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APPLICATION OF THE STRUCTURAL-ALGORITHMIC ANALYSIS METHOD
FOR MODELING WORK DUTY SHIFT AREA CONTROL CENTERS

Development and implementation new service ways in the air traffic services system are connected with the solution of
complex tasks researching the features of familiar business models of duty shift and determination the direction of their
development. The purpose of the article is to analyze the existing business model of area control centers of air traffic
controllers and search areas for their improvements. It is shown that insufficiently addressed issues relating to the problems
of interaction between the air traffic controllers among themselves and with automation tools. In this regard, the
harmonization of the business models is needed in order to research, process information and training tasks, that takes into
consideration the requirements of visibility and accessibility, while maintaining the possibility of analytical and
experimental studies. To improve the business model of the area control center duty shift has been proposed to add other
elements into the situation detection scheme and classify the initiating situations. Conclusion. The article shows that it is
rational to complement existing methods of modeling activities of air traffic controllers by structurally-algorithmic analysis
method and method of generalized network models activity in order to address the research, information and training tasks.
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Introduction

Statement of a problem. The problem of the
development and implementation new service ways in
the air traffic services system is connected with the
solution of the complex tasks researching the features of
known business models of duty shift, determination the
direction of their development, verification models in
the application and experience sharing.

Analysis of the known publications. Analysis of
the literature [1 — 4], dedicated to modeling activities of
area control centers of air traffic controllers and duty
shift in general showed, that issues relating to the
problems of interaction between the air traffic
controllers and with automation tools has been
insufficiently studied [5]. In this regard, it is needed the
harmonization of the business models in order to
conduct a research, information and training tasks, that
takes into consideration the requirements of visibility
and accessibility, while maintaining the possibility of
analytical and experimental studies [6].

Aim of the article. The aim of the article is to
analyze the existing business models of air traffic
controllers of area control centers and the search areas
for improvements.

Base material

To determine the degree of compliance with the
above requirements of the various combinations of
methods for constructing models, the need to identify
possible options for grouping methods, comparative
analysis and identification of the best. These stages are
characteristic for morphological analysis of systems. In
known pattern of morphological analysis the issue of
selection of the most successful combinations has not
been not sufficiently developed, so this scheme should
be supplemented with a multi-attribute utility evaluation

strategy, detailed disclosure in the utility theory (linear,
conjunctive, alternative and configuration). Since the
desired combination of methods should best meet the
requirements, which in the case of standardized models
can be considered equivalent.

To select the best option the conjunctive strategy is
applicable. According to this strategy, the result gains
positive usefulness, if all the measured values exceed
the limits.

As characteristics (morphological features) of
alternative activity modeling methods combinations
based on the tasks of the study were selected:

— the ability to model situation in the workstation
(X1);

— possibility of constructing and evaluating model
characteristics with variable structure ( X, );

— the ability to automate storage processes, search
and reproduction of information in the activities of area
control centers of air traffic controllers ( X3 );

— applicability during the educative process of area
control centers duty shift (X, ).

In this case, in the analysis type of value
characteristics matrix can be used [7]:

1 Ha2 --o Mg
R= 7’21 i’il rzn N (l)
Tml Tm2 -+ Tmn

where i — the index of the method;
j —index of morphological characters;

n —number of accounted characteristics;
m —number of considered methods;

~ {is 1 if i-th feature obtained by j-th method,

Tij o
: otherwiseis O.
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Possible options of the methods combinations are
defined by grouping the rows of the matrix R by one,
by two, by three, and so on up to m and characteristics
of the options - by selecting the maximum feature value
in the considered group of methods. The total number of
alternatives V' is contained in proportion:

< m! (T
V_kZ:l—k!(m_k)!, k_(l,m). )

This morphological analysis scheme has been used
to study the following well-known methods of modeling
activities of Air Traffic Controllers:

— semigraphical (M, );

— structural-algorithmic (M5 );

— method of network business models (M35 );

— method of reference operator (My).

Characteristic values obtained for this combination
of the methods shown in Table 1.

Analysis of the table shows that, except for the
trivial variants M M,M;M, , the dominant variants are

But option M;M;M, suggests the presence of

obviously trained air traffic controllers or the fullness of
reference materials on the duty shift area control center
in various situations, which is quite difficult to provide
in the context of a twenty-four-hour air traffic control.

For analytical methods, the rational is to
supplement the existing techniques by structural-
algorithmic analysis and method of network business
models — option MM, M5 .

Table 1. Characteristics of possible area control center methods of duty shift modeling and work combination options

No. Combination Rankings of the options
of version of methods X X, X3 Xy
1 M, 1 0 0 1
2 M, 0 0 1 1
3 M; 0 1 0 0
4 M, 0 0 0 0
5 MM, 1 0 1 1
6 MM 1 1 0 1
7 MM, 1 0 1 1
8 MoM; 0 1 1 1
9 MoM, 0 0 1 1
10 MiM, 0 1 1 1
11 MMM, 1 1 1 1
12 MoM3M, 0 1 1 1
13 MMM, 1 1 1 1
14 MMM, 1 0 1 1
15 M MMM 4 1 1 1 1

Application of the structurally-algorithmic
analysis method for modeling work duty shift area
control centers. In order to enhance the capabilities of
existing working model building methods for air traffic
controllers it is desirable to supplement it with
structural-algorithmic work analysis method.

The method is based on the use of algorithms
activity, representing a set of interrelated operational
and decisive elements. Each operation member
corresponds to the group of operations performed
successively in the implementation of the algorithm
(entering information into the automated management
system, command issuing, receiving reports, etc.). Each
decisive element corresponds to a choice of one of the
two or more further actions (analysis of visual and
verbal information, registration conditions, decision-
making, etc.). For systems with parallel processes are
additionally used expectations elements. The method of
structurally-algorithmic analysis allows describing not

only the physical action of the controller, but also his
mental activity, which makes it possible to deal with the
distribution of functions in the system and the design of
the activity structure. The advantages of the method
include the fact that if the characteristics of elementary
operations are known, similar characteristics of
algorithm in general can be found, and if it is necessary
to change the structure of the algorithm by changing the
composition and interrelations operations. As for
disadvantages of the model, it should be noted the lack
of consideration interactions between air traffic
controllers and in this regard, its applicability it mainly
describes the performance of individual air traffic
controllers. Suppose that in terms of structurally-
algorithmic analysis defined generalized m (typical)
situations that may occur during operation k-th
controller with a certain probability, and the
corresponding activity algorithms. The presence of the
decisive elements in the algorithm involves multivariate
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operations air traffic controller act in its
implementation, the total number of variants of the
algorithm »n can be determined from the proportion:

R
n=7V,U,-A(G), 3)
q=1

where R — number of types of the decisive elements;

U, - number of ¢ -type decisive elements;

V4 —number of g-fype decisive element alternateves;

A(G) — reducing the number of outcomes due to
the structure of the activity algorithm.

Selection of the j-th option of the algorithm of
(j=12,...,n) in the i-th
(i=1,2,...,m) is performed by air traffic controller
depending on the current operating conditions (the
current situation), which also can arise with a certain
probability. Thus, the problem is solved by the air
traffic controller according to the probabilistic
algorithm; every j -th embodiment is implemented with

activity situation

a probability of F; and represents the deterministic

finite sequence of some elementary operations. Then,
encoding operations of the & - th air traffic controllers
in the i -th situation in some alphabet of symbols, you
can build a general directed graph, whose vertices
correspond to the operations and arrows between nodes
— interrelation between operations. With such digraph is
isomorphic adjacency matrix 4;; , number of rows and
columns of which is equal to the number of operations

and elements of the matrix a,,, characterized repetition

rate operation immediately after the operation
(apq =0,1,2,...). Due to the fact that a change in
current conditions also changes the number of required
operations and connections there between, each j -th
option of the activity algorithm will match private
digraph and private matrix 4;; , whose number of rows
and columns depend on the specified current situations.
For the construction of the structurally-algorithmic
models of activity duty shift area control center (ACC),
as a whole is invited to take a set of matrices 4;; and

isomorphic to them graphs Gy (4, I") , which should be
compiled into a matrix D; or a graph Gy (4,I)

describing the activities of all the controllers on duty
shift. In this case we use the association operation of
graphs:

1

; “4)
UGy (A, 12 ). Gy (4,17 ).-

Now the vertices of the Gj;(4,1") graph shows

the combinations of air traffic controllers operations,
involved in the j -th variant of activity algorithm:

Mapping for each vertex of the graph G;; (4,1") is

obtained by the same vertex mappings combination for
the initial graphs
G (Al,Fl),G-,-z(Az,rz),...,Gl_-,,(A,,F,) )

1 1

When analyzing the business models of the area
control center duty shift, issues require special
attention — to identify the role of interactions in solving
problems in the automated control system (ACS) of air
traffic controllers group. In the known sources these
issues not been insufficiently studied. In particular,
considered only a part of the communication network
(interaction between air traffic controllers), and features
of communication systems. At the same time, the
presence of interaction is mainly associated with loss of
time as a result of expectation commands or messages
and the interaction of the organization largely depends
on the total time of solving problems in the ACS. Given
that the interaction of controllers in these systems differ
from other operations and are mainly in the
implementation of the agreed between the controllers
and the work of KSA pair of operations (such as "team -
the reception team,”" "Message - receiving messages",
etc.), it is proposed to allocate interaction operations in
general adjacency matrix. For this role in a matrix 4

must be grouped operations of each K - th air traffic
controller in the order of their execution. The matrix
elements analysis shows that the interaction must satisfy
the following conditions:

apg #0, P <P <Pist> U <9 <dks1>
— (6)
pila qilap;tpla qiqls kz(lsl)s

where p;,q; — the number of operations to be

performed £ -th air traffic controller.

The task of improving the algorithm of activity can
be associated with the identification of interactions,
minimizing their number and, respectively, with the
reduction of the number of wait elements. It is also not
fully considered in the method of structurally-
algorithmic analysis the issues of input events
classification and their recognition, although the type of
situation depends largely on the nature of the operators’
activities and the time required for solution of the
problem.

Considering the situation in the air traffic controllers
workplaces as a set of conditions, the processes of
development and consequences of their classification, can
be used certain features that characterize the environment
- dynamism, complexity and uncertainty.

In systems engineering familiar with the procedure
of recognition of the situation, which includes the
following steps (Fig. 1):

—extracting information about the situation
(atmosphere of the process and its development) from
the information stream (block 1);

—analysis of this data, dividing it into parts,
relating to different conditions and characteristics of the
process (block 2);
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Selection of information about the[1]
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!

Information analysis

Resumption of the situation and its/3]
development process

Process simulation and possible [4
results identification
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Definition of prediction reliability

A

.

Formation the situation description

!

Adoption information solutions

Fig. 1. known situations recognition scheme
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Comparison of the current

— determining signs, i.e. recovery situation and its
development process based on the received information
(block 3);

— process prediction, the determination of possible
outcomes (block 4);

— determining the degree of the forecast reliability
(block 5);

— drawing describing the situation (block 6);

— adoption of information solutions (block 7).

In the procedure does not take into account this
feature of the air traffic controllers activities, as the
possibility of creativity in identifying the situation and
development of the required algorithm performance. To
overcome this drawback is proposed to include in the
situation detection scheme a number of additional
elements associated with comparing the signs of the
situation with signs of known situations and identifying
new situations (Fig. 2).

This addition allows us to pose the problem of
finding previously unknown situations and activity
algorithms and their inclusion in the future in a special
software ACS, i.e. the task of forming a tunable external
memory.

model signs with the signs of
familiar models

Development [9]
of the new activity
algorithms in
previously
unknown situation

Development[ 10 |
of the new activity
algorithm in
situation to this air
traffic controller

h

Selection the activity options in
the certain situation

Y

11
A familiar activify

algorithm
application in a
known situation

The use of the activi
algorithm developed by
the dispatcher in advance
for a known situation

Development of a
new activity
algorithm in progress

Fig. 2. Additional elements proposed for inclusion in a situation recognition circuit
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In the classification of initiating situations for
working models, standardized solutions for research,
information and tasks of training, in addition to the
degree of novelty it is advisable to consider the sources

of the situation, management techniques, possible in this
situation and the degree of development of the situation
recognition process by the area control center duty shift

(Fig. 3).

Attributes of the classification situations

. According to the
. By the managing .
According to the degree o i degree of mastering
— —1 By the situation source | — methods, possiblein | — L
of novelty Lo the situation
this situations ..
recognition process
Known (entered in the . . Copying known -
et manual) > Air facility 1 activity algorithm > Assimilated
Unknown for this air Automation Ly  Developing new . o
™ traffic controller equipment complex activity algorithm | Partially assimilated
New (previously not Area control center
™ unforeseen by superiors ™ duty shift > Untapped
> RLI Source
| Management facilities

Fig. 3. Options for the classification of the situation
in the air traffic controllers workplace at duty shift area control center

Conclusions

On the basis of morphological analysis of different
area control center duty shift operation modeling
methods combination variants, shows that in order to

address the research, information and tasks of training,
it is rational to complement existing methods of
modeling activities of air traffic controllers and the duty
shift ACC by structurally-algorithmic analysis and
method of generalized network models activity.
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3acTocyBaHHS METOAY CTPYKTYPHO-AJITOPUTMIYHHAX aHATI3Y
A5t TOOYI0BH MozieJIeii po60TH 4eproBoi 3MiHM PaiiOHHOI0 AMCIIETYEPCHKOr0 EHTPY

J. €. I'pumimanos, I'. A. ITyxaneceka, O. 1. SIpoxosuy, O. O. Ilncapuyk

Po3po0ka i BIIpoBa/KEHHS B CUCTEMY OOCIYrOBYBAaHHS IOBITPSIHOIO PyXy HOBUX CIIOCO0iB OOCIYrOBYBaHHS IIOB'SI3aHI 3
BUPIIICHHSIM KOMIUIEKCY 3aBJIaHb 3 JIOCHIDKEHHsS OCOOIMBOCTEH BIIOMHX MOZENEH IisUIBHOCTI 4eproBoi 3MiHH, BH3HAUCHHS
HanpsMiB IX BIOCKOHaJICHHS. MeTOI0 CTATTi € MPOBEJCHHS aHaji3y iCHYIOUMX MOJAENEH AisUIbHOCTI aBlalliifHUX AWCIIeTYepiB
palioHHMX THUCIETYEPChKUX LEHTPIB 1 MONTYK HAIPSIMKIB MO0 X BIocKoHaJIeHHs. [Toka3aHo, 1110 HEJOCTaTHRO IIOBHO BHPIMIEHi
IMUTaHHS, [0 CTOCYIOTBCS IMpoOJIeM B3aeMOJil JHCIETYepiB MDK Co0OI0 Ta 3 3acobaMu aBTOMAaTH3allii. Y 3BI3KY 3 UM
HeoOXxiqHa yHi(iKalis Mozeneil TisuTbHOCTI 3 METOI BHPILIEHHS JIOCTITHUIBKHX, iHQOpMaLiifHUX Ta TPEHaXXHUX 3aBJaHb, II0
nependadyae BpaXyBaHHA BHUMOI HAOYHOCTI Ta JOCTYHNHOCTI INPU 30€pEeKEHHI MOMJIMBOCTI IIPOBEICHHS AHAITHYHUX 1
€KCIIEPUMEHTAIBHUX JOCHipKeHb. [l BIOCKOHAJICHHS MOAENEH IisUIbHOCTI YeproBOi 3MiHM PalOHHOIO AWCIIETYEPCHKOIrO
LEHTPY IPONOHYETHCSI BHECTH IOJATKOBI €JIEMEHTH B CXEMY DO3Ili3HaBaHHA cUTyalli i kiacu(ikyBaTH iHiLiIOIOUl CHTYyaLii.
BucnoBok. Y craTTi 1MokasaHo, IO IS KOMIUIEKCHOTO BHPILIEHHS JOCIHITHULBKUX, iHQOpMAIiHHUX Ta TPEHaXXHUX 3aBIaHb
paluioHaJBHUM € JIOIIOBHEHHS ICHYIOWOI METOAMKH MOJICJIIOBAHHS JisUIBHOCTI aBlamiifHUX IHCIIETYEpiB METOAOM CTPYKTYPHO-
ITOPUTMIYHOTO aHANII3y Ta METOIOM Y3araJlbHEHHX MEPEXEBUX MOJIeIel isUIbHOCTI.

Kaw4yoBi caoBa: aBianiiiHmii nucrerdep; paiioHHHE IUCHETYEPCHKH IIEHTpP; Yeprosa 3MiHA; MOJEJb JISUTBHOCTI;
MEpPEKEBi MOJIEIII.

IIpumenenne MeTOAA CTPYKTYPHO-AJITOPHTMHYECKOT0 AHAJIN3A
JJIs1 TOCTPOEHUs MoJeJieli pa0oThl AeKYPHOl CMEHBI
PalioOHHOr0 IMCIETYEPCKOro HEeHTPa

J. E. I'pummvanos, I'. A. Ilyxansckas, A. . SIpoxosud, A. A. [Iucapuyk

Pa3paborka 1 BHeApeHUE B CUCTEMY OOCITY)KUBAHHS BO3YIIHOIO JABMXKEHHS HOBBIX CIIOCOOOB OOCITYXKMBAHUS CBSI3aHBI C
pEIIEHHEM KOMILIEKCAa 3a/ad IO HCCIIEJOBAHMI0 OCOOEHHOCTEH M3BECTHBIX Mojieell NesATeNbHOCTH AEKYPHOH CMEHBI,
OIpE/IETICHHIO HANIPaBJICHUH X CoBepLIEHCTBOBaHMU. 1le/IbIo CTaThM ABJISETCSA NPOBEAECHUE aHAIN3a CYLIECTBYIOIIMX MOJEIeN
JIESTEIbHOCTH ~ aBUALIMOHHBIX  JUCIETYEPOB  PAWOHHBIX JUCIETYEPCKUX ILEHTPOB W IIOMCK HAMpPaBIEHHMH IO HX
COBEpLIEHCTBOBaHMIO. [IoKa3aHO, YTO HENOCTATOYHO MOJHO PELIEHbl BONPOCHI, Kacarolluecs IMpoOneM B3auMOIEHCTBUS
JIUCIIETYEPOB MEXIy CO0OI U ¢ cpelicTBaMM aBTOMAaTH3aLMu. B cBsA3M ¢ 3TUM HeoOXxonuMa yHU(BHKALUS MOJIENICH IeATeIbHOCTH
B LEIAX PEILICHUS HCCIEN0BAaTENbCKUX, MH(QOPMALMOHHBIX M TPEHAXHBIX 3a/ad, YTO IpeAroyaraeT ydeT TpeOOBaHUH
HaIAHOCTH M JOCTYITHOCTH IIPU COXPAHEHWH BO3MOKHOCTH IIPOBEJCHHUS AHAINTUYECKHX M SKCIIEPUMEHTAIBbHBIX
uccrefiopanuid. JIsl COBEPUIEHCTBOBAHMS MOZENEH AEATENBHOCTH AEKYPHOH CMEHBI PAlOHHOIO MCIETYEPCKOro ILEHTpa
IpeJuIaraeTcst BHECTU JIOIOJIHUTEIIBHBIC JIEMEHTHI B CXEMy PAcHO3HaBaHUS CUTYALMH M KJIACCHU(HLMPOBATh MHULUMPYIOIIIE
curyaiu. BeiBoa. B crarbe 1oka3aHo, YTO Ul KOMIUIEKCHOTO PELICHUS UCCIIeI0BaTEeIbCKUX, HH)OPMAILIMOHHBIX U TPEHAKHBIX
3aJjad palUOHANBHBIM SBJIAETCS JIONOJIHEHHE CYIIECTBYIOIIEH METOJUKH MOJEIUPOBAHUS JIESTENBHOCTH aBHALMOHHBIX
JICIIETYEPOB METOJOM CTPYKTYPHO-aJIT'OPUTMHUYECKOr0 aHAIN3a U METOIOM O0OOIIEHHBIX CETEBbIX MOJIEIICH AeSTeIbHOCTH.

Kamo4ueBble ca0Ba: aBUAIMOHHBIN JAUCIIETYEP, paﬁOHHBIﬁ L[I/ICHGT‘-IepCKI/Iﬁ HCHTPp; ACXKYpHasd CMEHa; MOICIb
JACATCIIBHOCTH,; CETCBBIC MOACIIN.
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