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Abstract—The main elements of the queuing service system, which includes the ground handling system
of aircraft, are the incoming flow of orders and the service subsystem. The service subsystem is a set of
service devices, which are technical platform crews that are used in the technological processes of
ground aircraft handling of in the system of aircraft ground handling. Objects of the simulation model of
the aircraft ground handling, depending on the setting of outlined tasks, are divided into static and
dynamic. Technological processes of aircraft ground handling are characterized by three features: the
division of processes into operations, coordination and phasing, unambiguous actions. The purpose of the
division of the process into operations is to determine the sections required from the executor. Any
operation has to provide customising the control object due to the task and ensure the transition from one

operation to another.

Index Terms—Simulation model; failure; decision making; aircraft ground handling.

I. INTRODUCTION

A small number of scientific works written by
both Ukrainian and foreign authors have been
devoted to the issue of modelling the process of
aircraft ground handling. The work [1], in which the
author proposes improving the method of interactive
decision making by the dispatcher of integrated
operational control of ground handling of aircraft,
deals with the analysis of the aircraft ground
handling system as an element of interaction
between the airport and the airline in the air
transport system. In her work [2] the author
improves the technology of ground services for the
smooth operation of the airport. The author [3]
points to the prevention of errors caused by the
human factor in the operation of air transport using
information and management systems. But even
today, the full list of simulation works that can be
used in AGH has not been determined yet.

II. PROBLEM STATEMENT

Is to formalize the process of aircraft ground
handling (AGH) system’s functioning and to build a
model of operational planning in the AGH
management with the help of simulation modelling
taking into consideration the quantitative indicators.

III. PROBLEM SOLUTION

To perform the work related to the preparation of
aircraft for flight, the AGH system is formed at the
airport. The main requirement for this system is to
ensure the implementation of the daily flight plan
(DFP), which in turn is a normative document

depending on which the work of the AGH system is
organized [4].

To solve this task successfully, the characteristics
of the researched system AGH must meet the
parameters of the input flow of the aircraft
maintenance requirements contained in the AGH.

As such parameters it is necessary to investigate
the aircraft type, the nature of the ith flight, the
volume of work @ on aircraft maintenance, the
scheduled time of arrival ¢ and departure

arrival ( plan)
. of the
Ldeparture ( plan))

aircraft. These
determining the sequence and technology of aircraft
maintenance, the duration of individual operations ¢;
t;; and the entire process of preparing T, the

aircraft for flight, as well as the required number of
airport resource units m, required to implement the
production plan. At the same time, special attention
is paid to the state of the AGH system, the
availability of the required number of resource units
and their efficiency.

The process of the AGH system’s functioning is
stochastic in nature, which in turn due to the
influence of various random factors, which can be
divided into two groups; external, related to the
change in the nature of the incoming flow of aircraft
service requirements, and internal, determined by
the state of the ground base of the airport.

As a result of the influence of these factors,
situations occur, the development of which can lead
to a decrease in the level of regularity and security
of the aircraft. These situations are considered to be
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freelance, despite the fact that they are quite typical
for the airline. Aircraft ground handling planning is
carried out for these situations [5].

The model of the process of the AGH system’s
functioning in an emergency situation when
servicing an aircraft using a set of airport resources
as shown in Fig. 1. This model simulates the
introduction of two additional transit flights to the
DFP, which is a change in the nature of the
incoming flow of the aircraft service requirements.
As a set of resources, we have considered all units of
airport resources involved in the maintenance of a
particular flight.
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Fig. 1. Model of the process of the AGH system’s
functioning in an emergency situation while servicing an
aircraft using a set of airport resources

It is impossible to ensure the implementation of
the existing DFP without adjusting it with a smaller
number of complexes. The aircraft ground handling
system uses an additional set of resources for
providing a way out of the emergency situation.
Forming a new production plan of the airport leads
to a change in the main indicators which
characterize the functioning of the AGH system:

1) V is the required amount of resources to be
provided by the airport with timely maintenance P,
of the aircrafts and DFP;

2) T
handling, that performs the ith flight using the £
complex of airport resources;

3) T,

irect),

duration, 18 the duration of aircraft ground

is the development of the £ complex

of airport resources in the period of consideration of
the emergency situation;

4 T,

iecr, 18 the total operating time of all
complexes of resources of the V airport in servicing
the personal computer in the period of consideration
of the emergency situation. In other words — the total

duration of service of all flights provided by the DFP;

5 T,

ownime, 1S the absolute duration of downtime
of the 2 complex of airport resources during the

period under consideration;
6) T,

owniime, 18 the duration of downtime of the 4
complex of airport resources relative to the total

operating time of all resource complexes V;
7) K!

direct ,
the & complex of airport resources in relation to the
period under consideration;

8 K.

irect,

is the coefficient of development of

is the coefficient of operating time of

the 2 complex of airport resources relative to the
total operating time of all resource complexes V;

9) K :,Ownn.mel is the downtime coefficient of the 4
complex of airport resources in relation to the period

under consideration;
10) K.

downtime, is the downtime coefficient of
the & complex of airport resources relative to the
total operating time of all airport complexes V;

11) m is the required number of units of each
type of resources fth, required for timely
maintenance of the aircraft and the implementation

of DFP;
12) t
resource at service of the aircraft which carries out
the ith flight;
13) T

direct ;

is the duration of use of the j#4 unit of

open ;

is the duration of using the jth unit

of resource when servicing aircrafts during the
period under consideration;

14) T is the total duration of using the fih

direct

type of resources in the maintenance of the aircraft
in the period of consideration;

15) T, is the

downtime;

downtime of the jth unit of resource in the period of
consideration;

16) T?

downtime;

absolute duration of

is the duration of idle jt& unit of
resource relative to the total duration of use of the
fth type of resources;

17) K, is the coefficient of using jth

resource unit due to the period of consideration;
18) K

direct;
resource unit according to the total duration of using
of fth type of resources;
19) K} is the downtime coefficient of jth

owntime,

lrectj

is the coefficient of using jth

resource unit due to a certain period under
consideration;

20) K;

downtime;

is the downtime coefficient of jth

resource unit due to the total duration of using the
fth type of resources.
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This condition implies the absence of the
required number of units m of each type of airport
resources fth required to ensure timely maintenance
of the aircraft and the implementation of DFP. The
operation of the AGH system in such conditions
leads to an emergency situation when the service of
all flights provided by the DFP is impossible. The
solution of this problem reveals in to adjusting the
DFP and changing the start and end times of flight
services so as to ensure that all technological work is
performed thoroughly[6].

The main indicators of the effectiveness of the
AGH system in an emergency situation were given
above, but in this case we additionally use the
following characteristics:

* Ny, is the number of delayed flights;
® l4,, 18 the delay time of the irh flight, h;
e T,,,, isthe total delay time of all flights, h.

To determine these characteristics, let us use the
formulas:

tde/ay, = tdeparture( Jactt)i - tdeparture( plan); (1)

N,

delaypc

tdelay,. . (2)

delaype —
i=1
These characteristics are used in the analysis of
the emergency situation, determining the financial
and material costs necessary to ensure the exit from
it and compensation. Using the considered
characteristics, the analysis of the process of
functioning of the AGH system in an emergency
situation is carried out in order to determine the
degree of its reliability. Obviously, the following
conditions are met for the reliable AGH system:
=0, N =0. 3)

delaypc

t

delay;

The model of the process of the AGH system’s
functioning in an emergency situation with a limited
number of airport resources is presented in Fig. 2.

In this case, during the reviewed period, the limit
on the number of the used sets of airport resources,
namely the service of all flights provided by the
DFP, should be carried out using two complexes. It
is worth noting that the involvement of the third set
of resources has been associated with the need in
servicing the first flight, the departure time of which
is 12 hours and 50 minutes. In order to fulfill the
restriction, this flight’s service must be performed
using the first set of resources, but this is possible
only after servicing the transit flight. Thus, the full
service of the first flight is ensured only during the
postponement of the flight departure time by 30

minutes compared to the scheduled time, which in
turn should also be reflected in the DFP. Noteworthy
is also the fact that in this case the planning of AGH
solved the problem of allocating the optimal use of
limited resources of the airport, which characterizes
the process of functioning of the AGH system in an
emergency situation [7].
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Fig. 2. Model of the AGH system’s functioning in an
emergency situation with a limited number of airport
resources

Thus, the simulation model allows taking into
consideration the state of the airport’s ground base,
which has an impact and limitations on the amount of
resources used in the operation of the AGH system. In
addition, the results of the application of this
simulation model in the planning process of AGH can
be used not only in the preparation of the production
plan of the airport, but also in the formation of the
schedule of aircrafts at the airport (DFP).

IV. RESULTS

The process of functioning of the airport as the
AGH system is stochastic. The greatest influence on
this process has the nature of the incoming flow of
requirements for aircraft maintenance, on the basis of
which the production plan of the airport is formed.
The nature of the input stream is determined by many
different factors. The formation of the production
plan of the airport is carried out taking into account
the actual state of its ground base and the peculiarities
of the functioning of the AGH system. The
combination of adverse factors can lead to a situation
where the AGH system will not be able to service the
input flow of the requirement. If the production plans
of the airport complex as a whole are violated, then
this situation is considered a failure.

A failure situation is characterized by a violation
of the schedule of air traffic, resulting in aircrafts and
passengers accumulation at the airport. This definition
characterizes the state of the air transport system as a
whole, as it reflects only the external manifestation of
the failure situation; the internal manifestation is
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associated with the failure of the entire AGH system.
The occurrence of an emergency situation at the
airport can be predicted, as the emergency situation is
the development of an emergency situation. That is,
the occurrence of a failure situation can be prevented
by an appropriate influence on the AGH system in
order to optimize the process of its functioning in real
conditions. Thus, it enables ensuring the
implementation of the DFP and the restoration of the
characteristics of the air transport system. It should be
noted that the impact on the AGH system can be both
resource and information.

Failure can occur, for example, as a result of
temporary closure of the airport. The closure of the
airport is accompanied by a violation of the
production plan of the AGH system. The model of
the process of functioning of the AGH system in a
failure situation when servicing an aircraft using the
set of airport resources is presented in Fig. 3.
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Fig. 3. Model of the AGH system’s functioning process in
case of failure in the aircraft maintenance, taking into
consideration the complex of airport resources: S, is
the snow cover thickness, which was formed as a result of
precipitation during adverse weather conditions; S, is
the critical snow cover thickness, at which the airport is
closed for the reception and departure of the aircraft, is
determined depending on the type of the aircraft

While modelling the process of the AGH
system’s functioning, we shall note that the arrival
of all flights provided by the DFP is carried out until
the airport is the closed, which occurred at 10 hours
30 minutes. It is obvious that the departure of all
aircrafts which are at the airport is possible only

after the opening of the airport at the time ¢

open?
according to which the actual departure time of
aircrafts that perform ith flights ¢, is

IDEPATRURE ( fact)

determined. In this case, the preparation of the

aircraft for the flight is performed in accordance
with the technological schedule, which is developed

taking into consideration time in mind ¢,

IDEPARTURE fact) °

which involves re-planning the AGH.

To determine the effectiveness of the AGH
system in a failure situation, we use the following
indicators:

e Vs the required amount of a set of resources
that must be provided by the airport with timely

maintenance of the aircrafts P, and DFP;

o T

direct ,

is the duration of aircraft ground

handling, which performs the ith flight using the £
complex of airport resources;

o T develop, 18 the development of the 4 complex
of airport resources during the period of
consideration of the emergency situation;

o T develop, 18 the total development of all airport

resources complexes of V in servicing the aircraft.
e P in the period of considering the emergency

situation. In other words — the total duration of
service of all flights provided by the DFP;

1 .
® Tdowntime h is the

downtime of the & complex of airport resources in
the period of consideration;

0T2

downtime,,
complex of resources of the airport due to the total
operating time of all sets of resources V;

.K]

develop,,

absolute duration of

is the duration of downtime of the A

is the coefficient of the & complex

development of resources of the airport due to the
period of consideration;

on

evelop,,
development time of airport resources relative to the
total operating time of all resource complexes V;

1
[ ] K .
downtime,

complex of resources of the airport according to the
period of consideration;

0K2

downtime,

is the coefficient of the 4 complex

is the downtime coefficient of the

is the downtime coefficient of the 4

complex of airport resources due to the total
operating time of all airport complexes V;

e m is the required number of units of each type
of resources fih, required for timely maintenance of
the aircraft and the implementation of the DFP;

o [

oper ;

unit while servicing of the personal computer which
carries out the ith flight;

o T

develop;

is the duration of use of the jth resource

is the duration of use of the jth

resource unit when servicing aircrafts in the period
of consideration;
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o T

develop

type of resources in the maintenance of the aircraft
in the period of consideration;

is the total duration of use of the fih

o ijowmmﬁ is the absolute downtime duration of
the jth resource unit in the period of consideration;
e T, . isthe downtime duration of the jth

resource unit due to the total duration of using the
fth type resources;

® Ky, i the use factor of the jrh resource
unit according to the period of consideration;
. Kf,evelop is the utilization factor of the jzh unit

of resource relative to the total duration of use of the
fth type of resources;
e K is the downtime coefficient of the jth

downtime ;
resource unit according to the period of

consideration;
o k. . 1is the downtime coefficient of the jth

resource unit according to the total duration of using
the fth type of resources;

* N jigidery 1S the amount of delayed flights;

o is the delay time of ith flight, h;

delay;
* T fighdels 18 the total delay time of all flights, h.
Failure situation is characterized by the use of the
following parameters:
o T

failuresituation

situation, minutes

is the duration of a failure

+ Tdeparz‘ure 5 (4)

is the duration of the period during

Sfailure = Lelosed

o T

which the airport was closed for the reception and
departure of the aircrafts, minutes

- tc/osed ; (5)

is the duration of the period during

closed

closed — tdeparz‘ure

o T

solution
which the solution of the failure situation was
carried out,

solution — ttimenorm - ttime of opening > (6)

o !
closure;
t

opening
opening;
o T

solution

cosuwre 18 the time (moment) of airport

is the time (moment) of airport

is the time (moment) of normalization
of the airport in accordance with the established
schedule of air traffic and flight plan [8].

After opening the airport, it is necessary to ensure
the release of all delayed flights, which requires the

involvement of additional resources to eliminate the
emergency situation. It is obvious that in addition to
the complex of resources ¥, which serve the aircraft
in a failure situation, the airport must have additional
complexes d. In this case, the process of functioning
of the AGH system (Fig. 4) in the process of the
liquidation of a failure situation is characterized by
the following indicators:

e JV is the number of airport resource sets that
are used during aircraft maintenance in a normal
situation;

e ( is the additional amount of airport resources,
which is used in the aircraft maintenance in a failure
situation (in the process of liquidation);

Q

Qn

o Tpn @
AT

* T faituse —e

Fig. 4. Model of occurrence, development and liquidation
of a failure situation in the AGH system’s functioning:
O,y 18 the amount of aircraft maintenance works,
performed by the AGH system according to the
production plan; Q,,., is the amount of work on the
aircraft maintenance, actually performed by the AGH
system in the failure situation; 7', . 1is the period during
which the failure situation was solved carried out
(restoration of the characteristics of the AGH system);

T is the duration of the failure situation

Jailuresituation
® Tdevelop,,
additional complexes of resources of the airport d,
with the use of PC in an emergency situation (during
its liquidation);
o T

complex d in the proves of the aircraft maintenance,
which the ith flight conducts [9].

To ensure the smooth operation of the AGH
system, the implementation of the DFP and increase
the level of regularity of aircraft flights, it is
necessary to reduce the duration of the failure
situation and the value of the associated parameters

failuresituation * The decrease T

by an increase in the amount of airport resources
used by the AGH system to eliminate the emergency
situation. Obviously, the planning of AGH in

is the total development time for

is the duration of using the resource

duration

solution 1S aCCOInpanled
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. O. lleuyk, /I. B. Meauncbkuii. ImiTaniiina Moaejs npouecy onepaTuBHOI0 00CIyrOBYBAaHHS MOBITPAHUX
KopaoJiB y 30iiiHUX cUTyanisix

VY crarti BH3HAYE€HO CTOXAaCTHYHI MPOLECH, SIKI MalOTh 3a METy BiJOyBaTucs B aBiaTPaHCHOPTHIH CHUCTEMI.
BuokpemiieHO IOTiK 3aMOBJIEHb Ha OOCIYrOBYBaHHS Ha SIKMU BIUIMBAIOTH: OpraHi3aliliHi, METEOPOJIOTI4YHI Ta YMOBHU
MOBITPSHOTO PyXy. YTOYHEHO BHU3HAYCHHS MOHATTS MPO TE, 0 BEJMKHI BIUIMB HA BHYTpilHIKi craH cuctemu HOITK
3IIHCHIOETBCS 32 PaxXyHOK BHITQJIKOBOI TPUBAJOCTI OOCIYrOBYBaHHS IOBITPSHOTO KOpaOiisi, IIe B CBOIO Yepry
MIPU3BOJUTH J0 TOTO, IO CHCTEMa HAa3eMHOro OOCIYroBYBaHHS ITOBITPSHUX KOpaOJiB HE B 3MO3i MOAoiaTH Ae(iluT
CHEUTEeXHIKH 1 BUHUKAE 30iiHa cutyanis. Po3pobieHo iMiTaniiiHy MoJeiIb BUHUKHEHHS, PO3BUTKY Ta YCYHEHHs 301HOT
cUTyallii B aepomopTy Ha OCHOBI METOJONOril PO3POOKH CHUCTEMH KOMILIEKCHOI'O OIEPaTHBHOIO YIPABIiHHSI
Ha3eMHOI'0 OOCIYrOBYBaHHS IOBITPSIHUX KOpaOIliB, sika JO3BOJHMTH Y TOAANBUIOMY IIPOTHO3YBATH  PE3YJbTAaTH
MIPOLIECiB HA3EMHOT0 00CTYroByBaHHs. TakuM YMHOM, c(hOPMOBAHO HAYKOBE 3aBJaHH:, II0JI0 BU3HAUCHHS aJrOPUTMIB
IMITallifHOTO MOJIENIOBAHHS CHCTEMOIO Ha3eMHUM OOCIYrOBYBaHHSM IOBITPSIHUX KOPaOJiB 3 BMIHHSIM BHpILIlyBaTH
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3a/adi  paIlioHAJILHOTO PO3IOMITY PECYpCiB 3 ypaxyBaHHSAM (YHKIIOHYBAaHHSI CHCTEMH. BH3HaueHO HayKOBO-
NIPUKIIAJHAA HampsMOK JIOCIIDKEHHS: 1o0ymoBa Mojeli (yHKIIOHYBaHHS CHCTEMH HA3eMHOI'O OOCITYroBYBaHHS
TOBITPSIHUX KOPaOJIiB B pI3HMX pEXHMMax: INTATHHUX, IO3AIITATHUX, 301HHHX; MOOYZAOBa TEXHOJOTIYHUX TpadikiB
00CITyroByBaHHs OBITPSIHUX KOPaOJIiB B a€pONOPTY MiJ 4ac: 000pOTHOr0, MOYaTKOBOT0, TPAH3UTHOI'O, TPOMIXXHOTO Ta
TTicIIsl 3aKiHYEHHs peliciB, epeKTHBHOCTI (DYHKI[IOHYBaHHS CUCTEMHU BiJHOCHO TEXHOJIOTIYHUX IPOIIECIB 32 JIOMOMOT0I0
iH(pOpMAaIifHUX pecypciB.

Karwudosi cioBa: iMitamiliHe MonemoBaHHs; 30iifHa CHTyallis; ro3amTaTHa CUTYallis; Ha3eMHE OOCIYroByBaHHS
MOBITPSIHUX KOpaOIIiB; aeporopT; CUCTeMa; KOMIUIEKC PECypCiB.
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KopaoJiell mpu cOOMHBIX CUTYAIUSIX

B cratbe ompeneneHsl CTOXaCTMYECKUE IIPOLECCHI, KOTOPHIE MPOUCXOAAT B aBHATPAHCHOPTHOU cucreme. OTnENbHO
BBIJIEJIEH TIOTOK 3aKa30B Ha OOCITY)KMBaHUE, Ha KOTOPOE BIIUSIOT: OpPraHW3al[iOHHbIEC, METEOPOIOTUIECKHE U YCIOBUS
BO3YIIHOTO IBIKEHHs. YTOYHEHO OIpEIeNeHHs] IMOHATHUS O TOM, YTO 3HAUUTEIbHOE BIIMSHHE Ha BHYTpPEHHHUE
COCTOSIHME CHCTEMBl Ha3eMHOrO OOCITY)XKMBAaHUs BO3AYLIHBIX KopaOieil mNpou3BOAMTCS 3a Cuér ciydaiiHOM
JUTUTENBHOCTH O0CITY)KMBaHUsI BO3AYIIHBIX KOopaliieil, 3To B CBOIO ouepe/ib, IPUBOIUT K TOMY, YTO CHCTEMa Ha3eMHOT'O
00CITy)KMBaHHsl BO3AYIIHBIX KOpalOjell He MOXET NpPEeoAoNeTh Ne(QHIUT CIENTEXHHKH M BO3HHKAET NpOOJIeMHas
curyanus. Pazpaborana MMUTAIMOHHAST MOJIENb TPOUCXOXKJICHUS, Pa3BUTHUS U JIMKBUAAIMH MTPOOIIEMHOH CUTYalluH B
a’pONoOpTy HAa OCHOBAHMU METOJOJIOTUH Pa3paOOTKH CUCTEMBI KOMIUIEKCHOTO ONEPATUBHOTO YIPAaBJIECHHS HAa3€MHBIM
00CITy’)kKMBaHHEM BO3IYIIHBIX KopaOiel, KoTopas MOo3BOJISIET B JAJIbHEHIIEM MPOrHO3UPOBATH PE3YNBTATHI MPOIECCOB
Ha3eMHOr0 OOCHyXuBaHMs. TakuMm o00pa3oMm, c(hOPMHUPOBAHO HAy4YHOE 3aJaHUE OTHOCHTEIBHO OIPEeTIeHUs
aITOPUTMOB HMHTAIIMOHHOI'O MOJIEIIUPOBAaHUS CHCTEMOH Ha3eMHBIM OOCITY)XMBAaHHEM BO3IYLIHBIX KOpaOied ¢
YMEHHEM pellaTh 3a[aqd [0 PalMOHAIBFHOMY pPACHpEleNIeHHI0 PECYPCOB C y4eTOM (YHKIMOHUPOBAHHS CHUCTEMBI.
OmnpeneneHo Hay4HO-TIPUKJIATHOE HANpaBlieHHE H3YYEHHs: ITOCTPOSHHE MOAETH (PYHKIMOHHUPOBAHHS CUCTEMBI
Ha3eMHBIM 00CITY)KMBaHUEM BO3YIIHBIX KOpaOieil B pa3HbIX PeXUMaXx: MITATHBIX, BHEIITATHBIX, TIOJIOMOK; IOCTPOSHHE
TEXHOJIOTUYECKUX IpaMKOB 00CITY)KMBaHHs BO3AYIIHBIX Kopalieil B asporopTy BO BpeMsi: 000pOTHOT0, HAYaJILHOTO,
TPaH3UTHOTO, IPOMEXKYTOUYHOI'O U IIOCIAE€ OKOHYaHMSI peicoB, 3ddexkTuBHOCTH (YHKIMOHUPOBAHUS CHUCTEMBI
OTHOCHTEJIFHO TEXHOJIOTMYECKUX TPOIECCOB C MTOMOIIBI0 HH(POPMAIIMOHHBIX PECYPCOB.

KnroueBble ciioBa: HMMUTAIIOHHOE MOJEIUpPOBaHUE; COOIHAs CHUTyalus; BHEIITATHAas CUTyalusi; Ha3eMHOE
00CITy)KMBaHHsI BO3YIIHBIX Kopalieil; asporopT, cucremMa; KOMILUIEKC PECYpPCOB.
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