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OBJECTIVES AND SCOPE
The primary research question is to investigate the pos-

sibilities and propose a method for an online consequence
analysis (OCA) for use as supervision to human opera-
tors, or as a decision making tool for autonomous vessels.
The proposed method should be in accordance to industry
definitions of levels of autonomy (LoA). Lastly, the OCA
should be simulated through a simulation study, and rele-
vant results from the analysis should be presented.

INTRODUCTION
As the maritime industry is subject to a transitions

towards increased level of autonomy enabling for lower
manning or unmanned vessels, the need for robust sys-
tems providing increased situational awareness becomes
evident.

The thesis investigates how different industries view
autonomy, especially industry specific LoA taxonomies. It
investigates different sensors and techniques for achieving
situational awareness, it proposes a method for use of an
online consequence analysis (OCA), lastly it proposes a
method for an online risk indicator based on the latter.

The OCA’s main purpose is to increase the situational
awareness of a vessel during transit. The increased situa-
tional awareness will be crucial in the industry’s pursue
towards highly autonomous vehicles that operate without
human interaction. As a first step, this may be used as
an online supervisor for manned vessels, but is expected
to take active part in decision making regarding optimal
route- and power system redundancy planning in the
future.

Main contributions:

• Comparison between industry LoA definitions (Not
covered on poster).

• Literature review regarding sensors and techniques
needed for the Online Consequence Analysis (Not
covered on poster).

• Proposed method for online consequence analysis,
used on surface vessels. Manned or unmanned.

• Proposed method for online risk indicator based on
results from the OCA.

• Useful simulation techniques for further work.

• Simulation study of online- consequence analysis
and risk indicator.

METHOD
The following figure shows a system overview of a typical marine control system, with the exception of the collision

avoidance system and the online consequence analysis. The CAS is not covered, but illustrates its dominant position
compared to the OCA, in terms of control architecture, as it influences the system dynamics at a lower control level. The
OCA gathers info from the system observer and power system, as well as information about environmental forces acting
on the vessel.
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The figure below illustrates the inside of the OCA, where an arbitrary number of failure modes is simulated based
on gathered info. The simulated vessel paths as a results of the different failure modes is then distance checked against
relevant surrounding obstacles, before calculating consequence level based on radial distance from the relevant obstacles.
The consequence level for each failure mode is then used to calculate the associated risk, based on assumed probabilities
of occurrence for the different failure modes. The thesis scope end at the "Risk Analysis" block as seen in the figure below.
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Further work is proposed to evaluate the online risk indicator, and if violation of a risk threshold occurs, replan the
initially planned mission in terms of evaluating the cost of a new route with lower risk, and the cost of increasing redun-
dancy, thus lowering the risk of failure. The cost may represent fuel efficiency, time, weather avoidance and more. Lastly
the lowest cost option is then returned to the control system.

SIMULATION STUDY
The simulated scenario is the vessel navigating through a narrow channel, while environmental forces act along the

positive east axis. The environmental forces in form of current, is exaggerated for illustration purposes and proof of
concept. The narrow channel is used to prove the systems enhanced situational awareness w.r.t. IMO COLREGs.

The top left and right (zoomed) plot shows the simulated vessel in north-east position. The plot also shows a selection
of the four failure modes simulated from the OCA, point of system recovery, as well as the obstacle distance levels used
to calculate the consequence levels. The lower left plot shows a risk matrix scaled from 0 to 1 of each OCA with corre-
sponding numbering. Lastly the lower right plot shows the consequence level v.s. time that’s provided online during the
simulation run. Each spike represents the consequence level for the different failure modes. If the analysis does not show
violation of an obstacle level, it returns -1 for visual representation, but is considered equal to zero.

0 200 400 600 800 1000 1200 1400 1600

East [m]

200

400

600

800

1000

1200

1400

1600

N
o
rt

h
 [
m

]

North/East

WP1

WP2

WP3

WP4

WP5

    OB1

  1   8

  15

  22

  29

Waypoint

Straight path between waypoints

Obstacle location

Obstacle Level 3

Obstacle Level 2

Obstacle Level 1

Vessel path

Failure mode simulation start

Failure mode 1 - 0% Power

Failure mode 2 - 20% Power

Failure mode 3 - 50% Power

Failure mode 4 - Rudder Freeze

System Recovery

950 1000 1050 1100 1150 1200 1250 1300

East [m]

250

300

350

400

450

500

N
o

rt
h

 [
m

]

North/East

WP3

  15

Waypoint

Straight path between waypoints

Obstacle location

Obstacle Level 3

Obstacle Level 2

Obstacle Level 1

Vessel path

Failure mode simulation start

Failure mode 1 - 0% Power

Failure mode 2 - 20% Power

Failure mode 3 - 50% Power

Failure mode 4 - Rudder Freeze

System Recovery

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Conseq. Lvl [-]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

P
ro

b
a
b
ili

ty
 [
-]

Risk Matrix

1,4,5,7,

8,9,16

2,3,34,35

6,11,12,24,

25,2710

13,14,17,18,

19,20,21,22,

23,26,28,29,

30,31,321533

Acceptable

ALARP

Not Acceptable

OCA n
0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 360 375 390 405 420 435 450 465 480 495 510 525

Time [s]

-2

-1

0

1

2

3

4

C
o

n
s
e

q
. 

L
v
l 
[-

]

Online Consequence Analysis - FM1
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CONCLUSION
A method for increasing vessel situational awareness

was proposed in for of an online consequence analysis.
The OCA is able to simulate vessel- and failure modes
dynamics, calculate the associated consequence analysis
and risk level online.

The method increases the situational awareness of the
vessel, and can contribute to better decision making for hu-
mans or unmanned vehicles.
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