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Abstract

Purpose: research of pilot and air traffic controller (ATC) collaborative decision making during emergency case in
flight (for example, in case of one engine failure and other engine fires from one side during take-off on multiengine
aircraft) for maximum synchronization of operators’ technological procedures. Methods: deterministic models of joint
decision-making by the air navigation system operators are obtained by network planning methods, their adequacy is
confirmed by full-scale modeling on a complex flight simulator. The probabilities of the emergency case development in
flight are estimated using the neural network model. For the sequential optimization of the collaborative two-channel
network “pilot-air traffic controller” in order to achieve the end-to-end effectiveness of joint solutions, a multi-criteria
approach was used: ensuring the minimum time to parry emergency case in flight with maximum safety / maximum
consistency over the time of operator actions. Results: synchronized operational procedures of air navigation system
operators during emergency cases in flight with the optimal sequence of actions and the minimum time to complete the
flight. A conceptual model of the system has been developed for managing and forecasting the development of
emergency cases in flight based on deterministic and stochastic models of decision making by the air navigation system
human operator, taking into account the influence of factors of a professional and non-professional nature. Discussion:
the proposed models will complement the database of flight scenarios development in the decision support system and
can be used in the air navigation system operators’ joint simulator training process and in the real conditions of
aircraft exploitation.

Keywords: dual channel network; multi-criteria approach; optimal interaction; network graph; synchronization; joint
decision-making; decision support system; structured-time table; incident scenario

The authors distinguish five stages of the
evolution of Human Factor models in aviation,
related to the emergence of new components of the

1. Introduction

Despite the improvements in aircrafts control

systems and air traffic control systems, the Human
Factor still has a significant impact on flight safety —
nearly 80% of aviation events are due to the fault of
people [1]. The theory of human factor is gradually
developing, tested and institutionalized. The
evolution of the aviation system in the direction of a
complex socio-technical system with gradual
changes and additions to the well-known model of
the human factor SHEL (1972) to date is given in [2-
71.

aviation system and to improve the diagnosis of Air
Navigation System's (ANS’s) human-operators (H-
O) errors:

Stage 1: Professional Skills / Interaction / Errors.

Stage 2: Cooperation in team / Interaction in
Team / Error Detection.

Stage 3: Culture / Safety / Errors Prevention.

Stage 4: Safety Management / Safety Balance
Models / Minimization of Errors.

Stage 5: Collaborative (Joint) Decision-Making
(DM)/Data for DM.

Copyright © 2019 National Aviation University
http://www.nau.edu.ua
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For today, the key to ensuring the safety of
flights is the problem of the organization of
collaborative decision-making (CDM) by all the
operational partners — airports, air traffic control
services, airlines and ground operators — on the basis
of general information on the flight process and
ground handling of the aircraft in the airport [6].

The Global Operating Concept for Air Traffic
Management (ATM) [8] provides for the provision
of a joint (pilot — air traffic controller (ATC)) DM
air traffic control unit based on a dialogue between
them and real-time information evaluation at all
stages of the flight.

The lives of air passengers in the sky and people
on the ground depend on the adequate interaction
between the pilot and ATC. According to the
statistics of the Aviation Safety Network (ASN) [9],
during the second half of the 20th century due to
problems in interaction pilot — ATC (language
barrier, communicating problems, ATC's
interference in the flight crew, wrong ATC
instructions/commands, etc.) killed about 2 000
people in aviation accidents.

Coherent, clear interaction between pilot and
ATC is most important in emergency cases (EC) in
flight, which are characterized by a sharp shortage of
time in the DM in conditions of incompleteness and
uncertainty of information, as well as significant
psychophysiological load on the flight crew (FC).
The final decision on the order of the flight in the
emergency case is taken by the captain of the aircraft
(Capt.), which is fully responsible for the decision.

The ATC is responsible for the correctness and
timeliness of the information and advice that given
to flight crew, so the ATC in such situations is also
given a significant role [10, 11].

The main requirement for the ATC when an
emergency case arises is the constant readiness to
provide the necessary assistance to the flight crew,
depending on the type of situation, taking into
account the air situation and meteorological
conditions. One of the factors that greatly
complicate the interaction between pilot and ATC is
the inadequate knowledge of the flight crew
procedures performed in emergency case [12].

The technology of flight crew and ATC
procedures in the emergency case must be in line
with the definition of the algorithm prescribed in the
normative and regulatory documents, therefore, for

the formalization of the actions of the H-O in EC, it
is possible to apply determined models [13, 14].
Since EC is a time-consuming event, when it comes
to modeling a collaborative DM pilot and ATC, it is
advisable to use network graphs depending on the
algorithm of action in EC, which reflects the
technological dependence and consistency of
operational procedures of operators, ensure their
achievement in time, taking into account the cost of
resources and the cost of work with the allocation at
the same time critical places.

Thus, the problem of optimizing the interaction
between pilot and ATC in EC can be solved by the
way of development and synchronization (maximal
alignment over time) of deterministic models of H-O
collaborative DM, which will minimize the critical
time needed to solve EC, by definition the optimal
sequence of execution of technological procedures.

2. Analysis of the latest research and publications

In 1979, KLM developed the first flight training
program for effective methods of interaction and
information exchange, known as Cockpit Resource
Management (CRM) [15, 16]. Gradually the
emphasis was shifted, the decoding of the first letter
"C" into the abbreviation changed three times - from
Cockpit (cabin) to Crew (crew), and finally - when
the concept "crew" consisted of consecutive cabin
attendants, ATC’s, technical and managerial
personnel, and eventually all the airline - "C"
became known as Company, and the name of the
discipline — "Company resource management". From
that time, the awareness of security became a
systemic quality, corporate culture [5].

Optimization of the flight crew and ATC
interactions as small groups [17, 18] is based on the
socionics and sociometrics methods [19, 20].

ATM's global operational concept presents the
ICAO vision for an integrated, harmonized and
globally interoperable ATM system. Its goal is to
move towards the implementation of holistic,
cooperative and joint decision-making processes, in
which the expectations of the entities of the ATM
system will be balanced and aimed at achieving
optimal results on the basis of equality and ensuring
the access of all participants [8].

The introduction of new technological solutions,
in particular, CDM (Collaborative Decision
Making), requires the use of a modern information
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environment based on the concept of system-wide
information management (SWIM) and the concept
of information on air and traffic flows for the joint
use of air Space (FF-ICE - Flight & Flow
Information for a Collaborative Environment) [6, 7].

As part of the implementation of the Global Air
Navigation Plan [21], ICAO is working on a step-
by-step improvement of the civil aviation system,
and now the development of "network center
systems" (the SWIM concept) has begun, as the
current way of data-sharing "point-to-point” has
ceased to keep pace with the increase in airspace
transport and be effective. SWIM is a kind of
internet for aviation: the network is based on
providing information when interacting with
different aviation systems.

The concept of FF-ICE is limited to the exchange
of information about the flight between the subjects
of the ATM system [7]. It begins with the timely
submission by the user of the airspace of flight
information to the ATM system and ends with the
archiving of relevant information after the flight. FF-
ICE supports all components of the ATM
operational concept requiring flight information:
Demand and Capacity Balancing (DCB), Conflict
Management (CM), Service Delivery Management
(SDM), Airspace Organization and Management
(AOM), Aerodrome Operations (AO), Traffic
Synchronization (TS), Airspace User Operations
(AUQ), and clarifies the Global ATM operational
concept for flight information management. It
creates the necessary foundation for the most up-to-
date ATM systems and develops a 4D-trajectory
management mechanism.

Collaborative decision-making (CDM) involves
an uninterrupted process of presenting information
and individual DM to different interacting parties, as
well as ensuring the synchronization of decisions
taken by participants and the exchange of
information between them. It is important to ensure
the possibility of adopting a joint, integrated solution
at an acceptable level of efficiency. One possible
approach is the preliminary joint development of
procedures to be applied in emergency cases [6].
This requires the creation of a database of models of
possible scenarios of the flight situations
development, based on models of the joint pilot and
ATC DM in emergency cases.

In works [13; 14] is presented using the methods
of network planning of the deterministic models of
DM by the ANS’s H-O (pilot, ATC) in the
conditions of normalized algorithms of professional
activity with deterministic and probabilistic time for
the implementation of technological procedures. The
authors outline the critical course and time for the
pilot and ATC (separate) operations in emergency
cases and the main stages of the DM according to
the crew's operating manuals, flight guidance for
different types of aircraft, ASSIST guidance
(Acknowledge, Separate, Silence, Inform, Support,
Time) for "Typical Air Traffic Controller Checklist
in Emergency Cases" [22-24], issues related to the
synchronization of Pilot Flying (a pilot that performs
piloting operations) and Pilot Monitoring (pilot
performing communication functions) procedures
under cross-monitoring in emergency case [25-26],
but a problem of CDM by pilot and ATC in
emergency case has not been investigated.

3. Research tasks

The research tasks are:

- conducting a detailed analysis of CDM by pilot
and ATC in an emergency case (for example, the
failure of one engine and other engine fires on the
one side during take-off on a multi-engine aircraft)
with network planning methods;

- synchronization of ANS’s H-O procedures with
an optimal sequence of actions and minimum flight
completion time;

- working-out the decision support system (DSS)
for ANS's H-O in the emergency cases in flight.

4. The deterministic model of collaborative
decision making by Air Navigation System's
human-operators during emergency cases in
flight

One of the DM methods recommended by aviation
guidance in the emergency case is FADEC [27].

Fly the aircraft: Remember the limitations for
the aircraft and, if conditions permit, use all
available automatic systems, such as autopilot.

Assess the situation (risk & time): Spending
more time to assess a situation can lead to a better
result. Try to avoid instant / quick decisions if the
time is not too limited.

Decide on a workable option and refer to
abnormal or emergency checklist: Situation in
which the "human resources-equipment-software"
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system, that is, the natural environment, will have to
operate.

Evaluate: Continue to evaluate the situation and
actions as the situation develops (feedback lines).

Communicate: Keep in touch with air traffic
control authorities to make joint decisions, as well as
with other personnel as needed.

The parallel process of simultaneous execution of
pilot and ATC technological operations in the
emergency case can be represented as a consolidated
dual-channel network. For a consistent optimization
of such a network in order to achieve the cross-
cutting efficacy of joint decisions, it is advisable to
use a multi-criteria approach: achieving a minimum
time for parity of emergency case with maximum
safety / maximum harmonization over the time of H-
O actions.

Ways to optimize the network graph for
performing procedures by the H-O in the emergency
case (by minimizing time with maximum safety) are:

1. Time optimization — by regulating the use of
resources minimizing the time of execution of

critical paths tik (1):
k-1 k k+1
1<t <t D

where ¢/ =maxmin t' — is a minimum time with

maximum safety;

t" = min max tf — is a critical time of the

1
maximum (critical) path;
tik — optimal (minimum) time.

2. Changing the topology of the network due to

the  multi-varied technology implementation
procedures.
3. Introduction of parallel execution of

procedures with maximum agreement on time
(minimum time for two or more charts), that is,
obtaining the optimal consolidated time for the

execution of procedures tf (2):
kil _ kL k+]

1, <t; <t; , )
where tjf'] = max min tf — is a minimum time with
maximum time matching;
k+1
J
maximum (critical) path;

. =min max tf — is a critical time of the

t;f — optimal (minimum) time.

To investigate the interaction between the flight
crew and ATC in the emergency case, consider the
incident on November 28, 2010, with the aircraft IL-
76TD of the Georgian private airline Sun Ways
Airlines, which performed a flight from Karachi to
Khartum (Pakistan) with a cargo weighing 31 tons
[28]. Immediately after take-off, engine number four
failed, then engine number three was on fire. The
flame of the engine was noticed from the ground,
about which the ATC informed captain. The flight
crew tried to make an emergency landing.

At 1:48 local time (UTC + 5), four minutes after
the take-off, the aircraft fell to the open ground (6
km from the end of the runway). All flight crew
members (seven Ukrainians and Russians) and four
men on the ground died. During the accident
investigation, it was discovered that at the time of
the aircraft fall, two of the four engines did not
work.

On the flight simulator KTS-32 (aircraft IL-
76TD), the simulation of the flight crew and ATC
procedures was carried out in case of one engine
failure and other engine fires on the one side during
the take-off. Two possible scenarios for the
development of events were investigated, when the
captain decides to land at the departure airport with
direct or reverse heading. Different meteorological
conditions were created, the weight of the load and
the centering of the aircraft changed, airport charges,
and so on.

Based on the results obtained on the simulator
KTS-32, a deterministic model of the flight crew and
ATC procedures was developed in case of one
engine failure and other engine fires on the one side
during the take-off. In Table 1 is shown the
structure-time table for the execution of flight crew
and ATC procedures in case of one engine failure
and other engine fires on the one side during the
take-off.

The time required to perform procedures aimed at
paring emergency case was measured during the
Ukraine flight crews and ATC’s simulator training,
Ukraine Air Force pilots and ATC’s simulator
training and several foreign airlines flight crews’
simulator training.

With network planning, flight crew and ATC
procedures were synchronized, resulting in a
determined action time by the operators at the stages
of parity emergency case, namely:
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Stage I — engine failure;

Stage II — another engine fire on one side;

Stage III — approach;

Stage IV — emergency landing.

The obtained data are statistically processed, their
statistical characteristics are within the permissible
limits: the standard deviation does not exceed 0,5

sec; the coefficient of variation does not exceed
19%. Therefore, the average results can be
considered reliable. It was also evaluated the
competence of experts who participated in the study,
with analysis of their professional activities, open-
mindedness, and general erudition; the coefficient of
competence is received.

Table 1

The structured-time table for the execution of flight crew and ATC procedures in case of one
engine failure and other engine fires on the one side during take-off

Relies Execution Relies
Flight crew on R Proce-|ATC procedure| on |Execution
Stage|Procedure .. time, ¢, N .
procedure description proce- sec dure | description |proce- |time, ¢, sec
dure dure
Flight engineer (FE) find engine
a; . - 2
failure
FE report Capt. about engine
a; . aj 2
failure - - - -
Capt. give FE order to shut down,
a;s the engine, radio-operator (RO)| a; 4
| order to switch off the generator
Capt. give RO order to report ATC
ay . : as 2 .
about engine failure Receive from|
4 Capt. give FE order to retract g ) b Capt. reporty 5
3 landing gear at height Sm. # I labout the engine
; Capt. reduce the rate of climb, 4 4 failure
6 continue taking off 3
Voice annunciator «Fire», red lamp
ay . (473 2
«Fire» on .
as FE check engine fire, report Capt. a; 3 Iézcetnve rir(;rg
Capt. give RO order to report ATC b, P P! b, 8
ag e ag 3 about the engine|
about the engine fire fire
Capt. set horizontal flight for
ajo . . dg 30
increase airspeed
. Inform Capt.
At height 120 m. and speed forj about  external
ap; flaps Capt. give FE order to retract| a;y 4 b; . . b, 10
flaps signs of failures,
fixes the time
Check Capt.
I ; At speed for slats Capt. give FE 4 5 b setting b 5
2= lorder to retract slats n *  lemergency J
squawk 7700
Report
FE report Capt. flaps and slats .
as etracted ap 15 bs |supervisor about| by 5
emergency case
Provide clear air]
space in close
ay Capt. set emergency squawk 7700 a; 4 bg broximity to bs 15
aircraft
Capt. give FE order to shut down
. . If necessary set|
as the engine, close fuel valve, switch| a4 8 b, L. bs 4
. Do radio silence
on fire extinguisher
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Stage | Procedure

Flight crew
procedure description

Relies
on
proce-
dure

Execution
time, £,
sec

Proce-
dure

ATC procedure
description

Relies
on
proce-
dure

Execution
time, ¢, sec

ae

FE check fire, switch on second|
and third bottle fire extinguisher

ajs

30

bs

Clarifies  Capt.
further intentions
for landing at the
departure
aerodrome.

b;

10

az

FE report Capt. about fire

extinguished or not

aje

by

Facilitates the|
decision

implementation

bs

37

Displays
emergency board
information

by

Ask
forecast

weather

blO

ag

Capt. report ATC that they manage
to extinguish the fire or not, the
decision to land

ajz

10

Clarifies whether
the engine fire
was eliminated

10

Provides
extraordinary
landing

III

apg

Capt. make an approach, give FE
order to extend landing gear, flaps,
and slats

ags

77

by

Gives Capt.
directions for
approach, reports
wind  direction
and speed

b15

Controls the
aircraft

movement,
informs

about the|
deviation from
heading and the

glide path

Capt.

64

azo

Capt. give FE order to switch on
hydraulic pump station on the
failed engines

dajg

Passes the plane]
to the Tower|
ATC

b]5

azp

Capt. proceed landing

azo

30

Clear runway
according to
local instructions

10

v

az

After stopping on the runway, if
fire not extinguished, Capt. turn
aircraft direction to the wind

azp

10

blR

By  supervisor|
order set on the
readiness of]
rescue

equipment

bi7

A network diagram (Fig. 1) of flight crew and
ATC procedures in the emergency case (one engine
failure and another engine fire on one side during
take-off) allows to determine the critical time
depending on the decision taken by the captain (to

make a forced landing at the departure airport with
direct or reverse heading), which makes 7. 4 = 6

min. 02 sec and T, ., = 4 min. 10 sec. Thus,
depending on the conditions and circumstances in
case of failures quickly perform aircraft landing with
a reverse course. So, this is the best variant for
completing the flight.



28 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2019. N1(78): 22-35

ATC
actions {b }

—>

t,C

Flight crew
actions a

Fig. 1. Network graph of ATC and flight crew procedure in case of one engine failure and other fires from one side
during take-off

In this context, the use of flight simulators during
ATC professional training is relevant. They will help
ATC’s to get acquainted with the situation in the
flight crew cabin and the parameters of the aircraft's
devices during the emergency case. At the same time
the ATC:

- will receive the experience of the crew
members during the emergency case;

- will pay attention to how the intervention of the
dispatcher can disrupt crew members;

- will complete exercises on the use of radio
during the emergency case;

- will complete the checklist in the emergency
case;

- will participate in captain decision making
during the emergency case;

- will observe the features of the go-around
procedure.

In the emergency case, ATC is advised to use a
checklist that will help to handle incidents in order
to establish optimal actions to achieve better
cooperation between pilot and ATC. A supervisor
who works with ATC, using a checklist, can provide
better support as it will more clearly understand the
ATC in the EC.

5. Building and development of the decision
support system for Air Navigation System's
human-operators in the emergency case

The conceptual model of System for control and
forecasting the EC development that using DM

models on the base of Artificial Intelligence System
(AIS) / Decision Support System (DSS) was

obtained (Fig. 2), where F p= {Fed,fexp} — are the

professional factors; Fn,, = {fi,,,F ,,f,fs,,} — are the

non-professional factors; Fe — are the knowledge,
skills and abilities, acquired H-O during training;
Fexp

acquired H-O during professional

Fip = {f;'pt’ f;'pa’ f;‘pp’ f;plh’ f;‘pi’ f;'pn’ ﬁpw’ ﬁph’ fexp }

— is a set of H-O individual-psychological factors
(temperament, attention, perception, thinking,
imagination, nature, intention, health, experience);

F pr —1is a set of H-O psycho-physiological factors

— are the knowledge, skills and abilities,

activity;

(features of the nervous system, emotional types,

SOCiOtypeS); Fxp = {fvpm’ fvpe’ fsps’ -fxpp ’ fvpl} —isa

set of H-O socio-psychological factors (moral,
economic, social, political, legal factors).

The analysis of social-physiological factors
conducted by the authors allowed to make a
conclusion that the activities of pilots are influenced
by the own image, the image of the corporation as
well as by interests of a family. At the same time,
respondents — ATC pay special attention to the
interests of their families, their own economic status
and professional promotion [13, 29].

Deterministic and stochastic models for ANS’s
H-O (pilot, ATC) were obtained in accordance with
the flight manual of aircraft or the adopted
technologies of controller’s work ASSIST
(Acknowledge, Separate, Silence, Inform, Support,
Time) in EC.
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AIS/DSS

Models of H-O DM:
- Deterministic models
(network planning);

__________

Emergency cases
(engine failure, fire on
---------------- 1 |aircraft, systems failure,

- Stochastic models
(decision tree);

depressurization, radio
failure, etc.)

- DM in uncertainty;

- GERT-models;
- Markov network;

an)
(=1
=
)
7
Q
=)
a
=
&
-+
Q
=
y

Control object

- Neural network;

- Fuzzy logic;
- Dynamic programing;

- elc.

Fig. 2. The conceptual model of System for control and forecasting the EC development

Deterministic and stochastic models for ATC are
presented in Fig. 3, where {4} — is the set of the
operations which are carried out by the controller in
accordance with ASSIST; (T} — is the time of
decision making; {P} — is the set of the probabilities
of j-factor influence during i-alternative solution
choice; {U} — is the set of the losses associated with
choosing i-alternative solution during j-factor

.

Yot e e i it it

a)

influence; {R} — is the set of the risks associated with
choosing i-alternative solution during j-factor
influence; {4} — is the set of the factors influencing
DM.

With using neural network models, the values of
probabilities (p,) [13; 30], expected outcomes (r;) and
additional inputs — factors (fk) (Fig. 4) of EC

development were received.

Q<wj)

111 stage 3

b)

11 stage b

0 1 stage 1

Fig. 3. Models of ANS’s H-O DM: a) deterministic model; b) stochastic model

Outputs
(axons)

The second
hidden layer

The first
hidden layer

Inputs
(dendrites)

Fig. 4. The neural network model of EC development with additional inputs of influencing DM factors
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The network has additional inputs, called the
Bias (offset) that takes into account additional
restrictions on calculating parameters (3):

where p; — are the weight coefficients;
u; — are the neural network inputs;
& — 1s a Bias (shift) under influencing factors of

Zn: £ 20 uncertainty (Table 2).
Pt =&y =
i=1 : (3)
Table 2
The matrix of Bias identification
. .. Factors that influencing on the ANS’s H-O DM
Alternative decisions
A A Aj Am
AI Z_»:I] 5]2 élj glm
AZ 4:2] 522 §2j §2m
Ai ‘fil éiZ fij o Eim
An {nl énZ fnj o fnm

The outcomes of the neural network are (4):

R=f(net—¢&), )

where f — is a non-linear function (active function)
that takes into account the time of decision making
Iiy

net —is a weighted sum of inputs.

The optimal solution is found by the criterion of
an expected value with the Savage criterion (5):

A, =min max{R} =

= min max{ti( Zpiui - & )}. (5)
i=1

The critical time of the flight crew actions in case
of an engine failure on take-off and approach to land
in the bad weather conditions was obtained [13]. The
selection in the direction of the negative pole leads
to the maximum expected risk R=1028. The choice
in the direction of the positive pole when the EC
occurs at the first stage of DM by H-O ANS (for
example, a flight to alternative aerodrome) has a risk
which is 60,5 times lesser: R=17.

In the stochastic network of the flight situation
development of GERT type, the tops are represented
by stages of the situation (normal, complicated,
difficult, emergency or catastrophic), and the arcs
are represented by a process of transition between
stages of the situation. The algorithm of stochastic
network analysis was developed [13; 14]. Thus

according to results of stochastic network analysis of
the flight situation development from normal to
catastrophic the following values obtained: the
mathematical expectation of flight situation
development time t; — M[t;]; the variance of flight

situation development time ¢; 5’ til; the
probability of flight situation development p; —
Dip-Pji Pii- Based on the W-functions of positive and
negative of H-O choice the Markov's network of
flight situations' development from normal to
catastrophic was constructed [13; 14].

In addition, with using reflexive model the risks
R4, Rz of DM in the ANS under the influence of the
external environment x;, the previous H-O’s
experience x, and the intentional choice of H-O x;
have obtained [13; 14]. The expected risk in the
process of DM of H-O is equal (6):

R, = min{R, |
Rpy =1 Rp :{y,p} . (6)
R,p :{X(xpxz’)% )’7”0}

where R, — is an expected risk of the DM for H-O
with taking into account the criterion of the expected
value minimization;

Rp — is an expected risk of the DM for H-O with
taking into account his model of preferences;

R;; —1s an expected risk for making 4;-decision;

y — is a concept of a rational individual’s
behavior;
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p —is a system of an individual’s preferences in a
concrete situation of the choice;

R,p—1s a mixed choice made by the H-O.

For example, if the pilot, the ATC and the society
have a choice in the direction of the negative pole B,
the preferences model can form the plane of the
disaster K [13; 14].

The methodology of research and training in
ANS as STS has developed [31]. Let’s consider the
individual works of aviation students and post-
graduate students in education (course “Basic of DM
in ANS” in National Aviation University, Kyiv)
after Master class of DM in ANS.

Research has shown that the choice of the
optimal variant of the forced flight completion in
emergencies requires the operator to analyze the
significant amount of diverse information. The
following conceptual models of DSS in ANS have
obtained, such as DSS for ATC in emergencies, for

p1=fo7 wr=fio
=03 =110

ss6=[s0 76 = 25

example ““Aircraft Decompression”, “Low oil
pressure”, “Engine failure”, etc.; DSS for flight
dispatcher for support of the DM regarding aircraft
landing in emergencies to choice alternative landing
aerodrome; DSS for operator of Unmanned Aerial
Vehicles (UAV) in emergencies situation, for
example in losing of communication with UAV and
choosing optimal landing place, etc. [13; 31]. DSS
contain common sets of components, such as data
related components, algorithm related components,
user interface, and display related components. The
user interface and the result of the calculation of the
DM process by H-O (pilots, ATC, UAV’s operators)
under risk are presented in Fig. 5 [32]. With using
this program operator can obtain an optimal solution
for such problem as landing in bad weather
condition, EC in flights, etc.
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Fig. 5. The result of the calculation of ANS’s H-O DM process under risk

6. Conclusions

With the help of network planning the procedures of
ATC and flight crew in case of one engine failure and
other fires from one side during take-off with the
optimal sequence of actions and the minimum
completion time of the flight, which is 4 min. 10 sec
with forced landing with a reverse heading, were
synchronized. The deterministic models of the
collaborative decision making by pilot and ATC for
performing operational procedures by the H-O in the
EC were obtained.

The conceptual model of System for control and

forecasting the EC development that taking into
account the influence on DM process by ANS’s H-O
of the professional factors (knowledge, habits, skills,
experience) as well as the factors of non-
professional ~ nature  (individual-psychological,
psycho-physiological and socio-psychological) was
presented. Deterministic and stochastic models for
ANS’s H-O (pilot, ATC) were obtained in
accordance with the flight manual of aircraft or the
adopted technologies of ATC work ASSIST. With
using the neural network model, the values of
probabilities of EC development were received. The
optimal solution was found by the criterion of
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expected risk minimization.

The direction of further research is the
development of deterministic and non-deterministic
network models of collaborative decision-making by
ANS’s H-O with probabilistic time for the
implementation of technological procedures and
identification of appropriate risks.

The developed deterministic models will allow
supplementing the database of flight scenarios
development in the decision support system of the
pilot / ATC in the emergency case for optimization
of collaborative decision making and can be used in
the future both in the ANS’s H-O training process
and in real conditions. The operation of the aircraft
is based on the use of SWIM and FF-ICE concepts.

Designing and calculating scenarios of the
development of flight situations, forecasting possible
actions of H-O in EC will allow preventing the
negative development of the emergency situation
toward the catastrophic in a timely manner.
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MpeHaxdceproi ni02omosKu onepamopié aepoHasieayiliHoi cucmemu i 8 PearbHUxX YMO8ax eKCniyamayii
NoBIMpsiHO20 KOPaoJil.
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COBMECIHO20 NPUHAMUSA PeuleHutl ONepamopamit aspOHAGUSAYUOHHOU CUCEMbl NOTYYEHbl Memooamu
cemes8o20 NIAHUPOBAHUS, UX AOEK8AMHOCb NOOMBEPHCOEHA HAMYPHBIM MOOEIUPOBAHUEM HA KOMNIEKCHOM
asuayuoHHoM mpeHadicepe. Beposamuocmu pazeumus ocoboz2o cnyuas 6 nojieme OYeHeHbl C NOMOWbIO
Hetipocemegou mooenu. s nociedo8amenvHol ONMUMU3AYUL KOHCOTUOUPOBAHHOU O8YXKAHATLHOU cemu
«nunom-asuaoucnemuepy ¢ yYeavilo OOCMUNCEHUS CKBO3HOU IPPeKmusHoCmu CO8MeCMHbIX peuleHull
UCNONL308AH MYTbIMUKPUMEPUATBHBIL N00X00. obecneyeHue MUHUMATbHO20 B8PeMeHU HA NAapuposanue
000020 cryyas 6 noieme NPU MAKCUMATbHOU 0e30NACHOCMU/MAKCUMATLHOU CO2IACOBAHHOCTIU NO 8PEMEHU
Oeticmeuti  onepamopos. Pesynemamul: CcUHXpOHUUPOBAHBI ONEPAYUOHHbIE NPOYEOYPbL ONEPAMoOpos8
A3POHABULAYUOHHOU CUCMEMbl 8 O0CODbIX CHyYaaxX 6 nojeme ¢ ONMUMAILHOU NOCAe008aMENbHOCHIbIO
deticmeuti U MUHUMATLHLIM 6peMeHeM 3agepuienus noiema. Paspabomana wonyenmyanvuas modenw
cucmemvl Onsl YAPAGNEHUS U HNPOSHOUPOBAHUS pA3GUMUS 0COObIX Clydaed 8 nojeme Ha OCHO8e
0emepMUHUPOBAHHBIX U  CMOXACMUYECKUX MOOenell NPUHAMUSL —peuleHUull  4el08eKOM-0nepamopom
A3POHABULAYUOHHOU — CUCMEeMbl,  YYUMbIBAOWAs  GIUAHUE  (DAKMOPO8  NpPOecCUOHANbHO20 U
Henpogeccuonanrvioco xapaxkmepa. Oo0cyycoenue: npeonodicenuvie MoOeiu HO360AAM OONOIHUMb OaA3y
OAHHBIX PA3BUMUSA CYEHAPUe8 NONCMHbIX CUMYayull 8 cucmeme no00epIi CKU NPUHAMUS PeUeHUll U Mo2ym
Oblmb  UCNONB308AHbI 8  Npoyecce  COBMECMHOU  MPEHANCEPHOU  NOO20MOBKU  ONepamopos
AIPOHABULAYUOHHOU CUCTEMbL U 8 PEATbHBIX YCI0BUAX IKCHIYAMAayu 6030YUHO20 KOPAOJiL.
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