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Abstract

Recently, the development of approval standards, technical guidelines, and evaluation for autonomous
ships are being developed globally. Therefore, performance verification is essential to ensure the reliability
and stability of autonomous navigation systems to be installed on autonomous ships. This study aims to
propose evaluation scenarios for assessing the stability of autonomous ship navigation systems. This study
investigated cases from similar fields, and based on these, validation scenarios were selected to evaluate
the safety and performance of autonomous navigation systems. The performance verification scenarios for
autonomous navigation vessels were structured by categorizing them into experimental vessels and
demonstration vessels. experimental vessels are utilized to conduct designated route navigation tests,
enabling comprehensive and repetitive assessments of all performance metrics and functionalities within a
limited area. Inspection items were classified into pre-departure status check, ship control, route navigation,
and preventing collision. demonstration vessels are designed to execute navigation function-based tests,
aimed at evaluating the feasibility of stable navigation capabilities within an open ocean. Inspection items
of demonstration ship are divided into before departure and during operation to determine whether the
entire system is operating normally. In the future, it is considered necessary to prepare safety guidelines
for the stability evaluation of autonomous ships.

Key words : Autonomous vessel, Evaluation scenario, DBS(Digital Bridge System), ANS(Autonomous Navigation
System), INS(Intelligence Navigation System), Autonomous navigation
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<Table 1> Safety requirements for autonomous vehicles in Korea

Mode

Contents

lane keeping

mode .
lanes on both sides

0 Operate the test vehicle at various speeds, ranging from the minimum operating speed to 20 km/h
less than the maximum operating speed, on a test road with straight and curved sections having

oOn a straight section of the test road with lanes on both sides, maintain a constant speed of 70

lane change

km/h or 20 km/h less than the maximum operating speed, whichever is lower. Execute the lane

mode change command (such as turn signals) when a target vehicle (either a medium-sized passenger car
or a dummy vehicle) is in or out of the blind spot
©0On a straight section of the test road with lanes on both sides, at a speed of 70 km/h or 20 km/h
Cut in & Cut less than the maximum operating speed (whichever is lower), have the target vehicle cut in from
out Mode an adjacent lane at least 50 meters ahead at a speed 20 km/h lower than the test vehicle. Follow

the target vehicle for about 1 minute after the cut-in, then change lanes.

Traffic Jam

©On a straight and curved section of the test road with lanes on both sides, have the target vehicle

Follow and drive at various speeds from O kmv/h to about 30 km/h, and have the test vehicle follow. Then
Release Mode accelerate the target vehicle to a speed higher than the set speed of the test vehicle
Forward °On a straight section of the test road with lanes on both sides, maintain a distance of about 60
Collision meters between the test vehicle and the target vehicle driving at 70 km/h or 20 km/h less than the
Avoidance maximum operating speed (whichever is lower). Rapidly engage the main braking system of the
Assist target vehicle to verify the forward collision avoidance performance of the test vehicle
Maximum 0On a straight section of the test road with lanes on both sides, operate the control device (or an
Speed limitation  equivalent function) to set a speed higher than 110 kmvh or the maximum operating speed,
Function whichever is lower

Source: ADMV, 2023.
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<Table 2> the Pre-departure Ship status check mode

Scenario Contents of Evaluation
o Verify the operational status of
Navigation  navigation equipment: (Positioning /
Equipment Depth / Speed / Route navigation /
Inspection Collision avoidance / Communication
equipment)
Ship and 0Ver}fy the operat.lonal s.tatus of engine
Engine equipment: (Main engine / Generator
E .g ¢ status / Auxiliary equipment)
qulpm.en o Verify the operational status of ship
Inspection . . .
equipment: Steering gear status
© Remote control status
o . . )
DBS System DBS operatlhon. and momtormg status:
Check (Data transmission and reception status /

Connection status with other systems /
Data transmission and reception with
other systems)
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<Table 3> the Ship Control mode

Scenario Contents of Evaluation

o Verify that the ship maintains the set speed
continuously while navigating

Speed . . . .
P o Verify that increasing speed, decreasing
Control . . .
speed, and stopping are achieved according
to the main engine control commands
© Check if rudder operations for course
changes are possible
o Verify that course changes are executed
Course . .
properly according to the steering gear
Control
control commands
0 Confirm the normal operation and alarms of
the Auto pilot
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<Table 4> the Route navigation mode

Scenario Contents of Evaluation

o Confirm if the vessel can maintain its
set course

e
Straight line - oie0 if the

vessel continues to

navigation navigate within the set course limits
over a specified period of time
o Verify if the vessel executes the course
Curve line change‘ before re.achjng the design.ate.:d
navigation(S way-point and aligns accurately within
K the planned route after the turn, when
ingle Turn) there is a single course change segment
in the planned route
oVerify if the vessel can appropriately
Curve line  ‘aneuver through multiple course change
. segments on the planned route
nav1ga't10n( oCheck if the vessel meets the ship
Multiple cwverability test  standards (such as
Turn)

tuming performance and handling performance)
when executing consecutive turns
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<Table 5> the
mode

Preventing Collision navigating

Contents of Evaluation

© Confirmation of Whether the Own Ship
Should Execute an Early Starboard Turn
(Situation Assessment, Timing to avoid
collision, Confirmation action to avoid
collision)

Scenario

Head on
situation

o Confirmation of whether the test vessel, as
the give-way vessel, is making an
. appropriate course change
Crossing ppropria’e g
L o Confirmation of whether the test vessel, as
situation . . .
the stand-on vessel, is taking appropriate
actions  (maintaining course/speed, early
collision avoidance, active cooperation)

o Confirmation of whether the test vessel, as
the overtaking vessel, maintains an
appropriate distance from the vessel being
overtaken and makes an appropriate course

Over . .
takin change during overtaking.
. _g o Confirmation of whether the own ship, as
situation . o
the vessel being overtaken, maintains course
and speed, and appropriately responds to
any improper actions by the overtaking
vessel
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Pre departure

During Sailing

Speed Control

Ship Control

Course Control

Straight line

Route Navigation Curve Line

Sail to destination

\ /
Demonstration Vessel 1
“ A

[  Navigation to a Specific
| location

|

|

\

Enter & Exit TSS

Join TSS

Cross TSS

Designated Route Area

Situational awareness and

Preventing Collision Head on

navigating

EHHI’r

[Fig. 2] The Demonstration Vessel test scenario.
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<Table 6> the Ship status check mode

Scenario Contents of Evaluation

© Confirmation  that  the  navigational
equipment is operating normally.
0 Confirmation that the main engine and

Inspection engine equipment are operating normally.

of Ship  © Confirmation that the major  systems

Equipment (DBS, ISA, ANS) are operating
and normally.

Systems o Confirmation that the switching of ship
(Pre operation modes is performed normally.

departure) © Confirmation that the monitoring of the

ship from the RCC is functioning
properly and that remote control of the
ship is possible.

© Confirmation of the communication status
between on-board and ship RCC.

© Confirm that the navigational equipment
is operating normally and that any issues
are automatically addressed according to
procedures.
0 Confirm that the main engine and engine
equipment are operating normally and
Inspection that any issues are automatically
of Ship addressed according to procedures.
Equipment o Confirm that the major systems (DBS,
and ISA, ANS) are operating normally and

Systems that any issues are automatically

(During addressed according to procedures.

Sailing) o Confirm that the switching of ship
operation modes is performed normally
and that any issues are automatically
addressed according to procedures.

© Confirm that the ship is being monitored

properly from the RCC and that remote
control of the ship is possible.
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<Table 7> the Ship Control mode

Scenario Contents of Evaluation
© Verify that the ship maintains the set
speed continuously while navigating
Speed o Verify that increasing speed, decreasing
Control speed, and stopping are achieved
according to the main engine control
commands
0 Check if rudder operations for course
changes are possible
o Verify that course changes are executed
Course . .
properly according to the steering gear
Control
control commands
0 Confirm the normal operation and alarms
of the Auto pilot
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<Table 8> the Route navigation mode

Scenario Contents of Evaluation

Straight o Confirm that the ship is sailing within
line the set course range along the planned

navigation  route for a specified period of time.

o Confirm that in the case where there is
one alteration section on the planned
route, the course alteration is performed
accurately ~within the route before
reaching the alteration point.

o Confirm that in the case where there are
multiple alteration sections on the

. planned route, the course alteration is
Curve line e
. performed accurately within the route
navigation

before reaching the alteration points.
o Confirm that in the case where there are
straight sections and multiple alteration

sections, the course and  route
maintenance, pre-alteration before
reaching the alteration sections, and

accurate positioning within the route after
alteration are performed.

oConfirm that the ship continuously and
stably measures its position while navigating

oConfirm that in the case where there are
alteration sections on the planned route, the
course alteration is performed accurately
within the route before reaching the
alteration points.

Sailing to ©Confirm that the ship is navigating within
destination  the set course range (route width) while
following the planned route.

O Confirm that if the ship deviates from the
route  width, it detects this and
automatically returns to the route.

o Confirm that the ship appropriately adjusts
its speed by comparing its real-time speed

with the ETA.
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<Table 9> the navigation to a specific location mode

Scenario Contents of Evaluation

o Confirm that the ship is sailing within
the set course range along the planned
route for a specified period of time

Entry and
exit TSS

o If joining the traffic lane from a position
other than the starting position of the
traffic lane, confirm whether:

+ The ship enters the traffic lane at a small
angle

+ The ship adjusts its course to match the
general flow of the traffic lane after entry

+ The ship maintains an appropriate distance
to avoid the risk of collision with other
navigating vessels

Joining
TSS

O When the vessel crosses the traffic lane,
confirm whether:

+ The crossing is performed at nearly a
right angle to the traffic lane

+ A safe distance is maintained from
vessels navigating in the traffic lane, and

* Crossing rules are applied in case of a
collision risk with navigating vessels

O When another vessel crosses the traffic
lane, confirm whether the crossing rules
are applied in case of a collision risk
with your vessel

Crossing
TSS

o Confirm compliance with navigation rules
. along the route
Designated
tg * Narrow channels
route areas .
* Designated routes
* Harbor routes

TSS : Traffic Separation Scheme(TSS)
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<Table 10> the Preventing Collision navigating mode

=]

Scenario

Contents of Evaluation

Situational
Awareness and
Collision Risk

Assessment

o Confirm whether continuous detection of targets around the vessel is being conducted.

o Confirm whether real-time calculation of collision risk with surrounding targets is being performed

0 Confirm whether alternative heading sensors or speed measurement devices are used if heading or
speed information is not received by the ARPA

o Confirm whether backup systems are utilized in case target tracking is not possible

Head on
situation (1:1)

© Confirm whether the vessel initiates an early starboard turn

o Confirm whether the vessel, if it is the give-way vessel, initiates an early and appropriate course

Crossing
situation

(1:1)

alteration (considering situations ahead, abeam, and abaft the beam)

o If the vessel is the stand-on vessel, confirm the following:
1) Whether it maintains course and speed, 2) Whether it takes early collision avoidance actions if
the give-way vessel does not take appropriate action, 3) Whether it takes cooperative actions to

avoid collision if the two vessels are in close proximity

Over taking

oIf the vessel is the overtaking vessel, confirm whether it maintains an appropriate distance from the
vessel being overtaken (check both port and starboard sides)

situation . . . L
11 oIf the vessel is the one being overtaken, confirm whether it maintains course and speed, and
(1:1) appropriately responds to any improper actions by the overtaking vessel

Risk of

collision with
multiple vessels

o Confirm whether an alert message appears for vessels with a DCPA within a certain range.
o Confirm whether collision avoidance actions are prioritized for vessels with smaller TCPA values.

In restricted

o Confirm whether the vessel is navigating at a safe speed
o Confirm whether the fog signal is being sounded

visibility o Confirm whether evasive actions are being taken for approaching vessels
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