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A CONCEPT OF ENTROPY APPROACH TO THE PROBLEM
OF MULTI-ALTERNATIVE OPERATIONAL MODES CONTROL

Goncharenko A.V.

It is made an attempt to solve a problem of optimal control for the situation of multi-alternativeness and
conflictability of operational modes active element’s individual preferences. A special case substantiation
of the optimal mode choice for marine electro-hydraulic steering gears has been considered. The optimal
controlling mode has been found without imposing any restrictions upon the angle of the ship’s helm blade
deflection. It is suggested measuring the positiveness of the individual’s preferences conflict with the use of
the pseudo-entropy function. Fulfilled appropriate mathematical modeling is illustrated with corresponding
diagrams.

Keywords: positive conflictability, pseudo-entropy function, subjective analysis, subjective entropy,
individual’s preferences, multi-alternative situations, conflicts of preferences, canonical distributions,
active systems control.

Introduction. Initiated in [1] a discussion on the topic of the rational modes of operation
for a four-arm tiller electro-hydraulic steering gear (EHSG) equipped with the piston hydro-
cylinders with respect to multi-alternativeness and individual’s subjective preferences; also in [2]
on the theme of the conflictability of operational situations in terms of entropy paradigm is now
being prolonged in this paper.

Urgency of researches. It is important to research a process of a multi-alternative
operational modes control for a few special cases of alternatives and their possible conflicts from
the point of view of the active system controlling element’s individual subjective preferences
entropy approach concept.

It is always an actual scientific problem to find a general principle by which a set of
phenomena is guided.

Analysis of the latest researches and publications. In the previous publications [1, 2]
we analyzed advantages of a four-arm tiller EHSG equipped with the piston hydro-cylinders
compared to the traditional plunger type EHSG of 4EP220, Stork (the Netherlands); the nominal
moment equals 1,167 kNm [3].

Main characteristics of an EHSG are normalized by the standards and regulations of
International Maritime Organization and, accordingly to them by all Classification Societies.
These are: the time of putting helm from 35° of one board up to 30° of the other; the number of
the pumps (not less than two); availability of preventive devices (automatically acting valves and
others); doubling of the controlling lines; possibility of emergency control over the helm; and
some others [3].

Also, in [1, 2] it has been considered at least one specific alternative operational mode
combined out of two the simplest elementary conflictable ones.

With the use of the entropy approach [1, 2, 4-9] to such a problem of control in an active
system, we will be studying not covered before situations.

The task setting. In this paper we will be finding optimal control decisions for the choice
of a needed operational mode without imposing any restrictions upon the angle of the ship’s
helm blade deflection. Entropy approach explains the principle.

The main content (material). The idea is to continue studying of operational modes
combinations started in [1, 2] in order to generalize modeling dependences of control in
situations with possible conflicts. The entropy of preferences is a tool.

The problem formulation. Accordingly to [1, 2] we have got three elementary
operational modes described with the expressions of forces acting in the piston hydro-cylinders
of the retrofitted EHSG with the four-arm tiller in the view of
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where M, — moment acting on the rudder [1-3]; o — angle of the tiller turning; », B, v, 3, &',

8" — structure geometrical parameters of the four-arm tiller steering gear equipped with the
piston hydro-cylinders [1, 2].

The conflict free combined of (1) mode of operation is being written with the conditional
system of equations [1, 2]

" .
F’, a<ayg;
4 .

F;n = F’ a:aO’ (2)
F", a>a,,

where a, — angle of deflection of the ship’s helm blade at which the corresponding hydro-

cylinder changes its-own mode of operation.
Now, we apply the postulated in subjective analysis functional of the general view of
[5,P. 119, (3.38)] in the view of [1, 2]

q)n:_inilnﬂi_ﬁini‘ﬂ‘”{ini_l] 3)
i1 = -

where m — function of the individual’s subjective preferences; N — number of possible
elementary (simplest) operational modes (achievable alternatives); P, y — structural parameters,
they can be considered in different situations as Lagrange coefficients, weight coefficients or

endogenous parameters that represent certain properties of the individual’s (active element’s)
N

psych; Zﬂ,’i =1 — normalizing condition.

i=1

Compiling functional (3) with the formulas (1) accordingly to the three modes mentioned
above, we acquire corresponding expressions, for the cases of the specific operational modes
control on conditions of their multi-alternativeness only, in one of the following view
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The preferences functions w; in (4) in their canonical view [5, P. 115-135], being got
from the necessary conditions of extremum in the view of

oD,
or,

1

=0, (5)

though having the same subscripts, have different values for those four variants of (4)
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because all of them are obtained on different conditions; except for (5), of course; of multi-
alternativeness, conflictability, circumstances, and operational situations control etc.

Considering this case with the two reachable alternatives we might discover a certain
analogue to the stimuli perceptions relation from psychophysics. Really, let us compose a
functional from the prototype (3)

®=—iﬂln5—ﬁiﬂﬁ +7{§,Fi—1} (3%
i=1 i=1 i=1

where F, — play the role of stimuli; ©, — have the sense of perceptions.
From equation (3’) and conditions like (5)

oD ey —pr,
—=-InF-1-Br.+y=0, F=e e hm In—‘=-8(r,-x,). &
- (=1 pr +y 1 7 Blr, - 1,) (37)
The last equation of (3””) in these terms is interpreted as the Weber-Fechner law.

When the operational functional likewise (3) is given in the view of an operational

integral [7, P. 57, (1)]
0.~ J[- Sl )+ 53508+ 01 o o

N
where ¢ — time; — 2771. (t)in 7,(¢) — entropy of subjective preferences of m,(¢); F, — effectiveness

i=l1
function related to the /" alternative; in the simplest problem setting we might consider x(t) and
)'c(t), let us, for example, say, the force acting in the cylinder and its rate of change in time as the
subjective efficiency functions of the two achievable alternatives with the corresponding
preferences of 7, (t), T, (t)
i(t)

With respect to particular combinations of x(t), )'c(t), x(t))'c(t), and m, we will get the
X
eleven specific variants of the functional (7), which have their common general view
of [7, P. 57, (2)]:
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where o, — coefficients that consider the differences in the measurement units.

The last functional (8) is the general one and each of the previously mentioned specific
variants derives from it with the corresponding 7,(¢) and ¢, .

Conflictability of the preferences distributions is determined through the pseudo-entropy
function [8, P. 123, (21)], [9, P. 64, (19)]. Dependently upon intentions expressed in active
element’s individual preferences it may be positive or negative.

The problem solution. On choosing the desired view of the operational funcitional (4)
and getting the canonical distributions of subjective preferences (6), we get optimal conflict free
mode of operation in by-passing conditions (2).

Applying the necessary conditions for extremums in the view of Euler-Lagrange
equations for the variational problems of (7) or (8) [7, P. 58, (3)]

OR" d(oR R d|(oR
— | —|=0, ¥— ——| —|=0, 9)
or, dt\ or, ox dt\ ox
where R™ — the under-integral function of the corresponding integral (7) or (8), we get the

corresponding expressions of canonical distributions of the preferences for (8) in the traditional
form [7, P. 58, (4)]
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The preferences functions for (8) are connected through the generalized equation by
Euler-Lagrange in the transformed view [7, P. 58, (5)]

. . a, .
T, =0Tty + O X7, +—4 72, . (11)
x

The generalized differential equation of the second order for (11) will be [7, P. 58, (6)]

. m+A+B+C
X=—"——

12
D+E+F (12)

where [7, P. 58-59, (7)]
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If, for instance, there is an intellectual system that is involved into the process of
operational control, we can solve a problem likewise for an artificial intelligence. The
operational integral functional in that case will be similar to (7)

- j(_ iZ]::Si(t)m 5.(1)- ﬁiﬂi(t)Si(t)+ {lﬁ]si(t)_ IDJt, )

where S; — stimuli that induce perceptions in the view of preferences ;.
From conditions like (9) and functional (7’) it yields
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The members of y—1 and e' are the same for any i ™ stimulus and preference.

-pr;

e

N
>t

g=1

S, =

1

, Viel, N.

From here it follows that for any i and j

ln%z_ﬂ(ﬂi _”j)' (77)

J
The expression (7°°) is the analogue to the main law of psychophysics (3°°). In case when
N =2, we get relations between the stimuli and effectiveness functions:

1 1 1
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With canonical distribution for preferences similar to (10)
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Relation (7°’) gets the view
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The member within parentheses is called stimuli effectiveness functions hyperbolic
tangent, since, 1if the effectiveness functions F| =—F,, it becomes th(BFz) and

S, 1
In 5= —Ph(PE)=P0(BR). S\ = )

Practical application of the problem solution. For a practical application of the
problem solution we consider, for example, a general cargo, universal, dry cargo vessel, DWT
13,500 t, the ship’s speed 18.2 knots. The prototype-vessel, let us say, of the «Geroi Panfilovtsy»
series. She is presumable equipped with the plunger steering engine, builder’s type of 4EP220,
Stork (the Netherlands).

The problem solution is applicable to any similar problem formulations of that style
of problem setting although.

Because of, for instance, the output of EHSG practically has no limitations [3]. On
supertankers, for examples, there are EHSG with the output of up to 800 kW (turning moment
more than 20,000 kN-m) installed [3].

The area of EHSG application is also unrestricted. They are used for all types of ships:
dry cargo and tankers, ferries and luxury (comfortable) passenger liners, supertankers and
launches for recreations, and so on. With any types of ship propulsion [3].

Also the problem solution can be applied in other areas and fields of a certain scientific
interest where their controlling influence or individual’s choice may be represented through the
method likewise (2)-(6).

Using the variational problem setting likewise (7) in the view

O = j(— IZ]::ﬂl.(t)m . (t)- ﬁini(t)(Ff\ + y{iﬂi(t)— 1Ddt : (14)

from conditions (9) because of

R oR
=0, =0, 15
on, or, (15)
we will get the identical to (5) and (6) result.
Getting back to EHSG, for data prescribed in [1, 2], we have got advantages of the
improved EHSG compared to the «old» one in the view of the forces ratio [1], and forces
difference

AF =|F

cn

—|F

c

) (16)

where F, — the force acting in the cylinders of the «old» EHSG 4EP220, Stork [1, 2].

Concerning the forces differences (16), they are illustrated in fig. 1, [2].

In fig. 1, it is shown the differences between forces acting in the cylinders of the
improved steering gear drive and in the traditional 4EP220.

Modeling by the method (3)-(6) allows us choosing the optimal conflict free combined
mode of operation. We would like to stress ones more that there was not a restriction to the angle
of a. In no way and nowhere in the problem setting with the subjective preferences we imply
conditions (2).

Modeling for the case (4’”°) and (6°°’) is illustrated in fig. 2.

In fig. 2 it is shown, in corresponding scales, the forces, entropies, preferences, moment
on the rudder. Also it is shown there the value of the maximal entropy which for this problem
formulation equals In3. Entropy maxima correspond to the first situation when the moment on
the rudder equals zero and the second situation when the forces of the three modes are equaled to
each other.
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Figure 1 — Advantages of the retrofitted marine steering gear
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Figure 2 — Entropy and preferences of operational modes

35,

The researches results. In fig. 2, it is obvious the active element chooses rational control
since the entropy tends to zero and distribution of his own preferences definitely shows that; and
the corresponding absolute values of the forces acting in the piston hydro-cylinders have the

minimal magnitudes.

If we indicate the preferences of the minimal forces magnitudes be positive which quite
logical, then, for sure, the conflict (contradiction) between the preferences measured by the
pseudo-entropy function [8, P. 123, (21)], [9, P. 64, (19)] is also utterly positive which is rather
reasonable. This means that positive conflict has a sense of a certain initial factor of the rational
control choice and operational strategic behavior within the whole diapason of the angle of the

helm deflection.
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We might as well trace the same entropy guiding principle in all particular cases (4)
and (6) described in the problem formulation section of this paper.

Conclusions. Due to the suggested improvements of the steering gear, we expect a
decrease in the mechanical tension. Therefore the mass of the installation can be reduced,
reliability — raised.

The subjective preferences entropy maximum concept allows choosing the appropriate
control for the rational modes of operation in conditions of multi-alternativeness of operational
situations and helps avoid possible conflicts in the system.

The optimal control has the positive conflictability through all the range of the
operational situations.

Prospects of further researches. For further researches it is prospective to deal with the
entropy paradigm in studying multi-alternativeness of operational situations on conditions of
possible conflicts with the use of the methods (3)-(15) applicably to other more general cases of
operational control.
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I'onuapenxo A.B. KOHIIETILIIA EHTPOIIIMHOIO IIAXOAY JO IPOBJIEMU KEPYBAHHS
BATATOAJIbTEPHATUBHHUMM EKCIUTY ATALIIMHUMHU PEXXUMAMU

3oiticneno cnpoby  posg’azamu  npobiemMy  ONMUMAILHO20 — KepyBaHHs ons cumyayii
bazamoanbmepHamusHoOCmi ma KOH@IIKMHOCMI [HOUBIOYAIbHUX Nepeeds eKCNIyaAmayiiuHux pPeicumis
akmueHum  enemenmom. Poszensinymo  o0IpyHmyeanHs 4aCmMuHHO20 GUNAOKY 6UOOpPY ONMUMATLHOZO
pedicumy Ol MOPCbKOL  eleKkmpo2iopasiiunol pynvoeoi mawiunu. OnmumanoHUll peicum KepyeaHHs.
3HAU0eHo 0e3 HaKAAOeHHs 0YOb-SKUX 0OMedCeHb HA Ky NO8Opomy nepa pyis CyOHd. 3anponoHo8aHo
BUMIPIOBAHHSL NOZUMUSHOCMI KOHGQIIKMY [HOUBIOYAIbHUX Nepesas i3 GUKOPUCIAHHIM NCe800eHMPONIHOT
@yuryii. Buxonane naneslcne Mamemamuire MoOemo8aHHs NPOLIIOCMPOBAHO 8iONOBIOHUMU Olazpamamu.
Kmiouosi  cnosa: nosumuena Kou@IiKmHicmb, NCce600eHMPONIUHA QYHKYIS, VO €EKMUGHUL aHA3,
cyb ’exmuena eHmponis, iHOUBIOYaIbHI nepesa, 6A2amoalbIMePHAMUSHL CUmyayii, KoH@IiKkmu nepesae,
KAHOHIYHI PO3NOOLIU, KEPYBAUHA AKMUBHUMU CUCTHEMAMU.

Tonuapenxo A.B. KOHIIEII{MS SHTPOIIMMHOIO ITOJXOJA K ITPOBJIEME VIIPABJIEHUS
MHOI"OAJIbTEPHATUBHBIMU DKCIUTY ATALIMOHHBIMU PEXKUMAMU

Ocywecmenena nonvimka  pewums  npoOieMy — ONMUMAILHO20 — YRpAeleHuss O cumyayuu
MHO20ANILMEPHAMUGHOCU U KOHMIUKMHOCIU  UHOUBUOYATIbHBIX NPEONOYMEeHUll  IKCIILY AMAYUOHHBIX
PEACUMOB aKMUBHBIM dNemMeHmom. Paccmompeno obocnosanue uacmmnoeo ciyuas évloopa onmuMaibHO20
peAcuMa Onsk MOPCKOU INeKMPOSUOPABIULECKOU PYAe6ot MawiuHbl. OnMmuManbHblil PErcUM YnpagieHus
HatioeH 6e3 HaKAAObIBAHUsl KaAKUX-1Uub0 0SpaHuyeHull Ha y2oi nogopoma nepa pyis cyoua. Ilpednosceno
usMepenue  NO3UMUGHOCMU — KOHMIUKMA — UHOUBUOYWIbHbIX — NPEONnOYmMeHutl ¢ UCHONb308AHUEM
nCcegooIHMpPONUIHoOl  (yHKkyuu.  Bulnonnennoe — Haodredcawjee  mMamemamuyeckoe — MOOeIuposanue
NPOULTIOCIPUPOBAHO COOMBEMCMBEYIOWUMU OUASPAMMAMU.

Kniouesvle cnosa: nosumushas KOHGIUKMHOCIb, NCEEO0IHMPONUIHAS GYHKYUS, CYObEKMUBHBII AHAU3,
CYOvLeKmMUGHAsE  SHMPONUsL,  UHOUBUOVATbHbIC —NPEONOYMEHUs, MHO2OAIbMEPHAMUGHbIE — CUMYAYUL,
KOHAUKMbL NPeOnoumeHull, KaHOHUYecKue pacnpeoeieHus, YApagieHue akmugHbIMU CUCTEMAMU.
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