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Fig. 5 . Route 1 (marked blue) neglects sea waves, while route 2 (marked 
yellow) takes into account the sea state. 

Fig. 6.  Route 3 (marked blue) neglects sea waves, while route 4 (marked 
yellow) takes into account the sea state.  

It is also noteworthy in Fig. 5 and Fig. 6 that the sailing 
vessel routes which take into account sea waves coincide with 
those neglecting this effect only at starting and final positions.

DISCUSSION 

The presented method to determine the optimal route 
for a sailing vessel takes into account an important aspect, 
which is the change of polar speed characteristic generated 
by the wave field in the area of navigation. The performed 
research has revealed unmistakably that ignoring the effect of 
waves leads to determining routes which significantly differ 
from optimal, with respect to both time, and the aggregated 
cost criterion represented by the objective function. This 
conclusion is essential from the point of view of a typical 
method to determine and present to the user the speed 

characteristic in the form of a diagram in which this speed 
depends only on the wind speed and the sailing vessel course 
with respect to the wind. This approach can be misleading, 
especially for inexperienced sailors who intuitively may think 
that the sea waves decelerate, to some extent, the sailing vessel, 
but the assumed target can still be successfully reached when 
sailing along a similar route as that for light wave field, with 
smaller speed being the only difference. The truth is, however, 
that neglecting sea waves may lead to determining the route 
which will be much more difficult or – in an extreme case – 
impossible for practical execution.   

CONCLUSIONS 

The results of the performed research have revealed that 
far-reaching modification of the speed characteristic in the 
rough water region not only extends the time of voyage but 
also, above all, may require another route planning, as the 
sailing vessel has much greater dead angle in heavy waves. This 
observation is of high importance from the practical point 
of view. In particular, the assumed target point, for instance 
the port of refuge, may be hardly available by the vessel after 
worsening of hydrometeorological conditions, especially 
when the vessel sails upwind. If the captain makes an attempt 
to sail in close hauled point of sail, the increased dead angle 
resulting from the modified polar speed characteristic can 
even make reaching the target impossible, which will lead 
to hazardous navigation situation. In those circumstances, 
the use of the method proposed in the article will allow the 
captain to plan a feasible route, which may be related, for 
instance, with choosing another port of refuge. Even if that 
port is situated farther than the initial option, real possibility 
to reach it is undoubtedly much safer for the vessel and its 
crew than failing to reach a closer target, but situated in the 
unfavourable sector from the point of view of upwind course. 

In the presented method, one selected wave spectrum 
was considered which was specific for the adopted 
meteorological conditions. A planned direction of further 
method development assumes taking into account mixed 
wave structures comprising wave systems of different height 
and frequency.  Another significant direction is including 
the stability related vessel motion dynamics on waves to the 
optimisation algorithm. The vessel motion on waves can 
provoke dangerous phenomena, such as resonance rolling, or 
so-called broaching. In particular, resonance amplification 
of ship rolling is the effect which significantly affects the 
safety of navigation [9]. Most recent works on vessel’s route 
optimisation already take into account dynamic conditions 
of resonance avoidance [6]. However, those works do not refer 
to sailing vessels and do not analyse their specificity of rolling 
damping, which significantly differs from that of power-driven 
ships. Neglecting this phenomenon may lead to annihilation 
of optimisation results, as rapid increase of rolling amplitude 
is in contrast to objective function criteria concerning the 
comfort of navigation. Further method development will 
also include extending the range of phenomena which 



POLISH MARITIME RESEARCH, No 1/201812

ROLLING PERIOD PREDICTION WITH REGARD TO 
NON-LINEARITY OF GZ CURVE, J. Theor. Appl. Mech. 
54 (2016) 1329–1343.

27.	 	Weintrit, A., P. Kopacz: Computational Algorithms 
Implemented in Marine Navigation Electronic Systems, 
in: Springer, Berlin, Heidelberg, 2012: pp. 148–158.

28.		Wiśniewski, B.: Programowanie tras statków na oceanach, 
Zesz. Nauk. / Akad. Morska W Szczecinie. 29 (2012) 
164–173.

29.		Życzkowski, M.: Sailing Vessel Routing Considering Safety 
Zone and Penalty Time for Altering Course, TransNav, Int. 
J. Mar. Navig. Saf. Sea Transp. 11 (2017) 49–54.

30.		MAXSURF Design &amp; Analysis Software - Home, 
(2017).

31.	 	ORC - World Leader in Rating Technology, (2017).

CONTACT WITH THE AUTHOR

Marcin Życzkowski

e-mail: marzyczk@pg.edu.pl

Gdańsk University of Technology
11/12 Narutowicza St.

80 - 233 Gdańsk
Poland


