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Message from Managing Editor Message from Managing Editor 

The special series “The Initiatives of its Technology Divisions,” which has presented the research highlights of RTRI’s 
center and twenty research divisions since Ascent No. 13, concludes with this issue.

This edition features a broad spectrum of breakthroughs in railway technology—including state-of-the-art Maglev 
systems, superconducting power supply, enhanced earthquake resilience, vehicle safety innovations, and digital so-
lutions to improve maintenance efficiency. Readers will discover the latest achievements driving railway innovation.

Additionally, we introduce "RESEARCH 2030," RTRI’s new five-year master plan launched in April 2025, detailing our 
key initiatives for strengthening resilience to natural disasters, leveraging digital technologies, advancing decarbon-
ization, and enhancing safety toward sustainable railway systems. The master plan also focuses on the promotion 
and expansion of joint research with overseas institutions; notably, in July, RTRI concluded a new cooperation agree-
ment with a German research center for railways. Through these efforts, RTRI continues to advance its research and 
development activities.

Hisayo DOI
Managing Editor
General Manager (International Affairs), 
Research & Development Promotion Division
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Articles

Maglev Systems Technology 
Division

 The Maglev Systems Technology Division is committed to advancing fundamental 
research on superconducting magnetically levitated transport systems (hereinafter 
referred to as “superconducting Maglev systems”). Our mission extends beyond basic 
research; we are leveraging the findings and insights gained from a comprehensive 
series of research and development (R&D) efforts to enhance conventional railway 
systems. Our exploration of high-temperature superconductivity spans a considerable 
period, during which we have effectively integrated basic and applied R&D efforts. 
This integration has enabled us to refine core technologies and develop practical 
applications across various facets of conventional railway systems. Here, we present a 
selection of recent research projects undertaken by the Maglev Systems Technology 
Division.

Introduction

The Maglev Systems Technology Divi-
sion evaluates both the ground coils for 
superconducting Maglev systems and the 
magnetic fields associated with conven-
tional railway systems. Our division has 
also dedicated significant resources to a 
diverse array of R&D projects focused on 
superconducting technology. Our founda-
tional research focuses on the fabrication 
of high-temperature superconducting 
materials and assessing their performance. 
In applied research, we focus on enhanc-
ing winding and coiling technologies for 
superconducting materials. Additionally, 
we are advancing the development of in-
tegrated approaches combining supercon-

Dr. Masaru TOMITA
Director, 
Head of Maglev Systems Technology 
Division

ducting technology with essential railway 
technologies such as power transmission, 
energy storage, and power converters. The 
Maglev Systems Technology Division has 
consistently devoted substantial resources 
to R&D aimed at the practical implementa-
tion of superconducting Maglev technol-
ogy in real-world railway operations.

Maglev Railway System and 
Technology

Evaluation of Remaining Life of 
Ground Coils
Basic Configuration of Superconducting 

Maglev System and Structure of its Ground 
Coils  shows the basic configuration of 
the superconducting Maglev system and 
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the basic structure of its ground coils. In 
superconducting Maglev systems, a large 
number of ground coils installed along 
the sidewalls of the guideway makes du-
rability a critical factor. Consequently, we 
engaged in R&D aimed at evaluating the 
service life of ground coils. Ground coils are 
electromagnets responsible for generating 
propulsion, levitation, and guidance forces 
for vehicles and can be categorized into 
two types: propulsion coils and levitation-
guidance coils. The levitation-guidance 
coils generate levitation and guidance 
forces through their interactions with su-
perconducting magnets. During the opera-
tion of Maglev vehicles, these ground coils 
vibrate due to the reaction between the 
levitation and guidance forces. Therefore, 
the ground coils must have mechanical 
strength and dynamic durability against 
vibrations. To address this, we conducted 
electromagnetic excitation tests in a 
stationary setup using superconducting 

magnets and levitation-guidance coils. The 
results from our numerical analysis and the 
obtained vibration data confirmed that an 
electromagnetic force equivalent to that 
experienced at 500 km/h could be applied 
to the levitation-guidance coil. Looking 
ahead, we plan to conduct long-term elec-
tromagnetic excitation tests to assess the 
remaining service life against vibrations.

Image Processing Technology
To evaluate the mechanical strength of 

ground coils, it is essential to understand 
the strain induced by electromagnetic 
forces during vehicle passage and defor-
mation from temperature rise in windings. 
Conventionally, strain gauges have been 
employed to measure strain; however, as-
sessing strain distribution across the entire 
ground coil necessitates numerous sensors, 
complicating actual measurements. To 
overcome this problem, we examined the 
application of the digital image correlation 

(DIC) method, which analyzes deformation 
in images captured by cameras to measure 
strain. By pre-applying a random pattern to 
the ground coil surface and energizing the 
windings, we were able to by a observe the 
deformation caused temperature increase 
through image processing. This approach 
enabled us to measure the strain near the 
coil windings (Strain Evaluation of Ground 
Coils Using Digital Image Correlation 
Method ). We plan to use this technique to 
further strength evaluations.

Evaluation of Low-Frequency Mag-
netic Fields in the Railway Environ-
ment
The evaluation of magnetic fields gener-

ated by superconducting magnets installed 
on the Maglev railway system began 
during running tests at the Miyazaki Test 
Center, a facility of the Railway Technical 
Research Institute (RTRI). Leveraging the 
expertise from these early experiments, the 

Mold resin
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Lower coils

Conductor (aluminum)
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direction
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Superconducting magnet
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Guideway
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Maglev Systems Technology Division cur-
rently conducts measurements and evalu-
ations of magnetic fields in conventional 
railway vehicles, including the Shinkansen. 
During this process, we developed a Mag-
netic field visualization device to simplify 
the understanding of magnetic field dis-
tribution. Additionally, for detailed evalu-
ations at specific locations, we developed 
a new tri-axial magneto-optical probe that 
utilizes light as a magnetic field sensor (AC 
Magnetic Field Visualization Device (Top) 
and Magneto-Optical Probe for Railway 
Magnetic Field Measurement (Bottom) ). 
This measurement probe detects magnetic 

fields using a phenomenon known as the 
Faraday effect. It can be applied for mea-
surements over a wide frequency range.

Superconductivity

Fundamentals of Superconductivity
High-temperature superconducting 

materials are generally classified into two 
primary forms: cylindrical bulk materials 
used for magnetic field applications and 
longitudinal tape-like materials for power 
transmission. Despite differences in shape, 
both types utilize similar materials and 
fabrication processes, including the mix-

ing, forming, and sintering of raw material 
powder. Our laboratory focuses on the 
fabrication and evaluation of these high-
temperature superconducting materials, 
with all basic research activities conducted 
entirely within the institute.

Bulk materials are produced by packing 
mixed powder into a mold, pressing it into 
a disk shape, and sintering it in an electric 
furnace. To achieve uniform crystal orienta-
tion during sintering, crystals are grown 
via the melt-solidification method using 
a single-crystal seed. This technique pro-
motes crystal growth from the center out-
ward. Precise control of temperature and 
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composition is critical for uniform crystal 
orientation. Our research focused on the 
following aspects: minimizing factors such 
as particle size, controlling the composi-
tion of the powders to be synthesized, and 
temperature conditions during sintering in 
an electric furnace (Development of Super-
conducting Technologies  ).

For tape materials, powder is filled into 

metal tubes and drawn into tapes using 
rolling machines, which helps align the 
crystal orientation. Microscopic examina-
tion revealed impurity phases within the 
tape, which disrupted the continuity of the 
crystal plane of the superconductor. We 
reduced these impurity phases and con-
trolled crystal orientation by adjusting the 
sintering temperature and applied pres-

sure. Additionally, a method for aligning 
crystals on a metal substrate exists. 

Based on these research outcomes, we 
are advancing evaluation techniques and 
technologies for winding and coiling. 
Through prototype testing of cables and 
coils, we aim to develop superconducting 
devices for railway applications, including 
power transmission and energy storage.
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Superconducting Feeding Systems
In electric railways, power transmission 

losses and voltage drops occur due to 
electrical resistance of the transmission 
lines delivering electricity from substations 
to vehicles. Substations are strategically 
located to ensure a reliable power supply 
for railway operation, particularly on ur-
ban lines. To mitigate issues related to in-

creased electrical resistance from multiple 
substations, we are developing supercon-
ducting feeding systems. By utilizing super-
conductors with zero electrical resistance, 
we expect energy-saving benefits, includ-
ing reduced transmission losses, improved 
regenerative efficiency, and consolidation 
of substations1). Our R&D began with stud-
ies on high-temperature superconduct-

ing materials, followed by optimization of 
cable structures and system experiments. 
This process culminated in demonstration 
testing on a test track within our facilities. 
Subsequently, we connected a 408-m su-
perconducting feeder cable to a section 
between the Hino and Toyoda stations on 
the JR Chuo Line. By running a 10-car E233 
series train, we confirmed that the voltage 
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1) “Superconductors drive trains,” Nature, Vol.542, p.275, 2017.
2) Railway Technical Research Institute, “Superconducting Feeder Cable Systems– 
Running Test Conducted on 1500 V DC Chuo Line–,” News Release, August 6, 
2019, https://www.rtri.or.jp/eng/press/2019/nr201904_detail.html.

3) Railway Technical Research Institute, “RTRI Starts Verification of World’s First 
Power Transmission For Commercial Line Operation Through Superconduct-
ing Feeding System,” News Release, March 13, 2024, https://www.rtri.or.jp/eng/
press/nr20240313.html.

References

drop was suppressed on an actual railway 
line2). At the Miyazaki Test Center, we are 
currently advancing the construction of a 
long-distance (km-scale) superconducting 
feeding systems designed for intersubsta-
tion connections. These R&D efforts aim to 
realize practical superconducting feeding 
systems that will revolutionize the energy 
efficiency and reliability of railway opera-
tions (Superconducting Feeding Systems ). 
These advancements will lead to a more 
sustainable future for electric railways.

Conclusions

Over a century has elapsed since the de-
velopment of superconducting, magneti-
cally levitated transport systems. During 
this time, numerous innovations emerged 
alongside the Maglev railway system. For 

instance, superconducting feeding systems 
transmitting power using high-tempera-
ture superconductors officially approved 
by the Ministry of Land, Infrastructure, 
Transport, and Tourism as railway equip-
ment. The world’s first demonstration of 
superconducting power transmission in 
commercial operation is being conduct-
ed3). This technology offers a fundamental 

solution to issues caused by electrical resis-
tance in conventional railway systems. We 
will continue to refine superconductivity 
and other innovative technologies to ad-
dress the challenges faced by the Maglev, 
Shinkansen, and conventional railway 
systems. Our aim is for these technologies 
to significantly contribute to the future of 
railway systems.
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Articles

Center for Railway Earthquake 
Engineering Research

 Among natural disasters, earthquakes are particularly 
destructive, capable of causing exceptionally severe 
damage when they occur. The Center for Railway 
Earthquake Engineering Research focuses specifically on 
earthquake-related disasters, aiming to ensure the safety 
and security of railway systems against seismic hazards. 
Our comprehensive research and development (R&D) 
efforts span from preventive measures to post-disaster 
restoration, addressing both software and hardware 
aspects. Moreover, as the only organization at the Railway 
Technical Research Institute (RTRI) officially designated 
as a research center, we are committed not only to R&D 
but also to actively disseminating information about our 
R&D outcomes externally. Here, we introduce some of the 
representative R&D projects undertaken by the Center for 
Railway Earthquake Engineering Research.

Dr. Kenichi KOJIMA
Principle Researcher, 
Former Head of Center for Railway 
Earthquake Engineering Research

Introduction

Japan is  a country highly prone to 
earthquakes, and various structures—not 
only railways—have suffered significant 
damage over the years. In January 2024, 
a 7.6-magnitude earthquake with its epi-
center in the Noto Peninsula of Ishikawa 
Prefecture occurred, extensively damag-
ing infrastructure such as railways, roads, 
and water supply systems. The figure titled 
Damages to railway structures caused by 

earthquakes  shows examples of damages 
caused by some earthquakes. The upper 
row illustrates the conditions immediately 
after the disaster, while the lower row de-
picts the situation following restoration.

The year 2023 marked the 100th anniver-
sary of the Great Kanto Earthquake, a pivot-
al event that led to the introduction of seis-
mic design in railways and had a profound 
impact on earthquake disaster prevention 
in railway systems. This centennial mile-
stone provided a valuable opportunity to 

reflect on past disasters and the responses 
to them, underscoring the importance of 
continuously strengthening railway disas-
ter prevention over the next century.

Based on the belief that continuous ef-
forts to address earthquake risks are in-
dispensable for ensuring the safety and 
security of railways, the Center for Railway 
Earthquake Engineering Research conducts 
comprehensive R&D across three laborato-
ries: Seismic Data Analysis, Soil Dynamics 
and Earthquake Engineering, and Struc-
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tural Dynamics and Response Control. Our 
work covers a broad range of topics, from 
earthquake occurrence to post-disaster 
response, addressing seismic challenges in 
an integrated manner. The figure titled Ex-
ample of seismic reinforcement for railway 
structures  illustrates the improvements 
achieved (top: before reinforcement, bot-
tom: after reinforcement), while the figure 
on Seismometers used in railways  shows a 
device employed for earthquake detection. 
This report presents representative R&D 
projects that we have been advancing to 
date.

Toward Realization of Earthquake-
Resilient Railways1)

The term “resilience” has become increas-
ingly familiar in recent years. It refers to the 
capacity to recover or the robustness of a 
system, and its application has expanded 
across various fields. In the context of rail-

Damages to railway structures caused by earthquakes

and enhancing expertise in each stage, we 
are advancing R&D to ensure immediate 
and effective responses to earthquakes 
under any circumstances. Among various 
efforts to realize earthquake-resilient rail-
ways, we focus here on two key priorities: 
“stopping trains quickly to ensure safety at 
the time of an earthquake” and “resuming 
train operation as swiftly as possible after 
an earthquake.” In the following sections, 
we present related R&D activities of the 
Center for Railway Earthquake Engineering 
Research in these areas.

Detecting Earthquakes Earlier and 
Stopping Trains Quickly

To ensure the safety of trains traveling at 
high speeds during an earthquake, it is cru-
cial to stop them as quickly as possible. For 
this purpose, the Center for Railway Earth-
quake Engineering Research has devel-
oped an early earthquake warning system.

Since shortly after the opening of the 
Tokaido Shinkansen in 1965, systems for 
detecting earthquakes and stopping trains 
have been developed and implemented. 
The current operating system detects P 
waves (primary waves)—the faint initial 
tremors preceding destructive S waves 
(secondary waves)—to stop trains before 
the arrival of the subsequent strong shak-
ing. This system can determine whether 
to stop a train within as little as 1 s after 
detecting the P waves. The figure titled 
Early earthquake warning system  illustrates 
the workflow from earthquake detection to 
warning output.

Since the P waves used for detection in 
the current system are extremely weak, it 
is crucial to quickly and accurately distin-
guish seismic motion from various other 
vibrations (noise), such as those gener-
ated by passing trains or nearby vehicles, 
and to determine whether the identified 
vibration is indeed an earthquake. The 

ways and earthquakes, resilience 
encompasses two key aspects: 
reducing the loss of railway func-
tionality caused by earthquakes 
(robustness) and restoring lost 
functions as quickly as possible 
(restorability).  By advancing 
measures to strengthen both 
aspects, it is possible to build 
earthquake-resilient railway sys-
tems.  The figure titled Resilience 
and countermeasures against 
earthquakes  presents a sche-
matic diagram illustrating the 
concept of earthquake resilience 
and a timeline of corresponding 
response measures.

The Center for Railway Earth-
quake Engineering Research 
categorizes responses to earth-
quake-induced damage to rail-
ways into four stages: prior mea-
sures, emergency response, ini-
tial action, and long-term resto-
ration. By streamlining processes 

Damages to railway structures caused by earthquakes
（by courtesy of JRTT, Japan Railway Construction, Transport and Technology Agency）

Damages to railway structures caused by earthquakes
（by courtesy of JRTT, Japan Railway Construction, Transport and Technology Agency） Damages to railway structures caused by earthquakesDamages to railway structures caused by earthquakes

Restoration status
（by courtesy of JRTT, Japan Railway Construction, Transport and Technology Agency）

Restoration status
（by courtesy of JRTT, Japan Railway Construction, Transport and Technology Agency）

Restoration statusRestoration status

10 September  2025    No. 17      Ascent



Center for Railway Earthquake Engineering 
Research has newly developed a method 
incorporating machine learning, which 
has recently begun to be applied across 
various fields, for this identification task3). 
The figure titled Noise identification using 
machine learning  illustrates the conceptual 
diagram of this approach. The method 
involves training on a large dataset of seis-
mic motion and train-induced vibrations in 
advance, enabling the system to determine 
whether the detected vibration is caused 
by an earthquake. Specifically, the method 
employs a convolutional neural network 
(CNN)*, a representative technique actively 
used in recent years to solve problems in 
image recognition. The figure titled Ex-
amples of noise identification based on 
machine learning  presents an example of 
how this method is applied. Here, the Cen-
ter investigates the extent to which seismic 
motion and train-induced vibrations can 
be distinguished. While current technology 

Example of seismic reinforcement for 
railway structures

Seismometers used in railways

* CNN
 A CNN (Convolutional Neural Network) is a mathematical model inspired by neural 
circuits in the human brain. It is primarily composed of processes such as convolu-
tion (feature extraction) and pooling (reducing computational complexity), enabling 
it to perform advanced recognition and classification tasks.

Resilience and countermeasures against earthquakes

Before seismic reinforcement

After seismic reinforcement

Ocean bottom seismometer
（by courtesy of NIED, National Research Institute 

for Earth Science and Disaster Resilience）

Seismometer used in 
early earthquake warning system

Av
ai

la
bi

lit
y 

of
 ra

ilw
ay

 s
ys

te
m

s 
(%

)

100%

0% Time

Occurrence of earthquake

“Robustness”

“Restorability”

Prior measures

Resilience

Seismic design, seismic reinforcement, countermeasures 
against derailment, anti-catastrophe performance, etc.

Early earthquake warning systemEmergency response

Damage Information System for Earthquake on Railway (DISER)Initial action

Resumption of operation and support for restorationLong-term restoration and
reconstruction

11Ascent      No. 17    September  2025



Seismometer for 
early detection

①P-wave detection

Railway

②Earthquake specification
    estimation
③Noise identification④Warning output 

decision
(section under 

operation control)

⑤Warning output

P-wave S-wave

EpicenterEpicenter

achieves a discrimination rate of approxi-
mately 90% for both train-induced vibra-
tions and seismic motion, the machine 
learning-based method demonstrates a 
remarkably high discrimination rate of over 
99% for both types of vibrations.

Improving Restorability of Railway 
Systems

One of the key measures to enhance 
resilience is the early restoration of func-
tions lost due to earthquakes. Restoring 
railway operations to normal as quickly 
as possible after an earthquake—such as 
promptly resuming train services that were 
halted during the seismic event and rapidly 
repairing damaged infrastructure—is criti-
cally important for maintaining the nor-
mal functioning of society. The Center for 

Early earthquake warning system

Noise identification using machine learning

＜Earthquake fault＞

＜Train＞
Train vibrations

＜Seismometer＞

Identification using machine learning
（Using accumulated data to quickly determine the vibration source）

Observational data

Vibration source
Vibration observation

Seismic motion

・・・
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Railway Earthquake Engineering Research 
is actively conducting research aimed at 
achieving such post-earthquake “restora-
tion.”

To ensure safe operation after an earth-
quake, it is necessary to confirm the condi-
tions of various elements of the railway sys-
tem, including structures and equipment 
involved in train operation. For this pur-
pose, the Center has developed the Dam-

age Information System for Earthquake 
on Railway (DISER)4), a system that quickly 
provides information on earthquake shak-
ing and the condition of structures along 
railway lines. The figure titled Damage 
Information System for Earthquake on 
Railway (DISER)  shows an example of the 
system’s output. DISER utilizes the nation-
wide earthquake observation network 
operated by public institutions in Japan 

(approximately 1,000 observation points) 
to promptly deliver information on shaking 
along railway routes shortly after an earth-
quake occurs, thereby supporting efficient 
inspections and the resumption of train 
operations following train stoppages.

Even when structural reinforcement is 
implemented as a seismic countermeasure, 
the possibility of an earthquake exceeding 
the seismic motion assumed at the design 
stage cannot be completely ruled out. 
The Center is advancing studies aimed at 
enabling railway functions to recover as 
quickly as possible even in the event of un-
expectedly large earthquakes and has been 
among the first in the railway field to adopt 
the concept of “anti-catastrophe perfor-
mance5).” This concept involves taking 
measures to ensure that even if an earth-
quake beyond the assumed level occurs, it 
does not cause catastrophic damage.

The figure titled Structure with enhanced 
anti-catastrophe performance  shows an 
example of measures to improve anti-
catastrophe performance6). The viaduct 
on the left represents a typical structure, 
whereas the viaduct incorporates enhance-
ments for anti-catastrophe performance. 
The upper section illustrates the normal 
condition, while the lower section depicts 
the anticipated scenario during an extraor-
dinary massive earthquake exceeding de-
sign assumptions. Compared with a typical 
viaduct structure, the enhanced structure 
includes several red columns that are not 
connected to the girders. This design fea-
ture is the key point of this countermea-
sure method. Looking at the assumed situ-

Damage Information System for Earthquake on Railway (DISER)
(Note: The actual interface of DISER is in Japanese.)

Examples of noise identification based on machine learning
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 (1 s)
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ation of a massive earthquake, the columns 
of a typical viaduct may be damaged, and 
the girders could potentially collapse. In 
contrast, although the columns of a via-
duct with improved anti-catastrophe per-
formance are damaged, the red columns 
support the girders and prevent collapse. 
In this way, anti-catastrophe performance 
prevents the collapse of viaducts, thereby 
reducing damage to vehicles, structures, 
and equipment beneath the viaduct. It 
also significantly reduces the time and cost 
required for restoration. Thus, the Center 
for Railway Earthquake Engineering Re-
search is conducting R&D to enhance anti-
catastrophe performance and prepare for 
worst-case scenarios, aiming to advance 
railway safety measures against massive 
earthquakes that exceed design assump-
tions and to enable the early restoration of 
railway functions.

Conclusions

As examples of our R&D activities, we have 
introduced technologies for detecting earth-
quakes more quickly and stopping trains 

1) Kenichi Kojima, “The Battle Against Earthquakes in Railways – Experiencing Multiple Ma-
jor Earthquakes,” RRR, Vol. 80, No. 5, pp. 8-11, 2023 (in Japanese).

2) Naoyasu Iwata, Shunroku Yamamoto, Masahiro Korenaga, and Shunta Noda, “Rapid 
and Reliable Train Stopping Using an Early Earthquake Warning System,” RRR, Vol. 73, 
No. 3, pp. 12-15, 2016 (in Japanese).

3) Shunta Noda, Masato Ukai, Naoyasu Iwata, and Takashi Yamashita, “Improvement of 
Single Station Method in Earthquake Early Warning Using Machine Learning Technique,” 
Japan Geoscience Union Meeting 2022, SCG51-11 (in Japanese).

4) Naoyasu Iwata, Kimitoshi Sakai, Shunroku Yamamoto, Yoshitaka Murono, and Shin Aoi, 
“Quick Resumption of Train Operation Using Damage Information System for Earthquake 
on Railway (DISER),” RRR, Vol. 77, No. 2, pp. 12-15, 2020 (in Japanese).

5) Railway Technical Research Institute, “Standards and Commentary for the Design of 
Railway Structures — Seismic Design ,” Maruzen Publishing, 2012 (in Japanese).

6) Akihiro Toyooka, and Yoshitaka Murono, “Dead-Weight Compensation Structure and Col- 
lapsing-Direction Control Structure to Increase the Seismic Resistance of Railway Via- 
ducts,” Concrete Journal, Vol. 58, September Issue, pp. 749-754, 2020 (in Japanese).

References

safely, as well as technologies for restoring 
normal conditions as rapidly as possible. 
Since the Center strives to develop better 
solutions, these R&D efforts will never truly 
come to an end. In addition, the Center is 
engaged in various other initiatives to ensure 
safe and reliable railway systems against 
earthquakes. These include the development 

of seismic performance evaluation methods, 
countermeasures for structures and ground, 
and damage prediction using simulations. 
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Articles

Dr. Tadao TAKIGAMI
Director, 
Head of Vehicle Technology Division

Vehicle Technology Division

 At the Vehicle Technology Division, our research and 
development (R&D) focuses on enhancing the safety 
of railway vehicles. Our work includes developing and 
evaluating methods to prevent derailments, mitigate 
collisions, and improve fire safety. We also advance 
R&D aimed at reducing labor requirements in vehicle 
maintenance by leveraging digital technologies. In parallel, 
we are developing energy-saving and decarbonization 
solutions, along with innovations to enhance passenger 
comfort, such as improved ride quality. This article highlights 
some of our recent R&D initiatives.

Introduction

Improving  operational safety—particu-
larly by preventing derailments, collisions, 
and fires—remains the highest priority in 
the R&D of railway vehicles. In addition, 
lessons from the COVID-19 pandemic have 
heightened the demand to reduce operat-
ing costs by improving labor efficiency in 
vehicle maintenance. Furthermore, achiev-
ing carbon neutrality by 2050 requires con-
tinued efforts in energy conservation and 
decarbonization for railway vehicles. To en-
sure that railways remain a preferred mode 
of transportation, continuously enhancing 
passenger convenience and comfort is also 
essential. This article presents represen-
tative examples of R&D initiatives at the 
Vehicle Technology Division that address 
these vehicle-related challenges.

Crashworthiness Analysis1)

One of the key challenges in improving 
safety is developing collision analysis mod-
els and evaluation methods that account 
for collisions between trains and road vehi-
cles at level crossings. Because preventing 
road vehicles—including automated ones
—from entering level crossings is practi-
cally impossible, evaluating passenger 
safety in such scenarios is crucial. To assess 
safety, clarifying the relationship between 
the impact deceleration experienced by 
the railway car body during a collision 
(Crashworthiness Analysis (a) ) and the se-
verity of injuries sustained by passengers 
is necessary. Based on past level-crossing 
collision accidents, we developed a col-
lision analysis model simulating a dump 
truck–train collision and conducted physi-

cal collision experiments between a lead-
ing railway vehicle and a dump truck for 
comparative verification (Crashworthiness 
Analysis (b) ). These experiments signifi-
cantly improved the accuracy of the model.
Using the validated model, we carried out 
collision analyses under various condi-
tions, including different collision speeds, 
dump truck masses, impact positions, and 
collision angles. The results allowed us to 
calculate the resulting deceleration of the 
railway car body and better understand its 
effect on passenger safety (Crashworthi-
ness Analysis (c) ). Furthermore, by using 
the obtained impact deceleration, we ana-
lyzed the impact on a passenger seated on 
a cross seat that was thrown from the seat 
and collided with the seat in front, and cal-
culated the severity of passenger injuries 
(specifically, the force applied to the femur) 
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(Crashworthiness Analysis (d) ). From these 
analysis results, we proposed that the in-
tegrated value of the impact deceleration
—roughly corresponding to the velocity at 
which a passenger collides with the seat in 
front—is an appropriate evaluation index 
for passenger safety. Moving forward, we 
plan to analyze the entire train set, includ-
ing coupling sections, to further refine the 
evaluation.

Visual Inspection System for Vehicle 
Underbody2)

Periodic inspections are essential to en-
sure the safe operation of railway vehicles. 
To reduce the labor required for these rou-
tine inspections while maintaining inspec-
tion quality, RTRI has developed a visual 
inspection system for vehicle underbodies. 
Conventionally, inspection conducted on 

the entire vehicle without removing parts 
involves inspectors approaching the ve-
hicle to visually check the mounting con-
ditions and any damage to the onboard 
equipment. To automate this inspection 
process, we first developed a device ca-
pable of capturing side images of the 
vehicle’s underbody while the vehicle is in 
motion (Visual Inspection System for Ve-
hicle Underbody (a) ). A laser Doppler velo-
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cimeter was used to measure the vehicle’s 
passing speed, allowing the scan sensor 
camera to capture images in synchroniza-
tion (Visual Inspection System for Vehicle 
Underbody (b) ). This approach enabled us 
to obtain high-resolution, continuous im-
ages (Visual Inspection System for Vehicle 
Underbody (c) ) that are unaffected by 
variations in vehicle speed. In addition, the 
system can automatically recognize vehicle 

identification numbers from the captured 
images. As an application example, we 
demonstrated the automated diagnosis of 
the cock handle angle under the test ve-
hicle (Visual Inspection System for Vehicle 
Underbody (d) ). The target inspection area 
was extracted from the images, and edge 
(contour) detection was performed to as-
sess the handle’s position. The luminance 
difference between the extracted image 

and a prepared normal image (template) 
was calculated, with areas differing from 
the normal highlighted in white. The num-
ber of white pixels was then counted. If this 
count was below a specified threshold, the 
condition was judged as normal; if it ex-
ceeded the threshold, it was judged as ab-
normal. In addition to diagnosing the cock 
handle angle, we have confirmed that this 
system can accurately detect missing bolts, 
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（d）Example of diagnostic processing results (cock)
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bent adjustment rods, and pipe deforma-
tions. By using this system, inspectors can 
assess vehicle conditions indoors by re-
viewing the captured images, eliminating 
the need to approach the vehicle closely. 
Furthermore, the system’s automatic im-
age diagnosis reduces reliance on manual 
labor, improving both the efficiency and 

reliability of underbody inspections.

Energy-Saving Driver Advisory 
System3)

We have developed a driver advisory 
system aimed at reducing the energy con-
sumption during train driving operations 

while maintaining punctuality. Conven-
tionally, train operation consists of three 
modes: powering (where the motor gener-
ates tractive force to accelerate), braking, 
and coasting (running by inertia without 
powering or braking). Train drivers manu-
ally select the appropriate mode based on 
factors such as timetables, speed limits, 
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and track gradients. The newly developed 
driver advisory system enhances this pro-
cess by performing real-time simulations 
during travel. It estimates speed transitions 
at various points along the route under 
different driving patterns and then recom-
mends the pattern that optimizes both en-
ergy efficiency and punctuality. Specifically, 

the system defines several candidate driv-
ing patterns from the train’s current posi-
tion to the next station. Using information 
such as train mass, running resistance, track 
gradients, current position, and current 
speed, it predicts the speed profile for each 
candidate pattern (Energy-Saving Driver 
Advisory System (a) ). For each candidate 

driving pattern, the system selects the one 
that most closely matches the scheduled 
passing time at the next station while mini-
mizing energy consumption. The recom-
mended pattern is then presented to the 
driver in real time through a tablet display 
(Energy-Saving Driver Advisory System (b) ) 
and voice guidance. Effectiveness verifica-

Next-Generation Tilt Control System

Tilt actuator

High-response, 
high-precision 

control

Tilt angle
generation

Carbody tilt 
operation that 

prevents motion 
sickness

Vehicle position
detection

High-precision 
detection using 
only onboard 

sensors

〇〇km

Curve entry Curve exit

C
ar

bo
dy

 
til

t a
ng

le

0

5°

Tilt actuator Tilt actuator

Tilt angle generator

Speed sensor

Gyroscope Vehicle position detector

Straight 
section

Straight 
sectionCurve section

Distance

Distance

C
ur

ve
 s

ha
pe

 
(c

ur
va

tu
re

, c
an

t)
Ta

rg
et

 v
al

ue
 

of
 ti

lt 
an

gl
e

Conventional control system

Next-generation 
tilt control system

Track distortion

Motion sickness evaluation value reduced by 23%

Distance (km)

M
SD

Vy（
m

/s
1.

5
）

Current Next-generation
＊Mean value (evaluation section)

＊ ＊

Evaluation section with
continuous curves

3.6 m/s 1.5 2.8 m/s 1.5

0

2

4

6

1086420

（a）Three main elements of the 
next-generation tilt control system

（b）Configuration of the next-generation tilt control system

（c）Example of target values of tilt angle corresponding to curves （d）Passenger comfort improvement effect

19Ascent      No. 17    September  2025



tion tests were conducted by comparing 
actual running data with and without the 
use of the driver advisory system. The re-
sults confirmed an energy-saving effect 
ranging approximately from 4% to 14%, 
depending on the route. In the case stud-
ied, the reduction in energy consumption 
was attributed to decreased powering and 
increased coasting (Energy-Saving Driver 
Advisory System (c) ). Ongoing efforts focus 
on expanding the system to additional 
lines and vehicle types to develop it into a 
practical tool for widespread deployment.

Next-Generation Tilt Control 
System4)

When trains travel at high speeds through 
sections with numerous curves, passen-
gers experience centrifugal force due to 
the lateral acceleration of the carbody. To 
mitigate this effect and improve ride com-
fort, tilting vehicles are commonly used. 
The basic tilting mechanism, known as 
“natural tilting”, relies solely on centrifugal 
force. However, the mainstream approach 
is “controlled natural tilting”, which adds 
pneumatic actuators to suppress the phase 
lag of the tilting motion. Aiming to sup-
press the characteristic slow, low-frequency 
oscillations of tilting vehicles and provide a 
smoother, more comfortable ride, we have 
developed a next-generation tilt control 
system. This system integrates three key 
technological elements, as illustrated in 
Next-Generation Tilt Control System (a) .

 First, to ensure that the train body tilts 
at precisely the right time on curves, con-
tinuously and accurately determining the 
train’s running position is essential.

 For this purpose, we devised a self-
position detection technique using a gyro 
sensor and a speed sensor installed on 
the vehicle (Next-Generation Tilt Control 

System (b) ). These sensors measure the 
curvature of the track during travel, and 
by comparing the measurements with 
pre-recorded data, the system accurately 
determines the train’s position. Based on 
the detected position, the system calcu-
lates the ideal tilt angle (target tilt value) 
by accounting for the curvature, cant of 
the upcoming curve, and the train’s run-
ning speed (Next-Generation Tilt Control 
System (c) ). This target value closely fol-
lows the actual track geometry, including 
any irregularities. In addition, the system 
cancels low-frequency oscillations caused 
by centrifugal force and track irregularities, 
thereby reducing motion sickness—a com-
mon drawback of tilting vehicles. To realize 
such precise control, we developed a high-
response pneumatic actuator capable of 
achieving the ideal tilt angle in real time. 
The performance of the next-generation 
tilt control system, which integrates these 
technologies, was successfully verified 
through running tests. The maximum er-
ror in vehicle position detection was ± 2 
meters, ensuring sufficient accuracy for tilt 

control. Furthermore, the Motion Sickness 
Dose Value along the y-axis (MSDVy)—an 
index reflecting the degree of motion sick-
ness—was reduced by approximately 23% 
compared with the conventional control 
system (Next-Generation Tilt Control Sys-
tem (d) ). The next-generation tilt control 
system has been installed on JR West’s 273 
series Yakumo Limited Express and is now 
in operation on commercial lines.

Conclusions

In this article, we introduced recent initia-
tives undertaken by the Vehicle Technol-
ogy Division, including crashworthiness 
analysis, visual inspection systems for 
vehicle bodies and underbodies, energy-
saving driver advisory systems, and next-
generation tilt control systems. To ensure 
the long-term sustainability of railways, we 
remain committed to advancing vehicle 
technologies through R&D that enhances 
safety, reduces maintenance costs, pro-
motes energy efficiency and decarboniza-
tion, and improves passenger comfort.
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New Master Plan of RTRI

RTRI Develops New Master Plan 
RESEARCH 2030

 The Railway Technical Research Institute (RTRI) developed its medium-term 
action plan, “Master Plan—Creating sustainable railway systems—RESEARCH 
2030,” for the five years from FY2025 to FY2029, an outline of which is presented 
herewith. The full text can be viewed on the website (at present only available 
in Japanese) of RTRI.

Introduction

The steady implementation of “Sustainable Development Goals 
(SDGs)” is being called for as social issues such as global environ-
mental problems become more apparent. For the realization of 
a sustainable society, efforts are being made in various fields to 
achieve both economic development and resolution of social 
issues through systems that integrate cyberspace and physical 
space at an advanced level.

The environment surrounding the society, economy, and rail-
ways in Japan has been changing at an accelerated pace since the 
spread of the COVID-19 pandemic. Social issues such as climate 
change, the increased necessity of realizing carbon neutrality, and 
the decline in the working-age population have become more se-
vere and complex. Specifically in the railway industry, labor short-
ages, aging infrastructures, and the business continuity of regional 
railway companies are urgent issues. On the other hand, techno-
logical innovation, particularly in digital technologies, is progress-
ing rapidly in every field. The railway industry is also advancing in 
the utilization of such cutting-edge technologies, and collabora-
tive efforts with railway companies and related organizations have 
become essential to address the increasingly complex challenges.

Based on the above circumstances, we formulated the Master 
Plan RESEARCH 2030 as an action plan to achieve our vision, “We 

will develop innovative technologies to enhance the rail mode so 
that railways can contribute to the creation of a happier society.”

Basic Policies

For the “creation of sustainable railway systems,” RTRI defined 
the following five basic policies (Basic policies ).

Activities under RESEARCH 2030

(1) Research and Development
(a) R&D aims, pillars, approach, etc.

・RTRI established four R&D aims and three pillars of R&D to 
guide our activities (R&D aims and pillars ).

・When setting R&D projects, based on our roadmaps that in-
clude activities ranging from basic research to applied tech-
nology development, we will set up R&D projects to seam-
lessly promote R&D by accurately setting milestones.

・At the stage of development for practical use, we will actively 
support the development of laws, regulations, and technical 
standards, which are necessary for the social implementation 
of our innovative technologies.

・Our core R&D technologies serve as a driving force to eluci-
date the real nature of various railway-specific issues and to 
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Basic policies

(1) Improving safety with an emphasis on improving resilience against intensifying 
natural disasters

• R&D for enhancing the resilience of railway systems against natural disasters, 
preventing failures of ground and vehicular equipment, and taking countermeasures 
against their aging

• Promoting diagnostic guidance on investigations of damage and causes of disasters 
and accidents, and proposals of their recovery methods and prevention measures

(2) Improving productivity and decarbonization of railway systems
• R&D that contributes to the improvement of productivity and decarbonization of railway 

systems through the active use of cutting-edge Information and Communication 
Technologies (ICTs)

• Supporting the development of relevant laws, regulations, and technical standards, 
which are required for the social implementation of our R&D outcomes

(3) Providing solutions to various issues in railway technologies by demonstrating our 
collective strength 

• Establishing interdisciplinary research systems ranging from basic research to applied 
development to provide solutions to railway-specific issues

• Focusing our resources on the core technologies for R&D, which serve as a driving 
force to elucidate the real nature of various railway-specific issues and to find solutions 
for them

(4) Enhancing the global presence of Japanese railway technologies
• Technical collaboration with overseas railway operators and research institutes for 

stimulating R&D activities
• Strategically engaging in standardization activities as a base for international 
standardization

(5) Creating a vibrant workplace where each employee can experience self-realization 
• Creating a workplace that fosters well-being where diverse values are respected and 
each employee can experience self-realization

find solutions for them. We will focus our resources on such 
core technologies for enhancing the sophistication thereof.

・By promoting technical collaboration across different techni-
cal fields and with railway companies, as well as facilitating 
data sharing and coordination, we will create new values, 
improve the quality of R&D outcomes, and shorten devel-
opment periods.

・We will modularize our R&D outcomes as appropriate and 
promote social implementation in stages.

(b) R&D for the future of railways
 We will address five major research themes: “Enhancement of 
resilience against intensifying natural disasters,” “Sophistica-
tion of automatic train operation,” “Labor saving in mainte-
nance,” “Decarbonization of railway systems,” and “Elucidation 
of railway-specific phenomena through simulation” (R&D for 
the future of railways ).

 
(c) Development of practical technologies

 To provide timely and accurate practical outcomes, we will 

22 September  2025    No. 17      Ascent



R&D aims and pillars

implement projects for rapid resolution of various issues in 
railway operations, promoting R&D objectives such as “Im-
provement of safety” and “Improvement of productivity.”

(d) Basic research for railways
 In basic research, which is the basis for innovative railway tech-
nologies such as those for elucidating railway-specific phenom-
ena, we will advance challenging projects with high technical 
complexity and the potential to significantly impact railway 
operations if research outcomes are put to practical use.

(2) Diagnostics advisory
 We will respond promptly, accurately, and meticulously to re-
quests from railway companies. In particular, when providing 
support in response to disasters, accidents, and equipment 
failures, we will conduct swift investigations and propose re-

covery methods and prevention measures.

(3) International standards
 We will promote strategic international standardization activi-
ties through the ISO (International Organization for Standard-
ization) and IEC (International Electro-technical Commission), 
proposing to standardize new work items relating to tech-
nical fields in which Japan has an advantage, and incorporat-
ing Japanese design philosophies and technologies into stan-
dards proposed by other countries.

(4) International activities
 We will promote and expand collaborative research with 
overseas universities, research institutes, etc. to stimulate our 
R&D activities. We will also actively support global expansion 
of Japanese railway companies.
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R&D for the future of railways

Management

RTRI will strive for sound and appropriate business manage-
ment through initiatives such as promoting legal compliance and 
strengthening information management. Moreover, we will aim 
for vibrant business management such as by creating a workplace 
that fosters well-being where each employee can experience self-
realization.

Conclusions

In response to increasingly serious, apparent, and complex chal-
lenges, RTRI will promote various activities to create a safe, secure, 

smart, environmentally friendly, and sustainable railway system in 
the future.

We will advance R&D by detailing its objectives and providing 
roadmaps for social implementation. While maintaining close col-
laboration with railway companies and other organizations, we will 
fulfill our role as a leader and driver of technological innovation. 
We will also strive to sophisticate our R&D core technologies, lead-
ing to the creation of breakthrough innovations.

Based on the vision “We will develop innovative technologies to 
enhance the rail mode so that railways can contribute to the cre-
ation of a happier society,” RTRI will devote its full efforts to execut-
ing its activities.
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 On July 18, 2025, the Railway Technical Research Institute (RTRI) 
concluded a comprehensive agreement with the German Centre for 
Rail Traffic Research (known in German as Das Deutsche Zentrum für 
Schienenverkehrsforschung, DZSF) at the RTRI headquarters in Tokyo to 
enhance future collaboration between the two institutes. 

RTRI and DZSF Sign Comprehensive Agreement to 
Strengthen Railway Research Cooperation

 Purpose of the Agreement

The agreement aims to promote beneficial cooperative programs 
for advanced and practical R&D in the field of railways while lever-
aging the R&D capabilities and testing facilities of RTRI and DZSF, 
thereby contributing to the development of railways as well as 
academic and technological progress in both Japan and Germany.

 Activities to Be Implemented under the Agreement 

(1) Collaborative research
(2) Reciprocal visits by researchers and engineers
(3) Exchanging information in preparation for future collaborative 

research, and holding seminars for strengthening relations 
through presentation of research outcomes and information 
exchange

The above (1) Collaborative research and (2) Reciprocal visits 
by researchers and engineers will be conducted in the fields of 
climate change, automatic train operation, digital maintenance, 
decarbonization, and train-animal collisions, which are key focus 
areas for both institutes.

The next seminar is scheduled to be held at DZSF in 2027.

Comments from the Representatives on the Agreement

Dr. Ikuo Watanabe, President of RTRI
We are delighted that RTRI has formalized the agreement with 

DZSF. Our Master Plan, RESEARCH 2030 sets 'Creating sustainable 
railway systems' as a core goal. Among our fundamental policy 
objectives are enhancing resilience to intensifying natural disas-
ters, improving productivity and achieving decarbonization of 
railway systems—challenges we share with DZSF. The agreement 
represents an important milestone, allowing us to collaboratively 
address these issues and pioneer a sustainable future for railways.

Partnering with DZSF, a research institute from Germany, a major 
railway nation, holds great significance for us. Moving forward, 
through collaborative research and personnel exchanges, we will 
leverage each other’s expertise and insights to pursue further in-
novation and advancement in railway technology.

Prof. Eckhard Roll, Director of DZSF
We are greatly honored to enter the agreement with RTRI. De-

spite geographical and cultural differences, Japan and Germany 
face many common challenges in the railway sector. We hope the 
agreement will mark a significant first step toward meaningful bi-
lateral cooperation. 

International Activities
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Prof. Eckhard Roll, Director of DZSF (left) and Dr. Ikuo Watanabe, President of RTRI (right) 
shake hands after signing the comprehensive agreement

Collaboration with RTRI will undoubtedly strengthen R&D efforts 
in rail traffic for both countries. We are convinced that sharing sci-
entific knowledge, data, and experience to address common chal-
lenges faced by both countries—such as demographic changes, 
aging infrastructure, and climate change—is of great value for the 
sustainable development of railway systems.

About DZSF
The German Centre for Rail Traffic Research (DZSF), headquar-

tered in Dresden, Saxony, Germany, was established in 2019 as a 
national research institute evolving from the research activities of 

the Federal Railway Authority (Eisenbahn-Bundesamt, EBA). With 
approximately 70 staff members, DZSF conducts R&D covering 15 
or more diverse fields. It operates an open digital test field utilizing 
active rail lines near Dresden. DZSF also provides scientific advice 
to the Federal Ministry for Digital and Transport (Bundesminis-
terium für Digitales und Verkehr, BMDV) on maintaining and en-
hancing the safety of railway transportation, particularly regarding 
responses to advancements in digitalization such as cybersecurity.

For more details, visit: https://www.dzsf.bund.de/DZSF/EN/
TheDZSF/dzsf_node.html
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