , Ltd. , Senior Engineer)

With urbanization progress rapid advancement and urban rail transit fast development in major cities in China, rail transit
has become the backbone of urban transportation. Due to floating population increase and workplace/residence separation in the
urbanization process, transportation volume becomes enormous, possessing huge uncertainty. Additionally, rail transit lines ex-
hibit significant peak-hour traffic patterns and passenger flow imbalance coefficient is large. As a result, many lines that adopt
conventional operation management mode find it challenging for their transport capacity to meet the transportation demand ( espe-
cially the super-peak hour passenger flow). A more flexible high-density transportation organization mode is needed for opera-
tion, and high-density operation requires more stable and reliable equipment to provide technical support.

Author believes that the general study of urban rail transit network should be carried out from the following four aspects:

First, innovate operation organization modes for long-large lines. Train travel timespan of long-large lines covers the entire
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passenger flow super-peak hours. The conventional operation mode involves devising operation timetable according to morning peak-
hour operation diagram before morning peak hours, which is time-consuming, and the transport capacity during the process is was-
ted. Constrained by train turn-back capacity, the transport capacity can’t meet the super-peak hour passenger flow demand. By a-
dopting a transportation organization mode that employs independent single-line operation for both up and down directions, oriented
by super-peak hour passenger flow, the continuous high-density train operation through specific intervals during peak hours is a-
chieved by the insertion and withdrawal of trains at remote terminals, breaking the constraints imposed by train turn-back, forming a
high-density train operation mode that features one-way operation and covers passenger flow super-peak hours.

Secondly, establish a rescue-free train system for fault-free operation. Under conditions of high-density train operation, vehicle
reliability is a critical influencing factor. To enhance reliability, it is necessary to focus on improving operational resilience. This can
be achieved by implementing redundant design such as dual backup and bypass for critical circuits and pneumatic systems involved in
train operation. Thus, a rescue-free train system is built, and the integration of independent control logic subsystems are explored.
Additionally, by utilizing train dynamic operation characteristics, vehicle can be transformed into a mobile equipment monitoring
platform, providing real-time recognition of the status of surrounding interface devices, thereby achieving fault-free operation.

Thirdly, build 'seamless operation’ signaling system. As the core system of operation, the signaling system needs to have high
redundancy, high reliability, and high safety to meet the demands of high-density networking operation. It should regard equipment
status full life cycle management as the goal and establish corresponding maintenance mode, enabling precise assessment of equip-
ment status and dynamic adjustment of maintenance strategies.

Fourthly, regional integration and control of station electromechanical systems should be promoted. The conventional manage-
ment framework of network, line, and station is based on specialized disciplines. With the development of networking and informa-
tization digital technologies, breaking the isolation between conventional electromechanical subsystems and achieving system integra-
tion and centralized management has become possible. By utilizing cloud and Internet of Things (IoT) technologies, the equipment
layer, control layers at various levels, and application layer (front-end interface) of each discipline can be decoupled, with the e-
quipment layer retained, and the control and application layers of each discipline integrated into a platform. The platform adopts a
cloud-edge integrated structure, with edge controllers installed at the station and others on the cloud. The platform has the capability
to remotely control electromechanical equipment across multiple lines, transforming independent maintenance by each discipline into
regional integrated and centralized maintenance. This mode will significantly improve the efficiency and reliability level of equipment
intelligentized management, reducing the number of on-site personnel, lowering requirements on their specialized abilities, enhan-
cing equipment versatility, thereby substantially reducing maintenance costs.

Translated by ZHANG Liman
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