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���"6$� � Attitude control is based on nonlinear controller 

with  PID structure.  It  is  shown using  the  perturbation 

method  [8] that  for  some  unknown  measurement, 

the stability of reduced system is ensured.
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The equations (9) together with kinematics (3) represent 

the attitude equations of the vehicle.
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The  matrix  is  composed  of  5  constant  parameters 
$ 3 �% � $#U ,  which define the positions and orientations 

of mounted thrusters "%$.
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where � R	�� �� ��+  is a new input vector.
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The  zero  diagonal  terms  reflect  the  unavailability 

of heading measurement.  ��	�� ��	� �
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Consider a perturbation of system state  ��,,�--� �
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By omitting the heading state and by linearization around 

the constant trajectory
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� (28)

the  dynamics  of  reduced  closed-loop  perturbed  system 

can be expressed as
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where the constant matrix A is parametrized among other 

model parameters by �* �+ �,���
The stability of perturbed system along the trajectory 

can  be  checked  by  Lyapunov  indirect  method.  It  is 

possible  to  find  appropriate  controller  parameters, 

guaranteeing that all eigenvalues of A have negative real 

part  and  therefore  the  given  controller  stabilizes  the 

reduced system, except the neighborhood of gimbal-lock. 
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Note that the limit stable spin ,�  is about 4 rad/s.
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The  controllers  were  designed  to  fulfill  the  stability 

property  of  closed  loop  system as  derived  above.  The 

parameters  of  each  controller  were  tuned  to  get  the 

monotonic  response  with  maximal  suitable  gain  and 

phase  margin on whole attitude range.  Figure  4 shows 

a sample record of attitude control of the real prototype.
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���

�/���
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�

In  this  paper,  the  mathematical  modeling  and  attitude 

control of  underwater vehicle is presented. On contrary 

to traditional submarines the robotic inspection vehicles 

are  very  differently  shaped  and  equipped,  which  very 

affect  the  required  complex  motion  and  stability. 

Nevertheless, even for full attitude control, some useful 

simplifications  are  reasonable,  together  with 

over-actuation  of  system.  Their  benefits  are  analyzed. 

Real applications showed that the model is rich enough to 

be  relevant  yet  simple  to  be  useful  for  control  design. 

Attitude control is based on nonlinear controller with PID 

structure.  It  is  shown  that  for  some  unknown 

measurement, the stability of reduced system is ensured, 

provided a proper choice of parametrization of rotational 

matrix  and  structure  of  controller.  The stability 

of reduced  system  was  proved  using  perturbations and 

Lyapunov  indirect  method,  with  domain  of  attraction 

in entire reduced working range, except the gimbal-lock. 

Avoiding  this  singularity  using  reduced  controller, 

developed  directly  on  SO(3),  or  using  quaternions, 

is a subject of the  current research.
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