A. V. Goncharenko Control of flight safety with the use of preferences functions

113

UDC 303.725.36:159.9.015:159.964.21:519.86(045)

A. V. Goncharenko

CONTROL OF FLIGHT SAFETY WITH THE USE OF PREFERENCES FUNCTIONS

Department of mechanics, National Aviation University, Kyiv, Ukraine
E-mail: andygoncharenco@yahoo.com

Abstract. On the basis of the “Subjective Entropy Extremization Principle”, for a roughly simplified
problem setting, of the flight safety control problem (possibly for two aircrafts, or unmanned air vehicles
application expediency versus traditional aircraft), it is proposed a mathematical model for the combined
technical-economical criterion of the flight safety control (operational effectiveness). The obtained solu-
tions of the formulated variational problems show optimal controlling influence in the view of the canonical
distributions of the individual’s preferences for both discrete and continuous alternatives. Theoretical
speculations are illustrated with the example calculation experiments. The necessary diagrams are plotted.
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Introduction

The problem formulation in the general view and
its relation to important scientific and practical tasks
refers to the fact that in a variety of safety problems we
might see a connection between an objective function
and a controlling parameter. Flight safety problems are
often imply the so-called “human factor”. Preferences
functions describe an individual’s attitude to the set of
considered by him/her alternatives.

Control of flight safety is an important problem
which can be solved with the use of the preferences
functions.

Thus, the problem formulation in the general view
in its relation to the important scientific and practical
task of flight safety control is that the criterion of
safety has a certain connection to the alternatives and
the preferences functions, expressed, in their turn,
through effectiveness functions, related to the alterna-
tives, are also the functions of the controlling variable.

Analysis of the latest researches and publica-
tions

In the following latest researches and publications
it was brought forth the solution to the given problem.

The spectrum for the theoretically considered
problem application is so wide that we decide to pay
our attention to a flight safety theme with the illustr-
ative depiction to the important issues of alternative
types of aircrafts use or even just a few special air-
planes.

A. Unmanned Air Vehicles Versus Traditional
Aircrafts

Development of unmanned air vehicles (UAV),
described in [4], resulted in the fact that: UAVs intend
to, and in some areas they really do, compete with the
traditional type of aircraft (manned/inhabited); or even
more: UAVs applications to accomplish some peculiar

missions are beyond the competition comparatively
to the traditional aircraft (TAC). It is also important
to note that in principle UAVs can be propelled by
almost every type of propulsion system [4], [6].

Thus, the problem formulation in the general view
in its relation to the important scientific and practical
task of expediency of UAVs versus TAC application
is that an airline owner needs to have some scientif-
ically proven criteria in order to make a proper deci-
sion concerning the usefulness of functioning of that
or the other type of the aircraft, i.e. either UAV or
TAC [2].

The mentioned above criteria of the UAV or TAC
application (operation, use) effectiveness should
combine the indexes, on one hand, of technical state:
feasibility, ability [4] and [6], airworthiness, flight
safety, durability, failure rate, failure intensity, relia-
bility etc.; and on the other hand, of economic ad-
vantages and disadvantages [4]: such as profitable-
ness, incomes, costs, expenses, possible losses due to
failures that led to air break downs, collisions, air
crashes, and so on.

Also, the important human factor is to be eva-
luated for the both competing types of aircrafts.

Thus, we got the problem formulation in the
general view and its relation to the important scien-
tific and practical tasks for comparison of UAV
versus TAC [2], also for flight safety of any type of
flying object.

B. Criteria

The variety of the criteria makes a separate scien-
tific problem. We will be elaborating the needed
criterion on the basis of some appropriate ones. One
of such criteria was suggested in [8]. The criterion
was the expectation of airline expenditures for a
certain designated period of time including possible
losses from the unexpected event occurrence — air
crash. That complex criterion was considered as the
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controlled parameter dependently upon the control-
ling variable of the depth (quality) and scope of di-
agnostics and maintenance of the aviation engineer-
ing. The performed mathematical modeling and
calculation experiments discovered theoretical exis-
tence of the optimal control of flight safety in the
view of the minimization of the airline expenses
expectation for the designed period of an aircraft
operation. The statistical analysis substantiated the
usefulness of the method for choosing the optimal
controlling influence in the view of the rated main-
tenance.

C. Human Factor

The influence of human factor upon flight safety
in the framework of subjective analysis was dis-
cussed in [5], [11], [12]. There it was suggested to
conduct the assessment of human behavior on the
basis of the postulated optimality principle. The
principle got the name of “Subjective Entropy Ex-
tremization Principle” (SEEP) because the postulated
objective functional comprised a member in the view
of the subjective entropy of the individual’s prefe-
rences of the achievable for his/her goals alternatives
in the given problem-resource situation. The appli-
cation of the SEEP to economic issues was made in
[10]. There it was considered the aspects of human
behavior on the basis of variational principle appli-
cably to the problems of light and shadow economic
diversion, and in that context to the problems which
touching interactions between shadow economic and
safety of an active system. A modeling of the optimal
internal state shadow taxation conducted in [9] fol-
lowed the concept of [10] for the case of a continuous
alternative.

D. Control in Active Systems

Papers [1], [3], [7] were dedicated to the actual
problems of control in active systems. In [1] it was
considered the elements of artificial intellect in control
of optimality. Papers [3], [7] dealt with mathematical
modeling for: a horizontal flight for the maximal dis-
tance [3]; and the flight safety support through the
maintenance strategies [7] in active systems.

All the initial ideas of [1]—[12] have been laid
down into the basement of the presented problem
solution.

Outlining the previously unsolved parts of the
general problem

Accordingly to the analysis of the resent re-
searches and publications, particularly [1]—[12], the
presented material of the paper is dedicated to the
dilemma of different aircrafts (for instance, UAV
versus TAC) functional expediency because it still
looks like the unsolved part of the general problem of
flight safety and the airline holder’s rational choice in

a situation of operational multi-alternativeness with
respect to his/her optimal individual preferences
distributions on conditions of possible conflictable
operation at the control of the flight safety.

Formulation of the paper’s material objectives
(problem setting)

This paper is intended to make an attempt to find
the individual preferences distributions which allow
choosing the scientifically substantiated alternative
as a kind of the flight safety control.

Consideration of the research’s main material
with the complete substantiation of the achieved
scientific results

For the roughly simplified but acceptably correct
problem setting we take the criterion for making a
decision about expediency of that or another flight
safety control on the alternative basis (different air-
crafts, UAV versus TAC, for example, application) in
the view that follows [8]:

Exp[R]=C, +(%+m}(1—exp[—x(r/s)tk}). (D

where Exp[R] is expectation of an airline expendi-
tures R for a certain designated period of time ¢, ;

C, is cost of the airplane;

v, (Vs) are operational expenses as a function of
the special rated procedures for the flight safety
support (rated maintenance) V ;

X(Vs) is failure intensity;

Ar is onetime unexpected although possible
losses due to the air crash happening.

For the operational expenses we accept the model
of [8]:

v,)=V,+V, +7, )

where V, are operating cost including all related
payments likewise amortization and so on;
V, are money spent for paying taxes.

The failure intensity, parameter of the failures
flow, is modeled by the relation from [7], [8]:

}\‘O _)\‘min
+—-
I+al,

3)

where A, is minimal achievable failure intensity of
randomly occurring air crashing events, herein we
imply that this minimal failure intensity cannot be
lowered by increasing the rated maintenance at the
contemporary level of the aviation engineering
technologies development;

A, 1s initial, without the especially directed con-

trolling influence in the view of the rated mainten-
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ance V, failure intensity of the air crashing events,
herein we imply that this intensity has a finite value,
i.e. A, # 0, because regalement (prescribed by reg-
ulations, rules, and guidance) maintenance is not
included into V;

o, is effectiveness of the especial flight safety
supporting maintenance.

A. Discrete Alternatives

Then, instead of the methods of [8] for finding the
extreme of the controlled complex flight safety cri-
terion (1) separately with respect to each alternative
“1” and “2” (it can be different aircrafts or competing
types of aircrafts, for example, UAV versus TAC),
we apply SEEP of subjective analysis [5], [10] —[12]
in the framework of the postulated optimization
concept in the view of the functional

o7 = [ [+ 7, [Jinm, [

m [ Exp, [ R, (V,)]]Exp, [ R (V)]

+m, [ Exp, [ R, (V) ] [Exp, [ R, (7,) ]
y{m ]+ m[]-1),

where n][-]:n][Exp,[R,(V;)ﬂ and correspon-

4)

dingly m,[]=m,[ Exp,[R,(¥,)]] (/00 individual

preferences functions of their arguments (controlling
functions) distributed on the first and second flight
safety alternatives (TAC and UAV) respectively;

B and y are structural parameters, they can be

considered in different situations as Lagrange coef-
ficients, weight coefficients or endogenous parame-
ters that represent some certain properties of the
individual’s psych;

for the discrete set of the two given alternatives, i.e.,
for instance, either UAV or TAC.

The first member in (4) is the subjective entropy
of the individual preferences with respect to the first
and second (TAC and UAV) alternatives correspon-
dingly. The second member in (4) is the cognitive
function. The third member in (4) represents by itself
the normalizing condition.

From the necessary conditions for extremum we
obtain the so-called canonical distributions of the
preferences [5], [10] — [12]:

e—ﬁExpl [R, (V\. ):l

T (I/S) - e*ﬁEXPI[RI(V\-)] +e*ﬁEXP2[R2(V\-):| * (5)
e*ﬁEXPz[Rz(V\-)]
T (I/S) = e*ﬁEXp][RI(V\‘):I +e*ﬁEXP2[R2(V\-):| ' (6)

B. Continuous Alternatives

For the continuous alternatives of V. in the cho-

sen alternatives of flight safety (types of aircrafts) we
use the integral style objective functional, of the kind
of (4) with the corresponding corrections [5], [10] —
[12] in the manner of [9]:

= (1)
q)EtV\.‘]):V\ T (VS)IHTE (Vs) qv

Voo —Bn(])(K)Exp] [R] (Vs)] S

(7)
Vi1
+y{J‘nU)(Vy)dK—1],
Vso
o ) 2
q>§f"2)=yj (V) () av
Vso —BTE(2)(VS)EXp2 |:R2 (Vs)] (8)

vy
+{Iﬂ(”(Vx)de —1}

V\' 0

where 1) and n® are individual preferences func-
tions of the continuous alternatives on condition the
corresponding discrete alternative is considered.

The integral members in (7) and (8) are inter-
preted in the same meanings as those in (4).

The necessary conditions for extremum of (7) and
(8) yield the canonical distributions for the conti-
nuous alternatives likewise in [5], [9], [11], [12]:

—BEpr[RI(V‘.)]
n(l)(Vs): - € , 9)
J‘e—BEXpI[RI(V\.)]dV‘

N

e—BEXpZ[RZ(V‘. )]

(V)= - (10)
J‘e—BExpz[Rz(V\.)]dI/S
Vso
C. Examples

Let us conduct a series of calculation experiments
by the elaborated methods (1) — (10) with the set of
the two discrete alternatives: flight safety criteria “1”
and “2” (UAV and TAC); and at the each of these
discrete alternatives there is the corresponding con-
tinuous alternative — the value of the related rated
maintenance.

Example 1. For the first alternative (for example,
TAC), with the supposed data: ¢, = 100; Ar=5-10°
a =08 Ly=110""% A, =110"% ¥, =20; V,
=80; C,=1-10% V,,=0; V,,= 100; B=2:10"*; the
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results of modeling, for expositional conveniences in
the appropriate scales, are illustrated in Fig. 1.

For the second flight safety alternative (UAV) we
assume the difference in its data in the comparison to
the previous aircraft (TAC): Ar, =2-10%
C, = 1.005-10°% for the second alternative’s (UAV’s)
operational expenses instead of (2) we accept the
model

; |
1.021-10° —
1) 1.00638.10% 2.7.10% =_Exp ,(Vs) 1.0205-10"
— y
2) 1.0063810°+ 2.7.10* _Exp +(Vs) T
J— 1.02-10"
3HE ;[VSF 3
—
4)E 5(Vs) 1.0195-10°
5 . 4
—10"x |(Vs) .
1.51227 1.019-10°
5
6) - T']DN:]IVS-] — |
1.64547 1.0185-10°
h _._._'_'_'_._._,_.—-
|:..

V(1) =k (VA V)+ Vs (11)
where k, is coefficient which make allowance for
the differences in operating costs of the competing
aircrafts; k,=0.9.

The results of modeling, in the corresponding
scales, are shown in Fig. 1.

Vs 40

Fig. 1. Criteria of flight safety and corresponding preferences of the related alternatives

In Fig. 1 it is depicted

n_Exp, (Vs) — for n,[]; n_Exp,(Vs) - m,[];
E/(Vs) - Exp,[R (V) ]; Ey(Vs) - Exp,[ R (V)];
0, (Vs) = 2V(r,); m,(Vs) - for z®(,).

Example 2. From the example 1 it might seem
that the lower the optional ¥, the better. Now, we

are modeling the following situation: the first alter-
native is the same as before, therefore it is characte-
rized by the same expectation of its own expenses as
that one of the example 1; for some other, alternative
airplane, though equivalent in mission, (UAV, for
instance) the differences from the second alternative
(UAV) of the first Ar, =1.5-10%

C, = 1.00297- 10% for the new alternative’s (UAV’s)

failure intensity instead of (3) we implement the
model discussed in [7]

AV, =2 — (R —lmm)(l—e*“% )

example:

(12)
a = 0.05.

The results of modeling, in the corresponding
scales, are shown in fig. 2.

Now, from the diagrams plotted in Fig. 2 it is
visible that the relatively higher optimal rated

maintenance of V, | =38.07 is the rightly preferred
opt |
alternative.

D. The Researches Results

From the diagrams presented in fig. 1 it can be no-
ticed that at the given problem setting and presumed
data at the rated maintenance values V', >32.4 the first

alternative (TAC) is more preferable than the second
one (UAV). It is because of the values of the first and
second (TAC’s and UAV’s) flight safety criteria, that
is for the expectations of the airline’s, operating the

two alternative airplanes, losses: Exp, [RI(VS)]
<Exp,[ R, (V,)].

It is important that the values of the related con-
trolling functions (preferences functions) provide

evidence of that fact: m, [] >, []
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1.0205-10"

1.0205 10" |
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Fig. 2. Criteria of flight safety and corresponding preferences of the related alternatives

However, at V/ <32.4 it is vice versa the second
alternative (UAYV) is more preferable than the first

(TAC).  Exp,[ R (V.)]>Exp,[R,(V,)],
Ttl[-]<th [] Moreover, the second (UAV’s) crite-

onc

rion has the lowest value at V= 13.68: Exp2|

~1.0189-10°.

Therefore, this particular dilemma has an appro-
priate solution: the preferred discrete alternative is
the second alternative (UAV); and then, the optimal
value of the continuous alternative, in this second
discrete alternative (the UAV’s) rated maintenance,

is = 13.68. The manifestation of that is the

Sopt 2

V,=13.68

maximal value of n(z)(Vs) in the continuous alterna-

tive distribution of the second discrete alternative.
The example 2 proves the convenience of the

controlling functions in a case when a relatively

higher controlling influence is more preferable. The

value V, | =38.07 is the appropriate solution as that
opt |

follows from the diagrams shown in Fig. 2.
Although further researches are necessary in order
to determine the best controlling influence.

Conclusions on the presented research

From the presented theoretical methods (1) — (12)
illustrated with the examples we conclude that flight
safety control (expediency of UAV versus TAC

application) is successfully substantiated with the use
of the controlling functions in the view of the indi-
vidual preferences functions obtained on the basis of
SEEP.

Prospects of further studying in the specified
direction

The further researches are worth of the prospects
from the attempts in studying situations when it is not
necessarily the lower the optional V,  the better, as

that follows from the example 2; as well as disco-
vering the common preferences distribution for a few
continuous alternatives.
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A. B. I'onuapenko. KepyBanHs Ge3neKko10 MoJIbOTIB i3 BUKOPUCTAHHAM (PYHKILili mepeBar

3anpornoHoBaHO MaTeMaTH4Hy MOJENb Uil KOMOIHOBAaHOTO TEXHIKO-€KOHOMIYHOT'O KPUTEPiI0 KEepyBaHHs Oe3MeKOro
MONBOTIB (EKCIUTyaTaliiHoO eeKTUBHICTIO) Ha ocHOBI «[IpuHIMITY excTpemizallii cy0’ €KTHBHOI €HTPOMii», It rpyoo
CIPOIIEHOT TOCTAHOBKH 3aJ1aui, MPpo0IeMU KepyBaHHs OCE3MEKOI0 MOJIbOTIB (MOKIIUBO TS ABOX JIITaKiB, a00 JOIIIEHOCTI
3aCTOCYBaHHS OE3IIJIOTHUX JIITAIFHUX alapariB MOPIBHSHO 0 TpamuliiHMUX jiiTakiB). OTpuMaHi po3B’s3ku Gopmy-
JILOBaHOI BapiallifHOI 3aa4yi MOKa3yloTh ONTUMAIILHUN KEPYIOUYHi BIUIMB Y BUIVIS/II KAHOHIYHUX PO3MOALUIIB iHAUBITY-
aJbHUX TIepeBar, sK JJIsl JUCKPETHUX, Tak 1 Oe3MepepBHUX ajbTepHATUB. TeopeTHuHi MipKyBaHHS MPOLTIOCTPOBAHO
MIPUKIIaJaMU PO3PaxyHKOBHUX eKcriepuMeHTiB. [1o0ymoBaHO HEOOXiqHi AiarpamH.
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