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Abstract. The paper considers the theoretical aspects and possibility of the quantitative
estimations implementations for the optimal operational effectiveness with the help of the
subjective entropy paradigm realized in the Subjective Preferences Entropy Theory through the
formulated there Subjective Entropy Maximum Principle. The other kind of optimization, but
similar in mathematical apparatus to the mentioned above, is based upon the hybrid-optional
effectiveness functions entropy conditional optimization doctrine. Both subjective and
objective wings of the general entropy paradigm theory can deal with the specific conflicts of
the subjectively preferred operational alternatives preferences functions of the virtual
intensions of subjective analysis as well as with the objectively existing options of the real
phenomena, which pertains to the ongoing processes and is an intrinsic property of the material
world. The described important method with the use of the traditional view entropy allows
constructing a hybrid pseudo-entropy relative function that shows the optional side and relative
value of the uncertainty or certainty measure of the operational situation. Illustrative examples
with the alternatives of a horizontal maximum duration and range flights are demonstrated.

1. Introduction
The presented paper is devoted to the application of the entropy methods to the theoretical aspects of
aircraft operational effectiveness. It is proposed to consider the entropy based optimization approaches to
the spheres of the flight operation, maintenance techniques, decision making etc. paying attention to the
situations of multi-alternativeness and multi-“optionallity” for them. Entropy methods can be
significantly helpful as it seems to the application fields with the extensively high levels of uncertainties.
Last decades, the elaborations have been dealing with the certain variational principles implemented
into the spheres of reliability, flight safety, aircraft and its parts, systems, and elements maintenance and
repair. The entropy concept has been implemented to all those areas.

2. Survey of existing problems
First of all it is necessary to make a few remarks to the connections between the entropy concepts in the
framework of the general entropy paradigm.

The traditional Shannon’s view entropy for probabilities of events and probabilities of random values
magnitudes was used in theoretical physics [1-3]. There, that method has got the name of the Jaynes’
Entropy Maximum Principle; and after it was implemented in a variety of problems. Later on, the similar
mathematical approach was applied to psychological issues of the so-called active systems in subjective



analysis [4] where that approach has been renamed as the Subjective Entropy Maximum Principle. In the
interpretations of the subjective preferences functions uncertainty measure of individuals [4] that
Entropy Principle considerably widened the application abilities of the theoretical studies. It became
obvious that subjective uncertainties can be assessed; and preferences functions of alternatives were
being obtained in an explicit view trough the entropy conditional optimization. Nowadays, the willing to
combine the intrinsic objectively existing features, likewise possibly prospectively applicable to aviation
industry [5-15], with the postulated in subjective analysis optimal distributions of the preferences
functions has instigated and will definitely continue to instigate the scientific research initiated in
references [16-20]. Such combination of the objectively existing options with the subjectively preferred
alternatives is being developed presently under the conventional name of the hybrid-optional
effectiveness functions entropy conditional optimization doctrine. Since the theory formation has not
been finished yet, it needs more illustrations of the theoretical aspects implementations. And that is the
presented paper’s major objectives to demonstrate the examples applications.

3. Ideas of the subjective entropy maximum principle
Based upon the Jaynes’ Entropy Maximum Principle [1-3], the subjective analysis [4] postulates the
Subjective Entropy Maximum Principle expressed with the general view functional:
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where o, B, y are corresponding structure parameters that can be considered at different problems
settings as the Lagrange coefficients or weight coefficients. Here they are interpreted as internal cyber
object control parameters which reflect certain properties of the cyber object “attitude” to the achievable
alternatives. H_ is entropy of the alternatives preferences m; ¢ is function of the effectiveness that
together with the alternatives preferences entropy H_ determines conditions of the attainable alternative
preferences = distribution optimality; N is normalizing condition, [4].

The problem is to find the available alternatives preferences m optimal distribution on the conditions
formulated as the objective functional (2). The first member in the objective functional (3) is the
traditional view Shannon’s entropy (corresponding o., B, y structure parameters that can be reduced

over o ; thus B and y coefficients get the renewed values, however, for the perceptional ease with the
previous designations) transformed for the preferences likewise in the reference of [4]:
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where i is number-index of the corresponding attainable but sometimes conflicting alternative; N is
the total number of the conflicting alternatives; m; is preferences functions of the i-th conflicting

alternatives under consideration.
Optimization procedure for (4) with (2) results in the so-called canonical explicit expressions for the
preferences functions of [4]:
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where () is the element of generalization when the preference functions of =; can be considered as
the functions of time t; B; and B; are one more element of generalization, these are the
corresponding values of the structure parameters that relate to those ones of the objective functional of



(5) [4]; F and F; are effectiveness functions of the i-th and j-th achievable but conflicting

alternatives correspondingly.
In case of (3) the second member in the objective functional (1) should be as
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There can be another kind of generalization for [4], and the procedures of (1-4), when the integral
form of the objective functional is considered since there are functions of time t: m;(t) and Fi(t).
Therefore, the aspects of the dynamical evolution are taken into account:
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Here in (5), B and y are corresponding values of the structure parameters that relate to those ones of
the objective functional (1), although in the presented view notation they are already reduced by o ; F,
is supposedly the effectiveness functions of the i -th achievable alternatives are the functions of time t.

Thus, the second member of (5), analogously to the integral of the entropy taken in the view of (2),
relates with some mean magnitude of the effectiveness function & (see equation (1)) value for the period
of integration[t,, ..., t,].

4. Example of the flight operation alternatives
There might be a specific two-alternative situation with the problem of the choice for a horizontal flight
for the maximum range versus a horizontal flight for the maximum duration, either totally for the whole
flight or for some flight segments depending upon the purpose of the flight task.

Accordingly, there are two alternative flight speeds:
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where v, (m) is aircraft optimal speed of a horizontal flight for maximum duration as a function of the
aircraft changeable mass m; b is aircraft aerodynamic coefficient; g is the gravity force acceleration;
C

Xo
the air; S is characterization area of the aircraft; v, (m) is aircraft optimal speed of a horizontal flight for
maximum range as a function of the aircraft changeable mass m.

From the simplest view differential equations of the aircraft motion, one can get the differentials of

the horizontal flight duration and range. In the specified idealized conditions for the horizontal flight
duration, for instance, the differential is

IS aircraft aerodynamic drag coefficient when the lifting force equals “zero” value; p is density of
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where n is efficiency of the propulsive complex, a constant for the rough problem formulation; Q is

low calorific value of the fuel by its working mass; v is aircraft speed.
The corresponding to the duration differential (7) integral for the determination of the maximum
duration of the horizontal flight will be



: 2nQpvS
T=- 2”?" —dm, (8)
w, Cy, (pV S) +b(2mg)

where M, is mass of the flying apparatus at the initial moment in time (at the point of the airplane
coming up to the straight line horizontal trajectory) M is mass of the flying apparatus at the end of the
active segment of the horizontal flight, that is at the end of the engine run.

Determination of v=v(m) from the functional (8), from the mathematical point of view, is the
simplest problem of the calculus of variations, which has the optimal speed for the flight with the
maximum duration as the problem corresponding solution, the first equation of (6). Analogically to (7, 8)
approach, the optimal solution of the maximum range horizontal flight, the second equation of (6) is
being found. For the problem of the maximum flight duration control (7, 8), for the simplest case on
condition of the two specified achievable alternatives, it will be, similar to (5):

q’nsz S — |, 20 +Y{ini —1} dm.  (9)
i C, puzsf +bl2mgP ", (pvisf +blemf | LT

where H_ is active element’s (individual’s) subjective preferences entropy, likewise (2):
2
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v; is alternative speed functions.

The key point to the flight operation problem described with the procedures of the expressions of (6-
10) is that at the given alternative speed functions v;, the optimal distribution of the alternatives
preferences functions w; demonstrates the preferences higher values for the closer to the extremal (6)
alternative speed functions values v; even without determination of that optimal speed solution. One
more feature here is that, if one of the alternative speed functions v; is not given, then solving the system

of the Euler-Lagrange equations (the necessary conditions for an extremal to exist) leads to the optimal
solution in the view of that not given function, the first one of the equations of (6); i.e. the free function
of v (unknown optimal speed of the horizontal flight with regards to the time (duration) of the flight),
like the preferences functions of r;, and, together with them are the optimal solutions (extremals)

obtained from the system of
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where R” is under-integral function (integrand) of the corresponding objective functional taken in the
view of the integral (9); =i is derivatives of the preferences functions with respect to the aircraft
changeable (varying) mass, that is
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Vopt I derivative of the speed with respect to the mass, i.e.
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for this special case considered. Hence, the system (11) is simply
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5. Alternatives of maintenance techniques

When considering alternatives of aircraft maintenance techniques, there are possibilities of the
alternatives assessment, which is the analogy to (1-15) with the estimation of the subjectively preferred
effectiveness functions. But, for the options, also, there is a way of the hybrid-optional effectiveness
functions entropy conditional optimization doctrine dealing with the objectively existing intrinsic
phenomena of the real processes going on in the systems.

The maximum probability of the system state can be determined based upon the entropy conditional
optimization for the system’s available options (these are the objective stuff with the probabilities of the
states [19, 20] on the contrary to (rather than) the subjectively preferred alternatives of the subjective
analysis theory [4]). One more problem is the determination of the uncertainty or certainty measure with
the relative indication of a “good” and “bad” or “right” versus “wrong” alternative inclinations. Here it is
proposed to implement a hybrid pseudo-entropy relative function [16]:
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where H_,, is entropy maximum value [4]:
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Amn is factor or index of the alternatives preferences prevalence or domination, introduced in [16]:
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where c} is positive and o, is negative conflicting alternatives respectably; M is the number of the

positive alternatives; L is the number of the negative conflicting alternatives in respect, [16]:

M+L=N. (19)

Conclusions

The background of the entire presented theory (1-19) is the ”Subjective Entropy Maximum
Principle” [4] developed in pursuit of the well-known from the theoretical physics kinetic theory
Jaynes’ principle [1-3]. It has been successfully adopted as a tool for the aircraft operational problems
solutions based upon plausible theoretical explanations and expedient substantiated reasons. As a
result, engineering branch of science gets a possibility of the quantitative estimation of the optional



effectiveness functions optimal distributions as well as numerical solutions to many problems dealing
with the aircraft operation.

References

[1].
[2].
[3].
[4].
[5].
[6].

[71.
[8].
[9].

[10].

[11].
[12].
[13].
[14].

[15].

[16].

[17].

[18].

Jaynes E T 1957 Information theory and statistical mechanics Physical review Vol 106 Ne 4
pp 620-630

Jaynes E T 1957 Information theory and statistical mechanics. Il Physical review Vol 108 Ne 2
pp 171-190

Jaynes E T 1982 On the rationale of maximum-entropy methods Proceedings of the IEEE
Vol 70 pp 939-952

Kasianov V 2013 Subjective Entropy of Preferences. Subjective Analysis: monograph, Warsaw,
Poland: Institute of Aviation Scientific Publications, 644 p. (ISBN: 978-83-63539-08-5)

Béjar S M, Vilches F J T, Gamboa C B and Hurtado L S 2020 Fatigue behavior parametric
analysis of dry machined UNS A97075 aluminum alloy Metals Ne 10(5) 631 22 p

Béjar S M, Vilches FJ T, Gamboa C B and Hurtado L S 2020 Cutting speed and feed influence
on surface microhardness of dry-turned UNS A97075-T6 alloy Applied Sciences
(Switzerland) Ne 10(3) 1049 13 p

Patel G C M, Chate G R, Parappagoudar M B and Gupta K 2020 Intelligent modelling of hard
materials machining Springer Briefs in Applied Sciences and Technology pp 73-102

Hulek D and Novak M 2019 Expediency analysis of unmanned aircraft systems International
Conference on Transport Means Palanga Lithuania pp 959-962

Udartsev |, Bondar A and Plakhotniuk | 2014 Navigation range and duration of flight of
unmanned aerial vehicle Proceedings of the National Aviation University Ne 3(60) pp 33-42

Dudoit A and Stanktinas J 2015 The comparison of the en-route horizontal flight trajectory
components Science — Future of Lithuania, Civil and Transport Engineering, Aviation
Technologies Ne 7(5) pp. 577-582. http://dx.doi.org/10.3846/mla.2015.836

Kondroska V and Stankiinas J 2012 Analysis of airspace organization considering air traffic
flows Transport Ne 27(3) pp. 219-228. http://dx.doi.org/10.3846/16484142.2012.719199

Krzyzanowski M 2013 Conflict free and efficient flight routes planning in Free Route Airspace
Prace Naukowe Politechniki Warszawskiej, Transport z. 95 pp 277-285

Kondroska V and Stankiinas J 2012 Formation of methodology to model regional airspace with
reference to traffic flows Aviation Ne 16(3) pp 69-75 ISSN 1822-4180

Mihetec T Odi¢ D and Steiner S 2011 Evaluation of night route network on flight efficiency in
Europe International Journal for Traffic and Transport Engineering Ne 1(3) pp 132-141

Valdés R A Comendador V F G and Pérez Sanz L 2012 Sustainable air traffic management
system development methodology International Review of Aerospace Engineering
(I.RE.AS.E) Ne 3(5) p 238

Goncharenko A V 2019 Multi-Optional Hybridization for UAV Maintenance Purposes IEEE
5th International Conference “Actual Problems of Unmanned Air Vehicles Developments
(APUAVD)” Proc. October 22-24 2019 Kyiv Ukraine (Kyiv: Osvita Ukrainy) pp 48-
51.Goncharenko A V 2015 Applicable Aspects of Alternative UAV Operation IEEE 3rd
International Conference “Actual Problems of Unmanned Air Vehicles Developments
(APUAVD)” Proc. October 13-15 2015 Kyiv Ukraine (Kyiv: Osvita Ukrainy) pp. 316-319.
DOI: 10.1109/APUAVD.2015.7346630

Goncharenko A 'V 2016 Several Models of Artificial Intelligence Elements for Aircraft Control
IEEE 4th International Conference “Methods and Systems of Navigation and Motion
Control (MSNMC)” Proc. October 18-20 2016 Kyiv Ukraine (Kyiv: Osvita Ukrainy)
pp 224-227 DOI: 10.1109/MSNMC.2016.7783148

Goncharenko A V 2018 Multi-Optional Hybrid Effectiveness Functions Optimality Doctrine for
Maintenance Purposes IEEE 14th International Conference “Advanced Trends in
Radioelectronics, Telecommunications and Computer Engineering (TCSET)” Proc.



http://bayes.wustl.edu/etj/articles/theory.1.pdf
http://bayes.wustl.edu/etj/articles/theory.1.pdf
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57193426345&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85085112700&origin=resultslist&sort=plf-f&cite=2-s2.0-85057040775&src=s&imp=t&sid=47a62fe82d98dbc2f811e05cf867e018&sot=cite&sdt=a&sl=0&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85085112700&origin=resultslist&sort=plf-f&cite=2-s2.0-85057040775&src=s&imp=t&sid=47a62fe82d98dbc2f811e05cf867e018&sot=cite&sdt=a&sl=0&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/21100399731?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57193426345&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85081633784&origin=resultslist&sort=plf-f&cite=2-s2.0-85057040775&src=s&imp=t&sid=47a62fe82d98dbc2f811e05cf867e018&sot=cite&sdt=a&sl=0&relpos=1&citeCnt=2&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85081633784&origin=resultslist&sort=plf-f&cite=2-s2.0-85057040775&src=s&imp=t&sid=47a62fe82d98dbc2f811e05cf867e018&sot=cite&sdt=a&sl=0&relpos=1&citeCnt=2&searchTerm=
https://www.scopus.com/sourceid/21100829268?origin=resultslist
https://www.scopus.com/sourceid/21100829268?origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85079620835&origin=resultslist&sort=plf-f&cite=2-s2.0-85010402980&src=s&imp=t&sid=6baaae5773a5ccbf997f8753442eac56&sot=cite&sdt=a&sl=0&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85079620835&origin=resultslist&sort=plf-f&cite=2-s2.0-85010402980&src=s&imp=t&sid=6baaae5773a5ccbf997f8753442eac56&sot=cite&sdt=a&sl=0&relpos=0&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/21100321695?origin=resultslist
http://dx.doi.org/10.3846/mla.2015.836
http://dx.doi.org/10.3846/16484142.2012.719199
https://doi.org/10.1109/APUAVD.2015.7346630
https://doi.org/10.1109/MSNMC.2016.7783148

February 20-24 2018 Lviv-Slavske Kyiv Ukraine (IEEE) pp 771-775 DOIL:
10.1109/TCSET.2018.8336313

[19]. Goncharenko A V 2018 Aeronautical and aerospace material and structural damages to failures:
theoretical concepts International Journal of Aerospace Engineering Volume 2018(2018)
pp 1-7 https://doi.org/10.1155/2018/4126085



https://doi.org/10.1109/TCSET.2018.8336313
https://doi.org/10.1155/2018/4126085

