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Abstract. The Air Navigation System is presented as a conguleio-technical system. The influence on
decision-making by Air Navigation System's humaeratpr of the professional factors as well as the
factors of non-professional nature has been defih@dic determined and stochastic models of detisio
making by the Air Navigation System's human-operaidlight emergencies have been developed. The
scenarios of developing a flight situation in casie selecting either the positive or negative pate i
accordance with the reflexive theory have beeninbth The informational support system of the ofmera
in the unusual situations on the basis of Neurawdek model of evaluating the efficiency of theeptital
alternative of flight completion has been built.

Keywords: informational support, logic determined models, moeetwork model, reflexive theory,
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Introduction called socio-technical systems because they require
, L ) , complex interactions between their human and

Air Navigation System (ANS) in conformity t0 yopnojogical components [1]. Most investigations
the principles of functioning may be referred (Quere conducted with a view to provision of safety i
socio-technical ~ systems within  which  clos&, clear power production [3; 4]. In the ANS
co-operation between human and technologicgloyision of safety is rather actual with the aifn o
components occurs [1]. The distinguishing featire @revention threats on the operational level, for
the socio-technical systems is availability of th%xample in the event of technical equipment damage
hazardous kinds of activity as well as usage of thg maintenance personnel faults [5]. The provision
high level technologies in production. Sinceyf flight safety in the ANS by means of high level
operations in socio-technical systems generaltgchnological processes depends primarily on
involve high-risk / high-hazard activities, thereliability of a H-O as well as his timely professal
consequences of safety breakdowns are oftgacisions.
catastrophic in terms of loss of life and propéitly _
The more a Human-Operator (H-O) is trying to Review of research results

control a production process being aided by high statistical data show that human errors account

level technologies, especially in case of distambr up 80 % of all causes of aviation accidents [6]
operation, the more non-transparent becomes thige existing approaches to checking separate

result of the operation of a system, which iaspects (psycho-physiological, behavioural,
accompanied by a high degree risk of causirgrgonomic, professional, etc.) do not give the prop
catastrophic outcomes [2]. consideration to the functional state of H-O in the

Large-scale, high- technology systems such asnditions of the dynamic change of external and
nuclear power generation and aviation have beénernal factors [7].
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The environmental conditions determine thetates and transitions), trees of events as well as
reaction of a H-O, while the reaction of the Igtiar functional networks of stochastic structure [13:16]
its turn, changes the environmental conditions
themselves. Representation of the ANS in the form Purpose of work
of a socio-technical system first of all makes The purposes of the article are:

possible to take into account the influence ofapci decomposition of the process of DM by H-O

cultural environment of people who make deCiSioniiNS systemic analysis and formalization of the

Culture surrounds people and affects their value%rluence of the factors on the DM within ANS

convictions and behavior, which they share alontgeated as complex socio-technical system;

with other members of different social groups. ) ) )
Culture serves to bind us together as members of = Working-out of models DM by H-O in socio-

groups and to provide clues as to how to behave fgfhnical ANS (DM under Certainty, DM under
both normal and unusual situations. Th&isk and DM under Uncertainty, Neural Network

psychologist Hofstede suggests that culture is BOd€ls);

“collective programming of the mind” [1]. Thus ~ Working-out of a computer program for
fatal mistakes can be committed by normal, healthgptimization of the choice of the Decision
highly motivated and well equipped personnel [1; 8plternative of a flight completion for an Aircraft
Russian scientists have used lately the terfAC) in unusual situations.

“departure of conscience” when they analyze the
causes of aviation events conditioned by the
insufficient development of the appropriate cultura

values in a person that makes decisions [6]. In order to take into account the complex of the
One of the possible approaches to the solution gictors that influences H-O of the ANS in the
these problems is formalization and mathematicgkpected and unexpected conditions of operation of
presentation of the ANS operators’ activities ie thy, Ac a model of the DM for H-O has been worked
form of a complex socio-technical systems on thg, (fig. 1).
base of the systemic analysis. Taking into account ¢ 5 resylt of the previous studies the factors
the act of Decision-Making (DM) by a H-O WithinWhich affect the DM by a H-O ANS have been
ANS, besides the separate professional f""Cto(ﬁi%termined, namely: level of knowledge, skills,

(knowledge, habits, skills, experience) also thEbiIitieS, preceding experience as well as theofact

];)as(;gtﬁlogifcalnOnp;E;ZLeos-;ir?;golog?églre argi(;]di\;ig;i_f non-professional nature (psycho-physiological,
psychological) [9; 10: 11] enables to predict th|nd|V|duaI-psychoIog|caI, social-psychological

?actors) [11].

H-O's actions on the basis of modelling the . : : :
T » L The systemic analysis which has been carried out
foresighting “large-scale” outcomes of individual

actions [1] with the aid of the reflexive theong]1 as well as the formalization of the factors which

The systemic approach requires examination &ﬁect DM .by .H'O (|nd|V|qual-psycholqgwal,'
all interrelated different components of theDSyCho'pm/S'OIOQ'CH‘I and social-psychological) in

navigation system acknowledging the fact thi{'e conditions of the progress of a flight situatio
I

changes in one sphere may affect the other (prpbafio™ normal to catastrophic to obtain [11]:

unpredicted) sphere [1; 2]. - the model_s of preferenpes by a H-O under the
For the formalization of the behavioural activitynfluence of social-psychological factors;

of H-O ANS in flight situations those models seem — the models of preferences by a H-O

to be suitable which present the process @éfepending on the significance of individual-

appearance of separate preconditions and thBgychological factors in the conditions of

development into the causal chain of events in tif€velopment flight situations from normal to

form of proper diagrams of causal-consequentightastrophic ones;

relations. - the models of diagnostics of psycho-
Nowadays the most widely spread are thphysiological factors at the score of monitoring th

diagrams in the form of different graphs (or cutreremotional state of H-O.

Decomposition of the process DM by H-O
ANS and the systemic analysis of factors
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Ge — obtained experien;

Ye — vector of predictedd-O's
actions;

A - selection in the direction of
positive pole A;

B - selection in the direction of
negative pole B;

AB — mixed selection

Fes — knowledge, skills an

abilities, acquired operator durin
training;

Few — knowledge, skills ang
abilities, acquired H-O during

professional activity;

Fp, — individual-psychological
H-O's qualities;

For — psycho-physiologicaH-O's

gualities;

Fsp — social-psychologicaH-O's

gualities

Gp1 — takeoft

Gp2 — climb-out;

Gps — level flight;

Gps — descent;

Gps — landing;

G.1 — expected conditions of th
AC operation;

Ge2 — unexpected conditions d
the AC operation;

G;1 — normal situation;

Gs2 — complicated situation;
G3 — difficult situation;

Gs4— €emergency situation;

Gs: — catastrophic situation

Gos— Optic channe;

Gon — auditory channel,

G, — tactile channel;

G,y — verbal channel;

Goe — preceding experience

Fig. 1. The model of DM by H-O ANS
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The analysis of social-physiological factorobtained in accordance with the adopted
conducted by the authors allowed to make t@chnologies of controller’'s work in the FE [14]15

conclusion that the activities of pilots are infiged The obtained critical time for performing the
by the own image, the image of corporation as wedperations by a controller in the FE namely: engine
as by interests of a family. failure on takeoff, depressurization of flying veliei,

At the same time respondents — air traffibiydraulic system faults, failure of the electrionso
controllers pay special attention to interestshefirt supply system, etc. as well as the critical timehef
families, their own economical status angrew actions in case of an engine failure on takeof
professional promotion. The analysis of prioritieaind approach to land in the adverse meteorological
when a pilot and dispatcher are to make a decisigBnditions has been obtained.
together, determined the following model of 2. Decision Making by H-O in FE under Risk.
advantages: social and economic priorities of Bhe structural analysis of developing FE and DM by
person, political views and legal norms of a pefSOpC crew and air traffic controller in FE with théda
spiritual and cultural orientations of a persont@s of decision tree enabled to obtain such results:
the influence of individual-psychological factotet ~ graphical-analytical models of FE
most significant of them are health and eXperienCSevelopment and DM by a H-O (controller, pilot) in
In the conditions when a flight situation develaps £g [9: 17];
the direction to a catastrophic occurrence, then th
temperament and ability to receive informatio
become more significant factors [10; 11]. Th ecision trees and Markov chains [10: 11; 16];
research into the influence of individual- . . . .

. . . - reflexive models of bipolar choice in FE
psychological and social-psychological factors Olnder the influence of external environment
the professional activity of H-O ANS allowed to . ) . ) : ’

. previous experience and intentional choice by H-O.
obtain data on such structural components of ‘a" . . . .
. - - : With the aid of the bipolar reflexive model of the
personality of an aviation specialist, such as veati : . ) o
ﬁhaworal activity of H-O in the extreme situason
t

or behaviour, values and priorities, hierarchy a 21 W-functi f th i q i i
development of these dynamic categories on ] W-functions of the positive and negative cleic

— stochastic models type GERT network
Graphical Evaluation and Review Technique),

have been obtained. The model represents the
stages of DM by H-O.
g y subject (H-O) who is on the verge of choosing one
Modelling of the DM by H-O ANS of the alternatives: A (positive pole) and B (néegat
under Certainty, Risk and Uncertainty pole).

The investigation into the processes of modeIIinﬁngsn_ChOICe H-O ANS s described by the

the DM by air navigation specialists in the normal
and unusual situations enabled to build the foliayvi X=f (X1,X;,X3),

models. _ _ . where X is a probability with which the H-O is
1. Decision Making by H-O in  Flight ready to choose the positive pole A in the reality;
Emergencies (FE) under Certainty. The network y 'is g pressure of the external environment on

analysis of the actions of an AC crew and an gjhe H-O in the direction of the positive alternatiat
traffic controller in flight emergenciewith the aid he moment of the choice:

of the network planning methods gave a chance to %[0, 1];

obtain [13]:
LL3] X, is a pressure of the previous H-O’s experience

— structural-hourly table of the actions taken b¥ he directi ¢ th " | _ h
H-O (controller, pilot) in FE: n the direction of the positive alternative at the
gmment of the choice:

— the network graph of taking the actions by

H-O (controller, pilot) in the FE; x.U[0, 1J;
- the critical time of taking the actions by a H-O xsz is an intentional choice (intention) of H-O in
(controller, pilot) in the FE; the direction of the positive alternative at the

— the determined models for a H-O (controllerjnoment of the choice:
are presented in tab. 1 and fig. 2, which were xsU[0, 1].
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Table 1.Generalized structural-hourly table of the technolgy
of the air traffic controller work in FE

Designation Set of the Time of the
Contents of the work 9 . Support on the work | performing the
of the work operations
work

Receiving the information from
the AC crew about the FE A1 {awy 2z, - a0 - {tin iz oo tind
Confirmation of receiving the
information to the AC crew A {azy a2z, ..., ased A1 {to Lo o o
Transmission of the informatioh
to the appropriate services As {asy agz, ... 200 AN Az {tan 2 ..., b}
Receiving the decision of AC
commanger A {241, a2 -, aan} AU AU Az {tss Gz .o, Uk
Provision of the conditions for
the safe flight completion As {asy, asy, ..., a5} AN AN AsN Ay {tsw ts2s .., B}
Reception of the information
from the AC crew about the Ag {ael, Ag2y ey aen} AINANA3NALN As {t 61 62y «- 1) ten}
result of landing

Ts T, sec.

FE

Fig. 2. The network graph of carrying out the atsidy an air traffic controller in the ANS:
Aq-Ag — operations which are carried out by the corgrait accordance with approved technology;
{M;} — the set of the scenarios of the developmerfligiit situations in compliance with stochastic rebd
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The expected risks R Rg of making a decision ¢ :{f_ fof o f o f ff }
in the ANS under the influence of the external " ~ Pt ‘ipa’ Tipp’ Tipth* Tipim Tipn: Tipin+ Tiph Texp
environment x the previous H-O’s experience x is a set of individual-psychological qualities of a
and the intentional choice of a H-Q kave been H-O (temperament, attention, perception, thinking,
obtained. The expected risk in the process of DM #fhagination, nature, intention, health, experience)

aH-Ols equal: F o is a set of psycho-physiological qualities of

min {Rij} a H-O (features of the nervous system, emotional
_ _ type, sociotype);
Row =1 Rs ={y.p}

s =X (%0 %, %), v.0}, F oo ={ s T P Fas T} 15 @ St Of

A
>
1

spm? "spe! "sps! " spp!? spl
socio-psychological qualities of a H-O (moral,
where R is an expected risk of the DM for a H-Oeconomic, social, political, legal).
with taking into account the criterion of the exyaet The computation of one of the scenarios of the
value minimization;, flight situation development is presented in fig. 3
Rj is an expected risk for makirg-decision;  (for example — approach performed in bad weather
Rg is an expected risk of the DM for a H-O with. . 4itions [10; 11]).

takmg.lnto account his model of preferenceS' The results of the computation of the expected
y is a concept of a rational individual's

behaviour: risks in the course of the transition between fligh
p is a system of a individual's preferences in gituations and the criterion of the expected vdlye

concrete situation of the choice; means of the dynamic programming method are
Ras is @ mixed choice made by a H-O. presented in tab. 2.

The H-O ANS preferences system is influenced The example of the computation of the expected
by professional F, and non-professionalF, risks in the course of the transition between fligh

factors [11]: situations is presented in fig. 4.
— — The selection in the direction of the negative pole
Fo= {F ed, Fexp}; in compliance with the S.;.4s Scenario leads to the
[ :{Eip’fpf Esp} maximum expected risk R=1028 conventional units

(c.u.). The choice in the direction of the positive
where Fes are knowledge, skills and abilities,pole when the FE occurs at the first stage of DM by
acquired H-O during training; H-O ANS (for example, a flight to a reserve

F exp are knowledge, skills and abilities, acquireéerodrome in the difficult meteorological condityn
H-O during professional activity; has a risk which is 60,5 times lesser: R=17 c.u.

Table 2.The results of computation of the scenarios of fiht situations development

Scenarios, S Probabilities, p Consequences, U Eegesks, R, c.u.
= =
= z
S3.48 8:; 1i 991
Stosae o2 . 1028
5 = i g
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Fig. 3. The example of the computation of one efsbenarios of flight situation development:

A, B — selection in the direction of positive or negatpole respectively;
Gy, G, G;, G4, Gs — normal, complicated, difficult, emergency, cat@shic situations respectivel
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Rai=17 Re2=97 R4=257 Rs/=577
R23=1028 R,=991 R4s=874 Rs=597

Fig. 4. Markov Chains of the development of fligituations:
G, ,G,, G;, G4 ,Gs — normal, complicated, difficult, emergency, catashic situations respectively;
R; — value of risk during transition between flightuations

3. Decision Making by H-O in FE undervarious separate factors differing from the poifit o
Uncertainty. The analysis of FE developing and DMiew of their significance which characterize the
of an AC crew and air traffic controller has beepotential place for making a forced landing.
made with the aid of Minimax, Laplace, Savage and The entry parameters of the model in the form of
Hurwicz criterions which enabled to obtain the DMhe Artificial Neural Network (ANW) are factors
by H-O models in FE under uncertainty. which characterize the potential alternative of the

The matrix of the possible results of the H-O’slight completion (tab. 4).

DM in the ANS in the FE are presented in tab. 3. Every entry parameter has a binary vector
The consequences of the flight situatioforresponding to it and reflecting the availability
development phave been obtained in conformity togr ahsence (0) of a certain factor.

the reflexive theory. The potential loss due to the choice of the certain

It is advisable to employ the models of thejtermative decision in the conditions of the liswit
development of flight situations as components Gfight continuation serves as the criterion of the

the DM Support System which enables a H-O ANgfficiency of the alternative variants of flight
to evaluate numerically the possible versions of F(l::ompletion:

developing and choose timely the strategy of _
behaviour with the minimum level of the potential Ycaer= fg([B U C]Wpae):
loss in the conditions of the insufficient and

uncertain available information. Yor = fo([DUEUF]Wpeeg),
Computer program for the optimization where § — the activating function which is applied
of choice of an alternative variant elementarily to the components of a vector-row

which is positioned in the brackets.

The Neural Network model of evaluating the The efficiency will depend on the type of a
efficiency of the potential alternative of flightpotential landing place as well as on the fact Whic
completion on the basis of the two-layer perceptrq@ctors characterize it. The optimum variant of the
developed by us (fig. 5) differs from the used ongfight completion with the minimum risk is chosen

because it enables to define with a high degree @4 the basis of the potential loss minimization:
precision the amount of the possible loss due ¢o th

complex taking into account of the influences of Ycopt=Minfs(G).

Table 3.Matrix of the possible results of the decision makig by H-O ANS in FE

Factors
Alternative decisions Pressure of the external Pressure of the previoug H-O’s intentional choice
environment on H-O experience of H-O (intention)
A — choice in the direction df
the positive pole — Uiz Urs
B — choice in the direction of
the negative pole a1 Uzz Uz




Monitoring and Management Aerospace Systems

13

Table 4.Parameters of the ANW

Inputs of the ANW — characteristics of the potdmilaces for landing (aerodrome, landing field)

B B =b}, i = E Technical suitability of an aerodrome
Aerodrome — p— PN :
— _ . Suitability of an aerodrome with respect
C C={c} 1=13 meteorological conditions
D D={ddJ, k=11 Type of a landing field
Landing field E E={e.}, | = 1,_5 Kind of an underlying surface
— =_ _ 75 Suitability of a landing field in connection
F F={fn}, m=13 with the meteorological conditions
Criterion of effectiveness — a potential loss value
O Consumption of fuel — 10 units|  Very small loss
o o o> Incident — 30 units Small loss
G={g}, r=15 O3 Breakage — 50 units Average loss
U Accident — 80 units Great loss
Os Catastrophe — 100 units Very great loss
Outputs of ANW — alternative variants of flight cplation Yg
A~ Effectiveness of flight completion at th
Aerodrome Yaer fo([BOClWgcg) aerodrome
Landing field Yoir fo([D O E O FWogro) Effectiveness of flight completion at tH

landing field

YGaer

a

Welgr WeZQr

We3gr

Y it
b

Fig. 5. Neural Network model when potential altéiveof the flight completion is an aerodronag (

and is a landing fieldbj:

B, 6, D, E, F —characteristics of the potential places for iagnl

G - potential loss;
W — weight coefficients of neural network;
Y ¢ — effectiveness of flight completion

e

e
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For the informational support of an air navigation When the system receives a message about the
system to enable it to make operatively a timelynusual situation origination, the additional p&ioel
decision concerning the selection of the optimurproviding the recommendations concerning the
flight completion strategy in unusual situationgpossibility of the flight continuation or necessity
which require a forced landing the specializedxecute a forced landing appear on the operator's
program complex “Prompt” [18] has been created. monitor. When a type of situation — engine failare

The program complex was created with the aid @ to be selected the number of the engines which
the visual system for designing programs Delphi Bave failed is to be input; when the type — fins o
which is based on the special version of thee handled, the condition of the aircraft is tarmut
programming language Pascal — Object Pascal amadd the proper advice appears on the monitor
supports the main principles of the object-orientedig. 6).
programming. When the recommendation concerning the

With the aid of the program “Prompt” thenecessity to accomplish a forced landing is obthine
subsystems of forming the strategies of actionte field of approachability for the aircraft isibbwn
predicting the development of a situation, defininthe monitor, also values of the potential loss iregl
the characteristics of the alternative variantgshaf for selection of a definite flight completion
flight completion, evaluation of the efficiency tife  alternative as well as the coordinates of the [iiaten
potential alternatives and building the optimuntanding sites (azimuth, range) are presented on the
decision were realized. monitor. The program envisages the formation of the

The program “Prompt” enables to handle twdield of approachability for two extreme cases e th
non-standard situations — an engine failure aral firegime of planning and regime of an immediate
on board an aircraft. descent (fig. 7).

- =
Apply Apply Apply

MNumber of Huttber of Humber of
failed engities: failed engines: failed engines:

L b4
Apply Apply Apply

=

7

fe

Altetnative: Flight Alternative: Landing on Alternative: Platning mode
continmation the niearest suitahle
aerodtotme

Choise of situation | J

Adreraft condition

(" Fite extinguished

(" Fire not extinguished

Apply

Fig. 6. Realization of the subsystem of forming strategy of action
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