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Research and development
for creating the future of railways
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Our mission at RTRI
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The Railway Technical Research Institute (RTRI) was formally established in
1986 as an independent research body. RTRI was given the responsibility of
centralizing R&D work for the Japanese National Railways (JNR), in the run up
to its division and privatization. In 1987, after the establishment of the separate
Japan Railway (JR) Companies, RTRI began fulfilling its mission in research
and development. RTRI is currently a public interest incorporated foundation
accredited by the Japanese government. RTRI is now actively developing
innovative railway technologies, from basic to applied research in the fields of
rolling stock, civil engineering, electrical engineering, information technology,
materials, the environment and human sciences.

iy SEL DAY 712

SR NP EEAE SRR FTPT IS SXE#ET)
PITEHE RREEDTH

E23= 550 AUBL K200 A Efifi L #9110A)

Il #9186,000m?

PINELERRR  $0700m

Railway Technical Research Institute

Address : 2-8-38, Hikari-cho, Kokubunji-shi, Tokyo 185-8540

Number of employees : 550 (200 with doctoral degrees, 110 with the
title of professional engineer)

Site area : 186,000 m?

Length of test track : 700 m
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Message from the President
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Japan is today facing a number of challenges: labor shortages due to a declining birthrate and ageing
population, a need to combat infectious diseases, increasingly frequent and severe natural disasters and an
ageing railway infrastructure. Our vision to develop innovative technologies for better railways that can
contribute to the building of a happier society, seeks to address these challenges. Our roadmap to achieve
this goal is charted out in our master plan entitled, “Research and Development for Creating the Future of
Railways, RESEARCH 2025”.

Under the master plan, our focus will be on research and development aimed at improving safety,
bolstering resilience against natural disasters and increasing labor and energy efficiency. To support this
effort, we are developing cross-disciplinary innovative railway systems which make full use of digital
technologies in combination with advanced information processing and high-speed communications
networks.

In addition to applied research, RTRI continues to be active in the field of basic research. This work
includes the analysis of railway-specific phenomena, exploratory research work for the future of railways,
and ties into the development of practical technologies and turn-key solutions to promptly address the
needs of railway operators today.
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Masao Mukaidono Ikuo Watanabe
Chairman President
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Historical Background of RTRI
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Master plan “RESEARCH 2025 started
tREKBHFRSE [WCRR 2019 =
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‘World Congress on Railway Research 2019 (WCRR2019) held
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Center for Railway Earthquake Engineering Research inaugurated
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Took on the responsibility as the secretariat for the national mirror committee of ISO/TC269
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2019

2014

2012

TRESEARCH 2025] h'245—

Accredited as a public interest incorporated foundation

2010

Railway International Standards Center was established ,
Took on the responsibility as the secretariat for the national mirror committee of ISO/TC17/SC15
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Large-scale shaking table completed

2008

2004
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Took on the responsibility as the secretariat for the national mirror committee of IEC/TC9

2003

The world speed record of 581 km/h for a manned train attained on the Yamanashi Maglev test track
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‘World Congress on Railway Research 1999 (WCRR99) held at RTRI
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Running tests of Maglev trains started on the Yamanashi Maglev test track
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Large-scale low-noise wind tunnel started full-scale operation
Railway Technology Promotion Center opened
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Brake test stand completed
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New rolling stock test plant completed
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RTRI makes new start as an independent foundation at a time when Japanese National Railways
was divided and privatized
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The Ministry of Transportation authorizes the establishment of RTRI as an independent foundation
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Miyazaki Maglev Test Center opened
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The Labour Science Institute opened as part of the Japanese National Railways
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JNR hosted Asian Railways Conference, as a summit meeting of top railway representatives of Asian nations
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RTRI moved to Kunitachi
8IS YNEREtLFPNERIL
Structure Design Office established
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A lecture entitled "a Newly-Projected Trunk Line Realizing the Dream- Tokyo to Osaka in Three Hours by Train"
delivered at Yamaha Hall in Ginza, Tokyo

BAEBHBRRECHAIIEEECRD
‘When the Japanese National Railways was inaugurated,
Railway Technical Research Institute became a research wing attached to its head office
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Renamed Railway Technical Research Institute
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Became Research Institute attached to Minister's Secretariat of the Ministry of Railways

1957
1957

1949

1942
1920
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Became Research Institute attached to President's Secretariat of the Railway Bureau
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Founded as Imperial Railway Agency’s Railway Research Center

1913

1907
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The Ministry of Transportation authorizes the establishment
of RTRI as an independent foundation
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RTRI moved to Kunitachi
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A lecture entitled "a Newly-Projected Trunk Line Realizing
the Dream- Tokyo to Osaka in Three Hours by Train"
delivered at Yamaha Hall in Ginza, Tokyo
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RTRI’s Offices and Testing Stations

AR S RERPA
Gatsugi Anti-salt Testing Station
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Murakami-shi gata Prefecture
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RTRI is promoting the development of
damage-proof trolley wire materials and

tests/research to prevent corrosion from
salt on feeder wires.
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Yamanashi Maglev Test Center

LIBLEERBB™  Tsuru-shi, Yamanashi Prefecture
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Miyazaki Test Center

SIFEH[@m Hyuga-shi, Miyazaki Prefecture
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Wind Tunnel Technical Center

,fﬁ E, \*@Fﬁ Maibara-shi, Shiga Prefecture
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To reduce aerodynamic drag and noise generated by high-speed
trains, RTRI has a large-scale low-noise wind tunnel, the largest
one of its kind in the world, which claims low-noise performance

of 75dB in 300km/h operation and high wind velocity
characterisitics up to 400 km/h.
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Kunitachi Head Office
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Shlozawa Snow Testing Station
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Minami-Uonuma-shi, Niigata Prefecture
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A range of tests and research are conducted
here in order to analyze phenomena on ice
and snow and develop measures to prevent
snow damage.
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Hino Civil Engineering Testing Station

%7‘?:%5 =] E%I_‘E Hino-shi, Tokyo
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Tests and experiments in the field of track
structures are conducted here to promote research
for reducing noise and vibrations and maintenance
costs.
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Chiyoda Office

BRETEAX  Chiyoda-ku, Tokyo

BT« R
Shinjuku Office

EEREBHESX  Shibuya-ku, Tokyo
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n I s I N Vision of RTRI

Research Initiative and Strategy -Innovative, Neutral, Global-
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We will develop innovative technologies to enhance the rail mode so that railways can contribute to the
creation of a happier society.
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Missions

We will accomphsh the following three missions:

W fRBOLE., iDL, BEECE/MIDT I TIVIRMARAESEZTOCE

To intensify research and development activities so as to improve railway safety, technology and operation, responding
to customers’ needs and social change.

B ZNEEMRICRSIRNIRZZEL., BRiBIREICEDSPIISEEZITDCE

To develop professional expertise in all aspects of railways and, as an independent and impartial research body, to fulfill
our tasks using the best science available in an ethical way.

B BAOIKERMDTmEBL ), HROKERE ) —FIdE

To pioneer cutting-edge technologies for Japanese railways and become a world-leader.
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Strategies
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We will accomplish the three missions using the Business Strategy and the Management Strategy.

%%ﬁﬂ]g Business Strategy
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By pursuing excellence across all fields of activity and by conducting creative, innovative and high-quality research and
development work:

oA IN—Y3VEEIETRBEHESTEET  Addressing challenges that demand innovation
VISR DDMABRDBHTEBITEIL ST E T Promoting research in fields where RTRI has significant advantages
o FTZISTAZS D B3\ k8L LK J  Exploring research frontiers

DHERTOY 10 CRRERNUICERARZHEELXT  Advancing interdisciplinary research projects and fundamental research
o ARFARMRBOES R ZEBAICTTUVET  Disseminating research outcomes
o TAZSEIRA DR Bt T DL FENEHEELF T Promoting highly market-oriented research activity to diversify and stimulate research
o RBDISKIGEIEDREETTVVET  Exploring visions of future railways

B R UICE=BMBEEDANY v JZARE—CU T, EAMBIRSICE DV Y THERESND
BENZEETID
Acting as an independent and specialist organization, we will be conscientious and dependable, taking advantage of all
available scientific knowledge:

o EHPOKEDRRISIPDZDXYHRIBZEETTVVE I Investigating accidents and disasters, and proposing preventative measures

o Wi EEAFTE L FE I Enhancing technical support activities

o IS EESZE ZoR{t, LE I Focusing on preparing railway technical standards

o FAMNCOIT TRAHN DI A AL —ICIBHRFAIE LZFEI Communicating information around the world in a timely and effective way

B EANDBHRZER L. Ry DO —DZERAU T ROEKSICER I DR E
SH(CRESED

By accumulating knowledge and utilizing networks on a global scale, fostering technical progress which contributes to the
development of railways around the world:

e EENZTLUEYANDEALEZEHFT  Enhancing our global presence

o R EDREIBISEIE R EEE LE T Encouraging our researchers' full commitment to global activities

o BV RT ADBNERREZIET DIEE)ETTUVE T Supporting overseas deployment of Japanese railway systems
o HRIEHE(LFENCIEBICS B LE I  Engaging actively in international standardization activities

Hﬁﬁ&ﬁ H] Management Strategy

W {EonlCBIU CEEBIE 22 A BBO<DZERTID

Strengthening our administration to support the Business Strategy, aiming to fulfill our missions.

e VTSP UREBIELZEYI  Ensuring legal compliance

o =X \EIF o CEXEICENNABD DISREEE L EI  Achieving a working environment in which all employees can be highly motivated
e JO0—/)\N)UEICXUn UTEi2 UCWARMZEZEBERL L ZE T  Developing human resources with the resilience needed for global activities

° 5“1F@ﬁ$72 NZFET  Further constructing, improving and updating test and research facilities

0 REEBEHEHHEEETUZET  Preparing and implementing a sound budget plan
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Master Plan RESEARCH 2025
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- Research and Development for Creating the Future of Railways -
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The Masterplan is a medium-term action plan embodying the strategy to implement the vision.

A DEATIE

Basic policies

DrEHEORLE, HICEBRKBICAT DRI

Enhancing safety with an emphasis on improving resilience to natural disasters

@FT VB IVEMIC K DIRE Y RT LDFH

Developing innovative railway systems based on digital technologies

BMENZREBLULCSNGEDKRRDAIL
Creating high-quality results by taking advantage of our collective strength

@ERERAMOERN T LY 2DEE

Enhancing international presence of the Japanese railway technologies

ORENERETE. SN ZF CIWIBEEID

Creating a motivating workplace where staff can demonstrate their abilities

MARFEEDBEIR

R&D objectives
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Safety improvements Pillars of R&D
BEDZ ~ME
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Cost reduction

FRFRFERDBIR
H I%I% C\:, 0)%,55 *U R&D Objectives
Harmony with the environment
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Improved convenience

IR DI

Pillars of R&D
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Research and development for the future of railways

B OMFSDERILZTIRICEL EHFEEF T, 2020FENSIERDE DDAREZEELF T,

In fiscal 2020, aiming to achieve practical application within about 10 to 15 years, we start the following six
major research themes.

L BRMOAE
Safety improvements EmETOaR(L
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Enhancing the resiliency of railway
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meteorological disaster
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Sophistication of simulation TORILADTTY 2D
" technologies bl

Improving labor efficiency with digital
maintenance

BSIBIEICES TS
MERDSRIL

Increasing Shinkansen train nunning
speeds in hammony with the wackside
EnViromment
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Development of practical technologies

SRNSRRZER. EICIEH I DIEHD. hESECERIMEDOH IEMAREERELE T,

In order to provide timely practical results, we are addressing topics with immediate relevance to the railway
business.

@ IXE DETEZT

Basic research for railways
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To provide solutions to railway-specific issues and to incubate innovative technologies, we will actively
engage in basic research as follows; forecast of meteorological disasters, running safety and stability of rolling
stock, improvement to trackside environment, deterioration mechanism and inspection methods, human
factors in error prevention, friction and wear impacting the service life of facilities, and exploiting the potential
of artificial intelligence.
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Research and Development for the Future of Railways
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In order to address the needs of railway operators and a changing society, RTRI is already focusing on issues where
RTRI has high research capability and specialized facilities, and identifying where our collective strength can be an
advantage. Our goal is to make developed technologies available for commercial use within about 10 to 15 years.
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Enhancing the resilience of railway systems against severe meteorological disasters
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As one of the measures to mitigate damage to railways by heavy rain
and strong wind, RTRI aims to reduce the downtime in railway
operations. We plan to achieve this by optimizing the decision-making
process behind the suspension and resumption of operations, based on
results of disaster risk assessments using high-density and real-time
meteorological data. We will also establish methods to ensure rapid
and targeted repairs considering the residual strength of slopes and
embankments which suffer damage from heavy rain.

SEETTDBRIE
Autonomous train operation and control
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We aim to establish essential technologies for building an autonomous : - . techn_olo_gi 1
train operation system in which each train will be able to
autonomously control its running speed to guarantee safety, by
obtaining track and trackside condition data and by automatically ;. (REiER

controlling level crossings and other ground facilities. Essential == Safety information <7
technologies to be addressed include on-board vehicle position
detection using satellite positioning, track and trackside obstacle
detection, wireless control of signaling facilities, and methods to assist
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Disaster preventionand | | Autonomous route control and speed ATHRERO i 1R
maintenance information |[] profile generator

R LHOETER
Operational information for the
entire line

Information about passenger
numbers at nearby stations

Atk - EHESIEO B IER

. In addition, operation control methods
are also being developed to prevent
delays, ensure rapid post-disruption
recovery, and save energy in urban

+
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Ground cquipment control

operational decisions based upon trackside and vehicle information. areas.
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Improving labor efficiency with digital maintenance

BBEREDSHAT — 5D 5 BERAOREZE D FRIETV EEH o
5 - BRI A U RS BT U9 TV AERIRT D o [t iseasny
Z9HIC, B EFHAIIC LDMERUEEMDOEE BRI EEEITDECE . D !

. BARBOE LEHRIT — 5220, REUET —5EHE ST DT apa—

diagnosis
FRl
Estimate J
-

Dy bIA—OEBELET, FIT EHRY FD—DHRRICIDSIENHT ) S I! s .
BEDRPERBRIRMEEBELF T, 7 r} ‘
AR ORBE R

Digitally supported maintenance is another key area of our work. RTR1 is developing a system  Condition-based monitoring technologies
which can detect problems and predict condition changes based on data collected about the el B
health of relevant facilities. This is then used to determine when and what appropriate repair
or maintenance work is required. Digitally assisted maintenance requires the development of
technologies capable of offering diagnoses of track and structure conditions automatically,
based on on-board measured data. We will then need to build a platform that is able to
integrate and analyze the diagnosis data and power supply facilities data measured on board. e = " »
In additi(?n to this systfem, we plan to develop technologie.s tg facilitate early detection of " [P ;’;«Z'Z;J;i;@Lﬁﬁ,ﬁii“&‘i‘.ﬁi’;‘;ﬁ:ﬁ‘;ﬁm oy s avichen

malfunctions, such as high-resistance ground faults, by monitoring power supply networks. ]
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Low-carbonization of electric railway systems through cooperative control of the power network
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As part of our work to reduce the carbon
footprint of railway systems through active
use of renewable energy, we are also
developing new control methods to
coordinate energy storage systems with the
status of external power  systems.
Furthermore, in order to save even more

fif
Control center
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Renewnble energy
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energy through more effective use of
regenerative power, we are developing |
real-time cooperative control methods for
energy-saving devices, such as energy storage
systems and controlled rectifiers. In addition,
we are designing a method which adjusts
timetables to optimize energy-saving driving
in response to actual operational conditions.

SOTRIRIBICES I DHEHRDERIE

Increasmg Shinkansen train running speeds in harmony with the trackside environment
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In the light of planned increases in Shinkansen running speeds
RTRI is developing technologies to cut aerodynamic bogie noise
and tunnel micro-pressure waves by using a newly built
low-noise moving model rig. Our new high-speed pantograph test
facility is being used to develop a pantograph for high-speed
trains which guarantees both high current collection performance
and less noise. Furthermore, measures to control airflow around
high-speed train bogies are being used to develop a technology
for reducing snow accretion on and snow dropping from bogies.

A\

VIab—Y3avEimmhasElL

Sophistication of simulation technologies
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RTRI has a virtual railway test line, which makes it possible to
combine vehicle motion, overhead lines, pantographs, and
wheel/rail rolling contact. This is being applied to create
ananalysis model that can be applied to commercial railway
lines. In addition, we are developing simulators to evaluate the
state of wear of current-collecting materials when contact loss
arcing occurs on pantograph and to evaluate the safety of
vehicles self-snowplowing during high-speed running. Finally,
microstructural simulation of materials is being employed to
develop wear-resistant materials. Other developments include
a numerical wind tunnel that simulates large-scale, low-noise
wind tunnel experiments using numerical calculations.

IN—=F ) VEREFERIRDERIEA BT — 7 SV Zalb—42

Wider use of RTRI’s virtual railway test line Contact-loss arc simulator and snowplowing simulator

i
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Confirmation of consistency between simulations tools (contact-loss arc si and plowi
and real phenomena

ERRTEATE BRITE T VDR J

slmulator)_

Providing analytical models to ial lines

MHROWREESS1L—2aY

Simulation of microstructures of materials

THEFMATR RN OB J

Used for the development of wear-resistant materials

Numerical wind tunnel

RROERDHEL

Streamlining wind tunnel operations

Eﬁ@ﬁ“&%ﬁz%ﬁ&ﬂ)ﬁﬁ

the capability of the real wind tunnel
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A large number of RTRI research and development projects aim to mitigate damage from natural disasters and
improve safety to prevent railway accidents, which are the most critical goals for transport operators responsible for
protecting human lives.
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EY T o] 3.1, In order to mitigate damage and resume train services as soon as

In order to measure more accurately the
aerodynamic force acting on a vehicle subject
to cross winds, RTRI developed a test method
which makes it possible to run a train model
through a wind tunnel. This method makes it
possible to conduct tests under conditions
which are much closer to reality than similar
tests on a fixed vehicle.
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locations can then be displayed as visuals, showing where trains
should stop and highlighting evacuation routes for passengers.
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Optical filter camera
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Damage Information System for Earthquake on Railway (DISER)
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e This system uses the data provided by National Research
Institute for Earth Science and Disaster Resilience

Depending on loading conditions, container wagons can be susceptible to
rolling motion or decrease of dynamic wheel load, which are a cause of
derailment. In order to suppress rolling motion and decrease of dynamic wheel
load regardless of loading condition, RTRI developed a vertical damper with
an improved design.
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Vertical Damper for freight train container wagon

If an obstruction appears on a level crossing, there is an emergency button which
can be pressed, which lights up an obstruction warning signal. Watching this
blinking light, a driver notices an obstacle ahead on the line to apply the brakes
and stop the train. In order to reduce the cognitive burden on drivers and further
improve safety, RTRI developed a system which detects the blinking light using
a vehicle-mounted camera and warns the driver on board. It was confirmed that
the system can identify an obstruction from a distance of 600 meters.

1S5RS SHICEDBERAR K]

Detecting of obstruction warning indicator light
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Cost Reduction
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Background photo: Ladder track
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One of the biggest challenges for management today, is how to reduce the cost of constructing facilities, maintenance
and inspections. Assuch, RTRI is developing a number of technologies to realize cost-efficient design and construction
and more efficient inspection, diagnosis and assessment methods, with a view to lowering costs for railways.
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Technical development for lower-cost construction
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RTRI developed a rapid technique for recovering and reinforcing embankments
damaged by earthquakes or heavy rainfall. Using gabions to reconstruct
embankments makes it possible to reduce construction time by 30% and lower
cost by between 30 and 60%. This method also improves the seismic performance
and resilience to rainfall of embankments. The gabions used in this method are
modular, and therefore a stock of them can be kept in storage.

RT IR ~OIERIZB1E LICEiiiFFE I
Technical development to reduce maintenance cost
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Integrated tread surface
conditioning block

BRI oY IBDERE

ek, BROZEIOBEZHTHICERIBEELIC(SE
BEMEFANRSN., BIRRETOERZERT D
EHICBHR ISV IBICED S Y IFHEEBNABLS
NCTNEYI, ZCTT. NS 2DDHEEEZRNQABAI
BEREFzRE LI UL,

Railway wheel treads need enough roughness to prevent skidding and sliding.
To achieve this, sometimes tread abrasives are used to improve adhesion.
Meanwhile the wheel flange needs a lower frictional coefficient in order to
reduce rail and wheel wear while the train is running through curves. For this,
flange lubricator is used. In order to avoid having to use two different devices
for each purpose, RTRI developed an integrated tread surface conditioning
block capable of improving both adhesion and lubrication with a single device.
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Integrated tread surface conditioning block to reduce wheel-flange wear
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Technical developments to reduce inspection costs
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Parallel display of multiple 3-dimensional models (synchronized point of view)
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Traditionally, railway structures are inspected visually, with
photos and notes taken as a record. This is time-consuming.
RTRI therefore developed a system improve the efficiency of
inspections. The system shoots images automatically from a
wearable camera and can produce 3-dimensional models.
This system has made record taking easier and facilitates
detection and quantitative assessment of deformation.
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Shapes and forms can be compared at any spot
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3-Dimensional-model viewer
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Quick repair and reinforcement method for embankments damaged by earthquakes and rainfall
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Wearable camera
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Structures visual inspection support system using 3-dimensional images
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4 structures sensor camera

BB LIEOUEIN.-

Detected cracks
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Less expensive joints
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Scanning structures

Rail joints require a lot of maintenance work. Using
long-rails can therefore reduce the number of rail joints.
However, the high cost of installing long-rails has been a
hurdle inintroducing them on some regional lines. RTRI has
therefore developed a long-rail track structure that can be
introduced at less than half the cost of existing long-rail _—
track structures. =
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Cemented ballast s i

Automatic detection of tunnel cracks using images requires complicated prior tuning work. RTRI therefore developed a method to detect cracks precisely
and easily by applying deep learning.
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Low-cost long-rail track structure

New tunnel crack detection system using deep learning
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Harmony with the Environment Background photo: Large-scale low-noise wind tunnel

Technical developments to reduce CO, emissions
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Although the railways have a smaller environmental footprint than most other transport modes, we still need to find =z B ENTHES

™
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ways to reduce this footprint even more by saving resources and switching to renewable energy. We also need to & Battery Converter Hydrogen cylinders Fuel cell

address trackside environmental issues caused by high-speed trains, including noise and vibrations. RTRI has B XREC BT BIRIEH FES R EONEOEEEREDT « — I EBOBEHR 2 (C & BCOHHEMBOE

therefore been developing a variety of technologies to buil drailways that will have less impact on the environment. WHIC. MRBRE /N Ty RREBRESEEHE LT LIS, ABO CIIENTHERIRITDEEEIC, EEEFEONNE
Mg (2.5km/h/s) ZRIRLEUIC,

/. —I= VA o
é % jj 0) 7-:: &D d) } i T’T\J FF% %\é EE RTRI has developed fuel-cell hybrid powered test railway vehicles. Our goals are to reduce CO2 emissions by replacing DMUs in non-electrified sections and to

eliminate existing power supply facilities in electrified sections with the vehicles. The vehicles have provided a larger cabin space and attained the startup
acceleration of 2.5km/h/s. (This value is comparable to EMUs’.)

Technical development to save electricity
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Variable reactor
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We have developed a low-cost system to control the power supply
voltage of DC-electrified railways combining an existing rectifier and
variable reactor. This system enables the suppression of voltage drops
and effective use of regenerative energy.

NSRRI CBHRE L E T I DIED. /INYFT ST DM
REF<SZTPEICDEILEZDEITBILREERFAELIL
2. T ARRICEBZABMZRDMIIDCELE, =5ICH
AORDYINEZYNRIDCETERBILUE UL, B
[CRD. FHAE MR ZBIDZENEN2 TdBERLE T,
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Multiple-component
smoothed
pantograph head

RTRI has developed a new type of pantograph head designed to not only cut down
H ﬁ"E aerodynamic noise, but also reduce contact loss. The new pantograph head is

composed of multiple-smoothed pieces of material arranged along the head,
perpendicular to the travelling direction. Aerodynamic noise was further reduced
by attaching a porous metal plate onto the pantograph head holder to improve the
position of the pantograph head. These improvements have reduced aerodynamic
noise generated by pantograph head and holder by 2.7 dB.
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DC-Power-supply voltage control system using variable reactor
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Porous metal plate
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EBFHF =EHEOESIERICEIDELD Reducing the aerodynamic noise generated by the Shinkansen’s pantograph head and holder
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Superconducting feeder cables exhibit
zero electrical resistance when cooled
to an ultralow temperature. RTRI has
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Cross section area is enlarged
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Model train

: : - developed a superconducting power =3 -3 o 4 ’ .~ cross section
RDEE ‘ R cand miw 2 supply system for commercial service et .. o e T -~ areas -
oo uperconductin er<abler | lines. This system reduces electrical b e o g 9 i = ey =t - Fip S
: resistanlilD zc-dlCooling its cable k HRIROSRIEICH ST, FYRIVROD SRS SN DMRIERDIERDKRDSNTNET, WERO—DICHVYRIL
with liquid nitrogen and contributes to NOICRED DEELNANDIToNE 3-73\ FIERENZ20km/hZBZDE. MBERD FYRIVEEBLORSIEIR
reducing resistance induced power loss. ROB0~E0MNSEBICELAEDED, IR ~DENEENHEERNEYT, 20T EFTOESEBITCE
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ot e r This technology is expected to help save <. MESEBEEN S SBEF T ERELF U,
s energy and suppress voltage drops in
o oy power supply. Shinkansen running speeds are expected to increase again in future. As such it is essential to reduce micro-pressure waves radiated from tunnel portals. One
effective measure is to mount a hood at a tunnel entrance. When train speeds exceed 320 km/h, however, the tunnel hood needs to be longer than the current 30-
to 50-meters, which would be more expensive. RTRI has therefore been developing a tunnel entrance hood made of multiple sections with different sized cross
Sipe sectional areas, that has been shown to be effective in reducing micro-pressure waves without the need to extend the hood length.
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Superconducting power supply system Reducing micro-pressure waves with hoods possessing different cross-sectional areas
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Improved Convenience Background photo: Station simulator (Mockup station)

BADRBENMEZNE I DIMFHEFE

Technical development to improve on-board passenger comfort
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RTRI has been engaged in numerous projects aimed at improving the quality of experience for passengers using the
railways. For example, the development of optimized braking mechanisms to offer faster services, and improve ride
comfort. Our goal is to develop railways that offer the best possible ride experience.
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Development of new braking system for safer, faster service
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RTRI has developed a linear rail brake for high-speed railways which uses an alternate-current electromagnet (armature). Since this linear rail brake is powered
by self-generated electricity, it can continue working even during power outages.
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Linear rail brake for high-speed railways
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An aerodynamic brake was designed for use on Shinkansen trains, in order to shorten braking distances when running at high-speed. This non-adhesive brake
reduces the train speed by increasing air resistance. This mechanism has powerful braking performance. When not in use, it can be folded compactly into the roof
of the train without taking up passenger room.
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Prototype of aerodynamic brake for Shinkansen
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Compared to ordinary offices or spaces inside buildings, passenger saloons on trains are more directly impacted by outside temperature and humidity. RTRI therefore
developed a method for predicting the passengers’ thermal comfort on board trains. This method is made up of indicators to predict passengers’ physiological
conditions depending on the thermal environment and what passengers are wearing (clothes) and passengers' posture, and indicators to predict passenger mood and
mental state in the light of their physiological condition. The air-conditioned environment of the cabin can be quantitatively assessed by using this method.
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Method to predict passenger comfort on board trains depending on thermal environment
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Technical developments to improve ride comfort
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A vertical vibration control system was developed to improve the ride comfort on trains. In this system, vertical hydraulic dampers capable of controlling damping
force are mounted on bogies in parallel to secondary suspensions. They reduce vertical vibrations by controlling the damping force according to acceleration
measured by accelerometers. This system has already been mounted to all cruise trains in Japan, and some of sight-seeing express trains.
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Variable vertical damper

(Photo : © West Japan Railway Company)
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Trains mounted with the variable vertical damper system
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Basic Research for Railways
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Basic research is essential to provide a nursery of practical technologies and solutions to a number of railway-specific
issues. RTRI has placed particular focus on applying new technologies to railways, as well as increasing the
sophistication of simulation technologies, analysis and assessment methods for railway-specific phenomena.
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Sophistication of simulation technologies
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Snow accretion on a bogie Simulation Experiment
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While a train is running through snowy terrain, snow tends to be blown into the air. This snow then gets stuck to the bogies and carbody. This snow accumulates,
and should the resulting lumps of snow drop onto the track while the train is running, it can cause ballast to fly or damage signalling equipment and vehicles.
Consequently, RTRI has developed a method to simulate snow accretion which reproduces the accretion process in order to seek preventive measures.

BEMANDEENDYI2L—Y3Y

Simulation of snow accretion to vehicles
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RTRI has developed a method to simulate the underfloor airflow of a trainset ~ We have developed a technique to simulate the process of ventilation through
in order to explore methods to reduce the rolling motion of a trainset in a  open windows on a running commuter train.
tunnel, air drag of vehicles and aerodynamic noise generated by bogies.
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Simulation of vehicle underfloor airflow
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Simulation of cabin ventilation
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Integrating simulation and testing
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Contact wire vibration simulator
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assessment of contact performance vibration corresponding to
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A new pantograph bench test system was designed. The new system is capable of simulating the motion of contact wires. This system’s shaking device can move
and shake a pantograph as if it was actually in contact with a wire, based upon the results calculated by a vibration simulator. This allows more accurate testing
and evaluation of pantograph performance.
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Pantograph performance confirmation test by the simulation of train running
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Assessment of mental and physical conditions through physiological indices
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In order to research techniques for detecting changes in the physical and mental state of drivers, especially excessive tension and drowsiness, using physiological
indicators, we have developed an experimental system that can simultaneously measure various biometric data and driving records.
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System for measuring the physiological condition of train drivers
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Large-scale low-noise wind tunnel
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This wind tunnel is used for research to reduce the
aerodynamic noise of high-speed trains and to improve
their aerodynamic characteristics.
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Rolling stock testing plant
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This test stand is capable of reproducing running conditions in the speed range up to 500 km/h, using an
actual vehicle.
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Testing of disc brakes and tread brakes is conducted This facility can test the performance of axles and wheelsets at the maximum speed of 500 km/h by
on this test stand under various conditions. simulating the load acting to bogies of a running train.
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NDZEHBLEBEBITBRICENTEFT, test facility High-speed test facility for pantograph/OCL systems
shgig;i??nrzzge;:trz?acﬁnr:iz;%1:S?lrﬁﬁiz;l speed of 400 km/h through the rig and aerodynamic %E?ﬂi]d)%t@})ﬁ@]@ﬁ}ﬁ’@%%ﬁ@ Bzr\@/ X J’9 D\ S, 51@,@ Ly E_-_\EEJ._EF5OOkm/h§.tO) L/KD D@
BEOKE2RTTNIRD RE /SRR =& HEAETOCENTEFZT,
T, The sliding motion of an actual pantograph can be tested on this machine at the maximum speed of 500
km/h.

This machine can simulate ground vibrations with
seismic intensity of 7 and apply two-dimensional
horizontal acceleration onto an actual bogie.
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Gathering overseas technical information and sharing RTRI’s research results

International Activities

BREEMOBOEERESZZECHEEIREL TBADKERMIBEREZINE LU TCWET, FiZ.
“Ascent” 0 “Annual Report” ZFiT U T, ghE8HRRICRITDIRDIBHRZFHIEL TCINET,

Nl 9‘5‘*2 > ]:E
EINDIFFERS C D&
Cooperation with overseas research organizations
RTRI regularly sends representatives to participate in international conferences covering a wide range of technical fields. This allows us to learn about research

ﬁ%gyz;&mé%@%{m{@@t@ﬁim\ 5’59}\@@%%%%%\ Eﬁ%*%%\ K?E&@%ﬁﬁﬁ@ﬁﬂ%jm \\) E:Vi;l%vco(;rﬁlucted overseas and gather information. In turn, we produce our own publications, forexample, “Ascent” and our “Annual Report”, to disseminate our
IO NSEZHEUTNE T, tHREDBIMERENADIRKE. BIMARSDZ ANEREBASED TUNET,

RTRI encourages and has established a number of joint research projects with overseas rail operators, research institutes and universities. The purpose of this cooperation
is to further improve the value of railway systems. In addition to joint projects, RTRI also actively participates in overseas research exchanges, sending and welcoming

researchers to and from overseas research or ganizations.

.
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Signing ceremony of the research cooperation
agreement with the University of Birmingham, UK.

FaRY—T-TvIT)URZEDHTHFTHEDR

Signing ceremony of the research cooperation agreement

with the Université Gustave Eiffel in France

1Y FERIKE - SRKENRPIDBEEES
Advisory Council Meeting of the NHSRCL HSR
Innovation Centre Trust in India

- YDLREDHBHHZFTFEIT
Signing ceremony of the research cooperation agreement
with Deutsches Zentrum fiir Luft-und Raumfahrt (DLR)
in Germany

N=3HLKEF
(University of Birmingham)
REGHELE
ZAEL RS
(RSSB)

EfESKEES
(Uic)

NV KAy
MZEFEH FHFEVIXTLA
tra— Hiiatt
(DLR)  (DBST)

X¥1XE—17J-

Iv7ITILKE
(Université
Gustave Eiffel)
75 XE%
(SNCF)

IS5/IFRKE

(Politevnico di

Milano) e v _
1> NE RS EM TR
(HSR Innovation Centre)
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RTRI’s research partners

HRIKENAFT=ZEWCRR 2019
WCRR 2019

hEkE EEKE
B AERE HRATZeR
(CARS) (KRRI)

RNEEEEAN
SRBER S HAMTI TR

wl)
BEKKEIER

(TRA)

24 BB MT
(NSTDA)

HOEPDBIDIHESFES. MFMBIORFSE

UICHH RS RINES S
UIC HIGHSPEED 2018
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1Y FERENBEIREE 2017
International Railway Equipment
Exhibition 2017 in India

HIE#LE R iTEINnnoTrans 2018
InnoTrans 2018

BT LERG “Ascent”
“Ascent”: RTRI’s English-language
magazine introducing its research

outcomes




IREEFRS TS —

Railway International Standards Center (RISC)

ERthE >S5 —

Railway Technology Promotion Center

KB DT DEFERIBOBEZBEMIC—TTHICN T SIEHIC201 0FICHEII SNEEREERRE 2V S —TIL,
ERRRISIC BARDEAMAL IR OHF BB ZE AT, ISR ZHEL TNET,

RTRI’s Railway International Standards Center (RISC) was established in 2010. The aim of this center is to ensure that Japan is fully
engaged and represented in discussions and work relating to the establishment of international railway standards. RISC is therefore
working to contribute to the development of the world's railways by incorporating Japanese technical specifications and design concepts
into these discussions to establish international standards.

B DB DEIRIRECICRII D8 —

- BEi%Ee EEERS
Hg*ﬁgj Ministry of Land, Infrastructure, Transport and Tourism Ministry of Economy, Trade and Industry
Strategic planning for international ’?ﬁ Rt i

N . —
standardization of railway fields Coordination

BREERRB VS —

A= AL S - Railway International Standards Center (RISC) | .

SWE RN NG/ SEEE =N 7S )33 i 7
= 2': L~ N F ﬁﬁgﬁg Coordination| B3]V i Coordination %1%1‘5%%%
?? Eg 1¥ Tg%/ﬁ\) 3’3 KOE & @}E ON ES Bﬂ Railway Operators |g———3» [  Secretariat for the National Mirror Committee —— | Related Associations

and Organizations

- E 1 b (‘— F;g g- 5 éx EHR O) $§ Dj é: % O) E E@fﬁ%iﬁ&iﬁfﬁmgm and
] ZM>TUNE §'° Planning Meeting

et

Coordination

RISC plans and deploys strategies for

international standardization in co-operation

with member companies and organizations PEEER
Railway Industry Leaders

including railway operators, industry leaders

and associations.

HBEBARIS Y —Dugds

The Role of Railway Interna tandards Center

EFRBREFRRIUSEZHTE DS

Participation in drafting and deliberation of international standards

BRI CRHE T DIECR KL UISONEHF A BB =RDIAE LT,
RIBREEHORBEF NS LU CNET,

RISC participates in the drafting and deliberation process of international
standards through its role as secretariat of the national mirror committee for
railways under the IEC and ISO.

ISO/TC269%3(; V/L\\/Z_:\
The 8th Plenary Meeting of ISO/TC 269

EREE(CICRET DBINERE CDEE

Cooperation with overseas international standards experts

EERREEERE OB BEDEDERECENDRES B LU
EIR m-’iﬂjd)’ﬂ%%@f”&)\ BNBIRE CDEEZH > TNET,

RISC builds cooperative relationships with overseas experts in order to encourage
effective review processes and to raise awareness about the importance of

international standardization.

JVIIR=IL - EBIBIRIAR

Information Exchange between LTA, MTR and RTRI

IRBRIMHEE R VY — (3 BERMBRENHREE TN ET OHRE U TRESN TR BT h DR - @ L.
KA DIRRIC CERERRR KRBT —ERX 23D E U TERIZER L TNET,

RTRI’s Railway Technology Promotion Center was established in 1996 to provide a forum where railway engineers and researchers can

share their experience and expertise. This center addresses three main issues: preservation and improvement of technological potential,
systematization of railway technologies and providing technical solutions, and provision of technical information services.

sz

Technical assistance

RihsBE. BESCZB U BB EDLZE - ZRE
BiX RIMTOMEZEZIE U TN T, T2 BREBRMEDE
RRICTEATE DM EDERZED TNET,

Through field surveys and training sessions, RTRI is actively involved in
supporting local regional railways to guarantee safe and reliable
transportation, and transmission of technical knowhow, for example, by
compiling various educational materials to train the next generation of

railway engineers.

ﬁ%\L oX D-I—}S‘Zj: Dﬂ%ﬁ

Professional Railway Design Engineer examinations

BRI TR ERE U, k8RS DERMiLANILE L
ZXN->TCUL\EKT,

RTRI holds Professional Railway Design Engineer examinations in order
to improve the technical level of railway engineers.

K B DRFEAR

Preparation of technical standards

BEMDAGt - HEREERICE T DRIMEEDREERZTT
L\ EXBEIEDZ R OEFDSELICERM L TNET,
RTRI works hard to make railway transportation safer and more efficient

by drafting technical standards for design and maintenance of railway
structures.

hnical guides
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Application of RTRI Products in Commercial Operation

AR EDBHRFAERE

Sharing Technical Information and Research Outcomes

BBERERECELD LKA EDBHRCHZDCH. BEOMIARRZRHGIL LT\ DM ZEEHZHE T

7o TLET,

RTRI’s research outcomes are already widely used across commercial railway services and businesses. RTRI aims to produce results which

help meet a broad range of needs in society, and help address specific requirements in the railway industry.

JAN: 4 TP

DEFRIAMAIRE

Technical exchange seminars are organized in each
research field

VEE | s SRR <2273
e P o)

Base station (sensor)

RIFS

VR operator

Participant

ARE SHHLEVREM T STAT-VR

STAT-VR: Virtual-reality training module aimed at preventing train
accidents involving track workers

REEFB DB
Individually commissioned research projects
OBIBRDLILXIRIRFIET

Measures to deal with the age-related deterioration of bridges
OEI OISt Z SR LIS Z 1D

Seismic assessment for structures based on regional
characteristics of earthquake vibrations

OBEIIBDEITEER UICBEIXEERRIRDH
Evaluation of the effects of energy-saving driving considering
multiple train operation

OZEBIOEHWIZARE
Measurement of the electromagnetic field at substation

SEEM RIS BEENE
Solid bed track with S-shaped resilient
sleepers

JFERIRENAIES T TURYTS—1 |

U-Doppler II: Non-contact vibration measurement system

Fr--iE=h

JrohEn
FAT—Eh
ERH S SR ARR R
ERE S FRAN R

B RQIHRIREIEY XF A  LABOCS-MATE

LABOCS-MATE: Track maintenance system for regional railways

OEWRE B HAEBICHRDEERL TLAEDDH
Analysis of lubricants and rubber materials to extend vehicle
inspection intervals

OFRBARIBICHDIRESREYIaL—Y3Y
Passenger flow simulation for renovation of a station building

ORIV 1 DICKDIXEERS DAIE & BRBIFHD
Measurement of railway noise and evaluation by noise source
using directional microphone

O30 —Yy3avVIS—MhLEHE

Training course to prevent miscommunication in the workplace

BT DI ARRE EZHEHICE RS EILH EREHRIBERS EDFEESZRE L2 D ShEMTTRS.
RRR/S EDETIITMZFHET L CNE T, 2. ERNDIRERIMIBIRZINET DELEBICAFHELUTNET,

RTRI regularly organizes events such as lecture sessions and seminars, and publishes periodicals in order to disseminate its own research

outcomes with interested parties. RTRI also collects and compiles research results domestically and from abroad, with a view to sharing this

information.

Y- FaVANa

Seminars and lectures

BB DIBLNAFRREAERRZMSHICHERTI DTOHIC,

TVZEHTHF10RET DREMMBER. SWRDET

BONLERREERICHERT DABRRE. HBDEBRERKMD

HIERRDE N ZENDIRERAMBESCZRET M. DT

[CKRDEEERELTNET,

RTRI regularly organizes lectures and seminars, for example:

+ Annual review lecture to present RTRI’s broad-ranging research outcomes

*Monthly presentations for rapid sharing of research results from specific
technical fields

-Railway technical courses to share basic railway technologies among railway

engineers

tHAR

Publications
HARRREZMBVEE RN O F E OB RS THITEF
RRRB X UERBE:AM ZHD D 0T <8/ LIZRRR. tHFEFEMK
REBHDQITICHER UICLENGRNGHQRR E 28 UGz F18
LCWET,

RTRI publishes three periodicals:

RTRI Report: A monthly journal of research papers

RRR: A monthly magazine to give an overview of RTRI’s research outcomes
Quarterly Report: A quarterly journal of research papers written in English

TRERSERAMTE N DINE E N5

Collecting and sharing technical railway documents and materials
NMEZETIE. #HERENEN2 K0T MOIXBEEM 250
1 RIVERE - RBEBLUTNE T, L. EFHNBETIE. KB
ot DTS 28 U C R RTOM AR ZBEHICHEE L
TWFEI,

RTRI 's library has a collection of 29,000 railway related books and 250 titles of

magazines which are available for public consultation. In addition, our research
results are also available through our online library.
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A scene of RTRI lecture

PRI DTITYD

Publications by RTRI

1z

HME=
Library




! $II5\EH0)HR D %H%

Compliance and a Better Work Environment

SHCEISOTVREIFD

Achieving a more comfortable working environment

MASNBEBEERICKOAFRENZ+DICHE L. BBEERZR
NCTEBDLOBBIBRBEZF O CNEET,

RTRI will continue to provide a work environment where researchers are able to fully

demonstrate their creativity and research capability, and have vigorous discussions.

RUEANBERSIEXTR

Measures to nurture and develop future generations

HREHRIASBEDES EFECOMIZRET SFIEDIRAREFCEHTHOEI., IREAE
BSZIEBXIRIEEE ] [CEDVZBERBEESDERREDERRZREICET DD HHDRD S
N, 2008FUE, 10FULICDE > TEEBBEDRERBEY -0 [<DHA] Ziltii
BSIdEEEIC, 2019F2RBICESSICHEVVKEDERD A ZIToEELT. BRI [F
BTYR— X CRBESN. [TS5FF<DHA) ERBLTNET,

STATAVANE ]

Refreshing environment

RTRI aims to protect the wellbeing of its employees. We do this by encouraging a good work-life balance, in order
to foster a healthy home life. Since 2008, RTRI has been awarded an annual accreditation by Ministry of Health, ) e
RUERBEY—D
[I75F3<2HA]
Certification mark for
organizations which are
supportive of raising a family

Labor and Welfare for ‘nurturing the next generation’. This award is also known as “Kurumin”. The award is given

to companies and corporations which have successfully implemented measures to support employees who are

raising families, based on the “Act on Advancement of Measures to Support Raising Next-Generation Children” In
February 2019, RTRI achieved recognition as an excellent “company supporting family life” for its even higher
level of commitment to supporting families with children, and was award the highest level of accreditation: the
“Platinum Kurumin”.

VIS AR

Compliance

NL::3| ¢

HBHMHELAMPEEEAE UTEDEFZET L. SV RERHZE > CTHRABREDEHANZT > CNFT,
ZOROEBEDTEREERD IV TS PYRITEER ] ZRELK UL,

As part of our compliance agenda, all RTRI employees have a high level of awareness about ethical standards. RTRI employees pride
themselves in observing relevant laws and regulations that apply to research and development work.

VT SAPYRTENESR

Action agenda for compliance

FAZ BB ESRITARPADREIS. DY TS PYREHET DCHRDIEHICEDINTITE L, HHEY T LARUBE
Bt DAEICEMLET,

We, the executive and staff members of RTRI, act on the basis of the guiding principles listed below in order to promote compliance and to contribute to the
development of the railway system, science and technologies.

(D FEBIL HED—8EUCRICRVNREBERSZEF > CITaILET,

‘We commit ourselves always to act as a member of society conscious of high ethical standards.

(2 RIEBIE ETD - HRIREAEET U RIENDHRICTTEILE T,

We undertake to observe laws, ordinances and social norms and behave in a fair and sincere manner.

() FAIZBIL. THFBIFDIFMAEDHEFZITDICHICD. AMEADERECLUTDEMEER L. HRERADHR - @LCBHET,

We, the executive and staff member of RTRI, undertake to bear in mind our mission as the employees of a public interest corporation.
In disseminating the research results, we shall endeavour to maintain and further reinforce our social confidence.

(4) FATZBIS. BB DR - ARRZICHE 0T BIEICEBEZETUE T,

We commit ourselves to faithfully fulfil our mission, abiding by RTRI rules and regulations.

B FEBIE BERVDEREEHEEEL. BHERICERDINDEDRETRIBRLOHS - @ LICBHET,

‘We undertake to respect our responsibilities and standpoints among ourselves and to maintain/foster a healthy work environment where different opinions
can actively be exchanged without restraint.

BEREF 2T« [CDNT

Information security

MRFERBRSENEEZSISHESHWBICITOEEEIC, BHRBEEBERV
XIRZERIELTNET,

RTRI is also continuously strengthening security of its management and use of sensitive information relating to research and

BFHROEE - EREOEF2UT

development.

SDGsDER D #E

Commitment to SDGs

PREMITDE Y 3 YV ZRIRI DRTTEE U CTOEARFTERESEARCH 2025[CEDEE)ZE L C. SDGsIC
BIToNZ17TOBERORN. HKEBMIFDRAZENED EXERMEFOERLZDISD] ZEAFIC. 9DD
BROFRICATTERILTNET,

Our work at RTRI is directed at contributing to the realization of nine of the 17 SDG goals. The roadmap to reach this objective is set out

in our “RESEARCH 2025 plan. Of the nine goals, our key focus is on helping to realize SDG “GOAL 9: Industry, Innovation and

Infrastructure”.

The nine SDGs addressed by RTRI

EASTBRESEARCH 2025(CH73SDGsDEAGYSEND #EFH
Specific activities aimed at fulfilling the SDGs through the roadmap ‘RESEARCH 2025’

= . Activities under BiZ = - Activities under BiZ
= B 2 2 o 3 2
HAEHERESEARCH 20250);EE) RESEARCH 2025 SDGs HAEHERESEARCH 20250);EE) RESEARCH 2025 SDGs
1. AER%REE 1. l}l&D ) . h E“Eﬁﬁ#ﬁ§$$ %Diagnqstics advisory .
. ﬁ-é PE ] b BRI B ARSE *En ancing safety with an b= AT Y =d e rompt investigation o
=% emphasis on improving oy 2 damage and rapid analysis
(XS BB resilience to natural disaster :b Z) ﬂgﬁ%&i%ﬁlﬂ D of possible causes of disas-

. EIR G ESCHEREL LS | ters, accidents and equip-
HEEDIRE ment failures, in order to
propose recovery methods
and prevention measures

- F OB VIS A8k s | *Developing innovative
PO Ny railway systems based on
digital technologies

AT BRI LB *Creating high-quality results
ORFEOAIH by taking advantage of our
collective strength

7. EEREEE 7. International Standards

. P A2 % .y «Developing strategic inter-
EIZFO)f%;E:&m@n‘(ET‘j‘? i national standardization
PEfl & < DS RBI M activities to main tain and
T HRIE ) 7 [E B A HEA L TE further improve Japanese
oo R railway technology and
increase its visibility and
influence overseas

2 AER%E 2. Survey
- HEL R - B OB LR “Reflecting to R&D the

-y understandings of the
L. HRTEBHZEICIE changes in the society,

economy, and technologies

8. HAMBEER ti(.:Quqlti)ﬁcation —

BRI OB L ~L ey | *Contribution to safeguard-
g ing, maintaining and

AERFIR) L R OMRIE S 421k grovmg key tec%mlcal E

3. K EERE 3. Technical Standards
il TRoHE L O B R AL A +Creating designs that will

U K LT 2R o increase construction and
AR : :

maintenance efficiency DA B skl Is of railway engineer.

FIH Developing human resourc-
es to me}elzt skills demlands
across the entire railway

4. BHRY—EXEX 4. Information Services industry
CBETTIC N - ke 7o gk | Providing timely and - X .
gﬁzgg;{; R 72 808 appropriate rail-related 9. EKEE ) 9. International Activities
Gl VEPS technical information - SR T OERG 7 L | -Enhancing international
S prssence o he Japance
5. HHREESEE 5. Publication and Seminar
- FEBFFERHFE AR 72 & o4t | +Disseminating the results of 10. EhEHLY 10. Job satisfaction
BADER, R&D R it - R «Creating a motivating

workplace where staff can

BE TR U RN
A 2

C I B F A S -Providing systematic train-

ing courses for all levels of
participants from beginner
to expert

E A EC HIEAIY

demonstrate their abilities
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FFEBER (SDGs) ZxXELCNET
RTRI supports the Sustainable Development Goals.
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