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Introduction

In the rail transit system, the communication transmission system creates a good communication experience for it,
mainly providing more communication data to the transportation industry, using information transportation as the
basic transmission channel, so that rail transit can benefit from the convenience of information transmission, improve
the traffic effect of rail transit, and benefit people's happy life.

1. Overview of the Communication Transmission System and Its Role in Rail Transit

1.1 Overview of Communication Transmission System

The data transmission subsystem of the data communication network is an important component and data transmis-
sion carrier of the Shanghai Urban Rail Transit Communication System. It is generally used to carry electronic data,
voice, images and business data. Digital information generally includes control data of each subsystem in the trans-
portation network, electronic clock and network synchronization data messages, vehicle active monitoring system
(ATS) data messages, access control system (ACS) data messages, automatic ticket vending system data messages,
computer system data messages, power monitoring system data messages, fire alarm system data messages, environ-
mental control data messages, integrated control data information, driver information display control system (PIDS)
data, etc. Voice information generally includes voice adjustment data, wireless dispatch data messages, official call
data, station driving call data, broadcast recording data, etc. Video information generally includes video control data,
video conversation information, and vehicle information prompt system on-board video monitoring data. Due to the
increasing development of communication technology, the original TDM (time division multiplexing) service has
been gradually replaced by IP (Internet protocol) data information service, and data services have evolved towards a
fully digital mode (Qin, 2018). Furthermore, due to the increasing demand for video signals, standard-definition and
high-definition video recording technologies have rapidly developed, and existing network video monitoring systems
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are gradually being replaced by digital video monitoring systems. Urban rail transit communication systems are cur-
rently trending towards electronicization and IP-based systems. The digitization of communications services has
placed higher demands on data communication networks and necessitated stronger and more agile information pro-
cessing capabilities from data transmission systems. Consequently, the demand for data transmission bandwidth is
becoming increasingly urgent. In addition to voice, transmission systems also transmit large amounts of data and
images. An analysis of rail transit service types and their key characteristics is shown in Figure 1 below.

1.2 Importance of the Development of Communication and Transmission Systems in Rail Transit

The data transmission network is a critical component of the subway's communications network. This independent
and integrated data transmission network is primarily used to guide train and utility communication, transmit various
data, and implement operational control. It organically connects various rail transit units, facilitating networked ve-
hicle dispatch and train operations, providing unified command services, and is an effective and necessary measure
to improve operational quality across all units. The current subway's communications and transmission network pri-
marily provides services such as dedicated computers, business communications networks and cordless phones, tel-
evision monitoring systems, passenger information and broadcast display systems, computer and network control
systems, self-service ticket vending and checking, clocks, building controls, fire emergency reporting, integrated
wiring, power supply and grounding operations, office automation, and power control systems. The following chart
shows the keyword index for rail transit communications and transmission systems in recent years.

2. Comparison and Application of Communication Transmission Equipment
2.1 Open Transport System Network

The Open Transport System (OTS) is an open system developed by Siemens, offering the flexibility to utilize multiple
technologies. Its design is essentially based on the multiplexing technology of time-division multiplexing (TDM).
Therefore, it uses time slots, with each channel containing a timed bit group and channel marking based on location,
significantly improving service quality. However, the most fundamental difference between the two lies in the frame
design of the Open Transport Network. The advantages of the open transmission network are: the network truly
achieves the integration of transmission and access, the integration of sound, image and information, and the unifi-
cation of narrow and broadband; the network can allocate broadband on demand, and because the bandwidth granu-
larity is small, it greatly improves the average utilization rate of network resources; the distributed computing network
can be flexibly networked, and expansion and upgrading are simpler; it has various flexible ports of the size of
broadband audio interfaces; all applications do not need to be connected to any device and can be directly connected
to the open transmission network; it has multi-point transmission and unified output of sound and image; it has pow-
erful self-healing functions and high security; it improves the clarity of monitoring images by compressing digital
images; it has a separate port for integrated systems; it can independently mix all applications; the transmission of
various other channels is not affected by the transmission of one signal ; the system also has relatively low costs. At
the same time, due to the high production cost of the open transmission system, serious technical blockade, closed
ports and exclusive supply, and in the future product localization work, it also faces these problems (Liu, 2016).

2.2 Multi-service Delivery Network Platform Based on Synchronous Digital Sequence

This type of network has developed rapidly and has developed to the third generation since its emergence. It has all
the characteristics of synchronous data sequences and, in conjunction with the access network, has adapted well to
the needs of the carrying function. The network has the following main advantages: It is compatible with the quasi-
synchronous data sequences on the network architecture and provides services for all physical connection segments;
it provides support management for multiple protocols through the optimization of the network architecture; it shares
broadband resources for Ethernet services with the characteristics of secondary aggregation and secondary switching
Ethernet services, and has the characteristics of data multiplexing, loop protection and broadband management; it has
the protection function of VP-Ring, channel protection of synchronous data and protection of reused segments The
functions can be coordinated and managed; it has self-healing protection and recovery performance, high reliability
of data transmission, and all protection features of the synchronous digital sequence are inherited, so the performance
of multi-channel protection recovery is less than 50 ms, and the hardware redundancy and total maintenance time
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exceed 99.99% (this is the most critical to improving service quality); it has multiple expansion and stable improve-
ment performance, and integrates high-tech wavelength division multiplexing to meet users' greater demand for
broadband; it provides various technical services such as support for resilient packet rings and MPLS (multi-protocol
standard data exchange); it is highly integrated with multiple network element services, thus ensuring on-demand
allocation and centralized management of broadband resources. Due to the improvement of modern information
technology, the network technology of multi-service transmission using synchronous data sequences is more superior
in practical application, and can realize the unification and integration of communication network technology and
service functions of urban rail transit, which also reduces the more complex network layers, greatly improves the
benefits of broadband, and thus reduces the operating costs of the rail network (Wang, 2020).

2.3 Synchronous Digital Sequence + Asynchronous Transfer Mode

Traditional synchronous digital sequence transmission technology can fully guarantee the quality of service and has
a stable channel for other services. Therefore, it does not need to be managed through cumbersome protocols, which
is particularly applicable to digital service transmission technology. The services that need to be transmitted and
carried in rail transit include official calls, broadcast broadband audio, wireless sound, clock signals, broadcast mon-
itoring data information, closed radio and television monitoring data information, wireless monitoring data, power
supply monitoring data, closed radio and television monitoring data, etc. Most of the services are real-time services
with 100% quality assurance. Moreover, the combination of digital sequence and asynchronous transmission infor-
mation technology can better eliminate the shortcomings of using a single and identical digital sequence information
technology and asynchronous transmission technology, and integrate the advantages of the two, improving the quality
of real-time services in subway and light rail systems. The main advantage of this combination is that the information
technology is more open and mature, and has more standardization, which also makes the network have more flexible
and diverse networking methods and stronger capabilities and higher upgrade and expansion capabilities (Zhou,
2016). However, this combination technology also has disadvantages. This is because the application of two sets of
networks makes the connection and management inconsistent, the equipment investment is high, and the maintenance,
management and marketing costs are also high. In addition, asynchronous transmission technology can increase costs
but reduce benefits. An application example is shown in Figure 3.

2.4 Resilient Packet Ring Technology

The technical advantages of data packet transmission. Its key features include: It can allocate bandwidth according
to customer requirements and increase bandwidth utilization through the use of time and space compounding methods;
it enhances digital services and effectively supports IP burst functionality; and it offers diverse service scopes and
functional environmental capabilities to ensure the real-time demands of digital services. ERP also features advanced
image control and continuously utilizes service information in Ethernet frames. Through a mapping process that maps
data packets to time division multiplexing, it implements strict customer categorization based on quality of service.
Through strict jitter and latency protection mechanisms, it ensures smooth and clear images, meeting the image re-
quirements of subway supervisory authorities and providing an excellent carrier for addressing the image information
transmission issues faced by subway supervisory authorities. Similarly, the ERP design also faces certain difficulties
and shortcomings and requires additional support.
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Figure 1. Analysis of rail transit business types and main characteristics.
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Figure 2. Keyword index distribution table.
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Figure 3. Digital sequence + asynchronous transfer mode application example.

3. Conclusion

In summary, the future development of urban rail transit communication transmission systems will continue to require
the combined effectiveness of various transmission methods. The first three transmission methods are already rela-
tively mature, and the Resilient Packet Ring method is also being refined. Therefore, if these technologies align with
the development trends of subway communication transmission technology, any of the aforementioned methods can
be considered for use, thereby helping to reduce costs. Subway communication transmission methods can utilize
either a single network or a hybrid network comprised of multiple systems. The choice of network depends on the
specific circumstances and route, as well as the current state of scientific and technological development.
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