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Abstract: The paper devotes the formulation of the problem of optimizing the oncoming traffic and gives a description of the
concept and control system that implements the navigation of ships in maneuvers. In nautical practice, the ship has been
encountered in the special situations, such as: avoiding collision, maintaining the time arriving the pilot station, picking up pilot,
berthing as schedules, sailing in confined water area... In order to solve this issue, the authors present their researches about the
task of interception optimal time and the normal and degenerate problem; also they give the remarks about globally-optimal
control and optimal control. Accordingly, the result is applied for ship control in maneuvering.
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1. Introduction

In nautical practice, the ship has been encountered in the
special situations, such as: avoiding collision, maintaining
the time arriving the pilot station, picking up pilot, berthing
as schedules, sailing in confined water area... in order to
solve these issues, we will formulate the problem of
optimizing the oncoming traffic and give a description of the
concept and control system that implements the navigation of
ships in maneuvers. The optimization problems can be
classified for which you are to minimize the transition time
from the initial state to the final area relates to the tasks of
the optimal time. In this section we formulate the problem
precisely control the optimal time to be considered at a
particular physical example. Most of this section is devoted
to a discussion of the problem from a geometric point of
view. We show that the time-optimal problem essentially
reduces to finding [1, 4, 11, 12]:

1) The first time at which the area of reachable states
meets the area S;

2) Control, which it carries out.

2. The Task of Interception Optimal Time

The vessel will be considered as a dynamic system with

state xD(t), an exit y(¢f) and the control u(¢), defined by
the equations [2, 7, 11, 12]:

x(1) = fIx(2), 1 + Blx(2),t]u(t)  (2.1)
y(t)=h[x(1)] (2.2)
Let's assume that
x(¢) —n dimensional vector
¥(t) —m dimensional vector (2.3)
u(t) - r dimensional vector
Also that
nzrzm>0 2.4)

Thus, f - a n-dimensional vector function; B[x,7] - the
matrix-function of the size n x r and % is a m-dimensional
vector function. We will consider that components of a vector
of control u(?) are limited on size by inequalities [11]

|uj(t)|5mj,j=l,2,...,r @.5)

Let z(#) - a vector with m components. We will agree to
name a z(¢#) desirable exit. Let e(t) = y(¢)—z(¢) - Error
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vector.
Let ¢, - initial time and x(#)) - starting state of dynamic
system.
It is required to find control, which:
1) Satisfies to restrictions (2.5);
2) Operates system in such a manner that during the final
moment of time

e(TYOE (2.6)

Where E - some set subset from R, ;

3) Minimises transition time 7 — ¢,.

If the dynamic system [3, 7] described by (2.1) and (2.2),
is completely observable, to everyone y(¢) there corresponds
a unique status x(7). Hence, area S in space of statuses can be
defined parity:

S ={x(T): y(T) = hix(T);y(T) T Y} (2.7)

We use Pontryagin’s minimum principle [4, 13] to receive
the systematized approach to the decision of problems on
optimum speed. Received results in the analytical form can
be used for numerical representation of decisions. We will
consider control, optimum on speed, for mobile area S,. The
system is given.

%(6) = A, 61+ D byle(O),u (0);
J

i=1,2,..n (2.8)
or
X(1) = fIx(@), 1]+ Blx(2), t]u(z)
Set smooth area S is defined by parities:
gulx,t]1=0,a=1,2,...,n-B;f21
or 59
glx,1]=0 &

n— [ vector with component g,

Components u(t),u,(t),...,u,(¢t) are limited on size by
parity:
(0] <1, =1,2,....7 withall

or (2.10)
u(®)0Q

Functional it is defined in a kind:

J(u)=jdt=T—to (2.11)

)
Where T - it is free.

To find such control u(?), that it:
- Satisfied to restrictions (2.10);

- Translated x(t,) systems (2.8) in area S;

- Minimised functional J(u).

On the basis of a minimum principle [4, 13] it is possible
to assert that there is (optimum) additional vector p*(¢)
corresponding to optimum control u*(f) and an optimum
trajectory x*(7). Existence p*(¢) is a necessary condition. It is

necessary, those components x,(f) and p(¢),k =12,..,n
satisfied to the initial equations:

i (= I (t)ép* ((;))u 0.1,

OH| *()pk*() "(0),1] 212
ko x (O, p (),u (t),t
i (2) Ox;:(l)

3. Normal and Degenerate Problem
3.1. Normal Task

Suppose [1, 6, 15, 16] that the interval [z,,7"]has a
countable set of points #;;, ¢y, £3,...,

ty Oltg. T LY=1,2,3,.5/ = 1,2,..,7 (3.1)
Such that
t
b, v
9 (I) ; U[x © t]p ®= {;ﬁ 0 in other case (3-2)

In this case, the problem of optimal speed will be called
normal.

JFig. 3.1 shows the function ¢, “(¢) and the corresponding
u; (t) Function ¢; (t) vanishes only in isolated moments in
t1me and therefore control, time-optimal, a p1ecew1se
constant function with simple jumps. If all functions ¢; (t)
have the same properties, the task is a normal control. It is
usually said that the control u; (t) will sw1tch when =t and
that when the number of sw1tches U; (t) is equal to the
greatest number (or o). Control u; (t) shown in Fig. 3.1
will switch 4 times. Consequently, the number of switches is
four.

= r = -
gi(t)= Lh;fx (t)t]pi(t)

=i

uj(t) = -signi gt )}

Fig. 3.1. A function ¢ j (1) that gives a well-defined control u: ).
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3.2. Degenerate Problem

Assume [1, 6, 15, 16] there is an interval [f,,7*] of one
(or more) [71,75]; of sub-slot [#,,7*], such that

;)= blx
i=1

This problem is called degenerate, and the interval [T},75);
(or intervals) - interval degeneracy.
Function g;*(f) shown in Fig. 3.1, is equal to zero for all ¢

“(t).t1p; () =0 with t O[T, T,];,  (3.3)

of [T},T>], and therefore corresponds to a degenerate problem.

Thus, in the degenerate case the problem exists at least one

time sub-slot uj = —sign{Zbl-j[x*(t),t] p; (t)} for which
i=l

the ratio does not determine the optimum control, and as a

function of x*(#) and p*(¢).

interval degeneracy
*
H,J(f): ?
1__ _______ ————
*

g;ft)

o | . -
IO rf Tj TZ rz T t
T
. 7 . 7
iwi(t) uit)

Fig. 3.2. Shown in the figure corresponds to the function q;*(t) of a degenerate
problem of optimal control.

The last statement does not mean that the optimal control
does not exist or cannot be determined. It only means that a
necessary condition does not give a definite relation between
x*(?), p*(¢), u*(?), t. Degenerate problems are typical for ship
in addressing the meeting of movements.

We consider the problem of optimal normal speed. In this
case, thus excluded u*(¢) from all the necessary conditions.
Therefore, all the conditions are laid down by u*(?), in step 1
will be reduced to the necessary conditions beyond the
control of u*(¢). As we will see in step 3, this fact will allow
us to find the control-optimal.

State two theorems that summarize these ideas.

Theorem 1. Relay Principle [1, 11, 12]. Let u*(¢) - optimal
control for the problem, but also x*(#) and p*(¢r) - its
corresponding phase trajectory and an additional vector. If
the task is normal, components u;*(?), u,*(9),..., u,*() of
control u*(#) shall be determined by the relations:

u; (f) = =sign {Zbij[x* (t).tlp; (t)} J=L2r  (3.4)
i=1

for the ¢ € [¢t,T*
compactly:

1 Equation (3.4) can be written more

NOE —SIGN{q*(t)} = —S[GN{B[x(t),t]p*)} (3.5)

Thus, if a normal task, the components of the
control-optimal are a piecewise-constant (or relay) functions
of time. The following theorem can be proved by direct
substitution.

Theorem 2. Prerequisites [1, 11, 12]. Let u*(¢f) — optimal
control for the problem, x*(f) — state at time-optimal
trajectory and p*(¢) — corresponding to an additional vector.
Let 7* — minimum time. If a normal task, it is necessary to:

A) Satisfies the degenerate problem (3.2);

B) The condition x*(f) and an additional vector p*(¢)
comply with the simplified canonical equations:

X (1) = fillx (0).1]-

* " 3.6
Zka [x"(0),1] szgn{z blx (). 11p] (r)} G0

j=1 i=1

L 0 .
p (t>=-Z YO .

=1 ax; (1)
- - [x" (), 1] G
+ Zsz’gn{Zbﬁ[x*a),r]pf <r>} Z”—p,* (1)
i=l i=l i=l k( )
forthe k=1, 2,...,nand t € [t, T*];

C) Hamiltonian along the optimal trajectory is determined
by the equation

HEX (0, p" (00" (0.1 =14 ) I (0,010, 0)-

i=1

1 (3.8)
DU Bl @7 () ¢ Ot T°
j=1]i=1
D) The final time T* the relation
1+Zf X (1), T1p" ()~ ZZ [ (T),Tp ()| =
s Jj=11i=1 (39)
=”Ze dg,[x (1), 1]
a=l ’ or’
E) At the initial time £,
X (1) = x(to) (3.10)
the final time 7%
g X'(1),T1=0, a= 1,2,...n-5;21;  (3.11)
9, [x (T7).77]
T .
P ()= Z o (1) (3.12)

We give a geometric interpretation of Theorem 2 -
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Prerequisites
Assume that n=3 and » = 2. As shown in Fig. 3.3, the
matrix size B’[x*(f),t] associated with the conversion 2 x 3,
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displaying 3-dimensional vector p*(¢) a 2-dimensional vector

q*(0) = B'[x*(0),1p*(1).

[ —— 3 . )
. X y (1) 4 () )
g )\ r (;D:] 2
\.\ /’{ D,_ €
P$‘:I:) . 1"\ / I |
- / | |
Y : :
| Y | .
w ()= u (1) | :
| : ug(zl)
A |
A B

Fig. 3.3. Geometric interpretation of the fact that the control of u*(t) should minimize the scalar product [u*(t), q*(1)].

In order to minimize the scalar product [u*(?), g*(?)],
vector control u*(f) must have a maximum value and be
directed opposite to the vector g*(#). So if, g*(¢) is in the first
quadrant, the vector u*(¢) should be "resting" on the angle A
square restrictions. If g*(¢) in the second quadrant, the u*(¢)
should be sent to angle B, and so on.

Prerequisites lead to a symmetric method for finding
optimal control. This will be discussed in detail in the steps
below. Results of degenerate problem and associated optimal
values are necessary conditions. If this control u(f) and the
corresponding trajectory is not satisfied any of the necessary
conditions, it follows that u(#) is not optimal control.

Steps are set ratio that must be met for optimal control
u*(?), states x*(¢), corresponding p*(¢), and a minimum time
T*. The essence of the challenge is to find the optimal control,
and so the question arises: how can using all of these theorems
to find the optimal control problem. The answer to this
question will be given below. In addition, each step of our
argument will be entitled, which will allow to trace the logical
connection between them.

Step 1. Formation of the Hamiltonian [6, 16]. We form the
Hamiltonian H[x(?),p(f),u(?),t] system

t
£(1) = fIx(O.1+ Blx(0)(Ju(¢) and functional J()= [ 1dr
0
Hamiltonian using expressions can be written as

HIx(1), p(0),u(0), 1] =1+ ( fTx(0), 11p(0)) +

3.13
+(u().B'Ix(1).1]p(1)) 19
which emphasizes that x(¢), p(¢), u(f) — Vectors representing a
function of time. At this point, we do not impose restrictions
on any vector values x(?), p(¢), u(?), or by .

Step 2. Minimizing the Hamiltonian [6, 16]. Hamiltonian
Hx(¢), p(?), u(t), t] depends on 2n+r+1 variables. Let us
assume that we have fixed x(¢), p(¢), u(¢) and ¢ and consider
the behavior of the Hamiltonian (which now is only a
function of u, as x(¢), p(¥), and ¢ are constant) when changing

u(f) limitations in Q. In particular, we want to find a control
in which the Hamiltonian has the absolute minimum.
Therefore, we define H-minimal control as follows.

Definition 1. H-minimal control [16]. Admissible control
u’(¢), H-called minimal if it satisfies

HIx(2), p(0),u’ (0,1 < H[x(t), p(t),u(®),t]  (3.14)

for all u(¢) € Q and all x(¢), p(¢) and .
Previously, it was found that the minimum control A - u’(¢),
for the Hamiltonian of the type (3.13) is given by equation:

u’ (1) = -sign {Z by[x(0).t1p; (t)} G15)
i=1 .

L2,..

j:

,r
or in vector form,
u’(t) = =SIGN{ B'[x(t).t]p(1)} (3.16)

Substitute the H-minimal control u’(f), expression in
(3.13):

HIx(t), p(6),u’ (¢),6] = 1+( f1x(t),1.p(1)) =

(3.17)
~(SIGN{ B'x(z).11p(t)} .B'[x(0). 1]p(1))
Consequently,
HIx(0), p(0),u’ (), 171+ 160, p, (1)-
= (3.18)

D by lx(0).tp; (1)

i=1

>)

J=1

The right side of (3.18) is a function only of the x(?) and
p(t). We define the function H°[x(2), p(?), ] by the relation
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HUL(0). p(0).11= min HIX0). p(Ou)]  (3.19)

These definitions and equations are not explicitly linked
with the trajectories and optimal values.

Step 3. Restriction x(¢), and p(7). We require that the (as yet
undetermined) vectors x(f) and p(r) satisfies the differential
equation [4]:

. _ OH [x(t), p(1),1]
() = S W (3.20)
0
Ox

or, equivalently, differential equations

53 (0= filx(0.1= Y by [x(t)J}sfgn{Zblj )., (t)} (322)
j=l i=1

N Sl A GN]
Pe()= ;{ 0x, (1) }p,-(t)+

1 1 " 0b..[x(t),t
+ ZSign{Zbij[x(t),t]pi(t)} Z{#}Pi@)
=1 i=1 ;. (1)

i=1

(3.33)

for k=12,..,n.
Note that

OH [x(t), p(t),t] _ QHTx(2), p(t),u(®), ]|
op(?) ap(?)

| (3.24)
u()=u® (1)

and

OH [x(1). p(1),1] _ OHx(1). p(t).u(0).1]
0x(1) 0x(1)

| (3.25)
u(t)=u0 (t)

Step 4. The purpose of this section is to find the optimal
control u*(?), transfers the system
x(t) = flx(),t]+ B[x(?),t]u(?) from a given initial state x(z,)
to S. We assume that this problem is normal. Model the
equation (3.22) and (3.23) on a computer. At a certain initial
time f, use we have taken the initial values of the phase
coordinates as the initial conditions of the system (3.22). As
initial values of the functions p,(¢), p(%),-..,Pn(ty) Will use
some of the expected values [6, 16].

Let g,(t),j = 1, 2,..., r — functions defined by the relations

q;()= Y bylx(O.tlp, (1) (3.26)
i=1
Assume that
q;(t) %0 for j=L2,..r (3.27)

Equations (3.27), (3.26) and (3.15) imply that the number
of u? (ty) = —sign{qj (o )} equal 1 or -1. Thus, the solution of

the equations (3.22) and (3.23) it is determined, at least for ¢,
close to #). We denote the solutions of equations (3.22) and
(3.23) through

x(t) = x[t, 1y, x(4y), p(t)] } (3.28)

p(1) = plt, 1y, x(4), p(4)]
to emphasize their dependence on a known initial state x(z,)
and the intended initial value p(#).

Simulation is as follows. Measuring signals x(#,) and p(t),
at each time we get and register signals:

q;(t)= Y bylx(0,11p; (1), =1,2,0 (3.29)

i=1

q;(0,q;0,q4;(1),j =1,2,...,r (3.30)

HOR(0), p(0, 1= 1+ ) fi@.1p,(0 = ) |a, (0] (3.31)
i=1 Jj=1

galx(0),tl,a=12,..n-f (3.32)
92aX01 115 g (3.33)
ot
0, 1),t
hy[x(2),1] = M,a =1,2,...,n= B (3.34)
0x(1)
Using concrete (randomly selected) value p(z)),

sequentially for each time ¢ in some interval [¢,, T], ask
ourselves the following questions:

Question 1. If g(#) = 0, then /() # 0 2 If ¢;(1) =0 then
q J (1) # 02 (And so on). If the answer to the first question is
positive (i.e. “Yes”), then we ask the second question. If the
answer is negative (i.e. “No”), then we change the value p(z;)
and repeat again the first question.

Question 2. If the answer to the first question is “Yes”, is
there a time 7, for which satisfies

gqx(T),T1=0, foralla =1,2,...n=B7?  (3.35)
If the answer to the second question is “No”, we change
p(t,) and start all over again. If the answer is “Yes”, then ask
a third question.
Question 3. If the answer to the second question is “Yes”,
are there permanent third question. e, e,,..., e, 4 such that the
relation of:

n=p3
HOL(T). p(T).1]= ) e, w )

a=l

(3.36)

If the answer is “No”, then we must change p(¢,) and start
all over again. If the answer is “Yes”, then go to question 4.
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Question 4: If the answer to the third question is “Yes”, are
there permanent k;, k, ..., k,. 4 such that the relation of:

p(T) = Z

If the answer is “No”, then we must change p(#,) and start all
over again. If the answer is “Yes”, it means that we found p(%,)
one in which the answers to all questions 1 - 4 are positive. In
this case, we remember accepted p(#,) and begin to
experiment at first, until we find all the vectors p(z,), for
which the answers to questions 1 - 4 are positive. The logical
sequence of questions is shown in Fig. 3.2.

Step 5. Possible control-optimal. Formalize the results of

aga[x(T) T] ?

o) (3.37)

the modeling done in step 4. We have identified the set [},

which is a set of initial values p(f;), corresponding to a

given x(Z,) and having the property that the answers to all
questions 1 - 4 will be positive (i.e. “Yes”). It is clear that

Iﬁo is a subspace of the n-dimensional space R,. You can
imagine Iﬁo as a “way out” of the logical process shown in

Fig. 3.4 more precisely Iflo is defined as follows [1, 4, 16].

Yes Yes Yes Yes -

—*R ber MR, b ber PR b —’Reme)nber—’s
I I biig v )

—»|
Nuw No No No—‘
) |x(0)
el
Solve differential plty)

Change pito)
caairs |4 i)

0

T Selecting random entry

T The task x(tp) vl ;)

Fig. 3.4. Logic diagram modeling that can be used for finding the optimal
control.

Definition 2. Let Iilo — area of initial states an additional
variable p(f,) , with the following properties [4, 11, 16]:

1) For each p(z,)0 io corresponding solutions of (3.22)
and (3.23), denoted by

)?(t) = )AC[tJO’x(tO)’ 13(’0)]
- - ~ 3.38
p(t) = plt, by, x(1), p(t )]} -39
satisfy the relation
q;(0)= D byl () =0,/ =1.2,r (3.39)
i=1

only on a countable set of points ¢

2) There is a time 7 (depending on x(f) and p(t)),
such that it is possible to find the constants e, e,,..., e, 4 and
ky, ks, ..., k, g, that respects the following relationships:

HOH(T), p(T), T Y [T, T1p;(T) -

i=1

) b o (5T (3.40)
b %) T 5.(T) = 98q1X2 )11,
2 21 5[ 3.7 ] pi(T) Zle 7
g, [X(T),T1=0, a =1,2,...n- B; (3.41)
(T = Z AN (3.42)

0¥(T)

You can return to Theorem 2 and compare the relation
(3.40) and (3.9), (3.41) with (3.11) and (3.42) and (3.12). By
virtue of the fact that the functions ¢;(f) zero only on a
countable set t, and also similar to the equations (3.22) and
(3.23) with (3.6) and (3.7) we obtain the following lemma.

Lemma 1. Each solution Xx(f)) and ﬁ(to),tlj[to,f] ,

produced by the element of the set ﬁo, satisfies all the

necessary conditions for simplified Theorem 2 [6, 16].

We have shown that H-minimal control u°(7) (see.
Definition 1. H-minimal control) is given by [see. ratio (3.16)]
u® (1) = =SIGN{B'[x(¢),{]p(¢)} for any x(), p(y) and ¢. As for
the x(#y) =Xx(t)), p(ty) = p(ty)and ¢O[¢,,T], find

u® ()

) = i#(1) = =SIGN{B[x(t),{p(t)}, 1DOlt,T1 (3 43)
p)=p(t

Comparing the expression (3.43) with (3.16) and taking
into account Lemma 2, we obtain the following lemma.
Lemma 2. Each control u(#,) , product of the elements of
Ly, satisfies the necessary conditions of theorem 1 - Relay
principle. Note that [6, 16]
HIx(0), p(t),u° (3.44)

(0),1]1< H[x(2), p(1),u(?),1]

for all u(r)0Qand ¢ O[t,,T].

Now to clarify the meaning of Lemmas 2 and 3, and the
usefulness of the necessary conditions for finding the
control-optimal.

To be specific, let us assume that there are three different
control-optimal, transforming the system from a given initial
state x(¢,) to S. All three controls, by definition, require the
same minimum time 7% We denote these (time-optimal)
controls so

wy (), (0),u3(0), t0[t, 7] (3.43)
If you draw a 4 modeling step, we define the set [,.
Suppose that we can find [the expression (3.43)] five
different departments, corresponding to the elements 0.

These controls will be
w) (0), 3 (8),u3 (6), 13 (1),us (1), (3.46)

and the corresponding slots in which they are defined is
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denoted

[0, T3 Llto, T Llto, Ty Lltos Ty 12, 75 1, (3.47)

respectively. It can be argued that three of the five
departments (3.46) will be identical to the three offices, the
optimal time [see. (3.45)]. For definiteness, we assume:
W () =u, [ =1", 0,7}
uy(t)=uy, T, =T, tO[ty,T"];
ug () =us, T, =T, t0O[ty,T" ]

(3.48)

The question arises: what is the significance of controls
-0
1ty (1)
locally-optimal. Since there is the principle of minimum

conditions for a local, it cannot distinguish local from global
optimal controls. The only way to determine which

and ﬁso(t) ? These two controls must be

departments 1210 (t),...,z?g () are globally optimal - is to

measure and compare the times 7:1 ,...,7:5 and, thus, found
that

*

L=T,=T,=T";
f4>T*;
Ts>T .

(3.49)

For this reason, we emphasize that the necessary
conditions give only controls that can be optimal. In the next
section we discuss the results obtained above.

In the previous sections were obtained necessary
conditions for optimal control and developed a systematic
method for determining the idealized offices, one of which
may be the best in performance, but also established
(Theorem 1) that if the problem is normal, then the
components of the control-optimal, are piecewise constant
functions of time [1, 4, 11, 16].

As for the normal components of the problem optimal
control must be piecewise constant functions of time, one of
the necessary conditions, namely:

H{x" (1), p" (t),u” (1),01 < H[x" (1), p" (£),u(2),1];
u()OdQ
allow you to restrict the search for optimal class control
|uj (t)| =1, j=L2,..,r. This is perhaps the most useful result

obtained from the minimum principle, while the rest of the
necessary conditions give more appropriate boundary
conditions and transversely conditions.

It should be noted that the Hamiltonian [6, 16]

HIx(®), p(t),u(t),1]= 1+ { fTx(t),£1,p(1)) +

3.50
+{u(0)Bx(0),1p(1)) (3.50)

and differential equations

_ OH[x(1), p(1),u(),1]

x(1)
op(t)
(3.51)
0x(1)
System is fully defined and functional and thus

independent of the boundary conditions and at the region S.
In addition, the minimum control H — °(f) (cm. Definition 1.
H-minimal control), defined by the equation [6]

u’(t) = =SIGN{ B'[x(t).t]p(1)} (3.52)
independently (functional) of the boundary conditions
imposed. Thus, steps 1 - 3, are exactly the same for any
problem about the optimal speed. Necessary conditions for
the Hamiltonian and an additional variable in the final time
T* together with a given initial state and equations region S
provide enough boundary conditions for the solution of the
system 2n differential equations.

We showed step by step process used to determine the
controls 7° (t) , the resulting trajectories X(#) and
appropriate additional variables p(f;) , meet all the
necessary conditions. In order to highlight these values, we
make the following behavior.

Definition 3. Extreme variables. The control #°(¢) called
extreme if #°(¢) and the corresponding trajectory x(Zy)
and an additional variable p(#,) meet all the conditions [i.e.
Equation (3.38) and (3.40) - (3.44)]. It will also be called
x(ty) and p(t;) extremely trajectories state and an
additional variable, respectively [1, 9, 13].

4. Remarks

In general, can be a lot of extreme control. Each extreme
control gives a trajectory that may be optimal either locally
or globally. Since extreme control satisfies all the necessary
conditions, we can note the following [1, 4, 14].

Remark 1. If the optimal control u*(¢) exists and is unique
and there is no other local optimal controls, there is only one
extremely control #°(¢), which is the optimal time, i.e. e.
1’0 =u@).

It is clear that the assumption of the absence of other
locally-optimal controls made in Remark 1 makes the
principle of minimum of necessary and sufficient condition.

Remark 2. If there is only a variety of optimal controls and
if there m, control, optimal locally, but are not optimal
globally, then all will be m; + m, extreme control.

Remark 3. If a globally-optimal control does not exist and
there m, different locally optimal controls, there is a m,
extreme control.

Therefore, the existence of extreme control does not imply
the need for a globally-optimal control.

Remark 4. If the optimal control exists, it can be found by
calculating the time 7 required by each of the extreme control
and control by minimizing 7.

These remarks lead to the conclusion that dealing with the
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problem of optimal control, we need to know the answers to
the following questions:

1) Whether there is a control-optimal?

2) Only if the optimal control?

3) Whether a task is normal?

4) Does not contain additional information that is
necessary conditions for the data system and the area S?

Unfortunately, for arbitrary nonlinear systems and areas of
S answers to these questions have not yet been received.
There are, however, a number of results for a class of linear
systems. Since this class of systems is extremely important,
we will devote a few paragraphs to it to get additional results
that are important, both from theoretical and practical points
of view.

5. Conclusion

Accordingly, the research devotes the formulation of the
problem of optimizing the oncoming traffic and gives a
description of the concept and control system that
implements the navigation of ships in maneuvers. In sum, we
can conclude as following [5, 10, 14]:

- The substantiation of statement of problems of control is
made by a meeting of movements and geometrical
interpretation of a problem of a finding of ship control,
optimum on time, in the form of moving areas in space of
statuses is offered in due course.

- Possibilities of a principle of a minimum for a finding of
optimum controls are considered and ways of reception of
numerical decisions are offered.

- The reasons of occurrence normal and degenerate control
in problems of ship control are established by a meeting of
movements [8].
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