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Abstract.  Advanced marine surface crafts, such as SWATHs, catamarans or hovercrafts become more and more 
popular for a great range of various tasks. They usually operate at much higher speed than conventional ships. 
Moreover, in the open sea there are a lot of requirements and restriction�� �������	�
� ���� 
���	��� ��� ����� ��������
dynamics, especially in case of the wind or waves. This paper considers application of the control law with a special 
multipurpose structure for autopilot design for amphibious air cushion vehicles. Such control law allows to 
decompose the autopilot task into simpler optimization subtasks. Efficiency of this approach is shown in the task of 
stabilizing yaw angle of the air cushion vehicle in the different weather conditions.  

1 Introduction  
One of the main goals of creating modern advanced 
marine crafts is the minimization of the hydrodynamic 
���
����������	������ ����������������������	�����������	���

water. This allows to increa���������������������������	�� 
range, and to reduce fuel consumption. But there are also 
some disadvantages, such as increased influence of the 
wind and waves. Moreover, moving at higher speeds and 
complicated methods of hull lifting imply stricter 
��
�	�����������������	��	���������������������	��� 

In this paper we focus on the particular type of 
advanced crafts such as air cushion vehicles (ACVs). 
These crafts are lifted above the supporting surface by the 
aerostatic pressure created by supplying air into the area 
below the hull fenced by flexible skirt called air cushion. 
Due to the air cushion, in general, there is no contact of 
the rigid hull with the supporting surface which allows 
ACVs to move over any surface, i.e. ground, water, ice, 
swamps, etc. 

The most complicated condition for ACVs is moving 
in the open seaway. They work well in case of the calm 
water, but the presence of wind or waves significantly 
complicate the operation. This implies the use of more 
advanced controller for the autopilot design. In this work 
we propose using the controller of the special structure, 
called multipurpose control law ([1]) for the task of the 
����	�	���	��� ��� ���� ������ ���� ��
��. One of the main 
advantages of such structure is certain flexibility. It 
allows to comply with several dynamic requirements and 
restrictions simultaneously by decomposing the main task 
into simpler independent optimization subtasks. It is also 
possible to use only necessary parts of the controller in 
the current moment depending on the environmental 
conditions. The controller can even be applied for 
stabilization of some nonlinear systems ([2]). 

2 Multipurpose control law  
Standard stabilization problem is usually considered with 
�������� ��� ���� �	����	���� ������ ��� ���� �������� �����	����

Initial nonlinear dynamic model can be written in the 
following form: 

),( ,dx,x �G��  

where nE�x  is the plant state vector, mE��  � rudders 
deflections vector, dnE�d  � external disturbances 
vector. 

Result of the linearization is the system of linear 
ordinary differential equations 
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where x  is the vector of the deflections of the states 
from the equilibrium position, ,A  ,B  ,H  C  � constant 
matrices. 

In addition to system (1) linear model of the rudder 
actuators should be considered in the form 
 ,u���  (2) 

where mE�u  is the control signal.  
The control law for the stabilization of the system (1), 

(2) has the following structure: 
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Here the first equation represents the asymptotic 
observer. The second one plays role of the dynamic 
corrector, which can either provide the accurate steering 
([3]) or minimize rudders deflections in case of sea waves 
presence ([4]). Finally, the third one is the control signal 
for the rudders actuators.  
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If we represent the dynamic filter in the normal form, 
then controller (3) can be written as follows: 
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In order to solve the stabilization problem, we have to 
find coefficients �  and �  of the control signal, matrix 
G  of the asymptotic observer and transfer function 

)(pF  (and, therefore, coefficients ,�  �  and �  of the 
normal form) of the corrector. Each of them are usually 
found through the solution of some optimization problem 
providing desired quality of the autopilot action. 

3 ACV model  

3.1 Nonlinear dynamics  

The differential equations of the ACV motion concerning 
the manoeuvrability with four degrees of freedom can be 
written as follows [5, 6]: 
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where ,xV�  ,zV� x  and y  are corresponding linear and 

angular velocities, m  - �������� ����"� xI  and yI  - 
moments of inertia. I���#� $�%� �������� ���������	��
����	������
"�$�%�� hydrodynamic drag, $�%�� forces and 
moments acting on rudders, zcF  � jet force produced by 
the air blown from the cushion in case of rolling, !M  � 
restoring moment and T is the thrust. Corresponding 
coordinate systems are presented on Fig. 1. 

 

Figure 1. Coordinate systems of the model. 

 
Aerodynamic drag has the following form: 
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where a'  is aerodynamic drift angle (with respect to the 

wind), a&  � air density, 0V  � �������� (����	��� �	���
respect to the wind, S  � lateral surface area, H  � ��������
height, L  � �������� ���
���� ),('axaC  ),('azaC  

),('amyaC  y 
myaC  � aerodynamic coefficients. 

Hydrodynamic drag has the following form: 
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where '  	������������	�����
��" w&  � water density, V  � 
�������� (����	��"� W  � �������� �	������������ ')",(xh FrC  

')",(zh FrC  ')",(mxh FrC  ')",(myh FrC  y�
myhC  � 

hydrodynamic coefficients. Fr  is the  *��������������+ 

Lg
VFr �  

Forces and moments acting on rudders are: 
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where rC  � force coefficient, .  � rudder angle, rx  and 

ry  � coordinates of the rudder center, r1C  � coefficient 

of the model without thrusters. rS  � rudder area, ''
r

'
r ,SS  

� parts of the rudder area inside and outside of the air 
stream, r1r ,,,  � coorresponding parts of the rudder 
length, D  � air fan diameter. 

Finally, air jet from the cushion and restoring moment 
are computed as follows: 
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where h  is metacentric height; !k  � jet force coefficient;

!N  � restoring coefficient. 
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3.2 Linear model 

Here we linearize system (5) in the neighbourhood of the 
equilibrium position ,V constx �  0.! yz ����V  
assuming that there are no external disturbances. Instead 
of lateral velocity zV  ����� using drift angle ' . In this  

case constx ��VV  and 
V
Vz' � . 0����� ����� ���	�
�

kinematic equation for yaw angle �  and linear model of 
the rudder actuator. Therefore, linear model of the lateral 
motion of the ACV which is used for the stabilization of 
the yaw angle has the following form: 
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4 Control law synthesis 
�
����� ����)�������
������������
�������������*
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Next, we construct asymptotic observer assuming that 
we can measure only the yaw angle: 
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where  
24.8966. 309.9193, 24.0296, 321 ��� ggg  

Finally, dynamic corrector which plays here the role 
of the dynamic filter that minimizes rudders deflections 
under the action of regular waves with frequency 0.65  
has the following form: 
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5 Simulation results 
*	
�� 5� ������������� ������s turn on 10 degrees without 
action of wind or waves. In this case dynamic filter (4) is 
switched off.  
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Figure 2. Yaw angle, 10 degrees turn 

 
Fig. 3 demonstrates astatic property of the controller 

in case of side wind with 10 m/s velocity. It can be seen 
that yaw angle deflects a little more than 0.6 degrees and 
then converge back to zero, keeping the initial course. 
Here dynamic filter is also switched off. 
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Figure 3. Yaw angle, course keeping under the action of side 
wind with 10 m/s velocity. 

 
Finally, Fig. 4-6������������� �����������������	��� 	��

case of regular side waves with 4-th number intensity on 
the Beaufort scale: 

).50.1sin(0.7)50.1sin(0.5)50.2sin(0.6)( ttttd ���  
 Here the dynamic filter was switched on only after 

788����������9�������������������������������	
�difference 
in the yaw dynamics before and after switching the filter 
(Fig. 4), but the rudders action after 300 seconds 
decreases significantly (Fig. 5).  
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Figure 4. Yaw angle, course keeping under the action of regular 
side waves. 
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Figure 5. Rudders� deflections, course keeping under the action 
of regular side waves. 

6 Conclusion 
The goal of this work is to show the efficiency of the 
multipurpose control law in the task of the stabilization of 
the course angle of the particular type of advanced marine 
surface crafts such as air cushion vehicle. It can be seen 
from previous section that such controller actually 
stabilizes the course angle even in presence of the wind 
or waves. 

Besides, the structure of the control law has certain 
flexibility. Each requirement for the control quality can 
be isolated and solved as independent task. Depending on 
the current environmental conditions some parts of the 
controller can be switched off for computational 
economy and overall control efficiency. 
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