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Computer-aided Railway Rescheduling Based on Mathematical Optimization Technique

Takuya Mori

In train operation, when disruption occurs, train dispatchers operate trains to recover the schedule. This operation is called
"rescheduling”. While normal operation operated by computer, rescheduling is operated by human depending on dispatcher's
experience and intuition. It has become a heavy burden for railway companies, so the system that creates rescheduled idea
automatically is desired. The study of rescheduling problem based on evaluation of passenger loss has been considered even
now, however, these techniques are based on metaheuristic techniques which do not guarantee optimality. The purpose of our
research is the optimization of passenger loss with a guarantee of optimality by using Mixed Integer Programming (MIP)
method. In previous research, the model was very simple due to the calculation time. Therefore, we review the model and the

object function to evaluate more realistic scene.
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Train rescheduling considering the change of passenger flow depending on train congestion
Kazuya Ohashi

In railway system, the rate of on-time service is high, but transport disorder tends to increase. When transport disorder

occeurs, train rescheduling is performed.
Since the train rescheduling in railway operation is a difficult task, the rescheduling system is expected to support the staff.

Previous work suggested the train rescheduling system focusing on passenger delay, but it has problem that it doesn’t consider

the train congestion.
We introduce the mathematical model of the change of passenger flow depending on train congestion.
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Research on Energy-Saving Operation Method Considering Power Flow in DC-Electric Railway

Shoichiro Watanabe

Effective use of regenerative brake is important to manage energy-saving. This paper presents the running method for
energy-saving on DC-electric railways considering restriction of keeping running time. First, two methods are employed for an
energy-saving operation. Second, we take an on-track test in order to verify the effectiveness of energy-saving operation. Third,
we use rescheduled train diagram considered passenger flow by mixes-integer programming method and make power
visualization diagram and calculate consumption power and regenerative power in order to reduce energy consumption and
peak power. Finally, we propose the research schedule for doctorial course and future work in this area is on the way to

consider train group control.
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A Design Method of Running Profiles of Electric Train MinimizingRequired Capacity of Energy Storage Devices
(--For a Train fed by Intermittent Contactless Power Transmission--)

Doan Van Duc

In recent times, CPT-powered Train has attracted much attention because it avoids the disadvantages of ordinary trains fed
by catenary wires, such as: high maintenance cost, noise and sparkling effects due to contact problem, and adverse effects on
the city’s landscape and also environment [1]. There are two configurations of CPT-powered train. In the first configuration, the
train is supplied on road during its running (dynamic charging). This configuration ensures continuous energy supply, but it
requires long power lines along with the rail; therefore, its construction cost is quite high. In this research, we want to focus on
the second configuration of CPT-powered train, the train is frequently charged only during the stopping time at every station
(static charging).

While there are many researches about designing CPT modules for train to improve efficiency and capacity of CPT module
as well as reduce its size and weight, only few researches concern about the operation of CPT-powered train such as: (1) How
to realize Energy-saving operation; (2) How to realize the operation to minimize Required Capacity of ESDs. To CPT-powered
train, ESDs supply the main energy for the train, so their weight and size are quite large, even their cost is also high, which is
currently a problem of CPT-powered Train. Therefore, the operation of CPT-powered Train to minimize Required Capacity of
ESDs, leading to reduce the weight and size of ESDs, is especially desired. This research will find a solution for this problem
by finding appropriate Running Profiles with the aim at minimizing Required Capacity of ESDs. In addition, the optimal

Running Profile that ensures the Energy-saving operation of CPT-powered train also will be considered.
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A Study on Inductive Contactless Transfer for Railways

Hideki Matsuoka

Although electric railways require low energy and emit fewer CO2, it is a problem that initial costs for feeder facilities such

as catenary lines are high. One of the solutions for this problem is a contactless power transfer system which feeds stopping

trains in stations.
In this research, an inductive power transfer, which suits high power transfer, is adopted and the decline of efficiency under

misalignment, which is a disadvantage of inductive power transfer, is focused. Comparing several shapes of cores and

compensate circuits, high effective system even under misalignment is proposed.
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Practical Design Method of a Transverse Flux Linear Synchronous Motor for Compact Size, Small Mover Weight, High
Efficiency, and Low Material Cost Using Graphical Mapping
Shin Jung Seob

The permanent magnet linear synchronous motor (PMLSM) has provided a good solution to many applications in industrial
areas. Especially, PMLSMs with the transverse-flux-topology (TF-PMLSM) is suitable for applications in which large thrust at
a low speed is required, such as 5-axis machining center, laser soldering, and wire electric discharge machine.

On the other hand, motor designers design PMLSMs in a certain designated volume according to user's (or application
designers) requirement for thrust and have to provide users with PMLSMs with thrust in compact size, small mover weight, and
high efficiency at a low cost as possible. Once volume is determined, the range of performance for which motor designers can
design is also determined. For that reason, estimation of the appropriate volume to achieve compact size, small mover weight,
high efficiency, and low material cost in the preliminary design stage is the important factor which motor designers have to
consider as a start point of the design for the thrust requirement from users.

Typically, motor design are conducted with a large number of parameters, including material data, structure of the armature
and field sides, and winding patterns etc. The finite element method (FEM) has been employed for the design of TF-PMLSM
because it provides highly accurate design results. However, considered volume design as a start point of the design for the
required thrust in the preliminary design stage, using FEM is computationally expensive and results in enormous amount of
time for design. Using optimization theory is one of the good alternative to save design time in the TF-PMLSMs. However,
theory itself is sometimes difficult to understand and a large multi-dimensional design parameter space inevitably increases the
complexity of the optimization.

In this research, we propose the practical design method of TF-PMLSM using graphical mapping which is useful for
estimation of the appropriate volume as a start point of the design for the thrust requirement to achieve compact size, small

mover weight, high efficiency, and low material cost in the preliminary design stage.
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A Study on Enhancing the Performance of Linear Metro Driven Railway
-- Improve the Design of the Secondary part of Linear Induction Motor and
Energy-saving on Automatic Train Operation --

Ninh Van Cuong

Urban transportation systems are required to reduce construction, maintenance, and operating costs, and improve comfort
and convenience, as well as to be environmentally friendly. Japanese companies have been working on the development of the
linear metro since the 1970s to meet these requirements. Driven by a Linear Induction Motor (LIM) and employing a steel
wheel/steel rail track system, the linear metro is an advanced urban transportation system offering a wide range of features that
are not available in other train systems. On the other hand, in comparison with traditional driven system, LIM driven system
has low efficiency and power factor, because LIM has special characteristics and inherent problems due to the non-continuity
of the magnetic field. Longitudinal end effect and transverse edge effect are two major electromagnetic phenomena of LIM,
which makes the analysis, design and control of this motor difficult. At this moment, based on the fundamental mathematics
and formulation of the simplified field calculation, by using 3-D numerical analysis, the influence of the finite length of the
primary part and the finite width of the secondary part will be considered in LIM performance. In order to reduce the influence
of the non-continuity of electromagnetic field, based on the end-ring solution for rotary induction motor, the use of cap for
secondary reaction plate has been considered in my research for designing new generation of LIM for linear metro system. In
addition, saving energy in Automatic Train Operation (ATO) for linear metro will be positively thought by electric control of

braking and driving mode.
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Rapid design optimization using response surface methodology
and its evaluation of transverse flux type linear wave generator

Ryuji Watanabe

Recently, ocean energy conversion has been of great interest in the industrial field. Generally, large power density, low cost,
and easy maintenance are important technical requirements for wave power generation. The transverse flux type permanent
magnet linear synchronous generator (TF-PMLSM) is an ideal alternative in which the flux is carried in the iron-back in a plane
transverse (perpendicular) to the direction of motion and current flow.

However, the process for manufacturing conventional transverse-flux-type topologies is generally difficult because of the
complex structure resulting from the presence of a 3D magnetic circuit, which limits its application for wave power generation.
For solving these problems, the rapid optimal design method based on response surface methodology and three-dimensional
(3D) static analysis is proposed. Four models, 4-poles model, 8-poles model, 12-poles and squared model, which have simple
structure are designed by using proposed method. The validity of proposed design method is also confirmed.

As the results, the design error is about 4%, and design time is decreased to 7.4%. Moreover, linear generator which has

advantage in output power and cost is designed.
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Hybrid Position and Speed Control of Long Stroke Linear Synchronous Motor
Qi Zhao

Advanced motion control like field oriented control required accurate position and velocity signals to realize better
performance. In conventional linear control systems, linear optical-electrical encoders, linear induction synchronizer and laser
interferometer is applied to get these signals. In addition,rotating motors require only one sensor in the shaft, but in linear
motors, the sensors have to disperse along with roadway. These sensors increase the costs of the system and decrease the
reliability. Therefore eliminating position sensors is more important in linear motors than in rotating motors.

Thus, for low cost and high reliability, we would like to implement sensorless control based on Back-EMF for long stroke
linear synchronous motor. But Back-EMF based sensorless control showed bad performance at low-speed range. Therefore,
several position detectors are used at two ends of motor to fulfill position control of linear synchronous motor, which needs
transition from speed sensorless control.By combining position and sensorless speed control of long stroke linear synchronous

motor together, it is hoped that low cost and high reliability could be achieved.
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Bi-articular Actuation in Robot Arms: Resolving Actuator Reduncancy Using Infinity Norm with Closed Form Expression

Salvucci Valerio

Bi-articular actuators - actuators spanning two joints - are gaining popularity for solving the known limitations of
conventional robot arms. In contrast with kinematic redundancy, actuator redundancy resulting by the presence of bi-articular
actuators increases stability, transfers mechanical energy from proximal to distal joints, and decreases the non-linearity of the
end effector force as a function of force direction. From a control point of view, bi-articularly actuated robots often present
more actuators than joints, resulting in actuator redundancy. The resolution of actuator redundancy represents a key point in the
control design for such robots.

We propose a redundancy resolution approach based on infinity norm optimization criteria. The proposed approach is
expressed in a closed form expression (no need for iterative algorithms) to be implemented in real time. The solution is
expressed by piecewise linear functions continuous in all the domain.

The proposed solution has been compared with the widely used pseudoinverse matrix, and shown to lead to a greater

maximum end effector force and a higher performance in intrinsic stiffness modulation.
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A Constrained Cascaded Generalized Inverse Ensuring Continuity in Redundancy Resolution

Baratcart Travis

Redundancy is a useful criteria, endowing systems with fault tolerance and dexterity while operating in dynamic and
unpredictable environments. However, when these redundant degrees of freedom are not being employed in solving a particular
problem, how best to distribute input contributions is ambiguous. This problem of redundancy resolution has been the subject
of a great deal of deliberation, however the vast majority of implementations have chosen to make use of the 2-norm in
resolving systems due to its simple implementation in general systems. To address the shortcomings of 2-norm resolution,
while retaining the benefits of its simple implementation, we have introduced three resolution methods. Two methods have
been introduced improving upon the concern of the limited resolvable output space of the 2-norm. The Extended Cascaded
Generalized Inverse (eCGI) comprises the largest present extension of 2-norm resolution for general systems, though bares
the possibility of discontinuity, like other existing methods. The Continuous Cascaded Generalized Inverse (cCGl) then
represents the largest extension of 2-norm for general systems which ensures continuity. In a more specific implementation, the
2-norm and the infinity-norm were successfully combined in a continuous switching system for the resolution of biarticular
actuation redundancy. This switching system allows for the benefit of both systems' physical advantage in all corresponding

regions of interest.
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Human activity virtualization for daily life support using a personal mobile robot and digital devices

Wee Hong Ong

In the modern society, human activity support or assisted living technologies are useful to address various social needs such as
personal assistant and elderly care. However, such technologies have not been accessible to average people in real home setting
due to the expensive infrastructure requirement. This research study the solution with a system composed from affordable
consumer devices-personal digital devices and low-cost mobile robot. Currently, we are working on the core functionality of
such system: human activity recognition. We are taking the approach of unsupervised learning to detect human actions with
features constrained by human range of movements. Unsupervised human activity recognition will be an enabling technology

for self-learning human activity support intelligent systems, be smart space or personal assistant robot.
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