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Estimation of Wheel/Rail Contact Conditions Based on State Space Model Using Acquired Data

by Instrumented Wheelset

Shoya KUNIYUKI

Takefumi MIYAMOTO

Takatoshi HONDO

Mitsugi SUZUKI
Kimihiko NAKANO

This paper describes a practical method of estimating wheel/rail contact conditions using the measurement

data from an instrumented wheelset. The aim is to improve the accuracy of running safety evaluation without

significantly increasing measurement costs. This method uses state-space theory and a Kalman filter-based state

estimator to calculate contact conditions of a wheelset, including the angle of attack, contact positions and

friction coefficients. Estimation results obtained through vehicle dynamics simulations demonstrate that the

proposed approach reliably estimates contact conditions in curved track sections with radii under 600 m. The

feasibility of the method was validated using running test data, which demonstrated that it provides an efficient

solution for estimating contact conditions.
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Development of a Tri-axial Magneto-optical Probe for Measuring Magnetic Fields in the Low-frequency Bands

Yoshihito KATO

Masateru IKEHATA

When measuring low-frequency magnetic fields related to rolling stock, multiple sensors are needed.

Therefore, we developed a system that uses a tri-axial magneto-optical probe to measure magnetic fields. This

probe is capable of wideband measurement, which enables measurement with a single device. A mechanism was

constructed by incorporating optical elements, etc.to detect magnetic fields in a direction 90 degrees that is

different from that of conventional single-axial magneto-optical probes. These were then combined to create a

tri-axial probe. We confirmed through performance verification tests that using a low noise laser in the low-

frequency band as the light source significantly improves the noise characteristics below 100 Hz.
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Application of Liquefied Stabilized Soil in Construction of Railway Earth Structures

Susumu NAKAJIMA

Yuki KURAKAMI

Keisuke OTA

The authors propose a specification of the Liquefied Stabilized Soil (LSS) for use in parts of earth structures

affected by repeated train loads on the basis of FEM analysis. This study also clarifies the required strength and

deformation characteristics of LSS for railway embankments, having conducted a series of laboratory tests and

test construction. The study found that LSS can be made stable under repeated train loads if sufficient density

and stress ratio are achieved. Laboratory tests and long-term monitoring of the test constructed LSS also show

that constructing a protective layer above the LSS layer is highly effective in maintaining the LSS in wet

conditions and reducing the vertical stress acting on its surface in accordance with the proposed specification.
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Basic Study on Crack Detection Method for PC Sleepers Using Deep Learning Model

Shintaro MINOURA

Tsutomu WATANABE

PC sleepers are an important component of railway tracks, contributing to the speed and safety of trains. In

recent years, cracks have appeared in the longitudinal direction of some PC sleepers due to alkali—silica

reactions, raising concerns about the efficiency of maintenance of these PC sleepers. Therefore, this study

proposes using a deep learning model to estimate the position and length of cracks from top surface images of

PC sleepers taken by a camera mounted on a maintenance vehicle. Examining the applicability of this method

confirmed that this method can estimate the position and length of cracks on PC sleepers while preventing false

detection of ballast and fastening devices. In addition, it was shown that this method can be employed to identify

areas with a high concentration of cracks, as well as analyse crack patterns on commercial lines.
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Experimental Analysis of Mechanism of Steady State Caused by Huge Earthquakes
and Development of an Effective Stress Analysis Method for Sandy Soil

Tomoya ONODERA Ryuichi IBUKI Jun IZAWA

Kiyoshi FUKUTAKE Takatoshi KIRIYAMA Souichi MABUCHI Tsuyoshi KODAMA
When designing railway structures to withstand huge earthquake motions, it is necessary to evaluate the
response of ground using effective stress analysis. It is known that the “steady state” occurs during large soil
deformation. In this steady state, shear strain increases while stress remains constant. Currently, there have been
few researches on the steady state mechanism under actual ground conditions. This study examined the behavior

of sandy soil under large deformation conditions using elemental tests with Toyoura sand. Then, an effective

stress analysis method which can reproduce the steady state behavior was proposed.
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Validation of Natural Frequency Identification Method for

Individual Bridges and Viaducts, Excluding the Effects of Adjacent Structures

Kazunori WADA

Kimitoshi SAKAI

The natural frequency of railway bridges and viaduct groups is used as an integrity assessment index for

substructures. However, this may include the effects of vibrations of adjacent structures, and there is a possibility

that the vibration characteristics cannot always be evaluated clearly. From this reason, the authors theoretically

derived a method for identifying the natural frequency of individual bridges and viaducts, using the natural

frequency and natural mode of the entire structure evaluated by microtremor observation. In this paper, we

verified the applicability of the proposed method to railway bridges and viaducts by conducting a 3D dynamic

analysis based on real structures and measurements. The result showed that the natural frequency of the

substructure could be identified with an error of about 10%. Therefore, by identifying the natural frequency of

the substructure using the proposed method, it is possible to improve the integrity assessment of structures after

an earthquake.
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Support System for Preventing a Decline of Train Driver’s Alertness Levels

Ayako SUZUKI Kei HOSHINO Masahiro HONDA Takeshi HARA

We developed a system to estimate train drivers’ alertness levels from facial images and issue alerts. A
laboratory experiment with general participants showed an accuracy of 80.1% for the eye region and 87.0% for
the mouth region. Testing on operational trains confirmed accurate image capture and real-time alertness
estimation under various lighting conditions. Using data from 13 operators, the model trained on 10 operators
achieved 85.7% accuracy for the eye region and 71.9% for the mouth region when evaluated on the remaining 3.

The alert sound received a high effectiveness rating of 5.3 out of 6, and device usability was rated 4.4 out of 5,

demonstrating strong positive evaluations.
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Design Methodology for Railway RC Viaducts Using BIM/CIM Models

Ryota KONISHI

Ken WATANABE

BIM/CIM can prevent rework in the construction process by allowing more time for the design process to be

considered, and it can also shorten the total time taken for the design and construction processes compared to

work that uses conventional two-dimensional drawings. This paper presents a new approach to design that links

BIM/CIM models with design calculations. It proposes a program that automatically generates a three-

dimensional frame analysis model from BIM/CIM models, and improves upon the conventional design and

construction process.
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