ABTOMATH3ALIA

UDC 656.7.086

INFORMATIONAL SUPPORT OF AIR NAVIGATION
SYSTEM HUMAN OPERATOR

Y. Belyaev

National University of Food Technologies

T. Shmelova

National Aviation University

Y. Sikirda

Kirovograd Flight Academy of the National Aviation University

Key words:

Air traffic controller
Flight dispatcher
Flight emergency
Forced landing
Optimal alternative
Pre-flight information

ABSTRACT

Article history:
Received 20.06.2014
Received in revised form
27.06.2014
Accepted 11.07.2014

Corresponding author:

Y. Belyaev
E-mail:
byb46@mail.ru

Conceptual models of decision support system for air traffic
controller in flight emergencies and automated system of
pre-flight information preparation with intelligent module
for support the decision making about aircraft departure are
presented and program realization of systems are shown.
Algorithm of determining the optimal aerodrome for the
forced landing of aircraft is provided.

IHOOPMALIIMHA NIATPUMKA NIOOAUHU-ONEPATOPA
AEPOHABIIALIIMHOI CUCTEMMU

10.b. Beasies

Hayionanvnuii ynieepcumem xapuo8ux mexnonoziti

T.®. llImeanoBa

Hayionanvnuii asiayitinuii ynigepcumem

B.1O. Cikipaa

Kiposoepaocvra nvomna axademisa Hayionanvrnozo agiayitinoco yrnisepcumemy

Y cmammi npedcmaeneno xonyenmyanvhi mooeni cucmemu NIOMPUMKU NPULHAMMSL
piwlens asiaducnemyepa 8 NO3AUWIMAMHUX NONLOMHUX CUMYAYiaX mad asmoma-
MU308aHOT CUCeMU NIO20MOBKU NepeonobOMHOL IHEOpMayii 3 THMENEKIMYaTbHUM
MOOyeM NIOMPUMKU NPULTHAMMSL PIUEHHSL HA 8UTLIM, HABCOEHO NPOSPAMHY Peaniz3ayiro
CUCTEM, A MAKOJIC PO3POOIEHO ANOPUMM BUSHAYEHHS] ONMUMATILHOZO AepOOPOMY Ois
BUKOHAHHS BUMYUUEHOT NOCAOKU NOGIMPSIHO20 KOPAOJISL.
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Knrouoei cnosa: sumywena nocaoka, oucnemuep 3 YNPAGIIHHA NOGIMPAHUM
PYXOM, ONMUMATLHA ATbIMEPHAMUBA, NepeonoIbOmua iHghopmayis, nosaumamua
cumyayis, cnigpoOimHuK i3 3a0e3neyeHHs NoJbOmie / IbOMHUL ducnemuep.

Statement of purpose

Support of the safe functioning of Air Navigation System (ANS) is one of the
most important scientific and technical problems. Statistical data show that human
errors account for up to 80 % of all aviation accidents [1].

Latest demands of international aviation organizations directed towards the
implementation of integrated approach for the improvement of aviation safety. One
of the ways to increase safety is to support the pilot in emergency situations in due
time [2]. This approach is based on characteristics (performance-based approach —
PBA), principles of informed decision making to achieve the desired/required
results and to use facts and data for decision-making [3]. The so called aeronautical
decision-making is decision-making in a unique environment, namely aviation. It is
a systematic approach to the mental process used by pilots to consistently
determine the best course of action in response to a given set of circumstances. It is
what a pilot intends to do, on the basic of latest information he has [4].

Decision Support Systems (DSS) may be defined as “interactive computer
systems intended to support different types of activity during the decision making
(DM) including poorly-structured and unstructured problems” [5—6].

Decision support systems contain common sets of components. These
components include data related components, algorithm related components, user
interface and display related components. The data related components are made of
modules that ingest data, format data, store data, transfer data and archive data. The
algorithm related components utilize diverse methods such as atmospheric models,
rule based algorithms, fuzzy logic algorithms, statistical algorithms, algorithm of
DM under uncertainty and risk, data mining algorithms.

Review of research results

Development of the automated systems in aviation is associated with
anthropocentric approach and on the principles of human-oriented automation,
required new approaches to solving the problems of man-machine interface [7].
One of the effective means of flight safety improvement is the inclusion of DSS to
the automated systems of air traffic control (ATC) [8]. The problems of DSS’s
informational provision have been considered in the works of V.A. Tarasov, B.M.
Gerasimov, V.M. Lokazyuk [5—6], I.B. Sirodzha [12], using intellectual DSS
during ATC — V.N. Nedelko [10], ILN. Gluhih [11], K.K. Petrov [12]. The authors
have obtained models of the DM by Air Navigation System’s human-operator (H-
0) and of the development of flight situations [13—15] that are used as a part of an
air traffic controller’s DSS in flight emergencies to assist in DM for choosing of
the optimal alternative of action with minimal damage in the conditions of
incomplete and uncertaint information and as a part of a flight dispatcher’s DSS for
assistance in DM regarding the aircraft (AC) departure.

Provision of informational support of DM by aircraft operator is possible in the
conditions of data collection, processing and displaying of automation within a
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concept of perspective global CNS / ATM system (Communication, Navigation,
Surveillance / Air Traffic Management), developed by International Civil Aviation
Organization (ICAO) [16].

Purpose of work

The purposes of the article are:

- to introduce a concept of adaptive system for informational support of the DM
by air traffic controller in flight emergencies, to get acquainted with the program
realization of an air traffic controller’s DSS;

-to present a conceptual model of an automated system of pre-flight
information preparation with intelligent module for support of the decision making
regarding aircraft departure, to get acquainted with its software implementation;

- to show the algorithm of determination of the optimal aerodrome for the
emergency landing of the aircraft.

DSS of an air traffic controller in flight emergencies

Research [17] has shown the choice of the optimal variant of the flight
completion in emergencies, which requires AC’s forced landing, makes an operator
analyze the significant amount of diverse information. For a comprehensive
account of the factors that affect the DM by an air traffic controller, has been built
to adaptive DSS, which allows take into account the dynamic characteristics of the
state of the control object (AC) and of the external environment (ATC zone).

The main tasks of an air traffic controller’s DSS in flight emergencies are [17]:

- data collection about the state of the control object (AC), external environment
(ATC zone) and the individual qualities of the person, who makes the decision;

- creation of action strategy in flight emergency (continue flight to the
destination (alternate) aecrodrome or perform a forced landing);

- modeling of DM by H-O in flight emergency;

- prediction of the flight situation development during DM by H-O in flight
emergency;

- construction of the AC’s field of approachability in case of necessity of forced
landing;

- evaluating the effectiveness of alternative decisions in flight emergency and
formation of recommendations for determination of the optimal variant of flight
completion.

The general concept of adaptive system for informational support of the DM by
air traffic controller in flight emergency, which requires AC’s forced landing, is
presented in the form of a set of subsystems (Fig. 1). Structure of an air traffic
controller’s DSS in flight emergencies is shown in Fig. 2.

Functions of an air traffic controller’s DSS in flight emergencies are expanded
through information-analytical diagnostic complex for research of patterns of H-
O’s activity [18]. By using complex, air traffic controller can predict the flight
situation development, based on the operational monitoring of the pilot’s emotional
state and determining the effect of social environment on him.

The specialized program complex “Prompt” [19] has been created, in order to provide
informational support to an air navigation system’s operator. This was done to enable
him to make the decision concerning the selection of the optimum flight completion
strategy in flight emergencies, which require a forced landing, in a timely manner.

Scientific Works of NUFT 2014. Volume 20, Issue 4




ABTOMATH3ALIA

DSS
Subsystem of Subsystem of .
determination of evaluation of the Emotional Eftemal
characteristics of (| effectiveness of state of enylronlgent
alternative options potential alternatives human- (air t{a ic
of flight completion| and creating the operator control zone)
optimal decision
P vY V¥ A v
Subsystem of Subsystem of Subsystem of data Controled
prediction of the creation of action collection H . 3
i ituation ||  strategy @ lgd TTTTTTTTTTTT umarn > object
Might situation strategy i Datab ]' H operator g (aircraft)
development atabases |
A ?

Fig. 1. A conceptual model of an air traffic controller’s DSS in flight emergencies, which is
adaptive to changes in the state of the controled object and of the external environment
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Fig. 2. The structure of DSS of an air traffic controller in flight emergency, which requires
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The program complex was created with the aid of the visual system for
designing programs Delphi 5, which is based on the special version of the
programming language Pascal — Object Pascal and supports the main principles of
the object-oriented programming.

With the aid of the program “Prompt” the subsystems forming the strategies of
actions, predicting the development of a situation, defining the characteristics of
the alternative variants of the flight completion, evaluating the efficiency of the
potential alternatives and building the optimum decision were realized.

The program “Prompt” enables handling of two non-standard situations — an
engine failure and fire on board of an aircraft. When the system receives a message
about the unusual situation origination, the additional panel for providing the
recommendations concerning the possibility of the flight continuation or necessity
to execute a forced landing appears on the operator’s monitor. When a type of
situation — engine failure — is to be handled the number of the engines which
have failed is to be input; when the type — fire — is to be handled, the condition
of the aircraft is to be input and the proper advice appears on the monitor (Fig. 3).

When the recommendation concerning the necessity to accomplish a forced
landing received, the field of approachability for the aircraft is built on the monitor,
also values of the potential loss required for selection of a definite flight
completion alternative as well as the coordinates of the potential landing sites
(azimuth, range) are presented on the monitor. The program envisages the
formation of the field of approachability for two extreme cases — the regime of
planning and regime of an immediate descent (Fig. 4, 5).

| J | J Choise of situation - | J
Spply Apply Fire
Humber of Humber of Adreraft condition
failed engines: failed engines: " Fire extinguished
Apply Apply " Fire not extinguished
Alternative: Landing on Alternative: Planning mode

the nearest suitable
aerodrome Apply

Fig. 3. Realization of the subsystem of forming the strategy of action

The program complex “Prompt” allows:

- giving the recommendations concerning the possibility of the further flight
continuation or the necessity to accomplish a forced landing of the aircraft with the
aid of the interface suitable for the user;

- defining the field of approachability of the aircraft in case when the necessity
to make a forced landing arises;

- forming the evaluation of the alternative variants of the flight completion and
define the optimum variant using the potential-loss minimization criterion.
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DSS of a flight dispatcher

High-quality pre-flight preparation of an aircraft crew is an important stage of
the flight. During pre-flight preparation the pilot must handle a large amount of
diverse information and make decision about (not) departure [20]. In addition, the
pre-flight preparation may take place under time pressure, so the solution of the
pre-flight preparation tasks is advisable to entrust to the automated system of pre-
flight information preparation (AS PIP) with intelligent module for support of the
decision making about aircraft departure (Fig. 6, 7) [15].
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Fig. 4. The field of approachability and Fig. 5. The field of approachability and
defined potential loss for a few variants of  defined potential loss for a few variants of
the flight completion in the event of the the flight completion in case of the fire on
complete failure of the aircraft engines board the aircraft which was not
extinguished
Subsystem of . Subsystem of creation
data collection v of information blocks
= v ,
) ; Flight plan
Subsystem of creation < interf
DATABASES of selective information p| Userinterface
Module for support
AS PIP of decision making

Fig. 6. Conceptual model of AS PIP

The result of pre-flight preparation is decision making by pilot regarding the
aircraft departure / not departure. The main factors influencing the decision making
are” takeoff weight of AC and meteorological conditions at the aerodrome of
departure, destination (alternate) acrodrome and enroute.

Based on the requirements that are set out in regulatory documents, module for
support of the decision making about aircraft departure entrusted with the following

main tasks:
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- determination of compliance of actual takeoff weight of AC to permitted;

- determination of compliance of actual meteorological conditions at the
aerodrome of departure to permitted;

- determination of the presence of hazardous weather phenomena enroute;

- determination of compliance of actual meteorological conditions at the
destination (alternate) acrodrome to permitted.

DATABASES
MODULE FOR SUPPORT
THE DECISION MAKING
Aeronautical information Recommendations for
i :> decision making support of
Methods, models and algorithms of the decision making regarding

Meteorological optimization of support of the the departure/not departure

information decision making regarding
the departure

Fig. 7. The structure of intelligent module for support the decision making about aircraft
departure

These data are input to the model, which generates recommendations for
decision making regarding the aircraft departure. If any of the factors does not
comply with the requirements, departure is prohibited. Compliance or non-
compliance conditions for decision making about departure are represented in polar
coordinates as a diagram "Spider-CWI" [21].

Another problem solved by the AC crew during pre-flight preparation is choise
of the alternate aecrodromes. According to the regulations, alternate acrodromes are
chosen based on the following factors:

- minimum of the First Pilot;

- meteorological conditions at alternate aerodromes;

- amount of fuel on board;

- distance to the alternate aerodrome.

In flight emergencies for ensuring the flight safety and the cost-effectiveness of
the flight, finding an optimal alternative for passengers, cargo and crew, in a flight
dispatcher’s DSS is used multifactorial model of choice of landing aerodrome,
which takes into account more additional parameters: danger of the situation, type
of the flight (regular, primary), technical characteristics of the AC, technical
specifications of aerodromes (for example, condition of runways, navigational aids,
lighting system), air navigation and airport charges, etc.

Algorithm of determination of the optimal landing aerodrome in flight
emergencies:

1. Formation of the set of alternative decisions {A}:

{A} = {Aadest u Aadep 8] {Aaalt}} = {Ala A2: .. 'Aia (EEE) An}a

where A,qst — 18 an alternative decision to land at the destination aerodrome;

Aaqep — 1s an alternative decision to return to the aerodrome of departure;

A, — 1S a set of the alternate aerodromes.
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2. Formation of the set of factors {A}, influencing the choice of landing

aerodrome in case of forced landings of the AC:
A} =2, A, s Ny ety A,

where A; — is an availability of fuel on board;

A — is a remoteness of the aerodromes;

A; — are the technical characteristics of runways of destination aerodrome,
aerodrome of departure, alternate aerodromes;

A4y — are the meteorological conditions at destination aerodrome, acrodrome of
departure, alternate aecrodromes;

As — are the lighting systems at destination aerodrome, aecrodrome of departure,
alternate aerodromes;

As — are the approach systems at destination aerodrome, aerodrome of
departure, alternate aecrodromes;
A, — are the navigational aids at destination aerodrome, aerodrome of

departure, alternate aecrodromes;

Ay — are the characteristics of the apron, taxiways at destination aerodrome,
aerodrome of departure, alternate aerodromes;

Ay — are the subjective factors (availability of hotels, easy transport for
passengers, logistics requirements, air navigation and airport charges, etc.).

3. Formation of the set of possible results of DM under the influence of
specified factors in flight emergencies, that were determined by the method of
expert estimates by rating scales according to the regulations:

(U} =Uii, U, -0, Uy ooy U

4. Formation of the decision matrix M = ‘Mi ‘ (table 1).

Table 1. Matrix of possible results of decisions in the task of choosing of the optimal
landing aerodrome

. .. Factors influencing the decision makin
Alternative decisions & &
7\4 7\/ > e 7\’] e 7\'m
A, Asdest Uy U Uy Uip
A, Aadcp Uy U v Uy; " Uy
A At Ui Up v Uj " Uin
An Aaa]t U Um2 “' umi o Umn

Choosing of the optimal aerodrome, in case of forced landing is carried out by the
methods of decision making under uncertainty [22]. Selection of criterion of DM under
uncertainty (Wald, Laplace, Hurwitz, Savage) is conducted according to the type of
flight.

Wald criterion (minmax) is based on the principle of "conservative attitude", and is
applied if it is necessary to find a guaranteed solution in case of primary flight:

A = mgx{rr){jjn u,j(A,,kj)}

14 —— Haykosi npayi HYXT 2014. Tom 20, Ne4



ABTOMATH3ALIA

Laplace criterion is based on the principle of "insufficient reason" and applied is
in case of regular flight:

—max{ Z”u( [,k )}

Hurvytz criterion uses coefficient of a pess1m1sm—opt1mism a(0<a<l)andis
applied in case of flight once in 2 weeks:
o mxa}x u,(A4;,h;)+

A" = max )
4 |+ (1-a) min u, (4,4 )

The optimal solution for the Savage criterion can be found using matrix of
“regret”. In case of win the elements of the “regret” matrix r;j(A;, A;) are defined as
the difference between the maximum value uj; in the row and other values in the
row:

’;'j(Ai’;\’j) = A =

:rriaxuU(A A)—u (AN )
k

Then, with the help of the “regret” matrix according to the minmax principle the
minimum deviations are determined:

A" = min max r; i(AiAg).
Mo A

Thus the person, who makes a decision, expresses with the help of matrix Hrl.j H

his “regret” if he can’t make a best decision in the condition A;. Making this
decision the person, who makes a decision, has a guarantee that in the worst
conditions the obtained income would be not lower than the found income.

Conclusion

Concepts of an air traffic controller’s DSS in flight emergencies and of a flight
dispatcher’s DSS have been presented, program realization of systems has been
shown. DSS of an air traffic controller in flight emergencies gives to the aviation
operator possibility to quantify evaluation of alternatives of the flight situation
development and to operatively choose an action strategy with minimal potential
damage in the conditions of incomplete and uncertainty information. DSS of a
flight dispatcher provides fast search of the information and support of the aviation
operator during DM regarding the the possibility of departure or regarding the the
optimal aerodrome in case of forced landing of AC. It is reasonable to use an air
traffic controller’s DSS during the real ATC in flight emergencies, a flight
dispatcher’s DSS — in the automated system of pre-flight information preparation.
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MHOOPMALIMOHHAA NOAAEPXKA YEJIOBEKA-
OMNEPATOPA A3POHABUIALLUOHHOU CUCTEMbI

10.b. beasie

Hayuonanvnolii ynueepcumem nuuyesvix mexmonoeutl

T.®D. llImeneBa

Hayuonanvuonii asuayuonnsiii ynusepcumem

B.1O. Cuxkupaa

Kuposoepaockas nemuas axademus Hayuonanvnoeo asuayuonmnoeo yHueepcumema

B cmamve npedcmaenenvi KOHYenmyaibHvie MOOeIU CUCHEMbl NOOOEPHCKU NPUHSIIUSL
peutenull aguaducnem4epa 60 GHEUMAMHBIX NOJEMHbIX CUMYAYUsIX U A8MOMAIMU3U-
POBAHHOLL cUCmeMbl NOO2OMOBKU NPeONONEMHOU UHpOPMAYUU ¢ UHMELTEKIY ATbHbIM
MOOyeM NOOOEPIHCKU NPUHAIMUS DelleHUss HA 6bliem, Npusedend NpocpAMMHASL
peanuzayus cucmem, a maxdice paspaboman aneopumm OnpeoeieHuss ONMUMATbHO2O
a’poopoma 015 BLINOTIHEHUS BLIHYHCOEHHOU NOCAOKU B030YUIHO20 KOPAODJIAL.

Knrouesvie cnosa: erewimamnas cumyayus, 8bIHYICOEHHAs. NOCAOKA, OUcCnemyep no
VAPAGTIEHUIO BO30VUUHBIM OBUIICEHUEM, ONMUMATbHAS AIbIMEPHAMUBA, NPEeOnOLemHas
uHhopmayus, CompyoHUK no 0becneueHuro noaemos / IemHbulil Oucnemuep.
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