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Unmanned vessels:

• Expected to enter into operation by the mid of next decade

• No or extremely limited crew on board

• Operating by remote control or autonomously

• Highly-advanced technology

• Environmentally friendly

• Cost-effective

• Safe?

AAWA. (2016). Remote and Autonomous Ships The next steps. London.
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’Manned’ shipping accidents by type - global values

European Maritime Safety Agency. Annual Overview of Marine Casualties and Incidents 2014. Lisbon: 2015.

How to ensure 

that unmanned 

ships at least do 

not reduce the 

safety of 

maritime 

transportation?

Introduction
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What-if analysis of autonomous vessels
safety
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What-if analysis – accident likelihood

The overview of 

HFACS-MA 

framework applied
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What-if analysis – accident consequences

We assigned the value of ‘consequences 

greater for unmanned ships’ whenever at 

least one of the following outcome factors 

was identified in an accident report:

• crew had to directly intervene by either 

inspecting ship’s enclosed spaces or 

manually reconfiguring its sub-systems;

• crew had to cooperate with other actors 

under pressure of time;

• crew was obligated to assist other 

seafarers should the vessel they 

collided with need to be abandoned;

• decisions on further actions could not 

be efficiently taken from remote 

command post;

• better maintenance of on board 

equipment before accident could have 

limited its outcome.

We assigned the value of ‘consequences 

lesser for unmanned ships’:

• whenever an accident report mentioned 

fatalities, serious injury or it was evident 

that humans’ presence on board during an 

accident restricted number of possible 

options of counteracting the effects of 

accident (e.g. when a person was missing 

in muster station and so CO2 could not be 

released); 

Should the circumstances of ‘greater’ and

‘lesser’ outcome occur simultaneously, the

value was assigned based on more detailed

analysis regarding which of them would be

more relevant, with potential for avoiding

fatalities greatly lowering the hypothetical

consequences.



How will the autonomous vessels affect maritime safety?
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K. Wróbel, J. Montewka, and P. Kujala, “Towards the assessment of potential impact of unmanned vessels on maritime transportation 

safety,” Reliab. Eng. Syst. Saf., vol. 165, no. September, pp. 155–169, 2017.

What-if analysis - results
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Causal model

A standarized risk model for ship-ship collision



Causal model

Tentative list of hazards

for autonomous ships



• Model of potential failure 

propagation during the 

autonomous vessel’s

accident

• Model allows for safety

quantification in terms of 

risk level

• Major challenge – lack of 

data

• Other (qualitative) 

methods may be better

to elaborate on safety

and the ways to control it

K. Wrobel, P. Krata, J. Montewka, and T.

Hinz, “Towards the Development of a

Risk Model for Unmanned Vessels

Design and Operations,” TransNav, Int. J.

Mar. Navig. Saf. Sea Transp., vol. 10, no.

2, pp. 267–274, 2016.

Causal model



Systemic approach to assess the ways to 
control safety

System-Theoretic Process

Analysis (STPA) is a method of

assessing system’s safety by

analysing the interactions

between its components and the

ways in which those can be

unsafe.

The nature of such interactions

shall ensure that the system as

a whole remains within safety

limits.

The aim is not to quantify the

safety (mainly due to lack of

data) but to ensure that it is

controlled in proper manner.



Safety control structure for the proces of high-sea navigation of an autonomous

merchant vessel

Systemic approach- safety control structure



Systemic approach – safety control function
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Systemic approach to assess the ways to 
control safety

A total of 47 control functions have been analysed with respect to their

position within the system structure, potential scenarios leading to their

inadequacy and consequences of such.

Furthermore, potential ways of mitigating such inadequacies were

elaborated and evaluated by assignment of the mitigation potential.

A total of 253 recommendations on mitigation measures implementation

have been elaborated, each of them pertaining to one of three groups:

• liveware,

• software,

• hardware.

By ‘liveware’ we understand all organisational, legal and operational

factors in which a human plays a major and direct part.
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Uncertainties pertaining to the outcome of the study come as a result of the

unmanned shipping technology being in its infancy. No empirical data or reliable

models of such ships’ safety performance is available.

The subjective uncertainty assessment, borrowed from the risk analysis, and

applied in system-theoretic approach tends to reflect the analyst’s level of

background knowledge in each of five categories:

Flage, R. & Aven, T. 2009. Expressing and communicating uncertainty in relation to 

quantitative risk analysis. Reliability & Risk Analysis: Theory & Application 2(13), 9-18.

Systemic approach – uncertainty assessment
of the model



Systemic approach – uncertainty assessment
of the model



Systemic approach – uncertainty assessment
of the model

Breakdown of the uncertainties by its magnitude, type of relevant 

mitigation measure and position within the system



• Unmanned vessels can potentially reduce the likelihood of maritime

accidents. Meanwhile, their consequences can become more

serious.

• This can be attributed to the fact that failure propagation could not

be properly safeguarded against as there will be no crew to control

the damage.

• Therefore, certain safety recommendations must be created and

implemented. Concurrent application of various safety assessment

methods can be of use in this case.

• Feasibility of certain solutions is burdened with significant

uncertainties – more research is required.

• Unfortunately, the present stage of technology development does

not allow for highly-detailed analysis. However, this may change in

the nearest future.

Conclusions
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