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Summary

The article discusses issues related to the calculation of the parameters distribution of the pro-
cedure execution time of the algorithm of the Tower controller's actions when servicing the aircraft
performing the approach (hereinafter simply the ALGORITHM), using the Graphical Evaluation
and Review Technique (GERT network). ALGORITHM is an integral part of the trainee reference
(or model-following) model in the intelligent training system "ATC of Tower", which is being devel-
oped by the Department of the Information Technologies of the Flight Academy of the National
Aviation University. The reference model is formed on the basis of a list (set) of extremely detailed
technological operations, the order of performing these operations upon a specific situation, a model
of information flows circulation at the specialist's workplace, reference values, and time spent prob-
abilistic models on performing technological operations. The reference model in the process of sys-
tem functioning closely interacts with the trainee current model, thereby ensuring the fixation of his
mistakes. On the basis of his mistakes, the intelligent system forms an individual training trajectory
for the trainee and provides an opportunity for an objective automatic assessment of his operation
activities. The use of the GERT network in calculating the ALGORITHM time distribution param-
eters allows obtaining the expected mean time value and the root-mean-square (standard) deviation,
but in some cases, it does not allow calculating the execution time of its individual parts, for which
the time is directly proportional to the performance characteristics of an aircraft.
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1. Introduction

Today, the "degree of maturity" of the methods and means of information technology
allows us to shift the emphasis on the independent work of the subject of training in almost any
area, and the professional training of air traffic controllers is no exception.

294



SCIENTIFIC JOURNAL OF POLONIA UNIVERSITY 45(2021)2

The relevance of the direction is provided by the possibility of forming an individual
trajectory of the trainee training based on the mistakes made by him at the previous stages, and
the implementation of the objective control of knowledge.

At the Department of the Information Technologies of the Flight Academy of the
National Aviation University, research is being carried out to improve the quality of the air
traffic control by the operators of the navigation service systems and traffic control, and the
work (Piliponok, 2017) presents the method of the same name, implemented in the intelli-
gent training system "ATC of Tower". The specification of this system provides the modes of
demonstration, training and control.

The reference model embedded in the system makes it possible to implement training
and knowledge control modes. This model in the process of system functioning closely inter-
acts with the trainee current model. On the basis of this information, the system forms an indi-
vidual trajectory of the professional training for the trainee.

The reference model is based on:

1. The list of technological operations (TOs), the correctness of which must be controlled
in terms of qualitative and quantitative indicators. An extended list of TOs was obtained at the
stage of extracting knowledge about the subject area using the combined method of timing
(Dzhuma, et al, 2015).

2. The procedure of performing TOs, depending on the situation, which is determined by
the air and ground traffic situation, aircraft performance characteristics, weather conditions, etc.

3. A model of information flow circulation, developed on the basis of an analysis of the
workplace of an air traffic controller of the airport traffic control tower (henceforth Tower con-
troller), for which information circulation patterns have been identified (Dzhuma, et al, 2016).

4. The reference values of the time that is spent on performing each of the TOs. The basis
for these values are the regularities we discovered among the temporal indicators of technolog-
ical operations of the Tower controller’s activity, which provide the possibility of an objective
automatic assessment of the operator's activity of the subject of training.

Determination of the order of performing TOs (ALGORITHM), as well as obtaining
the parameters of the execution time distribution of its procedures, are integral parts of the
problem being solved. The procedure of performing TOs can be obtained as a result of the
analysis of the Tower controller’s professional activity, the patterns identified in it, as well
as on the basis of the developed model of information flows circulation at the Tower con-
troller’s work place.

Obtaining the parameters of the distribution of the execution time of the ALGORITHM
procedures becomes possible through the use of GERT network, which allows one to describe
complex systems consisting of the independently operating and interacting subsystems, and
describe not only the averaged values of the system parameters, but provide complete informa-
tion, which is the distribution function of these parameters as random variables.

2. Construction of an algorithm for the Tower controller’s actions
when a landing aircraft performing approach

As noted earlier, the work of an air traffic controller officer (ATCO) should be regarded
as an operator's activity. The basis of this judgment is the analysis of the tasks of control, man-
agement, transmission or transformation of information solved by a specialist, interaction with
technical devices and the external environment using a variety of special means of displaying
information and controls (Strelkov, 2001).
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The logical organization of the human operator's activity, consisting of a set of actions
and operational units of information, is usually called the algorithm of the human operator's
activity (Dushkov, et al, 2005). A distinction should be made between prescribed and imple-
mented algorithms. When designing a human-machine system, one should strive for bring-
ing the prescribed and implemented algorithms as close as possible. Difficulties in achieving
complete identity of both types of algorithms are due, firstly, to insufficient knowledge of the
internal organization of the operator's actions, which complicates their identification, and sec-
ondly, to the fact that a person, within certain limits, can change the way of achieving the goal,
depending on various conditions. In this case G.V. Sukhodolsky (Suhodolskij, 1994). proposes
to distinguish between reliable (hard) and probabilistic (stochastic, flexible) algorithms.

In the first case, we are talking about an unambiguous sequence in which actions follow
each other with a probability equal to 1 (one). In the second case, an ambiguous sequence is
assumed in which the transition from action to action is carried out with a probability 0 <p <1
(Dushkov, et al, 2005).

To represent the Tower controller activities, which services aircraft arriving at the aero-
drome area in order to land, on the basis of the results of the study, an algorithm of his actions
was formed. We have chosen a graphical way of the algorithm representing as the most visual.
In a graphical representation, the algorithm is depicted as a sequence of interconnected func-
tional blocks (in our case, technological operations), each of which corresponds to the execu-
tion of one or more actions. The algorithm also indicates the probabilities of transition from
one functional block to another or their repeated execution if the probability of triggering is
not equal to 1.

This algorithm is conventionally divided into the following procedures:

1. Procedure "1-1" — transmission by the Briefing Office dispatcher of the information
about the aircraft departure from another aerodrome. The transmitted information includes
flight numbers (aircraft call sign) and universal time coordinated of departure from another
aerodrome.

2. Procedure "2-2" — the Approach controller sends information about the incoming air-
craft. At this stage, information about the intended type of approach and additional information,
if any, is transmitted.

3. Procedure "3-3" — the final stage of the aircraft approach. The duration of this stage
depends directly on the aircraft performance characteristics: the flight speed at the descent
stage, or, in other words, the time the aircraft remains on the final approach track from the
moment of first communication contact with Tower controller until the moment of braking
after landing. At this stage, the controller makes a decision on issuing a landing clearance in
accordance with the air situation at the aecrodrome (available aircraft for departure, work on the
runway) and its area (aircraft making go-around procedure).

4. Procedure "4-4" — vacating the runway after landing and taxiing the aircraft to its
parking position. The procedure when the controller issues instructions for the aircraft to vacate
the runway, as well as instructions for taxiing to the parking area.

5. Procedure "5-5" — transmission of information to the Briefing Office dispatcher about
the actual time (UTC) of aircraft landing. A feature of this procedure is that a possible start of
its execution is the beginning of the previous procedure "4-4", in other words, these procedures
can be performed in parallel. The end of the procedure is limited up to a regulated time after
landing, during which a landing telegram must be sent to the authorities concerned. According
to the Ukrainian legislation and European standards, this time should not exceed 5 minutes after
aircraft landing at the destination airport.
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5. Procedure "6-6" — request/receipt of
6 information from the central airdrome dispatcher
0.8 about the parking stand for the arriving aircraft.
- - - Depending on the air traffic management auto-

First connection with . .
1hé seitial asrodnemio mated system useq ata spemﬁ.c workplace.or air
dispatcher - call 6.1 trafﬁ.c service unit, mformat.lon about alrcra_ft
= S ' parking stand is transmitted either by communi-
09 v cation channels and this algorithm is performed,
First connection with or by displaying the parking number in the air-

02 central aerodrome craft formular.
dispatcher - answer The procedure begins from the moment of
Y getting the information about the aircraft departure
Parking request for frorr} anoth.er. aerodrpme and ends at the stage of
arriving aircraft issuing taxi- instructions. In other words, this pro-
cedure is a parallel process for procedures "2-2",
v "3-3" and part of the procedure "4-4". The algo-
Receiving the information rithm for this procedure is shown in Figure 1.

> about the stand for the The general algorithm will be considered
amriving aircraft as procedural component of the trainee reference
Y model, which will allow us to evaluate the skills
The confirmation of the and actions of the operator in terms of qualitative
parking information parameters. Also, on the basis of the obtained
general algorithm, further work on the creation of
e a mistakes model is possible in accordance with
the structure of the trainee model described in this

Fig. 1. Algorithm for performing work (Klyukin, 2012). The mistakes of the trainee

the procedure "6-6" are analysed within this model, ensuring the auto-

mation of assessment, and as a result, alternative

trajectories of training the trainee current model are determined, which makes it possible to
introduce an adaptive component into the intelligent learning system.

3. Calculation of the distribution parameters of the execution time
for the algorithm procedures using GERT networks

When designing systems, it is important to know not just the average values of the sys-
tem parameters, but to have more complete information, which is the distribution function of
these parameters as random variables.

Methods such as Markov random field make it possible to easily estimate the mathe-
matical mean value and dispersion of the number of times a process is in the states of a non-re-
turnable set, but the distribution functions of these quantities are quite difficult to calculate,
and in Petri nets, to obtain numerical results, simulation modeling is required, which allows by
repeated repetition of numerical experiments evaluate all necessary statistics, including distri-
bution functions, mathematical mean value and dispersion (Dorrer, 2016).

GERT networks are referred to as network models (N-schemes). They allow us to
describe complex systems consisting of independently working and interacting subsystems.

Some sources (Dorrer, 2016) say that the formalisms of GERT networks resemble the
description of Colored Petri nets, while other sources (Zyryanov, et al, 2012) say that these
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networks are a variant of semi-Markov random field (models), but the random variables in them
are characterized not only by dispersion, but also by the distribution law.

The structure of the GERT network can be described in the form of a graph

G=(N.4),

where N is the set of network nodes, N = {nl,. . .,nn} , n is the number of nodes; A4 is the
set of oriented arcs, 4= {ai/.,i,je (1,. . .,n)} . The arc a; connects two nodes (», and n;) and is
directed from n, to n; sources (Zyryanov, et al, 2012).

A directed edge (arc) is associated with which node i leaves and which node j enters,
and is denoted as an arc <i . > . The arc <i, Jj > in the framework of GERT networks is considered
as "work on the arc" and has the weight of some additive parameter (for example, the work exe-
cution time). For a GERT network, the weight of the arc (i, i > is the vector [ pl./.,E./.] , where p,
is the conditional probability of the execution of the arc i, j under the condition of activation of
the node i and F; is the conditional distribution function of the execution time of the arc i, j ,
under the condition that <i, j> is satisfied. In this case, the arc (i, j> , for which F, = 0, is called
an "idle" arc or an arc on which no work is performed.

The nodes of the GERT network are interpreted as states of the system, and arcs as
transitions from one state to another. Such transitions are associated with the execution of gen-
eralized operations characterized by the distribution density and the probability of execution
(Dorrer, 2016, Filips, et al, 1984, Zyryanov, et al, 2012).

Each node on the network has an input and output activation function. The input function
defines the condition under which the node can be activated. The output function defines a set
of conditions associated with the result of activating a node.

Types of input functions:

e AND-function — a node is activated if all arcs inputted in it are executed;

e JOR-function — the node is activated if any arc or several arcs inputted in it are
executed;

e EOR-function — a node is activated if any arc inputed in it is executed, provided that
at a given time only one arc inputted in this node can be executed.

Types of output functions (Fig. 2): deterministic function (DT) — all arcs leaving the node
are executed if the node is activated; stochastic function (ST) — only one arc outgoing from a
node is executed with a given probability if the node is activated.

e < K D D

d - deterministic e - stochastic

a - function b - IOR ¢ -EOR output output

Fig. 2. Input and output functions of GERT network nodes

By combining all the input and output functions, we get six different types of nodes (Fig. 3):

OO C>ROK>

Fig. 3. Types of nodes in the GERT network
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A node with an input AND function and a stochastic output function is called a STEOR
node. Activation of a node means that the system has passed into a certain state and determines a
lot of further work (operations). One or several works (operations) begin their execution imme-
diately after the activation of the node that is their beginning. A node is activated if its input func-
tion is executed. After executing the output function of the activated node, it becomes inactive.

The results of the functioning of the graph G can be presented in the form of a set of
parameters of the network being executed: the probability of the network runoff activation, the
runoff distribution function, etc.

Thus, a GERT network is a network in which each node belongs to one of six types of
nodes, for each arc <i, j > , where a weight of the form [ p[j,Fy.] with the above value is defined
and the initial distribution of network sources is given (Pritsker, 1996a,; Pritsker, 1996b).
The initial task for calculating the parameters of the mean time, (root-mean-square) standard
deviation from the mean and the probability of an event is to represent the process in the form
of a GERT network. Figure 4 shows the procedure "1-1" for transmitting information about a
departing aircraft from another aerodrome from the Briefing Office dispatcher in the form of
an algorithm (a) and a GERT network (b), taking into account stochastic and deterministic out-
comes of individual technological operations.

1
0.1 0.9

First communication with
the dispatcher
Briefing office - call
Y
First communication with
the dispatcher
Briefing office - answer

v

> Receiving information about
a departure from another airport

v

Confimation of departure
information from another airport

v

b)

Fig. 4. Model of the transmitting information process about the departing aircraft
from the Briefing Office dispatcher a) in the form of an algorithm
b) in the form of a GERT network
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The process model in the form of a GERT network (Fig. 4b) includes 9 nodes
N= {nl,. ..,n,} and aset 4 containing seven arcs on which the following operations are per-
formed:

a, — initial state;

a, — first communication with the Briefing office dispatcher — call;

a, _time of delay in response with the Briefing Office dispatcher;

a, — first communication with the Briefing office dispatcher — answer;

a, — time of delay in response with the Briefing Office dispatcher;

a, — initial state;

a, — receiving information about a departure from another aecrodrome;

a, — time of delay in response with the Briefing Office dispatcher;

a, — confirmation of information about a departure from another aerodrome.

Each arc a € 4 of the GERT network is characterized by the probability of execution of
this arc p,, as well as the distribution of the probabilities of the parameter value transmitted
over the network.

Figure 4 shows the probabilities of triggering transitions that are not equal to 1, that is,
this is an arc a, with a probability of 0.9 and g, with a probability of 0.1. Let y be a random
variable characterizing the process on the arc a (in our case, it describes the execution time of
the operation) with the conditional distribution density 7, ().

Thus, the full characteristic of the arc a is the vector [p,, f, ( y)] . Along with the dis-
tributions f'(y), we will consider the functions M (s) generated by them, which are called
generating functions and are calculated as (Pritsker, 1996a; Pritsker, 1996b):

For a random variable with continuous distribution f ( y)

My(s)zfe”f(y)dy, (1)

where s is a mean parameter, and the integral is taken over the entire domain of defini-
tion of the random variable y .
For a random variable with discrete distribution f ( y)

M, (5)=Ze /(3). @

where summation is performed over all values of y . It is assumed that the integral in
formula (1) and the sum in expression (2) are finite.

The use of generating functions makes it possible to evaluate the probabilistic char-
acteristics of complex systems described by GERT networks in a simpler manner than when
working directly with distributions of random variables. In this case, an important property of
the generating function of a random variable is the ability to calculate the initial moments of
the distribution f ( y) . It is known that the £ -th initial moment of a random variable y with a
continuous distribution density function f () is the integral

v, =y f ()dy,k=0,1. 3)

In particular, v, =1,v, =m(y) is the mathematical mean value of a random variable
v ; the second moment v, allows us to determine the dispersion of the random variable:
o’ (y)=v,—m*(y).

The use of generating functions makes it possible to represent the characteristic of the
arc a € A in the form of a vector [p,, M, (s)] ., and the product of these components

w,(s)=p,M,(s) @)
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is called the transfer function of the arc ae A or its W-function (Pritsker, 1996a;
Pritsker, 1996b).

The meaning of the transfer function is as follows. If the signal y acts at the input node
n, of some arc q, , then the signal x =W, (s) y will arrive at the output node of this arc #,.
Also, the use of W-functions allows you to calculate the probabilistic characteristics of a system
containing many arcs.

In figure 4b, two series-connected arcs @, and a, are shown, on which independent ran-
dom variables y, and y, are given with their own distributions f;(y,) and £ ().

As a result of executing these arcs, we get a random variable z =y, + y, with a distribu-
tion function equal to the product of functions: f(z)= f;(»;) /s (). Then, in accordance with
formula (3), we obtain an expression for the generating function of the quantity z :

M (s)=M,., =1 £ (v,) £, (3) =le™ o (vs ) dve L™ £, (7 ) dy, = M (s) M,
Let us now turn to the W-functions. For each arc, the functions W, = p,M,(s),
Wy = peM, (S) are known. The probabilities of completing arcs p, and p, are independent,

therefore, the probabilities of completing both arcs is equal to their product: z = p, p,. Thus,
we obtain those arcs a, and g, are equivalent to one arc a,; (Fig. 5) with the transfer function

W78=p78M78(S)=p7p8M7(S)Ms(s)=W7(s)'VV8(S) (%)

Fig. 5. Model of the transmitting information process about a departed aircraft
from the Briefing Office dispatcher with an equivalent one arc a,,

Considering the section of the GERT network from arc a, to arc a,, two operations
have a deterministic value (the operation time is 1 second), and three operations are given by
independent random variables, with the following distributions:

a, is normal distribution law;

a, and a are described by the chi-square distribution.

Therefore, the expression for the generating function of the quantity can be considered as
the sum of independent random and deterministic quantities z = y, + y, + s with the distribu-
tion function equal to the product of functions: f(z)=£,(y,)/;(»;)/fs(»s) and deterministic
quantities.

M, (s)=M,, .. = 1) f ) £ (02) fo(vs) + 92+ s =
=Te™ £ () dv Je™ £, (v ) v, Te™ £ (s )dys + v, + 3y =
= My (s) My (s) M(s)+ 7, + 4
The probability of fulfillment for all arcs of the network section from a, to a, is equal

to 1, therefore, the probability of fulfillment of the section of arcs is equal to their product:
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p., =1. Thus, we obtain those arcs a,a,a;a,a5 are equivalent to one arc a;; (Fig. 6) with a

transfer function

M5 = pisMi; (S):pISMl (S)Mz (S)Ms (S)M4(S)M5 (S):

nl

0.1 P

=W (5)- W, (5)- W (5)- W, )5 s).

09

n2

(6)

HEY | : : & | :I
n3 n4

Fig. 6. Model of the transmitting information process about the departed aircraft from
the Briefing Office dispatcher with equivalent arcs a; and a,

The resulting network has two parallel branches a,; and a,, each of which is determined
by its own W-function W,; = p,;M,s(s) and W, = p;,M,(s), and the output side of node n, is
stochastic. This means that only one outgoing arc can be executed at a time, so the final #-func-
tion is the sum of the W-functions of the individual branches:

W,=p,M, (S) =pisMis (S) + peM (S) =W;s (S)+ W (S) (M
This result is generalized to any number of parallel arcs, provided that all of them are

EXCLUSIVE-OR.

The characteristics of the processes performed on arcs (in seconds) are given in table 1.

Table 1
Characteristics of processes performed on arcs
Arc name ;’fr::eacl:tlilg; Distribution type ];;s:;:;:tt::‘: Genera]tl[;g(sf)unctlon
a, 0.9 Exponential a=15 (1-s/9-1
a, 1 Constant a=1 exp (s)
a, 1 Chi square k=1 (1-25)*2
a, 1 Constant a=1 exp (s)
a, 1 Chi square k=1 (1-25)*2
a, 0.1 Exponential a=1.5 (1-s/a)"!
a, 1 Uniform [1...6] (exp (s) —exp (1s))/ 5s
a, 1 Chi square k=1 (1-2s5)*?
a, 1 Constant a=1 exp (s)

Let us write out expressions for transfer functions 1, (s)=p,; M, (s):
W, (s)=09(1-s/1.5)",
1 (5) =),
= (1-25) ",
w,

(s)=exp(s),
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1/2

W, =(1-2s)
W(s)=0.1(1- s/15)

W, (s)=(exp(s) - (1s))/ 5s.
I/Vg :(1—25‘)71/2
W,(s)=exp(s).

We use formulas (5) and (6) to obtain the transfer function of the GERT network (shown
in Figure 6) from node #, to node n, along arc a,,:

W :WIS(S)'W78(S)'W9(S)'

Substituting the expressions for the transfer functions of all arcs into the formula and
doing some transformations, we get

-1 1 _
W, = 0.9[1 - ij (2exp(s))(2(l - 2s)_2j exp(s) —exp(ls)
13 5s(1-2s) 2 exp(s)
In order to determine the generating function of the considered system, we use the formula
/4

M(S) — (S)l9
w(0),
which follows from the relations W, (s)=p,, M,,(5)19,/,,(0)=p,,, because M,,(0)=1.
Let us now proceed to calculating the moments of distributions at the output of the sys-

tem, along the arc g, . Calculating the derivative dM,(s)/ds ats=0, we obtain an estimate of
the first moment — the mathematical mean value:

V1(yg)=m(y9)=dM1—9(S)

ds .
Further, finding the second derivative d’M,,(s)/ds® at s = 0, we obtain the second
moment of the distribution of the function y, :

1/2

b

=8,34 sec.

5=

=77,106sec”.

v, () = () = Mo (5)

ds®

s=0
Whence it follows that
o’ (1) =v,(yy)—m*(,)=77,106—8,34% = 7,546 sec’,

o(y,)=2,747 sec.

Thus, in this system, the average expected time for transmitting information about an
aircraft departure from another aecrodrome from the Briefing Office dispatcher with the initial
communication is 8.34 sec., and the root-mean-square (standard deviation) from the average is
2.747 sec.

Consider now a chain of nodes from n, to n,. This chain differs from the previously
considered only in the first link — a, instead of a,, . Making calculations similar to those given
above, we get
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0.1/1--> 2(exp(s)—exp(ls))
Wiy (5)= W, (5)- Wi (5)- 1, (s) = ( Sl'flj e
s(1-2s) 2exp(s

69
Having calculated the first and second moments of the random variable y, , of the sec-
tion of the chain ag,,we obtain

Vi (J’9) = m(yg) ZdMé—Q(S) =6,03sec.
5=0
2
Vs (y9) = m(yg) =d%%(” =26,06sec’.
5=0

o’ ()/9):\/2 (yg)—mz(yg) =26,06-5,03" =0,7569 sec’,
o(y,)=0,87sec.

So, the average time of transmission of information about an aircraft departure from
another aerodrome from the Briefing Office dispatcher without initial communication is
5.03 sec., and the root-mean-square (standard deviation) from the average is 0.87 sec.

The capabilities of GERT networks make it possible to carry out similar calculations for
the “2-2” procedure — transmission by the Approach controller of information about the incom-
ing aircraft. A graphical representation of the GERT network of this process is shown in Figure 7.

ns

nl
nll nl2

< >—K]

ni4 nl$

Fig. 7. Process model transmission by the Approach controller of information
about the incoming aircraft in the GERT network form

The model for this process in the GERT network form (Fig. 7) contains 15 nodes, that
is, N={n,,...,n5} and a set 4 containing fourteen arcs on which the following operations are
performed:

a, — first communication with the Approach controller — call;

a, — time of delay in response with the Approach controller;

a, — first communication with the Approach controller — answer;

a, — time of delay in response with the Approach controller;
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as — obtaining information about the approaching aircraft (using the instrumental
approach system (ILS) with the probability p = 0.89);

a, — selection of an alternative approach method (probability of actuation p = 0.11);

a, — time of delay in response with the Approach controller;

a, — confirmation of information about the incoming aircraft;

a, — obtaining information about the approaching aircraft (using a visual approach with
a probability p = 0.9);

a,, — obtaining information about the incoming aircraft (using the method of NDB
(non-directional beacon) approach with the probability p = 0.1);

a,, — time of delay in response with the Approach controller;

a,, —confirmation of information about the incoming aircraft;

a,, — time of delay in response with the Approach controller;

a,, —confirmation of information about the incoming aircraft.

Since the time characteristics for all types of approach, as well as the response delay
time with the Approach controller correspond to the same distribution laws and have the same
parameters, the average expected time — for the Approach controller to transmit information
about the approaching aircraft will be the same and will be 8.729 sec., And the root-mean-
square (standard deviation) deviation from the mean will be 2.817 sec.

The probability of each outcome of an approach method selection. For the ILS system
is 0.80/(0.85 + 0.05) = 0.89, for a visual approach — 0.09/(0.85 + 0.05) = 0.1, and for a NDB
approach the probability of an outcome is 0.009/(0.85 + 0.05) = 0.01.

For procedure "5-5" — transmission of information to the Briefing Office dispatcher about the
actual landing time of the aircraft and procedure "6-6" —request/receipt of information from the central
airdrome dispatcher about the parking stand for the arriving aircraft, a characteristic feature is the pres-
ence of a cyclic operation of the transition. The triggering of this cyclic transition is due to the possible
Tower controller workload in performing other operations, as well as a technical factor (problems with
communication of a loudspeaker device). Graphical models of GERT networks of these stages are
presented in Figures 8 and 9. The cyclic transition, or the so-called loop, of the first model is designated
by arc a,, where the signal from the output of node #, is fed to the input of the previous node n, , for
the second model, the loop is formed by transition a,, connecting nodes #n, and #, .

Let's consider an anti-parallel connection, taking as an example a section of the GERT
network corresponding to the procedure "5-5" (Fig. 10). Signal y arrives at the input of node #,
it is added to the feedback signal v, and the sum of these signals « passes through arc a,,as a
result of which the output signal x is formed at the output of node 7, . But this signal along the
arc a; with the transfer function W, (s) returns to the input of node n, , turning into v.

Fig. 8. Model of the process of transmitting information to the Briefing Office dispatcher
about the actual landing time of the aircraft in the GERT network form
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Fig. 9. A model of the process of requesting/receiving information
from the central airdrome dispatcher about parking stand for an arriving aircraft
in the GERT network form

Fig. 10. Anti-parallel connection of arcs of the GERT network

Taking into account the property of the transfer functions, we obtain the following rela-
tions between the signals:

u=y+v, v=W5(s)x, x=W3(s)u,
whence, excluding the variables # and v, we have

A0
AOLAD)
i.e. the transfer function for this anti-parallel connection is
VVbc = ﬁ = VV3 (S) °
v A=W (s)Wy(s)

Thus, when calculating the time distribution parameters when using the transfer function
for loop (8), the average expected time for the process of transmitting information to the Brief-
ing Office dispatcher about the actual aircraft landing time is 7.848 sec., the root-mean-square
(standard deviation) from the average will be 3.066 sec. For the process of requesting/receiving
information from the central airdrome dispatcher about the parking stand for the arriving air-
craft, the average expected time is 9.04 sec., the standard (root-mean-square) deviation from
the average will be 4.87 sec.

Since in some cases the disadvantage of GERT networks is the complexity of analytical
calculations to determine the moments of the distribution function of the output quantity and the
presence of subsystem blocks in the procedures "3-3" and "4-4" (the final stage of the aircraft
approach and vacating of the runway after landing and taxiing of the aircraft to its parking stand
respectively) the execution time of which is directly proportional to the flight performance spe-
cific aircraft, the calculation of distribution parameters becomes possible only with simulation.

>

®)

4. Conclusions

The result of the scientific work is the algorithm of the Tower controller’s action when
servicing the aircraft performing the approach with the calculated distribution parameters of
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the procedure execution time. ALGORITHM is conventionally divided into six procedures to
simplify work with it. The resulting ALGORITHM is a procedural component of the trainee
reference model, designed to assess the skills and actions of the student in terms of qualitative
parameters.

Also, this ALGORITHM allows us to develop a mistakes model, and as a result, to
implement alternative training trajectories for the trainee current model in the context of creat-
ing an adaptive component of the intellectual training system.

GERT networks, thanks to their specifications, allow describing complex systems con-
sisting of independently operating and interacting subsystems, as well as calculating the distri-
bution parameters of the execution time of procedures.

On the basis of the developed models of GERT networks for the ALGORITHM proce-
dures, the values of the average expected execution time for each specific procedure and the
root-mean-square deviation (standard deviation) from the mean, necessary for further work
with the simulation model, were obtained.

It was also revealed that the determination of the distribution parameters of the proce-
dures execution time using GERT networks in the presence of blocks with computational-de-
pendent components in the ALGORITHM (a block with the calculation of aircraft performance
parameters), which also cannot be described by deterministic indicators or probability distri-
butions, is not advisable. For this type of procedure, simulation is the most appropriate method
for identifying parameters.
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