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- ART: Advanced Rapid Transit -
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Japanese government initiated a research project on automated driving systems under Cross-

Minimizing waiting time and seamless connection
*Totalized orgamc transportation system

Shorten “get on/off time", Safety and easy
* Automatic Precision Docking 4

cident reduction, Driver burden reduction
Automatic Driving

——E Advanced Driver Assvstance |
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Traffic jam preventlomCOZReductnon
*Cooperative ACC

Shorten “get on/off time”, Prevention to passengers turnover
*Wheel Chair Automatic Locking Device
* Contactless Electronic Charging

ART will expand from the traditional limited operations to provide more transportation convenient
service in advanced road transportation systems. Especially, automation of a high-precision docking
to bus stop is required.
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Research subjects: 12-persons (6 male and 6 female)
Age-range: 20-60 years

Experimental verdict: Step vaIue 3cm Gap value:6cm

Requires some effort (reasonable)

EXPERIMENT MANUAL ELECTRIC - Outer limit
IMAGE WHEELCHAIR WHEELCHAIR Assistance required

1. The allowable step limit
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Xfront wheels to fall into the gap
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Control System for Autonomous Docking
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* In general, a camera foresees the lane
marker .

* There are some driver model to
control the vehicle position.

e |t is difficult to see a marker in
various situations: weather cond.,
close space.

» Another way is to see the lane marker
In just side of the vehicle.
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Control with Road white line
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Camera position Position of Guided white line merit and demerit
OMerit

*Performance improvement
near the rear door

ODemerit

*draw a white line at the bus stop

1. Near the Vehicle rear " Guided white line

door L (the virtual reference trajectory)

(.

2. Near the Vehicle tip OMerit | o
center *Feedback control with white line is

always possible

) ODemerit
[ ] *Performance drops near the rear

door
*Mixed with ordinary road white
lines

3. Near the front left end OMerit

of the vehicle *Feedback control with white line is
-~ l- always possible

ObDemerit
*Performance drops near the rear

door

mm=) Since it is difficult to realize No.1,2, it is evaluated at No3
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« The operations of acceleration and deceleration are performed
manually by a driver

* Only the steering is controlled
« The velocity of the truck is from 20 or 30 km/h to 0 km/h

« The controlled bus follows to the reference trajectory and the
reference heading angle determined from the results of manual
operation.

« The reference trajectories are three types

Type 1 Type 2 Type 3
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@The error to target is =0.02m

Reference trajectory Typel
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@®The error to target is 0.02m

Reference trajectory Type?2
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Reference trajectory Typed
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Experimental Results

Stopping Distance [cm]
Type of vehicle
Bus Articulated bus
Reference - _ _
trajectories Door position Maximal value Average Maximal value Average
plus direction/minus direction (N=5) plus direction/minus direction (N=5)
Front door 0/-2.0 -1.0 -1.1/-4.0 -2.4
Type 1 Central door +2.0/-0.2 1.0
Rear door 0/-2.7 -1.5 +4.9/ +1.8 3.8
Front door +5.1/-0.5 2.5 +0.5/-4.0 -1.4
Type 2 Central door +1.0/-1.5 0.0
Rear door +3.6/-2.4 0.8 +1.0/-2.0 -0.2
Front door +1.5/-4.0 -1.1 +2.0/-2.0 -0.02
Type 3 Central door +2.0/-2.5 0.03
Rear door +3.5/-0.8 1.6 +1.5/-4.0 -0.02

13



yANY Conclusions

(Y 6
Obility co.¥

 As experimental performance evaluation on autonomous precision docking,
the method of the autonomous precision docking based on path following
control was described.

» The effectiveness of the proposed method was evaluated by the experimental
results.

» We confirm that the controlled truck docked with precision within about
+0.05m in the virtual reference trajectories of three types.
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