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Improved accessibility for 

boarding/exiting

(shortening of stopping time)

ART Information Center

Pedestrian travel support system

(Walking support)

・Congestion prediction

・Dynamic connection 

guidanceOpen platform for providing information 

on using ART and its surroundings

Stress-free travel using public transport

(ensured speed during travel)

Provision of transport support 

information for disabled persons

Signal system that prioritizes public transport

Advanced PTPS

Pedestrian Information and Communication Systems

PICS Precise Docking, 

smooth acceleration/deceleration

Transportation system using 
mobile terminals

Organic combination of information based on ART Information Center
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People with impaired vision cannot see the depth or height 

of the distance between the bus stop edge and bus step

Expectations towards Precise Docking are 

common throughout the world

Grand Rapids, Michigan

United StatesCleveland, Ohio

United States

The distance and difference in level between 

the bus stop edge and bus step hinders the independent 
actions of wheelchair users
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1. Adaptation of laws for guiding lines for precise docking control and verification 
of impact on general road users

2. Precise docking guidance using magnetic markers

3. Precise docking guidance based on sensor fusion using existing features
Improvement of precise docking guidance under unfavorable conditions such as a
narrow bus stop, etc.
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Experiment at Japan Automobile Research Institute (Tsukuba) 

Guiding lines
for precise docking 
control

Mock bus stop
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 The contrast ratio recognized through the camera upon changing conditions such as the color used for 
the guiding lines, lighting, etc. is measured

 From the experiment results, “system recognizability” is confirmed, and the color, etc. used for the 
guiding lines is selected

Test 
pieces

Colors
White, Green A, Green B, Green
C, Orange, Pink, Purple, Blue

Reflectors Glass beads, AWT, bright grip

Foundation
Asphalt, rough, heat insulating

pavement
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Day

Sunlight
Morning, daytime, evening 

(reproduced using light)
Light 

source 

direction

Front, backward irradiation,
angled

Humidity Dry, wet

Night Street light Street light, no street light

■Combination of laboratory
experiment conditions

2m

Test piece and base (asphalt)

テストピースと下地(アスファルト)

Irradiated from the front of the camera

カメラ正面から照射したとき

2m

Irradiated from the back of the camera

カメラ背面から照射したとき

Camera

Lamp frame

Light

Irradiation angle

照射角度

<Guiding lines>

Reflectors

3 types

Color (8 colors) <Foundation pavement>

Asphalt

Heat insulating 
pavement

Rough



7

Basic performance evaluation: 
Morning/Daytime/Evening + Dry/Wet

Nighttime headlight evaluation: 
Confirmation of effects of street light illumination

Contrast ratio

20 Lx 40 Lx 60 Lx
For morning and evening, 

there are performance 

differences dependent on 

color

No difference 

between dry and wet

Foundation: Asphalt
Reflector: Bright grip Foundation: Asphalt, dry

Reflector: Glass beads, fog lamp lighting

・Contrast ratio improves with illumination

・Possibility that system recognition is not possible

depending on illumination

System
recognition 
threshold
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Based on the results of preliminary reviews, Proposal 1 (reference), 2 and 4 were selected as guiding line 
designs to test on a Proving Ground

No Characteristic
Compliance with 

laws

System 

recognizability

Construction 

workability

Possibility of 

erroneous recognition 
(preliminary survey)

1 White × ◎ ◎

2 Green: Green B ○ ○ ○ △

3 Green: Green A ○ △ ○

4 Note: For buses ○ ○ ○ △

5 Note: Symmetric line ○ ○ △

6 Arrow feather lines ◎ × △ ×

Reference
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Guiding line ① Guiding line ②

Guiding line ③

Overview of verification
・Recruit test subjects, and have them drive on the proving ground unassisted to verify influence of guiding 

lines on the driving state of general drivers.
・Since it is plausible that the effect of guiding lines on driving conditions differs depending on driving 

experience and physical capabilities, test subjects are recruited across a wide variety of attributes.
－20s (male and female), 30s to 50s (male and female), 60s (male and female), etc.

・Since it is anticipated that the impact of guiding lines on general drivers differs greatly depending 

on practice and preliminary information, considerations are made so as not to convey the original 

intent of the field operational test before the driving experiment .
・The 30 total test subjects were divided into 3 groups of 10, and the type of guiding line that appears 

first was changed for each group.

Outline JARI’s V2X urban course (Tsukuba) and driving pattern

★

★

★

★ Starting point

Driving route



10

Evaluation from 

perspective of general road 

users

Actual precise docking 

experiment using green 

(Green B) guiding lines

Testing of boarding/exiting using a 

wheelchair

Gap during precise docking

(fulfills required precision)
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1. Adaptation of laws for guiding lines for precise docking control and verification of
impact on general road users

2.    Precise docking guidance using magnetic markers

3. Precise docking guidance based on sensor fusion using existing features
Improvement of precise docking guidance under unfavorable conditions such as a
narrow bus stop, etc.
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Implemented as a theme for field operational tests for automated driving buses in 
Okinawa by the Cabinet Office

Magnetic markers

Target distance for

precise docking: 20 cm
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Φ100

1

200

200

Magnetic

marker

Protective sheet

Magnetic markers with a thickness of 1 mm are affixed to the 

road surface (temporary)

• Magnetic marker: Flat markers

• Laying method: Bonded

• Laying intervals: 50 cm

• The target distance for precise docking(from curb to bus) 

was set to 20 cm.

Precise Docking control area
(magnetic markers)

Lane maintenance 
control area

(GPS control)

Precise Docking 

start P

Approach interval Return interval
Precise Docking

interval

Y

Target driving 

tracking coordinates
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Curb 

approaching 

side

Curb 

approaching 

side

Front axle side (18 times) Rear axle side (18 times)

(Target)

Approx. ±50mm

（±5cm）
Approx. ±50mm

（±5cm）

Approx. ±100mm（10cm） Approx. ±100mm

Stopping
location

Stopping
location

・In this experiment, magnetic markers were used as RTK-GPS position correction 

・Adjustment to target value (40±20 mm) set by the Next-Generation Transport 
Working Group was not possible; further reviews are necessary
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1. Adaptation of laws for guiding lines for precise docking control and verification of
impact on general road users

2.  Precise docking using magnetic markers

3.  Precise docking guidance based on sensor fusion using existing features
Improvement of precise docking guidance under unfavorable conditions
such as a narrow bus stop, etc.
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Bus stop curb

White line (edge) Pedestrian curb (edge)

White line on roadsideL-shaped 

lateral groove
Bus stop facility

Guidance for precise docking is 

implemented based on multiple 

sensors on the bus that utilize the 

existing infrastructure around bus 

stops

Bus stop curb

Bus stop facility

Front camera

Side camera

Front camera Side camera

GPS
(Quasi-zenith satellites)

LiDAR

LiDAR
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⇒ Delay in the mechanical system is compensated through steering control, etc.

The steering system of large buses is complex, with a mechanical transmission delay

When the angle of approach to the bus stop during precise docking is large, 

the required accuracy for precise docking (40±20mm) cannot be produced

From the 
steering wheel

Colum/steering 
actuator

To tire Kingpin axis
Knuckle 
armBall 

screw

Pitman arm Tire angle sensor

Idler arm

Tie rod
Drag 
link
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n
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e 
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 (d
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/s
)

To tire

Time [s]

Steering angle 
(/gear ratio)

Turning angle
Yaw rate

Width of lateral 
movement

Lateral movement intervals

D
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n
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 in

 la
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ra
l 

d
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ec
ti

o
n 

[m
]

Width of lateral 
movement 

(double) Target
Actual
Target
Actual

Travel distance [m] Travel distance [m]
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ta
n

ce
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[m
]

Decline in accuracy 
of precise docking
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⇒ Check robustness of control under more conditions

Basic performance confirmed through precise docking experiments using a mock 
platform on a proving ground

Travel route: Straight  Reduce speed  Pull over  Stop
Travel speed: From constant speed of 30 km/h, reduce speed and stop
Method of precise docking: 

Straight line (orange line in photos below) is detected using on-board camera
(detection of curb will be implemented in the future)

Steering and braking through automated control

(1) Straight (2) Pull overMock 
platform (3) Stop
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Technological 

development phase
・Concept verification
・Accuracy verification

Practical application 
review phase
・Robustness, cost
・Commercialization scenario, 
supply system

Social implementation 
phase
・Mass production, infrastructure 
development
・Foster receptivity in 
preparation for implementation

Guiding line 

method →

Sensor fusion method →

Magnetic marker 

method →

Eliminate impacts on surface road users by matching the 

protective sheets for magnetic sensor s to the road 
surface color

(Issues) Complementation with magnetic markers through 
GPS, etc. is necessary

Installation/maintenance costs for magnetic 
markers

With the Olympics as the turning point, 

aim for social implementation by 2020

(Issue) Maintenance costs to avoid 
fading (whitening) and deterioration 
of guiding lines

Future technology where stable, precise docking is possible even in 

relation to obstacles, etc. near bus stops, using existing infrastructure 
(Issue) Still in the concept verification stage; continued reviews are 

necessary until social implementation
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The way in which priority passage request signals generated from buses, etc. are emitted is adjusted at 
the ART Information Center by using Advanced PTPS (Public Transportation Priority System) based on 700MHz
band radio waves

Aim to improve overall rapidness by flexibly 
judging and prioritizing crowded buses, 
delayed buses, etc., depending on the 
conditions

ART Information Center
Advanced PTPS
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Experiment on 2 inflow roads using roadside unit installed at the Tokyo Wangan Police Station-
Mae Intersection

Driving course used in experiment

Starting 
point A

Starting 
point B

Inflow A

Inflow B

Parking lot

Tokyo Wangan Police Station-Mae Intersection

Tokyo Wangan Police Station-Mae Intersection as 
seen from Inflow A

Tokyo Wangan Police Station-Mae Intersection as 
seen from Inflow B

PTPS roadside unit
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Experiment conducted based on premise of “prioritizing buses that are crowded (with many passengers)”

After organizing priority rights, the time required for passing through an intersection was shortened by 46 seconds for 

inflow road A and lengthened by 8 seconds for inflow road B

By prioritizing crowded buses, 

passengers’ total travel time 

was greatly reduced

8-second difference

46-second difference

Congestion level 2: All seats are taken (assumes 25 passengers)
Congestion level 4: Crowded (less than one person can fit in aisle) 

(assumes 60 passengers)

Total passenger travel time: 6,420 seconds
Inflow A  60 people x 82 seconds = 4,920 seconds

Inflow B  25 people x 60 seconds = 1,500 seconds

Total passenger travel time: 3,800 seconds
Inflow A  60 people x 35 seconds = 2,100 seconds

Inflow B  25 people x 68 seconds = 1,700 seconds

Inflow A (both buses request priority)

Inflow B (both buses request priority)

Inflow A (Only Inflow A requests priority)

Inflow B (Only Inflow A requests priority)

T
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m

)

Time (seconds)



23

Test using advanced PTPS roadside detector (Intersections B, C and E in map below) 

installed along Odaiba Loop Road No. 2
Legend

Existing bus stop

Temporary bus stop for experiment

Advanced PTPS roadside detector

Shijo-Mae

(3) Test effects of advanced 

PTPS on bus operation

Ariake Tennis no Mori

(1) Test cases where the bus stop 
is near an intersection
(2) Test conciliation of priority 
right if buses in cross directions 
approach simultaneously

Ariake Coliseum 
Higashi Intersection

Ariake Chuobashi
Kita Intersection

Ariake Chuobashi
Minami Intersection

Ariake Eki-Mae 
IntersectionAriake

(4) Test effects on ART of 
arriving/departing buses

Kokusai Tenjijo Seimon

Tokyo Big Sight-Mae 
Intersection

(5) Test whether there are effects of GPS accuracy and differences in accuracy

Approx. 700 m Approx. 200 m Approx. 300 m Approx. 100 mApprox. 150 m
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Approaches toward next generation public transport is considered as 

being polarized

1. Large buses: Mass transport, drive support (LRT, BRT)

2. Small shuttles: Automated operation (automated driving + 
autonomous operation management)

Recently, approaches toward automated operation of small shuttles in 

particular have been carried out in various regions around the world
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BRT
Metz, France

LRT
Amsterdam, Netherlands

BRT
Niigata

LRT
Nancy, France

BRT
Eindhoven, Netherlands

LRT
Strasbourg, France

LRT
Toyama

Japan

Europe

Future Bus demo
Amsterdam, Netherlands
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Sion, Switzerland

From SB Drive’s Website

Navya’s Arma (France)
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Mcity, Michigan
United States

From YouTube

GoMentum Station, California
United States

From Robot Shuttle’s Website

Kyushu University campus

From EasyMile’s Website

EPFL premises
Switzerland

LocalMotors’ Olli (United States)

EasyMile’s EZ-10 (France)Operation management 
system
BestMile (Switzerland)

Although testing of automated driving of small shuttles is carried out throughout the world, there are no major differences in 

test contents



A transport system accessible to all

kawamoto.masayuki.gn@un.tsukuba.ac.jp


