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Abstract
In view of rapid development of computer technology digital systems of automatic control are
installed on the modern marine vessels for performance of various manoeuvres at optimal trajectories
taking into account features of the ship and active disturb ances. In this connection, great numb er of
prob lems that deal with construction of automatic control systems, such as minimizing the fulfillment time
of the maneuver, searching for the optimal trajectory, the suppression of various types of exogenous
disturb ances like wind and rough sea, arises. In the work, the prob lem of suppression of exogenous
disturb ances acting on a marine vessel, ab out which we have no information except its b oundedness, is
considered. The prob lem of searching of the controller as a sta tic state feedb ack is the b asis of offered
approach. The system MATLAB-Simulink is accepted as the b asic tool of the computer support. An
example of modeling control system for the carrier is presented.
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1. Introduction
Modern marine vessels are the integral part of transport system for every country. It
perform great number of different tasks, including the most difficult research efforts and rescue
expeditions. Thereby the control problem of marine vessel in real-life environment, that is under
the influence of some exogenous disturbances, arises [1]. In view of rapid development of
computer technology digital systems of automatic control are installed on the modern marine
vessels for performance of various manoeuvres at optimal trajectories taking into account
features of the ship and active disturbances [2]. In this connection, great number of problems
that deal with construction of automatic control systems, such as minimizing the fulfillment time
of the maneuver, searching for the optimal trajectory, the suppression of various types of
exogenous disturbances like wind and rough sea, arises [3-8]. Earlier in literature different
scientists consider systems without disturbances or systems with disturbances of a specified
form or decreasing ones with the yaw of time. In the work, the problem of suppression of
exogenous disturbance, about which we have no information except its boundedness, is
considered. In this situation, it requires to choose the parameters of the controller, which will
give the best possible result under the worst bounded disturbance.
In case of successful solution of this problem with use of modern computer technologies
obtained control system is easily integrated into on-board computer complex structure and
provides the desired dynamics of control processes. Particularly, in the work much prominence
is given to questions, associated with computer synthesis and modeling of control laws that
suppress bounded exogenous disturbances. An example of modeling control system for the
vessel with displacement ton 6000 is performed.
2. Research Method
Let us consider the mathematical model of marine vessel:
  a11  a12  b1  h1d (t ),

  a21  a22  b2   h2 d (t ),
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  u.
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 is an angular velocity relative to the vertical axis,  is a yaw (the turn to port
side is considered positive),  is a deviation angle of the vertical rudders,  is a drift angle
(angle between the velocity vector and longitudinal axis of the ship), u is a control, d (t ) is a
Here

bounded exogenous disturbance as shown in Figure 1:

d T (t)d (t)  1, 0  t  .

(2)

Figure 1. Parameters of the vessel

It is offered to search for the control as a static state feedback with mathematical model:

u  k1  k2  k3  k4,
where

k1 , k 2 , k 3 , k 4

(3)

are parameters need to be found and provide the desired dynamics of the

closed loop system. Deviation of the rudders and the velocity turn (that is control) are
constrained:

  30o , u  3 o / c .
Let us designate x  (, , , ) as a state vector,
Then the system (1) may be rewritten as:
T

y(t ) as a output vector.

x  Ax  Bu  Hd(t ),
y  Cx,
where matrices

A, B, C, D

(4)

are:
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Then closed-loop system is modified to:
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x  Ac x  H c d (t ),
y  Cx,
where

(5)

Ac  A  BKC  A  BK, Hc  H .

For the construction of this controller let use the method, associated with evaluations of
the reachability set, that is the range of output’s values of the system that we can obtain. We
have to determine the minimum ellipsoid, in a sense, comprising the optimized output y under

d (t ) . Let’s use the Theorem [9]:
Let the matrix A is stable, the pair ( A, B) is controllable, C
Then the set of reachable outputs y(t ) in the system:

any bounded disturbances
range.

x  Ax  Hd(t ),
y  Cx,

is the matrix of a full

x(0)  0,
(6)

d T (t )d (t )  1, 0  t  

contains in the ellipsoid
of Lyapunov’s equation:

  {y : yT (CPCT ) 1 y  1} ,

where

P  P(),   0

is the solution

AP  PAT  P  1HHT  0, P  0.

(7)

Moreover, when solving one-parameter minimization problem

mintr(CP()CT )

(8)

0

we obtain the ellipsoid with minimum trace among all ellipsoids, containing the reachability set
of outputs.
Let’s apply this theorem to closed-loop system (5). When substitute matrix

A

for matrix

Ac

into

formula (7) we obtain:

AP  PAT  PKT BT  BKP  P  1HHT  Q  0
There are two matrix variables
definite matrix. Let

P

and

K,

that are included in non-linear type,

Y  KP is a new matrix variable.

Q

is a positive

Then we obtain linear matrix inequality

AP  PAT  Y T BT  BY  P  1HHT  Q  0
Thereby to find required minimum ellipsoid we need to solve the following minimization problem:

mintr(CP(, )CT ),
, 0

AP  PA  Y B  BY  P  1HHT  Q  0,   0, P  0, Q  0.
T

T

(9)

T

The solution in the problem (9) is reached at
inequality to equals sign. Thereby

P  P(, )

Y  BT

and with replacing the sense of

is the solution of Lyapunov’s equation

AP  PAT  BBT  P  1HHT  Q  0, P  0
The final solution is reached by solving the minimization problem
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(10)

,  0

at the same time such values ,  that
problem (10), then we obtain the controller:

P(, )  0

are considered. If we solve the

u  YP1 x ,

yT (CPCT ) 1 y  1 for
disturbance d  1.


that provide inequality
controller under any

the output

y(t )

of the system (5) with this

3. Results and Analysis
One of the most effective tools permitting to form and to use in researches computer
models of dynamic system is the package MATLAB with subsystem Simulink . Let us consider
mathematical model (1) of the vessel with displacement ton 6000. Its coefficients for a fixed
velocity possess the following values:

a11  -0.03408,a12  0.56, a21  0.015, a22  -0.306,
b1  -0.0099, b2  -0.00417,h1  0.0648, h 2  0.0046.
0
0
 0.2 0


0
 0 0.2 0
Q
.
0
0 0.2 0 


0
0 0.2 
 0

Let's form the Simulink-model of the control system for the marine vessel, which
scheme is represented on the Figure2. Figure 3 represents the graph of the bounded
exogenous disturbance that was used for the computer modeling.

Figure 2. Simulink-model
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Figure 3. Bounded disturbance

One of the effective approaches to the increasing of the digital system's performance
consists in the search for such values of tuned parameters with fixed structure of the feedback,
those provide the desired dynamics of the closed-loop system.
As the result of this algorithm for the given ship the controller with the coefficients
k1  2.44 , k 2  66.6, k3  -0.0384, k 4  0.00133, which provides the desired dynamics, is
obtained. At the same time all technical constraints are taking into account. For the performance
testing of the found controller let use it for automatic control of a sea-going ship under bounded
exogenous disturbance. Figures 4 and 5 are showing the graphs of yaw and deviation angle of
the vertical rudders.
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Figure 4. Yaw
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figure 5. vertical rudders

4. Conclusion
In the work the method of suppression of bounded disturbances based on using of
invariant ellipsoids is stated. For the specific model of a sea-going ship was found the controller,
provided the restriction of exogenous disturbances, taking into account all technical
requirements.
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