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Human Science Division

 The Human Science Division is currently conducting 
research and development (R&D) on human factors. We 
aim to enrich and support the education and training of 
railway workers to enhance their safety, as well as station 
and on-train environments to enhance passenger safety, 
convenience, and comfort. We are capitalizing on digital 
techniques to perform various tasks more effectively and 
efficiently and are advancing our R&D efforts by cooperating 
with other research hubs. In this document, we report the 
results of our recent R&D activities.

Introduction

The Human Science Division aims to solve 
various human-related problems in railway 
systems and devise countermeasures to 
ensure passenger safety, convenience, and 
comfort. Consequently, it is essential to 
understand “people” and “the relationship 
between people and railroad systems” to 
elucidate their psychological, physiological, 
and behavioral phenomena and employ 
the knowledge and technologies accumu-
lated thus far.

Our division initially comprised four re-
search laboratories (Safety Psychology, 
Ergonomics, Safety Analysis, and Biotech-
nology). However, in April 2022, it was 
restructured and now comprises three 
laboratories (Safety Psychology, Ergonom-
ics, and Comfort Science and Engineering) 

to enhance the efficiency of R&D, with 
the aim of improving the environment 
surrounding railways and satisfying the 
requirements related to passenger safety, 
security, and comfort.

Major R&D efforts of the Human Science 
Division  shows our major R&D efforts thus 
far. To provide appropriate education, 
training, and support to drivers for ensur-
ing safety, we are focusing our R&D efforts 
to minimize human errors, unsafe behav-
iors, and workplace accidents; improve 
workplace environments; and implement 
driver-support systems. To prevent trans-
port disorders, we are developing guid-
ance measures to be implemented during 
abnormalities and preventive measures for 
accidents at level crossings and train–deer 
collisions. To evaluate and improve user 
environments and the work done thus far, 

our R&D efforts are focused on developing 
ergonomic designs for internal accommo-
dations, barrier-free solutions, enhancing 
onboard passenger comfort, and evaluat-
ing and improving sanitary conditions. We 
are working in conjunction with other re-
search divisions, including the Information 
and Communication Technology Division, 
and considering cost reductions to solve 
the issues identified thus far and employ 
digital technologies to address them.

Here, we introduce the latest examples of 
our R&D efforts based on digital technolo-
gies for developing advisory techniques for 
drivers that monitor changes in their physi-
cal and mental states, enhancing pedestri-
an safety at level crossings, and developing 
low-cost and efficient weeding techniques.
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Major R&D efforts of the Human Science Division

Driver-support System by 
Monitoring their Physical and 
Mental States 

We are developing a system that moni-
tors the physical and mental states of driv-
ers and sounds an alarm in case drowsiness 
is detected to prevent errors and accidents 
owing to lowered attention, i.e., drowsi-
ness. There are two major approaches 
for detecting drowsiness: photographing 
the driver’s face and employing image-
analysis technology to detect drowsiness, 
and physiologically measuring drowsi-
ness using wearable sensors. The Railway 
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Examples of systems for monitoring changes 
in the physical and mental states of drivers

Safety

Convenience
Passenger comfort

Using the knowledge 
and technologies 

accumulated thus far
×

Understanding "human beings" and "the relationship 
between human beings and railway systems," 

elucidating the various phenomena considering 
human psychology, physiology, and behavior

Solving various human-related problems
in railway systems and proposing 

countermeasures

To evaluate and improve user
environments and work done

Including the development of 
ergonomic designs for internal 
accommodations, barrier-free 
solutions, enhancing onboard 
passenger comfort, and 
improving sanitary conditions

Hot ･･･

Appropriate education, training, and support measures for ensuring safety
Including minimizing human errors, unsafe behaviors, and workplace accidents, 
and improving workplace environments, human factor analysis, and support systems

Guidance measures to be implemented 
during abnormalities and preventive 
measures for accidents at level 
crossings and train–deer collisions

Please do not
enter Deer deterrent

sound

Measures to prevent transport 
disruptions, including

Measuring tablet

(wrapping the band 
around the upper arm)

Pulse wave sensor

(Breath sensors are tucked into 
the belts worn around pants)

Breath sensor

Data from each sensor is recorded 
at a terminal via Bluetooth
⇒Driver drowsiness levels 
    are measured
⇒Sounding a voice alarm if required



Technical Research Institute (RTRI) is par-
allelly researching and developing both 
approaches to satisfy the various require-
ments of railway operators. The following 
paragraphs elucidate the approaches for 
conducting physiological measurements of 
drowsiness.

We are studying heartbeat-based (i.e., 
pulse wave-based) and respiration-based 
techniques from a practical standpoint, 
given the simplicity of their measurements 
for monitoring a wide range of physi-
cal and mental states, from low to high 
arousal1). The actual deployment of these 
systems involves accurate and real-time 

measurements using wearable sensors that 
do not cause discomfort to drivers.

We built a prototype measurement sys-
tem using commercially available wear-
able sensors (Examples of systems for 
monitoring changes in the physical and 
mental states of drivers ) that is currently 
being tested on drivers during operation. 
Examples of driver drowsiness levels de-
tected by the proposed system (above) 
and those obtained by the drivers’ self-
evaluations (below)  shows an example of 
the drowsiness levels of drivers detected 
by this system and the results of the driv-
ers’ self evaluations2). The onset and dura-

tion of drowsiness detected by this system, 
as shown in Examples of driver drowsiness 
levels detected by the proposed system 
(above) , substantially matches those felt by 
the drivers, as shown in Those obtained by 
the drivers’ self-evaluations (below) .

Through close cooperation with the Data 
Analytics Laboratory, a subdivision of the 
Information and Communication Technol-
ogy Division, we plan to not only acquire 
more data and provide more accurate 
monitoring but also develop systems that 
are easy to use by the drivers and their su-
pervisors.

Examples of driver drowsiness levels detected by the proposed system (above) 
and those obtained by the drivers’ self-evaluations (below)
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Preventing pedestrians from entering the railway crossing 
immediately before it is closed by earlier descent of

crossing rods and sounding a voice warning

Enhancement of Level-crossing 
Safety3)

The number of level-crossing accidents 
involving automobiles has recently de-
clined, whereas those involving pedes-
trians remain unchanged4). According to 
one study, approximately three-quarters 
of level-crossing accidents involving pe-
destrians are caused by pedestrians en-
tering the crossing while the warning is 
sounding (immediately before the cross-
ing is closed)5). We are currently working 
on preventing such occurrences.

A survey of pedestrians using level 
crossings showed that approximately 
60% of those who experienced fallen 
barrier traps by entering the crossing 
while the warning was sounding had 
misunderstood the meaning of the 
warning to be “Caution” instead of its in-
tended meaning of “No entry6).” To pre-
vent this, we propose sounding a voice 
message stating “No entry” during an 
active warning, as well as blocking entry 
to the railway crossing earlier (hereinaf-
ter referred to as earlier descent of cross-
ing rods). We employed multiple types 
of messages, including “Danger. Please 
do not enter the railway crossing.” The 
crossing rods on the entry side descend 
quickly when the descent starts before 
slowing down, ensuring that the barrier 
descent completes within the same time 
as that in the current setup.

We also conducted an experiment by 
simulating a level crossing to verify the 
effect of blocking access to the railway 
crossings earlier. The participants were 
showed an image of an alarm sounding 
when approaching the railway cross-
ing and selected whether to stop or 
enter the railway crossing. The results, 
presented in Preventing pedestrians 
from entering the railway crossing im-
mediately before it is closed by earlier 

Steam-weeding technique

(Sound of a warning horn)･･･

“Danger. Please do not enter the railway crossing”
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Newly developed handheld nozzle array

General-purpose steam cleaner
(water consumption: decreased from 1,000 L/h
of conventional steam weeding to 72 L/h using
the newly invented nozzle array)

Generator

Steam-spraying tubes
(Weeds can be withered through
a 5-s spray by employing a unique
shape for the ejection opening)

The cover helps disperse
steam more efficiently
within its frame by using
the improved 
steam-diffusion pathways

Hose
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descent of crossing rods and sounding a 
voice warning , show that adding a voice 
warning, earlier descent of crossing rods, 
or a combination of both resulted signifi-
cantly reduced the proportion of passen-
gers entering the crossing when the warn-
ing was sounding compared to the current 
implementation. Based on these results, 
we conducted verification experiments us-
ing actual systems.

Low-cost and Efficient Weeding in 
Railways7)

Weeding in along railway lines requires 
considerable workforce and time, demand-
ing higher work efficiency. The Human 

Comparison between steam weeding and slashing using a bush cutter

Science Division has developed a steam-
weeding technique with weed-controlling 
effects and usability based on our accu-
mulated knowledge of weed control in 
conjunction with the Track Technology 
Division.

Herbicides can be used to efficiently 
control weeds growing outside the tracks 
within the railway-property boundaries. 
However, to avoid impacting the residen-
tial and agricultural areas along the line, 
it is necessary to limit the locations where 
they are used. For this, bush cutters, which 
can rapidly remove weeds, are widely 
employed. However, during the summer, 
weeds grow back quickly. Moreover, work-
ers must use bush cutters for relatively 

short periods to avoid adverse health 
impacts such as injuries from rebounding 
rotary blades and vibration-induced upper-
limb disorders. Furthermore, because 
signaling and communication cables are 
installed along the railway lines, employing 
extreme caution is crucial to avoid cutting 
these cables.

Therefore, we focused on a method used 
in agricultural fields: steam spraying to 
denature proteins and wither weeds. Con-
ventional steam-weeding methods require 
large boilers and considerable quantities 
of water. Because obtaining large amounts 
of water in railway areas is challenging, we 
developed a handheld nozzle array com-
posed of steam-spraying tubes and a cover, 

Slashing using a bush cutter Steam weeding

Regrowth over entire
test site: some weeds
are flowering

Tests conducted at a site
covered with thick

growth of large weeds

Regrowth confined to 
approximately 10% of
site area and no
flowering observed

Test site Test site

Solidago altissima
Removing large weeds commonly

found along railway lines

Before trial

Three months after trial
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which uses less than one-tenth of water 
than conventional steam-weeding systems 
while providing sufficient heat to wither 
weeds. We confirmed that excellent steam 
diffusion can be obtained by improving 
the shape of the steam-diffusion pathways 
inside the cover and weeds caught within 
its frame can be withered through a 5-s 
spray by improving the shape of the ejec-
tion opening. In addition to this, a general-
purpose steam cleaner and small genera-
tor are required for generating the steam 
(Steam-weeding technique ).

Trials conducted at a test site covered 
with a thick growth of large weeds demon-
strated that compared to slashing by the 

bush cutter, less than 10% of the weeds re-
grew after three months, and less than 70% 
regrew after one year using this method 
(Comparison between steam weeding and 
slashing using a bush cutter ). Additionally, 
it is approximately 30% faster than slash-
ing using bush cutters and reduces the 
required work force by 60%.

This system is already available on the 
market and we are also developing more 
effective weeding techniques to remove 
weeds growing on the tracks.

Conclusions

This report introduces the Human Sci-

ence Division and the latest R&D efforts 
for addressing the challenges faced in 
railways, including driver-support systems, 
level-crossing safety enhancements, and 
efficient weeding methods. For more in-
formation on our other achievements and 
ongoing research, please refer to the RTRI 
website (https://www.rtri.or.jp/rd/division/
rd52/). 

The Human Science Division is commit-
ted to continuing R&D to develop innova-
tive systems that focus on human behav-
ior, specifically those of railway employees 
and users, by employing rapidly advancing 
digital technologies.
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