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Abstract. Delays in arrival phase of flight depend on the manner in which airspace is organized, the application of
technology and runway availability. Service process at the stage of arrival at airport is modeled. Service rate at airport

that has influence on waiting time for landing is analyzed.
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1. Introduction

All Air Traffic Flow Management (ATFM) delays
occur for a variety of reasons and have been grouped
into one of the following four categories [7]:

— delays due to ATC reasons (en route or aerodrome);

— delays due to airport infrastructure;

— delays due to weather conditions;

— delays due to other events not covered in the
above categories (military activity, special events) or
network management (ATC routing).

ATFM delays due to airports accounted for
43.4 % of total ATFM delays.

One of the prime reasons for airport delay, on a
daily basis, is due to traffic demand that exceeds the
agreed capacity of an airport as well as poor ATFM
slot adherence.

According to [3] the average delay per flight on
arrival from all causes decreased from 10 min to
9 min per flight in 2013 (Fig. 1).
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Fig. 1. Average delay per flight (all-causes) for arrivals

The percentage of delayed flights decreased to by
1.3 percentage points to 33.3 % in comparison to
2012 (Fig. 2).

In Europe, arrival delays are mainly influenced
by the departure punctuality.

The easiest way to improve arrival punctuality is
by improving the departure punctuality.

Arrival punctuality on the other hand is a very
important indicator for the stability of the airline’s
network. On-time arrivals are of greater importance
for the stability of the airline’s flight operations than
an on-time departure.

On-time arrivals mean that passengers can make
their connections, that aircraft can be prepared in
time for the next flight, that crew have sufficient
time to change aircraft in case they are operating
multiple-sectors, and it avoids late minute gate
changes with possible lost passengers etc.

Airlines will still focus on the departure phase
because an on-time departure is the best guarantee
for an on-time arrival.

Strong headwinds, very long taxi-times,
unrealistic block times, and holdings can still cause
arrival delays in case of an on-time departure.
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Fig. 2. Percentage of delayed flights (all-causes) for
arrivals
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Future aviation demand will rely on the ability of
airports to accommodate increased aircraft
operations, larger aircraft, and more efficient
passenger throughput.

2. Literature overview

The capacity of the airport system is affected by
many factors, including the layout of individual
airports, the manner in which airspace is organized
and used, airport operating procedures, weather
conditions, the aircraft type using the system, and
the application of technology [8].

The concentration of aircraft arrivals at an airport
can result in congestion and delay.

Delay is an indicator that activity levels are
approaching or exceeding throughput capacity
levels.

In literature service process of arrival flows in
airport is determined by Queuing Theory.

In work [6] employs results from Queuing
Theory to quantify the relationship between
trajectory uncertainties and traffic flow efficiency in
the airspace. It proposes to employ approximate
queuing network analysis methods that model the
arrival and service processes with the first and the
second moments.

In work [11] performs a comparative
environmental analysis of ground and en-route
delays, along with assessing the corresponding costs.

In paper [5] gives a characterization of the traffic
flow, a queuing analysis of delays.

It is analyzed metering delays in an arrival flow
and discussed a strategy to absorb metering delays
during the cruise phase instead of the descent phase.

In [1] describes an approach for modeling flight
delay appropriate to such an application, specifically
due to airport capacity constraints.

In [9] develops a queuing model for aircraft
landings at a single runway under trajectory-based
flight operations.

A recursive queuing model is formulated, and
Clark's approximation for the maximum of a finite
set of random variables is employed to analytically
approximate the mean and variance of flight delays.

In [4] reviewed models for the analysis of air
traffic flow.

Flow models can provide insight into the
mechanisms of congestion.

In [7] paper presented a methodology to analyze
the impact of trajectory uncertainty and precision on
air traffic flow efficiency using queuing theory.

The central idea is to model every quantifiable
uncertainty in aviation operations and cast it into
queuing model parameters such as arrival rate
distributions, queuing time distributions, transition
probabilities and number of servers per node.

The purpose of this paper is to model arrival
service process in an airport, analyze waiting time
for landing and time of service.

3. Arrival service process in airport

Congestion management is a broad term that
includes a number of federally imposed
administrative measures, for example, slots, which
limit the number of flights that may be scheduled, to
reduce congestion and delay and allocate
constrained capacity [8].

Congestion usually appears by the combination of

— a flow of customers needing service;

— some restrictions on the availability of service;

— irregularity in the flow of customers, the
servicing operation or both.

In air traffic management, the flow of customers
corresponds to aircraft requiring entering a runway,

(Fig. 3).
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Fig. 3. A sample queuing network representing arrival
process

Currently, runway capacity is limited by five factors
that have influence on service rate in airport [2]:

— separation of aircraft — how closely aircraft can
be spaced one after another when approaching the
runway;

— lateral separation, especially in bad weather,
between aircraft approaching the same airport on
parallel runways;

— the sequencing and separation of departing and
landing aircraft on runways that intersect;

— the sequencing of departing and arriving
aircraft on a single runway;

— the sequencing of aircraft approaching airports
located in close proximity to one another, where one
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aircraft must cross the path of another aircraft
landing at a nearby airport.

In this queuing system the aircraft arrive
according to a Poisson process with rate, where
A >0, and where the service times of the aircraft are
independent with the same, arbitrary, G(x) .

More precisely, if o, and o, are the service
times of two aircraft, say 7 and j, i # j, respectively,
then o, and o, are independent

G(x)=P(c;<x)=P(c,<x)

forall x=>0.
Let set
A

p:H,

also assume that aircraft are served according to the
service discipline First-In-First-Out (FIFO).

Define W, to be the waiting time in queue of the
n -th aircraft under the FIFO service discipline.

Let

— W be the mean waiting time;

— X(¢) be the number of aircraft in the holding

pattern waiting for landing at time 7 ;

— R(t) be the residual service time of the aircraft
in the server at time ¢, if any

— t, denote the arrival time of the n-th aircraft

forall n>1;
— o, the service time of aircraft n.

Let & be the mean service time, namely,

1
™

We will assume by convention that X(¢;) is the

number of aircraft in the holding pattern just before
the arrival of the i -th aircraft.
We have

E[m] =E[R(é)]+E{j_i§(rf)Gj}=

Elo, )=

=E[R(1)]+ 5, 8 E[o[x()=k]P(x(1)=k)=

k=0 j=i—k

= E[R(1) ]+ E[X (1))
To derive E[W,] used the fact that G, is ndependent
of X(t) for

j=i=X(t),.i—1,
which implies that

E[o,|x()=k] :& .

Indeed, X(#) only depends on the service times
o, for

Jj=L..,i-X(t)-1
and noton o, for

j2i-X(@)

since the service discipline is FIFO.
Letting now i — oo in yields

W =R+

2

= [

with
R=lim, _FE [R(ti)] is the mean service time at
arrival epochs in steady-state;
X = limHmEl:X(ti)} is the mean number of
aircraft in the holding pattern at arrival epochs in
steady-state.

Applying Little's formula to the waiting in
holding pattern yields

X =M
so that,
W(l—p) =R.

From now on we will assume that p <1,
w="2_
I-p

The condition p <1 is the stability condition of
the M/G/1 queue [10].

We will compute R under the assumption that
the queue empties infinitely often (it can be shown
that this occurs with probability 1 if p <1.

Let C be a time when the queue is empty and
define Y(C) to be the number of aircraft served in.

We have

= 1 1 "o, _
k=lime.c X 5=
. Y(C).. 1 Y(c) 5.
=limc_,.. (c Dim, .. (y—c) 7’] -
E[Gz]
=2 5

Where E [(52] 1s the second-order moment of the

service times, forall i >1.
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Hence, for p <1, waiting in an queue (Fig.4):
— AE [62]
2(1-p)
_ Thus, the mean system response time (Fig. 5),
T is given by

— AE| o’
T = l + g ,
wo2(1-p)
and, by Little's formula, the mean number of aircraft
E[N] in the entire system (holding pattern + server,

Fig. 6) is given by
— ME|o?
N:p+—[6 ] .
2(1-p)

It should be emphasized that W, T,N, depend
upon two moments ﬁ and E [02] of the service

time and of course upon the arrival rate.

Delays will occur when the demand rate exceeds
the service rate but it may also occur when the
demand rate is /ess than the service rate — this is due
to probabilistic fluctuations in inter-arrival and/or
service times (i.e., to short-term surges in demand or
to slowdowns in service).

The closer the demand rate is to capacity, the
more sensitive expected delay becomes to changes
in the demand rate or the capacity.

The expected delay at any given time depends on
the “history” of the queue prior to that time.

Thus, as the demand rate approaches the service
rate (or as p — 1, or as “demand approaches
capacity”) the average queue length and average
delay increase rapidly.
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4. Conclusions

The concentration of aircraft arrivals at an airport
can result in congestion and delay.

Arrival delays can be reduced by modifying air
traffic control procedures or introducing new
technologies to improve the flow of aircraft in the
terminal area.

Airspace design changes can establish more
effective airspace structures and provide better
access and improved use of available runways.

Terminal RNAV and RNP procedures are
currently in use at numerous airports in the USA and
Europe.

PBN procedures in the terminal area has the
potential to provide benefits to both ATC and
operators in form of reduced communications,
reduced flight time and distance due to a more
efficient flight profile.
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3MOJeTIb0BaHO IIPOLEC OOCIYroBYBaHHS IOBITPSHHX KOpaOiiB Ha erami mpuOyTTs OO aepomopTy. IIpoaHani3oBaHO IIBHIKICTH
00cITyroByBaHHS TOBITPSHUX KOpaOIiB B aepomopTy, SKa BIUIMBAE HA Yac OYiKyBaHHS MOCAAKU. PO3IIISHYTO MPUYMHH 3aTPUMKH
0o0CITyroByBaHHSI TOBITPSHUX KopaOmiB Ha erami HpUOYTTS OO aepomopTy: Hee(eKTHBHA OpraHizallisi HOBITPSHOTO IMPOCTOPY,
3aCTOCYBaHHs 3aCTapiIMX TEXHOJOTiH, AOCTYNHICTh 3MITHO-MOCAAKOBOi cMyrd. IlokazaHo, mo ymM OiNbIIa 9acTOTa 3amuTiB Ha
00CITyroByBaHHs /10 MPOITYCKHOT 31aTHOCTI, TUM OUTBII Uy TJIMBA OYiKyBaHA 3aTPUMKa HA 3MIHU B CHCTEMI.
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