80

Editor: Fei-Yue Wang
University of Arizona and
Chinese Academy of Science
feiyue@sie.arizona.edu

in China

Intelligent Transportation Systems

Intelligent Railway Systems

Bin Ning, Tao Tang, Ziyou Gao, and Fei Yan, Beijing Jiaotong University
Fei-Yue Wang and Daniel Zeng, University of Arizona and Chinese Academy of Sciences

The Chinese rail transportation system has been
going through a period of rapid improvement and
innovation. As figure 1 shows, the total length of the main

railroad lines now exceeds 75,000 kilometers, and trains

have reached 160 km per hour as a result of five recent
projects to increase their speed (data from www.rail-
info.com). Passenger rail traffic now represents about 35
percent of the national traffic over all transportation
modes. Even more striking, the freight rail traffic is about
55 percent of the national freight total. Although the Chi-
nese railway network represents only 6.5 percent of the
track laid worldwide, the Chinese system handles about
24 percent of the total world traffic.

The Chinese urban mass transit systems are also experi-
encing significant growth. By the year 2010, more than
1,500 km of subway lines will be operational. In Beijing,
one of the earliest Chinese cities to have a subway system,
the subway lines will grow from about 100 km in 2005 to
350 km in 2010.

Despite this rapid development, the railroad lines are
far from meeting the country’s expanding travel and
freight transportation needs. According to some recent

estimates, the current systems meet only 35 percent of
the freight orders on a typical day. The shortfall has sig-
nificant negative economic impact on many sectors of
the economy. During major national holidays and festi-
vals, getting a railway ticket and making the trip are
major endeavors for travelers. Figure 2 shows a typical
railway station scene during the Spring Festival, the
most celebrated national holiday and busiest railway
travel season.

As anational response to these gaps between capacities
and needs, the government is investing heavily in the rail
transportation system. During the next five years, China
will build more than 9,800 km of dedicated passenger
lines, costing more than 1,250 billion yuan. Of these
DPLs, more than 5,457 km will serve trains with speeds
up to 300 kph. By the end of 2015, China expects to have
a 32,000 km high-speed railway network, including both
new DPLs and rebuilt lines.

This rapid expansion is bringing significant opportuni-
ties as well as challenges to both academia and industry.
The next-generation Chinese rail transportation system
will require major advances in related technologies. Intel-
ligent rail transportation systems represent a critical
enabling framework.'*
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Figure 1. China’s rail transportation systems: (a) lengths of the main railroad lines; (b) train speeds.
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Figure 2. Overloaded Chinese rail
systems during Spring Festival, the
busiest travel season of the year.
(photo courtesy of cnsphoto)

IRTS architecture and
key components

IRTS brings together an array of tech-
nologies such as sensor, communications,
computing, and intelligent control to address
various aspects of rail system management
and control, such as customer service, plan-
ning and scheduling, dispatch, block con-
trol, interlock, and speed control. IRTS
aims to meet important technological and
economics objectives such as increased
capacity and asset utilization, improved
reliability and safety, higher customer ser-
vice levels, better energy efficiency and
less emissions, and increased economic
viability and profits.

In recent years, China has developed
several advanced rail transportation control
systems. Among several prominent nation-
wide implementations, the Transportation
Management Information System supports
transportation planning, train scheduling,
and administrative decision making. TMIS
also integrates real-time data collected
from various train and support stations and
facilitates information flow among differ-
ent units within the rail system. Another
such implementation, the Dispatching
Management Information System, consti-
tutes a transparent traffic-dispatching sys-
tem that applies signaling, communications,
computing, and multimedia technologies.
DMIS has improved traffic-control effi-
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Figure 3. Architecture and key components for intelligent rail transportation systems.

ciency and customer-service quality.

These and other operational systems also
provide a platform for IRTS development.

Figure 3 illustrates the IRTS layered archi-
tecture and key components. The compo-
nents operate at different levels of railway
management (onboard, trackside, rail sta-
tions, and central management/systemwide).
The figure is color-coded according to three
main systems: client service, train control
and dispatching, and emergency rescue and
safety supervision.

Intelligent Client Service System

The ICSS helps passengers make opti-
mal travel choices. It also helps the owners
of goods make freight shipment decisions.
The system includes a rich set of informa-
tion about such things as train timetables,
ticket prices, and train operation status,
which it presents through Web-based or
cellular phone interfaces.

www.computer.org/intelligent

Intelligent Train Control and
Dispatching System

The Itcps is a train control and inte-
grated dispatching system based on real-
time communications. It aims to increase
the speed and density of train traffic for
more efficient rail system utilization. It’s
also responsible for managing locomo-
tives, rolling stocks, personnel, and other
resources.

Intelligent Emergency Rescue and
Safety Supervision System

The IESS aims to improve rail transport
safety. As an important preventive measure,
this system tracks the rail infrastructure’s
current status and supports decisions con-
cerning maintenance.

IRTS control and safety
Several technologies address IRTS con-
trol and safety issues.
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Figure 4. IRTS simulation system architecture.

Safe, reliable control software

The train control software is the brain and
nerve system of the entire rail transportation
system. As transportation systems become
increasingly complex, IRTS research must
find ways to ensure a safe, highly available,
fault-tolerant, and reliable design.

Train-to-ground station communication
Communication-based train control is at
IRTS’s core. In particular, communication
between trains and ground stations must be
dependable in real-time. The infrastructure
to support this communication requires
development of technologies such as opti-
cal fiber leakage, cross cables, and the Glo-
bal System for Mobile Communications-
Railway (GSM-R) wireless platform.

Advanced dispatching systems
Developing models and related algo-
rithms for advanced dispatching systems is
an important component of IRTS research.

Methods such as intelligent dispatching
and adjusting algorithms have received a
lot of attention lately.

Human-machine safety simulation
and assessment
People are a crucial factor for the rail

transportation system, especially with
respect to safety studies. It’s important to
develop a computational platform that can
assess the reliability and safety of rail sys-
tems—both existing and under study—
with different types of human behavior.
Inspired by the concept of artificial trans-
portation systems,? an artificial rail trans-
portation system is currently under devel-
opment for conducting computational
experiments with various human-machine
behaviors, control regulation, management
strategies, and their long-term performance,
quality, and reliability.

Emergency response and rescue

To prevent accidents and reduce losses if
accidents take place, the IRTS must develop
a technical approach to detect signs of a
possible accident, alarm the controller in
advance, monitor the ongoing unfolding of
the events in real-time, and possibly recom-
mend courses of action. In addition, capa-
bilities to coordinate rescue efforts and
support related decision-making are highly
desired.

Information integration

and knowledge discovery
Rail transportation system management

www.computer.org/intelligent

and control is information intensive. How
to collect, integrate, mine, and learn from
distributed data poses significant challenges.
Yet knowledge uncovered from such data
promises to further improve IRTS opera-
tions on a continuous basis. Related data
warehousing, stream data management,
and spatial-temporal data management and
mining issues are current research topics
attracting a lot of attention.

Beijing Jiaotong University’s Rail Traf-
fic Control and Safety State Key Labora-
tory has become a key innovator in the con-
trol and safety area. As part of its ongoing
work, the laboratory is developing a com-
prehensive IRTS simulation platform; fig-
ure 4 shows its architecture design.

With support from the Chinese re-

search-funding agencies and Ministry of
Railway, researchers are working actively
on these technical issues to support IRTS
development. IRTS applications will help
promote changes in the rail operations and
management mode to increase efficiency
and meet market demand. =3

Acknowledgments

We acknowledge support from grants
2006CB705500 and 2002CB312200 from the
Ministry of Science and Technology, grant
60334020 from the National Natural Science
Foundation of China, and grant 2FOSNO1 from
the Chinese Academy of Sciences.

References

1. L.Lietal., “IVS 05: New Developments and
Research Trends for Intelligent Vehicles,”
IEEE Intelligent Systems, vol. 20, no. 4, 2005,
pp. 10-14.

2. E-Y. Wang and S. Tang, “Artificial Societies
for Integrated and Sustainable Development
of Metropolitan Systems,” IEEE Intelligent
Systems, vol. 19, no. 4, 2004, pp. 82-87.

3. R.Lu,D.Zeng, and E-Y. Wang, “Al Research
in China: 50 Years down the Road,” IEEE
Intelligent Systems, vol. 21, no. 3, 2006, pp.
91-93.

4. S.Tang, FE-Y. Wang, and Q. Miao, “ITSC 05:
Current Issues and Research Trends,” IEEE
Intelligent Systems, vol. 21, no.2, 2006, pp.
96-102.

For more information on this or any other com-
puting topic, please visit our Digital Library at
www.computer.org/publications/dlib.

IEEE INTELLIGENT SYSTEMS

Authorized licensed use limited to: NORTHERN JIAOTONG UNIVERSITY. Downloaded on November 12, 2009 at 20:30 from IEEE Xplore. Restrictions apply.



Bin Ning is a professor in Beijing Jiaotong Uni-
versity’s School of Traffic and Transportation.
He’s a member of the IEEE and chair of the IEEE
Intelligent Transportation Systems Society Tech-
nical Committee on Railroad Systems and Appli-
cations. Contact him at bning @bjtu.edu.cn.

Ziyou Gao is a professor in Beijing Jiaotong
University’s School of Traffic and Transportation
and the director of the Rail Traffic Control and
Safety State Key Laboratory. He’s also a foreign
member of the Russian Academy of Sciences.
Contact him at zygao@bjtu.edu.cn.

IEEE Pervasive Computing, Oct.—Dec. 2006
Intelligent Transportation

IEEE Pervasive Computing's October-December issue will feature
articles covering context awareness and intent analysis for driver
assistance; security and privacy in traffic-monitoring systems; integra-
tion challenges; and scalable, distributed, real-time map generation.
A special spotlight section will also highlight industry and academic
perspectives, with views from BMW, Toyota, and DaimlerChrysler.
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