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Introduction

Fraunhofer CML conducts applied research for the industry

® Fraunhofer CML conducts applied
research for the maritime industry

M Activities (amongst others)

Navigational safety and risks

Decision support tools

“ Ship-shore-integration

“ Ship management

z O SECURING THE CHAIN
. BY INTELLIGENC L/‘IS A

AR S00

SIMULATION-BASED
NAVIGATIONAL SAFETY

ASSESSMENT

Nawga tional salety assessment

Navigational safety assessment entails the
investigation and evaluation of the nsk
of collision or grounding of a vessel in
specific circumstances, e.g., poor weather
or congested traffic situations. Using
real-time simulation methods faciitates the
assessment of risk without posing a threat
to humans and assets.
Target group
Assessing navigational safety is important

for several stakeholders. Port-side stake-
holders, like terminal operators or port ad-

Bl ministrations, need to assess risks resulting

from unsafe navigation that affect their
infra- and superstructure. Furthermore,
ship-owners, tugs and pilots, are instinc-
tively interested in this topic. Moreover, an

- Strategic support

Key issue

In principle, navigat onasafetyasms
answer one key question: is it possible to
safely navigate a specific vessel in a specific
basin, port or fairway in :peuﬁccnnd ions?
More detailed questions can then be based
on this general question. These apply to the
following areas:

« How must a planned basin, port or
fairway layout be designed to allow safe
navigation?

« Can future ships navigate and maneuver
safely in a specific basin, port or fairvay?

Operational support

= How do wind, weather and traffic
conditions affect navigationa! safetyin a
speciic port or fainway?
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Introduction

Focus on commercial and navigational ship operations

Sea Traffic and
Nautical Solutions

B Topics
Sea traffic's safety
Sea traffic’s efficiency

Navigational solutions

B Tools
Ship handling simulation
ENC software development

AlS data analysis framework

Ship and Information
Management

B Topics

Maritime information
management

Ship management

B Tools
Mathematical optimization

Operations research
technologies
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MUNIN’s overview
Key facts of the project

Kb VUNIN

Maritime Unmanned Navigation through Intelligence in Networks

B European FP7 project from Sep 2012 to Aug 2015
B 8 partners with 2.9 million € funding
B Focus:
Develop a concept for an unmanned merchant vessel

Validate concept in a simulator set-up
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MUNIN’s Aim
Project definition of the autonomous vessel

H MUNINV

Autonomous ship Autonomous ship
Next generation modular control No persons on board for whole or
systems and communications part of the voyage. The ship, with

technology [that] will enable wireless  partial help from remote control,
monitoring and control functions must be able to manage the voyage
both on and off board. These will on its own.
include advanced decision support
systems to provide a capability to
operate ships remotely under semi or
fully autonomous control.
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MUNIN'’s Vision
Unmanned deep-sea voyage
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MUNIN’s Use Case

Dry bulk carrier on deep-sea-voyage

Reasons:
B Long deep-sea-voyage

B Low risk cargo

® Slow steaming attractivness

Approach m Approach Berth

—

A

R

Steam turbine

o

Power turbine

)

@ﬂ Main engine

)l Ship service steam
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MUNIN’s navigational systems
Enabling unmanned navigation during deep-sea voyage

Advanced Autonomous Shore
Sensors System Navigation System Control Centre
Electronic lookout Op. decision-making Human element

B Detect small objects ™ Avoid collisions B Monitor voyage
B Detect weather B Ensure stability in and vessel
harsh weather B Problem-solving

phenomena
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Autonomous Bridge
Short term use case ,, Watchfree bridge”

B Autonomous Engine Room
Partly unattended engine room already exists

Class notation E-0 which is considered to meet the requlations of the
International Convention for the Safety of Life at Sea (SOLAS) for
unattended machinery spaces |[...]

B Autonomous navigation can lead towards B-0 , watch-free bridge”
Flextime work for nautical officers onboard
Improved shore intervention possibilities
Less manning possible

B Important date: New SOLAS in 2024
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MUNIN Test-bed

Integrated simulation-based environment

Advanced
Sensor
System

Ship handling
simulation

Remote Manoeuvering
Support System

™\ Engine Monitoring

) SO & Control System
S ‘@_ &_ <4

= - Energy
e | Efficiency System
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MUNIN Test-bed
Integrated simulation-based environment

Advanced
Sensor
System

Deep-Sea
Navigation System

. Engine Monitoring
& Control System

Ship handling
simulation
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MUNIN Advanced Sensor Module

Sensor fusion approach

COLREG 85

Every vessel shall at all times
maintain a proper look-out
by sight and hearing as well

as by all available means
appropriate [...]
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MUNIN Advanced Sensor Module
In-situ tests performed in Norway

Y OBJECT ARCHIVE
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MUNIN Advanced Sensor Module
In-situ tests performed in Norway
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MUNIN Deep Sea Navigation System
Integration of COLREG and Harsh Weather

80  Safety and Shipping Review 2014, Allianz

70 foundering

10 collision

J08 2009 2010 2011 2012 2013
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MUNIN Deep Sea Navigation System
Integration of COLREG and Harsh Weather

80  Safety and Shipping Review 2014, Allianz

. Autonomous Navigation System
70 foundering
Weather Routeing Collision Avoidance
60 [—
Module Module
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10 collision
® Rudder Control
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MUNIN Deep Sea Navigation System
Simulation and hardware prototypes

B Shp spead B surf-rdng/broaching
W \wave velccity ¥ Poram. rching
Wind speed real N Hgh waves
I Wind speed on ship (scaled to 50%)
BN Autopiot course o

R New course iy
Ea
/—H ¢

a
@

3
32

2
2

52,25 -

7
|2

g
>
S
2

A @ ship Motion i@

@

52,24

Weather Alert:
=2 High Waves

T
8
I
G

== ==y
(M)W § Wy

8
H

7

52,21

[rs3

52,2
CCOLREG
TSI 614 S0
T2 615
[Ts:

2,32 2,34 236 2,38 24 292 24

w
EEH ‘

662: Ital_Cortesia avoids ML_VLCC according to COLREG Rule 14 adding Next WP LAT 52.2042 LON 2.3471+
1013: Orfon is n sight
Reset 1013: Ital_Cortesia is Give-Way-Vessel to Orion due to COLREG Rule 15 I
1375: Ital_Cortesia at Position LAT 52.2211LON 2.3472 E
T E 1375: Ital_Cortesia avoids Orion according to COLREG Rule 15 adding Next WP LAT 52.2473 LON 2.36743
i)

\

~ Fraunhofer
* ok x CML



MUNIN Shore Control Center
Human Centered Design

human-out-of-
the-loop
syndrome

Human

Errorr

\

~ Fraunhofer
CML




MUNIN Shore Control Center
Fully integrated prototype
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MUNIN Test-bed
Validation methodology

B Sensor emulation

Four full scale In-situ test

_ M AlS-Data tests (CA only)
Ship handling simulation (WR&CA)

B Small-scale in-situ test (CA only) ongoing

W

HMI-Tests in simulator

\

Stresstest in simulator ongoing
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Conclusions
Short-term applications of MUNIN technology developments

Automated Lookout / Watch free bridge

B Single source of reliable data provision

® No reduced lookout capability due to fatigue

R Autonomous deep-sea navigation
B COLREG compliance

® Hull and motion monitoring in harsh weather

Shore-side traffic guidance / Watch from shore

® Human-oriented information management

B Remote situation awareness concept

Combination to B0 possible
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Outlook
Full validation in the EMSN feasible

COG 357 3°

GPS 1
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Outlook
MUNIN on tour

11.-13.05.2015 Scientific session at COMPIT Ulrichshusen, DE
03.06.2015 3rd MUNIN Industry Workshop, Norshipping Oslo, NO
10.-11.06.2015 MUNIN final promotion event Hamburg, DE
17.-19.06.2015 Scientific session at TransNav Gdynia, PL

Norshipping workshop including participation from RollsRoyce, Maritime
Lawyers further more

Final workshop including technical tour through the MUNIN test-bed

Please check also:

www.unmanned-ship.org
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Thank you - MUNIN receives funding under FP7-GA314286

FINAL EVENT

10th - 11th June 2015 ¢ Hamburg e 53°7,8'N 009°58,1'E

[s unmanned and autonomous shipping feasible?
- And is it desirable?



