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Abstract. Queuing effect can be in the different components of ground operations. Causes of surface — movement
delays are long taxi —in and taxi — out operations during departure and arrival of aircraft. Surface movement delaysin

an airport are analyzed.
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1. Introduction

Congestion is becoming increasingly acute problem
in many airports.

A planning activity called Air Traffic Flow
Management (ATFM) tries to anticipate and prevent
overload of Air Traffic Control (ATC) and takes into
consideration it limitations that resulting delays.

When the traffic exceeds the airport arrival and
departure capacities a delay occurs [1].

Delays are a result of any overloaded or poorly
performing service component of the system.

As for an airport the main bottleneck is the runway,
which manifests itself as a result of following rules:

— separation requirements between successive
departures;

— capacity limitations based on runway configu-
rations;

— allocation of runway occupancy to landing aircraft;

— limitations of runway crossings.

The variable and often relatively high demand due to
weather conditions, made it obvious that runway
overloaded can explain a majority of the surface —
movement delays encountered at airports [5, 7].

Modeling the airport as a ground operation server
can show the best course of action to take in
reducing delays, determining the value in terms of
delays, adding runway or adding equipment so that
more aircraft can use the runway in inclement
weather.

2. Literature overview

In [6] mentioned that long queues for departure
runway impeded both taxi — in and taxi — out
operations, and that taxi operations were impeded by
poor visibility (Fig. 1).
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Fig. 1. Ground — operations pattern
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In [2] presents three models designed to capture the
dynamics of ground operations at busy hub airports.
Finally, the paper presents possible applications for
managing airport congestion by queue delay management.

In [3] presented a new artificial intelligence based
taxi — out time prediction technique that adapts to
changing airport dynamics. The method is based on the
theory of stochastic dynamic programming.

In [4] work is based on extensive analysis of
departing aircraft from two airports, it was found
that the number of arriving aircraft does, in fact,
affect taxi — out times.

This impact increases as interaction between
departures and arrivals increases, as one might expect.
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According to the queuing theory large delays are
anticipated as the demand for departures and
approaches of the airport.

Even larger delays are expected when the
demand exceeds capacity.

This mismatch often occurs during bad weather
conditions: in such scenarios, delays of an airport
can rise significantly [8].

Thus queuing effect can be in the different
components of ground operations.

Causes of surface — movement delays mentioned
were [6]:

— taxiways crossing active runways;

— aircraft backing out of gates into taxiways;

— segments of taxiways too narrow for two—way
traffic;

— taxiways intersecting.

The goal of this paper is to analyze surface
movement delays that occur during departure and
arrival operations.

3. Assessment the impact of aircraft departure
and arrival queues on delay

At Fig. 2 traffic enters the arrival queue 0g,

according to a Poisson arrival process with
parameter Ag(t) .
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Fig. 2. Airport queuing network

An arriving aircraft enters the taxi—in queue ¢, .

After the turnaround delay T, the output of the

taxi—in queue [_, enters

a the ready—to—depart

reservoir R.
Departures enter the queue for aircraft qp ,

according to a Poisson process with rate 7»D . Service
rate of departure aircraft — My ).

When a departure aircraft is assigned R is
reduced by 1.

The departure aircraft leaves qp and enters the
queue for taxi—out service Q-

The queue for service at a departure runway 4

where it is served according to the departure service
process with rate Lp.

Output from the departure queue 4, is output

from the airport.
The first moment of the distribution of the
number of clients in the queue:

qa = f1 (kavua’ k’oa) >
where

k(k+1
f (haubtankoy ) =k(h—p) + kuw.

4. Arrival operations process

Conservation of aircraft in the arrival process
requires the condition on the process output rate Iy:

a=Ag—0j,.

It shows that the rate at which aircraft arrive is
equal to the sum of the rate at which aircraft leave
the arrival process and the rate—of-change of the
arrival queue. That is, arriving aircraft either exit the
arrival process or enter the arrival queue.

The output rate Iy, is the input to the taxi in

queue é{ta:

qta =la —tha[l -R (Qa’vtaﬂ ’
and

\‘/ta =0 'H'lta(zota + 1) PO (C{a’vta) >
where

atan (3

To conserve aircraft, we impose:

a=la " Ca-

It implies that the rate of output, I, of the arrival
process is equal to the rate at which aircraft leave the
taxi — in process plus the rate of change of the taxi —
in queue (Fig. 3).

Present airport delay, arrivals either exit the entire
arrival — taxi — in process or accumulate in either the
arrival queue or the taxi —in queue can be shown:

I

7\’a: r:[a+qa+ qta'
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Fig. 3. Rate of output of the arrival process

The output rate of the taxi — in process I, after
the turnaround delay t, is the input rate to the

reservoir, R of “ready to depart” aircraft.
Conservation of aircraft for the reservoir is
expressed by

R=r,(t—1)- ps,

where ps — plane service rate.

5. Departure operations process

A departing flight first queues for service with a
“ready to depart” airplane.
Our equations for this queue for airplanes are

qp = fhia (XD, ps, qp)

}\’_H’q>0
(-w".a=0,

where X —equal to X when x>0, and is zero for
nonpositive X.
It follows that g, will remain zero, if

pS=Ap.
The departure processes begin with service at the
queue for “ready to depart” aircraft.
This service depends reservoir, R.
If R=0 then ps cannot be greater than the input
rate to the reservoir.
If R is not empty, then the service rate, up(t) is

fhid (XaM,Q) E{

+

large compared to 1.

If R is empty, then departing aircraft are
supplied by output of the arrival queue, delayed by
the turnaround time, 7:

Ap,R>0
ps= {fta(t—l')aqp>0 } R=0
min(kD,rta(t —t)),qp =0/’
To conserve aircraft, we determine the output rate,
rp, of the queue for “ready to depart™: airplanes by

The output rate, r,, is the input to the taxi—out

p)
queue, Qg :

Chg =p — Mg [1—%(%,\/@)},
and

Vid =Ty + g (2049 +1) R (G- Mg ) -

By conservation, we determine the output rate,
g » of the taxi—out queue by

td =Tp = Cha-
The output, Ly, of the taxi-out queue is then
input for the departure queue, g :

Ao = fi (%g-Hp. ) -
Finally, for conservation, the output rate of the
departure process (Fig. 4):

la =% —Odp-

60

-
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Fig. 4. Rate of the departure process

Analyzing of airport ground operations (Fig. 3, 4)
give us a value of the traffic that should be expected
according to arrival and departure ground operations
processes.



V. Kharchenko, K. Tapia, O. Shvets. Analysing surface movement delaysin an airport 13

Before departure and after arrival aircraft pass
stages of taxi — out and taxi — in processes that can
influence on rate of traffic in airport and, of course,
can be the reason of delays.

Delays can be introduced into the system from
any overloaded or poorly performing service
component.

If the same runway is being used for both arrivals
and departures, the tower controller only allows
takeoffs to occur during gaps in the arrival sequence.

Thus departing aircraft are often delayed while
waiting on the taxiways or at terminals for takeoff
clearance. And these aircraft can be delayed for a
much time.

6. Conclusions

Traffic demand is input by a schedule of hour-by-
hour departures from the network airports and a
schedule of arrivals to network airports from
terminals outside the network.

Large delays are anticipated as the demand for
ground operations before departures and after
landings of the airport. Service of an airport is the
most sensitive in bad weather conditions and it
means that the rate of service can drop significantly.

The result of this can be queuing effects in the
different components that lead to longer taxi times
so even modest increases in traffic will result in
substantially increased delays.
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Po3srisiHyTOo eramm OOCIyroByBaHHs, SIKi HaJlae aeporopT SK €IUHMN MakpockomiuHuii cepsep. I[IpoananizoBaHo
MIPUYMHY 3aTPUMOK Ha3eMHOT'O PyXY B aepONOPTY, IPOLeCy PYIIOBAHHS MOBITPSIHUX KOpalIliB nepes BUILOTOM 1 Micis
mpuOyTTs, SKUH BIUIMBAa€E Ha IIBHJIKICTH PyXy B aepolopTy, depry Ha oOciyroByBaHHs. Ilokazano, mo min vac
BUKOPHCTaHHS  3JIITHO-NIOCAJKOBOI CMYTH ISl NPHIBOTY 1 BHIIBOTY IUCIIETYEpP YNPABIIHHS HOBITPSHUM DPYyXOM
JIO3BOJISIE TIIBKH 3IHOTH B TIEpeOiry MPOMIKKIB MOCTIIOBHUX MPUOYTTIB. JJOCTiIKEHO 3aTpUMKHU MOBITPSHUX KOPaOIIiB
IIiJ] 9ac MpoIiecy PYJIiHHS MiCIT IPUOYTTS Ta IMepe. 3Tb0TOM.

Kuro4oBi ciioBa: 3aTpuMKa; 00CIyroByBaHHS, MOBITPSHUHN Kopabenb; MpOIMyCcKHa 31aTHICTh; PYJIIOBaHHS; Yepra.
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PaccMmoTpeHBl 3Tanmbl 0OCTYXHBaHUS, KOTOPBIE MPEIOCTABISET a’pOIOPT KaK €AWHBIH MaKpOCKOIHMYECKHHA CepBep.
Cnhenan aHanmu3 MPHYUH 337€p)KeK HA3eMHOTO IBIDKEHHS B adpONOPTY, MPOLEcca PYJICHHS BO3AYIIHBIX CYIOB 0
BBLIETA M TIOCIIE TPUOBITHS, OKAa3bIBAIOLIETO BIUSIHUE HA CKOPOCTh TpadHKa B adpoIopTy, ouepeieit Ha 00CyKUBaHHeE.
IToxa3aHo, 4TO IpPH HUCHOJIB30BAHUM B3JIETHO-NIOCATOYHOM IOJOCH! AJIs NPWIIETa U BBUIETA IUCIETYEP YNPABICHUS
BO3AYIIHBIM JBIKCHHSM pa3peliacT TOJbKO B3JCTHI B TCUCHHE MNPOMEKYTKOB IOCICIOBATCIBHBIX MPUOBITHA.
HccnenoBanbl 3aep)KKH BO3AYIIHBIX CYI0B B MPOIIECCE PYJICHUS MO MPUOBITHIO U IIEPE/] B3JICTOM.
KuroueBbie cjioBa: BO3IYITHOE CYAHO; 3aJIePXKKa; 00CIYKHBaHUE; OYePe/ib; IPOITYCKHAs CIIOCOOHOCTR; pyJICHHE.
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