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Robust flight-to-gate assignment with landside capacity
constraints
J. L’Ortye , M. Mitici and H.G. Visser

Faculty of Aerospace Engineering, Delft University of Technology, Delft, The Netherlands

ABSTRACT
At the interface between airport airside and landside operations, the
assignment of flights to gates is key to ensure efficient operations
and a high quality of service for passengers. We propose a mixed-
integer linear program for an integrated flight-to-gate assignment
that considers both airside as well as landside constraints on the
capabilities of facilities such as check-in, security or transfer to
handle passengers. Moreover, our assignment is robust in that it
constrains the probability of multiple flights being assigned to the
same gate. Having obtained an integrated, robust flight-to-gate
assignment, we analyse the associated quality of service at the
landside facilities. Overall, our model supports the design of a robust,
integrated airside-landside assignment of flights to gates at an airport.
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1. Introduction

At large airports, the process of assigning flights to gates is complex, involving the allo-
cation of limited airside resources (e.g. gates), as well as meeting quality of service
requirements for the passengers inside the terminals. This becomes even more involved
when considering the uncertainty in the arrival and departure flight times.

In recent years, several mathematical formulations have been proposed to solve the
flight-to-gate assignment problem (FGAP) (Bouras et al. 2014). However, these
approaches consider only airside constraints and, in some cases, passenger-specific
requirements, such as minimal passenger walking distance to the gates. However, the
impact of the flight-to-gate assignment on the ability of the landside facilities (checkin,
security, transfer facilities) to provide a sufficient level of service inside the terminal,
e.g. waiting time at these facilities, has not been considered. For instance, a gate assign-
ment can be such that all airside constraints are satisfied and the total passenger walking
distance is minimized. However, following this assignment, the flow of passengers at a
landside facility may mean that the number of passengers waiting at this facility increases
significantly. To address this, in this paper we determine flight-to-gate assignments such
that the maximum number of passengers or the maximum passenger waiting time is
limited at all landside facilities.
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Equally important, several robust FGAPmodels have been proposed in recent years. In
Mangoubi and Mathaisel (1985), Yan and Chang (1997) and Yan and Huo (2001), the
authors propose FGAP models which implement fixed buffer times as a means to
manage deviations from flight schedules. In Bolat (2000) and Diepen et al. (2012), the
authors maximize gate idle time, i.e. the time a gate is not used. In Castaing et al.
(2016) and Yu, Zhang, and Lau (2017), the FGAP models aim to minimize the duration
and number of gate conflicts, respectively. In Kim et al. (2017) and Seker and Noyan
(2012) FGAP models are developed that aim at minimizing gate conflicts. Also, Schaijk
and Visser (2017) consider stochastic arrival/departure times, while aiming at minimizing
the flight overlap probability, i.e. the probability that more flights are assigned to the same
gate at the same time. Most of these models, however, consider only airside-related con-
straints and objectives. In some cases, the models are also passenger-centric such as Kim
et al. (2017), Mangoubi and Mathaisel (1985), Yan and Huo (2001) and Yu, Zhang, and
Lau (2016) where the aim is to minimize passenger walking distance or transit time. To
complement this work, we propose a robust and integrated airside-landside FGAP
model that includes constraints for both the airside and the landside facilities.

For the analysis of the landside of an airport,Manataki andZografos (2009) describe ahigh-
level architecture of a large airport. The authors consider an airport consisting of an unrest-
ricted area, a controlled area, gates and arrival-controlled airport functional areas. Li et al.
(2018)model the airport security facilities as networks of queues. Kusumaningtyas and Lode-
wijks (2013) provide a detailed diagramofmain terminal facilities and the flows of passengers,
while van Dijk and van der Sluis (2006) characterize the flows of passengers arriving at a large
airport by means of a triangular shaped distribution. Following up on these approaches, we
propose a generic layout for an airport terminal, we identify the main landside facilities
within a terminal and characterize the passenger streams that use these facilities. These
models are used as input for our robust, integrated airside-landside FGAP model.

In this paperwe propose a robustmodel that considers several strategies tomanage land-
side and airside constraints. Here, by landside constraints we mean that: i) the number of
passengers (demand) at any landside facility is constrained by a maximum capacity or ii)
the maximum passenger waiting time at these facilities is limited. In doing so, we consider
the possibility to split a flight into multiple segments, where each segment is allocated to
different gates or parking areas. This model extends the robust FGAP model by Schaijk
and Visser (2017), which considers airside constraints only and no options for flight split-
ting. In this paper we propose three airside-landside operational strategies: i) where only
airside constraints are active (baseline), ii) where both airside and landside constraints
are active, and passenger demand cannot exceed a fixed capacity at the landside facilities
and iii) where both airside and landside constraints are active, and themaximumpassenger
waiting time at a facility is limited. Overall, our approach provides support for themanage-
ment of both airside and landside operations, in an integrated manner. We illustrate our
approach with a case study of Amsterdam Airport Schiphol (AMS).

2. Flight-to-gate assignment with airside and landside constraints

In this section we introduce a robust flight-to-gate assignment model with airside and
landside constraints. Here, we assume a discrete-time model. First, we discuss the
option of splitting a flight into segments. Next, we describe the notion of presence
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probabilities of flight segments, which is used to achieve model robustness. Further, we
introduce a passenger demand model within a facility in an airport terminal. Lastly, we
formulate the robust, landside-airside flight-to-gate assignment model.

2.1. The option of splitting a flight into segments

We assume that a flight has a scheduled arrival time (STA) and a scheduled departure time
(STD) at an airport.We define the presence time of a flight to be equal to the time between
the STA and STD of that flight. During this time, a flight can be split into flight segments.
We consider three possible types of flight segments corresponding to:

i) passengers disembarking and/or boarding an aircraft, ii) the aircraft being towed
and, iii) the aircraft being parked. We define a functional flight segment as a flight
segment where passengers disembark and/or board an aircraft. We consider a planning
horizon of operations between 00:00 and 23:59 on the same calendar day. Below we
characterize: 1) flights without an overnight-stay, 2) flights with an overnight-stay and
a morning departure and 3) flights with an evening arrival and an overnight-stay.

1. Flights without overnight-stay – splitting options
The STA and STD of flights without an overnight-stay are both within the planning
horizon. We define three different flight splitting options for such a flight, which
include: 1) the flight is not split and is assigned to the one gate from its STA until its
STD (see segment 1 in Figure 1); 2) the flight is split into three segments, including a
functional flight segment, a towing segment and a second functional flight segment
(see segments 2,3,4 in Figure 1); and 3) the flight is split into five segments, including
a functional flight segment, a towing segment, a parking segment, a second towing
segment and a second functional flight segment (see segments 5,6,7,8,9 in Figure 1).
2. Flights with morning departure – splitting options

Figure 1. Example of three splitting options for flights without overnight-stay.

358 J. L’ORTYE ET AL.



The STA of a flight with a morning departure is outside of the planning horizon. Flight
splitting options for a flight with a morning departure include: 4) the flight is not split
and is assigned to one gate from 00:00 until its STD (see segment 1 in Figure 2); and
5) the flight is split into three segments: a parking, a towing and a functional segment
where passengers board the aircraft (see segments 2,3,4 in Figure 2).

3. Flights with evening arrival – splitting options
The STD of a flight with an evening arrival is outside the planning horizon. Flight split-
ting options for such flights include: 6) the flight is not split and is assigned to one gate
from its STA until 23:59 (see segment 1 in Figure 3); and 7) the flight is split into three
segments: a functional segment where passengers disembark, a towing and a parking
segment (see segments 2,3,4 in Figure 3).

2.2. Presence probability of flight segments

In this section we introduce the presence probability of flight segments, i.e. the prob-
ability that a flight segment is present at the airport at a particular time. Let F denote
the set of all arriving and departing flights at the airport in a day, where N denotes the
set of all possible flight segments created by applying the flight splitting options outlined
above, M denotes the set of gates at the airport, and Sl,t # N is the set that contains all
possible flight segments of flight l at time step t. We consider the planning horizon to
be discretised in time steps of 5 min, with a total of K time steps for the entire planning
horizon of 1 d of operations.

We define pi,l,t as the presence probability of flight segmenti [ Sl,t at time step t [ K,
which is derived from the presence probability of flight l [ F:

pi,l,t = fpl,t , i [ Sl,t , t [ K (1)

where fpl,t is the presence probability of flight l from which flight segment i is derived.
We determine the flight presence probability for a flight as follows (Schaijk and

Visser 2017):

fpl,t = max { fpl,t, arr − |1− fpl,t, dep|, 0 }, l [ F, t [ K, (2)

where fpl,t denotes the flight presence of flight l at time step t, fpl,t, arr is the arrival flight

Figure 2. Flights with overnight-stay and morning departure.
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presence probability of flight l at time step t and fpl,t, dep is the departure flight presence
probability of flight l at time step t. Figure 4 gives an example of fpl,t, arr , fpl,t,dep and
fpl,t for a flight l.

2.3. Passenger demand model for landside facilities

We defineNa and Nd to be the set of flight segments where passengers disembark and
board aircraft, respectively, Na < Nd # N. We define H as the set of facilities. Let T
denote the set of terminals at the airport. Let Di,p,q,t denote the number of passengers
of flight segment i [ Na < Nd that use facility p [ H in terminal q [ T during time
step t. Then Di,p,q,t is computed as follows:

Di, p, q, t = ri,p · gi,p,q,t , i [ Na <
N
d , p [ H, q [ T, t [ K, (3)

where ri,p is the total number of passengers from flight segment i that use facility p and
gi,p,q,t denotes the fraction of the total number of passengers from flight segment i that
use facility p in terminal q during time step t.

First, we assume that ri,p = hi · c, where hi denotes the estimated number of seats on
the aircraft serving flight segment i and c is a constant.

Figure 3. Flights with evening arrival and overnight-stay.

Figure 4. Example of pl,t, arr , fpl,t,dep and fpl,t for a flight l without an overnight-stay. This flight has a
STA = 06:50 and STD = 14:25.
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Second, we assume that the distribution of the fraction of passengers from flight
segment i using facility p in terminal q during time step t follows an elliptical distribution
(Chun and Mak 1999). The height of the elliptical distribution is given by gi,p,q,t . The
support of this distribution is [tei,p,q − tsi,p,q], where tsi,p,q and tei,p,q denote the start and
end time for passengers arriving/departing with flight segment i to pass through facility
p in terminal q.

An example of values of li, p, q, t and gi,p,q,t are given in Figures 5 and 6 for facility (1)
and Figures 7 and 8 for facility (2) in terminal q over t ∈ [115,155], respectively. By con-
struction, max

t
li, p, q, t = 1 and

∑
t[K

gi,p,q,t = 1 for i [ Na < Nd, p [ H,q [ T and, there-

fore, all arriving/departing passengers on flight i are accounted for.

Figure 5. Example value of li, p, q, t of flight segment i at facility (1) in terminal q during time step t,
with tsi,p,q= 130, tei,p,q= 142, li, p, q, t ≤ 1.

Figure 6. Example value of gi,p,q,t of flight segment i at facility (1) in terminal q during time step t, with
tsi,p,q= 130, tei,p,q= 142,

∑
t
gi,p,q,t = 1.
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2.4. Mathematical model – robust flight-to-gate assignment with airside and
landside constraints

In this section we describe the decision variables, objective function and constraints of
the robust flight-to-gate assignment model with airside and landside constraints.
Decision variables
We assume that a flight segment i [ N can be assigned only to a subset G1

i # M of gates.
We consider the decision variables in equation (4) – (6):

xi,j,t = 1, if flight segment i is assigned to gate j at time t
0, otherwise

, i [ N, j [ G1
i , t [ K.

{

(4)

zi,j,q =
1, if flight segment i is assigned to gate j and its
departing passenger flow is assigned to terminal q

0, otherwise

⎧⎨
⎩ , i [ Nd, j

[ G1
i , q [ T, (5)

y p,q,t =
∑

i[Na <
N
d

∑
j[G1

i

Di,p,q,t zi,j,q, p [ H, q [ T, t [ K, (6)

where y p,q,t denotes the number of passengers that use facility p in terminal q during time
step t.

Objective function
We consider the following objective function:

min
xi,j,t,j,t , zi,j,t

Z =
∑
i[N

∑
j[G1

i

∑
t[K

cai,jxi,j,t + wal

∑
i[Na <

N
d

∑
j[G1

j

∑
q[T

cli,j,q zi,j,q, (7)

where cai,j and cli,j,qare time-invariant airside and landside cost coefficients, respectively,
and wal scales the cost of the landside element accordingly.

Figure 7. Example value of li, p, q, tof flight segment i at facility (2) in terminal q during time step t,
with tsi,p,q= 120, tei,p,q= 150,

∑
t
li,p,q,t ≤ 1.
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The objective function consists of two elements. The first element
∑
i[N

∑
j[G1

i

∑
t[K

cai,jxi,j,t

expresses the cost of assigning flight segment i [ N, to gate j [ G1
i at time t [ K.

The second element
∑

i[Na<Nd

∑
j[G1

j

∑
q[T

cli,j,q zi,j,q expresses the cost of assigning flight

segment i [ Na < Nd to gate j [ G1
i and its departing passenger stream to terminal

q [ T.
The value of cai,j is based on size, customs and type requirements of flight i [ N and

gate j [ G1
i , as follows:

cai,j = cCustoms
i,j + cSizei,j + cTypei,j . (8)

where i) cCustoms
i,j is a customs cost of assigning flight segment i to gate j, ii) cSizei,j is the size

cost of assigning flight segment i to gate j of a given size and iii) cTypei,j denotes the aircraft-
gate type cost which is a function of the type of flight segment i and the type of gate j
(Schaijk and Visser 2017). To determine wal we solve:

∑
i[N

∑
j[G1

i

cai,j
1∑

i[N |G1
i |
= wal

∑
i[N

∑
j[G1

i

cli,j,q
1

|T|∑i[N |G1
i |
. (9)

As an example, we consider N = {1, 2}, M = {1, 2, 3} and T = {1, 2} with G1
1 = {1} and

G1
2 = {1, 2, 3}, and departing passenger flows of gates j [ M can be assigned to terminals

q [ T. The left side of equation (9) becomes c1,1 · 1
4
+ c2,1 · 1

4
+ c2,2 · 1

4
+ c2,3 · 14 and the

right-hand side becomes c1,1,1 · 1
8
+ c1,1,2 · 1

8
+ . . .+ c2,3,2 · 18. The value of wal is set such

that equation (9) holds.

Figure 8. Example value of gi,p,q,t of flight segment i at facility (2) in terminal q during time step t, with
tsi,p,q= 120, tei,p,q= 150,

∑
t
gi,p,q,t = 1.
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Constraints
Prior to discussing the constraints, we introduce the following notation:

si,l,t =
1, if flight segment i [ Sl,t belonging to flight l
has a non− zero probability to be present at time t,
0, otherwise.

⎧⎨
⎩ (10)

As an example, we consider Figure 9, for a given flight l. We assume that the flight
splitting options 1–3 can be applied to flight l. Then, s1,l,t = 1 for STA ≤ t ≤ STD,

s2,l,t = 1 for STA ≤ t ≤ h3, s3,l,t = 1 for h3 < t ≤ h4, s4,l,t = 1 for h4 < t ≤ STD, s5,l,t = 1
for STA ≤ t ≤ h1, s6,l,t = 1 for h1 < t ≤ h2, s7,l,t = 1 for h2 < t ≤ h5, s8,l,t = 1 for h5 <
t ≤ h6, s8,l,t = 1 for h6 < t ≤ STD.∑

l[F

∑
i[Sl,t

si,l,t xi,j,t ≤ 1, ∀ j [ M, ∀ t [ K

si,l,t xi,j,t+1 − si,l,t+1 xi,j,t = 0, ∀l [ F, ∀i [ Sl,t , ∀j
We now present the set of landside and airside constraints for our FGAP model:∑

l[F

∑
i[Sl,t

si,l,t xi,j,t ≤ 1, ∀ j [ M, ∀ t [ K (11)

si,l,t xi,j,t+1 − si,l,t+1 xi,j,t = 0, ∀l [ F, ∀i [ Sl,t, ∀j [ G1
i , ∀t [ K (12)

∑
i[Sl,t

∑
j[G1

i

si,l,t xi,j,t = 1, ∀l [ F, ∀t [ K (13)

xi,j,t =
∑
q[T

zi,j,q, ∀i [ Na, ∀j [ G1
i , t = STAi (14)

xi,j,t =
∑
q[T

zi,j,q, ∀i [ Na, ∀j [ G1
i , ∀ t = STDi (15)

y p,q,t =
∑

i[Na <N
d

∑
j[G1

i

Di,p,q,t zi,j,q, ∀ p [ H, ∀ q [ T, ∀t [ K (16)

y p,q,t ≤ bp,q,t , ∀ p [ H, ∀ q [ T, ∀t [ K (17)

Constraint (11) ensures that only one flight segment and only one is assigned to a gate
in a given time step. Constraint (12) ensures that if a flight segment is assigned to a par-
ticular gate at a particular time, then this is not switched to a different gate in a sub-
sequent time step (Schaijk and Visser 2017). Constraint (13) ensures that, for each
time step, a flight has a non-zero probability of being present at the airport; exactly
one segment for the flight is assigned to the gate. Together with constraint (12), this con-
straint ensures that one and only one of the flight splitting options is selected. Constraint
(13) extends constraint (3) in Schaijk and Visser (2017) to allow for flight splitting by
summing over the set of possible flight splitting options Sl,t. Constraints (14) and (15)
indicate that for every flight segment i [ Na < Nd assigned to gate j [ G1

i , departing pas-
senger streams can only be directed to one terminal. If xi,j,t for t [ {STAi, STDi} is equal
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to 1, only one of the decision variables zi,j,q for q [ T can take a value of 1. If xi,j,t for
t [ {STAi, STDi} is equal to 0, zi,j,q for q [ T are automatically set to 0. Constraint
(16) indicates that the passenger demand imposed on facility p [ H in terminal q [ T
at time T [ K is a function of the decision variables zi,j,q. Constraint (17) sets an
upper bound to the value of yp,q,t denoted by the parameter bp,q,t .

Lastly, to have a robust FGAP model with landside and airside constraints, we replace
constraint (11) to ensure that the overlap probability that two flight segments are
assigned to the same gate (overlap probability) is below a user-specified threshold r, as
follows (Schaijk and Visser 2017):

∑
l[F

∑
i[Sl,t

f ( pi,l,t, r) · pi,l,t xi,j,t ≤ 1, ∀j [ M, ∀t [ K (18)

where we make use of a scaling function f(pi,l,t,r). We determine f(pi,l,t,r) as follows
(Schaijk and Visser 2017). We define the maximum, user-defined, overlap probability
r as:

r = pi,l,t · pmax (19)

where pmax is the maximum probability of a different flight segment to be assigned to the
same gate at the same time without exceeding the maximum overlap probability
threshold r. We next define a scaling function f ( pi,l,t , r) such that

f ( pi,l,t , r) · pi,l,t + f ( pi,l,t , r) · pmax = 1. (20)

Solving (19) and (20), we have (Schaijk and Visser 2017):

f ( pi,l,t , r) = pi,l,t
r + p2i,l,t

. (21)

Figure 9. Example of 3 splitting options for flights without overnight-stay.
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Now, replacing constraint (11) by (18), we obtain a robust assignment of flight
segments.

3. Landside constraints – specifying bp,q,t in the passenger demand
constraint (17) of our robust FGAP model

As landside constraints, we constrain passenger demand at the landside facilities by spe-
cifying; i) a maximum number of passengers allowed at a landside facility, i.e. a fixed
declared capacity, or ii) limits for the maximum passenger waiting time at a landside
facility. Formally, the value of the parameter bp,q,t in constraint (17) is set such that: i)
only airside constraints are active (baseline model), ii) both airside and landside con-
straints are active, and passenger demand cannot exceed a declared landside capacity,
and iii) both airside and landside constraintS are active, and the landside passenger con-
straints are driven by the expected maximum passenger waiting time. We discuss each of
these three strategies below:

i) Active airside constraints and inactive landside constraints
We consider the model indicated by equation (7), (11) – (17) and we set:

bp,q,t = 1. (22)

Equation (22) ensures only airside constraints are active since the decision variables
related to passenger demand, y p,q,t, are not constrained in any way.

We refer to the model indicated by equation (7), (11) – (17) with bp,q,t = 1 as the A-
FGAP model.

ii) Active airside and landside constraints – passenger demand cannot exceed a fixed
declared capacity
We consider the model indicated by equation (7), (11) – (17) and we set:

bp,q,t = Cp,q, t [ K (23)

where Cp,q is the fixed, declared capacity of facility p in terminal q during a time step t of
5 min.

We assume fixed hourly declared capacity for each facility. We also assume that the
number of passengers per hour is distributed uniformly over time.

Equation 23 ensures that for a given flight-to-gate assignment, passenger demand at
any facility in the airport is at most the declared capacity of the facilities.

We refer to the model indicated by equation (7), (11) – (17) with bp,q,t = Cp,q as the
DC-FGAP model.

iii) Active airside and landside constraints – maximum passenger waiting time
drives landside constraints

In this section, we first introduce the model for the expected passenger waiting time at
airport facilities. Using this, we dynamically adjust the parameter bp,q,t in constraint (17),
such that the expected maximum passenger waiting time does not exceed a user-defined
threshold WT . 0.

1. Expected maximum waiting time for a passenger at a facility:
We define a peak demand period n [ Up,q for facility p in terminal q as a period where

the passenger demand per time step exceeds the average demand per time step, where
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Up,q is the set of peak periods at facility p [ H in terminal q [ T. The expected
maximum waiting time for facility p in terminal q during peak period n, denoted by
Wp,q,n, is estimated (Solak, Clarke, and Johnson 2006, 2009) to be:

Wp,q,n =
E[Lp,q,n]+ 1.65

������������
Var[Lp,q,n]

√
Cp,q

, (24)

where Cp,q is the declared capacity of facility p in terminal q during a time step with
a length 5 min, and Lp,q,n is the queue length during peak period n at facility p in
terminal q.

To approximate Lp,q,n, we use a parabolic approximation of the passenger demand
curve in a discrete time-system (Solak, Clarke, and Johnson 2009). The parabolic
approximation of peak demand period n for facility p in terminal q, denoted by y pbp,q,t

,

is modeled as follows:

y pb
p,q,t = max

t
(y p,q,t)− ap,q,n t − Tp,q,n

2

( )2

, (25)

with ap, q,n = 4 max
t

(yp,q,t)− E[yp,q,t]

( )
/T2

p,q,n and Tp,q,n = tep,q,n − tsp,q,n.

2. Dynamically setting the value of bp,q,t in constraint (17) using Wp,q,t :
We dynamically adjust the parameters bp,q,t in constraint (17) such that the expected

maximum waiting time for passengers at the airport facilities considered does not exceed
a user-defined threshold WT . We achieve this as follows:

1) we set bp,q,t = 1 in constraint (17)
2) we solve the model in equation (7), (11) – (17)
3) we determine the expected maximum passenger waiting time Wp,q,n associated with

the flight-to-gate assignment obtained, for all p [ H, q [ T, n [ Up,q

4) we check if Wp,q,n . WT and if so, the value of bp,q,t is decreased as follows:

bp,q,t = max
t[[tsp,q,n −tep,q,n]

(y p,q,t)− Ds, t [ [tsp,q,n − tep,q,n], (26)

where tsp,q,n and tep,q,n denote the start and end time of peak period n at facility p in
terminal q, respectively, and Ds is an adjustment parameter. We select a value of
Ds = 1. This ensures that the optimality of the final solution obtained for the
FGAP model in equation (7), (11) – (17) is not compromised by setting a value of
Ds too large, and

5) We repeat steps ii), iii), iv) until Wp,q,n ≤ WT , for all p [ H, q [ T, n [ Up,q.

We refer to this FGAP model where the expected passenger waiting times constraints
the landside facilities (see equation (7), (11) – (17)), as the WT-FGAP model.

4. Results

This section presents the results of the robust, landside-airside FGAP models. First, we
describe the data used to illustrate our models. Next, we provide the results for the A-
FGAP, DC-FGAP and WT-FGAP models, respectively. The A-FGAP model is used as
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a baseline since this model considers airside constraints only. The DC-FGAP model
ensures that the passenger demand at any facility does not exceed a fixed capacity.
The WT-FGAP model dynamically adjusts capacity limits such that the passenger
maximum waiting time does not exceed a pre-defined threshold. The results are obtained
for one day of operations at Schiphol airport (AMS). For computational reasons, a com-
pression factor of 5 is applied to the flight schedule. All the models are solved using IBM
CPLEX Optimization Studio (IBM, 2019) implemented on a computer with a 2.3 GHz
Intel Core i5 processor and 16GB of DDR3 RAM.

4.1. Data description

Airport terminal topology and passenger streams
We assume a generic topology of an airport terminal (Figure 10). On the public side, the
airport consists of the departure/arrival area. On the non-public side, the airport consists
of the lounges/waiting area and the gates. Terminals are connected in the departure/
arrival area without passenger movement restrictions. In the lounges/waiting area, term-
inals are connected with passenger movement restrictions between, in the case of The
Netherlands, Schengen and Non-Schengen areas.

We consider three generic passenger streams at the airport: i) departing, ii) arriving
and iii) transfer passenger streams. Passengers from arriving flights feed into arriving
and transfer passenger streams. Passengers on departing flights are contained in the
transfer and departing passenger streams. The stream of arriving passengers moves
from the non-public area to the public area in the same terminal. The stream of departing
passengers consists of two substreams with passengers that enter the non-public area
from the public area in the same terminal and the non-public area from a different term-
inal. The transfer passenger stream consists of three substreams: an incoming stream, an
outgoing inter-terminal transfer passenger stream and an intra-terminal transfer passen-
ger stream. We also assume that all transfer passengers are captured by the intra-terminal
transfer passenger substream.

Figure 10. Generic topology of an airport terminal.
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Table 1 shows the airport facilities considered in this paper, together with their associ-
ated passenger streams, as indicated in Figure 15. For departing passenger streams, the
check-in and baggage drop-off facilities (D1) and the security facilities and border
control (D2) are considered. For arriving passenger streams, immigration (A1) and
the baggage claim area (A2) are considered as distinct facilities. Finally, for transfer pas-
senger streams, security services (T1) are considered.

Table 2 shows the expressions of tsi,p,q andt
e
i,p,q for facilities (A1), (A2), (T1), (D1) and

(D2), where T1 = 10 min is the time for arriving and transfer passengers to walk from the
gate to facilities (A1) and (T1), respectively, T2 = 10 min is the time for passengers to
proceed from facility (A1) to (A2), T3 = 45 min is the time between the first and last pas-
senger disembarking from the aircraft, T4 is the time between the first and last passenger
of flight segment i [ Nd that uses facility (D1), T5 = 10 min is the time for passengers to
proceed from facility (D1) to (D2) and T6 is the time between the last passenger of flight
segment i [ Nd to use facility (D1) and the STD of flight segment i [ Nd. Lastly, we
denote by T4 the time in minutes between the first and last passenger of a flight that
uses check-in facilities and T6 is the time in minutes between the time the last passenger
of a flight uses check-in facilities and the STD of that flight. The values of T4 and T6 are
derived from the daily flight schedule.

Estimated hourly capacity of facilities in the airport terminal
Table 3 indicates the estimated hourly declared capacity of facilities A1, A2, T1, D1, D2.
We note that AMS has four terminals, so we specify the capacity for these facilities for
each of terminal. Also, Terminal 1 and Terminal 4 only serve flights with a Schengen

Table 1. Overview of landside facilities.
Group Name Pax Stream Facilities Included

A1 Immigration Arriving Passenger immigration services
A2 Baggage Claim Arriving Baggage claim
T1 Security Transfer Transfer security services
D1 Check-In Departing Check-in & baggage drop
D2 Security & Border Control Departing Security services & border control

Note: Facility-specific expressions for tsi,p,q andt
e
i,p,q (see Section 2.3) are given in Table 2.

Table 2. Expressions of tsi,p,q andt
e
i,p,q for terminal facilities.

Facility tsi,p,q tei,p,q
A1 STAi + T1 STAi + T1 + T3
A2 STAi + T1 + T2 STAi + T1 + T2 + T3
T1 STAi + T1 STAi + T1 + T3
D1 STDi − T4− T6 STDi − T6
D2 STDi − T4 + T5− T6 STDi + T5− T6

Table 3. Overview of estimated declared capacity (passengers) per hour of landside facilities at AMS.
Terminal A1 A2 T1 D1 D2

Terminal 1 N/A 3,420 N/A 1,690 3,040
Terminal 2 2,840 2,840 3,420 1,380 2,700
Terminal 3 2,500 2,500 1,080 1,230 2,220
Terminal 4 N/A 990 N/A 495 900
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clearance level. As such, facilities (A1) and (T1) are not present in these terminals and,
thus, their capacity is not shown in Table 3.

Flight schedule
We consider the scheduled arrival and departure flight times at AMS on July 4, 2018,
with a total of 575 arrival and 549 departure flights. The month of July accounted for
9.53% of the annual number of passengers at AMS in 2018), indicating that this month
has a high passenger demand. Each arriving/departing flight has a scheduled arrival/
departure time.

4.2. Assignment of flight segments to gates

In this section we show the assignment of flights to gates taking into account: i) only
airside constraints (A-FGAP model), ii) both airside and landside constraints with
fixed landside facility capacities (DC-FGAP model), and iii) both airside and landside
constraints, without fixed facility capacities, and passenger waiting time constraints
(WT-FGAP model). For all three models, we consider a user-defined maximum
overlap probability of r = 5%.

Figure 11 shows the assignment of flights to gates when considering only airside con-
straints (the A-FGAP model).

The results show that functional and parking flight segments have a varying length,
with a minimum duration of 45 and 90 min, respectively. On average, a buffer time of
109.5 min is allocated between flight segments. The minimum separation time
between functional flight segments is 25 min. One functional flight segment is assigned
to a platform. All flight splitting options are used, except flight splitting option v) (see
Section 2.1).

Figure 11. Assignment of flight segments to gates under the A-FGAP model.
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Figure 12 shows the assignment of flights to gates when considering both airside and
landside constraints with fixed landside facility capacities (the DC-FGAP model). As in
the case of the A-FGAP model, the length of the flight segments varies between 45 and
90 min. However, the average buffer time is slightly smaller than in the case of the A-
FGAP model, with a mean value of 104.9 min and a standard deviation of 9.5 min.
The minimum separation time between functional flight segments is also 25 min.
Three functional flight segments are assigned to a platform. All flight splitting options
are used, except for flight splitting option v) (see Section 2.1).

Figure 13 shows the assignment of flights to gates when considering both airside and
landside constraints without fixed facility capacities, and passenger waiting time con-
straints (the WT-FGAP model). We note that we ensure that the maximum waiting
time for passengers does not exceed a waiting threshold WT = 25 min. We reached
our solution after four iterations (see equation (26)) As for the A-FGAP and the DC-
FGAP models, the length of the flight segments varies between 45 and 90 min. Here,
the average buffer time is 105.3 min, which is slightly more than in the case of the
DC-FGAP model, but less than the A-FGAP model. The standard deviation of the
buffer time has a value of 9.3 min and is marginally larger compared to the standard devi-
ation found using the DC-FGAP model. The minimum separation time between func-
tional flight segments is also 25 min. Here, only one functional flight segment is
assigned to a platform. All flight splitting options are used, except for flight splitting
option v) (see section 2.1).

Figures 14 and 15 indicate the assignment of functional flight segments under the
DC-FGAP and WT-FGAP models relative to the A-FGAP model, respectively. For
example, Figure 15 shows that 13.7% and 14.5% of all functional flight segments
are assigned to concourse C if the DC-FGAP model and the A-FGAP model are

Figure 12. Gate assignment planning obtained using the DC-FGAP model.
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used, respectively. Reallocation of functional flight segments between concourses
occurs when different FGAP models are used due to the equivalence in character-
istics between gates in different concourses. For example, piers in concourses B, C
and D59–87 have similar size and customs characteristics. A clear division
between concourses that serve Schengen flights (B, C, D59–87, M) and concourses
that serve Non-Schengen flights (A, D03-D57, E, F, G, H, S) is observed. The WT-

Figure 13. Gate assignment planning obtained using the WT-FGAP, WT = 25 min.

Figure 14. Comparison of functional flight segment allocation to gates: DC-FGAP model vs. A-FGAP
model.
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FGAP model imposes passenger demand constraints that are less strict compared to
the DC-FGAP model. Thus, fewer deviations from the solution of the A-FGAP
model are needed when using the WT-FGAP model.

4.3. Landside performance metrics

In this section we analyse the impact of the flight-to-gate assignment on landside facilities
by means of two metrics: the demand-capacity ratio and the expected maximum passen-
ger waiting time.

We define the demand-capacity ratio for facility p in terminal q, denoted bymp,q, to be
the ratio between the maximum passenger demand imposed on facility p in terminal q
and the declared capacity Cp,q, as follows:

mp,q = max
t

y p,q,t
C p,q

· 100%, p [ H, q [ T (27)

We define the maximum expected passenger waiting time over all peak periods n at facil-
ity p in terminal q, denoted by Wmax

p,q , as follows:

Wmax
p,q = max

n
(Wp,q,n), p [ H, q [ T (28)

Figure 16 shows the demand-capacity ratios for all facilities and terminals under the A-
FGAP model, which considers airside constraints only since the values of bp,q,t are not
bounded. Thus,mp,q can be larger than 100%, e.g.mT1,3 = 250% and all facilities in Term-
inal 2 and facility (A2) in Terminal 4 have amp,q . 100% Facilities (D1) and (D2) feature a
value ofmp,q , 30%. Figure 17 shows the expectedmaximumwaiting times for all facilities
and terminals under the A-FGAP model. For facilities (T1) in Terminal 3 and (D1) in
Terminal 2, Wmax

p,q . WT . Due to a short duration of the peak demand periods at facility
(T1) in Terminal 2, the value of mp,q . 100%, but Wmax

p,q , 1min.

Figure 15. Comparison of functional flight segment allocation to gates: WT-FGAP model vs. A-FGAP
model.
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Figure 18 shows the demand-capacity ratios for all facilities and terminals under the
DC-FGAP model, which imposed constraints such that yp,q,t ≤ Cp,q. Thus,mp,q ≤ 100%
for all facilities and terminals. Facilities (A1) and (A2) in Terminal 3 and 4 and all facili-
ties in Terminal 2 and 3 have amp,q equal or close to 100%. As expected, Figure 19 shows
that Wmax

p,q , 1 min for all facilities and terminals.
Figure 20 shows the demand-capacity ratios for all facilities and terminals at AMS

under the WT-FGAP model, which dynamically sets the values of the parameters bp,q,t

such that allWmax
p,q ≤ WT . Facility (A2) in Terminal 4, facilities (A1), (A2), (T1) in Term-

inal 3 and all facilities in Terminal 2 have mp,q . 100%.
Figure 21 shows the expected maximum waiting times for all facilities and terminals at

AMS under the WT-FGAP model. For facility (A2) in Terminal 3, facility (T1) in Term-
inal 3 and facilities (A1), (A2) and (D1) in Terminal 2, Wmax

p,q .5 min. All values of
Wmax

p,q , WT , as imposed by the WT-FGAP model. By construction, all values of mp,q

of the WT-FGAP model are bounded; the lower and upper bounds are the values of

Figure 16. A-FGAP: demand-capacity ratios mp,q.

Figure 17. A-FGAP: maximum waiting time Wmax
p,q
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Figure 18. DC-FGAP: demand-capacity ratios mp,q.

Figure 19. DC-FGAP: maximum waiting time Wmax
p,q .

Figure 20. WT-FGAP: demand-capacity ratio mp,q.
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mp,q of the DC-FGAP model and A-FGAP model, respectively. The same bounds exist
for Wmax

p,q .

5. Conclusions

In this paper we have developed robust flight-to-gate assignment models that have con-
sidered both airside and landside constraints. For the landside, we considered three strat-
egies: i) no constraints for passenger capacity, ii) a fixed declared capacity for each landside
facility, acts as a threshold for the maximum number of passengers to use a facility in a
period of time; and iii) a threshold on the maximum waiting time that passengers experi-
ence at landside facilities. We determined optimal flight to gate assignments under the
three types of landside constraints and provided estimates for thewaiting times for passen-
gers inside the airport.We have also shown how the different types of landside constraints
drive changes in the assignments offlights to gates. To illustrate ourmodels, we considered
one day of operations at Amsterdam Schiphol Airport. Overall, our model supports the
design of a robust, integrated airside-landside assignment of flights to gates at an airport.

Future work includes the development of improved flight presence probabilities and
implementation of flight-specific input. We also plan to improve the compression factor
for the flight schedule using decomposition methods.
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