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Subnero
#01-01/02, The Hangar, I-Cube
21 Heng Mui Keng Terrace
Singapore 119613

www.subnero.com

Think about the future!  What challenges will the advent of autonomous 
underwater vehicles bring to the fore, in particular around areas of high traffic, 
economically crucial and sensitive areas such as ports?

#maritime #futuretech #connectivity

Subnero is a Singapore headquartered firm that provides innovative high 
performance solutions for underwater communications, navigation, monitoring 
& sensing. These solutions include a state-of-the-art software defined 
underwater modem and a highly customisable network stack that adapts to 
a variety of environments and applications. Subnero‘s Water Assessment 
Network (SWAN) uses autonomous robots to monitor the quality of water in 
reservoirs and lakes.

CHALLENGE OWNER

Details

Pitch

Subnero

http://www.subnero.com
http://subnero.com/technology/modem/
http://subnero.com/technology/modem/
http://www.unetstack.net/doc/html/index.html
http://subnero.com/technology/swan/
http://subnero.com/technology/swan/
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Autonomous surface vehicles (ASVs) and Autonomous underwater vehicles 
(AUVs) are robotic platforms that travel either on the surface of water, or 
fully immersed, operating without active inputs from an operator. Since their 
initial development in the 1950s, they have advanced in many ways alongside 
developments in computing and communication. 

The uses of ASVs and AUVs are manifold. These range from environmental 
monitoring, navigation support, payload delivery and forward military use. There 
are significant advantages to deploying autonomous vehicles for routine tasks 
such as surveying, monitoring and surveillance. (Rodriguez et al, “Autonomous 
Surface Vehicles”.)

Substantial resources have been allocated to the field in the recent past not 
only by governments, but also commercial entities. Recently, Rolls Royce‘s 
Marine division announced their plans (Rolls-Royce, “Autonomous ships: The 
next step.”) in this arena with their President Mikael Mäkinen commenting: 
“Autonomous shipping is the future of the maritime industry. As disruptive as 
the smartphone, the smart ship will revolutionise the landscape of ship design 
and operations”.

ASVs & AUVs in a variety of form factors are already being put into use across 
the world to complement human operation, for example to monitor water 
quality. (Subnero, “Subnero Water Assessment Network (SWAN).”) This is 
a trend that is widely expected to continue, serving to assist operators in 
improving the efficiency of their operations. 

In the marine sector, efforts are underway globally to examine the use of 
autonomous vehicles and supporting technology in the open sea, littoral 
waters as well as in ports. 

Just as aerial and road/rail transportation are closely regulated, the increasing 
traffic on the water surface as well as underwater will require management 
and control. The movements, roles and actions have to be managed so that 
autonomous vehicles can coexist with traditional craft geographically and 
across the water column. 

What new challenges will this raise, for example in terms of navigation, 
liability & insurance to name a few? Can this new industry rely on transferable 
frameworks or would new frameworks need to be developed?

As a company providing solutions in this space, Subnero‘s future business 
direction will also depend on the development of these frameworks. What will 
the future look like? 

The Challenge

Your mission is to assist in making a future forecast. What can be expected in 
terms of campaigns, policy regulations, technological planning and investments 
into research & development? 

Your Mission:

https://www.wpi.edu/Pubs/E-project/Available/E-project-121212-135500/unrestricted/ASV_IQP.pdf
https://www.wpi.edu/Pubs/E-project/Available/E-project-121212-135500/unrestricted/ASV_IQP.pdf
http://www.rolls-royce.com/~/media/Files/R/Rolls-Royce/documents/customers/marine/ship-intel/rr-ship-intel-aawa-8pg.pdf
http://www.rolls-royce.com/~/media/Files/R/Rolls-Royce/documents/customers/marine/ship-intel/rr-ship-intel-aawa-8pg.pdf
https://www.youtube.com/watch?v=ea0CNGSMBU8
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Information on autonomous underwater technology:

1) Rodriguez, Dylan, et al. “A Study of the Feasibility of Autonomous Surface 
Vehicles: Interactive Qualifying Project.” Worcester Polytechnic Institute (12 
December 2012): 1-65. 
https://www.wpi.edu/Pubs/E-project/Available/E-project-121212-135500/
unrestricted/ASV_IQP.pdf

2) „Autonomous ships: The next step.“ Rolls-Royce: 1-8. 
http://www.rolls-royce.com/~/media/Files/R/Rolls-Royce/documents/
customers/marine/ship-intel/rr-ship-intel-aawa-8pg.pdf

3) Subnero Water Assessment Network (SWAN). Subnero. 
https://www.youtube.com/watch?v=ea0CNGSMBU8

4) Heidemann, John, et al. “Underwater sensor networks: applications, 
advances and challenges.” Philosophical Transactions of The Royal Society 
(370: 2012): 158-175.
http://rsta.royalsocietypublishing.org/content/370/1958/158

Information on regulation frameworks:

1) Oceans Policy Science Advisory Group (OPSAG). “A Marine Nation: National 
Framework for Marine Research and Innovation.” Australian Government 
(March 2009): 1-30. 
http://imos.org.au/fileadmin/user_upload/shared/IMOS%20General/
documents/external_reports/opsag-marine-nation-01.pdf

2) Fanshawe, James. “The Development of a UK Regulatory Framework for 
Marine Autonomous Systems [MAS].” UK Marine Industries Alliance. 
http://noc.ac.uk/f/content/downloads/2015/mars-event-MASRWG-
presentation.pdf

Further Reading

https://www.wpi.edu/Pubs/E-project/Available/E-project-121212-135500/unrestricted/ASV_IQP.pdf
https://www.wpi.edu/Pubs/E-project/Available/E-project-121212-135500/unrestricted/ASV_IQP.pdf
http://www.rolls-royce.com/~/media/Files/R/Rolls-Royce/documents/customers/marine/ship-intel/rr-ship-intel-aawa-8pg.pdf
http://www.rolls-royce.com/~/media/Files/R/Rolls-Royce/documents/customers/marine/ship-intel/rr-ship-intel-aawa-8pg.pdf
https://www.youtube.com/watch?v=ea0CNGSMBU8
http://rsta.royalsocietypublishing.org/content/370/1958/158
http://imos.org.au/fileadmin/user_upload/shared/IMOS%20General/documents/external_reports/opsag-marine-nation-01.pdf
http://imos.org.au/fileadmin/user_upload/shared/IMOS%20General/documents/external_reports/opsag-marine-nation-01.pdf
http://noc.ac.uk/f/content/downloads/2015/mars-event-MASRWG-presentation.pdf
http://noc.ac.uk/f/content/downloads/2015/mars-event-MASRWG-presentation.pdf
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20th ASEF Summer University (ASEFSU20) 
Gateways to Asia and Europe: Connectivity by Land, Sea and Air 

 
 

Background 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
    

The 20th ASEF Summer University (ASEFSU20) was held from 15 August – 3 

September 2016 across China, Mongolia and the Russian Federation on the 

theme “Gateways to Asia and Europe: Connectivity by Land, Sea and Air”.  
47 participants representing 45 ASEM partner countries joined the 3 week 

educational journey and solved real-life challenge scenarios on the topics of 

connectivity and transportation linked with 4 major transportation modes: 1) 

road, 2) rail, 3) maritime, and 4) air. 

 

The route included Beijing, Harbin, Vladivostok, Chita, Irkutsk and 

Ulaanbaatar, and each of the 6 cities visited focused on a different facet of 

connectivity. Participants attended lectures, trainings and workshops on the 

specific topic and also simultaneously explored it hands-on through site visits 

to historically important locations, transportation hubs and commercial 

centres.  

 

The participants, carefully chosen from 8,222 applicants, developed business 

plans, mobile applications, social media strategies, policy briefs and 

promotional materials on the 9 following challenges: 

 

x Safe transportation of cultural artifacts 

x Accessibility to public transport for physically disabled people 

x Green logistics 

x Spread of infectious diseases through increased air traffic 

x Security at railways 

x Sustainable ecotourism 

x Frameworks on the management of autonomous underwater 

vehicles 

x Combat of human trafficking at major transportation hubs 

x Enhancing the visibility of the ASEM Transportation Ministers‟ 
Meeting (ASEM TMM). 

 

Organised by the Asia-Europe Foundation (ASEF), the ASEFSU20 journey was 

made possible due to the joint efforts of many partners involved in this 

project: the Ministry of Foreign Affairs of the People's Republic of China, the 

Ministry of Foreign Affairs of Mongolia, the Ministry of Foreign Affairs of the 

Russian Federation, the Ministry of Education and Science of the Russian 

Federation, Beijing Jiaotong University, Harbin Institute of Technology, 

Vladivostok State University of Economics and Service, Transbaikal State 

University, Irkutsk State University, Mongolian Youth Federation and 

Ulaanbaatar Railway Joint Venture Company. The project was also supported 

by the Far Eastern Federal University, Russian Railway Tours, UNICEF, Heiko 

Seibel Fotographie, Fraport AG, Subnero, Safehouse Foundation, Chester 

Beatty Library, the European Network on Independent Living among many 

others. 

 

http://www.asef.org/index.php/projects/themes/education/3728-20th-asef-summer-university-asefsu-
http://www.aseminfoboard.org/members
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THE CHALLENGE 

PITCH: What challenges will the advent of autonomous underwater vehicles bring to the 
fore, in particular around areas of high traffic, economically crucial and sensitive areas such 
as ports?  

CLIENT: Subnero, a Singapore headquartered firm that provides innovative high 
performance solutions for underwater communications, navigation, monitoring & sensing.  

MISSION: To make a future forecast. What can be expected in terms of campaigns, 
policy regulations, technological planning and investments into research & development?  

INTRODUCTION 

Automated Underwater Vehicles (AUVs) and Automated Surface Vehicles (ASVs) are a 
relatively new technology with a brief history. Thanks to a rapid progression of technology, 
various interest groups are currently undertaking research for both public and private uses. 
Originally designed mostly for educational use, other sectors are currently discovering 
these prototypes. This paper researches the feasibility for AUVs/ASVs to be 
developed in the future. It identifies a number of sectors that would find an interest 
in acquiring them, and outlines the potential uses, opportunities as well as legal and 
regulatory obstacles that may be faced with their introduction.   

The distinction between Automated and Unmanned Underwater/Surface Vehicles should 
first be established Unmanned vehicles rely on a user to remotely operate the vehicle, as 
opposed to automated ones, which are able to perform tasks, collect data, and transmit the 
latter either to a home base or store them onboard for analysis once the vehicle is retrieved.  

Different prototypes have already been developed, but the legal standards and 
regulations for their deployment currently lies in a grey zone. With the market developing, 
this study will also discuss the potential legal obstacles that may arise.  
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A. PROFESSIONAL SECTORS

1. Environmental and scientific research
Scientists currently use data collection methods using satellite systems and networks of
stationary and floating buoys. However, those methods have serious limitations, for
instance the range of buoy networks is limited, as well as their accuracy. The high cost of
operation of satellite systems is, moreover, prohibitive. AUVs and ASVs could provide a
tangible alternative to current methods that to some extent do not provide the satisfactory
results, or be used as an addition to existing methods.

We have identified at least , main areas where the usage of AUVs/ASVs would prove to be 
an asset to the scientific and environmental community:  

*. Data gathering
2. Oil spills
,. Monitoring: protection of sites/

animals

1.1. Data gathering 

A challenge for the scientific community is collecting data at sea for weather 
forecasting and monitoring. Weather and particularly storm predictions would be 
improved if more accurate data can be fed into forecasting models, thus saving lives and 
property at sea. Wind direction, strength, and shear are key components of predicting the 
movement of a hurricane or tropical storm (NOAA Atlantic, 20*2). These 
measurements could be accurately collected with an autonomous surface vehicle. The 
movement of the storm could be more precisely and rapidly foreseen, helping to 
identify areas at higher risk and allowing to more effectively plan the movement and 
distribution of supplies and resources during and after the disaster. 

The need for such data is pressing. Natural disasters, such as hurricanes, pose a 
dreadful burden on local and national economies. As an example, hurricane Datrina 
caused an estimated �*01 billion dollars in damage (Dnabb, 20*2). Other storms 
and weather conditions cause billions of dollars in damage every year as well.
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Flash flooding, for example, is estimated to cause more than 2 billion dollars of damage 
and is responsible for *00 deaths annually. An estimated *,1,, people died in Hurricane 
Datrina alone. �/0.- billion dollars were requested in aid for the damages due to 
hurricane Sandy, a storm that took over *2. lives (C;S/AP, 20*2). Internationally, 
weather related natural disasters have been responsible for the deaths of many 
more. In ;angladesh, for example, approximately *,1,100 lives were lost in the 
catastrophic cyclone of *22*, while more recent extreme weather events continue to break 
records around the world (NOAA�s Top, 20*2). 

Currently used methods of sample collection are costly, time consuming, and require a 
lot of manpower. It can cost thousands of dollars to collect a simple water sample because 
a manned ship must be hired to drive to the site and take the sample manually. A simple 
example to illustrate the large amount of funding necessary for such missions is a 20** 
expedition in the Arctic. The icebreaker used for this mission cost about �*00,000 per 
day to operate, the Arctic sample collection, �-.2 million. Moreover the icebreaker could 
not be used for other tasks during that time. 

A hurricane hunter aircraft has to fly directly through hurricanes to collect data that 
cannot be gathered via satellite or land based sources. Such flights are however made at 
the risk of the aircraft, the pilot, and the crew. A category . hurricane produces winds higher 
than *.0 miles per hour and no manned surface vehicle would risk heading straight into the 
storm for data collection. An autonomous surface vehicle, on the other hand, would be 
able to travel into a hurricane to collect and transmit data that would be useful to 
scientists observing these storms. Even though currently existing systems can gather data 
independently, human effort and resources are required to maintain and put these systems 
into place. 

AUVs/ASVs in a broader sense could also be used in the study of climate change, a problem 
that is becoming more and more urgent and is being put on the agenda of many 
organizations. New data that would be collected could potentially give the scientific 
community information that was not available before and would enable us to better 
understand what impact our actions have on the environment and retrospectively how the 
environment impacts our lives and what actions could be taken to mitigate any negative 
effects. 
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During a study visit in the city of Irkutsk, Russia, our team had lectures about the Lake 
;aikal from experts in the field. We visited the Lake, the ;aikal museum and had the 
opportunity to hear more and to ask about the methods used in the ;aikal area to 
conduct scientific and environmental research. Our team was surprised to learn that only 
around ten scientists work to research ;aikal, the biggest lake in the world in surface area, 
famous for its endemic species. This team of researchers collects samples manually using 
outdated equipment that provides only a fraction of information compared to the potential 
capacity of the AUVs/ASVs. This image below is an example of what is momentarily 
used to collect water samples. This specific barometer was destroyed by the pressure 
due to the fact that it has been the valve was mistakenly left closed and hence did 
not release the preasure.

An AUV or ASV could be a substitute if a sample collection equipment could be fitted on 
them. Such a device would not require manpower and would have very low maintenance or 
operational costs. AUV/SAV usage should not be limited to water sample gathering only. 
It could also be equipped with cameras to help observe and discover new endemic 
species in ;aikal as well as other water sources. 

1.2. Oil spills/pollution 

The damage to the environment caused by an oil spill is tremendous. Once such disaster 
strikes, it not only has an immediate effect on the environment but long lasting 
consequences as well. The worst is that we currently do not have an effective and speedy 
way of dealing with oil spill disasters. Clean up efforts are usually lengthy, ineffective in 
preventing the spill from spreading and once the clean up starts, it takes a considerable 
amount of time to complete, let alone the manpower and the costs involved. Currently the 
cleaning efforts require heavily specialised ships that are limited in numbers and loaned 
internationally.
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Weather conditions are another factor that can delay clean up operations for hours or 
sometimes even days. 

Due to the difficulties i n removing o i l from the sea, scientists and researchers are 
considering introducing autonomous surface vehicles to skim and clean the contaminated 
water. AUV/ASV may have the potential to be equipped with oil removing devices and 
contribute to the clean&up effort. A fleet of AUVs/ASVs may be able to help save time and 
money in future oil clean&up efforts. Some prototypes have been already built in this regard, 
however further research needs to be done before they could be effectively employed. 

;esides the oil pollution caused by accidents, there exists huge oil pollution that occurs from  
violating the laws. While satellites are being employed to detect any breach of law, often 
without hard evidence, such pollution is hard to prove and thus allows the polluters to 
avoid punishment. Therefore, the laws in place are often not effective and do not work as 
deterrence and do not give incentives not to dump dangerous substances into the oceans. 
Equipping an ASV with a water sample collection unit would allow these vessels to travel 
to the location of an oily discharge as identified by satellite or airplane and take 
samples that would otherwise have to be collected by an expensive manned boat. 

Clean&up operations, hazardous waste detection, and oil spill monitoring and mapping are 
all potential applications for AUVs/ASVs. 

1.3. Monitoring: protection of sites/animals 

While AUVs/ASVs can be used in monitoring efforts, data collection has shown that 
certain sites need to be both protected and monitored. They could be employed 
by the communities living close to areas and sites that tend to be overcrowded by 
tourists or by organisations/governments. Diving, cliff cumping and other water sports are 
becoming more and more popular and accessible. The unfortunate part of this development 
is that nature is often being damaged. The damage not always comes from the tourists 
themselves, who sometimes are simply ignorant and uninformed, but also from touristic 
companies, simply looking for profit and thus disregarding environmental laws. 
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AUVs and ASVs equipped with cameras could be employed in sensitive and endangered 
areas to ensure the protection of these sites and the animals living there. While it is 
normal to have surveillance in the streets, we could use the same methods for the 
underwater world where it is deemed necessary. The AUVs and ASVs can also be put in 
use to clean up the polluted waters and to collect the rubbish that ended up in the water. 
The statistics of the pollution in our ocean is shocking. The automated water vehicles could be 
employed to automatically detect and collect the polluted waters.  

1.4. Conclusion 

Our research revealed that there is a huge potential and interest in the ASVs and AUVs 
when it comes to environmental science and the protection of the environment. Today, 
when global warming is on the top of many agendas and when natural disasters are 
becoming more frequent and more severe, it has been recognised that more data is needed 
in order to solve the challenges we are facing. The manual data collection has provided us 
with a lot of data so far, however today we have an opportunity to exploit the technical 
advancement we have reached to learn more about the environment surrounding us. The 
data could be collected cheaply, in bigger quantities, more safely and more accurately. This 
would allow us to save lives and property. Such information would also work vice versa. It 
could enable us to take better care of our nature and to protect it more. ASVs and AUVs 
would help take corrective actions to improve our world and our way of life. 

The technologies will keep advancing and so will autonomous vehicles that allow 
us to explore further, safely and more easily than ever before. Our initial 
research clearly indicated that ASVs and AUVs can be a great tool in helping 
scientists to mitigate the impacts of environmental disasters earlier and more safely. 

2. Military

The strategic advantage and usefulness that AUVs and ASVs can provide to a state�s armed 
forces is substantial. The following have been, in no particular order, identified as most 
probable uses:
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*. The detection and neutralisation of mines
2. Reconnaissance or combat duty (e.g. anti&submarine warfare, stealthy gathering
of intelligence on opponents)
,. ;order surveillance (e.g. surveillance at geographic nodes, therefore enhancing
a country�s presence at sea)

-. Charting of the ocean floor
.. Exploration of seabed to aid search and rescue missions (e.g. wreckage of a
missing flight)

/. Marine salvage detection (e.g. navy personnel lost at sea)

The military�s interest in the development of such automated water vehicles is multiple: 
military personnel�s exposure to danger is reduced, the watchfulness of a fleet too small to 
be everywhere is improved, a fleet�s defensive frontier is pushed outward as surface and 
subsurface threats are kept at bay while other sensors work to inform human operators at 
sea or on land of potential threats.  

Investments in research and development are, due to the planned military use of those 
automated vehicles, mainly conducted at the initiative of a state�s naval forces, through their 
own R&D departments and sometimes in cooperation with research centres and experts 
based at universities.

The U.S. Navy has for instance proposed ,*2 million USD for the development and 
purchase of underwater drones for the coming fiscal year 20*0. Other countries 
such as the United Dingdom and China are also conducting research to develop AUVs 
and ASVs. The detection and neutralisation of mines as well as anti&submarine warfare 
seem to be of primary importance, although the other potential uses are also currently 
undergoing research. For instance, the American Defense Advanced Research Procects 
Agency developed the Sea Hunter, which traces a submarine using sonar and other 
sensors, and trails it while sending location data back to human operators. ;oeing 
Company is developing the Sensor Hosting Autonomous Remote Craft (SHARC), a 
potential communication conduit between underwater vehicles and aircraft, ships or 
satellites. This vehicle would be useful from a military point of view in 
reconnaissance and combat operations.  
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The legal framework for the use of AUVs and ASVs will most probably follow once their 
use for civilian purposes will start being regulated by policy&makers. With regards to the 
use of those vehicles for military purposes, a country�s armed forces will have to 
comply with maritime law and in situations of armed conflict with the International Laws of 
War, which would in time probably be completed by the addition of more specific articles.   

,. Industry

There are several fields where AUVs and ASVs could be used in industrial areas. First 
and foremost, automated vessels and cargo shipping as well as automated passenger 
ferries are on the top of the list. Autonomous water vehicles might reduce humanbased 
errors. Nevertheless, new and yet assessable risks will be caused at the same time. 

Launching automated surface vehicles will be the first step before it comes to automated 
underwater vehicles. Therefore, we have focused on ASVs here. Realising 
smart shipping� 
will take over the next few decades and will lead to many intermediate stages of 
development. Although the actual technological achievements are already able to 
answer many questions regarding automated surface vehicles, the public acceptance is 
still reserved. Current procects on autonomous and driverless cars show that the society 
still trusts more manually controlled than automated vehicles. Consequently, reducing crew 
and promoting remote functions will be the first goal for smart shipping. As soon as both 
the economy and insurance companies recognise these vehicles as safe and profitable, the 
demand for unmanned autonomous vessels will increase. This developmental process will 
considerably depend on the insurance company�s willingness to cooperate. 

The leading question about the liability in case of an accident seeks an answer. 
;oth operator and manufacturer need to find a common solution for this issue, which is likely 
the main question. Currently, there are no standard insurance contracts for AUVs and 
ASVs available because no practical values can be consulted regarding insurance 
mathematical calculations. As the extensive launch of air drones has shown, these questions 
will be empirically answered by the support of supply and demand. 
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Similarly to insurance related questions, autonomous water vehicles are also facing 
uncertainty in terms of legality. It is still unsure if autonomous ships are legal and how 
provisions of law will be adapted as soon as these vehicles reach the status of mass 
production. A range of international and private laws need to be adapted for these reasons.  

Operating a safe unmanned water vehicle also includes cyber security, so that modern 
piracy cannot affect the successful usage of these ships. 

Ports are already implementing terminal automation, which means that automated 
water vehicles have to be aligned with the former. If the automated ships are 
meant to dock completely independently, ports will be forced to modify their 
infrastructure as well. The exact positioning and location of automated vessels will 
require a kind of 
beacon� technology, which is already used for smartphone apps 
that guide users through buildings without GPS connection. Several institutions and 
companies such as Rolls&Royce through its Waterborne Applications Initiative and 
governments are currently researching the development of autonomous surface 
and underwater vehicles. AUVs and ASVs are not only important to the maritime 
industry but will also enable the market entrance of companies from other sectors as well 
as new startups. 

Moreover, an important factor for AUVs and ASVs is the communication technique. 
Monitoring and navigating beneath the water surface poses a considerable challenge. 
GPS, for example, is based on electromagnetic waves that are easily absorbed by water 
because of its physical property. Subnero�s underwater modem and software is one 
solution for this issue and can even provide the basis for developing a wide&range 
communication system for offshore vehicles.  

Our research shows that Subnero�s system may prove useful for improving aviation security. 
Locating the wreckage of an aircraft in the ocean is at the moment at the centre of a heated 
debate. Flight MH,00, which crashed in the Indian Ocean on its way to ;eicing in 20*-, is 
known as the most expensive search operation in aviation history, costing over *2. million 
USD. The tracker sends its signal for only ,0 days in a radius of about 2 km. All relevant 
data for investigation is stored in the 
black box� which contains the Flight Data Recorder 
(FDR) and the Cockpit Voice Recorder (CVR).
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It is often highlighted that it would be technically practicable to inform the airline about 
the current location of the crash site. However, this is simply a question of cost. The newer 
ACARS system is sometimes implemented in modern airplanes, which enhances the usual 
black box. This system constantly sends some relevant data to a satellite and is therefore 
known as 
glass box�. The entire data is still stored in the conventional black box. This 
system is rarely used because of high costs and susceptibility to errors (as in the case of MH 
,00). One reason for the high costs is that ACARS needs to communicate with . to / satellites. 
;y comparison, GPS needs only , satellites to find the location. For instance, the 
implementation of ACARS for a large American airline with a global route network is 
estimated at ,00 million USD. 

The Canadian airline First Air implemented the Automated Flight Information Reporting 
System (AFIRS) in their entire fleet in 20*-. The installation for *1 airplanes has caused 
costs of *.1 million USD and the streaming is estimated at 22.000 USD annually. 

Subnero�s improved underwater communication system could be used as an economical 
and cost&saving alternative to ACARS. In fact, it could send only the location of the crash 
site to a satellite in order to support the squad. The data could be evaluated as normal by a 
black box. Subnero�s communication system could support the search for airplanes 
after an accident, thus enabling rescue teams to reach the crash site faster and to 
access the black box data before the ,0 days deadline expires. 

-. State

The use of AUV/ASV could be potentially used in the following scenarios:  

Inspection of Hydropower Dams:  

The development of hydropower dams requires huge investments, a great deal of time, and 
advanced technology. The consequence of a failed hydropower dam is very costly for the 
government and society, particularly the people living at the lower part. Therefore, regular 
inspection of a dam�s structure is required for the operator to avoid disaster.  
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Giving the structural and turbine components are located at the bottom of the river, inspection 
work is challenging and dangerous for inspectors.  

Therefore, AUVs could potentially be used to make regular inspection on the dam 
structure as well as checking the error at the turbine system. With high quality and regular 
information on the dam, the operators will be able to effectively conduct maintenance 
work and prolong the durability of dam.  

Inspection of Industrial Waste:  

Many types of industrial waste are dumped into the river and sea by 
factories. Although state regulation requires factories to install filter systems and set 
pollution standards, all factories are inspected individually by regulators. 

Collecting waste from the site is complicated and harms the health of inspectors. AUVs/ASVs 
could be used to collect the final waste and water samples under the riverbed and on the 
surface, thus allowing regulators to inspect the industrial waste in a safer manner and with 
less exposure of human labour to the waste.  

Inspection of Subsea Pipeline/Internet Optic Cable:   

The maintenance work of undersea system such as oil/gas pipeline and Internet optic 
cable requires reliable information of the damaging site, so the operators can 
send human resources and instruments to fix it. The undersea condition is 
challenging for humans to collect high quality information.  

This is why AUV is used to collect information such as location and picture of the damaging 
site. AUV can support operators to do comprehensive inspections of undersea systems, so 
that errors of the system can be fixed effectively. 
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Survey about ASV acceptance 

As part of ASEFSU20, we conducted a survey on the question 
Would you feel safe 
travelling in an automated passenger boat?�. Our sample was .* individuals from -0 
different nationalities. -0� of respondents answered the question with 
No, I would not 
feel safe�. .,� would feel comfortable without any shipmaster on board. We have not 
found a significant difference between people from countries bordering the sea and 
landlocked countries. 

The second question was 
Where do you think automated maritime vehicles could be used 
in the future?�. Respectively 22� think that military and cargo shipping have the most 
potential for ASVs and AUVs. *.� of the respondents cited the environment. 

Would you feel safe, travelling in an automated passenger boat? 

n 6 .* (-0 nationalities) 

.. Tourism

Tourism is without a doubt a business activity that exploits the sea and its resources. 
Everyday, various passengers ships, take tourists trough rivers, lakes, and sea paths. 
Cruises are also experiencing a 
boom�, with new routes, cruise ports and ships being 
created. On other hand, sea and water sports are highly valued among tourists. 

53%
Yes

47%
No
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Crossing tourism and high tech improvements, altough they  can seem too much 
ahead or futurisic, is a new area of interest  for some specific sectors. This can be 
observed, specially in Transportation for Tourism purposes. Usually High&tech is 
associated with a general idea of comfortable, modern, futuristic, and wealth. 

Etihad airways, for instance, presented recently a new  concept on high tech 
and luxurious trips, having an apartment with various improvements in their biggest 
planes. Also,VR and AR are the new  trend amongst museums and theme parks. More 
related to the maritime field, yachts are becoming more and more 
technologically advanced including self driving possibilities. And in Dubai, an 
underwater Hotel cust opened. 

However, the potential opportunity of adding automated underwater and surface 
vehicles to enhance tourism is an innovative proposal. In that aspect, the team decided 
to make a brainstorming session to arrive to some possible concepts. 
Concept �* � Guiding AUV $ controlling device 
Main Focus: Underwater Guided Tours 
This concept relies on Scubadiving Touristic practices. It was 
imagined as a device able to guide a scubadiver tourist trough a 
preprogrammed path, allowing him to stop the tour at any point, 
and being redirected to the guiding AUV, by a wristband device. 

Concept  �2 � Reporter Drone Underwater and Surface Main 
Focus:  Photography and Video Recording 
Cust  like  common  leisure  air  drones, the idea of  the 
Reporter Drone is to be used for photography and video 
recording. In fact, if used with Aquatic Sports, or Maritime 
Sports it can be a good add&on to a better recording of the 
event. 
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Concept #3 – ScubaHelper Underwater device 

Main Focus: Support to leisure scuba diving  

The idea behind this ScubaHelper is to have a drone that can 
analyse and support on Oxygen related aspects during the period in 
which scuba divers are underwater. They are supposed to have 
depth measurement (that makes the correlation with oxygen 
needed ), a SOS button and also being able to provide oxygen 
whenever is needed. 

Concept �- � Submarine Capsule Trips 
Main Focus: Underwater Trips 

This concept is the easiest one to understand, it consists of 
having AUV that can transport  few passengers and do a 
guided tour through a pre&programmed path. This can be 
aligned with Dubai Underwater Hotel, for instance. 

Obstacles 
Application of AUV/ASVs in the tourism sector is still difficult and not very 
broad.  Relying on the fact that tourism is an activity that always has the 
presence of people, it means that AUV/ASV will be more regulated and increases 
potential risks. It is therefore a difficult field to invest in. Despite that, Concept 
�2 � Reporter Drone, could be easily achieved and  it would be interesting to 
use it for surveillance purposes as well as for leisure and sports activities.
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;. REGULATION FOR THE USE OF AUVs/ASVs
The use of AUVs and ASVs should be based on three principles: 
Safety, Security, and 
Privacy�.
*. Safety:
AUV/ASV should be operated safely for itself and others. Therefore, some regulations could
be:

o Registration of AUV/ASV
o Operating License for the user
o No nighttime operation
o Use within system: AUV/ASV should be used within a system, not independently
(e.g. remotely connected with a computer system).

o Safety standard: fire extinguisher

o Collision avoidance system: radar

2. Security:
AUV/ASV used for civilian purposes should not be operated in security and sensitive zones
such as a military base and port without permission.
Therefore, some regulations could include:

o ;an zone of AUV/ASV such as military base, port, private property, fishing zone
(AUV/ ASV could get caught in lobster trap or fishing net), nature protective zone,
bridge, underwater tunnel, etc.

o Distance and depth to be set at a limit within which AUV/ASV should operate
o Avoid selling to organisations or individuals that could use it for purposes
threatening to the state (e.g. terrorism)

,. Privacy:
The use of AUV/ASV should not violate the privacy of other people:

o Distance and depth to be set at a limit within which AUV/ASV should be operate
o AUV/ASV is not allowed to be use in a way that infringes on a person�s private life
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C. INSURANCE
Risk management is important in the development and usage of AUVs/ASVs.
Increasing use of AUVs/ASVs and the serious damages on AUV due to wear and tear
have raised the cost of insurance. While the owner or operator cannot afford the loss
of an AUV/ASV, the funding agencies and the state regulations require the
owner/operator to buy insurance for such vehicles.

There are , important parties involved in insurance: underwriters, customers and brokers. 
Customers can directly look for underwriters in the market without a broker, but the best 
value is not guaranteed. A broker is a professional agent who informs the customer about 
the clauses of the insurance as well as ensure that the insurance brought by the customer is in 
the best value. There are two alternatives to obtain insurance directly from the markets: 
Lloyd�s London and companies market.

AUV/ASV insurance should include and cover the following conditions:

While being stored on land and also if the vehicle is being launched and recovered
from shore

While being maintained, modified or upgraded
While in operation, including launch and recovery, monitored transit and

unattended operations.
Third party liability: This is an interesting area as the legal status of an AUV/ASV is

unclear, (;rown and Gaskell, 2000), therefore the statutory requirements for third
party liability and how the courts would view any incident are likely to be taken on a
case by case basis

Consequential damages: This covers financial loss caused by failure to perform or
business interruption caused by an incident. Such insurance coverage is hard to find
due to the prototypical nature of many AUVs.

Making claims on AUV loss and incident

*) The first response to an incident which may result in a claim requires the client to �act as a
prudent uninsured� in the steps that are taken. To avoid a conflict of interest, the underwriter
outsources to a loss adcustor to survey the vehicle, check that the claim falls within the
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scope of the insurance, and also cross&examine the options with the client 
on the  ways to repair the vehicle and put it back into the condition it 
was in before the incident. After a claim is lodged, the underwriter 
calculates the total costs of the claim, including all fees. It is not in the 
interest of any of the insurance parties to delay payment, as the cost 
will have been reserved early in the process. The record of the client will show the 
losses against premiums paid. 

2) If the client chooses not to restore or repair the AUV, but instead chooses to take money,
the claim becomes one for �unrepaired damage�. The market rate for unrepaired damage
claims is less than *00� (fair market value), and the policy will also have a deductible.
Hence the cash returned will be significantly less than the full value of the AUV.

Factors  that are likely to affect the cost of insurance for an AUV are:

*) Experience, track record, qualifications and training of the staff involved with the
AUV, including the technical support and engineering staff and those involved in
launch and recovery and mission planning4 specific training of staff by the AUV manufacturer
is an asset

2) Vessel operators involved in launch and recovery � their experience and track record �
together with the characteristics of the support vessel

,) Evidence of clear risk assessments, checks and controls in operating procedures

-) Evidence of risk mitigation measures, which might include technical measures, such
as homing and emergency beacons, and procedural measures such as maximum allowed
sea states for recovery

.) Details of the operating environment and its specific risks

/) The extent of co&insurance between the underwriter and the client. For example,
during launch and recovery operations, the vehicle might be coinsured. If damage is
sustained, then the claim is split on a previously agreed basis, and the claim is settled for the
balance, less the deductible.
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SUMMARR 

Our research focused on the potential usage of automated underwater and surface vehicles 
in the following sectors: scientific and environmental research, military, industry and 
state. We looked at the potential risks associated with the introduction of such vehicles in 
terms of insurance, regulation and public acceptance. 

AUVs/ASVs would be useful in environmental and scientific research to gather data, to deal 
with oil spills and to monitor natural sites. For the military, the mains areas for research and 
development are in anti&submarine warfare, mining operations, border surveillance, charting 
of the seabed to aid search and rescue missions, as well as marine salvage operations. 
Regarding the industry, the launch of automated surface vehicles will occur before it comes to 
automated underwater vehicles, since automated vessels and cargo shipping are on top of 
the list. Human based errors might be reduced , but new and yet assessable risks will be 
caused at the same time. A state will find the use of such vehicles useful for the inspection of 
hydropower dams, of industrial waste and of subsea pipelines and Internet optic cables.  

Regulations for the use of AUVs/ASVs should be based on the principles of safety, 
security and privacy. The legal status, however, is unclear. The provisions of private, 
national and international law to be adapted is still unsure, particularly from the time 
period when these vehicles will reach the status of mass production.  
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EXECUTIVE SUMMARY 
Our research focused on the potential use cases for automated underwater and surface vehicles in the 
following sectors: scientific and environmental research, military, industry and state. We looked at the 
potential risks associated with the introduction of such vehicles in terms of insurance, regulation and public 
acceptance.  

AUVs/ASVs would be useful in environmental and scientific research to gather data, to deal with oil spills 
and to monitor natural sites. For the military, the mains areas for research and development are in anti-
submarine warfare, mining operations, border surveillance, charting of the seabed to aid search and rescue 
missions, as well as marine salvage operations. Regarding the industry, the launch of automated surface 
vehicles will occur before it comes to automated underwater vehicles, since automated vessels and cargo 
shipping are on top of the list. Human based errors might be reduced , but new and yet assessable risks will 
be caused at the same time. A state will find the use of such vehicles useful for the inspection of hydropower 
dams, of industrial waste and of subsea pipelines and Internet optic cables.  

Regulations for the use of AUVs/ASVs should be based on the principles of safety, security and privacy. The 
legal status, however, is unclear. The way provisions of private, national and international law to be adapted 
is still unsure, particularly from the time period when these vehicles will reach the stadium of mass 
production. 
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