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Summary 
 
Nowadays and in future there is an increased need for autonomous marine operations such as 
autonomous vessel maneuvering near harbors. It would be beneficial for ship manufacturers, vessel 
operators, ports and shipping companies to be able automate the control of their vessels and 
consequently make their marine operations safer, more reliable and more efficient in terms of 
energy consumption. We are developing a smart system which enables completely or 
semi-autonomous ship maneuvering by using the state-of-the-art approaches on thruster allocation 
and dynamic positioning. 
 
The system contains software packages build on top of ROS middleware, as well as various 
monitoring and configuration displays. The system utilized the data gathered from vessel sensors 
including GPS, IMU and wind sensors for both monitoring and controlling purposes. Additionally 
the system optimizes the usage of available azimuth thrusters and external units such as tugboats. 
The main advantage over competitive solutions is the possibility to integrate the system to any 
existing vessel, given that the access to thrust interface and sensors information is available. 
 
There are already multiple competitors in this industry. For example, ABB and Wärtsilä are actively 
developing autonomous ship maneuvering systems which target the same customer base as our 
system. However, we aim to reach a significant market share in a few years by creating more 
advanced and technologically sophisticated product. 
 
 

1) Business idea 
 
The product is a smart system which enables fully or semi-autonomous ship maneuvering by using 
optimal thruster allocation and dynamic positioning. The ultimate goal is to be able to maneuver 
and control vessels near harbors without a human pilot or operators. Additionally the system is able 
to inform if tugboat assistance is still needed and it can optimize the usage of available tugboats. 
The product involves both software packages and various displays which are used to monitor and 
configure the system. The actual vessel hardware, such as thrusters and other vessel parts, are not 
part of the system being sold. Instead, the software system assumes that the vessel where it is 
installed contains different types of sensors such as GPS, IMU and wind sensors and that it can 
utilize the data of these sensors if and when the data is available. 
 
The customers of this product are ship manufacturers and vessel operators who want to make their 
marine operations more efficient, reliable and safer. The customer can also be a port or a shipping 
company. In the optimal case, the system is installed in a specified port and all ships and tugboats at 
that port can use the system, which guarantees efficient and safe cooperation between different 
vessels at the port. 
 
The customer buys a software system which is then installed on their ports and vessels. Some parts 
of the software are running on the vessels for directly controlling the vessel thrusters and 
maneuvering the vessel. This is the low level part of the software. In addition, some software nodes 
can be run on shore on any computers which are communicating with the onboard computers. This 
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high level part of the system is used for example for controlling the cooperation between different 
vessels and assigning tugboats to assist a particular vessel. 
 
The main benefit of the product for the customers is that the system enables fully or 
semi-autonomous ship maneuvering. Consequently the need of human and tugboat assistance is 
reduced, which obviously provides direct cost savings to the customers. Additionally, the system 
optimizes the usage of available resources, that is, thrusters and tugboats, which reduces fuel 
consumption. This makes the entire port more environment friendly, which is very important 
nowadays when CO2 emissions must be cut. 
 
This product has an advantage over competing solutions, since it does not assume any particular 
vessel types or underlying vessel hardware. Theoretically the system can be installed to any existing 
vessel with minor modifications as long as the system has an access to the thruster interface and 
sensor data (if any data is available). Another advantage is that the system can control not only the 
onboard thrusters, but also all available external tugs and it can immediately inform if, for example, 
a particular vessel needs tugboat assistance in order to successfully and efficiently perform its 
operation. 
 
The revenue logic is straightforward: First the customer informs that they have a need for this kind 
of ecosystem. Then our team evaluates how the system would satisfy the customer needs and how 
the customer would benefit from the product. Revenue and profit is gained by first developing the 
software, meaning we have some costs upfront. Later on, we will only have to provide the software 
for different companies, meaning that we will have less development costs but plenty of profit. The 
only costs are the upkeep of the system and the further development if necessary. Of course the 
software must be fine-tuned to satisfy the specific needs of individual customers, but the goal is to 
be able to provide a general software product for different customers without major modifications 
between customers. However, we probably need to maintain multiple systems in parallel: the 
general software product and the systems slightly tailored for specific customers. This maintaining 
and tailoring part will cause some costs during the lifecycle of the system, but the most of the costs 
will occur during the product development. The customer pays a specific amount when the system 
is ordered and delivered. After that, the customer pays according to the need for further 
improvements and maintenance during the entire lifecycle of the system. 
 

2) The product: Thrusterino® 
 

2.1) Product description and use cases 
The product being developed is a complete thruster control and smart information system for 
autonomous and semi-autonomous ships as well as various different types of marine operations, 
with a particular emphasis on operations and services offered in port environments. The system 
offers lower power and fuel consumption for the engines through optimization of the thrusters and 
supports autonomous and complex manoeuvring based on the higher-level navigation and path 
planning input. Therefore, the main product is the ship control segment which runs in a ship’s 
computer system above the control interface of the engines. The product also offers a possibility to 
setup a master segment(s)  (e.g. a port computer) which communicate with ship control segments 
(i.e. a client segments) within range and can be used for monitoring and potentially ship control to 
allow centrally coordinated marine operations. Regardless of the presence of a master segment, the 
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client segments are aware of each other and can directly link in order to perform cooperated control 
scenarios. 
 
The system can also be utilized by port officials and ship operators purely as an auxiliary 
information system by providing data from ship, harbor and buoy sensors as well as internal and 
external forces affecting the ships (i.e. offering enhanced situational awareness for the purposes of 
port operations and services management and decision making). Furthermore, the system is able to 
detect the need for a tug assistance and can inform the port and ship operators of e.g. engine 
failures, or situations where environmental conditions and forces overpower the manoeuvrability of 
the ship. In case of fully automated tug services offered by the port, the tug may be configured to be 
dispatched automatically for assistance when needed. 
 
Depending on the level of autonomity of the ships the role of the developed system can be 
configured from purely assistive and monitoring system to fully autonomous control system for ship 
operation and manoeuvring.  
An example of a semi-autonomous system would be a ship (e.g. a cargo ship, ferry or tug) or a 
semi-submersible offshore oil platform fitted with azimuth thrusters. Azimuth thrusters are 
controlled by a lower-level control scheme based on feedforward control and thrust allocation (TA) 
algorithms. In these systems the ship operator sets either a desired speed and direction (i.e. a twist) 
or a force and torque (a wrench) values for the vessel and thrust allocation algorithm solves the 
required power and angle configuration for each utilized thruster on a ship. This operation model 
allows a middle/higher-level manoeuvring of the ship instead of manually controlling the thrusters. 
This type of control scheme has already been widely implemented on many types of vessels, 
although more accurate and efficient thrust allocation algorithms are still being actively developed. 
While a thruster manufacturers generally provide their own allocation solutions for their thrusters, 
these solutions are primarily able to only handle onboard thrusters and not co-operative control 
scenarios such as manoeuvring during tug assistance. 
Another, more higher-level control scheme for the operation (could be also seen as a separate 
autonomous operation mode) of semi-autonomous vessels is the Dynamic Positioning (DP). Its 
purpose is to maintain the position and heading of a ship under dynamic conditions and variable 
external forces induced by e.g. wind, sea currents and waves. This is particularly critical component 
in the control scheme of offshore oil drilling platforms which must maintain their pose to a high 
accuracy. DP control relies largely on the accurate motion and force measurements of the ship 
through various sensors. The Thrusterino® control system (i.e. the product) will integrate all 
available sensor data and engine status information with state-of-the art TA and DP algorithms to 
offer advanced control and system monitoring along with related Application Programming 
Interfaces (APIs) and displays for the ship and port operators, officers and managers.  
Currently, existing commercial solutions for the operation of autonomous vehicles do not exist and 
are largely under active research. So far only a few ship and engine manufacturers have pursued the 
development of autonomous ships or ferries, and these companies have focused on developing a 
complete ecosystem solution based on their proprietary components and software. However, our 
product focuses on offering a generally-applicable middle-higher -level manoeuvring and thrust 
control interface for any autonomous ship to be utilized by the top-level decision and path planning 
modules. 
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2.2) Product details and requirements 
The developed system is a flexible software system with additional hardware components for 
displaying various information and communication between software components potentially 
distributed over various servers (ship and port computer systems). In the architectural sense our 
system is located between the lowest actuator level control API and top-level command interface 
(semi-autonomous or analogue vessels which do not support automated thrust allocation) or 
decision-making and command module (autonomous vessels).  
The implementation of the system relies on the use of Robot Operating System (ROS) where the 
vessels and their thrusters are translated into ROS nodes and actuator and sensor data are published 
mainly via ROS topics. Additional control API is provided on top of ROS to allow external 
decision-making and command software to input control instructions based on navigational data. 
The inter-ship or ship-to-port communications are handled within ROS mainly via TCP sockets. 
Alternatively, other low-latency communication technologies are used for more time-critical 
communication between distributed components. 
 
A typical diagram of DP and TA scheme is presented in Fig. 1. 
 

 
Figure 1. An example dynamic positioning control scheme from Arditti et al.[2]. 

 
The product is developed using state-of-the art methods and algorithms for thrust allocation and 
dynamic positioning. The latter, as depicted in Fig. 1, handles (or rather counters) all the essential 
dynamical effects induced by e.g. viscous and turbulent frictions (drag), hydrodynamic (e.g. 
thruster-thruster and thruster-hull) interactions, inertia, wind, waves and currents. Basically the 
cumulative force produced by the dynamical effects together with the set point value given by the 
operator (or autonomous command module) are inputs to the thrust allocation algorithm in order to 
produce the desired wrench or twist. For this task, Arditti et al. [2] utilized a Sequential Quadratic 
Programming (SQP) algorithm which calculates iteratively the optimal configuration and 
parameters for the thrusters from a quadratic objective function and a set of non-linear constraints. 
These constraints are to some extent ship specific, including factors such as thruster properties 
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along with their physical limitations etc., and must be accurately specified for the system during its 
installation to a vessel. 
 
What comes to the installation requirements in general, a computer-operable thrusters and software 
interface for the thruster control are required of a ship. Analogue-controlled engines/thrusters are 
not supported. Additionally, the measurements of the ships motions, position, external forces and 
environmental conditions via various sensors, such as GPS, IMU and anemometers, must be 
available in a standard NMEA format through an API. However, data converters from other 
commonly used standard formats are also supported for the sensor measurements. 
 

2.3) Services and other benefits 
The following services are offered to a customer as part of the product: 

- installation of software and related hardware (displays and communication modules) 
- initial configuration of the system parameters for optimal control 
- testing of the system to ensure satisfactory performance 
- provision of system documentation 
- basic training for system operation 
- online and on-demand support services 

Other additional services are offered for extra costs: 
- tailoring of the basic product to custom systems 
- system improvements and reconfiguration of the system parameters in the case of retrofit 
- extended and advanced training for e.g. system development 

 
Besides that the product ensures optimal utilization of thrusters, decreased operation costs and 
lower fuel consumption, the product also offers financial savings for ship owners in the case of a 
engine system retrofit since our product is designed to be independent of the thruster manufacturers 
and to support various vendors. These reduced refit costs are in part made possible by the contracts 
negotiated between the creators of this product and various ship engine manufacturers which are 
required to offer a lower-level engine control API according to the negotiated standard. Hence 
during the engine upgrade only some degree of reconfiguration is required instead of a complete 
replacement of the control system. 
 

3) Market situation and competitors analysis 
 
Desired market share, flat value calculations: 
 
The fairway nodes 0.5 MEur 
Number of harbours 50 pcs 
= 25 MEur 
 
The tugs onboard devices 0.1 MEur 
Number of tugs per port: 10 pcs 
Total number of tugs: 500pcs 
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= 50 MEur 
 
Shuttle vessel’s onboard devices 0.1 MEur 
Number of shuttle traffic vessels per port: 200 pcs 
Total number of  shuttle traffic vessels: 10000 pcs 
= 1000 MEur 
 
TOTAL SUM:  1.075 Billion Euros.  
 
With the system being installed on 10000 different shuttle traffic vessels, we would have an 
expected market share of around 1 billion euros. We could expect to sell this amount of products 
spread across 10 years, meaning we would make around 100 million euros/year.  
 
The customer purchase decision: 
What is automated thruster allocation needed for in the first place? 

- Automation will allow the customer to reduce the human workforce needed to complete 
tasks around the harbor. With automated piloting system, there is no need for people 
specialized for this job to be present. Having our system installed in the vessel will allow the 
customer to cut the continuous costs of having an employee working on the job. 
Additionally, having an automated system complete the task will reduce the amount of 
human error, making the working environment safer for everyone. The downside is the costs 
upfront, but in long term the automated system will pay its value back to the customer.  

 
How does our product differ from its competitors? 

- While there are similar systems in the market in the works, our system will be superior both 
in price & performance. Big selling point will also be the compatibility of our system: while 
the competing systems are only able to be installed on specific vessels, our system will be 
flexible and should work with any of the existing vessels around. Unifying the market with 
one automated thruster allocation system for all vessels and harbors will make the usage of 
the system even easier and safer - the data will help us develop the product even further! 

 
 
Three of the biggest competitors for us would be: 
Wärtsilä:  

- Known for their energy and marine products. They are working on automated control 
systems similar to ours.  

- 19 000 employees 
- Marine market: 47% market share for big engines, 10% for auxiliary engines. (2017) [2] 
- A known name in the industry with large market share. They make their own engines, which 

could help with the automated control systems. A big company can mass produce for 
cheaper than smaller companies - they can also be predatory in the market given their much 
bigger size.  

ABB: 
- Known for their energy and automation products. They are also known for having an 

automated thruster control system in the works.  
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- 150 000 employees 
- Control system market: 20% market share (2018) [3] 
- Huge company that works with automation and electrical equipment. Specialized in 

automation, meaning that they are more of a control system provider in this competition 
(Wärtsilä having the advantage distributing hardware as well). ABB is even bigger company 
than Wärtsilä, meaning that they can be even more predatory in the market with their prices.  

Kongsberg Gruppen: 
- Specialized for high-technology systems in marine and aerospace industries.  
- 7000 employees 
- Market share unknown. 
- Specialized in advanced technology. Known for high-quality products, and working only in 

huge industrial markets with no “cheap” products.  Smallest company of our competitors, 
but also working with the most advanced products.  

 
The most important factors to reach our goals: 
 
Specialization: by creating our company around this product alone, we will be able to create a 
company image of high quality products in this industry specifically. Having several different 
industries you work in can harm the customer’s perception of the product.  
 
Customer service: working closely with our customer will allow us to better ensure we have 
guaranteed customers. Having custom tailored, high quality product will be something we can build 
our company image on. 
 
Adaptability: Having a product that will work with any hardware will often be attractive for 
customers. “Standardizing” the industry will open the market for more companies, but should also 
help us to sell our product (at least in the short term).  
 

4) Intellectual property 
 
There are a number of patents that are similar to some parts of the developed system. For example 
systems that focus on the thruster control and dynamic positioning of ships in harbors are patented. 
CN110244707 (A) Intelligent ship dynamic positioning operation system 
CN110254648 (A) Control system for assisting ship to enter and exit port by utilizing DP 
CN202828079 (U) Propulsion control system based on double-redundancy controller 
However, the system we have developed provides a distinction over pure control systems. The 
ability for the system to adapt from a control tool to an operator assistance tool and harbor 
communication platform in situations with insufficient actuator interfaces does not seem patented. It 
is debatable whether the combination of the tools is non-obvious enough to warrant a patent of 
itself. In case it isn’t, some parts of the system may have to be licensed. 
 

5) Product development and technology 
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At the current stage of the project, the initial tasks including setting up ROS nodes, simulation node                 
and sensor node has been developed. The project is still in the prototype phase and all the new                  
developed nodes are being tested in the small scale ship model. So far the performed tests on the                  
simulation node have been successful and all basic functionalities are met. It currently supports 3               
joysticks, one for each thruster. There is also an option for using virtual joystick to control thrusters                 
if needed. More sensor nodes, optimal thruster allocation algorithm and interface are still under              
development. These advanced features will be developed and tested by mid 2020. Looking at the               
current progress, we can only make an educated estimate, if all development of the prototype is                
finished on time and everything tested, we can expect more advanced system integration and testing               
in a large scale boat in a few years. 

Compared to our rivals, at the current stage, we are not ready to compete. When we have the first                   
prototype ready with all functionalities, we can start analyzing the pros and cons of our product by                 
the rigorous testing. In comparison to our rivals, we aim towards a product that offers customizable                
and manufacture-agnostic solutions using open source software and hardware. Our assumption is            
that our competitors are not offering such flexible and easily integration for a system as we do. 

People involved in the project include the development team responsible for the hardware and              
software of the core system. Moreover, some other people needed to build a final product could be                 
more focused on business and marketing aspects of the system. They will be needed to study and                 
understand the shipping industry business in detail and focus on the marketing and system              
production strategies. A team of people responsible for quality assurance and standards related to              
software and hardware are an essential part of the project as well. Furthermore, last but not the least,                  
legal representation for legislation and handling customer contracts are also needed. 

 

6) Conformance 
There are several standards, derivatives and certifications needed when building a system that             
includes hardware and software. As the system will be integrated in the tug boat, it has to follow the                   
electrical and electronics standards and meet the specific requirements under the Directive            
2014/90/EU of the European Parliament and of the Council of the marine equipment [4]. The               
directive needs to be followed, if some new electrical system is added or batteries to the boat or                  
ship. The system also needs to follow the ISO standard of ships and maritime technology [5] along                 
with ISO standard of marine cyber security [6]. 

Moreover, the electronics used such as PCBs or microcontrollers must have CE certification for              
Europe and FCC for USA. All the electronic equipment must also pass the EMC testing standards                
[7]. Same goes as well for the radio equipment if any wireless communication is performed between                
the ships, the radio equipment standards must be fulfilled [8]. 

Currently in the project all the microcontrollers used such as Arduino and Raspberry Pi comes with                
CE certification. Although the PCBs used are custom made at Aalto University, which are fine for                
prototype testing. In order to meet the requirement and standards those PCBs will need to be                
designed and manufactured by a third-party company which will perform all the necessary tests and               
provide the certification. 

As for the software, it should meet the requirements and standards of the marine industry and                
individual customers. The standards and requirements can be met by performing rigorous logical             
and physical testing. 
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7) SWOT-analysis 
 

Strengths 
- Being new to the industry means there 

is a clean company image we can work 
on 

- Front-end costs of software 
development mean that calculating 
development costs should be easier 

- Companies and products from the 
nordics tend to have a better reputation 
on the market 

- Having a company related to marine 
industry is good to be located near sea 

- All company members are hard 
working and well educated 

Weaknesses 
- Starting company with small funding, 

reaching big markets is difficult 
- No background means there is no trust 

behind the company name (no “brand”) 
- Lack of experience in the industry in 

general 
- No existing property to allow support of 

the development 
- No existing property will mean that we 

will have to get our equipment 
somewhere else 

Opportunities 
- Growing on the new market should be 

easy, given the lack of existing products 
- Branching out into other (related) 

industries with the success of the 
product is a possibility 

- Building the company image purely on 
one product will help to give it a better 
sense of high quality 

Threats 
- Bigger competitors can easily block us 

from entering the market with predatory 
marketing strategies 

- Having existing equipment on the 
vessels from competing companies 
could only be compatible with their 
own products, dissuading potential 
customers from taking the chance.  

- Probably a market that will draw more 
interest as other forms of automated 
travelling get more popular 

- The lack of market is there for a reason, 
there might not be enough demand for 
the product.  

 
 

Critical Success Factor  Description 

Teamwork Seamless teamwork will help us develop the 
perfect product 

Clear planning with clear goals Knowing what we are working towards will 
help us stay motivated and organized 
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Communication Having all information go forward at fast pace 
will prevent wasted work hours and improve 
company efficiency overall 

Reaching the customers Networking with the people in the industry will 
allow for more potential customers 

Working for the customer We need to understand the customer’s needs 
before we can create the perfect product for 
them 

Data analysis Working with the data we have from the past 
will allow us to better understand our product 
and the customer’s needs 

Managing expectations Keeping expectations where they should be 
will help us keep the motivation levels high.  

Keeping track of costs Unexpected surprises in costs will hinder the 
development of the product 

 
 
 
 

Risk Factors Description 

Competition The biggest risk factor is the competition. As a 
small company entering the industry, we have 
to survive the predatory pricing of other 
companies, and still manage to keep the quality 
of the product up to other companies’ 
standards.  

Incompatible hardware With our product being an addition to existing 
vessels, we need to make sure that our product 
works with as many different existing vessels 
as possible.  

No interest on the product How reliable and necessary is the product? 
With the lack of similar products in the market, 
it is questionable whether companies need our 
product.  

Lack of experience in the industry  Could lead into problems that we are not 
expecting at all, but would have been clear for 
someone that has experience in the industry.  

Company image failing With no company image, things can go both 
ways. Ensuring early success is vital. 
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Lack of funding This is a large scale project with a large scope 
market - but if we lack the money to support 
these ambitions, we will not reach our original 
goals.  

Plan to avoid risks: 
 

- The first thing we should work on is to get the proper funding. Without it, we will not be 
able to enter the market or start working on the product in the first place.  

- Second, we would need to grab the interest of our intended customers to make sure we have 
a market to work with. Without customers, selling a product would be difficult. At this 
stage, we could also work on making sure that our company image is being seen in a 
positive light.  

- During this time, we should collect data on what kind of hardware our customers are using 
and then make our product compatible with those. We could do the testing either with our 
own equipment, or we could work in collaboration with our customers and have them loan 
the hardware. This will further deepen the bond between us and the customer, possibly 
allowing us to gain trust of some people with the experience in the industry we are lacking - 
further helping us avoid these risk factors.  

- Lastly, dealing with competition is the toughest part. To deal with bigger companies, we 
need to make sure our product is somehow better than theirs - pricing will probably not be 
the strength of a small company, but superior quality, customer service and support with 
great adaptability to any hardware could be our fields to succeed on.  

 

Supplement: Distribution of work and learning outcomes  
 
The work distribution was the following: 
Miika: Section 1 and summary 
Tuure: Section 2 
Tomas: Section 4 
Mikael: Sections 3 and 7 
Shazam: Sections 5 and 6. 
 
The most difficult part of this business exercise was the planning phase when we had to identify 
what is the actual product, who are the customers and how does the customers benefit from this 
product (in terms of money). We had to think widely outside the scope of this project, because the 
thruster allocation system that is developed during this course is actually targeted for research 
purposes, rather than for a real vessel. Also the system (the software and the model ship) that we are 
developing in this course is not mature enough to be sold to real customers. Additionally intellectual 
property rights and conformance were difficult topics, because we are rather unfamiliar with those 
topics. Moreover, estimating revenue and market shares was first challenging, but at least we 
managed to provide some numbers based on simple estimations and calculations. 
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We learned that planning business aspects can be surprisingly difficult without prior experience. 
There are so many things that must be taken into account. However, we succeeded in planning a 
product which could (at least theoretically) be sold in the real market.  
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