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The project has arranged following main conferences/
workshops in 2020:

•	 Spring conference/Workshop, at Teams 26.05.20
•	 Autumn conference, at Teams 25.11.20
•	 Workshop, at Teams 25–26.11.20

Digital Twin
Digital transformation is a hot topic at present. Digital 
Twin integrates sensor technology, IIoT, analytics, 
simulation technology, artificial intelligence, BigData,  
and satellite communication.

A digital twin is a virtual model of a physical component or 
system which includes TLC information needed through- 
out the value chain. Digital Twin integrates artificial 
intelligence/machine learning and analytics to living 
simulation models that continuously learns and updates 
itself from multiple data sources to provide real-time 
working conditions. These learning systems learn from 
themselves in operation, as well as input from experts, and 
are used to optimize design, manufacturing, operations 
and service.

The SFI MOVE home page is frequently updated, 
see www.ntnu.edu/move

Communication  
and 
dissemination
activities
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OWT requires big installation vessels equipped with 
big and high-capacity lifting structures. Another issue is 
related to controlling the relative movement between the  
3 different bodies involved in the installation. Additionally, 
high precision is required during the mating phase of the 
installation, where the OWT makes contact and is attached 
to the Spar foundation. In order to address these issues, 
a low-height lifting system for OWT installation from a 
catamaran vessel was proposed.

The main goal of the proposed concept is to match the 
required installation criteria regarding relative movement 
between the different bodies while avoiding the use of 
prohibitively tall lifting structures. The low-height lifting 
system lifting the OWTs from its base, while constant 
tension tugger wires attached to the OWT mid-section 
are used to ensure the balance of the tower and avoid 
the inverted pendulum problem. The dimensions and 
physical arrangement of the proposed concept were 
presented, and a series of hydrodynamic analyses using 
the software suite SIMA were conducted to study the 
dynamic response of the proposed system under different 
weather conditions and different operational layouts. The 
low-height lifting system is controlled by an active heave 
compensation system responsible for controlling the safe 

We want to highlight two of the publications from 2020, 
one related to project 5 (Innovative Installation of Offshore 
Wind Power Systems) and one related to project 6 (On-
Board Decision Tool).

Low-height lifting system for offshore wind 
turbine installation: Modelling and hydro- 
dynamic response analysis using the com- 
mercial simulation tool SIMA
Proceedings of the ASME 2020 39th International 
Conference on Ocean, Offshore and Arctic Engineering 
OMAE 2020 June 28–July 3, 2020, Fort Lauderdale, FL, 
USA.

In this work, presented at the 39th International 
Conference on Ocean, Offshore & Arctic Engineering 
(OMAE 2020), one of the main concerns related to the 
installation of offshore wind turbines (OWTs) in floating 
foundations was addressed. The specific issue approached 
revolves around controlling the relative distance between 
the Spar platform foundation and the OWT during the 
installation process, while the OWT is deployed from 
the installation vessel to the floating foundation. Several 
factors play an important role in increasing the complexity 
of such operation. Initially, the dimension of modern 

deployment of the OWT over the Spar foundation. The 
control system formulation was presented and its impact 
in reducing the relative movement between the bodies was 
assessed. In this study, the proposed concept was proven 
feasible from a hydrodynamic point of view and can now 
be pushed forward for further studies regarding other 
aspects of the operation, such as impact and structural 
loads and mechanical design of components.

A Sensitivity Study of Vessel Hydrodynamic 
Model Parameters
ASME 2020 39th International Conference on Ocean, 
Offshore and Arctic Engineering, August 3–7, 2020, Virtual, 
Online conference.

Xu has been working on the application of operational 
sensor data, as a means of realizing the digital twin 
concept for maritime operations, then also serving as a 
basis for On-board decision support systems. The basic 
idea is to apply measured data as a basis for updating 
the vessel response model in such a way that the inherent 
uncertainties of vessel performance are captured. A 
case study was presented to identify the most sensitive 
parameters in the vessel hydrodynamic model with respect 
to the vessel motion performance. The need for the digital 

twin to be adaptive to various operational conditions and 
also the importance of selecting the correct parameters 
for tuning was demonstrated. The work represents a 
significant step forward with respect to developing a 
rational basis for designing on-board decision support 
systems. Fundamental research is ongoing with respect 
to investigating different strategies for updating the vessel 
model.

Publication highligts
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Li, Guoyuan; Mao, Runze; Hildre, Hans Petter; 
Zhang, Houxiang.
Visual Attention Assessment for Expert-in-the-loop 
Training in a Maritime Operation Simulator. IEEE 
Transactions on Industrial Informatics 2020;Volum 16.(1) 
s.522-531
NTNU

Mentzoni, Fredrik; Kristiansen, Trygve.
Two-dimensional experimental and numerical investi- 
gations of parallel perforated plates in oscillating and 
orbital flows. Applied Ocean Research 2020 ;Volum 97. 
s.1-20
NTNU

Mentzoni, Fredrik; Kristiansen, Trygve.
Two-dimensional experimental and numerical 
investigations of perforated plates in oscillating flow, 
orbital flow and incident waves. Applied Ocean
Research 2020 ;Volum 97. s.1-22
NTNU

Moan, Torgeir; Gao, Zhen; Bachynski,  
Erin Elizabeth; Rasekhi Nejad, Amir.
Recent Advances in Integrated Response Analsysis of 
Floating Wind Turbines in a Reliability Perspective.
 Journal of Offshore Mechanics and Arctic Engineering 2020 
;Volum 142.(5)
NTNU

Monteiro, Thiago Gabriel; Gaspar, Henrique 
Murilo; Zhang, Houxiang; Skourup, Charlotte.
A MODEL FOR FORECASTING MENTAL FATIGUE IN 
MARITIME OPERATIONS. I: Proceedings of the 34th 
International ECMS - Conference on Modelling and Simulation 
- ECMS 2020. ECMS European Council for Modelling and 
Simulation 2020 ISBN 978-3-937436-68-5. s.221-227
NTNU

2020
Cheng, Xu; Li, Guoyuan; Skulstad, Robert;  
Chen, Shengyong; Hildre, Hans Petter;  
Zhang, Houxiang.
A Neural Network-Based Sensitivity Analysis Approach for 
Data-Driven Modeling of Ship Motion. IEEE Journal  
of Oceanic Engineering 2020;Volum 45.(2) s.451-461
NTNU

Fonseca, Icaro Aragao;  
Gaspar, Henrique Murilo.
Fundamentals Of Digital Twins Applied To A Plastic Toy 
Boat And A Ship Scale Model. I: Proceedings of the 34th 
International ECMS -Conference on Modelling and Simulation 
– ECMS 2020. ECMS European Council for Modelling and 
Simulation 2020 ISBN 978-3-937436-68-5.
s.207-213
NTNU

Gutsch, Martin.
Design for Workability: Scenarios for parametric design 
optimization. SFI-MOVE Spring Conference 2020; 2020-
05-26 - 2020-05-26
OCEAN NTNU

Gutsch, Martin.
Vessel Design Optimization Tool Development Status. 
SFIMOVE Autumn Conference 2020; 2020-11-25 -2020-
11-25
OCEAN

Gutsch, Martin; Steen, Sverre;  
Sprenger, Florian.
Operability robustness index as seakeeping performance 
criterion for offshore vessels. Ocean Engineering 2020 
;Volum 217.
OCEAN NTNU

Han, Xu; Leira, Bernt Johan; Sævik, Svein.
Tuning of vessel seakeeping model parameters based 
on motion and wave measurements. SFI MOVE Autumn 
Conference 2020; 2020-11-25 -2020-11-26
NTNU

Han, Xu; Sævik, Svein; Leira, Bernt Johan.
A Sensitivity Study of Vessel Hydrodynamic Model 
Parameters. 39th International Conference on Ocean, 
Offshore & Arctic Engineering; 2020-08-03 - 2020-08-07
NTNU

Han, Xu; Sævik, Svein; Leira, Bernt Johan.
A Sensitivity Study of Vessel Hydrodynamic Model 
Parameters. I: ASME 2020 39th International Conference on 
Ocean, Offshore and Arctic Engineering - Volume 1: Offshore 
Technology. The American Society of Mechanical Engineers 
(ASME) 2020 ISBN 978-0-7918-8431-7.
NTNU

Jiang, Zhiyu; Yttervik, Rune; Gao, Zhen; 
Sandvik, Peter Christian.
Design, Modelling and Analysis of a Large Floating Dock 
for Spar Floating Wind Turbine Installation. Marine 
Structures 2020 ;Volum 72.
OCEAN NTNU UIA

Koilo, Viktoriia.
Energy efficiency and green solutions in sustainable 
development: evidence from the Norwegian maritime 
industry. Problems and Perspectives in Management 2020; 
Volum 18.(4) s.289-302
NTNU

Kyllingstad, Lars Tandle; Skjong, Stian.
On-board decision support framework functionality 
developed in 2020. SFI MOVE Autumn Conference 2020; 
2020-11-25 - 2020-11-26
OCEAN NTNU

Monteiro, Thiago Gabriel; Li, Guoyuan; 
Skourup, Charlotte; Zhang, Houxiang.
Investigating an Integrated Sensor Fusion System for 
Mental Fatigue Assessment for Demanding Maritime 
Operations. Sensors 2020 ;Volum 20.(9)
NTNU

Monteiro, Thiago Gabriel; Skourup, Charlotte; 
Zhang, Houxiang.
Optimizing CNN Hyperparameters for Mental Fatigue 
Assessment in Demanding Maritime Operations.  
IEEE Access 2020 ;Volum 8. s.40402-40412
NTNU

Pareliussen, Bjarne.
Digital transitions in the maritime organizations: Changing 
the Game by Power by the Hour and Remote Monitoring. 
Nordic Working Life Conference 2020; 2020-09-28 - 2020-
09-29
NTNU

Ren, Zhengru; Skjetne, Roger; Jiang, Zhiyu; 
Gao, Zhen.
Active Single-Blade Installation Using Tugger Line Tension 
Control and Optimal Control Allocation. International 
Journal of Offshore and Polar Engineering 2020; Volum 30.(2) 
s.220-227
NTNU UIA

Ren, Zhengru; Zhao, Bo; Nguyen, Dong Trong.
Finite-time Backstepping of a Nonlinear System in Strict- 
feedback Form: Proved by Bernoulli Inequality.  
IEEE Access 2020 ;Volum 8. s.47768-47775
NTNU

Publications
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Skjetne, Roger; Ren, Zhengru.
A survey on modeling and control of thruster-assisted 
position mooring systems. Marine Structures 2020;
Volum 74.
NTNU

Skulstad, Robert; Li, Guoyuan; Fossen, Thor I.; 
Vik, Bjørnar; Zhang, Houxiang.
A Hybrid Approach to Motion Prediction for Ship Docking 
–  Integration of a Neural Network Model into the Ship 
Dynamic Model. IEEE Transactions on Instrumentation and 
Measurement 2020 ;Volum 70.
NTNU

Solaas, Frøydis.
Lecture on Hydrodynamic coefficients for subsea 
structures during installation operations Main findings. 
SFI-MOVE Spring Conference 2020; 2020-05-26 - 2020-
05-26
OCEAN

Solaas, Frøydis; Mentzoni, Fredrik; 
Abrahamsen-Prsic, Mia; Kristiansen, Trygve.
An Experimental and Numerical Study of Added Mass and 
Damping for Side-by-Side Plates in Oscillating Flow.  
2020 ;Volum 143.(1)
OCEAN NTNU

Verma, Amrit Shankar; Jiang, Zhiyu; Gao, Zhen; 
Vedvik, Nils Petter.
Effects of a Passive Tuned Mass Damper on Blade Root 
Impacts During the Offshore Mating Process.  
Marine Structures 2020 ;Volum 72.
NTNU UIA

Verma, Amrit Shankar; Jiang, Zhiyu; 
Ren, Zhengru; Gao, Zhen; Vedvik, Nils Petter.
Effects of Wind-Wave Misalignment on a Wind Turbine 
Blade Mating Process: Impact Velocities, Blade Root 
Damages and Structural Safety Assessment. Journal of 
Marine Science and Application 2020 ;Volum 19. 
s.218-233
NTNU UIA

Vieira, Daniel; Nishimoto, Kazuo; 
Ferrari de Oliveira, Felipe; Gaspar, 
Henrique Murilo.
Simulation Of The Conceptual Design Of Offshore 
Salt Caves For CO2 Storage. I: Proceedings of the 34th 
International ECMS - Conference on Modelling and Simulation 
- ECMS 2020. ECMS European Council for Modelling and 
Simulation 2020 ISBN 978-3-937436-68-5. s.214-220
NTNU

Vågnes, David; Monteiro, Thiago Gabriel; Halse, 
Karl Henning; Hildre, Hans Petter.
Low-height lifting system for offshore wind turbine instal- 
lation: Modelling and hydrodynamic response analysis 
using the commercial simulation tool SIMA. 39th Inter- 
national Conference on Ocean, Offshore & Arctic Enginee- 
ring (OMAE 2020); 2020-08-03 - 2020-08-07
NTNU

Wu, Mengning; Stefanakos, Christos; Gao, 
Zhen.
Multi-step-ahead forecasting of wave conditions based 
on a physics-based machine learning (PBML) model 
for marine operations. Journal of Marine Science and 
Engineering 2020 ;Volum 8.(12) s.1-24
OCEAN NTNU

Xu, Jiafeng; Ataei, Behfar; Halse, Karl Henning; 
Hildre, Hans Petter; Mikalsen, Egil Tennfjord.
Virtual prototyping of a low-height lifting system for 
offshore wind turbine installation. 39th International 
Conference on Ocean, Offshore & Arctic Engineering 
(OMAE 2020); 2020-08-03 - 2020-08-07
NTNU
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Master’s 
degrees

Jens Nikolai Alfsen	 M	 Dynamic optimal path-planning for autonomous harbor maneuvering
Caroline Sophie Røhm Fleischer	 F	 Optimal path-planning on a bio-inspired neural network landscape model for autonomous surface vessels 
Hongyu Zhou	 M	 Autonomous guidance, stepwise path planning, and path-following control with anti-collision 			 
		  for autonomous marine robots
Elias Gauslaa	 M	 Navigation, guidance, and control for autonomous autodocking of ships
Jakob Stensvik Jensen	 M	 Dynamic optimal path-planning for autonomous harbor maneuvering
Andrea Therese Rognstad	 F	 Numerical Study for Single Blade Installation of an Offshore Wind Turbine – Comparing a Jack-up and  
		  a Semi-submersible Crane Vessel in Intermediate Water Depths
Ingeranne Strøm Nakstad	 F	 Numerical Study for Single Blade Installation of an Offshore Wind Turbine – Comparing a Jack-up and 
		  a Semi-submersible Crane Vessel in Intermediate Water Depths 
Thijs van Essen	 M	 Motion-Compenstated Gripper Frame on a DP Vessel
Piet H Bastiaanssen	 M	 Modelling the Dynamic Behaviour of a Rotor Nacelle Assembly during the Installation using a Floating Vessel
Karoline Vottestad	 F	 Hydrodynamic Loads on Subsea Protection Structures
Marius Robsahm	 M	 Experimental Study of Splash Zone Wave Loads on a Combined Configuration of a Porous Plate  
		  and a Circular Cylinder
Jon Kristian Voster	 M	 Experimental and Numerical Investigations of Hydrodynamic Loads on Perforated Plates Subjected 
		  to Irregular Forced Oscillations

Name	                  Sex M/F    Topic



Funding Project 5 Project 6 Project 7 Project 8 Lab/Dissemination Management Total
The Research Council 2 812 5 256 118 398 207 1 176 9 967
The Host Institution, NTNU in Ålesund 401 - - 1 505 - - 1 906
Research partners: 954 3 133 73 - - - 4 160

NTNU 
SINTEF

954
-

1 883 
1 250

-
73

-
-

- 
-

- 
-

2 837 
1 323

Enterprise partners: 995 1 865 162 1 447 1310 - 5 779
Total 5 162 10 254 353 3 350 1 517 1 176 21 812

Costs Project 5 Project 6 Project 7 Project 8 Lab/Dissemination Management Total
The Host Institution, NTNU in Ålesund 3 891 - - 2 443 1 517 1 177 9 028
Research partners: 954 9 661 291 - - -1 10 905

NTNU 
SINTEF

954
-

4 670
4 991

-
291

-
-

- 
-

-1 
-

5 623
5 282

Enterprise partners: 317 593 62 907 - - 1 879
Public partners - - - - - - -
Equipment - - - - - - -

Total 5 162 10 254 353 3 350 1 517 1 176 21 812
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Accounts
Project 1:	 Low Cost Offshore Wind Installation and Maintenance – was completeted in 2016					   
	
Project 2:	 Subsea: Safe – All Year – Cost-efficient Subsea Operation – was completed in 2017					   
	
Project 3: 	 Simulation Technology and Virtual Prototyping as a Common Approach from Design to Operation – was completed in 2017			 
			 
Project 4:	 Seabed Mining: Exploration of Technologies to Develop Seabed Mining as a New Business Area – was completed in 2018			 
			 
(All figures in 1000 NOK)	

Name of active projects in 2020:
Project 5:	 Innovative Installation of Offshore Wind Power Systems					   
Project 6:	 On-board Decision Tool		
Project 7:	 Design for Workability		
Project 8:	 Remote Operations/Dispersed Teams				  
RA 5:	 Lab/Dissemination
RA 6:	 Management
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SFI MOVE 
Conferences
2020 
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Due to the corona pandemic, both conferences in 2020 
were carried out digitally on Teams. It is not ideal that 
one cannot meet face to face, partly because one misses 
out on the informal meeting point with other conference 
participants. Now that is said, it has also been seen that 
digital conferences do have an upside. We have never had 
so many participants in our conferences as we had at this 
year's Teams' conferences.

 

Here is the program for this years conferences:

Spring Conference, May 26

09.00 Introduction, Hans Petter Hildre
•	 Vision and strategy
•	 SFI-MOVE Annaual Reprot 2019, 
•	 Ongoing projects
•	 Ongoing PhD/PD
•	 Use of the Gunnerus vessel in research 

09.15 Installation of offshore wind (P5), 
Karl Henning Halse
•	 The idea
•	 Team
•	 Simulation of installation process 

09.30 On-board decision tool (P6),  
Henning Borgen
•	 The idea
•	 Team
•	 Ongoing work 

09.45 Hydrodynamic coefficients
•	  Team
•	 Motivation for the work
•	 Model test description
•	 Important topics and findings

•	 Estimation of coefficients based on data for 
individual structure parts

•	 Semi analytical method for estimation of 
coefficients for perforated plates

•	 Importance of damping
•	 Importance of content inside the module
•	 Effect of distance to the free surface
•	 Is it correct to use results from forces 

oscillation tests for structures in waves?
•	 Ongoing and further work
•	 List of deliveries

10.30 Dispersed teams  
– remote operations (P8), Frøy Birte Bjørneset
•	 The idea – remote operation
•	 Team
•	 Remote operations center
•	 Cyber security
•	 Business view

10.45 Ship responses (P7), 
Marin Gutsch  
•	 The idea
•	 Team
•	 Parametric design study

12.00–15.00 Workshop/Group discussion
(Parallel sessions)

1. Workshop Offshore Wind Installation
•	 Introduction by Karl Henning Halse
•	 Input from Equinor, HighWind Tampen
•	 Discussion

2. On-Board Decision support and  
Ship responses

•	 Introduction by Henning Borgen
•	 Experiences with calculation of hydrodynamic 

coefficients using CFD, Subsea7
•	 Discussion

3. Dispersed Teams (ship crew)
•	 Introduction by Frøy Birte Bjørneset
•	 Discussion

Autumn Conference, November 25–26

Conference November 25

09.00 Introduction, Hans Petter Hildre 

09.15 On-board Decision Tool,  
subsea installation case
•	 Introduction and status for the 2020 project 

activities; Henning Borgen 
•	 Ship model tuning and collection of weather 

data for this purpose
•	 Shielding effects 
•	 Hydrodynamic coefficients 
•	 Splash zone modelling
•	 Vessel Design Optimization Demo;  

Martin Gutsch
•	 Vessel seakeeping model tuning based on vessel 

motion measurements and wave information;  
Xu Han

•	 Demonstration of ODSS framework functionality 
developed in 2020; Lars T. Kyllingstad,  
Stian Skjong 

10.45 Innstallation of Wind Power Systems 
•	 Offshore Installation from a floating vessel,  

Karl Henning Halse 
•	 Evaluation of vessel motion, David Vågnes 
•	 Evaluation of strength/flexibility of the crane 

structure, Behfar Ataei
•	 Floating dock – Overview of model tests and  

status for analytical method, Mael Moreau

11.45 Remote Operations
•	 Demonstration (Gunnerus),  

Hans Petter Hildre

12.30 Lunch brake

Workshop, November 25

13.30–15.30 On-board Decision Tool
(Henning Borgen)

Workshop, November 26

09.00–11.00 Installation of Wind Power 
Systems (Karl Henning Halse)

12.00–16.00 Remote Operations  
(physical meeting with invitations) 
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Research 
organisation



General assembly

Centre Board

Centre Director (CD)
Centre Leader Team

Scientific
advisory group

Industrial
advisory group RA α - Ω

RA2 Numerical
models and tools

RA1 Vessel
performance

RA3 On-board
systems

RA4 Integrated
simulator environment

Centre
management
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Industrial partners:
Two of our partners, Statkraft and Cranemaster, decided 
to withdraw from SFI MOVE from January 2017. A third 
partner, EMAS-AMC, closed the business in February 
2017. In addition, Farstad decided to withdraw from the 
project from January 2020. On the other hand SFI MOVE 
got two new partners in 2019, Subsea 7 and TechnipFMC. 

The industrial partners in the project in 2020 were: 
Olympic Shipping 
Havila Shipping 
Kongsberg (former Rolls-Royce Marine) 
Ulstein International 
ÅKP/GCE Blue Maritime 
OSC 
Vard 
NTNU Ocean Training 
Equinor 
Ocean Installer 
DNV-GL 
Subsea 7 
TechnipFMC 

The Board of the Centre had the following 
Members in 2020: 
Rafael Rossi, Chairman (TechnipFMC)
Arnt Olufsen, (Equinor) 
Tore Ulstein (Ulstein Group) 
Sverre Torben (Kongsberg, former Rolls Royce Marine) 
Hans Petter Hildre (NTNU in Ålesund) 
Sverre Steen (NTNU) 
Harald Stenersen (Havila) 
Arne Fredheim (SINTEF Ocean) 
Runar Stave (Olympic) 

Centre Director:
Hans Petter Hildre, Professor, Head of Department  
of Ocean Operations and Civil Engineering, 
NTNU in Ålesund 

Administrative key personnel: 
Magnhild Kopperstad Wolff, Finance & Administrative 
Coordinator, SFI MOVE, Adviser at Department of Ocean 
Operations and Civil Engineering, NTNU in Ålesund 

The following research partners were involved 
in 2020: 
•	 NTNU in Ålesund (former Ålesund University College)
•	 NTNU 
•	 SINTEF Ocean  

Project Project Leader
Innovative Installation of Offshore Wind Power Systems Karl Henning Halse, NTNU
On-board Decision Tool Henning Borgen, SINTEF Ocean
Design for Workability Martin Gutsch, SINTEF Ocean/NTNU
Remote Operations/Dispersed Teams Frøy Birte Bjørneseth/ 

Marie Haugli Larsen, NTNU

The project leaders are:

Organisation chart

Ålesund University became a part of NTNU in 2016, 
and MARINTEK and SINTEF Fisheries and Aqua- 
culture became SINTEF Ocean in 2017. We are very 
pleased for the restructuring of the research partners 
in few and strong organisations. 

The project is organised as shown in the figure.
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Brosundet, Ålesund. Foto: Børge Sandnes.


