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ABSTRACT

Railway is paid attention as a means of environment-friendly transportation and logistics.
Efforts to enhance the competitiveness by IT convergence, for railway vehicle market share
of the world, has been promoted. This study proposes a technology development plan of
railway IT convergence. We analyzed the results of legacy researches and technology
patents related with railway IT convergence and derived the target tasks in accordance
with our technologies classification. By adopting the multi-attributes utility theory metho-
dology and using survey of experts, we selected the core research issues. The result of
this study could help policy making and R&D planning about railway IT convergence.
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(Table 1) Classification of Railway IT-Convergence Technologies

mega-factors

mid-level categories

Freight
logistics

efficiencies for railway freight operation
process automation of railway freight
service enhancement for customer of railway freight

o0 . - context-awareness intermodal customer information service technology
2 PaSSENEEr SEIvice | _ operation assistance system
(@}
¢ Additional - intra-train value-added information service
value-added - %nfonnatpn service for train stations
. - information service to the potential customers
service - enhancement of convenient mobility for the handicapped
- construction of ubiquitous railway operating and control system
Route planning - int(_elligent_ guidance information technology based the real-time demand
- train routing and monitoring
- organization and scheduling of rolling stocks
- early detection and monitoring of disaster evacuation
Management of |- enhancement of passenger comfortableness
environment and | - regular safety and protection system
disaster - safety monitoring
- environment monitoring
- convergence platform for integrated wireless networking between train and road
Signaling - railway telecommunication technology for railway IT-convergence system
/Control - integrated wireless data management system for railway using BcN
/Telematics - telecommunication infrastructure for telematics of high-speed train
- telematics network of rolling stocks
- generic technology for real-time diagnosis
Diagnosis - construction of real-time diagnosis system
> /Monitoring - intelligent diagnosis using sensor network
<] - intelligent monitoring of railway system
g - real-time monitoring of abnormal status of rolling stock with wireless and non volatile
o} < SAW sensors
= SWCWM - health assessment of rolling stocks and facilities using thermovision technology
diagnosis - real-time healthiness monitoring of roadbed, tunnel using fiber optic sensors
- opto-laser system technology for tunnel scanning
- optimization of maintenance(SAW)
- condition—based maintenance(CBM) system
Maintenance - process automation of maintenance
- history management of maintenance
- augmented reality—-based maintenance
Electricity - optimal energy usage teghnology in electric railway
management - energy harvest_mg for raﬂway _ _ )
A - centralized optimal protection of AC substation system of electric railway
(Smart-grid) - intelligent collection and monitoring between track and pantograph for rolling stock
- management of electronic blueprint
Management - information service of construction statistics
. - real-time process management
of railway assets | _ management of construction materials
- assets management in location, history and arrangement
? Embedded S/W | - embedded S/W for railway
%T Tnformation - integrgited middleware platform'for telematics of roll.irlg stocks
5 - modeling technology based on information from rolling stocks
2 platform - information standardization of railway sensor nodes




i
frl

(Table 2) Exemplary Technology Review of Redundancy
(Diagnhosis/Monitoring/Maintenance part)

mid-level categories

supposed technologies in demand survey

relation

legacy research with related subjects

Generic technology for
real-time diagnosis

- Analysis, evaluation and diagnosis of
wheel-rail interaction

- Real-time recognition and location of

rolling stock

Criteria establishment for risk

assessment

[R&D programsl]

R1. Development of intelligent
monitoring system for urban
railway

U-sensor Network Devices and
Remote Diagnosis System for

R2.

Construction of

Real-time sensing of earthquake for
high-speed railway

R2, A7,

Power Facilities of Electric
Railway

real-time diagnosis - Sensing of rail temperature A8 R3. System development of healthiness
system - Real-time measuring of water level at monitoring and noise/vibration
bridges reduction of rail track
; R4. Fundamental research on
- r(]:;r\ls(tjrr'ictlon and arrangement of sensor healthiness monitoring of railway
Intelligent diagnosis S system
using sensor network | tfigil;:gseio;ensmg and duplex R2 R5. Development of distributed mobile
- Power supply of sensor network devices for testing funning
performance of rolling stock
Real-time monitoring of " . R6. Development of technology for
abnormal status of rolling g;a%sggézi agi f:)ﬁitons?fc S ata of R performance enhancement of
stock with wireless and | Signal brocessing of Wiieless data railway system
non-volatile SAW sensors | —1at Proc 2 R7. Development of stabilization
- Nondestructive examination application technollogy of high-speed railway
Health assessment of using thermo—vision technology control system
rolling stocks and — Production and evaluation of standardized R3, R4, |[R h ]
facilities using flawed specimen of rolling stocks and ’A 4 ’ £5earch papers
thermo—vision facilities Al. Development of Tele-presence
technology - Analysis of thermo-elastic behavior of System for %chedu]e.Manag.ement
comparison specimen in _Ra_llway Construction Project
A2. Building TRMS S/W based on
Real-time healthiness | — Healthiness monitoring system using Reliability Centered Maintenance
monitoring of roadbed, distributed fiber optic sensors R A5 A3. Image Quality Evaluation for the
tunnel using fiber optic | - Wireless data transmitter of rail-facility ’ Railway Abrasion Measurement
Sensors healthiness with a High Resolution
- A4. A Guided Wave-Based Structural
Opto-laser system B Enhancem_ent ,Of me_laser Damage Detection Method for
technology for tunnel Sgggtrir(?ft;(l)goitghigthm and crack Al Structural Health Monitoring
Scanmig - Portable type structure for mobility AS. ,?‘Egi ﬁatﬁ;nﬁgéo%lﬁﬁsess of
- Wireless monitoring of bearing, motor, through the Fva!l%atloﬂ of
Optimization of disk-break, etc A9 Track-bed Conditions
maintenance(SAW) | - Optimization of periodic cycle of A6. A Study on the Assessment of
preventive maintenance Residual Life Span for Old Type
Signalling Equipment
- Energy harvesting for railway A7. Corrosion Fatigue
Intelligent monitoring of | On-board intelligent monitoring of rolling Reliabil.ity*BaS.ed Life Cycle' Cost
railway system stocks ) ) Rl Analysis of High-Speed Railway
- Non-contact automatic measurement in Steel Bridges
maintenance process of rolling stocks AS8. High Speed Rail Measurement
- Maintenance efficiency analysis of System of HSR-350x o
Condition-based railway system A9, A Case Study on Determining
maintenance(CBM) | - Optimization of condition-based A2, A9 Doors Maintenance Intervals
system maintenance for railway system through Running Fault Data

~ Development and test of CBM software

Analysis for Metro EMU
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(Table 3) Evaluation Factors and their Definition

Attribute Evaluation factor Definition
objective adequacy how much adequate is the R&D objective to the railway service
Technical | technology innovativeess | how much innovative is the developed technology compared with the past one
Feasibility technology excellence | how much could the developed technology improve the railway service
spin-off effect spin-off effects of the developed technology
functional convenience | customer benefits of railway service by adopting the new technology
Business | market breadth railway market increase by adopting the new technology
Feasibility | increase in revenue revenue increase by differentiated service offer of railway

commercialization degree of technology commercialization for railway service
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(Table 4) 18 Programs for Experts Evaluation

Mega—factor Program
Freight P1. Technology development for u-Freight on global railway : to establish automation foundation
logistics of freight handling process using RFID/USN technologies in global competitive environment

Power control

0 P2. Context-awareness intermodal customer information service technology : to locate customers
g passenger service and realizing the destination of them and to provide information about guiding and real-time
g routing
4
Additional P3. Technology of enhancing convenient mobility for the handicapped : to develop technologies
value-added such as locating the handicapped, networked electronic wheelchair, RFID-based braille block,
service etc.
P4. Technology of intelligent operation system based the real-time demand : to plan railway
Route planning routing based on the past pattern analysis and the real-time demand, to disperse and
forecast the traffic congestion
. P5. Sensor-based early detection/monitoring of disaster and environmental damages : motion
Mngt. of disaster . . . . .
. sensing, poisonous gas detection and platform—falling customer detection based on USN
and environment
technology
Lifecycle P6. Development of railway PLM system for innovation of rolling stock production : to
management of systematically manage information which is necessary for product development of rolling
rolling-stock stocks and to manage life-cycle of them
Electricity mngt. | P7. Technology of optimal energy usage and energy harvesting @ to optimally manage the peak
> (Smart-grid) load, to utilize regenerated energy, and to harvest self-generated energy from train vibration
g
= . P8. Development of core technology for telematics infrastructure of rolling stocks : to develop
S Signaling/Control . . .
8 . remote data capturing technology and related management system using wireless
=8 /Telematics L . .
g telecommunication for high-speed trains
P9. Development of intelligent diagnosis technology based on real-time monitoring : intelligent
Diagnosis monitoring of rolling stocks and facilities along the tracsk with wireless and non-volatile
/Monitoring SAW sensors
/Maintenance P10. Development of augmented reality applications for railways : to provide augmented
reality-based train maintenance, technology education and value-added service
Management P11. Real-time lifecycle management of railway assets : to real-time manage operating equipment
of railway assets and facilities such as train station and railway vehicle base through attribute monitoring
Integrative mngt. | P12. Technology development for intelligent utilization of operation and management information :
and utilization of to integratively manage big-data from manufacturing, operation and environments of
information railways and to intelligently utilize data using data mining technique
P13. Development of original information modeling technology of virtual rolling stock through
railway IT-convergence : to model virtual rolling stocks for analysis of interaction between
Information parts and stocks all over the lifecycle of them
platform P18. Development of integrated IT-convergence platform system based on real-time information :
to develop an integrated IT-convergence platform with data-warehouse and sensor interface
for making efficient maintenance of rolling stocks and facilities
g: P15. Development of embedded S/W for railway : to develop V&V process embedded S/W for
= Embedded S/W railway and testing automation tools, to standardize coding rules and to construct a
g HILS-based testbed
&)
72 P16. Network-based optimal protection of AC substation system : to develop optimal protection

technology through analysis of AC substation system of electric railway using networks

Sensor network

P17. Design and implementation of sensor-based testing/measuring system : to stabilize
high-speed trains by capturing and transmitting status-data of infrastructure with sensors

Telecommunication
network

P18. Development of original technology for core telecommunication modules of next generation
rolling stocks @ to develop technologies of NEMO and interfaces for implementing
telecommunication network of next generation rolling stocks such as high-speed trains
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(Table 5) Normalized Result of the
Evaluation Data

Business Feasibility

-05

-1.0

Pro- , , * Rank-
gram ul n2 0 T o
P1 0.61 056 | 0930 | 223 3
P2 021 | -081 | 0926 | 122 11

P3 | -031 | -0.73 | 0.799 | 0.74 17
P4 | -0.16 | -041 | 0.800 | 1.02 15
P5 | 029 | 021 | 0571 | 140 9
P6 074 | 107 | 1197 | 270 1
P7 021 | -013 | 0.786 | 1.49 8
P8 | -059 | 000 | 0903 | 1.08 18
P9 024 | 054 | 0786 | 198 4
P10 | 031 | 001 | 1.033 | 1.23 10
P11 | 021 024 | 0756 | 1.74 7
P12 | 030 | 018 | 1.124 | 1.76 6
P13 | 055 | 000 | 0707 | 1.85 5
P18 | 035 | 092 | 0691 | 235
P15 | 057 | -085 | 0.893 | 045 18
P16 | 005 | -059 | 0518 | 1.12 13
P17 | 035 | 001 | 0703 | 1.20 12
P18 | 088 | -0.21 | 0.899 | 0.80 16
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(Figure b) Portfolio Matrix after Normalization
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(Table 6) Ranking of the Elicited Core R&D Programs
. Ranking after
e, Becay Rl sioy normalization

P6 | Development of railway PLM system for innovation of rolling stock production 1 1
P18 | Development of integrated IT-convergence platform system based on real-time information 3 2

P1 | Technology development for u-Freight on global railway 2 3

P9 | Development of intelligent diagnosis technology based on real-time monitoring 4 4
P13 | Development of original information modeling technology of virtual rolling stock 5 5
P12 | Technology development for intelligent utilization of operation and management information 6 6
P11 | Real-time lifecycle management of railway assets 7 7
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