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Abstract. In the research of Air Navigation System as aplemsocio-technical system the methodology
of analysis of human-operator's decision-making hegn developed. The significance of individual-
psychologicafactors as well as the impact of socio-psycholddiaetors on the professional activities of a
human-operator during the flight situation develgmnhfrom normal to catastrophic were analyzed. B t
basis of the reflexive theory of bipolar choice theected risks of decision-making by the Air Natog
System's operator influenced by external enviromppmevious experience and intentions were idexifi
The methods for analysis of decision-making by hbman-operator of Air Navigation System using
stochastic networks have been developed.

Keywords Air Navigation System, bipolar choice, human oeradecision-making, expected risk, individual-
psychological factors, methodology of analysideridfe model, socio-psychological factors, stodhamtwork.

Statement of purpose Statistical data show that human errors account

Currently, one of the main strategic problems t{lf’r up to 80% OT all ca_uses_of avie_ltion accideﬁ_’qs [
mankind on the path to sustainable developmehiis t! raditional actions  like improving professional
safety and stability of technogeneous productidre T training, keeping work discipline and others may no
technogeneous production is a complex system tg effective. Normally aviation personnel are tein
contains interrelated technical, economic and kocR¥ofessionally in a proper manner [7]. The caudes o
objects. It has a multilevel hierarchical structarel a Most aviation accidents are often connected wigh th
high level of risk [1]. Recent results show tharéhare Ppsychology of the crew members which require
frequent and common emergency such as disast@gpropriate consideration.
accidents, crashes in hydraulic engineering, ct@mic Modern approaches to control some factors
and military industries, gas and oil pipelines, leac (psycho-physiological, behavioural, ergonomic,
power plants and transport [2; 3; 4]. professional, etc.) do not take into account the
Aviation systems with its complex interrelationfunctional state of a human-operator (H-O) under
between a man and technologies have been evolegshditions of dynamic changes of external and
towards complex socio-technical systems. Th@ternal factors [6]. The ambient conditions
interfaces between people and the technologies t@@termine the reaction of H-O, and this reaction
comprise these systems are highly interactivehanges the environmental conditions accordingly.
interdependent and affected by similar environnientgne of possible approaches to solve these problems
events The socio-technical systems also tend to haygsy pe through formalization and mathematical
two common features: high technologies and high MYescription based on a system analysis of Air

activities. As such, they require much less dire P A ;
operation due to the fact that the technology oceglghe Sgr\:]lglzao;ociso)ftséi?nic(QNsigtelr_r']oS actions as a

human operator. On the other hand they require muc
more remote operator's supervision due to the moder Review of research results
tendency to supervise the technology by distanbe. T E . foty | | io-technical
systems’ work is not transparent due to increased nsunng - safety in - complex: socio-technica
difficulty to know exactly what technology is beingSYStEMS like the aviation system is a key task to
used. The systems are also highly hazardous andPgvent threats at the operational level such as
high-risk, and have greater potential for catasirop Preakage of technical equipment or operating
consequences (i.e. accidents) [5]. personnel’s error [4].
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Taking into account the influence of individual-professional experience. We have identified the
psychological, physiological and socio-importance  of their individual-psychological
psychological factors of the environment on humamgualities (tab. 2, fig. 1, 2) and the influencesotio-
operator of ANS [8] allows us to predict his acdonpsychosocial factors on decision making in their
in specific flight situations. Using the theory ofprofessional activity (tab. 3, fig. 3).
reflection the "large-scale” results which follow For analyzing the individual-psychological factors
individual actions of a man may be assumed [9]. modified coefficients were used. They represerted t

For the formalization of the behaviour of ANS H-Omultiplication of weight coefficients of factors dn
in flight situations the graphic models relatiopshi quantitative indicators which determine qualitative
between a cause and an impact - graphs, treegs eveharacteristics of flight situation's risk levelspending
and functional networks of stochastic structuresight on their complexity [11].
be useful [10]. To study the impact of decision imgk By comparing the weight value the preferences
by H-O during the flight situations development weystem of non-professional factors for military
have applied the stochastic network type GERA&viation specialists have been defined.

(Graphical Evaluation and Review Technique). GERT Investigation of the individual-psychological and
allows to model increase of flight situation coroglion socio-psychological factors influence on
as well as its decrease and/or simplification. GERAn professional activities of H-O ANS made it possible
alternative probabilistic method of network plamninto obtain information about such structural
applicable in the case when these actions canstetty components of aviation specialist's personality as
after completion of a prior action including cycksd behavioural motives, values and priorities, hidmgrc
loops [10]. and development of these dynamic categories at the
stages of H-O decision-making: perception of
information, identification of the situation, makin

The purposes of the article are: decisions, undertaking actions.

— to develop a methodology for analysis of
decision-making by H-O ANS;

— to research and formalize the factors that
influence decision-making by H-O ANS as a

Pur pose of work

Reflexive model of bipolar choice
of human operator of the Air Navigation
System in flight situations

complex socio-technical system; With bipolar reflexive behavioural model of H-O
— to develop the reflexive model of bipolarin extreme situations [9] we have received W-
choice ofH-O ANS in flight situations; functions of a positive and a negative choice. The
— to create stochastic network analysis of flighnodel represents the subject (H-O) located before
situations. the bipolar choice of one of the alternatives: A
) . ) (positive pole) and B (negative pole).
Methodology for analysis of deasion-making The choice of H-O ANS is described by the

by human-operator of Air Navigation System function (1):

The analysis of decision making by H-O ANSinnon X =f (x,, X,, X5),
standard flight situations was based on the metbgglo \yherex — is probability that H-O is ready to choose
developed by us and presented in the tab. 1. a positive pole A in the reality;

As a result of previous studies we have identified y _ s 5 pressure of the environment on H-O toward
factors that influence the decision-making H-O ANSpositive alternative at the moment of choigé)[0, 1J;
professional factors (knowledge, skills, abilities, x, _ s g pressure of the previous experieate
experience) and non-professional factors (inditduaq-0 toward positive alternative at the moment of
psychological, psycho-physiological, SOCiOthoice,xzD[O, 1];
psychological factors). The influence of individual x, —is a pressure of the intention ofCHtoward
psychological factors on professional activitiesOH- positive alternative in moment of the choieg, [0, 1].
(civil pilots and controllers) has been studied [8] An alternative solution is the choice of H-O

The respondents were military pilots andvhich is determined by H-O decision-making
navigators of different ages with differentsystem in a risk (stochastic uncertainty).
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Table 1.The methods of analysis of H-O ANS decision-making in flight emer gencies (FE)

Number Phase of Result
analysis
1 Preliminary The choice of FE for the analysis - FE selecteaffiatysis (FE SfA).
analysis of thg Statistical analysis of aviation accidents, studsetection FE.
problem Analysis of literature and forming a sample of BE7 SfA
2 Technology of | Algorithm of aircraft crew's actions in FE SfA (aeding to aircraft type in the sample th
work of H-O formed).
(controller, Algorithm of controller's actions in FE SfA.
pilot) in FE Flowchart of algorithm of aircraft crew's actiond=E SfA.
Flowchart of algorithm of controller's actions i& BfA
3 Determination | Determination of time; t(t), required for the performance of i-procedureoetiog to the
of model’s| algorithm of aircraft crew's actions in FE SfA bg experimental (expert) method.
parameters Determination of time;t(t), required for the performance of i-procedureostiog to the
algorithm of controller's actions in FE SfA by taerimental (expert) method.
Comparative analysis of experimentafi(t and expert data, ()
4 Development | GAM of EF.
of graphic| GAM of H-O decision-makingn FE.
analytical GAM of flight situations
models (A\M)
4.1 Development | Network planning of aircraft crew's (AC) actiondiB SfA:
of deterministic| 1.Structural time-table of AC actions in FE SfA.
models of H-O| 2.Network graph of AC actions in FE SfA.
decision- 3. Critical time of AC actions FE SfA.
making in FE | 4.Critical path of AC actions in FE SfA.
5. Stages of H-O decision-making to parry FE SfA
Network planning of controller's actions in FE SfA:
1. Structural time-table of controller's actions in H1A.
2. Network graph of controller's actions in FE SfA.
3. Critical time of controller's actions FE SfA.
4. Critical path of controller's actions in FE SfA.
5. Stages of H-O decision-making to parry FE SfA
4.2 Development | 1.Structural analysis of FE SfA development.
of stochastic 2.Analysis of models' uncertainty.
models of H-O | 3. Analysis of the effects of flight situations deyaieent.
decision- 4. Analysis of H-O decision-making using decisiondree
making in FE 5. Analysis of H-O decision-making using stochastiovoeks.
6. Finding a minimal risk of flight situations devetopnt
4.3 Development | 1. System analysis and formalization of the factoas #iffect H-O decision-making (individua
of reflexive psychological, psycho-physiological, socio-psyclgatal) during the flight situation
models of development from normal to catastrophic:

bipolar choice
of H-O
decision-
making in FE

— preferences models of®lindividual-psychological factors significance;
— models of psycho-physiological factors;
— preferences models in impact of socio-psycholddartors on H-O.
2. Determination of expected risks of H-O decision-imglon the basis of the reflexive thed
of bipolar choice

at
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Table 2.The significance of individual-psychological factors of military navigators and pilots
in the conditions of flight situations development

Modified coefficients of factors
Individual- Normal Complicated Difficult Emergency | Catastrophic
Number psychological situation situation situation situation situation
factors Navi- | Pilot | Navi- | Pilot | Navi- | Pilot | Navi- | Pilot | Navi- | Pilot
gator gator gator gator gator
1 Temperament 0,2 1,1 0,9 3,3 2 6,5 5,6 13,6 4 17
2 Attention 1,3 1,6 4,8 4,8 8 8 12,8 8,8 13 11
3 Perception 0,9 0,7 3 2,7 6,5 4,5 104 13,6 16 17
4 Thinking 1,1 0,4 3 2,1 55 3,5 7,2 5,6 9 7
5 Imagination 0,7 0,9 0,9 1,2 1 2 1,6 2,4 2 3
6 Nature 0,4 0,2 2,1 0,6 3,5 1 3,2 1,6 7 2
7 Intention 1,8 1,3 54 3,9 9 55 14,4 7,2 18 9
8 Health 1,6 1,9 3,9 5,7 4,5 9,6 8,8 13,6 11 7
9 Experience 2 1,9 6 5,7 10 9,5 16 13,6 20 17
Risk level, units 10 10 30 30 50 50 80 80 100 100
25 ~
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Fig. 1. The significance of individual-psycholoditactors of military navigators
in the conditions of flight situations development:
1 —temperament;

2 —attention;

3 —perception

4 —thinking;

5 —imagination;

6 —nature;

7 —intention;

8 —health;

9 —experience
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Fig. 2. The significance of individual-psycholodifactors of military pilots
in the conditions of flight situations development:
1 —temperament;
2 —attention;
3 —perception
4 —thinking;
5 —imagination;
6 —nature;
7 —intention;
8 —health;
9 —experience
Table 3.The preferences system of military pilots and navigators
Pilot Navigator
Number| Socio-psychological factors Average | Weight Rank Average | Weight Rank
of factor | of factor | of factor | of factor | of factor | of factor
1 Moral factors 4,67 0,07 5 4,75 0,07 5
2 Economic factors 2,00 0,27 2 2,20 0,27 2
3 Social factors 1,00 0,33 1 1,60 0,33 1
4 Political factors 4,33 0,13 4 4,20 0,13 4
5 Legal factors 3,00 0,20 3 2,30 0,20 3

Legal factors

Woral factors

0.4

Political factors

Econormic factors

Social factors

Fig. 3. The influence of socio-psychological faston the professional activities of military pila@isd navigators
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The optimal solution is found by the criterion of  (f _f )~ f ~f = f
. . . . iph? "exp ipa ipw ipt
an expected value with the principle of risk :
minimizing: ~ fipi ~ fipp ~ fipth ~ fipn
Aopt= mln{RJ}’ (fiph' fe><p) - (fipt' fipp) >~ fipa >
\(/jvhere R -(ijsbexfpectetlj .risk for solutiofy;, which is = i = T = i = Fion '
etermmi y formu a_. L where f;;, - is heal_th;
= U i=1n j=1m, fipexp — IS €XpErience;
R ,Zzllp” ! : fipa — IS attention;
where p- is probability of j-factor influence during fipw — is intention;
m fipt — IS temperament;
i-alternative solution choicey p, =1; fip — IS imagination;
j= fipp — IS perception;
uj — is a loss associated with choosing fi — is thinking;
i-alternative solution during j-factor influence. fion — IS Nature.
The alternative solution B is the choice of H-Oalahi In both cases the most significant factors are

is determined by H-O preferences systamder which health and previous experience. During a flight
any form of arrangement of F-set is understood, i.ituation development towards catastrophy sucbract
removing the uncertainty of choice of some elemefs temperament and ability to perceive informatian

f* LJF on the basis of selection of a rule K. A selectib getting much more significant role. Other indivilua
a rule K shows the concept of a rational behawasur PSychological factors remain unchanged.

individual y and his preferences systenin a particular 1 he obtained preferences models (fig. 2) for
situation ofchoice_{y p} LK. military pilots and navigators dEtermlne the

The H-O ANS preferences system is influencefriorities of socio-psychological factofSsp:

by professional F, and non-professionalF np Faps = Tope = Top = Topp = Topm,
factors: where f,s— social factors;
= {E E } fspe— €CONOMIC factors;
p =\Fed, Fexpl; fsp — legal factors;
Fop = {F o, F o, F Sp}, fspp— political factors;

_ _ . fsom— moral factors.

where Fes — is knowledge, skills and abilities  Similarly to civil aviation controllers and pilots
acquired by H-O during training; [8], military pilots and navigators are under

Fep — is knowledge, skills and abilities,nfluence of socio-economic factors. Detailed
acauired by H-O durina professional activity: analysis of the influence of 13 socio-psychological

qu y 9p Y: factors (religious views, philosophical views, @te

Fio =1Fies Tioar fiops Tions Fiois Fions Fiowr ion» Texpf  TepUtation, corporate interests, economic interefsts
— is a set of H-O individual-psychological factor&Nt€rprise, private economic interests, family
(temperament, attention, perception, thinkingl€rests, interests of colleagues, interests @f th
imagination, nature, intention, health, experience) Fompanys management, image, political interests,

5 _ _ " legal rules) demonstrated that for pilots their own

P — is a set of H-O psycho-physiologicalimage, corporation's image and family interests are

factors (features of the nervous system, emotionah the first place. At the same time, for respoisien
type, sociotype); controllers main focus is on the family interests,
Esp s o f f f } _ their private economic situation and career
spe’ “spst Tspp’ Tspll _ js a set of H- development [8].
O socio-psychological factors (moral, economic,
social, political, legal factors).

For example, the preferences system of a pilot is
= In stochastic networks of the flight situation

Oh the set. of |nd|V|dua|-ps¥ch9Iog|caI faCtOI_?Si‘_’ development of GERT type the tops are represented
(fig. 1) which reflect the objective characterisit py stages of the situation (normal, complicated,
decision-making and thinking psychology of H-Ogifficult, emergency or catastrophic), and the arcs

he is guided by a rational action [12] in cases @fre represented by a process of transition between
normal and catastrophic situations: stages of the situation.

spm?

Stochastic networks analysis of flight situation
development
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Let's consider the stochastic network model of W-function for random variable ;Y as a
the flight situation development GERT G = (N;A)transmission coefficient of GERT-network is
with a set of tops N and a set of arcs A. The tiine introduced:
of transition from i-flight situation to j-flight
situation is a random variable. Transition (i;jhdae W. (s) = p. M, (9),
executed only if i-top has been done. For calootati ! v

g:tlzgj}[?osr:tloi? tlir:e if] gggzslgrl;?hiosnukigw tg ci:g?[irgnaYvherepij — probability that j-flight situation occurs
qnd transitionifj) has been made;

probability (in discrete cases) or the density 0 " . .
distribution (in continuous cases) of random vddab Mj(s) — conditional producing function of

Y;. This allows to research the performance of tH80ments of random variable;.Y o
whole network G = (N;A) and to identify the The algorithm of stochastic network analysis is
moments of time distribution; tof network G, Presented here onan example of GERT-network:

1. For obtaining close stochastic network, G is
) entered in the open stochastic networkg(8)V
variance of execution tim@~ of network G in case gqditional dummy arc with a W-function Mg)
of a complicated, complex, catastrophic Ofich connects the drainage of open network t with
emergency situation. a source s (fig. 4).

Let f; be conditional probability (density of =5, 5 modified network G determines all k-
distribution) of time to make the transition from

flight situation G to flight situation G Conditional 100PS, k=1n.
producing function of moments of random variable 3. The equivalent transmission coefficient for all
Y is defined by formula:

M, (s) = E[ey” ] (1)

calculate mathematical expectatior. and

k-loops of G-networkk = l_n is being calculated.

In continuous and discrete cases the random T(L ):ﬁ-r :ﬁ Mt;
variables formula (1) is being transformed to SO 5 R 5.} (i,j)]Lklll
formulas and accordingly:

|\/|i]_ (s) :Iesyﬂ f(yij)dyij : where T, =(i jI)_DlLtkij — is equivalent transmission
! 1
M;(s) =2 e™ f(y;). coefficient for 1-loop ky;

t; — is time of transition from i-flight situation to

If yy=a=const, therM, (s) = E[e®*| = ™. i-flight situation.

...............................................................................................

..............................................................................................

Fig. 4. GERT network

WE(s) — transmission coefficient of open network;
W ,(s) — transmission coefficient of dummy arc;

s — source of network;

t — drainage of network
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4. To apply Mason's rule for topological equatiox, and intention of H-O x Expected risk of H-O
close stochastic network G: decision-making is:

H=1->T(L)+XT(L,) -
=3 T(Ly) +..+ () X T(L,) +...=0°
where > T(L,) - is a sum of equivalent

transmission coefficients for all possible k-loops. where R — is expected risk of H-O in decision-
5. From topological equation of the closenaking taking into account the criterion of

stochastic network G (2) transmission coefficieht aninimizing the expected value;

the open network W(s) is determined. Rs — is expected risk of H-O decision-making
6. To determine the first and the second momer]_@(ing into account his preferences model.

of random variable ¥

@ g, [}
1 Ry ={v.p}

Y Conclusions
I.le :—.[ME(S)], . . . .
os! 1. Regarding the Air Navigation System as a
where [, — is mathematical expectation Ofcomplex socio-technical sygtem the research based
execution time of the network G- on .rrlmethodol.ogy of analysis .of human-operator's
} o i . decision-making has been carried out.
Hoe —is a standard deviation of execution time , ~ g impact of individual-psychological and

of the network G. _ socio-psychological factors on the professional
Thus according to results of stochastic network ;i iies of human-operator during the flight

analysis of the ﬂ'ght. situation deyelopment frorT%ituation development from normal to catastrophic
normal to catastrophic the following values hav%aS been studied

been obtained: . , .
- mathematical expectation of flight situation 3. On the basis of the reflexive theory of bipolar

development time, { choice the expected risks of decision-making of the

- variance of flight situation development tirge t Air Navigation System’s operator.have been stuplied
- probability of flight situation developmeng.p and the influence of external environment, previous
For example, let's analyze catastrophic situatiogfXPerience and intention of the human-operator has
development under hazardous weather conditioRgen identified.
using the decision tree and stochastic network GERT 4. The methods for analysis of decision-making
(fig. 5). According to the data of the Nationaby the human-operator of Air Navigation System
Transportation Safety Board (NTSB) [13] during theising stochastic networks have been developed.
last 10 years 21,3% of aviation accidents happened
due to weather conditions, of which 39,1% - in bad
weather conditions. The major cause of aviation 1.Keating, C. B.; Fernandez, A. A.; Jacobs, D. A,;
accidents in bad weather conditions (68%Kauffmann, P.2001. A methodology for analysis of
considered improper and untimely decision-makingomplex sociotechnical processes. Business Process
by crew of the aircraft. Management Journal. Iss: 1. Vol. 7: 33-50.
Based on the W-functions of positive and o Bertsch, V.: Treitz, M.: Geldermann, J.: Refitz,

negative of H-O choice the Markov's network 0bgg7 sensitivity analyses in multi-attribute diegis

flight ~situations’ development from normal tosupport for off-site nuclear emergency and recovery

catastroph!c was constructe_d (fig. 6). Markovﬁnanagement. International Journal of Energy Sector
process with discrete states;\/$ called process of Management. Iss: 4. Vol. 1: 342-365

deaé:paerl?;ge r[llsélt]s R Rs of H-O obtained in 3. Flueler T.2006. Decision Making for Complex
iﬁocio-TechnicaI Systems: Robustness from Lessons

decision-making during the approach performed , _ _
bad weather conditions under the influence dfearned in Long-Term Radioactive Waste Governance

external environmentxprevious experience of H-O (Environment & Policy). Springer. 392 p.
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Wy
Fig. 5. Graphic analytical model of flight situais} development;
— decision tops;
random tops;
A — choice towards the positive pole;
B — choice towards the negative pole;
W;; — W-function, transmission coefficient of (i,j)-arc
WE(s) — transmission coefficient of open network;
W (s) — transmission coefficient of dummy arc;
G; — normal situation;
G, — complicated situation;
G; — difficult situation;
G, — emergency situation;
Gs — catastrophic situation;
pii (P11, P22 P33, Pag) — Probability of stabilization of i-flight situein, i =1;n -1;
Pia+1) (P12: P23, P3a Pas) — probability of development of i-flight situatidoward complications, =1,n -1;

Piy (P21, P32 Paz— 1-100P;pa1, P42 — 2-l00p;pa; — 3-loop) — probability of flight emergency sitieatparrying, k = 13

W21 (A) W3o(A) Wa3(A)

Fig. 6. Markov's network of flight situations' démement:

G; — normal situation;

G, — complicated situation;

G; — difficult situation;

G, — emergency situation;

Gs — catastrophic situation;

Wi (A) — transmission coefficient of (i,j)-arc in ptise choice;
W; (B) — transmission coefficient of (i,j)-arc in neiya choice
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