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1) Background 
Thrust allocation is both a long-known theoretical problem in the operation of marine vessels and a 
method to control multiple thrusters of a vessel in order to produce a desired propulsion, e.g. 
acceleration, speed, moment and direction for the vessel. This is important in order to efficiently 
manoeuvre the vessel, i.e., to maximize the dynamics of its motion as well as to reduce the fuel and 
power consumption. 
In multi-engine systems it is not always obvious in what configuration and with how much power 
should each engine be operated. The situation becomes even more challenging when rotatable 
azimuth thrusters are utilized, since depending on the thruster configuration, for instance, some 
directional zones for thrusters are likely forbidden in order to avoid nearby thrusters generating 
conflicting forces, disturbances and water cavities for other thruster units, increased wearing, or 
even potential damage to the ship systems and structure. Typically solutions to the thrust allocation 
problem relies on the utilization of cost functions and non-linear optimization algorithms. Perhaps 
one of the best currently applied methods in this category is sequential quadratic programming 
(SQP), which is a powerful non-linear optimization method that has also been used for solving the 
complex thrust allocation problem[1]. 
Thrust allocation is often associated with dynamic positioning (DP) problems, where the vessel's 
position and heading is maintained dynamically based on computer-controlled engines rather than 
tethers or anchors. This allows the utilization of geographically positioned vessels e.g. in deep 
waters, by countering the external dynamic forces affecting the vessel by equivalent force and 
torque (rotation) produced by thrusters. Such operation is required from ships e.g. supporting 
underwater operations or offshore drilling platforms. 
The work carried out in this years Project course will be a continuation to the previous years 2019 
Project course work, where a prototype vessel was first equipped with a multiple (3 to 4) azimuth 
thrusters after which a ROS interface to these thrusters was developed (for more information, see 
https://wiki.aalto.fi/display/AEEproject/Ship+thruster+interface). The primary focus of this year's 
project will be the development and implementation of a thrust allocation algorithm to this 
prototype vessel's  control system. This means the DP problem will be largely outside the scope of 
this project, while the more realistic and immediate goals will be to develop working thrust control 
system to deal with static operation conditions, e.g. simple manoeuvring or towing. Hence the 
dynamic effects on the ship (e.g. hydrodynamic forces or turbulent motions) will be either 
simplified or ignored in this project. 
 
[1] Arditti, F., Cozijn, H., Van Daalen, E. and Tannuri, E. A. Robust thrust allocation algorithm considering 
hydrodynamic interactions and actuator physical limitations. Journal of Marine Science and Technology, 24 (4), pp. 
1057-1070. 2019. 

 

2) Expected output 
At the end of the project we should be able to control the vessel either in individual mode or 
allocation mode. The former means that we can control each thruster individually with a joystick 
such that the pose of the joystick determines thruster angle and rpm which correspond force 
direction and force magnitude, respectively. We can also preset the force direction before applying 
the force by rotating the joystick around z-axis. If there are 3 thrusters, we need 3 joysticks (one for 
each thruster). The users should be allowed to choose which thruster they want to control. This 
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mode does not require any calculations as we can assume that the force (direction and magnitude) 
of individual thrusters can be controlled directly with the existing interface. 
In allocation mode we need two joysticks. This means that we can apply an arbitrary net force to 
any direction (in xy-plane) and arbitrary torque around any pivot point. This mode requires thruster 
allocation calculations. 
The first joystick: 

● Applies arbitrary net force (within the limits) to any direction in the xy-plane. The direction 
of the joystick determines the direction of the force (and the same for magnitude) with 
respect to the vessel coordinate frame which is fixed at the CoG of the vessel and moves and 
rotates along the vessel. 

● We can rotate the vessel around the selected pivot point by rotating the joystick around 
z-axis. 

The second joystick: 
● Controls the pivot point of the vessel. We can move the pivot point to arbitrary location in 

the xy-plane by using this joystick. That location can be inside or outside of the vessel plane. 
By default the pivot point is the CoG of the vessel. If we do not touch this joystick, the 
vessel will always rotate in place around its CoG. 

The system should support adding or removing thrusters so that required forces are recalculated if a 
thruster is added/disabled or if some external force vectors are added, such as wind or hull force. 
There should be a display which shows the vessel outline and the force and torque that are currently 
applied to the vessel. In addition, the display shows IMU, GPS and wind measurement, i.e. the 
position, angle, velocity, angular velocity and the current wind vector. The display should be 
implemented using some 2D graphics library or RViz 
If we have extra time at the end of the project, we can implement a dynamic positioning system 
which is essentially a feedback controller. DP enables to drive the vessel to a desired location and 
angle using thruster allocation and feedback from IMU and GPS. 
The expected user of the system will be a research group at AEE department. The system can be 
used for research and teaching purposes and later for developing more advanced dynamic 
positioning system. 
The control interface with joysticks should be intuitive and easy to use after reading the basic 
instructions. The information display should be clear and easy to interpret. 
The final system will be demonstrated by rotating thrusters and applying forces on ground. We will 
also do some experiments in testing pool if the pool is available. Those experiments will be 
videoed. We will also implement a simulation software which enables testing and demonstrating 
thruster allocation algorithms without the real vessel and hardware. This requires implementing a 
vessel physics engine and a display which shows vessel outline, applied force vectors and the vessel 
state. 
The expected performance at the end of the project is that all required functionalities are working 
well enough and the thruster allocation algorithm can be demonstrated both with the real vessel and 
with the simulation system. The algorithm will not be perfectly accurate in water, because we 
assume a static situation and neglect or estimate some dynamical forces.  
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3) Phases of project 
 

Milestone Milestones Deadline 

M1 Project Plan 6.2. 

M2 Individual mode is done and tested 1.3. 

M3 Working prototype of simulation software 
and display (without allocation mode) 

5.3. 

M4 Business Aspects Seminar Slides 6.3. 

M5 Business Aspects Document 13.3. 

M6 Allocation mode is done and tested  17.4. 

M7 All components are integrated and the final 
system is working. 

12.5. 

M8 Gala 19.5. 

M9 The Final Report 29.5. 

 
 

4) Work breakdown structure (WBS) 

 
 
 

5) Work packages and Tasks of the project and Schedule 

5.1) Work packages 
WP1. Individual mode 

1.1. Control Interface Node (individual) 
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1.1.1. Joystick selection 
1.1.2. Bluetooth transmission 
1.1.3. Joystick drivers 
1.1.4. Thruster Node control 

WP2. Simulation 
2.1. Physics engine 
2.2. Integrating with the display 
2.3. Support for thruster allocation 

WP3. Sensors 
3.1. IMU Node 

3.1.1. Sensor Selection 
3.1.2. ROS Node implementation 

3.2. GPS Node 
3.2.1. Sensor Selection 
3.2.2. ROS Node implementation 

3.3. Wind Node 
3.3.1. Sensor Selection 
3.3.2. ROS Node implementation 

WP4. Allocation Mode 
4.1. Algorithm 
4.2. Simulation 
4.3. Thruster allocation Node 
4.4. Control Interface Node (joystick control) 

WP5. Interface 
5.1. Display Node 
5.2. Logging Node 
5.3. Master / Fleet management Node 

WP6. Testing 
6.1. Demos 

WP7. Documentation 
7.1. Project Plan 
7.2. Final Report 

WP8. Business Case 
8.1. Proposition 
8.2. Presentation slides 

 

5.2) Tasks 

Tasks and responsible persons are presented in the table below. The working hours regarding most 
of the ROS related tasks are hard to estimate as most team members have limited experience with 
ROS. The number of hours required is highly dependent on the individuals' ability to get 
accustomed to the ROS platform. The first activities after finishing the project plan are 

● Start to design simulation software (architecture, programming language, math, ROS 
integration) 

● Order RasPis and Joysticks and start implementing interface for individual mode 
● Investigate different options for IMU unit (RasPi+sensors or Android Phone) 
● Get familiar with thruster allocation algorithms 
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5.3) Detailed schedule 

Task schedule 

 Persons involved (WP 
leader in bold) 

Estimated hours Schedule (and 
corresponding milestones) 

WP1 Individual 
mode 

Tomas 80 5.2. - 1.3. (M2) 

1.1 Joystick selection Tomas 10 5.2. - 9.2. 

1.2 Bluetooth 
transmission 

Tomas 10 10.2. - 23.2. 

1.3 Joystick drivers Tomas, Mikael, Tuure 30 10.2. - 23.2. 

1.4 Thruster node 
control 

Tomas, Mikael, Tuure 30 17.2. - 1.3. 

WP2 Simulation Miika 110 10.2. - 5.3. (M2, M3) 

2.1 Physics engine Miika, Tuure 40 10.2. - 1.3. 

2.2 Integrating with 
the display 

Miika, Tuure 40 10.2. - 5.3. 

2.3 Support for 
thruster allocation 

Miika, Tuure 30 9.3. - 22.3. 

WP3 Sensors Shazam 100 5.2. - 17.4. (M2-M7) 

3.1 IMU node Shazam, Tomas  5.2. - 1.4. 

3.1.1 Sensor selection  10 5.2. - 16.2. 

3.1.2 ROS Node 
implementation 

 30 1.3. - 1.4. 

3.2 GPS Node Shazam, Tomas  10.2. - 1.4. 

3.2.1 Sensor selection  10 10.2. - 23.2. 

3.2.2 ROS Node 
implementation 

 20 1.3. - 1.4. 

3.3 Wind Node Shazam  1.3. - 8.4. 

3.3.1 Sensor selection  10 1.3. - 15.3. 

3.3.2 ROS Node 
implementation 

 20 16.3. - 8.4. 

WP4 Allocation Tuure 270 10.2. - 17.4. (M2-M6) 
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mode 

4.1 Algorithm Mikael, Tuure, Miika 80 10.2. - 8.3. 

4.2 Simulation Miika, Tuure 30 9.3. - 22.3. 

4.3 Thruster allocation 
node 

Everyone 80 23.3. - 17.4. 

4.4 Control interface Everyone 80 23.3. - 17.4. 

WP5 Interface Mikael 120 10.2. - 17.4. (M2-M7) 

5.1 Display node Miika 50 10.2. - 5.3. 

5.2 Logging node Tuure, Mikael 50 17.2. - 15.3. 

5.3 Master / Fleet 
management node 

Tuure, Mikael 20 1.4. - 17.4. 

WP6 Testing Miika 120 17.4. - 19.5. (M7) 

6.1 Integration tests Everyone 80 17.4. - 12.5. 

6.2 Demos Everyone 40 5.5. - 19.5. 

WP7 Documentation Miika 270 27.2. - 29.5. (M1, M9) 

7.1 Project plan Everyone 120 27.2. - 5.2. 

7.2 Poster for gala Everyone 30 11.5. - 18.5. 

7.3 Final report Everyone 120 20.5. - 29.5. 

WP8 Business case Miika 80 27.2. - 13.3. (M4, M5) 

8.1 Proposition Everyone 20 27.2. - 3.3. 

8.2 Presentation slides Everyone 20 3.3. - 6.3. 

8.3 Business aspects 
document 

Everyone 40 7.3. - 13.3. 

Total  1150  

 
Most of the work packages can be technically done in any order given the independent nature of the 
ROS nodes. However, some features might need to be prioritized to minimize the risk of the most 
desired features getting left out due to time constraints. 
WP1 should be done before WP4 because it’s simpler and gives some understanding regarding how 
the current system works. 
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6) Work resources 

6.1) Personal availability during the project 

 
Table 1. Number of hours available for the project (excluding lectures and seminars) per week.  

 Tomas Miika Shazam Tuure Mikael 

Week 3 4 4 3 8 4 

Week 4 8 8 6 8 8 

Week 5 10 10 10 9 8 

Week 6 12 12 12 12 12 

Week 7 13 12 12 12 13 

Week 8 13 12 12 12 13 

Week 9 13 12 12 12 13 

Week 10 13 12 12 12 13 

Week 11 13 12 12 12 13 

Week 12 13 12 12 12 12 

Week 13 13 12 12 12 12 

Week 14 13 13 12 12 12 

Week 15 13 13 12 12 12 

Week 16 13 13 12 12 12 

Week 17 13 13 12 12 12 

Week 18 10 8 12 12 12 

Week 19 10 13 12 12 12 

Week 20 10 13 15 12 12 

Week 21 10 13 15 12 12 

Total 217 217 217 217 217 
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6.2) Personal goals 

Tuure:  
Thrust allocation and dynamic positioning are interesting problems I look forward to diving into. 
During the project I’ll have an opportunity to take part in designing and building an interesting 
system where different control engineering approaches can be utilized and tested on a real prototype 
system. The system will be a complex platform into which different sensors and actuators will be 
integrated. This requires careful design and modelling of the system affected by various physical 
phenomena as well as development of reliable control and operational logic to handle the ship 
operation and manoeuvring. Finally, I aim to improve in C++ programming and to better understand 
ROS. 
 
Miika: 
My goal is to improve my project and time management skills during this project. I am expecting to 
learn how to manage a project of this size and how to make sure that the project stays on schedule 
and the final product meets the quality requirements. Also I try to learn how to keep the weekly 
workload balanced during the whole semester. I am also looking forward to learn more about ROS 
and how it can be used in real systems. 
 
Tomas: 
Really interested in ROS and development with the tools related to ROS. 
 
Mikael: 
Overall project work management skills such as: staying on schedule (constantly working on the 
project, no late submissions), working with/as a group (using other’s work to advance your own, 
WBS). As for learning specific skills, ROS seems interesting and should be useful to learn for 
future.  
 
Shazam: 
I aim to learn about the ROS as I have never worked with it before on this scale. I would also like to 
deepen my knowledge about the thruster allocation system in general. Moreover, get a deeper 
understanding of developing an IMU system. I would also like to read and learn from my group 
members work. 
 

7) Cost plan and materials 
 
The budget for the project is 1500€, all orders are confirmed by the instructor Tero before making 
the orders through project advisor Vesa.  
 

Item Reasoning Cost 

 5 x Raspberry Pi For each node (and for each group 5 * 50e = 250e 
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member for testing) 

Android phone for 
IMU (replaces RPi) 

The phone has required IMU 
sensors, so no need to attach 
external sensors. 

200e 

IMU sensors 
(accelerometer, 
gyroscope, gps) for 
RasPi 

If Android phone is not used, we 
need to attach IMU sensors to 
RasPi. 

200e 

3 x Joystick One joystick for each thruster 
(individual mode). 

3 * 100e = 300e 

Other sensors or parts  500e 

TOTAL COST  ~1500€ 

 
 

8) Other resources 
 
Testing pool: 
The testing of the boat and its functions will be made in a pool that simulates different phenomena 
seen in real sea environment, such as wind, current and “scaled” ice. Accessing the hall will be done 
with the project advisor for now. The access here seems really limited, so booking meetings here 
early is a good idea.  
 
Tero’s office: 
This is where the boat is currently stored. Project advisor has the keys and can let us in when 
needed. There seems to be some equipment we can use here, leftover from previous projects on the 
boat - we might be able to use those to advance our project. Once we have access to the lab, we will 
move the boat and all the related equipment there. 
 
The Electrical Workshop: 
The public automation lab that has plenty of tools, computers and most room to work with the 
project. Can be accessed freely whenever the TUAS-building is open. Access to some specific 
equipment may require permissions. Further instructions by advisor. We should be able to store our 
boat here once we start working on it.  
 
Meeting Space: 
A weekly booking would be ideal to both have a meeting for every week and to have a guaranteed 
space where we can work in, so we don’t need to search for one every time we want to meet.  
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Personal Laptops: 
Everyone has access to a personal laptop they can use to advance the project.  
  

9) Project management 

Project Manager 
● Is responsible that all deadlines are met and deliverables are submitted on time. 
● Keeps track of progress using some project management tool (maybe Trello) and reports the 

progression to the instructor. 
● Communicates with course personnel and instructor. Informs other team members. 
● Delegates tasks to team members after discussing with the members. 
● Prepares agenda for each meeting together with other members. Uploads the agenda to 

Google Drive so that everyone can read it before the meeting. Informs if there are some 
material or documents that should be read before the meeting. 

● Participates regular project tasks as a team member. 
● Attends course events and is always aware what is happening on the course. 

Instructor 
● Defines requirements and specification for the project. 
● Answers project related questions through Slack or during Skype meetings. 
● Constantly evaluates the team and project progression and gives feedback. 
● Evaluates the final outcome of the project.  

Advisor (Vesa Korhonen) 
● Gives access to workspaces, e.g. the room where the vessel is located. 
● Helps with hardware-related stuff, e.g. when we need to add parts to the vessel or build 

something. 
 
Work package leaders 

● Is responsible for his own workpackage or packages. 
● Communicates with the project manager or other team members if there are any issues 

related to his workpackage. 
Team member 

● Is responsible that he fulfills the tasks that are assigned to him on time or informs if there are 
some issues which prevent completing those tasks. So other team members can help to 
resolve those issues. 

● Regularly informs the project manager what is the status of his tasks. 
● Reads the agenda and related materials (if any) before each meeting. 

 

10) Project Meetings 

The group has a face-to-face office meeting once a week. The exact meeting day and time will be 
agreed a few days before the meeting. Each meeting should be planned beforehand so that meeting 
time is used effectively. The target time for each meeting is one hour, but if there are many 
issues/questions, the meeting can be longer. If some of the group members cannot be present in the 
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meeting, they can join online through Skype or Google Hangouts, but face-to-face is preferable. 
During later phase of the project there can be laboratory meetings in addition to office meetings. 
Project manager is responsible for preparing the agenda for each meeting after discussing with other 
group members. The project manager submits the written agenda to Google Drive (or to some 
project management tool) well before each meeting and each group member is supposed to read the 
agenda before attending the meeting. 
The default agenda for each meeting is the following 

● Check what everyone did since the last meeting. 
● Check if we are staying on schedule and what are the next deadlines. 
● Discuss what everyone is going to do before the next meeting (i.e. during the next ~7 days) 
● Discuss about possible issues which prevent completing tasks on time. 

Each group member in turn writes a memo during meetings and uploads the memo to Google Drive. 
The memo should contain a summary of what was discussed during the meeting and what are the 
next actions in the project. The memo is written in the same document as the agenda. 
 

11) Communication plan 
Slack is the main communication channel for project related topics. Slack workspace is already 
created and also the instructor is in the group. Separate slack channels can be created for e.g. 
general discussion and topics related to each work package. Every team member is supposed to 
check Slack messages frequently. Alternative communication channel is Telegram which can be 
used for example for organizing meetings. Most urgent messages should be posted to Telegram in 
order to reach the team members faster. The project manager may communicate directly with the 
instructor through Slack private messages or email. The instructor can post anything to main Slack 
channel to reach all group members. In contrast, any of the group members can ask anything from 
the instructor through the main channel. The instructor is abroad for this spring, so there will not be 
face-to-face meetings with him. 
In addition the group communicates face-to-face during weekly planned office meetings and more 
informal lab meetings. 
 

12) Risk management 
 

  Risk Possibility Impact Risk Management 

1 RPi/ Arduino Failure Low High System can not function and 
will have to be replaced until 
then ship cannot function. 

2 Other hardware failure Low High System won’t work until the 
faulty hardware is replaced. 

3 Ordered parts not delivered 
on time 

Low Medium Order parts early until then 
software and hardware 
development will be delayed. 
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4 Changes to software 
architecture due to new 
features 

Moderate Medium Research and plan 
integration of new software 
to the existing architecture 
well in advance otherwise 
software development will 
take more time than 
expected 

5 Any or multiple node 
failure 

Low Low Nodes are standalone, so the 
rest of the system will keep 
working but the failed node 
will have to be replaced 
quickly. 

6 Software not developed on 
time 

Moderate High Try to understand the 
requirements and implement 
them as soon as possible. 

7 Project documentation not   
completed 

Low High Submit all project plans and     
final report on time with     
good quality results. 

8 Issues occur during the    
integration phase and   
individual components are   
not working well together. 

Moderate High Reserve enough time (many    
weeks) for the integration    
phase, so that all issues can      
be resolved. 

9 Some of the team members     
cannot contribute to the    
project anymore for   
unexpected reasons. 

Low High Task distribution must be    
replanned in this case. 

 

13) Quality  
All team members and supervisor are responsible for quality control related work. Teams members              
who are assigned a specific task make sure that it is produced or developed with best quality.                 
Whereas the project manager will double check and supervise the quality of the work carried out by                 
team members and ensure that the quality is according to the specification. Moreover, the instructor               
works as a quality supervisor providing specifications, guidelines and feedback during the project. 

To make sure the work is of best quality, each subsystem developed whether hardware or software                
will be thoroughly tested and only then integrated to the rest of the system. This is also important                  
before moving on to a new module in the system. These tests can be carried out during the meetings                   
as a demo or individually and then the test report is presented to the group. The final integrated                  
system will have its own integration and validation tests to ensure all components are working               
together well. The final tests can be performed in the marine laboratory. 

Furthermore, the software will be pushed to GitLab for version and quality which will help in better                 
collaboration amongst team members and future development. 
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14) Changes to the project plan 
The project plan is a preliminary plan of how the project will be carried out. So, if any changes big                    
or small are needed they can be made if necessary. Any group members who think that there is a                   
change needed in some part of the project has the right to call for a change. The discussion and                   
decision for the change is made during the weekly meeting and it needs at least 50% support of the                   
group members to come into effect. If there is a situation where there is no consensus on the change                   
being discussed, the project manager has the right and decisive voice to agree or disagree to that                 
change. Once and if the change has been made, it is documented in the meetings notes first and then                   
updated in project plan and it will also reflect in the final report of the project. 

Changes to the task deadlines must be proposed early enough (one week before the deadline) and                
only if there is a good reason. For example if we face some unexpected issues which prevent                 
completing a particular task on time, we need to replan the schedule. However, we should aim to                 
follow the original schedule proposed in this project plan. The project manager needs to accept the                
change in schedule and in the case major changes we also need to ask from the instructor. 

 

15) Measures for successful project  
The project will be considered successful if the core requirements are fulfilled and implemented. In               
other words, at least there should be a vessel which can be maneuvered either in individual or                 
allocation mode with joysticks. Also other nodes listed in section 2 should be done. Overall there                
should be a working software module with separate thrust allocation and IMU ROS node              
implemented. If there is some hardware work related to the integration of IMU to the hardware                
module, that should be integrated as well. Apart from the software and hardware implementation,              
their documentation should be completed and written in an understandable way. This will help in               
extending the project further. Another measure of the successful project is that every group member               
has learned something new and implemented their part. 

The progress of the tasks can be tracked by checking the work packages and how many of them                  
have been developed/implemented. Moreover, the tasks and their schedule can be tracked as well in               
the detailed schedule. Once the task has been completed, it is marked as done in the work packages                  
and schedule. The completion of tasks is also discussed during the meetings and the schedule and                
project plan is updated accordingly. 
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