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Figure 7.6: WOPC sea trial deviations from desired position.

operate as a real time control system and logging tool.

Due to the misconception that it was converged, time limitations, and the fact that this
was only meant as a systems test to see if it worked, the experiment was unfortunately
terminated before full convergence was obtained. The initial plan was to use this data
to gain higher performance and record other datasets on a later stage in the development
which could be used in this thesis, however due to the signal problems, this could not be
done.

Figure 7.6 features the deviation from the desired position as the vessel converges. It can
clearly be seen that the north deviation is on its way towards 0. For the east deviation, as
the system converges it would have increased until approximately -20 [m], as the suspension
point obtains 90 [deg] angle from the desired position, and then it would have decreased
to 0 as the suspension point is moved to coincide vessel and desired position.

Figure 7.7 feature the desired and actual angle from desired position to suspension point
which is moved by the suspension point controller to make the vessel coincide with the
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Figure 7.7: WOPC sea trial desired and actual suspension point angles.
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Figure 7.8: WOPC sea trial suspension actuator usage.

desired position. This test was done before the initialization scheme was implemented and
the starting angle of the suspension point was set to 0 [deg]. From the desired angle plot
it can be seen that with time the actual and desired angle will coincide at approximately
170 [deg]. Due to the poor tunnel thruster controller implementation used during this
experiment, it is assumed that the movement of the suspension point would not converge to
a stable angle, but remain at some slowly oscillating level. Based on the slow Simulink clock
the dynamics of the suspension point movement became much slower than intended, which
also caused the system to have slow convergence. Actually for how long the experiment
lasted is but it is assumed to be at least 2-4 times the time of the Simulink clock.

Figure 7.8 features the actuator usage during the experiment. It can be seen that the
rudder is used during the whole sequence, this is due to an experimental system, which
allocated yaw moment to both thruster and rudder. This solution was dismissed as a new
tunnel thruster controller was developed. The tunnel thruster controller used during the
experiment was very simple and only pushed the heading towards the desired course if
the deviation exceeded ± 25 [deg]. This can be verified by looking at the bottom plot
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Figure 7.9: WOPC sea trial heading and heading deviation from suspension point.

of Figure 7.9, which features the heading deviation from pointing towards the suspension
point. The top plot of the figure displays the vessel heading, where the effects of the tunnel
thruster and the approximate weather optimal heading can be seen. The vessel stabilizes
its heading at approximately 170-180 [deg] which is intuitively correct, as the vessel had
approximately 0 [deg] heading when the stern was facing the river mouth.

Figure 7.10 features the second successful systems test of the second sea trial. This was
placed 300 [m] 90 [deg] off the initial position of the vessel. As for the first test, it was
terminated to early, due to Simulink clock problems; the uncertainty of convergence along
with only being an initial systems test not assumed to be used in this thesis. This test
was terminated even earlier, in the convergence, than the one presented above. The test
revealed a badly tuned rudder controller which was corrected after the tests was finished.
The rest of the data plots from this test can be seen in Appendix B.
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Figure 7.10: Visualization of WOPC sea trial experiment with travel distance.

7.5 Discussion and proposals

Several equipment problems and test facility access prevented experiments demonstrating
the system satisfactory performance fulfilment. Despite this, enough data was gathered
to conclude that the system presented in this thesis is highly capable to work as intended
if the signal feed from the vessel and real-time capabilities of the platform running the
control system is decent. The system presented above has shown the intended operational
properties. Most of the problems encountered during experiments can be ascribed to the
vessel and existing installed equipment.

To create a better test platform, several measures could be taken. For instance the model
of running the control system on a separate laptop should be avoided and a proposal to an
alternative control hierarchy can be seen in Figure 7.11. The benefit of this system is that
the data sent between the laptop and OBC does not have the high real time demands as
in the current implementation. Furthermore a control implementation in C would demand
less computational power.

Commercial solutions delivering the described functionality exist. One of the systems
which might be adequate is the The MathWorks, Inc [2010] real-time workshop extension
to MATLAB. This software offers generation and execution of stand-alone C code, for
development and testing of algorithms. The generated C code can be loaded into the OBC,
and interacted with using Simulink or other application of choice. This solution enables
the control system to run with a higher bandwidth closer to the low level controllers.
This would likely remove the possible network error, provide faster signal flow between the
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Figure 7.11: Proposed alternative control hierarchy

controllers and ensure better timing when interacting with the actuators. This would also
remove the uncertainty of running the control algorithms in an ordinary Simulink setup.

However it is not solely the control hierarchy that should be changed to obtain a reliable and
versatile development platform. Upgrading the signal handling system to encompass gyros
and accelerometers could prove advantageous. The output from these implementations
along with the data from the Furuno GPS system then could be implemented in a Kalman
filter. This incorporates the vessel dynamics and reduces the phase problems of other
filtering techniques. Additional benefits of a Kalman filter would be the improved signal
quality from using separate sensor systems, and it is further reason to believe that this
could also improve the delay problems. In Furuno SC-50 Specifications [2010] it is stated
that it contains a 3-axis vibrating-gyro rate sensor and that it should be possible to setup
this device to deliver yaw-rate with 40 [Hz] update rate. Maybe the yaw-rate problem
could be as simple as a badly setup Furuno system.

Another aspect of obtaining a reliable and easy-to-use development platform is the OBC
location which in the current configuration is placed in an outside storage compartment
in the rear of the vessel. Even though this compartment offers a seal on the hatch, it is
more susceptible to moist and corrosion which might lead to indeterministic and unstable
behavior of certain modules as the hatch is opened several times during experiments in all
sorts of weather. As much of the electronic systems as possible should be placed inside the
wheelhouse where the environment is dryer and placed readily accessible for the developer.

All of the proposals to upgrade the Viknes 830 USV include economical investment, either
in equipment or in working hours, and it is not in the scope of this thesis to decide or
suggest what should or should not be done to resolve the problems encountered, on the
other hand, if suggested installations are executed, the Viknes 830 USV will appear much
more adequate to similar system development tasks as presented in this thesis.



Chapter 8

Conclusions and future work

A positioning controller based on the simple and intuitive pendulum principle was derived.
This weather optimal heading strategy can be used both by fully actuated and underac-
tuated vessels, delivering good positioning capabilities to heading independent operations.
The convergence rate towards the weather optimal position is directly linked to the pen-
dulum length. Utilizing this, further fuel efficiency might be gained. The control system
consist of two separate controllers, the first creates the pendulum analogy by keeping dis-
tance and heading towards a given suspension point and the second moves the suspension
point to coincide vessel and desired position. Conventional reference filters can be removed
by applying the mathematical properties of sigmoid functions. These functions might de-
fine a velocity profile dependent on the deviation from the desired position, in turn resulting
in bounded control inputs for the virtual line controllers. This approach also removes the
need for conventional proportional terms.

A 6 DOF vessel model using parameters derived by hydrodynamic software with actuator
dynamics and environmental disturbances was developed to simulate the underactuated
Viknes 830 USV behaviour, and further study the performance of the control system.
The simulations clearly demonstrate system capabilities of handling both calm and harsh
weather, consisting of waves, wind and currents. Simulations also revealed the significance
of the structural vessel design to have paramount importance in terms of actuator usage.
A weather optimal heading stable vessel will use less yaw moment to maintain its heading
compared to an unstable one. Successful sea trials indicate that high performance of the
real-world implementation should be obtainable if the position and velocity signals have
appropriate real-time capabilities.

WOPC schemes yield greater freedom in USV design, enabling greater diversity in propul-
sion configurations, which is convenient for utilizing the removal of the human factor in
radical hull designs. Fully actuated or not, to enhance its performance and subsequently in-
crease the endurance, the design should take advantage of the environmental disturbances
using them to its benefit. As future work several aspects should be considered:
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• Complete Lyapunov proof
The Lyapunov proof should be completed to mathematically demonstrate combined
system convergence.

• Verify and enhance simulator accuracy
Deviating simulator parameters should be verified and updated through high preci-
sion data recorded at sea trials and other experiments. Additionally more advanced
wind and current models should also be considered.

• C code implementation of WOPC system
To provide better real-time capabilities the control system should be implemented in
C/C++ as this could be run on the on-board computer.

• Pendulum length control
Pendulum length control should be applied to enhance the control system perfor-
mance. By using a short pendulum with rapid convergence when far from the de-
sired position, and changing to optimized pendulum length according to operational
position accuracy and fuel consumption criteria after convergence.

• Kalman filter
A Kalman filter should be implemented to enable the use of increased sensor diversity
to enhance the total signal quality.

• Performance verifying sea trials
When the signal issues have been resolved, sea trials further documenting the system
performance should be conducted.

• Wave management
To enhance the control system performance and decrease fuel consumption, a wave
management and filtering scheme could be a feasible implementation. This would
aid the controllers to determine when to counteract the waves and when not to.



Appendix A

Data used in ShipX/Veres

Ship name: Viknes
Loading condition description: Design waterline

ShipX exported data
Main dimensions (from input):
Length between perpendiculars (m) 7.200
Breadth (m) 2.573
Draught, midship (m) 0.760
Sinkage (m) 0.000
Trim, + = aft (deg) 0.000

Coefficients for data check etc: Type Specified Calculated
Displacement tonnes 5 5
Vertical center of buoyancy KB 0.562*
Vertical center of gravity VCG 1.012*
Longitudinal center of buoyancy LCB 2.837*
Longitudinal center of gravity LCG 2.850 2.837*
Block coefficient Cb 0.349 0.347
Water plane area coefficient Cw 0.884 0.785
Prismatic coefficient Cp 0.753
Mid section area coefficient Cm 0.483 0.460*
Longitudinal metacentric height GMl 8.623*
Transverse metacentric height GMt 0.971*
Roll radius of gyration r44 0.890*
Pitch radius of gyration r55 1.960*
Yaw radius of gyration r66 1.960*
Roll-yaw radius of gyration r46 0.000*

* - Applied in the hydrodynamic calculations

ShipX - 10.02.2010 - 15:32:05 - Licensed to: TIF CeSOS (NTNU)
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Appendix B

Experimental data
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Figure B.1: Second WOPC sea trial deviations from desired position.
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Figure B.2: Second WOPC sea trial desired and actual suspension point angles.
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Figure B.3: Second WOPC sea trial suspension actuator usage.
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Figure B.4: Second WOPC sea trial heading and heading deviation from suspension point.



Appendix C

CD content

A CD is attached on the inside of the back-cover of this thesis which contains the following
folders:

• Thesis Contains this thesis as PDF.

• Matlab Contains the MATLAB files needed to run the experiments presented in
this thesis along with instructions.

• References Contains the available references in PDF format.
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