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INTRODUCTION

Goals of Study

e Development of an automatic collision avoidance
system for unmanned Autonomous ships
(Remote maneuvering)

e Development of evaluation method of automatic
collision avoidance maneuvering results
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CONCEPT OF AUTOMATIC COLLISION AVOIDANCE MANOEUVRING

Strategic Collision Avoidance Manoeuvring

® Ship manoeuvring which minimizes the economic loss,
constantly selects a low-risk course from an early stage
and reduces the encounter situation where the
manoeuvring load is high
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CONCEPT OF AUTOMATIC COLLISION AVOIDANCE MANOEUVRING

Strategic Collision Avoidance Manoeuvring

® There are many ambiguous expressions in the current COLREGs
(ex Action by stand-on vessel, she shall take such action as will best aid to
avoid collision)

® Therefore, the desirable automatic system takes action to reduce the risk
before the “Conduct of Vessels In Sight of Another" defined by the COLREGs is
applied.

® It should be avoided that the rules of “Action by stand-on vessel” apply

Conduct of vessels in sight of one another
Rule 17 Action by stand-on vessel

............ The vessel required to keep her course and speed finds herself so close
that collision cannot be avoided by the action of the give-way vessel alone, she

S shall take such action as will best aid to avoid collision
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CONCEPT OF AUTOMATIC COLLISION AVOIDANCE MANOEUVRING

Strategic Collision Avoidance Manoeuvring

® Developed an automatic collision avoidance system considering the
realization of strategic collision avoidance manoeuvring

A method of altering her course or changing her speed to reduce the risk
before rules defined by CORLEGs is applied
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CONCEPT OF AUTOMATIC COLLISION AVOIDANCE MANOEUVRING

Medel of Automatic Collision Aveolidance Manoeuvring
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CONCEPT OF AUTOMATIC COLLISION AVOIDANCE MANOEUVRING

How to calculate the collision risk by using exclusive area
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CONCEPT OF AUTOMATIC COLLISION AVOIDANCE MANOEUVRING
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EVALUATION METHOD OF
AUTOMATIC COLLISION AVOIDANCE MANQEUVRING RESULTS

Towards level certification of automatic collision avoidance system

® The desirable automatic collision avoidance system
should reduce the risk before rules defined by CORLEGs
is applied

Therefore ...........
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EVALUATION METHOD OF
AUTOMATIC COLLISION AVOIDANCE MANOQOEUVRING RESULTS

Towards level certification of automatic collision avoidance system
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Automatic collision avoidance manoeuvring
that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Automatic collision avoidance manoeuvring

that dose not give anxiety to the target ship
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Comparison of Manoeuvring Results by Automatic Collision Avoidance
System and Manoeuvring Result by Human
Verification experiments using a full mission simulator

Comparison of the maneuvering results of "Automatic Collision avoidance system"
“Veteran captain“ and "Inexperienced Officer"
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Comparison of Manoeuvring Results by Automatic Collision Avoidance

System and Manoeuvring Result by Human

Experimental Scenario in Actual Congested Sea Area
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Comparison of Manoeuvring Results by Automatic Collision Avoidance
_System and Manoeuvring Result by Human
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Comparison of Manoeuvring Results by Automatic Collision Avoidance
System and Manoeuvring Result by Human

Comparison by own ship’s track chart

veteraniecaptain,
Performing a large course
change to clearly show the
intention

Inexperienced Officer

Judgment of avoidance is
slightly delayed and enters
caution area, and deviation
from planned course is large

Automatic System

While ensuring a sufficient
heading change that does not
give anxiety to other ships, it
seeks an optimal solution, so
there is a slight deviation from
the planned course compared to
a veteran captain
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Comparison of Manoeuvring Results by Automatic Collision Avoidance

System and Manoeuvring Result by Human

Relative distance and bearing change rate of all encounter vessels
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Comparison of Manoeuvring Results by Automatic Collision Avoidance
System and Manoeuvring Result by Human

Relative distance and bearing change rate of all encounter vessels
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Verification Experiment on Actual Ship
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Verification Experiment on Actual Ship

Off the Coast of Yokohama Immediately after leaving Tokyo
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Verification Experiment on Actual Ship

Congested Water around Japan Coast
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Verification Experiment on Actual Ship

Conducted the world’s first Maritime
Autonomous Surface Ships (MASS) trial

performed in accordance with the
IMQ’s Interim Guidelines for MASS Target Data: AlS + Radar TT

“IRIS LEADER”, a large NYK-operated PCTC having a gross tonnage
of 70,826 tons, was navigated day and night using the Automatic

Collision Avoidance System during the period from 14 to 19
September 2019 from Xinsha, China, to the port of Yokohama,
Japan. (https://www.nyk.com/english/news/2019/20190930_01.html)
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Conclusion

‘/In order to carry out strategic collision avoidance manoeuvring, an

automatic collision avoidance system constantly calculating optimal
manoeuvring method was introduced.

‘/A system that evaluates the situation that entered "Danger area" and

“Caution area" using the relative distance and bearing change rate with
a deduction-based evaluation system was proposed.

v Validity verification of the developed automatic collision avoidance

system was carried out compared to the manoeuvring results of veteran
captain and officers.

It was verified that the collision avoidance manoeuvring by the

automatic collision avoidance system is almost equal to that by veteran
captain.

v Verification experiments were successfully conducted to verify the

effectiveness of the proposed automatic collision avoidance system on
the actual ship navigating in congested waters..
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