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Navigation on Inland Waterways — Current State
Follow-up mode
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Navigation on Inland Waterways — Current State
Auto mode

Setpoint: Rate of turn

N

Rate of turn

argonics cm



Navigation on Inland Waterways — Current State
Auto mode

Setpoint: Rate of turn

N

el
O@®

Rate of turn

argonics cm




Navigation on Inland Waterways — Current State

Auto mode

argonics cm

Setpoint: Rate of turn

N\

el
O@®

Rate of turn




Navigation on Inland Waterways — Current State

Auto mode

argonics cm

Setpoint: Rate of turn

N\

el
O@®

Rate of turn




Navigation on Inland Waterways — Current State

Auto mode

argonics cm

Setpoint: Rate of turn

N\

el
O@®

Rate of turn




Navigation on Inland Waterways — Current State
Auto mode

Setpoint: Rate of turn

N\

el
O@®

Rate of turn

argonics cm




Navigation on Inland Waterways — Current State
Auto mode

Setpoint: Rate of turn

N\

el
O@®

Rate of turn

argonics cm




Navigation on Inland Waterways — Existing Future

Automatic Track-keeping
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Navigation on Inland Waterways — Existing Future
Automatic Track-keeping

Guiding line

Shiftable line
T | to avoid traffic
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Navigation on Inland Waterways — Existing Future

Automatic Track-keeping

argo TrackPilot
Traffic avoidance

Video: Plec
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Navigation on Inland Waterways — Existing Future
Automatic Track-keeping

Increased Safety

» System works equally well at night and in fog
» Skipper can concentrate on monitoring the surroundings

Increased Efficiency
» Perfect curves: Calculations of required ROT from shifted line
» Small corrections to account for win_d, current, model errors
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Automatic Track-keeping
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Automatic Track-keeping
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MS Rosarium
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Komorn — Passau
45 hours 20 minutes
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argoTrackPilot Komorn — Passau
45 hours 20 minutes

90.5 % navigating automatically
M>Rosarium — standard deviation from track: 2.6
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MS Feniks
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argoTrackPilot Amsterdam — Rotterdam
8 hours 20 minutes
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argoTrackPilot Amsterdam — Rotterdam
8 hours 20 minutes

91 % of the time navigating automatically
standard deviation: canal 1.2 m ; river 2.6
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argoTrackPilot

KV El Nino + La Nina
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argoTrackPilot Disseldorf — Antwerp
22 hours 51 minutes
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argoTrackPilot Disseldorf — Antwerp
22 hours 51 minutes

81 % of the time navigating automatically
KVEINIno + LaNina  siandard deviation from track: 2.3
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Levels of Automation

(WHEN

ENGAGED)
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ol dynamic ravigalion tacks and fallback porformance, withoul oopecting a humdan

(nurmiber of qualifcation )
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NO AUTOMATION
thae full-Bime porformance By Tha human boatmaster of all spects of the dynamic navngaton ﬂ n n
0 sk, v when suppodtoed by wisrmeng o intervention systems
BOATMASTER Eg. nmagation with support of radar installation “ - J “
Yoo STEERING ASSISTANCE ' '
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Recent Developments — Control System for NOVIMAR

NOVIMAR
VESSELTRAIN

The Vessel Train
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Recent Developments — Control System for NOVIMAR
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Recent Developments — Control System for NOVIMAR
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Recent Developments — Control System for NOVIMAR
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Recent Developments — Control System for H
SCIPPPER

Lock maneuvering assistance system based Aberding=y
on PPP and VDES for inland navigation
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Recent Developments — Control System for H
SCIPPPER

Lidar tests in Koblenz
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Recent Developments — Control System for

/' SCIPPPER

Control system structure for automatic lock entering
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Recent Developments — Control System for H
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Levels of Automation

BOATMASTER
PERFORMS
PART OR ALL OF
THE DYNAMIC
NAVIGATION
TASKS

SYSTEM
PERFORMS

dynamic navigation tasks, including collision avoidance with the expectation that the

human boatmaster will be receptve [o requests 1o mbervena and (o systom fadures and
wall respond apprapiiatioly

THE ENTIRE
DYNAMIC
NAVIGATION
TASKS
(WHEN
ENGAGED)

lock {requiring human mtenention)

HIGH AUTOMATION

thie Suistaeresd conliex] -specific performance by a navigalion aulomalion system of

all dynaimic navgation taskes and faliback perlormance. withoul expectng & hurmsan
boatmaster respanding 10 3 request to intenne’

E . vessol operating on & canal section botween hwo sucoessive locks (environmant well
knowarn), Bl B autornalon syshiom 5 nol able lo manage alone the passage through the

AUTONOMOUS = FULL AUTOMATION

thir sustasresd and ynconditional performmance by a navigabion automation systoem of
all dymamic navigation tasks and lallback performance, withoul expecting a human

Designation Remote control
NO AUTOMATION
the full-time performance by the human boalmaster of all aspects of the dynamic raigation
tasks, evon when supported by warning or intervention systems
E @ ravagaaton with support of radar ansfallaton
STEERING ASSISTANCE Mo
the context-spacilic porformandce by g steenng automation systom ussng certain mformaton
aboul the nanagational emaronment and with the expectaton thal the human boatmastion
porformes all remaining aspects of tho dynamic navigation Lasks
E.q risti-of-furn regukaton
Eg. rackpdiol (frack-keaping systam for miand vessels along pre-defined gusding ines)
i i
PARTIAL AUTOMATION
the context-speclic performance by a navigabon aulomation system of both stoering amd
Dropbson wwng cerlan nlommation about the navigabonal emaronemant and with the
expactation that the human boatmastor performs all remaineng aspocts. of the dynamic
nanigation tasks
CONDITIONAL AUTOMATION
the sustained context-specific performance by a navigation automation system of gl Subject to conted

spicific execution, remote
control s possble (vessal
command, monitorng
of and responding 1o
navigational emaronmoent
and fallback performance)
It may have an influence
O Crew requirements
{number or qualification)
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Automation of Inland Navigation — Collision Avoidance
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DlVlde and Conquer Shore Control Center
Send: Destination, Time of
Arrival, Manual Override

Shore
Ship ¢
Commun|cat|on ............... Communlcatlon MOdu|e 4. .......... » Data Record|ng
Monitor Capture raw data and
Decision Making Modules 3 35 3
g Q\gOQ szQ (//) é-;:
Planning Route / Voyage Planning gN“SS (QN“SS R/B\T &‘ﬁh
Monitor o Task: From given destination S I [ | I
and desired time of arrival, ' : : :
Plausibility check Radar Lidar |||camera VADII?S
of voyage and Y
global path Global Path Planning v
planning. In case |-t Task: Based on route, Situational Awareness
of detected compute optimal path using
Computer Vision
v
Control Monitor | Local Path Planning Sensor Data Fusion /
Task: Plan safe path Localization
Supervision of - Compute ship position
path planning 4
and control Traffic prediction
module. In case |- Control Module <
of detected Task: From position and Mapping
. 2 - Build a local map with all
ﬁ;ﬂﬁtg I Actuators

| Artificial Intelligence?
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~ Classical Algorithms + Artificial Intelligence!
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