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Commentary y

Spatial-temporal Technology Revolution of Rail Transit
LI Zhonghao

(China Association of Metros Expert and Deputy Director of Academic Committee,
Director of Former Ministry of Railways Information Technology Center)

On 17" March, 2022, Beidou Navigation Satellite System ( BDS) major special project — Beidou railway industry comprehen-
sive application demonstration project successfully passed the national accreditation after 2 years. On 20th March, 2022, the national
key research technology — metro BDS Capital Airport Express demonstration application research project held opening ceremony.
The first metro BDS launched its construction on Beijing Capital Airport Express, which is the domestic indoor navigation position-
ing system of the largest scale at the moment, scheduled for completion within this year. Application of BDS technology project in
high-speed railway passing accreditation, and construction of applying BDS technology project in metro, both mark the upcoming
revolution faced by domestic rail transit technology empowered by spatial-temporal technologies including 'BDS +5G’.

Based on National Development and Reform Commission engineering project, China National Railway Group Limited has es-
tablished a railway BDS application service platform, facing the three stages of railway investigation and surveying design, construc-
tion, operation and maintenance, demonstration application is carried out in 9 railway business sections including railway engineering
measurement, automatic monitoring system, smart construction site system, position perception early-warning protection system,
railway public work inspection, track measurement and regularity test, positioning and tracking of 'Belt & Road’ China-Europe Rail-
way Express containers, high resolution remote sensing geological investigation, high-speed railway train control system. BDS No.
3 high precision positioning and BDS short-message communication technology are applied in application scenario of railway train
approaching early-warning. The demonstration project has synchronously accomplished 71 items of BDS intellectual property deploy-
ment and patent early-warning, having devised 4 items of enterprise standard technical documents, prompting the deep mergence of
2 'national name cards’ China BDS and China High-speed Railway.

Temporal standard and spatial positioning information has become the basis for smart urban rail construction featuring Internet of
Things, artificial intelligence, and big data application. The mentioned BDS application in railway is mainly for exposure space,
and for a long period of time, the positioning, navigation, time service and telecommunication of hidden space have been considered
worldwide technological difficulty, becoming the bottleneck preventing smart urban rail from adopting BDS technology. Building
high-precision positioning network, high-precision time synchronization network, high-volume telecommunication network and spa-
tial digital platform based on BDS provides fundamental support for smart urban rail construction.

Metro BDS is major auxiliary demonstration project of national key research and development project-mega city urban rail tran-
sit system high-efficiency transportation and safe service key technological projects. Based on BDS smart positioning and navigation,
it can be applied in metro scenarios including site tour, maintenance allocation, auxiliary construction, high-efficiency coordination.
The Capital Airport Express demonstration project covers operating lines of 30 km and 5 stations. After deployment, the metro sta-
tion underground space positioning precision is elevated to 2 m, realizing panorama map guidance and high-precision positioning and
navigation. With the completion of BDS, the precision of global spatial positioning in 2025 will be elevated to cm grade. By com-
prehensively applying technologies including ‘BDS +5G + cloud platform’, a temporal-spatial system network composed of high-pre-
cision positioning network, high-precision time synchronization network, high-volume telecommunication network and urban rail
cloud platform is established. The barrier between urban rail exposure space and hidden space is knocked down. Urban rail temporal-
spatial baseline information network is formed and is adopted as infrastructure for smart urban rail construction and operation, provi-
ding unified, continuous spatial-temporal information, positioning, time service and telecommunication service for urban rail.

Transportation data is typical temporal-spatial data, which not only has temporal dimension property, but also strong dependen-
cy on spatial dimension. With the merged development among different rail transit information system, high-precision spatial posi-
tioning and temporal standard information is extremely important. Currently, China is constructing a comprehensive PNT ( position-
ing, navigation, and timing) system based on BDS system, which utilizes multiple PNT information sources based on different prin-
ciples. Through cloud platform control, multi-sensor contemporary integration and multi-source data fusion, unified temporal-spatial
baseline are generated, and coverage of fields including indoor, under water, deep space is realized.

There are over 20 billion passengers riding urban rail transit yearly. Mobile internet access is extremely demanding by passen-
gers on metro. Urban rail transit has natural advantages on introducing 5G public network. The 5G specialized application of urban
rail can realize business logical isolation and achieve prioritization and flexible deployment accordingly of guaranteed requirements of
specified internet speed, time delay and reliability, through WAN slicing of 5G public network, and measures including QoS, net-
work slicing. Through LAN slicing, using edge calculation technology, it is also expected to realize data flow uninstallation and lo-
cal business treatment, and to meet business demands of data unshown and super-low time delay, providing specialized network
service for customers.

With rail transit intelligentized, networking and digitalized development, 5G public network and LTE-M network with high-pre-
cision positioning network, high-precision time synchronization network is constructed. The new rail transit networking operation era
of applying temporal-spatial technology such as 'BDS +5G’ to advance passenger service quality elevation, smart station construc-
tion, smart equipment upgrading, smart operation and maintenance promotion is upcoming. Translated by ZHANG Liman
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