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Abstract – The issues of automatic vessel control in a storm are 
considered in the paper. Vessel control in a storm is the most 
difficult stage in the vessel’s wiring, as it requires quick decisions 
to be made in difficult conditions. Practical experience shows that 
the deterioration of the working conditions of the crew is usually 
associated with an increase in the number of control errors, which 
is completely unacceptable in stormy conditions. To assess the safe 
speed and course in a storm, Yu. V. Remez has proposed a 
universal storm diagram, which allows identifying unfavourable 
combinations of vessel speed and course angles of the waves – the 
resonant zones, and avoid them. The universal Remez diagram 
provides for graphical calculations, which, in combination with the 
visual determination of the wave parameters, gives a very low 
accuracy. The article examines the possibility of automatic control 
of a vessel in a storm by automatic measurement of motion 
parameters and wave parameters, automatic calculation in the on-
board controller of the vessel optimal safe speed and course during 
a storm, automatic maintenance of the optimal safe speed and 
course of the vessel. The automatic control significantly increases 
the accuracy of calculations, excludes the human factor, reduces 
the depletion of the crew, and increases the reliability of the vessel 
control in a storm. The efficiency and effectiveness of the method, 
algorithmic and software were tested on Imitation Modelling 
Stand in a closed loop with mathematical vessel models of the 
navigation simulator Navi Trainer 5000. 

 
Keywords – Automatic control, digital simulation, human 

factors, intelligent vehicles, steering systems. 

I. INTRODUCTION 
Steering a vessel in a storm is an important stage in the 

vessel’s wiring. During a storm, the vessel experiences heavy 
hull loads, which can increase significantly if the wrong 
steering is selected. To facilitate the task of vessel control in 
storm, a number of scientists have proposed special diagrams 
for choosing the course and speed in storm conditions. The most 
widespread is the universal diagram of the Yu. V. Remez, 
which allows determining unfavourable combinations of 
velocity and course angles of waves (resonant zones) for any 
vessel and any wavelength and choosing a safe speed and 
course of the vessel outside the resonance zone.  

However, there are a number of factors that prevent the 
effective use of storm diagrams. First, the sea wave parameters 
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are measured by available means (using a direction finder or 
radar), without the use of special equipment, which already at 
this stage introduces significant errors in the calculations. 
Secondly, the measured information is processed manually, 
using graphical diagrams, which further increases the errors. 
Thirdly, calculations require time, which may simply not be in 
critical situations, and calculations cannot be performed 
continuously to track changes in traffic conditions and sea 
disturbance. It is also impossible not to take into account the 
human factor [1]–[5]. All this leads to the fact that in practice 
the steering of the vessel in storm is usually performed 
intuitively, without the use of storm diagrams and any 
calculations. 

The use of automatic control systems of the vessel allows 
significantly reducing the impact of the human factor and 
increasing the safety of navigation [6]–[12], especially in 
difficult sailing conditions [13]–[20]. Therefore, the 
development of a vessel automatic storm system is an urgent 
scientific and technical task. 

The object of the research is the processes of automatic vessel 
control in a storm. 

The subject of the research is the method, algorithmic and 
software of the automatic vessel control system in a storm. 

The aim of the research is to develop methods of automatic 
control of a ship in a storm, increase the efficiency and 
reliability of control in comparison with known solutions. 

II. PROBLEM SATEMENTS 
Mathematical model of the control object )(•f , meter model 

and the law of control )(•F  is represented by vector equations 
(1). 
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where ( , ,ω )zV K=X is the state vector of control object 
parameters, V is the vessel speed, K is the vessel course,  ωz is 
the vessel yaw rate, (Θ,δ)=U  is control vector, Θ is the 
telegraph deflection angle, δ is the ruder deflection angle, 

(λ, )qW  is external wave influence vector, λ is wavelength, q 
is wave approach angle (the angle between the wave speed 
vector and the diametrical plane of the vessel), LB TT ,  are 
periods of the vessel’s own oscillations in the roll and trim 
channels, mX  is measurement vector, C is meter matrix, ς  is 

measurement error vector, * * * *( , ,ω )zV K=X  is program 
vector, Ω  is non-resonant zone. It is required to define such 

max ,≤U U for which the control quality function is 

( ) extrmQ →X  and Ω.m ⊆X  

III. LITERATURE REVIEW 
In patent [21], a vessel wave heading control apparatus is 

disclosed for use on a floating vessel. Linear acceleration 
signals from two accelerometers, which sense the rotational 
acceleration of the vessel due to waves which impact the vessel 
from a particular direction, are processed by a computer which 
subsequently produces vessel heading change signals to the 
steering and propulsion means of the vessel. These signals 
indicate the required heading and required rate of change of 
vessel heading necessary to turn the vessel into the direction of 
the oncoming waves in a timely manner. 

The article [22] describes a program – hardware device for 
preventing emergency situations at sea. The device determines 
the length and speed of sea waves using vessel’s radars and 
recommends a safe course for navigators. 

The paper [23] deals with the influence of parametric 
resonance on the safety of the ship. In October 1998, a Post-
Panamax C11 class container ship was exposed to extreme 
weather conditions and suffered significant losses and damage 
to the containers stacked on deck. The movements of the vessel 
during this storm were investigated using a series of model tests 
and numerical analysis, which confirmed the presence of 
parametric resonance of the vessel in high seas. The studies 
carried out made it possible to establish that the container ships 
of the Post-Panamax type will experience parametric rolling, as 
well as to determine the values of possible accelerations, speeds 
and displacements that might arise in this case. The effects of 
these extreme stresses on the structure and fastening system of 
containers are also considered. 

The article [24] focuses on the fact that the seas and oceans 
are a great danger to people and vessels. This risk is caused by 
the strong, devastating storms, which are capable of destroying 
the ship and her crew immediately. They can be assessed by a 
12-point scale, ranging from zero point, and finishing with the 
twelfth – the most deadly point. The consequences of stormy 
phenomena are described. The reason of their appearance is 
analysed. Precaution measures and recommendations for 
navigation in rough weather are also enumerated in the paper. 

The paper [25] deals with the automation of vessel control in 
a storm. It is shown that the existing recommendations for the 
organisation of navigational service on vessels are general rules 
for navigating a vessel in a storm. They, in particular, prescribe 
the use of storm charts by the navigator. The most famous 
diagrams include the storm diagrams of Yu. V. Remez and 
A. I. Bogdanov. It should be recognized that the “manual” use 
of diagrams by Yu. V. Remez and especially A. I. Bogdanov in 
real conditions of storm sailing is difficult: the navigator must 
perform calculations and graphical constructions, interpolate 
between the lines of the diagrams. On the basis of the diagrams 
of Yu. V. Remez and A. I. Bogdanov, a diagram of dangerous 
phenomena was developed and proposed, carried out by 
calculations in the publicly available program Excel. The 
developed diagram is equally applicable for unlimited and 
limited bottom depths. The Excel program automatically 
calculates and displays on the diagram the zones of the main 
resonance of the side, pitching and heaving, as well as the 
parametric resonance, considering the dimensions of the vessel, 
its landing and stability, and the wave parameters. The proposed 
diagram also makes it possible to predict the appearance of 
resonance when the vessel enters a new course. Implementation 
of this diagram on vessels is not difficult, since the data required 
for the program to work can be obtained in the vessel’s 
environment. 

The paper [26] proposes the structure of the navigation safety 
system at the stages of design and operation of vessels. The 
composition of ship systems required to ensure the safety of 
navigation in a stormy sea is considered. The use of multi-agent 
technologies for information processing in the system for 
ensuring the safety of navigation and the development of 
recommendations for the navigator on the choice of safe 
parameters of the vessel’s movement is proposed. 

The article [27] discusses the issues of increasing the speed 
and reducing energy consumption during cargo and ballast 
crossings of the tanker. A method for increasing the speed and 
reducing fuel consumption in stormy conditions is proposed, 
based on the results of experiments and observations carried out 
on the tanker itself. This made it possible to consider the 
operating experience of a particular tanker, as well as the 
history of changes in the parameters of its propeller over time. 
In addition to special experiments and observations, data from 
ship logs were used. The article provides examples of using the 
processed information of navigation and machine logs. It is 
shown that an increase in speed and fuel economy can be 
achieved at the same angles of wind and waves. This rule must 
be taken into account both at the stage of planning the transition 
and in conditions of stormy sailing. The results obtained can be 
extended to other types of vessels. 

As can be seen from the above review of open literature 
sources, the authors did not consider systems for automatic 
control of a ship in a storm, including those that optimize the 
control quality function. Therefore, the development of such 
systems is an urgent scientific and technical task.  
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IV. MATERIALS AND METHODS 

Important characteristics of the ship, characterising its 
sensitivity to the frequency of external influences, are the period 
of natural oscillations in the roll and trim channels 

B

kB
T

h
= ,  2.8 χLT T≈ , 

where k is a coefficient equal to 0.81 for cargo vessels, B[m] is 
vessel width, h[m] is transverse metacentric height, χ is a 
coefficient of the vessel vertical fullness and T[m] is the vessel 
draft. Pitching and rolling of the vessel are excited by forced 
oscillations of waves. In the absence of vessel movement, the 
period of forced oscillations coincides with the period of waves. 
When the vessel is moving, the period of forced oscillations 
differs from the period of waves due to the change in the speed 
of the waves relative to the vessel by the value of the vessel’s 
speed. This period of forced oscillations is called the apparent 
period of waves. Apparent period of waves τ depends on the 
wave length λ, vessel speed V and the course angle of the wave 
q – the angle between the wave direction and the vessel 
diametrical plane 

 
λ

τ .
1.25 λ 0.514 cosV q

=
+

 (2) 

By sea disturbance, the vessel is subject to swaying, pouring 
and splashing decks and bridges, a strong dynamic load on the 
hull. At the same time, when speed decreases, controllability of 
the vessel worsens. Particularly dangerous is the case of 
resonant oscillation, in which the period of free oscillations of 
the vessel coincides with the period of forced oscillations or is 
close to it. The amplitude of the oscillation increases sharply 
when the period of forced oscillations coincides with the period 
of free oscillations (resonance phenomenon). Resonant modes 
of oscillation are considered practically dangerous when 

 0.7 1.3
τ
BT

≤ ≤ ; (3) 

 0.7 1.3
τ
LT

≤ ≤ . (4) 

Inequalities (3), (4) determine the resonance zone Ω for the 
rolling and pitching, respectively. The task control in the storm 
is to create such conditions for the movement of the vessel, 
under which inequalities (3)–(4) are not fulfilled. This can be 
achieved either by properly changing the parameter τ(n), or the 
parameters TB and TL. 

From (2), it is seen that by changing the speed of the vessel 
V and/or the course angle of the wave q, we can change the 
apparent period of the waves τ. It is due to the change of these 
parameters, as a rule, the vessel is controlled in a storm. 

Block diagram of the vessel automatic storm system is shown 
in Fig. 1. The vessel automatic storm system includes a sensor 
unit (linear speed sensor, wave parameters sensor, course 
sensor, yaw rate sensor), storage device for storing and 
adjusting the constants used in the calculations, on-board 
controller, which provides receiving of information measured 

by sensors, processing of this information together with storage 
device constants according to the algorithms and formation of 
control signals on power plant automatic equipment and stern 
rudder automatic equipment.  

The linear speed sensor (see Fig. 1) measures the vessel 
linear speed V, the wave parameters sensor measures the wave 
course KW and wave length λ, the course sensor measures the 
vessel’s course K, the yaw rate sensor measures the vessel 
angular rate ωz. The first adder calculates the wave incursion 
angle q = K − KW, which is fed to the third input of the safe 
speed and course calculation unit. Also, the vessel speed V and 
wave length λ are fed on the first and second inputs of the safe 
speed and course calculation unit. The safe speed and course 
calculation unit calculates the resonant Ω and non-resonant Ω  
zone, considering the minimum and maximum speed of the 
vessel in a storm. 

 

Fig. 1. Block diagram of the vessel automatic storm system. 

The presence of the non-resonant zone Ω  means the 
presence of an infinite number of allowable storm parameters 

},{ mm KV , from which the optimal ones can be selected 
according to the established optimality criterion )( mQ X . Thus, 
the problem of calculating the safe speed and course of the 
vessel in a storm is reduced to the problem of optimizing the 
control quality function )( mQ X  under the restrictions 

conditions Ω⊆mX  and stst VVV maxmin ≤≤ , where stVmax  is the 

vessel maximum speed in a storm, stVmin  is the vessel minimum 
speed in a storm. 

Parameters },{ ** KV  from the safe speed and course 
calculation unit are fed to the power plant control unit to form 
the telegraph deflection angle θ and to the PID controller to 
form the deflection angle δ of the stern rudder. Also, to ensure 
high-quality transient control processes in the yaw channel, the 
angular yaw rate ωz, measured by the yaw rate sensor, is also 
fed to the input of the PID controller. The telegraph deflection 
angle θ and deflection angle δ are fed to the power plant 
automatic equipment and to the stern rudder automatic 
equipment, respectively, to maintain a safe speed and course. 
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Let us define the resonant zones in roll and trim channels, 
from inequalities (3), (4), considering (2) 

 

λ λ1.42 2.31 λ cos 2.64 2.31 λ,

λ λ1.42 2.31 λ cos 2.64 2.31 λ.

B B

L L

V q
T T

V q
T T

 − ≤ ≤ −

 − ≤ ≤ −


 (5) 

Let us divide the equations of system (5) into maxV  

max max

max max

1 λ 1 λ
1.42 2.31 λ cos 2.64 2.31 λ ,

1 λ 1 λ
1.42 2.31 λ cos 2.64 2.31 λ ,

B B

L L

e q
V T V T

e q
V T V T

− ≤ ≤ −

− ≤ ≤ −

    
   

    


   
       

(6) 

where 
maxV
Ve =  is the reduced speed. Fig. 2 shows the 

dependence of the reduced upper and lower boundaries of the 
resonant zone Ω on the wave length λ. 

Fig. 2. The dependence of the resonant zone width on the wave length λ. 

From system (6) we determine non-resonant zones in the roll 
and trim channels  

max max

max max

1 λ 1 λ2.64 2.31 λ cos 1.42 2.31 λ ,

1 λ 1 λ2.64 2.31 λ cos 1.42 2.31 λ .

B B

L L

e q
V T V T

e q
V T V T

    
− ≤ ≤ −    

    


    − ≤ ≤ −       
(7) 

As can be seen from Fig. 3, the unit circle of possible 
directional movements 

max
1=e  is divided into three parts: the 

resonance zone Ω and two areas of the non-resonance zone Ω.
Fig. 3 also illustrates the area of permissible directional and 
reduced speeds, limited by the reduced vectors of maximum  

max

ste and minimum 
min

ste speed in the storm. 
There are four possible cases of mutual placement of the 

resonant zone Ω and 
max

ste ;  
max

ste completely lies in the resonant 
zone Ω. In this case, the allowable storm area is absent and there 

are no safe storm parameters; 
max

st
e does not lie completely in the 

resonant zone Ω. In this case, the allowable storm area lies 
between 

min
e and 

max

st
e ; 

max

st
e  crosses one boundary of the 

resonant zone Ω, as shown in Fig. 3. 
Fig. 3 shows the resonant Ω and non-resonant Ω  zones in 

coordinates esinq – ecosq.   

Fig. 3. The resonant zone in coordinates esinq − ecosq. 

 In this case, the allowable storm area is limited by this side 
of the resonant zone Ω and max

st
e  ; max

st
e crosses two boundaries of 

the resonant zone Ω. In this case, there are two permissible areas 
of vessel control in a storm, one of which is limited by the left 
side of the resonant zone and max

st
e , and the other is limited by 

the right side of the resonant zone Ω and max .
st

e  These areas are 
separated by a resonant zone and the transition from one area to 
another is not possible. In all the cases considered, the 
permissible vessel control area in a storm is much smaller than 
the non-resonance zone Ω constructed for the reduced 
maximum vessel speed and is determined by the reduced 
maximum speed that the vessel can maintain during a storm. In 
fact, it is not the zone Ω  that is safe for driving in a storm, but 
a much smaller area Ω sa formed by the intersection of zone Ω  

and area between the circles max

st
e  and min .

st
e  If at the beginning of 

the manoeuvre the phase parameters{ (0), (0)}e q are in p.1, then 

you need to move to p.4, which belongs to the safe area Ω .sa  
This will be the shortest route of transferring phase parameters 
to the safe area Ω .sa  The presence of save areas Ω sa  means the 
presence of an infinite number of save storm parameters, among 
which the optimal ones can be found according to the 
established optimality criterion.  

Let us define the control quality function as follows: 

( )
( ) ,)(sin)()(sin)(

)(cos)()(cos)(
2

2

nqneTqTe

nqneTqTeQ

−+

+−=
              (8) 
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where 
max

)()(
V

nVne =  is the actual reduce speed in a storm, 

max

)()(
V

TVTe =  is the reduce speed at a point belonging to the safe 

area Ω sa  , q(n), q(T) are the actual wave angle and the safe 
wave angle, respectively. 

The physical meaning of function (8) is to minimize the 
distance on the diagram (Fig. 3) between the actual parameters 
(p.1) )}(sin)(),(cos)({ nqnenqne  and the safe parameters (p.4) 

)}(sin)(),(cos)({ TqTeTqTe . 
Thus, the safe speed and course calculation unit determines 

the optimal pair of parameters )}(),({ TqTe  by minimizing the 
control quality function (8), in the presence of constraints (7) 
and stst ene maxmin )( ≤≤ e . Since the quality function (8) is 
smooth, to solve this optimization problem with linear and 
nonlinear constraints, we used the standard gradient 
optimization procedure like fmincon( • ) of the MATLAB 
Optimization Toolbox library 

X*(n)=fmincon(@ myfun, X*(n-1), A, b, Aeq, beq, lb, ub, 
@mycon), 

where * * *( ) ( ( ), ( ))n V n K n=X is the vector of optimized 
parameters, myfun@ is the link to file with optimized quality 

function (7), * * *( 1) ( ( 1), ( 1))n V n K n− = − −X is the initial 
vector of optimized parameters (its value is taken from the 
previous calculated cycle), []=A , []=b  are the matrix and 
vector of the system of linear inequalities for specifying 
constraints, are absent, []=Aeq , []=beq  are the matrix and 
vector of the system of linear equalities for specifying 
constraints, are absent, )35,( 0

min −= stVlb  is the lower bound of 

optimized parameters, )35,( 0
max
stV=ub  is the upper bound of 

optimized parameters, mycon@ is the link to file with 
nonlinear constraints (6). 

V. EXPERIMENTS 
To carry out the experiment, we used an Imitation Modelling 

Stand developed by the authors on the basis of the Navi Trainer 
5000 simulator [28]. The Imitation Modelling Stand includes 
the Navi Trainer 5000 simulator itself and an additional Control 
System Model integrated into its local network. Control System 
Model is built on the basis of one or several personal computers 
with software for exchanging information with the simulator 
and functional control system software. The Imitation 
Modelling Stand allows working out the functional software of 
the control system in a closed circuit with mathematical models 
of the simulator, using all capabilities of the simulator, namely: 
various swimming areas, weather conditions, objects of the 
simulator scene, navigation equipment simulators, visualization 
channels, etc. In the experiment being carried out, the automatic 
storming module was used as the functional software of the 
control system model, which was tested in a closed circuit with 

the mathematical model of the Ro-Ro passenger ferry 13 vessel. 
The characteristics of the vessel Ro-Ro passenger ferry 13 are 
shown in Table I. 

TABLE I 
CHARACTERISTICS OF THE VESSEL RO-RO PASSENGER FERRY 13 

Parameter name Value 

Displacement, t 7796.8 

Maximum speed Vmax, kn 20.5 

Length L, m 125 

Width B, m 23.4 

Submersion d, m 5.3 

 
Fig. 2 shows the dependence of the reduced upper and lower 

boundaries of the resonant zone Ω on the wave length λ in roll 
channel of the Ro-Ro passenger ferry 13. 

Fig. 3 shows the roll channel resonant zone Ω and non-
resonant zone Ω  for wave length λ = 230 m. The outer circle 

maxe  corresponds to the reduced maximum speed of the vessel 

1
max

max
max ==

V
Ve , the inner circle mine  corresponds to the 

reduced minimum speed of the vessel min
min

max

0.1
V

V
= =e , 

the dashed circle 
max

ste  corresponds to the reduced maximum 

speed of the vessel during a storm max
max

max

0.35
st

st V

V
= =e . This 

speed depends on the storm disturbance, the bigger the storm, 
the smaller 

max .
ste  Fig. 3 shows the reduced maximum speed of 

the vessel Ro-Ro passenger ferry 13 for a 11-point storm. 
Below are the results of mathematical modelling of storm 

processes of the Ro-Ro passenger ferry 13 on the Imitation 
Modelling Stand. In all experiments, the wind direction is 

0)( =nKW  (north wind), )()()()( nKnKnKnq W =−= . 
Fig. 4 shows graphs of changes in roll angle, trim angle, 

longitudinal speed and course Ro-Ro passenger ferry 13 during 
the vessel acceleration to maximum speed in the absence of sea 
disturbance. As can be seen from the graphs, the vessel 
performs in one minute four full oscillations in the roll channel 
and twelve full oscillations in the trim channel, that is the period 
of natural oscillations of the vessel in the roll channel is 
TB = 15 s and in the trim channel is TL = 5 s. These periods of 
natural oscillations were used to find the upper and lower 
boundaries of the resonant zone (Figs. 2 and 3). 

Fig. 5 shows graphs of changes in roll angle, trim angle, 
longitudinal speed and course Ro-Ro passenger ferry 13 for the 
initial course K(0) = 45°, initial speed V(0) = 0 kn., initial sea 
disturbance 2 points. The vessel, moving on course K(n) = 45°, 
accelerates to speed V(n) = 19 kn., after which the simulator is 
set to sea disturbance 11 points. During the sea disturbance, the 
speed of the vessel decreases to V(n) = 7.2 kn., e(n) = 0.35, but 
the vessel does not overturn. This is due to the fact that 
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resonance conditions are not satisfied for the reduced speed 
e(n) = 0.35 and course K(n) = 45° (p.5, Fig. 3). 

Fig. 6 shows graphs of changes in roll angle, trim angle, 
longitudinal speed and course Ro-Ro passenger ferry 13 for the 
initial course K(0) = 75°, initial speed V(0) = 0 kn., initial sea 
disturbance 2 points. The vessel, moving on course K(n) = 75°, 
accelerates to speed V(n) = 19 kn., after which the simulator is 
set to sea disturbance 11 points. During the sea disturbance, the 
speed of the vessel decreases to V(n) = 7.2 kn., e(n) = 0.35, 

there is a resonance in the roll channel, the roll angles go beyond 
the allowable values and the vessel overturns (horizontal lines 
on graphs). This is due to the fact that the resonance conditions 
are satisfied for the reduced speed e(n) = 0.35 and course 
K(n) = 75° (p.3, Fig. 3). 

Fig. 7 shows graphs of changes in roll angle, trim angle, 
longitudinal speed and course of the vessel with automatic 
control of the vessel Ro-Ro passenger ferry 13 in a storm. 

 

Fig. 4. Parameters of the Ro-Ro passenger ferry 13 movement with course K = 0 at full calm. 

 

Fig. 5. Parameters of the Ro-Ro passenger ferry 13 movement for the initial course K = 45 dg. 
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Fig. 6. Parameters of the Ro-Ro passenger ferry 13 movement by course ( ) 75 .K n =


 

 

Fig. 7. Automatic control of the vessel Ro-Ro passenger ferry 13 in a storm.             

Initial course of the vessel is K(0) = 75°, initial speed is 
V(0) = 18.5 kn., initial sea disturbance is 2 points. The vessel, 
moving on the course K(n) = 75°, accelerates to speed 
V = 19 kn., after which the simulator is set to sea disturbance 11 
points. As can be seen from the graphs, during the storm the 
speed of the vessel begins to decrease to V(n) = 7 kn., 
e(n) = 0.35. At the same time, the automatic storm system 
begins to change course from K(n) = 75° to safe K(n) = 45° to 
exit the resonance zone. In Fig. 3, this corresponds to the 
movement from p.1 to p.4. 

VI. CONCLUSION 
The issues of automatic control of the vessel in a storm have 

been considered in the paper. Sailing in a storm is the most 
difficult part of piloting a ship, as it requires quick decision 
making in difficult conditions. The scientific novelty of the 
results obtained lies in the fact that for the first time the design 
features of the original automatic vessel control module in a 

storm have been theoretically substantiated, which consist in 
constant, with the onboard controller cycle, automatic 
measurement of the vessel’s motion and wave parameters, 
automatic calculation of the boundaries of the resonant zone, 
taking into account the boundaries of the resonant zone and 
allowable range of speeds during a storm, minimizing the 
distance on the phase plane to the current values of speed and 
course, automatic maintenance of a safe speed and course in a 
storm, and providing fundamentally new technical 
characteristics: the possibility of automatic control of the vessel 
in a storm, the possibility of optimal control of the vessel in a 
storm, reducing the fatigue of the crew, increasing the accuracy 
and reliability of control in a storm. 

The practical value of the obtained results is that the 
developed method and algorithms are implemented in the 
software of the vessel automatic storm system and investigated 
by mathematical modelling on the imitation modelling stand in 
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a closed loop with vessel mathematical models for different 
types of vessel, sailing areas and meteorological conditions. 

Further research can be related to the statistical processing of 
the measured wave parameters, the use of the Fast Fourier 
Transform for the selection and use in the calculations of the 
dominant frequencies of the wave spectrum. 
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