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• 71% of Earth's surface covered by sea

• Most of the world trade is carried by sea

• Only option for large volume cargo transport among continents

Challenges for the conventional ships
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• Extremely capital intensive

• Highly volatile (bunker price & freight rate)

• Low margin rate

• Environmental challenges

Challenges for the conventional ships
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• What can we do?

 Build ships even larger to have more economies of scale?

 Continue to decrease the sailing speed and use slow steaming forever?

 Charge all the additional costs to the shippers and act like nothing happened?

 Increase operational efficiency and decrease the carbon footprint through technology and innovation, 
such as autonomous ships

Challenges for conventional ships
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What is an autonomous ship?

An Advanced Sensor Module: takes care of the lookout 
duties on board the vessels (e.g. radar and AIS, combined 
with modern daylight and infrared cameras)

 An Autonomous Navigation System: follows a predefined 
voyage plan, be able to adjust it in accordance with 
unexpected incidents (e.g. collision situation or significant 
weather changes)

 An Autonomous Engine and Monitoring Control system: 
ensure the overall reliability and foresee the potential failures

 A Shore Control Centre: continuously monitors the
operations of the autonomous vessel and be prepared to 
intervene in certain emergencies

Source: MUNIN Project
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Levels of autonomy

AL 0: Mannual steering

AL 1: Decision-support on board

AL 2: Shore-based decision support

AL 3: Execution with human being who monitors and 
approves.

AL 4: Execution with human being who monitors and can 
intervene

AL 5: Monitored autonomy

AL 6: Full autonomy
Source: Blanke et al., 2017
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• The technologies needed for an autonomous vessel are almost there, which leads to an 
increasing interest about this new concept in both academia and industry.

• Several review papers about autonomous vessels are found, e.g. Campbell et al. (2012); 
Liu et al. (2016); Thieme et al. (2018). But all of them only focus on a very specific topic, 
such as collision avoidance systems

• No comprehensive literature review is made for all different types of papers related with 
autonomous vessels

Motivation
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• Search and collect all research papers about autonomous vessels and categorize them 
based on their content

• Summarize the major findings in each category

• Analyze the literature according to several criteria and conclude on the current status of 
autonomous vessel related research

• Compare with the literature of autonomous vehicles to find the weak point and future 
opportunities of the studies of autonomous vessels

Purpose
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• Main search engine: Scopus

• Language: English

• Paper type: journal article, book chapter, important project report

• Search key words: Autonomous ship, Autonomous vessel, Unmanned surface vehicle, 
Autonomous surface vehicle

Methodology
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• Nine categories and example topics:

Methodology

1. Safety
• Cyber security
• Collision avoidance

2. Navigation Control
• Trajectory planning
• Maneuvering
• Formation

3. Design
• General design
• Sub-systems

4. Project & Prototype
• Major research projects, 

e.g. MUNIN
• Experimental prototypes

5. Economics
• Cost-benefit analysis

6. Social Impact
• Environment
• Emission reduction

7. Law & Regulation
• Maritime law
• Accident liability

8. Transportation & Logistics
• Impact on shipping
• Application in transportation

9. General Introduction of 
Autonomous Vessel
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• Qualified papers: 92

• Countries and regions involved: 27

• Journal and publishers involved: 41

• Time span: 2008 - 2018

Results
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Results

• The popularity of 
research regarding 
autonomous vessels 
has increased rapidly 
in the past decade
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Results

• Studies of 
autonomous vessels 
are most developed 
in EU, China, USA 
and Norway
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Results

• Around 75% of the 
papers in the current 
literature about 
autonomous ships 
are related with 
Navigation Control 
and Safety

• Other categories are 
much less studied
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Results

• The observed 
category distribution 
coincides with the 
top journals with 
most publication of 
autonomous vessel

• Most of the papers 
are published in 
engineering related 
journals
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• Comparing with the literature on autonomous vehicles

 Main search engine: Scopus

 Language: English

 Paper type: journal article

 Search key words: Autonomous vehicle, Autonomous car, Automated vehicle, Automated car, Automated 
driving

 Time span: 2015 – 2018 (due to the large amount of papers)

 Papers found: 161

Results
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Results

• Similarly, Safety and Control 
are still very important topics 
in the literature on 
autonomous vehicles

• But the most popular area of 
autonomous vehicle study is 
transport and logistics
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Results

• Transportation 
related journals 
published most of the 
papers related with 
autonomous vehicles
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• Typical topics in the transportation and logistics related papers of autonomous vehicle:

a. Shared economy in transport with autonomous vehicle

b. Automated taxi

c. Last mile problem with autonomous vehicle

d. Routing and speed optimization of autonomous vehicle

Results
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Examples in logistics with autonomous vehicle
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Examples in logistics with autonomous vehicle
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Examples in logistics with autonomous vehicle
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Examples in logistics with autonomous vehicle
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Analysis

Source: http://fortune.com Source: http://fortune.com
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Analysis

Source: wartsila.com
Source: yara.com
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Water taxi in Bergen

A

B

• A to B by car – 20 km & 30 mins

• A to B by bus – 60 mins

• A to B by boat – 3 km & 10 mins

• Big potential for urban water 
transport
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Water taxi in Bergen

Disadvantage of manned water taxi Advantage of autonomous water taxi
Limited number of depot or terminal Multiple parking spots
Restricted depot location Parking spot in the middel of the water
Taxi allocation restriction Free to adjust allocation

Increased Operational Flexibility



34

Water taxi in Bergen

• Develop a MIP for the facility location, fleet allocation and routing
problem with water taxi

• Incorporate with all the pros and cons of manned and unmanned
water taxi

• Run numerical test
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• The existing literature on autonomous vessels is collected, summarized and categorized.

• The popularity of autonomous vessels in research has increased significantly in recent years

• Top countries/regions and journals with most publication on autonomous vessels are identified

• The research on autonomous vessels is well developed in the areas of safety and navigation control. 
However, comparing with a similar subject - autonomous vehicles - the study of autonomous vessels in 
transportation and logistics is very weak.

• Great potentials can be expected from the category of transporation and logistics and the researchers 
should put more efforts on this field.

Conclusion
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