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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

occurs, 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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Study of Rescheduling Considering Congestion
KAZUKI MAEDA

Railway is highly punctual for having a dedicated track, especially the railway of our country has high punctuality even in
the worldwide. But when there is bad weather , an accident, or an equipment failure, it is not possible to make a punctual
operation. Operation control is the adjustment operation that halts the reduction of delayed propagation and less operation
number and quickly revives the railway into regular operation. According to the previous study of laboratory, the model that
considering the changes of passengers’ actions due to the riding rate is proposed. It has been shown that it is possible to build a
closer model to real railway system reappearing the situation of the station by this system. However, as a point what is not
considered in the prior research model, there is influence of passenger number of the station to the train stop time at the station.
In this study, constructing the Mathematical Modeling due to the relationship between the passenger number and station stop
time, the driving organization creation system is created considering the number of people getting on and off. Also it is
intended to examine the influence of the operating arrangement when the number of passengers changes due to transfer

transported using the generated system.
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A Permanent Magnet Transverse-Flux Type Linear Synchronous Motor for Industrial Machine Tools

SHIN JUNG-SEOB

Machine tools are widely used for machining large metal structures and complex helical surfaces in many industries, e.g.,
aerospace, shipbuilding, and automobile industries, since they contribute to high-level products in factory automation. Many
types of machine tools have been developed, including a machining center, a milling center, and a wire electric discharge
machine. Their sizes depend on the sizes of their workpieces. Technical requirement for high performance of machining tools
has been increased with rapid industrial development. One of the key factors for determining machining performance is
translational drive mechanisms for conveying works and tools. Two methods are generally used to realize such translational
motions. One method is the use of rotary motors with rotary-to-translatational mechanical converters. Such converters can be
designed at low costs with large thrust densities as a consequence of intensive industrial development. However, such
mechanical conversion produces large noise and friction, which eventually leads to deterioration of positioning accuracy and
energy loss. The second method is to employ linear motors. Here, a direct linear drive is possible, which can yield low noise,
easy maintenance, and high positioning accuracy. Several types of linear motors are available. In particular, because of the
advent of rare-earth permanent magnets, a permanent-magnet linear synchronous motor (PMLSM) has been used in
applications in which large thrust densities and high positioning accuracies are required. The requirement of PMLSMs applied
to machine tools include large thrust, simple structure, ease of assembly, high positioning accuracy, and the possibility of
long-stroke drive. Users and machine designers want their motor designers to provide a PMLSM possible as cheap and fast as
possible which meets the requirements of thrust and size with long lifetime. In order to meet the requirements from the users,
the motor designers have to comprehensively investigate the aspects of structure, design, and control. Several types of
PMLSMs were developed, including the single-sided core type, double-sided core type, coreless type, tubular type, and
transverse-flux type, and they have been applied in many industrial fields. However, there was no type of linear motors which
simultaneously satisfied the following technical requirements; systematic and straightforward magnetic circuit design, ease of
mechanical support with small attractive force, simple, compact and robust structure, and large thrust with small thrust ripples.
The purpose of this research is to develop a PMLSM comprehensively applicable to machine tools with high performance. This
dissertation mainly focuses on the following four issues. The first is to propose structure of a functionally versatile
"Double-sided transverse-flux type PMLSM (DSTF-PMLSM)”  in machine tools. The second is to propose two simplified
magnetic circuit design approaches to save design time at a preliminary design stage which are useful not only to the
DSTF-PMLSM but also to other recent transverse-flux type PMLSMs. The third is to verify position-control performance with
accuracy of 1 [] m of the prototype model of the DSTF-PMLSM designed as uses in 5-axis machining center including the
proposed two simplified magnetic circuit design approaches. The fourth is to evaluate the proposed model by comparison with
other recent proposals in the aspects of structure, performance, and material cost to verify the current status and goodness of the
proposed model. The results of this research show that the DSTF-PMLSM is more widely applicable to machine tools, and the
proposed two simplified magnetic circuit design approaches are useful to save design time at a preliminary design stage of

transverse-flux type structure.

10



201 4 FEESEER 4. WFZEER

A=Y AW EEMNERHICE D XAABER Y =7 RHT—% O EHIE

& B

V=7 RIA 7%, EEHGR, RESLAZEEREZR EDZ OB CILEHshTnd, EW= 7 K7
AT ONLET 4 — RNy ZHIEOT=OIZ, FlziX, V=T=ra—Xo X ) rEfgEe ik, <054,
THEHBROTEDIZEMITH D, Fio, HYSCHIEREIZIHV, O XS5 ITREWMER HERN) =7 R4 7
DOOLET 4 — RNy ZHIEIO - DICnE L Sd, Bxld, vy I T v 7 T7—7 MIE-T, =kl
MU CTRFIZRAERIE TEZTRE LTz, A— VORI, RO/ RN IERLEOEEITH D L H)EELE O
WEZE Db LR—VEDMGERE 257 —7 X, HiEEE Y, T—2fEIX, B —7, Br
PERALTHEREIND, T—ZB™BEIL, 2 SOF— Lt VOHNEENTFAENT & ZICE—XIEE R
— VI ITETEZE YO HEBE LIV Yy 7 T v 7T =T ML > THELND, FxiTER, v be—F
INTA—HRELHE  HEEZGTeRARA Y =7 [FE— 4 ONLEHEERE S 27 AMIERE Y TS,

Position Control of Permanent Magnet Linear Synchronous Motor Based on Simplified Position Detection Using Hall

Sensors
ZHAO QI

Linear drive is widely used in many areas such as industrial applications, civilian applications and public transportation.
For position feedback control in long linear drives, high-resolution sensor such as a linear encoder is often expensive for
industrial applications. It is also weak to contamination and disturbance environment. Thus economic position detection is
required for position feedback control of long linear drives. We proposed an economic position detection method using Hall
sensors by look up table. The table which gives the corresponding relationship between the Hall sensors output voltages and
motor position is built by using the peak, zero, though points of the Hall sensors output voltages and assumption that the
magnetic field flux distribution is approximate sinusoidal. When motor moves, two Hall sensors outputs voltage are read in.
Motor position is obtained by look up the table considering the monotonicity of Hall sensors output voltages. We also focus on
the position control drive system of Permanent Magnet Linear Synchronous Motor including controller parameter

determination and speed estimation.
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Characteristic Test Method and Control for Maximizing Power Generator of a Linear Synchronous Generator Applied to an

Ocean Power Plant
GUO RUIJUAN

Armature resistance and electromotive force can be identified by conventional DC test and no load test. However, d-axis
and g-axis inductances shall be measured by a new method. Authors propose to apply single-phase small AC-voltage to three
phase winding to identify the two inductances by fixing mover to certain position. The proposed method will be explained in

detail by numerical and experimental case studies.
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Design of Linear Reluctance Generator for Wave Power Generators.

HIDEKI MATSUOKA

Compare to rotating generators, linear generators are supposed to have higher efficiency because there is no need to convert
vertical movement of wave into horizontal movement by means of mechanical gears. In addition, reluctance generators are rare
earth elements free generators. Although their lower power density is a disadvantage, their simple and robust structure is suit
for off-shore wave power generator, whose frequent maintenance is difficult. Since linear reluctance generators are not
commercially operated, optimized design which compensates its low power density is important. In linear generators, not only
design but also test is important because linear generators have higher end effect, which needs test by means of real machines.
However, there are no standardized test methods of linear generators, reasonable evaluation by linear generator and motor unit

also must be invented.
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Research on Optimisation of Scheduling and Running Power Control of Train Groups for Power Load Reduction on Railway
Systems
Shoichiro Watanabe

In this study, a method of scheduling and running power control of train group are analysed in order to contribute
sustainable transportation systems .In running curve design, power-limiting braking is considered because this braking method
can maximise regenerative energy. This running curve design involving power-limiting braking can apply for conventional
scheduling easily because this design method has a restriction of keeping running time. This means that this design method can
maximise regenerative energy in restriction of conventional scheduling, and this method has been experimented on on-track test
by using on-board computers and assistance interface devices in order to apply for an actual driving. In scheduling design, |
propose the estimation of OD (Origin and Destination) of passengers and installing rapid service aims for reducing energy
consumption and congestion. This scheduling design is one of the optimization problems so that Mixed Integer Programming
method is considered. The background of this motivation has an relationship between rapid service for workers and local
service for elders in declining birth rate and the graying of society.To combine these two design methods, | analyse an
energy-saving effect of scheduling based on running curve with power-limiting braking. | prepare a case study model involving
ATO (Automatic Train Operation) for on-track test because ATO system has an advantage of driving operation. In addition, |
analyse an efficiency of enhancing hardware of rolling stocks, focusing on linear metro. The end effect and magnetic attractive
force are considered because these has an effect on running resistance of rolling stocks.Now | am preparing and discussing in
detail for on-track test. In addition, I am building out the calculation systems to analysis the electric-load leveling in electric

railway.
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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

Railway transportation is facing increasing pressure to reduce the energy demand of its vehicle due to increasing concern for
environment issues. Therefore, strategies in effectively using energy are becoming even more important, and studies on
operation method of train to reduce the total energy consumption are necessary, also. Since the total energy consumption can be
modeled as a function depending on the running curve, it is possible to optimize the total energy consumption by searching an
optimal running curve, given constraints of running time and motor force. However, the solution for this energy optimization
problem is not easily obtained because the cost function demonstrating the relationship between the total energy consumption
and the running curve is very complicated due to the nonlinear model of train, and because there are also nonlinear constraints
given such as running time and motor force, etc. Therefore, in this research, we focus on studying (1) Modelization Methods to
obtain the cost function and the constraint function based on a novel parameterization method of the running curve, and (2)
Effective Optimization Techniques to solve the optimization problem. If both of above problems would be solved, Driver
Guidance systems or Automatic Train Operation (ATO) systems are able to take advantage of pre-calculated running curve.
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Efficient Measuring Method of Electric Rolling Stocks’ Running Resistance Speed Characteristics by Using Information of

Motor Tractive Force
TAKERU MIURA

In this study, the efficient measuring method of electric rolling stocks’ running resistance is proposed in order to more high
precision energy calculations. Energy loss from running resistance occupies a large part of the rolling stocks’  running energy.
Using proposed method, the running resistance is measured in the experiment. Features of the proposed method can be
measured running resistance more efficient, by measuring running resistance in acceleration. Measuring running resistance
more efficiently enables high precision energy calculation which reflects parameters for each railway vehicle. Generally, A
rolling stocks”  running energy calculation does not reflect the parameters for each railway cars.
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A Proposal of a Stationary Wireless Power Transmission System in Electrical Trains and a Sensorless Positioning Control of
On-board Coils

LUO SIGANG

This paper studies WPT system for electrical trains. It discusses about the current drawbacks of using catenary&pantograph
system for railway power supplying and mentions the merits of using WPT as a solution. About stationary WPT system, this
paper mentions one of the biggest problems for its stable and efficient operation, that is coil misalignment. Then presents a coil
position control system which can be used in railway applications, as a solution. For this coil position control system, as
sensorless method to detect the position of coils is presented, which also shows a strong tolerance to vertical deviation of gap.
As the result, the presented system is able move coils to the expected position with error less than 6.25% coil length, when gap
deviation happens within (-50%~+100%).
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Design of Efficient Wireless Power Transfer via Magnetic Resonant Coupling using Multiple Transmitter Coils

HIROKI NARITA

Wireless Power Transfer (WPT) is expected as a novel power feeding method where conventional wiring is difficult or
causes problems.In case of Longitudinal WPT such as dynamic WPT, if transmitter coil is single and long type, there is high
frequency current even if there is no receiver coil. However, this case is not proper in the view point of transfer efficiency
improvement and electromagnetic compatibility. Also multiple transmitter with individual power source can reduce rated value
of transmitter. In this research, requirement of voltage of transmitters for maximizing efficiency and control method for
realization of maximum efficiency using voltage/current of transmitters were discussed and confirmed by numerical simulation.
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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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Control Design for Redundant Robotic System

QUIRIN DIDIER

Kinematically redundant manipulators have the advantage of presenting more degrees of freedom than necessary for
performing a task, i.e. the dimension n of its joint space is greater than the dimension m of its task space. This allows the
existence of a infinite number of inverse kinematic solutions giving the manipulator the property of self-motion. Criterion can
hence be applied to utilize this free-space to extra sub-tasks, such as joint limits avoidance, obstacle avoidance, or other
performance criteria. Despite the clear advantages of redundancy, it also brings difficulty in term of resolution. We propose a
novel redundancy resolution approach based on infinity norm optimization criteria. Previous work on infinity-norm for
kinematically redundant actuators only proposed teduous algorithm to find a suitable solution. The proposed approach is
expressed in a closed form expression (no need for iterative algorithms) to be implemented in real time. This method also
brings forth the advantages of infinity norm resolution, which protects joints from over-exertion. In performing the resolution at
the acceleration level, this approach minimizes the maximum joint velocities and accelerations and allows a smooth motion for
safe operation.
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Experimental demonstration of resolution of kinematic redundancy based on co-norm
Moto Kawanobe

As the study of redundancy resolution , on the theme of resolution of kinematic redundancy in multi-joint robot arm ,
proposed a new redundancy resolution of Fasteo-norm and compared with the 2-norm and traditional co-norm . Fasteo-norm
combines the advantages ,he advantage of high-speed calculation of 2-norm , the advantage of maximizing the output of oo
-norm, a better approach than the conventional method but it has not demonstrated. it is just hypothesis so | was verified its
utility experimentally . Moreover , a conventional study for oo-norm, has been made for actuator redundancy between joints
and actuators , so it is not a study considering the dynamics . In this study , I did research between input current to the actuator
and the tip speed output of the Robot arm that takes into account the dynamics between.
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