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JR East strives to maintain hygiene in stations by cleaning them 
every day so that passengers can use them in comfort.

There are many issues surrounding the task of cleaning in 
stations, including the strain placed on cleaning personnel due 
to the immensity of the job, cleaning in dangerous places, and 
worries about the dwindling workforce.  In response to these 
issues, we have set out to develop an in-station cleaning robot as 
a way of assisting the task of cleaning.

A background stimulus to this development project has 
been the incredible advancements in recent years made in robot 
technologies that are now fit for use in real-life situations.

While there are various robot technologies such as those 
for control, drive, sensor and artificial intelligence, not all of 
them are just necessarily limited to robots.  For instance, sensor 
technology is vital for robots in the task of recognizing the 
surrounding environments, but that same technology also is used 
on the latest automobiles to automatically activate brakes to avoid 
collisions.  In this way, robot technologies are advancing hand in 
hand with various products, industries, and research to reach a 
level in which they can sufficiently be used to mimic a certain 
range of movements and to add some automatic or autonomous 
functions to existing devices.  Nevertheless, unlike the humanoid 
robots in movies, the reality is that a multi-purpose robot that 
can handle all environments and all types of work does not exist.  
Consequently, we need to design the optimum robot for the 
locations and work we deal with at JR East.  This report thus 
deals with the development of a robot to clean inside railway 
stations. 

Current State of and Issues in 
Cleaning Inside Stations2

In-station cleaning involves floor cleaning in areas such as 
concourses and platforms, facade cleaning of areas such as 
windows and walls, and ceiling cleaning.

Under our present cleaning program, the proportion of manual 
cleaning such as floor mopping work has been cut by the wide 

Introduction1 introduction of automatic floor cleaners.  Nevertheless, there are 
still many cleaning tasks that require huge human efforts and, in 
some cases, involve danger.  Those tasks include manual cleaning 
of ceilings and walls because there are no cleaning machines for 
those and the cleaning of confined spaces and stairs that require 
the carrying of heavy equipment.  Furthermore, as cleaning has 
to be performed at night after trains have stopped running and 
all passengers have left the station, the burden placed on cleaning 
personnel by the lifestyle rhythm of their jobs is heavy.

Another major issue concerns the worry about acquiring a 
workforce in the future.  At present, we have sufficient cover 
thanks to the backup of part-time cleaning personnel.  However, 
if the working population continues to decrease in tandem with 
the decreasing birthrate and aging population, ensuring the 
provision of a workforce in the future is likely to be difficult.  
Additionally, there is fear that such a workforce shortage will 
drive up costs.

[Summary of Cleaning Issues]
·  Some cleaning work puts an immense burden on the human 
body.

·  Some cleaning work, such as stairway cleaning, is dangerous.
·  Burden placed on cleaning personnel by the work time lifestyle 
rhythm of their jobs is heavy.

·  A dwindling workforce may cause difficulties in securing labor.
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There are many issues surrounding the task of cleaning in stations, including the strain placed on cleaning personnel due to the 
immensity of the job, cleaning in dangerous places, and worries about the dwindling workforce.  Therefore, in order to assist the 
task of cleaning, we have set out to develop an in-station cleaning robot as one way of resolving such issues.  We have, up to this 
point, put together a prototype machine equipped with drive (travel) and cleaning mechanisms and conducted evaluation tests on 
the machine (robot) at the JR East Smart Station Lab, which is a model station for implementing full-scale experiments.  Results 
showed that the drive mechanism requires the addition of a self-localization function to improve its accuracy, whereas the design for 
the cleaning mechanism in general fulfils the expectations placed upon it.
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hand-pushed machines that have just a single function and are 
comparatively inexpensive.  The more limited their functions, 
however, the greater the need for a large number of cleaning 
personnel.  Moreover, cleaning machines have to be operated at 
least ten centimeters away from such obstacles to avoid contact/
collision with walls, vending machines, benches, and the like, so 
workers have to clean these no-go zones with mops and polishers.  
Many of the cleaning machines weigh over 100 kilograms, thus 
they are usually not taken from a one station to other stations 
for use.  Therefore, cleaning machines are chosen for individual 
stations on the basis of parameters such as area to be cleaned in 
station, the availability of storage space, and cost effectiveness.

[Summary of Concourse Cleaning Issues]
·  Areas close to walls and under benches cannot be cleaned.
·  A large number of personnel is required.
·  Night shift personnel are difficult to secure.
·  Machines cannot be used at multiple stations.
·  Machines are expensive.

3.3 Development Concepts
Fig. 3 shows the concepts in developing the robot.  We took 
the overall cleaning issues and concourse cleaning issues 
summarized in sections 2 and 3 of this report as the issues that 
needed to be accommodated by our robot.  Thus, we chose 
“compact”, “autonomous”, “high performance”, “lightweight” 
and “inexpensive” as our development concepts, and from there 
proceeded to work on a specific design.

Development of In-station Cleaning 
Robot3

3.1 Reasons for Developing Robot
With the objective of resolving the in-station cleaning issues 
mentioned in section 2 above, we set about developing a robot to 
help in the task of cleaning.  More specifically, the objectives were 
reduction of workload, securing labor, and reduction of costs.  
The cleaning target was set as floor cleaning, that for concourses 
in particular.

In comparison to walls and ceilings that passengers have 
minimal contact with, floors become dirty quickly, requiring 
frequent cleaning, so introducing robots to the task of floor 
cleaning is expected to produce the most tangible results.  Floor 
cleaning also involves the cleaning of platforms, but we decided 
to limit operations to the cleaning of concourses this time due 
to the danger of the trial robot falling off of platforms.  If a 
robot can clean concourses, it can naturally clean platforms too.  
However, some kind of physical barrier would be necessary to 
completely eliminate the risk of falling.  Once the installation of 
platform edge doors has increased, we will introduce platform 
cleaning into our research. 

3.2 Current State of and Issues in Concourse Cleaning
3.2.1 Material of Concourse Floors
Tiles such as terrazzo or porcelain are often used as concourse 
flooring materials. When considering the design of a robot that 
will have to move inside stations, a major concern is the shapes 
of the floor surfaces.  Broadly speaking, these can be divided into 
two types: smooth and shiny or uneven and dull.  The former is 
nice to look at while the latter offers better non-slip footing and 
scratching is not so noticeable.  The former is often used in hotels 
and department stores to afford a sense of luxury in areas where 
walking speed is relatively slow; the latter is often used in stations 
because their environments are partially outdoors and travelers 
mostly walk at a fast pace.  Therefore, we had to pay attention 
to tires when designing the robot, selecting non-slip tire material 
and a tire diameter that can cope with uneven surfaces.

3.2.2 Issues in Concourse Cleaning
Concourse cleaning involves sweeping away dirt and dust and 
polishing.  In some cases, this may be followed by waxing.  All 
of these tasks involve combinations of cleaning machines and 
multiple personnel.  As cleaning is done at night in a short period 
of time, a large number of personnel is required, and there are 
cases where it is difficult to obtain the required number of 
personnel.

There are various types of floor cleaning machines.  At one 
end of the spectrum there are high-end models featuring many 
cleaning functions such as sweeping, water spraying, polishing, 
and wastewater vacuuming all in one machine.  Those can 
even be ridden like a cart, but they cost two or three million 
yen each.  These are used mainly in large stations with have 
broad concourses.  At the other end of the spectrum there are 
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3.4 Developing an In-station Cleaning Robot
Fig. 4 shows overall images of the first prototype machine we 
produced this time.  As the first stage of this development 
program, we test built a robot equipped with a drive (travel) 
mechanism and a cleaning mechanism.  In the future, we intend 
to add an autonomous travel function to create the second 
prototype in-station cleaning robot.

The first prototype machine has a total of six shafts: one 
for brush rotation, two for tilting the brush, and three for the 
omni (poly) wheels.  The details will be explained in the next 
section, but in short the first trial machine has three omni wheels 
arranged equally on the outside of the brush at 120º angles to 
each other, which means the machine can travel in any direction.  
Furthermore, a round brush is fitted to the center of the frame, 
and the floor is cleaned when this rotates.  There are two ways 
of operating the machine: one involves inputting commands in 
advance to move the robot and the other involves direct control 
using a joystick console like those on electronic games.

3.4.1 Drive (Travel) Mechanism
The first prototype machine has three omni wheels to enable 
travel in all directions.  As Fig. 5 below shows, an omni wheel 
is designed to move in all directions.  Each of our machine’s 
omni wheels has its own drive shaft so that they can be used in 
combination to move in any direction.

There are various types of omni wheels, and the ones we use 
have three free rollers equally spaced around the drive shaft.  
An omni wheel is composed of two wheels that have three free 
rollers. Each wheel is connected to another that is shifted 60º.  If 
the omni wheel is made to rotate in the direction the drive shaft 
rotating, one of the double wheels will come into contact with 
the ground while the other does not, resulting in a movement 
equal to a hoop rolling across the floor.  If a force is applied 
in a direction parallel to the drive shaft, one of the free rollers 
will rotate and the omni wheel will move in the direction of the 
force being applied.  In other words, the omni wheel can move 
forwards/backwards and sideways.  And, by using three omni 
wheels on our robot, it can move in any direction.

Furthermore, the cleaning brush can be tilted in two 
directions.  When the brush is rotated, the machine can thus be 
made to move in the desired direction by controlling the angle 
that the shaft tilts to create propulsion from the brush 1) 2).  This 
means the brush propulsion assists the omni wheel propulsion.  
We tired this with the aim of finding out whether it reduces 
battery consumption.  As can be seen in Fig. 7, the omni wheel 
propulsion and the brush propulsion have to be adjusted to 
obtain the necessary propulsion.  However, the friction force 
between the brush and floor causes the robot to rotate around 
the vertical axis, so we need an omni wheel that will cancel out 
that effect.

3.4.2 Cleaning Mechanism
In the first trials, we used a commercially available round nylon 
brush (like those used on handheld polishers), with 45 mm long 
bristles and a diameter of 300 mm.  Cleaning involves pressing 
the brush firmly against the floor and rotating it.  In conventional 
cleaning, the floor is sprayed with water before polishing, and 
the wastewater needs to be vacuumed up after cleaning.  This 
was not possible with our first trial machine, however, as it 
is only equipped with watering and polishing mechanisms.  
When we develop the second trial machine, which will have an 
autonomous cleaning function, we will also add a wastewater 
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vacuuming mechanism.
The brush unit (the unit that rotates the brush) comprises 

the brush rotating shaft, two brush tilting shafts, and a pressure 
spring mechanism for pressing the brush downward.  The brush 
pressure spring mechanism has an adjusting nut that can be 
moved vertically to adjust the pressure applied via the spring 
(pressure range of 0 to 30 kgf ).  We added this adjustment design 
in order to find the optimum downward pressure in evaluation 
tests as the downward pressure of the brush affects cleaning 
capacity as well as brush propulsion and omni wheel propulsion.

Evaluation Tests4
We conducted evaluation tests of our trial cleaning machine at 
the JR East Smart Station Lab (a model station for implementing 
full-scale experiments).  The tests comprised mobility evaluation 
and cleaning capacity evaluation.  Results are as follows.

4.1 Mobility
4.1.1 Traveling Accuracy
We conducted test runs with various paths, operating speeds and 
floor friction statuses, with and without brush rotation, with and 
without brush tilting, and with and without water.  No significant 
difference was seen in odometry (measuring of rotation angle 
displacement of wheels) accuracy, but errors accumulated the 
further the machine traveled, resulting in accuracy deteriorated.  
We believe that this can be compensated by the robot being able 
to self localize once it receives the addition of the autonomous 
travel function in the next scheduled trial.

4.1.2 Brush Propulsion Effect
In using brush propulsion created by the tilt of the brush, we 
found that it does assist robot propulsion and that omni wheel 
driving current was reduced.  However, there was no major 
beneficial reduction in current consumption by the overall 
system.

4.2 Cleaning Capacity
We conducted tests on cleaning of dirt such as coffee and miso 
paste spread on the floor, using different operating speeds, brush 
pressures, and floor friction statuses.

For conventional dirt (dirt that has simply dried on the floor), 
two back-and-forth passes with the cleaning machine at fast 
operating speed and low brush pressure were sufficient to clean 
the dirt away.  However, with stubborn dirt (dirt not dealt with 
for at least a couple of days)—coffee in particular—even five 
intensive polishing passes were not enough to remove the dirt.  
Nevertheless, this result is the same even when a conventional 
cleaning device is used.  On actual cleaning sites, a suitable 
detergent is used to clean such stubborn dirt.

Conclusion5
·  We built and evaluated the first trial machine as an in-station 
cleaning robot equipped with drive (travel) and cleaning 
mechanisms.

·  For the drive (travel) mechanism, errors accumulated the further 
the trial machine traveled.  This can be compensated by using 
autonomous localization.

·  For the cleaning mechanism, most of the expected benefits were 
obtained.

·  The next scheduled research task is to develop a second trial 
machine as an in-station cleaning robot also equipped with an 
autonomous travel function.
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