
As high-speed rail and metro systems 
are rapidly developing in speed 
and complexity in many cities and 
regions, identifying effective ways 
to ensure their safe, reliable and 
efficient operation has become more 
pertinent. A multi-disciplinary research 
project, led by CityU, has developed 
a platform of tools to improve safety 
and reliability in railway system 
health monitoring, crowd safety and 
disruption management.     

“As with other large-scale 
technologies, there have been major 
accidents around the world related 
to high-speed rail and metro systems. 
These systems require continual 
improvement in condition monitoring, 
safety and reliability engineering, 
operation and maintenance, 
and decision systems to prevent 
accidents,” said Professor Tsui 
Kwok-leung, Chair Professor of 

Industrial Engineering and Adjunct 
Professor in the School of Data 
Science at CityU. He was the former 
project coordinator of the five-year 
Theme-based Research Scheme (TRS) 
project, with team members from 
CityU and other local and overseas 
institutions. The aim of the project 
was to innovate and advance rail 
system technologies to ensure safety, 
avoid and managing disruptions, and 
ensure operational efficiency. 

“We are striving to fill at least two 
unique niches in high-speed rail 
and metro systems research,” said 
Professor Xie Min, Chair Professor 
in the School of Data Science and 
Department of Systems Engineering 
and Engineering Management 
(SEEM) at CityU, who is the current 
coordinator of the TRS project. “One 
is to develop new knowledge in 
self-cognisant fault detection and 

prognostics and health management 
of railway systems by synergising 
prominent sensor-based data 
management technologies and 
sophisticated modelling expertise. 
Another is to allow dynamic train 
deployment in response to abrupt 
events, accidents or disruptions  
using real-time transportation  
network data.”

Sensor-based 
monitoring of 
suspension systems

One of their key studies is the design 
of a novel domain-knowledge-guided 
data-driven framework to monitor 
and predict the health status of 
high-speed rail suspension systems 
by measuring real-time train vibration 
signals from sensors installed in 
multiple locations. “Suspension 
systems play a major role in high 
speed railways. The failure of springs 
and dampers may lead to accelerated 
wear of wheels and rails. Suspension 
damage may even increase derailment 
risk,” said Dr Li Lishuai, Assistant 
Professor in SEEM, who led the study. 

Existing methods rely mainly on 
sophisticated dynamic models or 
simulations that require precise 
suspension and inertial parameter 
values. They are difficult to use in 
different rail systems, and the results 
can be distorted if the parameter 
values are inaccurate. 

To overcome these limitations, the 
team proposed a model that can be 
trained quickly and adapted easily 

to different rail systems. It includes 
a feature extraction method, based 
on a simple dynamics model, to 
select the relevant information in the 
multi-location vibration data. Also, it 
introduces a novel way to generate 
training datasets via a simple dynamic 
model and impact analysis. 

Having evaluated and tested the 
proposed method with 10 months 
of tracking data in a railway system 
operating in mainland China, as well 
as simulation data from different 
laboratories, the team found that 
it performed well. While more 
field tests are needed to prove its 
effectiveness and reliability, Dr Li 
believes the proposed method will be 
implemented in parallel with existing 
tools in the near future.

Analysing alighting and 
boarding behaviour

Applying an agent-based computer 
simulation model, Professor Lo 
Siu-ming, in the Department of 
Architecture and Civil Engineering, 
and his team conducted a study on 
passengers’ alighting and boarding 
movements in metro stations and the 
effects of passengers’ non-compliant 
behaviour. Different alighting 
and boarding rules in different 
passenger volume conditions were 
recommended to increase alighting 
and boarding efficiency. 

Riding on the achievements of the TRS 
project, Professor Tsui said that several 
research projects with industry and 
university collaborators from Hong 

Kong, Taiwan and mainland China 
are ongoing, including establishing 
an escalator health condition 
analytics model, monitoring the wear 
of high-speed train wheels based 
on wheel profile data and multi-
location vibration data, passenger 
flow forecasting for disruption 
management, traffic scheduling, and 
maintenance planning.

The research team expects the leading-
edge technologies developed to not 
only contribute to safety and revenue 
management for inter- and intra-
city rail systems, but also serve as a 
prototype that can be transferred 
to other complex network systems, 
such as shipping, air traffic, electricity 
transmission, health care systems, 
supply chain management, internet 
connectivity and finance.
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Key Projects

• Theme-based Research Scheme: Safety, 
Reliability, and Disruption Management of 
High Speed Rail and Metro Systems

• Research Impact Fund: Enhancing Safety, 
Punctuality and Ride Comfort of Railway 
Transportation: From Local Metro System to 
Global High-speed Rail Network 

• National Natural Science Foundation of 
China (NSFC): Evaluation Models of Railway 
Emergency Plan Considering the Prioritization 
and Synergy of Action Alternatives

Selected Publications  

• Chen, Z.-S., Liu, X.-L., Rodríguez, R.M., 
Wang, X.-J., Chin, K.-S., Tsui, K.L. & 
Martínez, L. 2020, “Identifying and 
prioritizing factors affecting in-cabin 
passenger comfort on high-speed rail in 
China: A fuzzy-based linguistic approach”, 
Applied Soft Computing Journal, vol. 95.

• Hong, N., Li, L., Yao, W., Zhao, Y., Yi, C., 
Lin, J. & Tsui, K.L. 2020, “High-speed 
rail suspension system health monitoring 
using multi-location vibration data”, IEEE 
Transactions on Intelligent Transportation 
Systems, vol. 21, no. 7, pp. 2943-2955.

• Li, Z., Lo, S.M., Ma, J. & Luo, X.W. 2020, 
“A study on passengers’ alighting and 
boarding process at metro platform by 
computer simulation”, Transportation 
Research Part A: Policy and Practice, vol. 
132, pp. 840-854.

• Liu, B., Wu, S., Xie, M. & Kuo, W. 2017, 
“A condition-based maintenance policy 
for degrading systems with age- and 
state-dependent operating cost”, European 
Journal of Operational Research, vol. 263, 
no. 3, pp. 879-887.

• Liu, B., Yeh, R.-H., Xie, M. & Kuo, W. 
2017, “Maintenance scheduling for 
multicomponent systems with hidden 
failures”, IEEE Transactions on Reliability, 
vol. 66, no. 4, pp. 1280-1292.

• Xu, F., Huang, Z., Yang, F., Wang, D. & Tsui, 
K.L. 2020, “Constructing a health indicator 
for roller bearings by using a stacked 
auto-encoder with an exponential function 
to eliminate concussion”, Applied Soft 
Computing Journal, vol. 89.

Professor Tsui Kwok-leung (front row, centre), Professor Xie Min (back row, second from 
right), Professor Lo Siu-ming (back row, first from left) and other CityU team members.

3332


