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More than half of tra�  c accident fatalities are people aged 
65 years and older, and about 70% of those are pedestrians 
and bicycle users. Furthermore, more than 50% of elderly 
traffic accident victims lose their life within 500 meters 
from their home. To reduce the overall number of traffic 
accident fatalities, countermeasures are required from the 
standpoint of both vehicles and pedestrians.

Advanced driver support systems that assist elderly driv-
ers whose driving skills have decreased with age have been 
proposed. However, since these systems include several 
controversial points, the best way to help elderly or handi-
capped people lead active lives through mobility is to pro-
mote more flexible transport systems with advanced 
accessibility characteristics.

Public transport systems are becoming more and more 
important. However, the limitations of public transporta-
tion, such as the relatively lower fares that can be earned 
from these systems and the necessity of making them 
available to all, make them hard to operate in depopulated 
areas. Although a fully automated bus service has the 
potential to reduce driver costs, high initial costs make 
these systems di�  cult to deploy. One potential solution is a 
combination of new technologies with a completely evolu-
tional business model that has yet to be practically realized.

� e initial objectives of this project were to improve the 
quality of urban public transport and to resolve the short-
age of highly skilled bus drivers. One of the � rst working 
items was to develop an automated precise docking system 
for buses. � is is a control technology that enables a bus to 
come alongside a bus stop precisely, without any large gap 
between the bus entrance and the edge of the bus stop. � is 
will help wheelchair users and visual impaired persons to 
get on and off the bus without missing their step. Even 
skilled drivers need this system because it is a hard task to 
perform every time, especially when it is dark. Of course, 
this system will also help less experienced bus drivers as 
well. Buses using this system were given the name 
Advanced Rapid Transit (ART).

SIP-adus was requested to implement some of items from 
our activity by the 2020 Tokyo Olympic and Paralympic 
Games. However, we realized that it would be too di�  cult 
to complete and transfer the specifications to a potential 
manufacturer within a year (considering that vehicle man-
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Fig.1 SIP-adus Next Generation Transport WG activity
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ufacturers usually require a further three years for their 
work). Although we decided to utilize our basic speci� ca-
tions as much as possible, more reliable sensor hardware 
was needed to achieve production level quality, which 
meant that we had to use an existing product already on 
the market.

� is tentative solution uses a dedicated optical guideway 
on the road surface. One concern about this solution was 
the possibility that general road users might misunder-
stand the meaning of this visible guidance line (unlike 
some examples in Europe, we planned to put this line on 
general roads).

To evaluate this concern, two types of experiments were 
conducted. One involved selecting the color of the guid-
ance line to reduce the impact on general road users while 
also allowing robust detection by the precise docking sys-
tem. Another involved proving ground testing with a vari-
ety of test subjects to see whether they misunderstand the 
line. According to these test results, road authorities were 
approved to use this system within limited locations. � e 
authorities also asked us to develop a new system that does 
not use dedicated visible markers instead of this short term 
solution.

Two di� erent approaches were conducted.
One used an invisible guidance line created by infra-red 

(IR) reflective paint that only IR cameras can detect and 
cannot be confused by general road users. One issue of this 
system is heat radiation from the road surface during 
sunny days in summer. Although some potential counter-
measures were identified, we needed to give up this 
approach at the end of the � scal year for several reasons.

� e other approach involved a sensor fusion system that 
uses existing roadside objects, including road signs and 
structures around the bus stop, to detect the precise loca-
tion. This system does not require any dedicated infra-
structure. As some experiments have found very positive 
results, ensuring robustness would be a � nal key to reach 
the goal.

Lack of speed and chronic operational delays are major 
reasons why bus transit loses value and service quality. 
Advanced public transportation priority systems (PTPS) 
can help to resolve these issues. � ese systems have a wide 
range and can cover large numbers of buses simultaneously 

around a targeted intersection using radio wave beacons. 
This feature provides the new capability of coordinating 
which bus of several approaching the same intersection 
should be prioritized. Flexible prioritization factors can be 
adopted, such as the number of passengers in the bus, or 
whether the bus is critically delayed or classified as an 
express. � ese factors and the priority threshold values can 
be controlled as required at the ART information center.

From the standpoint of operational information, buses 
have the disadvantage of unstable time delays compared to 
other transportation, such as airplanes and trains.

In addition to the active involvement of PTPS prioritiza-
tion, the latest AI and big data technologies can be used to 
estimate the delay time to individual destinations for each 
passenger more accurately with good probability. � ese are 
major requirements for the ART information center, as 
well as the two data handling requirements described 
below.

Rather than vehicle congestion on roads, the ART infor-
mation center handles congestion caused by the motion 
and behavior of pedestrians. The timing and method of 
information provision is important for people wishing to 
go to an event. Both congestion prediction before the event 
and real time feedback of the on-going situation are very 
important for information users. � is information provi-
sion should also carefully consider various psychological 
factors.

People using public transportation have to walk from 
their origin, as well as to their final destination. Walking 
assistant systems will be very helpful, especially for vulner-
able road users such as wheelchair users, the visually 
impaired, and elderly people to find the optimum route 
with smaller barriers. One challenge of this approach 
includes the creation of a standardized open database. 
Although many kinds of trials are under way in several 
places, it will not be easy to gather the data from these tri-
als into one single information platform. � is project aims 
to provide an open template for this information.

New System Development for Precise 
Docking

Advanced PTPS

ART Information Center

Congestion Prediction

Walking Assistant System
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1.1.　Purpose of investigation
� is survey investigated the steps and gaps between a bus 

stop and bus entrance, and defined the permissible steps 
and gaps that would allow wheelchair users to get on and 
o�  the bus.

1.2.　Outline of experiment
As shown in Fig. 1, we made a wooden pedestal frame to 

simulate a bus stop, and used the terrace at the entrance of 
a building to simulate the entrance of a bus. We used a 
manual wheelchair and an electric wheelchair for the 
experiment. The test subjects were six healthy volunteers 
(ages: 20s to 60, one female test subject), who participated 
in the experiment after learning how to handle both the 
manual and the electric wheelchair adequately. � ere was 

no assistant, and the experiment was carried out in the 
ingress/egress environments listed in Table 1. Accessibility 
was evaluated using the four levels listed in Table 2.

1.3.　Results of the experiment
Tables 3 and 4 show the results for the different step 

heights using the manual and electric wheelchair, respec-
tively. Tables 5 and 6 show the results for the di� erent gaps. 
From the evaluation results shown in Tables 3 to 6, the 
permissible step height was set to 30 mm and the permissi-
ble gap was set to 60 mm.

1 Clari� cation of Permissible Gap for Ac-
curate Arrival Control of Bus at Bus Stop
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Generation Urban Transportation System
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ABSTRACT: To make it easier for bus users, including wheelchair users, to get on and o�  the bus, a survey was conducted to help develop an 
automated control technology that stops the bus so that the gap between the bus entrance and the bus stop is minimized. Section 1 reports the 
results of an investigation about the permissible gap and step between the bus entrance and the bus stop. Sections 2 and 3 describe the perfor-
mance of recognition technology used for controlling the accurate arrival of the bus at a bus stop. Section 4 describes the performance of the 
arrival control using the recognition technology described in Section 3.

Table 1 Implementation content

Fig. 1 Experimental situation

Table 2 Evaluation index
Table 6 Gap evaluation using electric wheelchair

Table 5 Gap evaluation using manual wheelchair

Table 4 Step di� erence evaluation using electric wheelchair

Table 3 Step di� erence evaluation using manual wheelchair
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A white line is laid along the path of the bus to the bus 
stop, and accurate arrival control is performed based on 
the amount of deviation between the white line as detected 
from the camera image and the bus.

2.1.　White line detection algorithm
White line candidate points are extracted using the white 

line width. The widths of the white lines in the input 
images are made constant by converting the images to a 
bird’s-eye view. � erefore, pairs of edge points with a � xed 
width can be extracted as white line candidate points. � e 
white lines are detected by applying Hough transformation 
to the white line candidate points. Figure 2 shows example 
images from each processing step. � e deviation amount is 
calculated by converting the image coordinates to the bus 
body coordinates.

2.2.　Evaluation of white line detection
Figure 3 shows an example result of white line detection, 

and Figure 4 shows the evaluation results of the deviation 
amount, which indicates the detection accuracy. The 
amount of deviation was defined as the lateral distance 

between the white line and a point 3 meters ahead of the 
bus. In Figure 4, the vertical axis indicates the detection 
result, and the horizontal axis indicates the actually mea-
sured value. White lines were detectable with an error of 
±15 mm up to a deviation amount of 0 to 1350 mm.

� e amount of deviation between the curbstone and bus 
is detected from a point cloud obtained using LiDAR, and 
accurate arrival control is performed based on the detected 
deviation amount.

3.1.　Curbstone detection algorithm
� e distance deviation d and angular deviation θ between 

the curbstone and bus as shown in Figure 5 are detected 
from the point cloud obtained by LiDAR. The normal of 

2 White Line Detection for Accurate Ar-
rival Control of Bus to Bus Stop

Fig. 2 Image processing example

3 Curbstone Detection for Accurate Ar-
rival Control of Bus to Bus Stop

Fig. 3 Example of white line detection result

Fig. 4 Evaluation results of deviation detection accuracy

Fig. 6 Flow of curb detection process

Fig. 5 Relationship diagram of required deviation amount

133SIP-adus: Project Reports, 2014-2018

[  III  ]  Next-Generation Urban Transportation

① Development of Next-Generation Urban Transportation Systems

Survey about Feasibility of Requirements for Next-Generation Urban Transportation System



each point is calculated, and points on the solid surface as 
indicated by the red points in Figure 6 are extracted as the 
curb candidate point cloud. � e required amount of devia-
tion is calculated by approximating the curbstone candi-
date point cloud with a straight line.

3.2.　Evaluation of curbstone detection
As shown in Figure 7, LiDAR was attached to the front of 

the bus, and the accuracy of the detected deviation amount 
was evaluated using the arranged blocks as a simulated 
curbstone. Table 7 shows the detection results of the dis-
tance deviation amount. � e deviation was detected with 
an error of 0.01 m or less. Table 8 shows the detection 
results of the angle deviation amount. � e angle deviation 
was detected with an error of 0.7 degrees or less.

� e arrival control accuracy of a bus to a bus stop based 
on curb detection using LiDAR was evaluated. Figure 8 
shows the system configuration based on path-following 
control (1). From the results of the wheelchair ingress/
egress experiment in Section 1, the target of the gap 

between the bus entrance and the curb at the bus stop was 
set to 4 cm ± 2 cm. As shown by the experimental results 
in Figure 9, an evaluation was performed 10 times and 
confirmed that the bus arrival control can be performed 
with the target accuracy.

Reference
(1) T. Fukao et al.: Preceding Vehicle Following Based on 

Path Following Control for Platooning, Preprints of 
IFAC AAC (2013)

About the author
1)    Tatsuya Hashimoto, Environmental Recognition Tech-

nology Development, Engineering Div., Advanced 
Smart Mobility Co., Ltd.

Fig. 7 Evaluation scenario

Table 7 Detection results of distance deviation

Table 8 Detection results of angle deviation

4 Accurate Arrival Control of Bus to Bus 
Stop Based on Curbstone Detection

Fig. 8 system con� guration

Fig. 9 Results of bus arrival control experiment
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A precise docking control system, i.e., an automated pre-
cision docking control strategy that aims to minimize the 
gap between the entrance of a bus and a bus stop, is an 
important part of realizing a high-quality advanced Rapid 
Transit (ART) system. Automated precise docking control 
should contribute to the smooth and safe embarkment and 
disembarkment of passengers, including the disabled and 
parents with strollers. � is system must be robust in vari-
ous environments and achieve the best route for docking 
even in severe conditions. It should also achieve smooth 
braking and steering control to prevent accidents on the 
bus and improve passenger comfort. Cooperative docking 
control with the bus driver should also contribute to 
enhanced safety.

Steering systems for large vehicles like commercial buses 
or trucks usually have a complicated structure. � e transfer 
characteristics of the steering system may be asymmetric 
or non-linear because of long linkages or free play at 
mechanical connection points. � is is one of the di�  cul-
ties that must be overcome to realize a precise docking 
control system. Since this issue is di�  cult to solve through 
mechanical improvements, the addition of a phase advance 
control algorithm that compensates for the asymmetric or 
non-linear steering system characteristics may be an e� ec-
tive countermeasure.

� is section described the measurement of steering sys-
tem characteristics such as phase delay. Factors related to 
precise docking ability were investigated based on mea-
sured steering and vehicle behavior, and a concept for pre-
cise docking control was identi� ed.

2.1.　Test mule and system structure
2.1.1.　Test mule

A large bus was used as a test mule. Figure 1 shows the 
appearance of the test mule and  Table 1 lists its speci� ca-
tions. � e axle load was measured with the driver present.

2.1.2.　Precise docking control system
Figure 2 shows the structure of the precise docking con-

trol system. Calculation for the docking control is  per-
formed using an integrated control ECU (dSPACE GmbH: 
MicroAutoBox II(*a)). Distance to the lane separation line is 
supplied by a camera (Mobileye, Inc.: ME560(*b)) and RTK-
GPS system (GeneSys Elektronik GmbH: ADMA-G-
ECO+(*c)). Vehicle yaw angle, yaw rate, and acceleration 
values are supplied by a gyro sensor (MEMSIC, Inc.: 
NAV440(*d)) mounted on the floor of the passenger com-
partment close to center of vehicle gravity. The vehicle 
velocity and running distance are calculated from wheel 
speed pulses.

� e steering angle and deceleration commands calculated 
by the integrated control ECU are sent to the steering actu-
ator ECU and braking control ECU.

(*a) Trademark of dSPACE GmbH
(*b) Trademark of Mobileye, Inc.
(*c) Trademark of GeneSys Elektronik GmbH
(*d) Trademark of MEMSIC, Inc.

1 Overview

2 Issues for Precise Docking Control

Fig. 1 Appearance of test mule (large bus)

Table 1 Speci� cations of test mule (large bus)
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Development of Sensing and Control Technology for 
Precise Docking of Advanced Rapid Transit system

Sadahiro Kawahara (JTEKT Corporation)
ABSTRACT: � is research is part of the Strategic Innovation Promotion Program(SIP)/Autonomous driving system project and examines the 
issues of the so-called Advanced Rapid Transit (ART) automated driving system, which is considered to be a promising next-generation 
transport system for urban areas. � is article describes the docking control project, which aims to clarify basic control issues related to sens-
ing, steering linkage, integrated control with the brakes, and so on. � ese items are being researched and development to realize docking 
maneuvering technology with excellent functionality.
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Calculation for steering angle commands is based on the 
path following control method.(1) � e basic concept of this 
method involves following an assumed trajectory (target 
trajectory).

� e target angle δc is calculated by equation (1).

V : velocity, M : vehicle weight, β : slip angle, γ : yaw rate,
lf : distance from gravity center to front axle,
lr : distance from gravity center to rear axle,

J : yaw moment of inertia, Kf : cornering power of front tire
Kr : cornering power of rear tire

e2 : deviation of x direction,
e3 : deviation of yaw angle,

ωr : yaw rate of reference vehicle, 
Figure 3 shows a block diagram of the control system. � e 

target trajectory is installed as a lookup table to de� ne the 
lateral distance between the vehicle and the lane separation 
line against the travel distance. � e lateral gap e2 between 
the measured and target value is estimated. The heading 
angle di� erence e3 is estimated from the heading angle out-
put of the camera or the RTK-GPS system.

2.1.3.　Steering system
� e steering system of the test mule consists of hydraulic 

power steering integrated with a ball screw type gear box. 
Figure 4 shows an overview of the steering system. The 
actuator for steering angle control is mounted on the steer-
ing column. This actuator receives commands from the 
integrated controller and controls the steering angle using 
the PID control algorithm. � e lateral displacement of the 
tie rod is measured as an alternative value to the tire angle.

2.1.4.　Brake system
An electronically controlled brake system (WABCO 

Holdings Inc.: EBS(*e)) controls the braking force along 
with signals from other controllers. Figure 5 shows an 
overview of the braking control system.

The braking control ECU receives deceleration com-
mands from the integrated controller, calculates the air 
pressure for each wheel, and sends commands to the brak-
ing control unit.

(*e) Trademark of WABCO Holding Inc.

Table 2 compares the target and actual deceleration value. 
� e characteristics are not linear and the variation is not 
small.

To avoid the e� ect of these characteristics, the following 
control method was introduced to achieve a precise longi-
tudinal stopping position. � e target deceleration is calcu-
lated from the travel distance S, the assumed stopping 
position St, and velocity v, using equation (2).

a : deceleration, S : travel distance,
St : assumed stopping position, v : velocity

When the di� erence between the actual and target decel-
eration, or the deceleration deviation is large, the target 
deceleration is compensated continuously to adapt to the 
situation at that time using this calculation. � is method 
also helps to reduce jerk. The target deceleration is also 
corrected to reduce the adverse effects of the difference 

Fig. 2 Control system

Fig. 3 Control system block diagram

Fig. 4 Overview of steering system

Fig. 5 Overview of braking control system

Table 2 Comparison of average target and actual deceleration (N: 5)

136

[  III  ]  Next-Generation Urban Transportation

① Development of Next-Generation Urban Transportation Systems

Development of Sensing and Control Technology for Precise Docking of Advanced Rapid Transit system



between the actual and target deceleration following equa-
tion (3).

a' : Corrected deceleration, x : Coe�  cient for correction

� e correction coe�  cient x is estimated considering the 
deceleration at that timing, based on the results shown in 
Table 2.

2.2.　Improvement of precise docking system algorithm
2.2.1.　Optimization of control gain

In the current control method, gain k2 for compensating 
the lateral distance is constant in the docking control and 
other modes. Figure 6 shows an example of lateral distance 
results using constant control gain k2 fitted for a straight 
line trajectory. � is result indicates that the error increases 
during docking control a� er a distance of 180 meters.

A control method was introduced that selects one of two 
values for gain k2 based on whether the bus is traveling in a 
straight line or performing a docking procedure. Figure 7 
shows the example of the results using this gain selection 
method. � e di� erence between the target and actual val-
ues is reduced, demonstrating that this is an e� ective con-
trol method for achieving the planned trajectory.

2.2.2.　Compensation for free play of steering linkage
Mechanical free play exists in normal steering systems, 

and the free play in the steering system of large vehicles, 
such as this test mule, is larger than in normal passenger 
cars. � is large free play has adverse e� ects such as delay 
on the control results. A compensation control method 
was studied to improve this issue. Figure 8 shows the rela-

tionship between the steering and tire angles in a sine wave 
command. The tire angle response is delayed from the 
steering angle. The amount of free play is estimated as a 
steering angle of 11 degrees.

The steering angle command is estimated considering 
these characteristics created by mechanical free play. When 
the angle command direction is reversed, the free play 
value is added to the angle command. Figure 9 shows the 
difference in trajectory with and without free play com-
pensation. Lateral movement is reduced especially on 
straight trajectories.

2.2.5　Braking control
� e brake system is controlled based on equation (2). � e 

deceleration command is 0.5m/s2 in the initial braking area 

Fig. 6 Vehicle movement under control gain � tted for straight trajectory

Fig. 7 Vehicle movement under separate control gains
� tted for straight or docking trajectories

Fig. 8 Relationship between steering and tire angles

Fig. 9 Improvement by compensation of steering free play

(a) Without compensation of steering free play

(b) With compensation of steering free play

Fig. 10 Vehicle movement under braking control
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and 0.2m/s2 at the stopping position. � is method contrib-
utes to reducing the braking distance and accidental decel-
eration deviation at the bus stop. Figure 10 shows an 
example of vehicle behavior with braking control.

A fundamental study into multiple sensing methods and 
cooperation between sensors is in progress with the aim of 
realizing more precise docking.

3.1.　Characteristics of RTK-GPS and front camera
To build a better sensing device selection method, the 

characteristics of the RTK-GPS and front camera system 
were measured. Figure 11 indicates the lateral position dif-
ference between the RTK-GPS and front camera. This 
value relates to the actual distance. The value from the 
camera is delayed compared to the value from the RTK-
GPS (0.3sec).

� e lateral movement is at a similar level as shown in Fig. 
13.

3.2.　Future study of sensing for precise docking control
The sensing resolution with RTK-GPS or front camera 

images is insufficient to realize further accurate control, 
and additional infrastructure is necessary. For example, 

specific guidance lines or magnetic markers on the road, 
side cameras for boundary and position detection of 
painted lines or curbstones to improve accuracy, and Lidar 
should be considered.

Multiple sensing methods are preferable to achieve su�  -
cient accuracy under every condition, and a better sensing 
method should be selected or a cooperative sensing proce-
dure should be adopted.

In the case of a level 1, 2, or 3 automated system, the 
driver is required to avoid pedestrians and other objects 
during the docking procedure. Since one of the concerns 
in this procedure is a delay in the driver’s avoidance opera-
tion, sharing of responsibility by the driver and automated 
driving system is preferred. In this case, the driver should 
always be aware of the driving operation.

� is research proposed and evaluated the e� ect of a pro-
totype system operated based on driver intention (mea-
sured using an input force from the driver). This system 
proposes that the driver should always be touching the 
steering wheel. Driver steering characteristics using the 
proposed system were evaluated and analyzed using a driv-
ing simulator.

The adoption of a shared control method in the auto-
mated docking control system should be studied based on 
this result.

� e e� ect of steering system delay with respect to vehicle 
behavior was investigated as part of the study into actua-
tors and controls for an ART system.

� e prototype system described above was evaluated, and 
it was found that the proposed system concept of shared 
control is e� ective.

However, since the targets for this system are di�  cult to 
achieve with current buses, items to be developed to 
achieve integrated steering and braking control are being 
investigated.

Current position recognition capabilities are not su�  cient 
to achieve the targets under all environments. Di�  cult to 
detect disturbances must also be considered, for example 
the impossibility of detecting objects in the dead areas of 
vehicle-mounted sensors.

Further research and studies to solve these issues are 
required in the future.

3 Study of Issues Toward Minimization of 
Infrastructure

Fig. 11 Distance di� erence between camera and RTK-GPS

Fig. 12 Time di� erence between camera and RTK-GPS

Fig. 13 Vehicle movement using RTK-GPS data

4 Compatibility of Driver Operation and 
Automated Control

5 Conclusion
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1.1.　Purpose of the Survey
This project studied guidance lines for precise docking 

that are readable by cameras mounted on Advanced Rapid 
Transit (ART) vehicles, and several verification experi-
ments to confirm their safety were conducted. Through 
verification in the laboratory and on a test course, we 
investigated how well the vehicle-mounted cameras recog-
nized the guidance lines, the e� ect of the guidance lines on 
the driving behavior of ordinary vehicles, as well as the 
recognition rate and control error of a precise docking sys-
tem.

1.2.　Study Flow
� is study was conducted in the following order:

2.1.　Guidance Line Design Candidates
When a vehicle passes over guidance lines installed on 

the road, drivers are inclined to turn the steering wheel 
toward the roadside or step on the brakes. Therefore, we 
must consider design proposals for guidance lines that 
ordinary drivers will not confuse with o�  cial tra�  c lines 

and that can be recognized by vehicle-mounted cameras. 
Speci� cally, we studied guidance line design proposals tak-
ing the following into account.
1)  Colors used for road markings such as white, yellow, 

red, and blue should not be used.
2)  To allow the camera to recognize the guidance lines, use 

a guidance line color with a high contrast ratio with the 
color of the underlying pavement.

3)  A proposal that includes putting markings on the road 
to indicate bus-only use should be considered.

4)  We also considered a design that changed the shape of 
the guidance lines.

*  The guidance lines are double-dotted lines that can be 
recognized by the camera to be used.
Based on the above, the following six proposals were used 

as the design proposals.

2.3.　Narrowing Down the Guidance Line Design Pro-
posals

Finally, we selected one proposal from these six proposals 
based on the results of veri� cation performed in the labo-
ratory and on the test course. The criteria for narrowing 
down the proposals were as follows, based on the results of 
preliminary consultations with relevant organizations.

1 Introduction

Fig. 1 Study Flow

2. Investigation of guidance line design proposals
   ■  Investigation of the guidance line design proposals
   ■  Study on the concept of verification

5. Summary of results
   ■  Selection of a guidance line design proposals
   ■  Identification of issues to be mvestigated

2 Investigation of Guidance Line Design 
Proposals

Fig. 2 Guidance Line Design Proposals
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ABSTRACT: Precise docking at bus stops is a key technical requirement for achieving the practical implementation of the next-generation 
Advanced Rapid Transit (ART) transportation system. Among the control methods for precise docking that are being studied in this research 
and development project, the road surface guidance lines described in this article are regarded as an e� ective means of reducing control error. 
However, some concerns remain, such as their use on roads not used by buses, on which they may cause needless driver confusion. � is study 
investigated guidance lines for precise docking that are readable by cameras mounted on ART vehicles, and conducted several veri� cation 
experiments to con� rm their safety. � e e� ect of this precise docking system on the driving behavior of ordinary vehicles and the recognition 
rate of these guidance lines were investigated in experiments held at a test course.
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3.1.　Overview of Veri� cation
We veri� ed the guidance lines in the laboratory by mea-

suring the image contrast ratio of camera recognition for 
the different guidance line colors under various lighting 
conditions, etc. Since the experiment results showed that 
the recognition performance of the system was satisfactory, 
the guidance line color and other specifications were 
selected.

In the laboratory experiment, test pieces consisting of dif-
ferent guidance line colors and underlying pavements were 
exposed to light simulating daytime sunlight and night-
time street lights, to measure the image contrast ratio of 
camera recognition. � e conditions used in the veri� cation 
experiment in the laboratory to con� rm the system recog-
nition performance were as follows.

3.2.　Overview of Veri� cation Results
� e following results were obtained from the lab veri� ca-

tion:
1) Guidance line colors

While both green B and A had an image contrast ratio 
close to white during the day, green B had a higher mea-
sured image contrast than A. � erefore, green B was used 
as the candidate for green.

2) Re� ecting material
The contrast ratio of the glass beads and AWT (a high-

performance product) was almost equal, and the “Bright 
Grip” product had a slightly lower contrast ratio. Since 
AWT costs 1.5 times as much as (general-purpose) glass 
beads, a relatively inexpensive general-purpose material 
can be used.
3) Base material

� e contrast ratio of red iron oxide is approximately 0.1 
lower than that of asphalt. Even white guidance lines can-
not be recognized by the system on top of heat-insulating 
pavement.
4) At night

Even green B has a contrast ratio which is approximately 
0.1–0.2 lower than that of white guidance lines. The 
required luminosity is 60 lux or more.

4.1.　Overview of Veri� cation Experiments
4.1.1.　Overview of Veri� cation Experiments

� e e� ect of the guidance lines on ordinary drivers was 
studied on the test course. Test drivers drove on a test 
course marked with guidance lines while their driving 
behavior was monitored, and driver awareness during 
driving was then evaluated by a form-based survey.

The verification experiments were carried out for three 
days (Sunday, Feb. 11 to Tuesday, Feb. 13, 2018). We used 
the V2X Urban Proving Ground Course in Tsukuba, which 
is owned by the Japan Automobile Research Institute 
(JARI) as the test course. A total of 32 test drivers partici-
pated in the experiments, considering the balance between 
genders and age groups.

Based on the results of prior investigation, we selected 
proposal 1 (reference) (guidance line 2: white), proposal 2 
(guidance line 1: green), proposal 4 (guidance line 3: “For 
Buses” marking) as the guidance line patterns used in the 
veri� cation experiments.

A schematic diagram of the test course is shown below:

Table 1 Narrowing Down the Guidance Line Design Proposals

3 Lab-based Veri� cation

Table 2 Conditions of Veri� cation Experiment in the Laboratory

Fig. 4  Basic Performance Evaluation: Morning / Sun /
Evening + Dry / Wet

4 Test Course-Based Veri� cation
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4.1.2.　Details of Veri� cation Experiments
In the verification experiments, each test driver drove 

through four sections: three with guidance lines and one 
without. We measured the traveling speed and position 
(lateral direction) to check the operating situation of the 
brakes and steering wheel while driving along the guidance 
lines, and observed the physical e� ects. Here, we used GPS 
data at one-second intervals to measure the traveling speed 
and recorded the traveling position by taking video images 
showing the distance to the roadside line using a camera 
mounted on the vehicle. We also conducted a form-based 
survey immediately after the test drivers drive over the 
guidance lines for the � rst time and a� er passing over all 
the guidance lines to ask them how they reacted when they 
noticed the guidance lines. Because drivers are especially 
strongly affected when seeing the guidance lines for the 
� rst time, the test drivers were grouped into three groups 
and the driving routes were set so that each group experi-
enced a di� erent type of guidance line � rst.

4.2.　Veri� cation of E� ect on Drivers Passing along 
Guidance Lines
4.2.1.　E� ect on Braking

� e e� ect on braking when passing through the guidance 
line section was veri� ed. During the � rst experience (� rst 
sight) of the guidance lines, the average traveling speed of 
all the test drivers and the standard deviation variance did 
not differ depending on the type of the guidance lines. 
Although the behavior of individual test drivers showed no 
rapid deceleration (de� ned as 0.3 G as a value indicating a 
sudden surprise), some test drivers released the accelerator 
to reduce speed a little.

4.2.2.　E� ect on Steering
� e e� ect on steering when driving through the guidance 

line section was examined. Although no major di� erences 
were observed depending on the type of the guidance line, 
there was an overall tendency to drift to the right. No 
major differences were observed between the areas with 
and without guidance lines. � e behavior of individual test 
drivers showed a lateral change of approximately 20 cm for 
each guidance line.

For the guidance lines 2 (white) and 3 (text marking), we 
checked the driving behavior of three test drivers with 

large steering wheel operation. One driver drove to the 
right side within the range of the lane in the case of guid-
ance line 2 (white), while the other two misunderstood 
that guidance line 3 (text marking) was a bus-only lane, 
and drove along the guidance line section from right to 
le� .

4.3.　Veri� cation on E� ect of Guidance Lines on Driver 
Awareness

The main results obtained from the form-based survey 
about the guidance lines a� er the � rst experience and a� er 
passing over all the guidance lines were as follows:

4.3.　Veri� cation Test Results on Test Course
Based on the results of both the lab-based and the test 

course-based veri� cation, we decided to employ guidance 
line 1 (green).

� is study veri� ed the color and other elements used for 

Fig. 5 Test Course for Driving Experiments

(Green)
Guidance line (1)

(White)
Guidance line (2)

No guidance line Guidance line (3)
(Green, annotated)

Table 4 Main Answers to Form-based Survey

Table 5 Results of Guidance Line Selection

* We evaluated construction practicality based on the results of interviews 
with suppliers who mark road surfaces.

5 Conclusion

142

[  III  ]  Next-Generation Urban Transportation

① Development of Next-Generation Urban Transportation Systems

Survey about Precise Docking of Next-Generation Transportation Systems for Strategic Innovation Program (SIP) – Auto-
mated Driving System



guidance lines for precise docking from the viewpoints of 
legal compliance, system recognition, construction practi-
cality, and likelihood of confusion with o�  cial tra�  c lines. 
As a result, we decided to employ guidance line 1 (green B). 
However, in the real-world implementation phase, it will 
be important to let various users on public roads under-
stand that these guidance lines are for buses, together with 
the bene� ts realized by precise docking in order to increase 
safety. It will be necessary to convey the importance of the 
guidance lines and precise docking among the general 
public, verify the recognition performance of the guidance 
lines under conditions other than the test environment (on 
public roads, at night, etc.), and investigate how to install, 
maintain and manage the guidance lines in the real-world 
implementation phase.
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1.1.　Purpose of PTPS enhancement
The Universal Traffic Management System promoted by 

the National Police Agency of Japan aims to realize a safe, 
comfortable, and environmentally friendly tra�  c environ-
ment through the provision of real-time tra�  c information 
to drivers using two-way communication with individual 
vehicles via infrared beacons, and through the active man-
agement of tra�  c � ow. As a sub-system of UTMS, Public 
Transportation Priority Systems (PTPS) have already been 
put into practical use.

In recent years, driving safety support systems (DSSS) 
using vehicle-to-infrastructure communication via the 700 
MHz radio frequency band have been practically imple-
mented. Because the roadside radio equipment of these 
systems is installed near intersections and provides a com-
munication range of several hundred meters, this radio 
equipment also has the potential to be utilized for PTPS. In 
order to resolve various issues with the existing PTPS, the 
UTMS Society of Japan is working to enhance these sys-
tems using vehicle-to-infrastructure communication via 
the 700 MHz band.

1.2.　Background of the development
In fiscal 2014, studies and research were carried out, 

including surveys about the current situation of public 
road transport, as well as current situation surveys and lit-
erature surveys and analyses about bus priority control.

In � scal 2015, requirements for the enhancement of PTPS 
were identi� ed and a basic design was developed.

In fiscal 2016, a central computer was developed by 
equipment manufacturers in accordance with the basic 
design and a model system was set up in Tokyo by the 
Tokyo Metropolitan Police Department. An on-board unit 
supporting the system was also developed by an automo-
tive manufacturer. In parallel, design veri� cation was con-

ducted through simulations.
In � scal 2017, using the above-mentioned model system, 

effectiveness verification was performed in a real-world 
environment involving vehicles.

2.1.　System design policies
This system was designed to enhance PTPS, which are 

currently realized by infrared beacons, through the utiliza-
tion of the 700 MHz radio frequency band. � e enhanced 
system was designed to satisfy the main PTPS upgrade 
requirements shown in Table 1. These enhancement 
requirements were compiled and determined based on the 
results of questionnaire surveys performed at each prefec-
tural traffic control center, as well as the results of inter-
views bus companies, with consideration also given to the 
viability of the system.

2.2.　Bus priority control function
(1) Purpose

A PTPS that uses infrared beacons estimates a bus arrival 
time at an intersection using bus passage information col-
lected by infrared beacons installed upstream of the inter-
section. However, because the arrival time is predicted 
using a design speed containing a certain margin, one issue 
is the wasted green traffic signal time resulting from the 

1 Purpose and History of the Development

2 Details of PTPS Enhancement

Table 1 Main requirements for enhanced PTPS
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Examination of Enhancement of Bus Priority Control 
in Next-Generation Urban Transport Systems

Toru Mabuchi (UTMS Society of Japan)
ABSTRACT: Next-generation urban transport systems are being developed in order to ensure safe and smooth tra�  c around the venues of 
the 2020 Tokyo Olympic and Paralympic Games, and to secure means of transportation for the elderly in Japan’s super-aging society. � e 
UTMS Society of Japan developed a system that performs bus priority control using vehicle-to-infrastructure communication via the 700 
MHz radio frequency and conducted veri� cation through � eld operational tests. � e equipment speci� cations and communications stan-
dards established in this development will be adopted as standard speci� cations to promote future the introduction and dissemination of the 
system.
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di� erence with the actual speed. To resolve this issue, the 
performance of the priority control was improved.
(2) Functional overview

Figure 1 shows a conceptual diagram of the system and 
Fig. 2 shows an example of green traffic signal extension 
(“green extension”) control operation. The ITS roadside 
radio equipment receives real-time vehicle information 
(described below as “vehicle-to-vehicle communication 
information”) transmitted over the 700 MHz radio band 
from a bus equipped with an on-board unit supporting the 
system and traveling toward the control target intersection.

Based on the vehicle location data included in the vehicle-
to-vehicle communication information received from the 
bus, the system determines the passage of the bus through 
the first bus passage check point (passage determination 
point), estimates the arrival time of the bus at the intersec-
tion using a design speed close to the actual speed, decides 
whether to provide priority control at the intersection, as 
well as the operations to be provided (green extension/red 
truncation), and then performs signal control. � e system 
further determines the passage of the bus through the sec-
ond passage check point located around 50 m upstream of 
the stop line, estimates the bus arrival timing at the stop 
line using a design speed with an adequate margin, and 
provides a further green extension as needed.

(3) System con� guration
Figure 3 shows the system con� guration. � e bus ID, pri-

ority request information indicating the presence of a pri-
ority request, and vehicle-to-vehicle communication 
information are sent from the on-board unit to the ITS 

wireless roadside unit. Service information, such as the bus 
passage checkpoint loci, maximum green extension time, 
maximum red truncation time, and the like are sent from 
the ITS wireless roadside unit to the on-board unit.

� e ITS wireless roadside unit determines the passage of 
the bus through the bus passage check point and sends the 
priority request information to the central computer. � e 
central computer sends signal light information to a signal 
controller based on the timing of the priority request infor-
mation, by which signal control is performed.

3.1.　E� ectiveness veri� cation by simulations
(1) Outline of e� ectiveness veri� cation

The purpose of the effectiveness verification by simula-
tion was to confirm the system’s effectiveness in advance 
and in theory prior to verification with a model system, 
and also to con� rm e� ectiveness under various conditions 
that cannot be tested with a model system. To this end, 
veri� cation was carried out using a microscopic tra�  c � ow 
simulator on a virtual route of about 3.5 km with ten inter-
sections and on a model route with the target intersection 
in front of Tokyo Wangan Police Station.
(2)  Main verification items and results of verification on 

virtual route
� e veri� cation of basic functions in dedicated bus lanes 

con� rmed that the enhanced PTPS can reduce bus travel 
times by 4% or more compared to the existing PTPS. Even 
without dedicated bus lanes, the enhanced PTPS was able 
to reduce bus travel times by about 3.9% to 5.8% compared 
to the existing PTPS.

The analysis of maximum green extension times con-
firmed that bus travel times can be further reduced by 
about 8% by changing maximum green extension times 
from 10 to 20 seconds. However, since this increases travel 
times on minor roads, a decision needs to be made for 
each intersection on which the system is to be introduced.

Analysis of the negative effects of GNSS positioning 
errors con� rmed that, when positioning errors are within 

Fig. 1 System image

Fig. 2 Example of green extension control

Fig. 3 System con� guration

Vehicle (on-board unit)

3 E� ectiveness Veri� cation
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the range of +/- 30 m, the e� ect on the reduction in travel 
time is 0.5% or lower.
(3)  Main verification items and results of verification on 

model route
The verification of basic functions confirmed that the 

enhanced PTPS can reduce bus travel times by about 2% 
compared to the existing PTPS. � is value is almost identi-
cal to the expected value calculated in theory. Therefore, 
the priority control was judged to be operating as designed.

To validate the number of bus passage check points, a 
simulated comparison was made between cases with two 
and three points, the results of which con� rmed that bus 
travel times can be very slightly reduced by 0.1% when 
three points were provided. However, considering that the 
existing signal controllers cannot be used for realizing such 
a system and because of the low cost e� ectiveness of pro-
viding three points, a system with two check points was 
judged optimal.

3.2.　E� ectiveness veri� cation using model system
(1) Outline of e� ectiveness veri� cation

The purpose of the effectiveness verification using a 
model system was to verify system operation under vari-
ous real environmental conditions, to verify design meth-
ods, and to identify the influence of parameters on the 
effectiveness of the system, thereby obtaining findings 
capable of maximizing the e� ects of such parameters with 
a view to implementing the system in other areas in the 
future.

The verification was conducted using the model system 
installed in fiscal 2016 by the Tokyo Metropolitan Police 
Department at the intersection in front of Tokyo Wangan 
Police Station and test vehicles (two buses, one light truck 
and three passenger cars) prepared by automotive manu-
facturers.

(2) Main veri� cation items and results of veri� cation
Before implementing the bus priority control, the range 

of ITS wireless communication using the 700 MHz band 
and the GNSS accuracy were checked. Some routes are 

covered by radio communication with a range of about 300 
m or more, and others with a range of about 200 m. � ere-
fore, con� rmation is necessary for each area where the sys-
tem is introduced. GNSS accuracy errors are a few meters 
or less in most areas, with relatively large errors observed 
on route 3, which was assumed to be due to the e� ects of 
buildings beside the road.

In the veri� cation of bus priority control operation, three 
operation cases (with green extension control, without red 
truncation control, and without control) were confirmed 
to be operating normally based on the logs in the on-board 
units and central computer. In particular, it was con� rmed 
that green extension times were extended appropriately at 
bus passage check point 2 (see “Figure 5 Green extension 
control results”).

The effectiveness evaluation at the intersection down-
stream of the bus stop confirmed that effective priority 
control can be achieved by setting the first bus passage 
check point further upstream, although it is difficult to 
predict the bus acceleration status.

Through the real-world verification using ITS wireless 
roadside units, on-board units, and a central computer 
supporting the enhanced PTPS, it was con� rmed that bus 
priority control using the 700 MHz ITS wireless communi-
cation is achievable.

The operation verification required time and effort 
because logs had to be collected from on-board units and 
the central computer, respectively for analysis. It would be 
desirable to realize a function that can readily determine 
the success, failure, and e� ectiveness of bus priority con-
trol. Also, when applying the system to intersections where 
large GNSS errors are detected, it is recommended that the 
accuracy of GNSS be con� rmed in advance and the occur-
rence of wasteful green tra�  c signal time be veri� ed a� er 
applying the system.

https://maps.gsi.go.jp/

Fig. 4 Test site (Tokyo Odaiba area)

Fig. 5 Result of the green extension control

4 Conclusion and Future Issues
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A Public Transportation Priority System (PTPS) is a 
means for improving the timeliness and speediness of 
buses running among general tra�  c. PTPS ensures priority 
for public transportation by means of priority signal con-
trol, which controls the timing of traffic signals to allow 
public transportation vehicles to pass through signalized 
intersections without stopping, and includes the introduc-
tion of priority roads for public transportation. PTPS has 
been introduced throughout Japan. A vehicle-to-infra-
structure communication system using optical beacons, 
which is conventionally used in PTPS, communicates once 
before the vehicle enters an intersection. In contrast, the 
National Police Agency, which oversees traffic managers 
across Japan, considered that more � exible priority signal 
control could be realized by utilizing the 760 MHz band 
that had been allocated to ITS following the digitalization 
of terrestrial television broadcasting, and the Agency has 
been examining the development of roadside units (road-
side ITS radio sets, hereinafter referred to as “roadside 
units”) for that purpose. � erefore, the following research 
and development has been conducted in the current proj-
ect from FY2015 to FY2018:

(1) Examination of the functional requirements for on-
board units that communicate with Advanced PTPS road-
side units and the building of prototypes

(2) Simulated evaluation of the extent to which Advanced 
PTPS improves timeliness and speediness and how it 
a� ects general tra�  c

(3) Evaluation of the effectiveness and influence of 
Advanced PTPS through a � eld operational test

(4) Research into the introduction requirements, issues, 
and effectiveness of the nationwide deployment of 
Advanced PTPS

2.1.　Functions of Advanced PTPS
A conventional PTPS detects the passage of target vehi-

cles using an optical beacon installed at only one point 
upstream of an intersection, predicts the timing of arrival 
of the vehicle at the intersection, and extends the green 
signal or truncates the red. Meanwhile, by using 760 MHz 
band radio communication, Advanced PTPS can (1) 
improve communication performance over obstacles and 
distance, (2) allow continuous communication, (3) allow 
interactive communication, and (4) cover buses on all 
approach routes with one beacon. � ese measures will help 
to overcome the restrictions on installation locations for 
PTPS roadside units, reduce the introduction cost, react to 
vehicle speed changes in real time, inform the bus driver of 
the status of priority control on the relevant approach 
route, and detect the approach of multiple buses and deter-
mine which bus is to be prioritized. � is research aimed to 
develop on-board units with the following three functions.

� e � rst is a function for communicating with the road-
side units. A roadside unit has two determination points 
(the � rst and second virtual beacon positions) upstream of 
an intersection to detect the passage of a bus, predicts the 
time of arrival of the bus, which is making a priority 
request, at the intersection at each point, and controls the 
signal timing (extends the green light interval and trun-
cates the red) in two stages accordingly. Meanwhile, the 
on-board unit transmits position information, the validity 
of the priority request, and other information to the road-
side unit so that the unit can detect the passage of the bus. 
The second function is the HMI, which allows the on-
board unit to identify the priority control status by receiv-
ing downlink information (e.g., DSSS signal information) 

1 Overview
2

Examination of Functional Requirements 
for On-Board Units that Communicate 
with Advanced PTPS Roadside Units and 
Building of Prototypes
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from the roadside unit so that the unit can assist passage 
through the intersection (acceleration/deceleration sup-
port), while providing the driver with priority request 
information. Figure 2 shows the intersection passage sup-
port on the screen of the HMI under development. If the 
signal turns yellow when a bus enters a signalized intersec-
tion and the bus brakes hard, it is dangerous since it may 
cause passengers in the bus to fall over. Therefore, mini-
mizing the frequency of buses stopping in signalized inter-
sections, while providing drivers with intersection passage 
support information, contributes to safer bus operation. 
The third function is priority arbitration. For example, if 
several buses approach an intersection at the same time, 
this function transmits “Priority request: Valid” to the 
roadside unit only for a bus that urgently requires priority 
due to a signi� cant delay or the like, and “Priority request: 
Invalid” for other buses of lower priority, so that the bus in 
urgent need is prioritized. The validity of the priority 
request is determined by the on-board unit by comparing 
the vehicle status index with the preset threshold (the cri-
terion for priority). For the priority index, the delay time, 
congestion degree, combinations thereof, and speci� c time 
zone and route designation were examined. In addition, 
more appropriate priority arbitration may be possible by 
identifying the bus that urgently needs priority in real-time 
from the real-time operation status of multiple buses. 
� erefore, two approaches were tried: the � rst used a � xed 
threshold preset in the on-board unit (static threshold), 
and the second used a threshold that was successively 
updated based on the operation status of multiple buses 
(dynamic threshold) in collaboration with the ART Infor-
mation Center function, which is separately conducting 

research and the like. Determining the threshold based on 
the operation status of multiple buses was accomplished by 
multiplying the highest priority index by a certain coe�  -
cient. Among the priority indices, “crowdedness” was 
de� ned based on an approximate classi� cation of the num-
ber of passengers estimated by the ART Information Cen-
ter function using in-vehicle cameras.

2.2.　Examination of functional requirements for on-
board units and building of prototypes

An Advanced PTPS on-board unit was designed to trans-
mit and receive information using a 760 MHz band radio 
set, identify the vehicle status from the information pro-
vided by GPS and CAN, obtain information in collabora-
tion with existing bus location systems and the ART 
Information Center function, which is separately conduct-
ing development, determine the priority request necessity, 
and provide appropriate information to the driver using 
HMI such as displays. � e main requirements are listed in 
Table 1. In addition, an on-board unit that meets the 
requirements was developed. As shown in Fig. 3, the unit 
consists of an on-board PC connected with a 3G USB don-
gle for 3G communication, a sensor unit for receiving GPS 
information and vehicle speed pulses, a monitor with an 
HMI function, an antenna for 760 MHz communication, 
and a 760 MHz radio set.

2.3.　Functional veri� cation
Functional verification of the developed on-board unit 

was carried out using passenger cars and the roadside unit 
installed at the intersection in front of Tokyo Wangan 
Police Station in FY2017. The results confirmed that the 
on-board unit worked as designed: that the setting infor-
mation can be transmitted correctly between the vehicle 
and infrastructure, and that the HMI of the on-board unit 
is accurate enough to inform the driver of the priority sta-
tus. Figure 4 shows the difference in time required for 
vehicles to pass through the signalized intersection result-
ing from the extension of the green signal, which was con-
firmed through the verification. The priority arbitration 
function was also veri� ed. Speci� cally, the on-board unit 
was con� rmed to be able to determine the validity of the 
priority request of the vehicle based on the threshold pre-
set in the unit and to transmit the validity information to 
the roadside unit. Furthermore, the on-board unit was 
con� rmed to be able to determine the threshold a� er con-
sidering the ART statuses (the delay time and congestion 
degree) of multiple vehicles in collaboration with the ART 
Information Center function, and then determine the 
validity of priority request accordingly.

Fig. 1 Image of multistage control in Advanced PTPS

Fig. 2 Intersection passage support screen
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� e extent to which Advanced PTPS improves timeliness 
and speediness, and how it a� ects general tra�  c were eval-
uated through simulation using the micro traffic simula-
tion so� ware “VISSIM.”

3.1.　Veri� cation on Tokyo Ring Road No. 2
Simulated veri� cations were carried out in some sections 

(Kachidoki intersection, Harumi 5-chome intersection, 
and Toyosu New Market intersection) of Tokyo Ring Road 
No. 2, as shown in Fig. 5. � e results showed that introduc-
tion of PTPS reduced the travel time by approx. 30 seconds 
(about 7%) (Fig. 6). Priority arbitration decreased the 
maximum delay from the schedule by 69 seconds (about 
8%). Priority arbitration also decreased the average delay 
time by approx. 30 seconds (about 13%). Furthermore, due 
to variation in delay time, the dynamic threshold is less 
dispersed than the static threshold a� er priority arbitration 
(Fig. 7).

3.2.　Simulated veri� cation assuming a virtual local city
Simulated verification assuming a local city other than 

Tokyo was carried out by constructing a virtual network as 
shown in Fig. 8. A network was constructed to include a 
main road running east–west and two narrow east–west 
streets sandwiching it, intersecting with five main roads 
running north–south and several narrow streets parallel to 
them. Then, the road through which the eastbound and 
westbound buses pass (herea� er referred to as the “center 
main road,” see Fig. 8) was changed to a two-, four-, or six-
lane road in order to simulate several cases of road struc-
tures and regulations. Advanced PTPS was set up at each 
of three signalized intersections in the center of the center 
main road.

Table 1 Main requirements for an Advance PTPS on-board unit

Fig. 3 Con� guration of the Advanced PTPS on-board unit

Fig. 4 Di� erence in transit time due to extension of green signal time

3
Simulation Evaluation of the Extent to 
which Advanced PTPS Improves Timeli-
ness and Speediness and How it A� ects 
General Tra�  c
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As a typical result, Fig. 9 shows the number of buses 
delayed by � ve minutes or more in terms of average travel 
time per passenger on a six-lane road. On the four- or six-
lane road with a dedicated bus lane, the average travel time 
of buses was found to be signi� cantly reduced, also result-

ing in less variation in travel time. Moreover, it was shown 
that additionally introducing Advanced PTPS reduced the 
average travel time by more (reduced by 16% in the case of 
a six-lane road), signi� cantly improving the speediness and 
timeliness of buses.

To verify the improvement effect on the speediness of 
buses, a field operational test using the roadside units 
installed at three points on Tokyo Ring Road No. 2 is 
scheduled to be conducted from November, 2018. Two 
route bus-size buses will be used for the test. The test is 
scheduled to be performed along a section from the 
Toyosu Market Entrance to the Ariake Station area on 
Tokyo Ring Road No. 2 where Advanced PTPS roadside 

Fig. 5 Simulated veri� cation sections of Tokyo Ring Road No. 2

Fig. 6 Results (travel time)

4
Evaluation of the E� ectiveness and In� u-
ence of Advanced PTPS through Field 
Operational Test

Fig. 8 Simulated virtual network assuming a local city

Fig. 7 Results (Variation in delay time)
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units have already been installed. For details, refer to 
“Large-scale Field Operational Tests on Advanced Rapid 
Transit.”

5.1.　Introduction requirements and issues
To identify the feasibility of introducing Advanced PTPS 

in cities across Japan, a survey of relevant organizations 
such as local governments and bus companies was con-
ducted mainly in areas where bus rapid transit (BRT) was 
recently introduced and areas that are considering intro-
ducing BRT. � e results showed that the challenge ahead is 
how to ensure the speediness and timeliness of buses and 
that many local governments, especially those that are con-
sidering introducing BRT, need to introduce PTPS in order 
to solve the challenge. However, issues of project cost and 
gaining a consensus on introducing PTPS were also found. 
In one area where PTPS using optical beacons has already 
been introduced, there was an opinion that although bea-
cons need to be updated, it is di�  cult to quickly introduce 
new types of facilities due to the cost. Meanwhile, 
Advanced PTPS controls multiple routes and intersections 
with one roadside unit. Therefore, if the superiority of 
Advanced PTPS over optical beacons in the initial installa-
tion cost can be demonstrated, it may possibly persuade 
organizations to introduce Advanced PTPS. � ere was also 
an opinion that it is di�  cult to gain a consensus on intro-
ducing PTPS. To do so, it is important to present the quan-
titative effects of PTPS by, for example, estimating the 
e� ects on general tra�  c in addition to the improvement in 
speediness and timeliness of buses.

5.2.　Simulation veri� cation assuming a local city
In the future, we plan to select two cities from the area 

surveyed, simulate bus operations on actual bus routes in 
the cities, and verify the effects of introducing Advanced 
PTPS.

� is research showed the following:
(1) Regarding the examination of functional requirements 

for on-board units that communicate with Advanced PTPS 
roadside units and building of prototypes, the basic 
requirements for Advanced PTPS were examined, and pro-
totypes were built based on the results. One of the features 
of the prototype unit is that it supports a priority arbitra-
tion function, that is, when several ART vehicles approach 
an intersection at the same time, the PTPS on-board unit 
in each ART vehicle determines the priority of the vehicle 
and determines the validity of the priority request, so that 
the vehicle to be prioritized is determined appropriately. In 
addition, by linking with the ART Information Center 
function, it was possible to dynamically control the prior-
ity considering the operation statuses of multiple ART 
vehicles.

(2) Regarding research into the introduction require-
ments, issues, and e� ects of the nationwide deployment of 
ART and Advanced PTPS, a survey of relevant organiza-
tions such as local governments and bus companies was 
conducted. The results showed that many local govern-
ments need to introduce Advanced PTPS but there are 
issues of project cost and gaining a consensus.

(3) Simulated evaluations of the extent to which 
Advanced PTPS improves timeliness and speediness, and 
how it a� ects general tra�  c were carried out using a road 
network in a virtual local city and Tokyo Ring Road No. 2. 
� e results showed that Advanced PTPS and priority arbi-
tration can improve both speediness and timeliness. In the 
remaining research period, we plan to conduct demonstra-
tion experiments on public roads as well as simulations in 
order to confirm the effectiveness of Advanced PTPS on 
actual public roads. We also plan to verify its e� ectiveness 
through simulation in local cities with a view to nation-
wide deployment. In the future, it will be necessary to 
coordinate actual installation with bus companies and local 
governments in areas where there is a strong need for 
PTPS, examine the HMI of the PTPS on-board unit and 
the method of priority arbitration a� er considering costs 
and operation, and make proposals according to the local 
situation, to encourage the actual introduction of 
Advanced PTPS.

5
Research into Introduction Requirements, 
Issues, and E� ectiveness of Nationwide 
Deployment of Advanced PTPS

6 Conclusion

Fig. 9 Results (Average travel time and number of delayed vehicles)
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An Advanced Rapid Transit (ART) information center is 
an open platform for the collection and utilization of infor-
mation related to public transportation. Its purpose is to 
help resolve transportation-related issues by providing 
valuable information and services to both the operators 
and users of public transportation, including ART (Fig. 1). 
In this report, we describe platforms within the ART infor-
mation center and a bus information-provision service as 
an example of the utilization of the information collected 
and stored in the ART information center platform.

We de� ned the following two rules for the ART informa-
tion center. One is to collect and store information related 
to public transportation, such as bus operation informa-
tion and various information obtained from on-board 
devices in the ART system or buses. � e other is to modify 
the information collected and stored into an easy-to-use 
format and share it with traffic business operations and 
application developers. � e functions of the ART informa-
tion center and information provision services are shown 
in Fig. 2. � e information collected and stored in the ART 
information center, such as information from the on-board 
devices in buses, is shown in the upper part. � e informa-
tion and services provided to business operators of public 

transportation and passengers are shown in the bottom. 
� e following � ve functions of the ART information center 
are shown in the middle.

   ·  PTPS priority mediation function
   ·  Getting on/o�  announcement support function
   ·  Degree of crowding announcement support function
   ·  Dynamic connection announcement support function
   ·  Forecasting of congestion function
� e getting on/o�  announcement support and forecasting 

of congestion functions were developed in collaboration 
with SIP-PJ “Improving the speediness of ART with 
advanced PTPS” and SIP-PJ “Investigation of methods for 
forecasting traffic congestion and guiding congestion 
avoidance”, respectively. � ese functions collect and store 
tra�  c information, which is processed in accordance with 
each user’s requirements and shared with them. As a result, 
the information given by the ART information center will 
help passengers to utilize public transportation more con-
veniently.

2.1.　ART information center platform
The ART information center is composed of five func-

tions as shown in Fig. 3. In the inbound data platform (1) 
and data portal platform (2), the common interface and 
APIs are prepared so that plural business operators can 
utilize di� erent data structures in various system applica-
tions. Six APIs for receiving data were developed (e.g., a 
bus location data-receiving API and a bus crowding infor-
mation-receiving API). Six APIs for publishing data were 
also developed (e.g., a PTPS priority decision-providing 
API and a target bus estimated time of arrival (ETA)-pro-
viding API). � e data format, such as longitude and lati-
tude, depends on the business area and data processing 
systems. � erefore, the ART information center also has a 
data format transformation function. � e data storage and 
analysis platform (3) collects data using the APIs, modi-
� es/transforms the data in accordance with the users’ pur-
poses, and shares the data with them. � e support platform 
for application developers (4) supplies the application 
developers with the data stored in the ART information 
center using the development support tool/function. The 

1 Purpose

Center Function

Fig. 1 Overview of ART information center function

2 Functions and Services of ART Informa-
tion Center

Next-Generation Urban TransportationIII

② Sophisticated Local Transportation Management

Development of ART Information Center Function
Chiemi Tsuchiya, Kojin Yano, Miyu Tsukamoto, and Junko Ushiyama (Hitachi, Ltd.)
ABSTRACT: � e functions of an Advanced Rapid Transit (ART) information center were investigated to help realize services using ART-
related information and to associate various public tra�  c information. Experimental receiving/publishing data APIs were produced to realize 
� ve ART information center functions. A bus information-provision service for bus users was developed to exemplify the function of utilizing 
the information collected and stored in ART information center platform. We plan to investigate the usefulness of the information and the 
service provided by ART information center function in a large scale � eld operational test from October to November 2018.
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integrated operation platform (5) manages security and 
resources by controlling the ART information center.

2.2.　Bus information provision service
In the SIP-PJ “A research of the pedestrian support sys-

tem common platform”, � eld veri� cations were performed 
with the cooperation of people with limited movement 
capabilities, such as visually impaired people and wheel-
chair users. As a result, the necessary information for 
transfers was studied and evaluated. It was found that these 
people want to know how close an approaching bus is to 
them and how close their bus is to the destination bus stop. 
Information on approaching buses on each route is already 

provided in some areas. However, it is di�  cult to specify 
which bus should be selected when the bus stop serves plu-
ral routes. It is important to supply bus passengers with 
information about the approaching bus that they want to 
ride and information about how close the bus is to the des-
tination bus stop from their point of view. We developed 
an application that noti� es bus passengers about how close 
and how crowded approaching buses are to exemplify the 
function of utilizing the information collected and stored 
in the ART information center platform. � e application is 
run on two smartphone platforms (Android OS and iOS).

The outline of the information service about how close 
and how crowded approaching buses (hereinafter called 

Fig. 2 Functions of the ART information center and information provision services

Fig. 3 Block diagram of the ART information center platform
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the “bus information-provision service”) are shown in Fig. 
4. The bus information-provision service can collaborate 
with the navigation service. The information is created 
using the information about the travel route obtained by 
the navigation system and the information stored in the 
ART information center platform (bus stop, crowding 
level, timetable, estimated arrival time, etc.), and noti� ed 
to bus passengers. � e information displayed on the screen 
can be provided audibly using a smartphone, and switched 
ON or OFF.

� e bus information-provision service is started by push-
ing the button shown on the page of the route found via 
the navigation service (1). On the smartphone screen, the 
estimated arrival time and the crowding level are shown 
for the selected bus (2). In the development, we categorized 
four levels of bus crowding. In addition, we de� ned occu-
pied/vacant information for wheelchair spaces. Bus pas-
sengers are noti� ed of whether the bus they are planning 
to ride has reached the nearest bus stop or not and how 
close the bus is to their bus stop (3)(4). A� er getting on the 

bus, they are noti� ed of whether the bus has reached the 
nearest bus stop and how close the bus is to the scheduled 
destination bus stop (5)(6). � e information is noti� ed by 
pop-up displays, sounds, or vibrations.

� e bus crowding level is categorized using images from 
on-board cameras. An on-board tool for image analysis 
was developed in this project. � e crowding level informa-
tion processed by the on-board tool is sent to the ART 
information center platform at intervals � xed in advance. 
Some of the information handled by the on-board tool is 
shown in Table 1. � e camera images are not stored in the 
ART information center platform from the standpoint of 
personal information regulations.

Last year, we took pictures of the inside of a bus and ana-
lyzed them (Fig. 5). Four cameras were used in the bus, 
with one focusing on the wheelchair space. As a result, it 
was confirmed that the analysis of the limited area 
observed by the four cameras was an e� ective way of iden-
tifying the crowding level of the whole bus. Camera images 
are shown in Fig. 6. It was clari� ed that the crowding level 

Display degree of
crowding in a bus

Fig. 4 Outline and use scenarios of bus information-provision service

Crowding level
(1 : unoccupied seats, 2 : All seats occupied, 3 : Space in Aisle, 4 : Fully crowded)

Crowding Information

Table 1 Information handled by the on-board tool (extract)
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Fully occupied seats

Fig. 5 Field veri� cation of providing bus crowding information

Fig. 6 Images from on-board cameras

Fig. 7 Operation of the ART information center function in large-scale � eld operational test
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of the whole bus is di�  cult to identify using images from 
the rear of the bus due to interference by standing passen-
gers in non-step buses because the floor is higher at the 
rear. � erefore, to precisely understand the crowding level, 
we decided to use a combination of three camera images 
taken at the front, center, and rear.

These results will be verified in the test to be held in 
October.

� e ART information center function will correlate and 
share the data in the large scale field operational test to 
verify the results of the pedestrian support system com-
mon platform and improvements in the speediness of ART 
using advanced PTPS (Fig. 7). The field operational test 
will be conducted from October to November in 2018.

In the test to verify the improvements in the speediness of 
ART using advanced PTPS, the ART information center 
platform obtains bus position and delay data from the on-
board Advanced PTPS. � e ART information center plat-
form gives it a priority request threshold set by the PTPS 
priority mediation function.

In the test to verify the results of the pedestrian support 
system common platform, the ART information center 
platform provides bus passengers with a bus information 
sharing service using the crowding degree announcement 
support function and getting on/off announcement sup-
port function via a smartphone application. � e test par-
ticipants will be asked whether these functions supply 
information and services as well as expected. � e useful-
ness of the information and services will be also evaluated 
in the � eld operational test.

� e ART information center is a tra�  c information infra-
structure that collects various kinds of information on 
public transportation, modi� es it into an easy-to-use for-
mat, and shares it to tra�  c business operation and applica-
tion developers. Here, we developed � ve functions and six 
necessary APIs. It was con� rmed that external systems can 
handle the data obtained by the APIs developed in this 
experiment. We developed an application to share the 
information to bus users to demonstrate how well the data 
processing in the ART information center platform is 
working. In a � eld operational test to be held in the near 
future, we will investigate the usefulness of the information 
and services provided by the ART information center plat-

form.

3 Veri� cation in Large-scale Field Opera-
tional Test

4 Conclusion
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� is study is conducting experimental surveys to estimate 
the effects of measures to avoid congestion, considering 
examples of methods to forecast traffic congestion and 
congestion-avoidance guidance. Then, based on these 
results, traffic conditions during a major event are being 
simulated, and dra�  plans for a demonstrative experiment 
are being drawn up. E� ective tra�  c congestion-avoidance 
measures will be suggested based on the results of this 
demonstrative experiment.

2.1.　Basic understanding
To consider the prediction and mitigation of congestion 

during a major event like the Tokyo Olympic and Paralym-
pic Games, a comprehensive framework is required to pre-
dict overall transportation demand based on the daily 

transportation demand. Especially for areas where greater 
transportation demand than normal is expected, this 
demand may not be satis� ed by individual (existing) trans-
portation facilities. Therefore, it is important for these 
facilities to work in cooperation with each other. In this 
case, citizens that usually use these transportation facilities 
must play an active role in reducing demand, including 
behavior modi� cation.

To establish an overall scheme, it is also necessary to pro-
vide information on transportation services that matches 
the variety of visitors, including their nationalities, disabili-
ties, ages, and the like, as well as their purpose of travel 
(including travel to Olympic venues, sightseeing, eating, 
and so on). At the same time, attention should be paid to 
provide information responding to unforeseen contingen-
cies or emergencies.

2.2.　Proposal of overall information provision scheme
For this scheme, it is necessary to 1) assume what trans-

portation entities/purposes correspond to the following 
two types of transportation demand: normal daily trans-

1 Objectives and Goals

2 Outline of Overall Information Provision 
Scheme

Next-Generation Urban TransportationIII

② Sophisticated Local Transportation Management

Investigation of Methods for Forecasting Tra�  c Con-
gestion and Guiding Congestion Avoidance

Tsutomu Yabe, Go Hagihara, Noriyuki Izumi, Yuichi Mohri (Institute of Behavioral Sciences)
Yoshihiko Watanabe, Jun Yamazaki, Shunsuke Minami, Rieko Otsuka (Hitachi, Ltd.)
ABSTRACT: � e purpose of this study is to identify behavioral and psychological characteristics by analyzing a large quantity of data about 
major events held in Tokyo in close cooperation with relevant entities, including the Olympic Organizing Committee, the Tokyo Metropolitan 
Government, and railway/bus operators. We are conducting social experiments regarding behavior modi� cation and guidance targeted at 
relatively major events to form and verify hypotheses of models to be used for congestion prediction. Based on these veri� cation results, we 
intend to suggest a new scheme that can provide congestion predictions and tra�  c information appropriate for the 2020 Olympic and Para-
lympic Games to minimize impacts on individuals attending or a� ected by the games, mainly by targeting people who will visit the Olympic 
and Paralympic Games and citizens that live or work in Tokyo and use public transportation including Advanced Rapid Transit (ART).

Fig. 1 Overall scheme of providing information for realization
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portation in Tokyo and transportation for visitors (includ-
ing transportation demand for the Olympic games), 2) 
provide hourly predictions for these two types of demand 
corresponding to the transportation entities, and 3) imple-
ment measures that allow to provide appropriate transpor-
tation services corresponding to the tra�  c volume.

At the same time, it is also important to provide transpor-
tation services and information for visitors of different 
nationalities, level of disability, age, and so on, including 
responses to unforeseen contingencies or emergencies. For 
this reason, to establish an overall information provision 
scheme, the issue with the highest priority is cooperation 
between the Organizing Committee of Olympic Games, 
the national and local governments responsible for trans-
portation administration, the police, transportation opera-
tors, and other authorities. Based on this cooperation, it 
will be necessary to study the contents of information, how 
to provide the information, as well as the timing, feasibil-
ity, and impacts to encourage various transportation enti-
ties to change behavior.

It is necessary to focus on various transportation “entities” 
and “purposes” to predict congestion and to provide infor-
mation for a major event. Transportation entities can be 
roughly divided into “individuals living in Tokyo” and 
“individuals visiting Tokyo.” Some individuals living in 
Tokyo are residents of Tokyo, some are employees com-
muting to Tokyo, and some are “operators” who run busi-
nesses in Tokyo. Furthermore, it is necessary to consider 
individuals with mobility limitations, including elderly and 
disabled persons. Furthermore, although some visitors to 
Tokyo will be attending events, others will be there on 
business or the like. Also, some individuals living in Tokyo 
may also intend to attend events. By focusing on the trans-
portation entities and purposes mentioned above, the dif-
ferent transportation characteristics of travelers can be 
identi� ed (Table 1). For example, transportation for com-
muting in Tokyo is concentrated in the morning and the 
evening, mainly by rail. Transportation for commuting is 
also steady with small � uctuations.

3 Various Transportation Entities and Pur-
poses to be Considered

Table 1 Transportation characteristics corresponding to various transportation entities and purposes, and matters to be considered
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We are trying to avoid traffic congestion based on a 
behavioral modi� cation process, by providing the appro-
priate information depending on individual attributes and 
situations. We are also trying to forecast tra�  c situations 
dynamically in cooperation with the ART Information 
Center (Figs. 2, 3).

Most recently, we have simulated tra�  c situations using a 
tra�  c simulator (by applying agent-based modelling), inte-
grated with behavioral modi� cation based on the informa-

tion provided (Fig. 4).

4
Outline of Tra�  c Congestion Forecast-
ing and Congestion-avoidance Guidance 
(Current Situation)

Fig. 2 Simulation output (example)

Fig. 3 Outline of tra�  c congestion forecasting and congestion-avoidance guidance

Fig. 4 Outline of urban tra�  c forecasting and information provision (current situation)
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During the 2020 Tokyo Olympic and Paralympic Games, 
heavy traffic is expected due to visitors and spectators of 
the Games. � erefore, the provision of movement support 
for people with mobility constraints, including wheelchair 
users, has become an important element for the success of 
the Games. Movement support for people with mobility 
constraints is also a critical social issue in Japan, which 
needs to be addressed as the country faces a super-aging 
society. To cope with this situation, technological develop-
ment, as well as research and surveys are in progress to 
help realize safe, secure, and smooth movement support 
for people with mobility constraints that also satis� es con-
venience and economic rationality requirements.

� e overall plan for the development of moving support 
systems for people with mobility constraints is shown in 
Fig. 1.

Research, surveys, and basic design activities were con-
ducted from � scal 2014 through 2015, during which prob-
lems in the existing systems were identified and draft 
measures were proposed. The results found that existing 
Pedestrian Information Communication Systems (PICS) 
are not as widely used as desired due to cost and mainte-
nance problems resulting from the systems’ high installa-
tion costs and availability, which is limited to the users of a 
dedicated hands-free terminal or long cane. Therefore, 
draft measures were proposed to provide services using 
smartphones that have become increasingly common, not 
only among people without disabilities, but also among 
people with mobility constraints.

In fiscal 2016 and after, an experimental system was set 
up and � eld veri� cation is underway to identify the speci-
� cations of the system.

3.1.　Services to be realized
� e following two services were decided to be realized.

(1) A “signal information provision service” that provides 
information on the name of the intersection and the 
pedestrian signal status.

(2) A “pedestrian green signal time extension service” that 
extends the green time of the pedestrian signal.

3.2.　Communication protocol
Bluetooth connection, which is standard with relatively 

new smartphone models, was chosen as the protocol for 
communication between the roadside equipment and 
smartphones.

3.3.　User interface
Using a smartphone while walking on a busy street may 

result in accidents. � is behavior is already recognized as a 
social issue. Therefore, smartphone applications were 
examined and a simple screen display was designed so that 
even people with weak eyesight can recognize the current 
traffic signal status displayed on the screen based on a 
voice or vibrotactile user interface.

1 Purpose

2 Background of the Development

Figure 1 Overall plan

3 Outline of the New System

Next-Generation Urban TransportationIII

③ Improvement and Popularization of Accessible Transportation (Initiatives for People with Restricted Access to Transportation)

Development of Movement Support System for Peo-
ple with Mobility Constraints

Yukiko Hatazaki (UTMS Society of Japan)
ABSTRACT: As Japan faces a super-aging society, movement support for people with mobility constraints has become an important social 
issue that needs to be addressed. To cope with this situation, technology development, as well as research and surveys are in progress to help 
realize safe, secure, and smooth movement support for people with mobility constraints that also satis� es convenience and economic rational-
ity requirements. � e UTMS Society of Japan is working on the enhancement of the existing Pedestrian Information Communication Systems 
(PICS) and proceeding with studies to help realize services that provide intersection crossing support using smartphones.
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3.4.　Determination of service area
From the aspect of cost, it was decided that the poles on 

which tra�  c signal controllers are installed should be used 
for the Bluetooth transmission/reception units (hereafter 
referred to as “BLE beacons”). As a result, the communica-
tion area is within the radius of the pole on which the sig-
nal controller is mounted, which depends of the location 
of the pole. If the service is realized using one BLE beacon, 
it is necessary to transmit radio waves to the farthest side-
walk. However, this results in differences in the area on 
each sidewalk in which communication can be established. 
As a solution, it was decided that a location should only be 
de� ned as part of the service area when it is within a cer-
tain range from the center of the intersection, based on 
information from the smartphone GPS receiver. � e rela-
tionship between the communication area and service area 
is shown in Fig. 2.

3.5.　Application to large-scale intersections
Because the guaranteed range of radio wave coverage by 

one BLE transmission/reception unit is de� ned as a radius 
of 70 m, radio waves cannot cover the required range in 
the case of large-scale intersections. As a result, areas 
where tactile paving is installed for visually impaired indi-
viduals to wait to cross streets may not be covered by the 
service in some cases. People with visual impairment o� en 
feel unsafe when crossing intersections with long crossing 
distances. � erefore, it is important to provide support at 
large-scale intersections. To cope with this, more than one 
BLE transmission/reception unit must be installed at large-
scale intersections to enable provision of the service.

3.6.　Display of remaining pedestrian green signal 
time/wait time

Indication of the remaining pedestrian green signal time 
and the wait time until the pedestrian signal turns green 
has been implemented using countdown timers as a func-
tion of pedestrian signals. In order for visually impaired 
individuals to decide whether or not to start crossing a 
street, it was decided to introduce the same function to the 
developed system through smartphones.

4.1.　Experiment location
A verification experiment was carried out at the Shin-

misato Ekimae intersection in Saitama Prefecture in � scal 
2016 and at the Shintoshin (Nishi) intersection in Saitama 
Prefecture in fiscal 2017. The service was experienced by 
visually impaired people, and a questionnaire survey was 
conducted.

4.2.　Results of the experiment
Evaluation was carried out using ten devices running 

“Andorid6.9” or higher, or “iOS” or higher and supporting 

Figure 2 Service area

Figure 3 Range of radio wave coverage from two BLE transmission/
reception units

Figure 4 Pedestrian signal lamp (indication of time passed)

4 Model Veri� cation
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Bluetooth 4.0 or higher, with a dedicated application 
installed. The results found that all devices were able to 
properly provide the service. � e questionnaire survey for 
visually impaired people who experienced the service 
showed that about 90 percent of the participants though 
that the service was necessary, and many comments were 
received to open-ended questions. The results demon-
strated that visually impaired people are highly interested 
in this movement support service at intersections.

(1) � rough model veri� cation, it was con� rmed that the 
developed system can be applied to real intersections.

(2) A questionnaire survey of people that experienced the 
service and discussions with experts confirmed the 
e� ectiveness of the movement support service at inter-
sections using smartphones.

(3) Based on the results of the model verification and 
examinations, draft experimental specifications and 
dra�  standards were prepared. � e dra�  speci� cations 
and standards prepared are described below:
·   System de� nition document (dra� ) for a movement 
support system for people with mobility constraints 
using smartphones

·   Written proposal (dra� ) for the examination of speci-
� cations for BLE roadside equipment

·   Standards (draft) for an application that communi-
cates between BLE roadside equipment and smart-
phones

·   Written proposal (draft) for a BLE roadside equip-
ment inspection manual

·   Written proposal (draft) for the examination of a 
comprehensive inspection manual for a moving sup-
port system for people with mobility constraints 
using smartphones

In the future, it will be necessary to develop a concrete 
operational procedure for the whole system, with a view 
toward di� erentiation between the new system and other 
existing pedestrian support systems, as well as cooperation 
with other applications such as navigation systems.

5 Conclusion

6 Future Issues
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Pedestrian support systems aim to realize a safe and 
secure traffic environment for a wide range of people, 
including elderly and disabled persons, by reducing tra�  c 
accident fatalities and improving the accessibility of public 
transportation. These systems should be able to provide 
public transportation information necessary for moving 
from a departure location to a destination (common plat-
form information), as well as route guidance suited for dif-
ferent types of pedestrians. The objectives of this project 
are to study easy and e�  cient methods to collect this com-
mon platform information, and to evaluate its serviceabil-
ity and acceptance through demonstration experiments in 
which various kinds of people with restricted transporta-
tion capabilities participate.

2.1.　Investigation of common platform information
Figure 1 outlines the demonstration experiments per-

formed between 2015 and 2017. With the cooperation of 
people with restricted transportation capabilities, demon-
stration experiments were performed in the Tokyo Bay 
area each year. We assumed that different information 
would be required in accordance with the type of person 
with restricted transportation capabilities (e.g., wheelchair 
users, visually impaired persons, the elderly, etc.). The 
importance of the information was investigated by extract-
ing common platform information for each pedestrian 
attribute through field verifications and surveys, and 
through route guidance demonstration experiments.

1 Outline and Objectives 2 Study of Common Platform Information 
and Collection Methods

Next-Generation Urban TransportationIII

③ Improvement and Popularization of Accessible Transportation (Initiatives for People with Restricted Access to Transportation)

Research into Common Pedestrian Support System 
Platform

Junko Ushiyama, Masao Yamamoto, and Haru Ando (Hitachi, Ltd.)
Hideki Yamazaki, Hikari Nakazawa, and Yayoi Horie (Navitime Japan Co., Ltd.)
Satoshi Watanabe and Satoshi Hashimoto (Zenrin Co., Ltd.)
ABSTRACT: To improve pedestrian accessibility through route guidance adjusted to the individual characteristics of each pedestrian, the 
following studies, investigations, and developments were performed. First, the information necessary for transfers and the method of collect-
ing this information were studied and evaluated through � eld veri� cations. As a result, data collection applications on smartphones were 
adopted as a low-cost and continuous method for information collection. Second, demonstration experiments to develop walking networks 
using the data collection application were implemented. In addition, the serviceability of common platform information was evaluated using 
a prototype personal navigation application on smartphones, and a � eld veri� cation of route guidance corresponding to the personal attri-
butes of pedestrians. Furthermore, cooperation between personal navigation systems and advanced PICS was studied. A large-scale demon-
stration experiment regarding route guidance will be performed in October 2018.

Fig. 1 Outline of demonstration experiments between 2015 and 2017
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Table 1 shows the results of the investigation. � e com-
mon platform information was classi� ed into nine catego-
ries. All the people with restricted transportation 
capabilities responded that they required “vertical trans-
portation” and “detailed information of public transporta-
tion”. In addition, the results show that information on 
“crosswalk intersections”, and “sidewalk road conditions” is 
also important. Figure 2 shows photos of the route guid-
ance � eld veri� cation.

2.2　Collection of common platform information
It is obvious that exact and updated information is the 

best for users. However, it is not acceptable for the sustain-
ability of the services to expend large amounts of time and 
money to collect and update this information. � is project 
used a data collection application, through which common 
platform information can be easily obtained through 
mobile devices such as smartphones and published on the 
Internet. � e application collects common platform infor-
mation by users posting information about bumps, road 
width, gradients, slopes, studded paving blocks, and cross-
walks. In addition, we aimed to develop an accessibility 
map suitable for people with restricted transportation 
capabilities by collecting global navigation satellite system 
(GNSS) probe information.

A demonstration experiment to collect common platform 
information was performed in November 2017 (Fig. 1). 
Sixty-three people with restricted transportation capabili-

ties such as wheelchair users, visually impaired persons, 
baby buggy users, and the elderly participated. � e partici-
pants used smartphones installed with the data collection 
application, moved around the Toyosu-Ariake area, and 
posted important information using the application.

Table 2 shows a summary of posted data categorized by 
the attributes of the people with restricted transportation 
capabilities. � e total number of posts was approximately 
1,700 and contained features corresponding to the attri-
butes of the users. Visually impaired persons mainly posted 
photos and comments, and information regarding key 
landmarks for transportation. Wheelchair users posted 
much information regarding pedestrian walkways. The 
elderly posted both information regarding themselves as 
well as other information that they thought might be help-
ful for other people with restricted transportation capabili-
ties.

We investigated transportation routes in the demonstra-
tion experiment using questionnaires. GNSS tracking 
information and responses to the questionnaires were ana-
lyzed, and recommended routes were formulated from the 
analysis results. A demonstration experiment regarding 
route guidance adjusted to the individual characteristics of 
each pedestrian will be held in 2018 using a personal navi-
gation application containing walking networks developed 
based on the common platform information obtained 
through the previous demonstration experiments and � eld 
veri� cations.

Table 1 Importance of common platform information (results of veri� cation by demonstration experiments)

Fig. 2 Scenes from the � eld veri� cation performed in the Shimbashi-Ariake-Toyosu area in 2016
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3.1.　Prototyping of personal navigation application
A prototype personal navigation application was created 

to evaluate the common platform information used for 
route guidance corresponding to the attributes of each type 
of person with restricted transportation capabilities. � is 
personal navigation application shows the results of route 
searches based on the attributes of the user, and navigates 
the preferred route. Helpful information during transpor-
tation such as barriers and barrier-free facilities are shown 
as pins on the guidance maps (Fig. 3).

3.2.　Demonstration experiments of route guidance 
corresponding to attributes

In the 2018 demonstration experiment, the serviceability 
of the provided public transportation information will be 
evaluated, in addition to the serviceability of route guid-
ance (refer to the Development of ART Information Cen-
ter report). Figure 4 shows the planned scenarios of the 
demonstration experiment. The preliminary experiments 
over the last three years have proven that route guidance 
adjusted to individual characteristics is acceptable, and 
there are high expectations of providing common platform 
information.

� e acceptance of cooperation between a personal navi-

gation application for route guidance and an advanced 
Pedestrian Information and Communication System 
(PICS) was researched, and a preliminary experiment was 
performed to examine the feasibility of support on cross-
ing walkways and facilitate safer transportation of visually 
impaired persons. In our research in 2017, we designed a 
PICS terminal application and a personal navigation appli-
cation as separate programs, and developed a cooperation 
function between these applications. The demonstration 
experiment proved the acceptance of a personal navigation 
system that cooperates with an advanced PICS, especially 
for visually impaired persons.

Three years of demonstration experiments showed that 
route guidance corresponding to the attributes of people 
with restricted transportation capabilities is highly accept-
able. Continuous collection of common platform informa-
tion and the practical application of route guidance 
adjusted to individual characteristics are likely to be imple-
mented in the near future.

Fig. 3 Sample screen of personal navigation system

Table 2 Results of posts classi� ed by attributes

3
Route Guidance Corresponding to At-
tributes of People with Restricted Trans-
portation Capabilities

4 Preliminary Experiment of Cooperation 
with Advanced PICS

Fig. 4 Planned scenario of demonstration experiments

5 Conclusion
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