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ENERGOEFFICIENT SHIP STEERING CONTROL ALGORITHM
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. .

The article is devoted to construction of energy efficient algorithm for ship steering control that is based 
on robust regulator synthesis and dead beat control treatment with Lyapunov matrix employment. Numerical al-
gorithm is used for ship steering synthesis with minimum energy for rudder control. Example of energy efficient 
system design is suggested.
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Key words: algorithm, energy efficiency, robust regulator, dead beat control, Lyapunov matrix, ship rudder 
control, model, optimization.
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, -
:

     x˙ ( t ) = Ai x( t ) + bi u( t ),       i = 1,2,   (1)

( t ) Rn — u( t ) R — . Rnxn bi R” 
.  (1) .

:

       ui( t ) = –K T xi ( t ),     (2)

:

                       
    (3)

Q  Rnxn — ; R — 
.

 (1) , -
 (i = 1,2). -

:

      
     (4)

wi —  (
 [3]).

i-

      A i (K) = (Ai  – bi · K T ),     i = 1, 2, …,  

, -
 (4).

 (3) ,

         
    (5)

,  (5) -
, , xi(0). ,

xi(0) 
{ i(0)} = 0 ,

:

0 = 1.

 [3]  (5) ,

          
     (6)

D = Q +  · R · KT.

           
     (7)

, .
 [3]:

— :

ẋ ( t ) = A1x( t ) + b1u( t );

— :
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ẋ ( t ) = A2x( t ) + b2u( t )

:

, b1 = [0.116  – 0.773  0]T,

, b2=[0.150  – 1.011  0]T.

x(t) = [xl(t) x2(t) x3(t)] . xl(t) = (t) — ;
x2(t) = (t) — ; x3(t) = (t) — ; u(t) = ( f ) — 

 [1, . 784–796].
 (5) Q = I. -

,  (7), 
,  [3].  R = l 

 = [3.8609 –2.3370 – 1.3405], J1(K) = 10.8579, J2(K) = 4.7524.
 (4) :

J = 15.6123.

. ,

1 2 :

eig(Al)=[0  –1.6649  0.5939];    eig(A2)=[0  –1.7594  0.3204].

Aci (K) = (Ai  – bi · K T ),         i = 1, 2,

: 1:

pl=eig(Acl)=[-2.l808; -0.5723 + 0.3545i; -0.5723 - 0.3545i]

2

p2=eig(Ac2)=[ -2.8715; -1.1568; -0.3525].

 Acl 2 ,
 acker  Control Toolbox  MatLab. -

:
Kesl=acker(Al,Bl,pl);

Kes2=acker(A2,B2,p2);

Kes = Kesl=Kes2= [3.8609   -2.3370   -1.3405], 
.

 Kes . 1  2.
 ( . 1) -

-  Acl. 2, -
, . -

 ( . 2).
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. 1.

. 2.

Q = 0,  (3) -
.

, -
.

,  [5].
 (1) 

,
.



В
ы
п
ус
к
3

43

 Toy ,
(1)  ( , )

,  (n×n) — .
´ N ,

-  [3].
- i-  (1) , -

-
, X(t0),  [5]:

       X(tN)=W NX(t0) – Kr·U,     (8)

X(tN) — tN; r — ; W — -
, U — -  (N×l).

 ( ×N)

               Kr=[WN–1 WN–2…W1 W6].*H,      (9)

W = eA H = (I – A )· –1 ;  — , I —  (n×n)- .  (9) 
 (.*) - .

 (8) N  = 1, t = tN, X(tN)
X(t0)  U=[U0, U1, …, UN–1]

T, -
. X(t0)

X(tN) 0 U

                 U=Kr ·(X(tN) – WN · X(t0).     (10)

 (10) , N = n,
. , , -

. N > n, N
. , -

U – -
.

(10), X(tN) = 0. , -
:

           
     (11)

.
 (8)–(11) -

,
.

-
,  sah289a.m  MatLab. -

: .
 del=0.2 .  LTI. 

-
. -

. N = 60.
% sah289a.m
% :
%

=[-0.298 -0.279 0;-4.370 -0.773 0;0 1 0]; =[0.116 -0.773 0]’; 
%
% =[-0.428 -0.339 0;-2.939 -1.011 0;0 1 0]; =[0.150 -1.011 0]’; 
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=[1 0 0;0 1 0;0 0 1] ; D=[0 0 0]’;
%=============================================
%
del=0.2;
%  LTI:
V=ss(A,B,C,D);
Vd=c2d (V,del, ‘zoh’);
Ad=Vd.a; Bd=Vd.b; Cd=Vd.c; Dd=Vd.d;
%
x0=[-0.05 -0.1 0.08]’;
% x0=[0 -0.09 0.04]’;
xN=[0 0 0]’;
%
N=60;
%
Kr=gallery(‘krylov’,Ad,Bd,N);
Kr=flipud(rot90(Kr,2));
KR=pinv(Kr);
%
% :
Z=Ad^(N)*x0;
u=KR*(xN-Z);
% :
[y,x]=dlsim(Ad,Bd,Cd,Dd, [u;0] , 0);
% :
tau=0:N; t=tau.*del; 
plot(t’,x,t’,[u;0]*0.75,’.’),grid

 plot -
,  0.75. . 3 

=[ (1) (2) (3)]’ . ,
, . . 4 

.

. 3.
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. 4. 

, 1 2 , -
, .

´  ( . . 3  4). 
, -

, : -
. ,  — -
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SHIP DIESEL WORKING PROCESS DIAGNOSTING WITH STANDARD MODELS 
AND WAVELET TECHNIQUES APPLICATIONS

-
, .

 66881 .
 MITSUI B&W 6L80GFCA.  11 900  (16 180 . .). 

- : MITSUI Engineering and shipbuilding Co., LTD.
Ship diesel working process diagnostic mode is considered. Invariants in trip are defined by standard models 

with wavelet tools applications. The mode is applied to functional diagnostics of MITSUI B&W 6L80GFCA ship 
diesel in sea tanker of 66881 register tons. Diesel effective power is 11900 kW (16180 HP). Diesel-building plant is 
MITSUI Engineering and shipbuilding Co. LTD.

: , , - , -
, , , .

Key words: functional diagnosis, ship diesel, spline approximation, interpolation, Fourier’s ranks, wavelet, 
quasistatic mode.
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