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Autonomous sailing from port to port — How ?
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full round trip Piraeus-Mykonos, autonomous ship
container feeder with azimuthing & tunnel thrusters
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(local port)

variable environment
different operational states
Divide and conquer:

multiple submodels = integration

multiple phases - transitions

Piraeus
(main port)
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Container feeder : external forces
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Container feeder : actuators U S MARIN

2 azimuthing thrusters 2 bow tunnel thrusters
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Surroundings : environment and ports mSsES
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Sensors WS TR MARIN

motion sensors : logging, navigation, evaluation of criteria

wave probe . criteria

‘pose relative to’ : (un)docking




Control M~SES NI

Each phase has its own controller.

For example:

The “transit’ phase has an autopilot controller, based on waypoints.
The ‘docking’ phase uses PID controllers for surge, sway, yaw.

The required forces are handed over to the allocation.
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Allocation Y+ M MARIN

distribute required surge & sway
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Simulations - framework
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Simulation - idle Y I3 MARIN

State diagram

start up:

no control

‘ mykonos_docked wait_for_new_trip_start ‘
- should_start == true - -
desired_controller = 'docked' desired_controllel 'idle"
desired_allocator = 'fullyactuated' desired_allocator dle' ‘
desired_destination = 'toPortOfMykonos' desired_destination = 'toPortOfMykonos' n O a Ct u ato rS

docking_finished == true undocking_allowed == true

harbour environment

mykonos_docking mykonos_undocking

desired_allocator = 'fullyactuated"
desired_destination = 'toPortOfMykonos"

desired_allocator ullyactuated'
desired_destination = 'fromPortOfMykonos'

desired_controller = 'docking' ‘

desired_controller = 'undocking_global' ‘

docking_allowed == true undocking_global_finished == true

[ mykonos_ready_to_dock | [ mykonos_ready_to_leave

desired_controller = 'undocking_global'
desired_allocator = 'fullyactuated"
desired_destination = 'fromPortOfMykonos'

desired_allocator = 'fullyactuated"
desired_destination = 'toPortOfMykonos'

desired_controller = 'predocking’ ‘

true

predocking_finished = start_transit =

[ mykonos_predocking | [ piraeus_transit |

desired_allocator = 'underactuated'
desired_destination = 'toPortOfPiraeus’

desired_controller = 'transit' ‘

desired_controller = 'predocking’
desired_allocator = 'fullyactuated'
desired_destination = 'toPortOfMykonos'

surge velocity < 1.0 transit_finished == true




Simulation -

undocking

MSES

State diagram

‘ mykonos_docked

wait_for_new_trip_start

desired_controller = 'docked'
desired_allocator = 'fullyactuated'

desired_destination = 'toPortOfMykonos'

should_start == true

desired_controlle ‘idle'
desired_allocator dle'
desired_destination = 'toPortOfMykonos'

docking_finished == true undocking_allowed == true

mykonos_docking | (

mykonos_undocking |

desired_controller = 'docking' desired_controller
desired_allocator
desired_destination = 'fromPortOfMykonos"

desired_allocator = 'fullyactuated"
desired_destination = 'toPortOfMykonos'

'undocking_global'
ullyactuated'

docking_allowed == true

undocking_global_finished == true

mykonos_ready_to_dock | [

mykonos_ready_to_leave

desired_allocator = 'fullyactuated"

desired_controller = 'predocking’ ‘
desired_destination = 'toPortOfMykonos'

desired_allocator = 'fullyactuated'

desired_controller = 'undocking_global" ‘
desired_destination = 'fromPortOfMykonos'

predocking_finished =

start_transit == true

[ mykonos_predocking | [

piraeus_transit ‘

desired_allocator = 'fullyactuated'
desired_destination = 'toPortOfMykonos'

desired_controller = 'predocking" ‘

desired_allocator = 'underactuated'

desired_controller = 'transit’ ‘
desired_destination = 'toPortOfPiraeus'

surge velocity < 1.0

transit_finished == true

undocking:
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Simulation - transit M~ses XN

State diagram

transit:

[ mykonos_docked wait_for_new_trip_start | D P CO nt ro | 9 a u to p i I Ot

- should_start == true - -
desired_controller = 'docked' desired_controlle ‘idle'
desired_allocator = 'fullyactuated' desired_allocator dle'
desired_destination = 'toPortOfMykonos' desired_destination = 'toPortOfMykonos'

fully actuated - under actuated

docking_finished == true undocking_allowed == true

[ mykonos_docking | [ mykonos_undocking | pose % WaypOI nts

desired_controller = 'docking' ‘

desired_allocator = 'fullyactuated"
desired_destination = 'toPortOfMykonos'

desired_controller = 'undocking_global"
desired_allocator = 'fullyactuated'
desired_destination = 'fromPortOfMykonos'

harbour - open water

docking_allowed == true undocking_global_finished == true
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[ mykonos_ready_to_dock | [ mykonos_ready_to_leave 3000 '

desired_controller = 'undocking_global" / \
desired_allocator = 'fullyactuated'

desired_destination = 'fromPortOfMykonos'

desired_allocator = 'fullyactuated"
desired_destination = 'toPortOfMykonos'

desired_controller = 'predocking’ ‘

predocking_finished == true start_transit == true

[ mykonos_predocking | ( piraeus_transit w

desired_controller = 'predocking" ‘ desired_controller = 'transit’ ‘

desired_allocator = 'fullyactuated' desired_allocator = 'underactuated'
desired_destination = 'toPortOfMykonos' desired_destination = 'toPortOfPiraeus’

surge velocity < 1.0 transit_finished == true

y position [m]

—5000 4

T T
~2000 8000 13
% position Tm1




Simulation - results mSsES




Experiments - changes

Mission Execution
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Experiments - validation
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Summary U I MARIN

divided operation and project phases to sail from port to port

each task solved in ‘calculation’ phase
all tasks combined in ‘simulation’ phase
integral solution tested in ‘experimental’ phase

smooth sailing in operation of ship and project
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