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The impact of heterogeneous arrival and departure rates of flights on runway
configuration optimisation

Abstract

The rapid growth of the airline industry has caused an enormous demand in the context of air transport and air
traffic congestion in several hub airports. In order to alleviate this situation and resolve the imbalance between
the arrival and departure rate, efficient runway usage in airport capacity management is an immediate and
feasible solution as compared to airport expansion and runway construction. Air Traffic Control (ATC) operators
could optimise their runway capacity by operating dynamic runway configuration in switch mode runways
based on the air and airport traffic conditions. A semi-mixed mode runway is considered in this paper, wherein
some runways are configured for either landing or take-off operations, while others are operated in switch mode.
The demand for arrival and departure is subject to the passengers demand, flight availability and timings,
preferred flight schedule and frequency of flight schedule service, and usually vary in different hours (peak and
non-peak hours). Given this feature, ATC can reconfigure the runway mode responding to the current demand
for arrival and departure and further seize the runway capacity via systematic approach. Under the semi-mixed
mode situation, formulating the coordination of dynamic runway configuration planning and the Aircraft
Sequencing and Scheduling Problem is proposed. The air traffic pattern in Hong Kong International Airport
(HKIA) is used as a test case to evaluate the performance of this proposed model. Based on the test results, it
was found that this dynamic runway configuration planning and semi-mixed runway design can utilise runway
capacity more efficiently. In the numerical study, the dynamic runway configuration planning achieved 71.6%%
and 37.08% reduction of flight tardiness than the two segregated runways systems (two landing and one take-

off runways and one landing and two take-off runways) in HKIA.

Keywords: Dynamic runway configuration planning; mathematical modelling; runway scheduling; semi-mixed

mode runway operation; air traffic control; airside operations



1. Introduction

Runway capacity is usually regarded as the bottleneck of the turn-a-round process, and the runway is the
interlink between the terminal airspace and airport network. For most of the international hub airports, the
number of runways in their runways system is usually ranging from 2 to 5. One should note that additional
runway construction may not be feasible within five to ten years as the construction of runway is usually limited
by the geographical constraints and the limited land space in the airport surface. Therefore, the increase in
runway engineering capacity is not easy. Apart from increasing the runway physical capacity, we can seek for a
system approach to increase the number of throughputs of the runways. The number and the pattern (peak and
non-peak hour) of aircraft traffic movements (ATMs) for arrival and departure in each hour are different.
Runway configuration switch provides the feasibility of switching runways between landing mode and take-off
mode. This engineering system designs could provide a better match of runway demand for arrival and departure.
For example, in the Hong Kong International Airport (HKIA), a new runway is under construction, and a three-
runways system with switchable runway setting will be designed to handle air traffic. In segregate runways

systems, all the runways are predetermined as landing runway or take-off runway (Rajendran & Srinivas, 2020;

C.Yin, Lu, Xu, & Tao, 2020). In semi-mixed mode runways system, certain runways are operated in segregated

mode, while certain runways are operated in switch mode (Aheleroff et al., 2020; Amankwah-Amoah, 2020;

Barmpounakis, Vlahogianni, Golias, & Babinec, 2019).

Majority international airport hubs are facing the differences between for arrival and departure, as the demand
for arrival and departure is subject to the traffic pattern, air traffic demand for particular route, passengers

preferred time for on-board and arrival (Xue, Ng, & Hsu, 2020). It is intuitive that better runway configuration

can better match the demand for arrival and departure in different time intervals and achieve better airborne
delays. In this research, we attempt to evaluate the outcomes and impacts of airborne delay between segregate
runways system and dynamic runway configuration planning under semi-mixed mode runway operation. The
proposed model can observe and determine the best runway configuration planning responding to the traffic

demand for each decision horizon (1-hour interval) in a day.

The impact of outstripped air and airport capacity, sustainable growth on the traffic volume of civil aviation,
terminal traffic situation and terminal weather have significantly influenced approaching delay (Abdelrahman

E.E. Eltoukhy, Chan, & Chung, 2017; C. K. M. Lee et al., 2018; Ng, Lee, Chan, & Lv, 2018; Qin, Chan, Chung,

Qu, & Niu, 2018; Wen, Xu, Choi, & Chung, 2019). The global airline industry is currently experiencing an

enormously increasing demand because of globalisation and the introduction of low-cost carriers (Abdelrahman

E. E. Eltoukhy, Wang, Chan, & Chung, 2018; Ng, Lee, Chan, & Lv, 2018; Qin, Chan, Chung, Qu, et al., 2017).

Many hub airports are currently running at nearly full capacity (Wu Deng et al., 2018; Givoni & Chen, 2017; C.
K. M. Lee et al., 2018; Qin, Chan, Chung, & Qu, 2017; Qin, Chan, et al., 2018; Qin, Wang, Chan, Chung, &

Qu, 2018, 2019). Consequently, the problems associated with massive congestion and frequent flight delays

have become serious. Meng, Zhang, and Li (2011) explained that the bottleneck of air traffic is caused by the
3
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airport runway capacity instead of the en route segment. Besides, a runway is often regarded as the major

bottleneck for the efficiency of the turnover procedure (Balakrishnan & Chandran, 2010; Harada, Ezaki

Wakayama, & Oka, 2018; Idris et al., 1998). Therefore, the runway capacity is a critical resource for reducing

the probability of flight delays and congestion (Ng, Tang, & Lee, 2015; Soomer & Franx, 2008). In real-life

situations, the arrival and departure rate, environmental parameters such as weather, visibility and other
attributes are all taken into consideration when evaluating the actual usage of the runway. Air Traffic Control
(ATC) may want to take advantage of operating mixed runways or semi-mixed runways in order to improve
flexibility in their runway configuration planning (Pal & Chunchu, 2019; Patnaik, Agarwal, Panda, & Bhuyan,
2020; Yaylali, Celik, & Dilek, 2016; L. Yin et al., 2017; Zhao, Verhagen, & Curran, 2015). Thus, it is crucial to

optimise runway capacity and resolve arrival-departure imbalances with a well-defined Aircraft Sequencing and
Scheduling Problem (ASSP) model in terminal traffic flow management in order to cope with the current traffic
situation (H. Lee, Li, Rai, & Chattopadhyay, 2020; Ne. Lee, Chan, Chen, & Qin, 2020; Paielli, 2018; Wee, Lye,
& Pinheiro, 2019).

Runway operation can be classified into three major types: Aircraft Landing Problem (ALP) (Beasley, Sonander,
& Havelock, 2001; Bencheikh, Boukachour, Alaoui, & Khoukhi, 2009; Capri & Ignaccolo, 2004;
Hancerliogullari, Rabadi, Al-Salem, & Kharbeche, 2013; Hansen, 2004; Hu, Ng, & Qin, 2016; Ng & Lee, 2016;
S. Wang, Wan, Li, & Zhang, 2016), Aircraft Take-Off Problem (ATP) (Atkin, Burke, Greenwood, & Reeson,

2008; Hancerliogullari et al., 2013) and ASSP with mixed-mode operations (Bennell, Mesgarpour, & Potts,
2011; Lieder & Stolletz, 2016; Ng, Lee, Chan, & Qin, 2017) and ASSP with runway configuration switch (Ng,

Lee, & Chan, 2017; Ng, Lee, Chan, & Zhang, 2018). There are several types of runway configurations.

Segregated runway operation is a runway system that a runway can be exclusively applied for landing, another
runway can be exclusively allocated for take-off and runways can be worked independently. In this regards, the
runway system can be formulated as ALP or ATP. ASSP considers runway operations in both ALP and ATP in
one model. ASSP with mixed-mode operations is that landing and take-off are interspersed on both runways.
ASSP with runway configuration switch is a model that runways have switching properties between landing
and take-off. A semi-mixed mode runways system is that runway can be worked as a mixed/switch mode, while
other runways are in segregated mode. The ASSP receives considerable attention because it is a real-life
combinatorial problem that defines the assignment of flights to airport runways, the ideal landing and take-off
sequence of aircrafts as well as the landing and departing time of flights on the runway while considering

physical and operational constraints (Hancerliogullari et al., 2013; Ng, Lee, Chan, et al., 2017; S6lveling, 2012).

The layout and configuration policies of the ground resources system come along with the modelling of the
ASSP and the ground operations, which together construct a high-complexity problem in airports (H. Wang,
Song, & Wen, 2018).

In this research, a complete formulation of dynamic runway configuration planning and the ASSP under semi-

mixed mode runway operation is proposed. The proposed model is formulated in accordance with the runway
4
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model of HKIA, with an aim to enhance the applicability of this paper. HKIA is world’s 3rd busiest international
passenger airport and currently under a three-runway system expansion that is expected to be complete in 2024,
At that time, a new runway on the northern side will be used for landing, while the central and south runways
will be used for take-off and mixed mode respectively. Based on the arrival and departure rate during a specific
period, the configuration of the south runway can alternate between landing and take-off modes. It is believed
that HKIA could benefit from this semi-mixed mode operation with the proposed model by facilitating the
switching process for both landing and take-off, thus enhancing the runway capacity. The solution quality is
measured by exact method and compare its optimal solutions to verify the contributions of runway configuration
(Falk, 1976; Selin Hulagu & Celikoglu, 2018; S. Hulagu & H. B, 2019; Saharidis, Conejo, & Kozanidis, 2013).

After conducting numerical experiments, the time deviation between the actual and preferred runway operation

is further minimised, which smoothens the runway schedule and reduces flight delays by considering the traffic

pattern of airborne and airport delay (Ng & Lee, 2017).

2. Related studies
The First-Come-First-Serve Approach (FCFS) is a practical method in Air Traffic Control (ATC) to create the

aircraft arrival and departure sequence based on the appeared order on the radar system (S. Wang et al., 2016).

However, there are several of safety considerations, such as size, the altitude of aircraft and separation time
between two consecutive aircrafts, that are interdependent and need to be considered when scheduling the arrival

and departure sequence (Balakrishnan & Chandran, 2010). In order to provide an advanced solution for dealing

with the ASSP, scholars and researchers have studied the problem using different techniques and objectives,
which can be summarised in two main streams: deterministic scheduling and scheduling under a postulated

uncertainty set.

Under the deterministic approach, the model only simulates ideal flights scheduled by computing precisely

determined data (Zhang, Xu, Yang, & Liu, 2014). Previous deterministic ASSP literature has focused on

objectives such as maximising runway throughput, minimising the makespan (Harikiopoulo & Neogi, 2011;

Ma, Xu, Liu, & Huang, 2014), minimising the total or weighted tardiness of flights (Ng, Lee, Chan, et al., 2017,
Pinol & Beasley, 2006; Sabar & Kendall, 2015; Salehipour, Modarres, & Moslemi Naeni, 2013) and minimising
the total, average or weighted delay of all flights (Lieder & Stolletz, 2016; Liu, 2011; Sama, D’ Ariano, D’ Ariano,
& Pacciarelli, 2015). Farhadi, Ghoniem, and Al-Salem (2014) proposed a Constrained Position Shifting (CPS)

for dynamic runway scheduling model, which aims to reduce the inefficiencies of the FCFS principle. Thereafter,
scholars have explored various approaches in different directions to resolve the ASSP. It is worth noting that
these studies were simply focused on single runway scheduling instead of multiple runways. In the recent decade,

more research efforts have been made for multi-runway scheduling and mixed mode operation in order to narrow

down the research and practice gap (Hancerliogullari et al., 2013; Villegas Diaz, Gdmez Comendador, Garcia-

Heras Carretero, & Arnaldo Valdés, 2019). Other than deterministic based research, stochastic and robust

scheduling were proposed to counteract the upstream uncertainty and absorb the minor disturbances in flight
5
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schedules (Cai, Jia, Zhu, & Xiao, 2015). The stochastic approach resolves the model with the known probability

distribution of uncertain variables (Choi, Wen, Sun, & Chung, 2019), whereas robust optimisation is a risk-

averse approach employed to safeguard against worst-case scenarios (Ng, Lee, Chan, et al., 2017). The outcome

achieved by a stochastic approach may vary from the historical data; whereas, the strict robust model results in

a higher runway throughput, as there is a higher level of protection against uncertainties (Ng et al., 2020).

Runway configuration includes single runway, segregated runway and interdependent runway systems. For a
multi-runway airport, the segregated runway configuration implies that one runway is allocated for landing,

while the other is for take-off. Mixed mode operation allows landing and take-off on both runways (Bombelli

Santos, & Tavasszy, 2020; Herrema et al., 2019; H. Lee et al., 2020). Similarly, for semi-mixed mode operation,

at least one runway is exclusively used for landing or take-off, and another runway operates in runway
configuration switch, which means that the runway can switch between landing and take-off based on the rate

of inbound and outbound flights. Jacquillat, Odoni, and Webster (2017) suggested that the runway configuration

switch could enhance the flexibility of runway utilisation as well as the imbalance problem in arrival and
departure rates. Based on recent research on the latest publications in ASSP (Ng & Lee, 2016, 2017; Ng, Lee,
Chan, & Lv, 2018; Ng, Lee, Chan, et al., 2017; Ng, Lee, Chan, & Zhang, 2018; S. Wang et al., 2016), the ASSP

under semi-mixed mode operation can be further studied and analysed to cope with the increased complexity of
airport operation. In this research, we aim to review the potential of using semi-mixed runway operations in our
case airport. The case airport is undergoing the construction of a new runway, and the airport authority has
reviewed that one of the runways can be operated with configuration switch property. Therefore, this research
attempt to investigate the performance between segregated ASSP and ASSP with runway configuration switch
when a three-runways system in the case airport is fully operated. The general form of the mathematical
formulation of the ALP and ASSP models can be found in (Hansen, 2004; Ng & Lee, 2016; Ng, Lee, Chan, et
al., 2017; Pinol & Beasley, 2006; Salehipour et al., 2013; S. Wang et al., 2016). With the support of soft

computing techniques (exact method, heuristics, meta-heuristics and soft computing), we can optimise and solve
the integrated combinatory problem to support daily or near-time decision-making in engineering applications
(W. Deng, Liu, Xu, Zhao, & Song, 2020; W Deng, Xu, Song, & Zhao, 2019; W. Deng, Xu, Song, & Zhao, 2020;
Khan, Chung, Awan, & Wen, 2019; Khan, S., Awan, & Wen, 2019).

The contributions of this research are outlined below. First, the mathematical formulation of coordinating the
ASSP and the settings of dynamic runway configuration are proposed. The assumptions of the model and
mathematical formulation are illustrated in this section. To further testify the applicability of the proposed model,
the air traffic pattern in HKIA and the three-runway configuration are considered, followed by computational
experiments. The results from the computational experiments proved that the proposed model surpasses the
runway setting without runway configuration switch, which also indicated that the adoption of a semi-mixed

mode runway system could enhance runway capacity.
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In this paper, the background is first introduced, and an in-depth literature review on ASSP approaches is
illustrated in Sections 1 and 2. In Section 3, the ASSP model with a semi-mixed mode runway configuration is
proposed, and its assumption is presented. Thereafter, the computational findings of the experiments based on
the real-life situations in HKIA are analysed and discussed in Section 4 in order to provide insights on handling

the ASSP in airports. Finally, the concluding remarks are presented in Section 5.

3.  Mathematical modelling

3.1. Assumption of the model

The following assumptions were made before the formulation of the model. First of all, in this proposed model,
we only consider landing, take-off and switch runway in a three-runway system for simplicity of computation.
Second, it is assumed that the length of all runways is sufficient to perform semi-mixed mode operation and
flight landing operation while neglecting the flight size and classes. Further, the probabilities of equipment
failure, missed arrival and departure, pilot error, runway incursions and abnormal operation are also neglected
in this model. Third, the separation requirements caused by the runway’s physical properties, such as terrain

constraints of the airports’ surrounding and noise abatement procedures, are assumed to be minimal.

3.2.  Mathematical formulation

In the proposed model, let I be the set of flights. Each flight belongs to the set of approaching flights I; or the
set of departing flights I7. Let R be the set of runways. Each runway r belongs to the set of landing runways
R;, take-off runways Ry or switch-mode runways Ry, depending on the predetermined configuration of the
airport layout and other constraints. The primary objective of this dynamic runway configuration and runway
scheduling problem is to minimise the time deviation between the actual landing/take-off time Tj, and the
preferred landing/take-off time PTO; The maximum number of flights in the system is n, and flight is indicated
as i € I; U Iy € I, where the flight can be classified as either arrival i € I; or departure i € I;. The estimated
operation time on a particular runway ETO;, represents the earliest time of operations. Since the runway
operation must adhere to safety constraints and air traffic situation, the assigned operation time Tj, is not
always equal to PTO;. Moreover, separation time Sj; is the operation time deviation between two consecutive

flights on the same runway to reduce the adverse effect of the vortex generated by leading flights.

There is at least one take-off or landing runway and at least one switch or mixed-mode runway involved in the
semi-mixed mode runway system. In this case, the maximum number of runways is m and must be greater than
2 to meet the basic practical requirements. The runways can be divided into landing runway r € R;, take-off
runway r € Ry and switch runway r € Ry,. Inbound flights i € I; are only allowed to land on landing or
switch runway r € R; U Ry, € R, whereas outbound flights can only use take-off or switch runway r € Ry U
Ry, € R. Due to the unique property of the switch runway, the runway configuration parameter b is assigned

for each group of adjacent arrival and departure flights. In order to perform runway configuration switching,

7
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runway clearance k is enforced between b and b + 1 if the neighbouring flights’ operation 7;; does not
belong to the same family. Furthermore, the start and completion time for the configuration switch on the runway
are denoted by ST, and CT,,, respectively. Finally, the runway schedule solution X is represented by runway
assignment x;,, and the sequential relationship between flights j and i on same runway by yj;,. Further, the
decision variable z;,;, for flight i belongs to any group of b in the switch runway, and the sequential
relationship of adjacent flights on the same group b on switch runway ;. The auxiliary variable, defining
the situation wherein no flight was assigned to group b on the switch runway, is denoted by U,,. Fig.
lillustrates the idea of runway configuration switch with variables. The notations and decision variables are
illustrated in Table 1. Table 2 presented the separation time requirement on runway. The runway separation
requirement can ensure the safe landing and take-off operations, operation stability and reduce the discomfort
level of runway operations by accommodating the wake vortex from the leading flights. In this regard, we can

make sure that the runway schedule satisfies the ATC regulation.

Runway configuration Runway configuration

SWi‘[Ch S\\.’itch
Separation : .
ST time CT, k ST, CT, ST, CT,
»
N e AN S

| |
Landing mode Take-off mode

Time Horizon
Landing mode

Fig. 1. The schematic diagram of runway configuration switch

Table 1

Notations and decision variables

Notations EXPLANATION
i,j FlightID, i€l =1, Ul €1
The maximum number of flights
Runway ID, r € R = R, UR;+ URy,
m The maximum number of runways
Si The fight operation-based separation time between aircraft i and j scheduled on the same runway, S;; = 0
ETO;, The estimated landing/take-off time of aircraft i on runway r
PTO; The preferred landing/take-off time of aircraft i on runway r
Tj; 1, if aircraft i and j belong to the same operation mode; 0, otherwise
b Runway configuration index, b € B
k The duration of runway clearance k on switch model r € R,
STy The start time of landing or take-off configuration on switch model runway r € R,

8



CTrb

The completion time of landing or take-off configuration on switch model runway r € R,

M The large number associated with the artificial variable
a; The penalty of tardiness operation of flight i
Bi The penalty of earlier operation of flight i
Decision variables  Explanation
X A runway schedule X is constructed by X, Vjir, Zip, ¥jip and Ty
X 1, if aircraft i is assigned to runway r; 0, otherwise
Yiir 1, if aircraft j is before aircraft i on the same runway r (not necessarily immediately); 0, otherwise
Zirp 1, if aircraft i is assigned to the same landing or take-off configuration b on the switch runway r € Ry; 0,
otherwise
Yjirb 1, if aircraft j is before aircraft i to the landing or take-off configuration b on the switch runway r € Ry ; 0,
otherwise
Urp An auxiliary variable, 1, if there is at least one aircraft at configuration b on the switch runway r € Ry,; 0,
otherwise
Tir The assigned operation time for aircraft i, T; = 0
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Table 2

Separation time (in second) between two consecutive flights with safe operations (Balakrishnan & Chandran, 2010)

Trailing aircraft

Avrrival Departure
SSF MSF LSF SSF MSF LSF

SSF | 82 69 60 75 75 75

= MSF | 131 69 60 75 75 75

F& ; LSF | 196 157 96 75 75 75
L SSF | 60 60 60 60 60 60
é % MSF | 60 60 60 60 60 60
% g" LSF | 60 60 60 120 120 90

In order to minimise the total tardiness of operations (time deviation between assigned operation time and

preferred operation time of all flights), the objective function is illustrated below:
n
FOO =min ) (@ + ) )
l

Fig. 2 illustrates the calculation of the penalty cost for earlier or late operations (landing or take-off). Based on
the real-life situation, several constraints are applied to this problem. Constraints (2) and (3) guarantee that y;;,.
is equal to 1 if flight i is assigned after flight j on the corresponding runway r (not necessarily immediately),
otherwise yj;,- will be 0. Constraint (4) restricts each flight i to be assigned to only one runway r for
landing/take-off schedule. Constraints (5) and (6) ensure arrival flights i € I; are not allowed to land on a take-
off runway r € Ry or vice versa. Constraint (7) indicates that the assigned time of operation T; must be larger
than its estimated time ETO;. Furthermore, Constraint (8) confirms that Tj, must be greater than the assigned

time of operation of the leading flight T}, and separation time Sj;.

B
]
- N
| | | N
PTO.
ETO, T, ! Time Horizon
aﬂ'
]
Ve ™~

I | I .

ETO f
; PTO, T, Time Horizon

Fig. 2. The schematic diagram of penalty cost in the objective function

10
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Runway assignment and scheduling constraints

Xip + X S 1+ Yijr + ¥jir, Vj, L €ELj #,VT ER 2
Yijr +Vjir <LVj,i €L,j#[,Vr €R 3
m

inr=1,‘v’i€] 4)
r=1

Xy = 0,Vi €I,,Vr € Ry (5)
Xy = 0,Vi €I, Vr €ER, (6)
T, = ETO; — M(1 —x;,),Vi € I, ¥r € R ©)
Ty —Tjyp = S —M(1—yjir),Vj,i €1,j #i,Vr €R (8)

B

Z Zip = 1L,Vi€L,Vr €R, 9
b=0

Yjirb + Yijrp < Tji, VY, €EL,j #i,Vr €R,, ER,VDEB (10)
Zjrp + Zipp < 1+ Yjirp + Yijrp, V0 €1,j # 1,V €R,,, Vb €EB (11)

Constraint (9) illustrates that if flight i is assigned to switch runway r € R,,, flight i can only be assigned to
one and only one switch runway and must fall into only one period b of the runway configuration mode.
Constraint (10) illustrates that if flights j and i do not belong to the same family 7j;, then both flights cannot
be assigned to the same runway configuration mode. Constraint (11) explains the relationship between the

decision variables z;, and Y jip.

The interval of runway operations con in the same mode (either landing or take-off) constraints

The start time of the first configuration mode on each switch runway r € R, must be equal to 0 in Constraint
(12). If flight i is assigned to runway configuration mode b, then the assigned time of operation T}, must equal
to or greater than its estimated time of operation ETO; and the start time of the configuration mode on switch
runway ST, as explained in Constraints (13) and (14). Constraint (15) calculates that the completion time of
configuration mode b on the switch runway must be equal to or greater than the assigned time of operation Tj,

for those flights that are assigned to configuration mode b on switch runways.

ST,o = 0,Vr €ER,, 12)
T; = ETO; —M(1 — z;,4), Vi€ I,Vr €R,,,Vb EB (13)
Ty = STyp — M(1 — z),Vi € I,Vr €ER,,,Vb €EB (14)
CT,p =Ty — M(1 = 2;,4),Vi €1,Vr €R,,Vb € B (15)

Runway clearance constraints for switching between landing and take-off mode

The auxiliary variable U,;, indicates the non-empty set of the configuration mode on switch runways by

11
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Constraint (16) using binary representation. If the configuration mode on switch runways is a non-empty set,
the runway clearance k is considered between the completion time before the runway configuration switching
using Equation (17). Constraint (18) explains that the completion time of the runway configuration must be

larger than its start time.

Urp = Zipp, Vi €ELLVr €R,,,Vb EB (16)
STypy1 < CTyp + kUyp,Vr € R, Vb €B 17
CT,, = ST,,, V7 €R,,,Yb € B (18)

The domain of the parameters

The deviation between the assigned time of operation T, and preferred time of operation PTO; is determined
by a; and f; by Equations (19) - (22). «; represents the time of the late arrival or departure of flight i, while
B; indicates the earlier arrival or departure time. Constraints (23) - (26) illustrate that X, Yjir, Zirp and Vjirp

are binary variables.

a;>0,Viel (19)
Bi=0viel (20)
a; > Ty — PTO; — M(1 — x;,),Vi € ,Vr € R (21)
B; = PTO; — T; — M(1 — x;,),Vi € I,Vr € R (22)
xir €{0,1},Vi€I,Vr €R (23)
Vjiir €E{0,1},Vj,i €1,j #i,Vr €R (24)
ziyp €{0,1}, Vi€ l,Vr €R,, Vb €B (25)
Yiiro € {0,1},Vj,i €1,j # i,Vr €R,,Vb €EB (26)

After the explanation of the constraints of the model, the following is the two models that we would like to
compare. As for segregation mode of runway operation, each runway operates as either landing runway or take-
off runway. As for the semi-mixed mode runway configuration switch operation, runway can be landing runway,
take-off runway or switch mode runway. We assumed that the number of runways must be larger than two and

there must be one landing and one take-off runways as the input of the model.

The segregation mode of runway operation

M
s.t.

Constraints (2) — (8) and (19) — (24)

12
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The semi-mixed mode runway configuration switch operation
D
S.t.

Constraints (2) — (26)

4. Computational experiments

4.1. Description of the real-life case study

A set of real data from HKIA for April 2018 was obtained from a licensed API from FlightGlobal and evaluated
in the computational experiments. Fig. 3 presents the average arrival and departure of aircraft movement in the
interval of a 1-hour horizon from the historical data of the number of arrival and departure in April 2018 in
HKIA. The data from Fig. 3 shows that the number of arrival and departure flights is sometimes imbalance in
hourly interval. For instance, the number of departure flights from 0 am to 3 am and 8 am to 10 am is
significantly higher than the number of arrival flights, while we can see more arrival flights from 3 am to 7 am.
The imbalance of number of arrival and departure flights are the major cause of the non-optimum situation of
existing runway configuration. The number of arrival flights is exogenous factor in the system. Therefore, we
seek for a runway configuration switch approach to review the possibility of enhancing runway capacity in

regards to the imbalance demand of runway usage.

We are interested in the runway configuration setting in the analysis. Therefore, we compare the results using
the same instance based on different runway configurations, including 2R; 1Ry, 1R; 2R and 1R, 1R, 1R} ina
three-runway system, as shown in Fig. 4. The computation unit was equipped with an Intel Core 17 3.60GHz
CPU and 16 GB RAM in a Microsoft Windows 7 operating system. An exact method using /BM ILOG CPLEX
Optimisation Studio 12.8.0 in C# language was adopted.

13



© 00 N o o1 b~

10

30
25
@
5]
g
A Pl
§_0
&
[
)
1
S 15
o
]
g
>
=
10
5
0
& & > & O > S > > & L & d & O & Q& & QO & &
F o o T T T AT T & & o
F F FF&FFHF & & & & & & & & & & & & & &
AT AT AT W E T FFEHE RN SN F
—=— Average aircraft movements for approaching Average aircraft movements for departing

Fig. 3. The average arrival and departure of aircraft movement in April 2018

Fig. 4. The possible runway configuration in HKIA (proposed by the Hong Kong Airport Authority)

Each instance was given a maximum computation time of 3600 s to solve the instances in order to provide the
same baseline for the comparison of the different settings of the runway configuration switch. All the solutions
are in optimal condition in the numerical experiments. The global optimum of the instance using a switch model

runway in their system must be better than or equal to the results from another runway setting, as the objective
14
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value can be further decreased by introducing the switch runway property. If this is not the case, their objective

value should be the same, as a switch runway can be configured purely for landing or take-off.

4.2. Case example

For the sake of explanation of the model, we illustrate the optimal solution of a real-life case (1% April 2018
from 08:00 to 09:00 in HKIA) under different runway configuration modes using a Gantt chart. There are 40
flights, including 13 approach flights and 27 take-off flights in the dataset. We aimed at investigating the
performance of switch mode runway configuration. As the actual schedule from the real-life case was performed
in a two runways system, direct comparison between the simulated results from three runways system and the
actual schedule may not be appropriate. We, therefore, performed the computation of the three runways system
using the real-life case in a simulation environment. Fig. 5 explains the symbols used in Fig. 6 to Fig. 8. Flights
symbols with black colour and with blur colour represent take-off flight and landing flight, respectively. A single
straight line indicates a situation that the flight is approached or departed at its preferred time of operation PTO;.
If the preferred time of operation PTO; and assigned time of operation T; are not identical, a red straight line
indicates the time duration of lateness or earliness of operation in a schedule. ATC usually performs a schedule

in hourly decision horizon.

Take-off flights Landing flight
AN ‘ \L AN ‘
| I ’I | >
T, = P10, PIO T, I, =PTO, Decision
horizon

Fig. 5. Graphic illustration of the symbol used in the Gantt chart

The duration of runway configuration switch k is assumed to be 5 minutes in the simulation experiment. The
Gantt chart representation of the optimal solution of the case instance using 2R; 1Ry, 1R; 2R and 1R, 1R, 1R+
are illustrated in Fig. 6, Fig. 7 and Fig. 8 and the total penalty cost are 159, 198 and 9 seconds, which indicate
that the switch mode runway configuration 1R} 1R,, 1Rt achieves the lowest penalty cost. In Fig. 8, the runway
performed three time configuration switch in a schedule and yielded a better solution with regard to the objective
function than the runway configuration modes 2R; 1R and 1R;2R;. Only flight 7 was affected due to the
separation time requirement and other flights could operate at exactly the same as its preferred time of operation

PTO;.

15



Fig. 8. Optimal solution for the instance from 08:00 to 09:00 on 1st April 2018 using 1-Landing-1-Switch-mode-1-Take-off runways system
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4.3. Analysis on the impact of runway configuration planning

After the illustration of the mechanism and solution representation of dynamic runway configuration planning
in ASSP model, in this section, we explain the benefit of adopting dynamic runway configuration planning in
terms of the optimal value to investigate the relative percentage improvement. After trimming the dataset into
1-hour interval instances, a total of 695 instances was obtained. For each instance, we solve the problem under
three runway configuration settings (2R, 1Ry, 1R;2Rr and 1R, 1R, 1Ry) and compare their objective value.
Only two scenarios will be considered in the numerical computational analysis. For example, if the optimal
value from 1R, 1R, 1R isidentical to the setting of 2R; 1Ry, the solution indicates that the switch mode runway
R,, is employed as a landing runway R;. If the optimal value obtained from 1R; 1R, 1Rt is lower than the
setting of 2R; 1R, this solution implies that the switch mode runway could reduce the penalty cost by switching
the runway mode between the landing and take-off modes in the decision horizon. In this connection, the optimal
value from the runway setting of 1R; 1R, 1R must be lower than or equal to the optimal solution either from

2RL1RT and IRLZRT

We are interested in measuring the degree of improvement by using switch mode runway in the analysis. As for
the same time interval of the instances, the air traffic patterns are similar. Therefore, we solve 695 instances
under three types of runway settings (total of 2085 instances). Then, we present the statistical differences by
comparing the solutions under three different runways settings for the same 1-hour interval. For this interval,
the maximum, average and minimum optimal value from three types of settings from 30 instances (from 1st to
30th April 2018) are presented in Fig. 9, Fig. 10 and Fig. 11. Fig. 9 - Fig. 11 indicate that the runway
configuration mode in 1R, 1R, 1R} yielded the best solutions as compared to the runway modes of 2R; 1R,

and lRL2RT

17
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We compute the average percentage gap between runway configuration modes using Equation (27). f™* is

denoted as the optimal value, and A is a sufficiently small value. In
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Table 3, the average percentage gap of 1R, 1R, 1Ry from 2R; 1Ry and 1R; 2Ry is used to evaluate the
improvement when using the runway configuration switch using the real-life instances from HKIA. The runway
configuration with switch mode operations contribute to a 71.66% and 37.08% reduction of penalty costs as
compared to the runway configuration modes of 2R; 1Ry and 1R; 2Ry respectively. The results indicate that
runway configuration planning with switch operations could further enhance the utilisation of runway capacity
and cope with the arrival/departure patterns. Table 4 provides the summary of the computational times and

aircraft traffic movements in different time intervals.

Gap = (fother — fiR,1RW1R;) /(f;ther ) (27)
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Table 3

Average percentage gap between runways switch mode and segregated mode configurations

1R 1Ry, 1Ry 1R 1Ry IRy
Average percentage gap between

V.S, V.S,
runway configuration mode
2R, 1Ry IR, 2Ry
O0am — lam 75.06% 96.58%
lam — 2am 89.25% 99.34%
2am — 3am 0.00% 100.00%
3am — 4am 0.00% 0.00%
4am — Sam 100.00% 0.00%
Sam — 6am 96.58% 0.00%
6am — 7am 97.58% 0.00%
7am — 8am 94.27% 57.93%
8am — 9am 67.11% 81.62%
9am — 10am 42.38% 50.90%
10am — 11am 76.64% 21.00%
Ilam — 12pm 69.37% 34.87%
12pm — 1pm 70.89% 25.54%
Ipm — 2pm 73.90% 20.90%
2pm — 3pm 73.07% 23.82%
3pm —4pm 73.50% 34.04%
4pm — 5pm 60.77% 26.70%
5pm — 6pm 77.46% 20.13%
6pm — 7pm 72.99% 30.64%
7pm — 8pm 75.88% 28.41%
8pm — 9pm 77.29% 26.43%
9pm — 10pm 79.79% 11.36%
10pm — 11pm 83.83% 28.85%
11pm - 12pm 92.34% 70.80%
Average 71.66% 37.08%
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Table 4

Computational performances

ATMs ATMs for arrival | ATMs for departure CPU time of 1R, 1Ry 1Ry CPU time of 2R, 1Ry CPU time of 1R,2R,
min max min max min max min avg max min avg max min avg max
Oam —Tam | 53 39 5 13 15 29 00:01.23 | 02:01.92 | 20:01.00 | 00:00.50 | 00:25.09 | 02:53.33 | 00:00.10 | 00:07.63 | 01:31.28
lam —2am | 4, 27 2 9 10 23 00:00.58 | 00:19.00 | 01:51.67 | 00:00.11 | 00:06.88 | 00:37.50 | 00:00.05 | 00:01.13 | 00:05.47
2am — 3am 7 13 0 4 7 11 00:00.02 | 00:00.92 | 00:04.44 | 00:00.01 | 00:00.41 | 00:01.47 | 00:00.01 | 00:00.25 | 00:00.88
3am — 4am 2 4 0 2 1 3 00:00.00 | 00:00.17 | 00:00.55 | 00:00.00 | 00:00.18 | 00:00.50 | 00:00.00 | 00:00.14 | 00:00.50
4am — Sam 4 4 9 0 1 00:00.01 | 00:00.36 | 00:01.47 | 00:00.01 | 00:00.23 | 00:00.93 | 00:00.00 | 00:00.37 | 00:02.02
>am — 6am 3 14 3 14 0 00:00.05 | 00:00.90 | 00:08.50 | 00:00.01 | 00:00.26 | 00:01.67 | 00:00.03 | 00:00.66 | 00:05.06
bam—7am | 4y 24 14 24 0 00:00.19 | 00:09.89 | 01:49.30 | 00:00.03 | 00:00.68 | 00:02.28 | 00:00.12 | 00:05.27 | 00:27.69
Jam-—8am | 5 34 8 21 6 15 00:01.41 | 02:04.18 | 30:01.00 | 00:00.23 | 00:04.12 | 00:14.78 | 00:00.13 | 00:06.16 | 00:33.89
8am —9%am | 55 47 10 18 24 33 00:21.45 | 06:21.64 | 30:02.00 | 00:03.98 | 00:37.83 | 02:56.14 | 00:00.64 | 00:12.41 | 02:15.70
dam—10am | 4g 62 20 29 27 37 05:02.00 | 23:12.46 | 53:27.39 | 00:09.78 | 02:22.27 | 32:08.80 | 00:06.49 | 02:40.89 | 23:41.77
10am —1lam | 4g 64 25 33 20 31 01:29.87 | 19:12.63 | 56:40.17 | 00:04.32 | 01:24.37 | 07:40.20 | 00:09.16 | 02:05.61 | 10:10.25
Ham—12pm | 44 | 66 | 21 32 22 35 | 04:47.62 | 16:34.43 | 34:36.23 | 00:02.94 | 01:05.65 | 05:55.91 | 00:02.83 | 01:07.84 | 05:48.97
12pm—1Ipm | 4g 65 22 33 25 36 02:10.96 | 15:24.71 | 44:41.90 | 00:05.88 | 01:58.89 | 11:30.58 | 00:04.92 | 01:59.48 | 06:43.39
Ipm-=2pm | 44 66 21 32 23 34 00:25.39 | 17:08.75 | 43:18.80 | 00:04.03 | 01:34.82 | 07:19.92 | 00:03.41 | 02:50.91 | 24:37.88
Zpm-3pm | g, 62 24 33 23 31 04:17.04 | 18:56.09 | 48:53.48 | 00:07.91 | 01:38.48 | 05:26.83 | 00:00.00 | 02:41.45 | 13:40.41
3pm-—dpm | 4g 62 23 31 23 32 01:26.69 | 15:52.70 | 42:57.89 | 00:05.63 | 01:15.24 | 04:52.41 | 00:04.37 | 01:09.77 | 03:20.78
4pm-—Spm | 49 63 24 31 22 34 01:33.90 | 12:55.91 | 46:57.47 | 00:07.48 | 01:21.95 | 07:37.52 | 00:06.52 | 02:03.43 | 12:40.14
Spm-6pm | 4g 65 24 32 22 34 02:44.79 | 14:48.32 | 28:34.36 | 00:08.75 | 01:46.16 | 07:25.36 | 00:07.89 | 02:05.54 | 12:40.14
6pm—7pm | 45 63 22 33 20 32 00:00.00 | 14:06.30 | 34:47.77 | 00:00.00 | 01:28.78 | 07:14.66 | 00:00.00 | 02:28.16 | 31:08.00
Tpm-8pm | 4g 62 25 33 20 32 01:11.93 | 14:44.66 | 58:44.66 | 00:05.88 | 01:43.78 | 06:27.05 | 00:04.53 | 01:48.68 | 08:35.45
8pm—9%m | 4g 63 21 32 20 31 03:17.74 | 16:1558 | 29:57.61 | 00:04.34 | 01:44.44 | 13:20.89 | 00:09.56 | 01:55.38 | 11:30.61
Opm - 10pm | 4g 65 25 35 20 31 01:20.44 | 18:22.73 | 36:10.17 | 00:15.74 | 01:43.38 | 06:20.77 | 00:19.07 | 02:48.38 | 12:15.44
10pm—1lipm | 55 | 55 | 2o 30 7 28 | 01:55.03 | 14:28.44 | 44:36.97 | 00:02.54 | 00:35.38 | 01:24.50 | 00:05.39 | 01:07.67 | 03:50.97
Hpm—12pm |4 43 12 28 1 18 00:00.48 | 03:52.45 | 21:00.08 | 00:00.28 | 00:09.37 | 01:07.23 | 00:00.29 | 00:19.43 | 01:52.05

ATMs: Aircraft traffic movements, min: minimum, avg: average, max: maximum
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5. Concluding remarks

In this paper, we propose the formulation of the ASSP model under semi-mixed mode runway operation.
Terminal traffic is usually limited by runway capacity. Typically, the arrival and departure rate of an airport is
imbalanced during particular operating hours. A static runway configuration system may not provide a resource-
utilisation approach for the ASSP model and, further induce the possibility of efficiency loss of runway usage.
Providing a switchable runway configuration, ATC can determine a better runway configuration setting to
handle on-going traffic demand while satisfying the safety regulation. The coordination of dynamic runway
configuration planning and the ASSP model can further enhance the system’s capacity to tackle the imbalanced
runway usage problem. From a managerial aspect, the switch property of the runway will not reduce capacity
in the formation of a runway schedule. Apart from the terrain constraints and complexity of air traffic control,
semi-mixed mode runway operation is preferable for managing the imbalance of air and ground traffic. The
numerical experiments also suggest that dynamic runway configuration planning obtains better results than the

segregated mode.

The proposed model attempts to determine a runway schedule and determine the optimal setting of runway
configuration responding to the demand differences between landing and take-off operations. We could expect
that the flight can perform the landing and take-off operations at the agreed time of operations, which is an ATC
and pilot agreed time of operation. The model can also determine the level of tardiness (early or delay operations)
when insufficient capacity or separation time requirement are happened. Since runway scheduling is the
interconnection point between the airspace and airport. Early or delay operations will affect the subsequence
operations, including agreed taxiing time, gate time and ground manoeuvring operations. We attempt to optimise

and design a runway schedule with a tardiness objective function.

However, in our mathematical formulation, the problem is far more complicated than in the static case. The
exact method is not able to compute optimal results, given the computational limit of one hour. Further research
is recommended below. (1) The adoption of meta-heuristics is favourable for large-sized instances, as the
solution quality of the meta-heuristics (if proper algorithmic components are considered to enhance the
convergence rate) would be better than the solution obtained by the exact method. (2) In practice, the holding
pattern is one of the methods employed to handle air traffic. The proposed model can also be extended while

considering the number of holding flights and holding time of each flight.

23



RPRRRR R R
~NOURWNRPROOONOUAW N

References

Aheleroff, S., Xu, X., Lu, Y., Aristizabal, M., Pablo Velasquez, J., Joa, B., & Valencia, Y. (2020). IoT-enabled smart
appliances under industry 4.0: A case study. Advanced Engineering Informatics, 43, 101043.
doi:https://doi.org/10.1016/j.a€i.2020.101043

Amankwah-Amoabh, J. (2020). Note: Mayday, Mayday, Mayday! Responding to environmental shocks: Insights on global
airlines’ responses to COVID-19. Transportation Research Part E: Logistics and Transportation Review, 143,
102098. doi:https://doi.org/10.1016/j.tre.2020.102098

Atkin, J. A. D., Burke, E. K., Greenwood, J. S., & Reeson, D. (2008). On-line decision support for take-off runway
scheduling with uncertain taxi times at London Heathrow airport. Journal of Scheduling, 11(5), 323.
doi:10.1007/s10951-008-0065-9

Balakrishnan, H., & Chandran, B. G. (2010). Algorithms for Scheduling Runway Operations Under Constrained Position
Shifting. Operations Research, 58(6), 1650-1665. doi:10.1287/opre.1100.0869

Barmpounakis, E. N., Vlahogianni, E. 1., Golias, J. C., & Babinec, A. (2019). How accurate are small drones for measuring
microscopic traffic parameters? Transportation Letters, 11(6), 332-340. doi:10.1080/19427867.2017.1354433

Beasley, J. E., Sonander, J., & Havelock, P. (2001). Scheduling Aircraft Landings at London Heathrow Using a Population
Heuristic. The Journal of the Operational Research Society, 52(5), 483-493. Retrieved from
http://www.jstor.org/stable/253984

Bencheikh, G., Boukachour, J., Alaoui, A. E. H., & Khoukhi, F. (2009). Hybrid method for aircraft landing scheduling
based on a job shop formulation. International Journal of Computer Science and Network Security, 9(8), 78-88.

Bennell, J. A., Mesgarpour, M., & Potts, C. N. (2011). Airport runway scheduling. 4OR, 9(2), 115. doi:10.1007/s10288-
011-0172-x

Bombelli, A., Santos, B. F., & Tavasszy, L. (2020). Analysis of the air cargo transport network using a complex network
theory perspective. Transportation Research Part E: Logistics and Transportation Review, 138, 101959.
doi:https://doi.org/10.1016/].tre.2020.101959

Cai, K., Jia, Y., Zhu, Y., & Xiao, M. (2015). A novel biobjective risk-based model for stochastic air traffic network flow
optimization problem. The Scientific World Journal, 2015.

Capri, S., & Ignaccolo, M. (2004). Genetic algorithms for solving the aircraft-sequencing problem: the introduction of
departures into the dynamic model. Journal of Air Transport Management, 10(5), 345-351.
doi:http://dx.doi.org/10.1016/j.jairtraman.2004.05.004

Choi, T.-M., Wen, X., Sun, X., & Chung, S.-H. (2019). The mean-variance approach for global supply chain risk analysis
with air logistics in the blockchain technology era. Transportation Research Part E: Logistics and Transportation
Review, 127, 178-191. doi:https://doi.org/10.1016/j.tre.2019.05.007

Deng, W., Liu, H., Xu, J., Zhao, H., & Song, Y. (2020). An Improved Quantum-Inspired Differential Evolution Algorithm
for Deep Belief Network. [EEE Transactions on Instrumentation and Measurement, 69(10), 7319-7327.
doi:10.1109/TIM.2020.2983233

Deng, W., Xu, J., Song, Y., & Zhao, H. (2019). An effective improved co-evolution ant colony optimization algorithm with
multi-strategies and its application. Int. J. Bio-Inspired Comput, 2019, 1-10.

Deng, W., Xu, J., Song, Y., & Zhao, H. (2020). Differential evolution algorithm with wavelet basis function and optimal
mutation  strategy for complex optimization problem. Applied Soft Computing, 106724.
doi:https://doi.org/10.1016/j.as0c.2020.106724

Deng, W., Zhao, H., Yang, X., Li, D., Li, Y., & Liu, J. (2018). Research on a robust multi-objective optimization model of
gate assignment for hub airport. Transportation Letters, 10(4), 229-241. doi:10.1080/19427867.2016.1252876

Eltoukhy, A. E. E., Chan, F. T. S., & Chung, S. H. (2017). Airline schedule planning: a review and future directions.
Industrial Management & Data Systems, 117(6), 1201-1243. doi:doi:10.1108/IMDS-09-2016-0358

Eltoukhy, A. E. E., Wang, Z. X., Chan, F. T. S., & Chung, S. H. (2018). Joint optimization using a leader—follower
Stackelberg game for coordinated configuration of stochastic operational aircraft maintenance routing and
maintenance staffing. Computers & Industrial Engineering, 125, 46-68.
doi:https://doi.org/10.1016/j.cie.2018.08.012

Falk, J. E. (1976). Exact solutions of inexact linear programs. Operations Research, 24(4), 783-787.

Farhadi, F., Ghoniem, A., & Al-Salem, M. (2014). Runway capacity management — An empirical study with application to
Doha International Airport. Transportation Research Part E: Logistics and Transportation Review, 68, 53-63.
doi:http://dx.doi.org/10.1016/j.tre.2014.05.004

Givoni, M., & Chen, X. (2017). Airline and railway disintegration in China: the case of Shanghai Honggiao Integrated
Transport Hub. Transportation Letters, 9(4), 202-214. doi:10.1080/19427867.2016.1252877

Hancerliogullari, G., Rabadi, G., Al-Salem, A. H., & Kharbeche, M. (2013). Greedy algorithms and metaheuristics for a
multiple runway combined arrival-departure aircraft sequencing problem. Journal of Air Transport Management,
32, 39-48. doi:http://dx.doi.org/10.1016/j.jairtraman.2013.06.001

Hansen, J. V. (2004). Genetic search methods in air traffic control. Computers & Operations Research, 31(3), 445-459.

24


https://doi.org/10.1016/j.aei.2020.101043
https://doi.org/10.1016/j.tre.2020.102098
http://www.jstor.org/stable/253984
https://doi.org/10.1016/j.tre.2020.101959
http://dx.doi.org/10.1016/j.jairtraman.2004.05.004
https://doi.org/10.1016/j.tre.2019.05.007
https://doi.org/10.1016/j.asoc.2020.106724
https://doi.org/10.1016/j.cie.2018.08.012
http://dx.doi.org/10.1016/j.tre.2014.05.004
http://dx.doi.org/10.1016/j.jairtraman.2013.06.001

PRRRRRRRE e
O~NOUIRWNRPOOONOUTRWN -

doi:http://dx.doi.org/10.1016/S0305-0548(02)00228-9

Harada, A., Ezaki, T., Wakayama, T., & Oka, K. (2018). Air traffic efficiency analysis of airliner scheduled flights using
collaborative actions for renovation of air traffic systems open data. Journal of Advanced Transportation, 2018.

Harikiopoulo, D., & Neogi, N. (2011). Polynomial-Time Feasibility Condition for Multiclass Aircraft Sequencing on a
Single-Runway Airport. [EEE Transactions on Intelligent Transportation Systems, 12(1), 2-14.
doi:10.1109/TITS.2010.2055856

Herrema, F., Curran, R., Hartjes, S., Ellejmi, M., Bancroft, S., & Schultz, M. (2019). A machine learning model to predict
runway exit at Vienna airport. Transportation Research Part E: Logistics and Transportation Review, 131, 329-
342. doi:https://doi.org/10.1016/j.tre.2019.10.002

Hu, H., Ng, K. K. H., & Qin, Y. (2016). Robust Parallel Machine Scheduling Problem with Uncertainties and Sequence-
Dependent Setup Time. Scientific Programming, 2016, 13. doi:10.1155/2016/5127253

Hulagu, S., & Celikoglu, H. B. (2018). An integer linear programming formulation for routing problem of university bus
service. In New Trends in Emerging Complex Real Life Problems (pp. 303-311): Springer.

Hulagu, S., & H. B, C. (2019, 5-7 June 2019). A Multiple Objective Formulation of An Electric Vehicle Routing Problem
For Shuttle Bus Fleet at A University Campus. Paper presented at the 2019 6th International Conference on Models
and Technologies for Intelligent Transportation Systems (MT-ITS).

Idris, H., Delcaire, B., Anagnostakis, 1., Hall, W., Pujet, N., Feron, E., . . . Odoni, A. (1998). Identification of flow constraint
and control points in departure operations at airport systems. Paper presented at the Guidance, Navigation, and
Control Conference and Exhibit.

Jacquillat, A., Odoni, A. R., & Webster, M. D. (2017). Dynamic Control of Runway Configurations and of Arrival and
Departure Service Rates at JFK Airport Under Stochastic Queue Conditions. Transportation Science, 51(1), 155-
176. doi:10.1287/trsc.2015.0644

Khan, W. A., Chung, S., Awan, M., & Wen, X. (2019). Machine learning facilitated business intelligence (Part II): Neural
networks optimization techniques and applications. Industrial Management & Data Systems, 120(1), 128-163.
doi:10.1108/IMDS-06-2019-0351

Khan, W. A, S., C., Awan, M., & Wen, X. (2019). Machine learning facilitated business intelligence (Part I): Neural
networks learning algorithms and applications. Industrial Management &amp; Data Systems, ahead-of-
print(ahead-of-print). doi:10.1108/IMDS-07-2019-0361

Lee, C. K. M., Ng, K. K. H,, Chan, H. K., Choy, K. L., Tai, W. C., & Choi, L. S. (2018). A multi-group analysis of social
media engagement and loyalty constructs between full-service and low-cost carriers in Hong Kong. Journal of
Air Transport Management, 73, 46-57. doi:https://doi.org/10.1016/j.jairtraman.2018.08.009

Lee, H., Li, G., Rai, A., & Chattopadhyay, A. (2020). Real-time anomaly detection framework using a support vector
regression for the safety monitoring of commercial aircraft. Advanced Engineering Informatics, 44, 101071.
doi:https://doi.org/10.1016/j.aei.2020.101071

Lieder, A., & Stolletz, R. (2016). Scheduling aircraft take-offs and landings on interdependent and heterogeneous runways.
Transportation  Research  Part E:  Logistics and  Transportation  Review, 88, 167-188.
doi:http://dx.doi.org/10.1016/].tre.2016.01.015

Liu, Y.-H. (2011). A genetic local search algorithm with a threshold accepting mechanism for solving the runway dependent
aircraft landing problem. Optimization Letters, 5(2), 229-245. doi:10.1007/s11590-010-0203-0

Ma, W., Xu, B., Liu, M., & Huang, H. (2014). An Efficient Approximation Algorithm for Aircraft Arrival Sequencing and
Scheduling Problem. Mathematical Problems in Engineering, 2014, 8. doi:10.1155/2014/236756

Meng, X., Zhang, P., & Li, C. (2011). Memetic Algorithm for Aircraft Arrival Sequencing and Scheduling Problem [J].
Journal of Southwest Jiaotong University, 3, 488-493.

Ng, K. K. H., & Lee, C. K. M. (2016, 4-7 Dec. 2016). Makespan minimization in aircraft landing problem under congested
traffic situation using modified artificial bee colony algorithm. Paper presented at the 2016 IEEE International
Conference on Industrial Engineering and Engineering Management (IEEM), Bali, Indonesia.

Ng, K. K. H., & Lee, C. K. M. (2017). Aircraft Scheduling Considering Discrete Airborne Delay and Holding Pattern in
the Near Terminal Area. Paper presented at the Intelligent Computing Theories and Application: 13th International
Conference, ICIC 2017, Liverpool, UK.

Ng, K. K. H., Lee, C. K. M., & Chan, F. T. S. (2017). A4 robust optimisation approach to the aircraft sequencing and
scheduling problem with runway configuration planning. Paper presented at the 2017 IEEE International
Conference on Industrial Engineering and Engineering Management (IEEM), Singapore, Singapore.

Ng, K. K. H.,, Lee, C. K. M., Chan, F. T. S., Chen, C.-H., & Qin, Y. (2020). A two-stage robust optimisation for terminal
traffic flow problem. Applied Soft Computing, 89, 106048. doi:https://doi.org/10.1016/j.as0c.2019.106048

Ng, K. K. H., Lee, C. K. M., Chan, F. T. S., & Lv, Y. (2018). Review on meta-heuristics approaches for airside operation
research. Applied Soft Computing, 66, 104-133. doi:https://doi.org/10.1016/j.as0¢.2018.02.013

Ng, K. K. H,, Lee, C. K. M., Chan, F. T. S., & Qin, Y. (2017). Robust aircraft sequencing and scheduling problem with
arrival/departure delay using the min-max regret approach. Transportation Research Part E: Logistics and
Transportation Review, 106, 115-136. doi:https://doi.org/10.1016/j.tre.2017.08.006

Ng, K. K. H., Lee, C. K. M., Chan, F. T. S., & Zhang, S. Z. (2018). Dynamic semi-mixed mode runway configuration

25



http://dx.doi.org/10.1016/S0305-0548(02)00228-9
https://doi.org/10.1016/j.tre.2019.10.002
https://doi.org/10.1016/j.jairtraman.2018.08.009
https://doi.org/10.1016/j.aei.2020.101071
http://dx.doi.org/10.1016/j.tre.2016.01.015
https://doi.org/10.1016/j.asoc.2019.106048
https://doi.org/10.1016/j.asoc.2018.02.013
https://doi.org/10.1016/j.tre.2017.08.006

PRRRRRRRE e
O~NOUIRWNRPOOONOUTRWN -

planning and runway scheduling. Paper presented at the Proceedings of International Conference on Computers
and Industrial Engineering, CIE.

Ng, K. K. H., Tang, M. H. M., & Lee, C. K. M. (2015, 6-9 Dec. 2015). Design and development of a performance evaluation
system for the aircraft maintenance industry. Paper presented at the 2015 IEEE International Conference on
Industrial Engineering and Engineering Management (IEEM), Singapore, Singapore.

Paielli, R. A. (2018). Trajectory Specification Language for Air Traffic Control. Journal of Advanced Transportation, 2018.

Pal, D., & Chunchu, M. (2019). Modeling of lateral gap maintaining behavior of vehicles in heterogeneous traffic stream.
Transportation Letters, 11(7), 373-381. doi:10.1080/19427867.2017.1369633

Patnaik, A. K., Agarwal, L. A., Panda, M., & Bhuyan, P. K. (2020). Entry capacity modelling of signalized roundabouts
under heterogeneous traffic conditions. Transportation Letters, 12(2), 100-112.
doi:10.1080/19427867.2018.1533160

Pinol, H., & Beasley, J. E. (2006). Scatter Search and Bionomic Algorithms for the aircraft landing problem. European
Journal of Operational Research, 171(2), 439-462. doi:http://dx.doi.org/10.1016/j.ejor.2004.09.040

Qin, Y., Chan, F. T. S., Chung, S. H., & Qu, T. (2017, 21-23 April 2017). Development of MILP model for integrated aircraft
maintenance scheduling and multi-period parking layout planning problems. Paper presented at the 2017 4th
International Conference on Industrial Engineering and Applications (ICIEA).

Qin, Y., Chan, F. T. S., Chung, S. H., Qu, T., & Niu, B. (2018). Aircraft parking stand allocation problem with safety
consideration for independent hangar maintenance service providers. Computers & Operations Research, 91, 225-
236. doi:https://doi.org/10.1016/j.cor.2017.10.001

Qin, Y., Chan, F. T. S., Chung, S. H., Qu, T., Wang, X. P., & Ruan, J. H. (2017). MIP models for the hangar space utilization
problem with safety consideration. Paper presented at the Proceedings of the World Congress on Mechanical,
Chemical, and Material Engineering.

Qin, Y., Wang, Z. X., Chan, F. T. S., Chung, S. H., & Qu, T. (2018). A Family of Heuristic-Based Inequalities for
Maximizing Overall Safety Margins in Aircraft Parking Stands Arrangement Problems. Mathematical Problems
in Engineering, 2018, 16. doi:10.1155/2018/3525384

Qin, Y., Wang, Z. X., Chan, F. T. S., Chung, S. H., & Qu, T. (2019). A mathematical model and algorithms for the aircraft
hangar  maintenance  scheduling problem. Applied  Mathematical — Modelling, 67, 491-509.
doi:https://doi.org/10.1016/j.apm.2018.11.008

Rajendran, S., & Srinivas, S. (2020). Air taxi service for urban mobility: A critical review of recent developments, future
challenges, and opportunities. Transportation Research Part E: Logistics and Transportation Review, 143,102090.
doi:https://doi.org/10.1016/.tre.2020.102090

Sabar, N. R., & Kendall, G. (2015). An iterated local search with multiple perturbation operators and time varying
perturbation strength for the aircraft landing problem. Omega, 56, 88-98.
doi:http://dx.doi.org/10.1016/j.omega.2015.03.007

Saharidis, G. K. D., Conejo, A. J., & Kozanidis, G. (2013). Exact Solution Methodologies for Linear and (Mixed) Integer
Bilevel Programming. In E.-G. Talbi (Ed.), Metaheuristics for Bi-level Optimization (pp. 221-245). Berlin,
Heidelberg: Springer Berlin Heidelberg.

Salehipour, A., Modarres, M., & Moslemi Naeni, L. (2013). An efficient hybrid meta-heuristic for aircraft landing problem.
Computers & Operations Research, 40(1), 207-213. doi:http://dx.doi.org/10.1016/j.cor.2012.06.004

Sama, M., D’ Ariano, A., D’ Ariano, P., & Pacciarelli, D. (2015). Air traffic optimization models for aircraft delay and travel
time minimization in terminal control areas. Public Transport, 7(3), 321-337. doi:10.1007/s12469-015-0103-x

Solveling, G. (2012). Stochastic programming methods for scheduling of airport runway operations under uncertainty.
Georgia Institute of Technology,

Soomer, M. J., & Franx, G. J. (2008). Scheduling aircraft landings using airlines’ preferences. European Journal of
Operational Research, 190(1), 277-291. doi:https://doi.org/10.1016/j.€jor.2007.06.017

Villegas Diaz, M., Gébmez Comendador, F., Garcia-Heras Carretero, J., & Arnaldo Valdés, R. M. (2019). Analyzing the
Departure Runway Capacity Effects of Integrating Optimized Continuous Climb Operations. International
Journal of Aerospace Engineering, 2019.

Wang, H., Song, Z., & Wen, R. (2018). Modeling air traffic situation complexity with a dynamic weighted network
approach. Journal of Advanced Transportation, 2018.

Wang, S., Wan, J., Li, D., & Zhang, C. (2016). Implementing Smart Factory of Industrie 4.0: An Outlook. International
Journal of Distributed Sensor Networks, 12(1),3159805. doi:10.1155/2016/3159805

Wee, H. J., Lye, S. W., & Pinheiro, J.-P. (2019). An integrated highly synchronous, high resolution, real time eye tracking
system for dynamic flight movement. Advanced Engineering Informatics, 41, 100919.
doi:https://doi.org/10.1016/1.2i.2019.100919

Wen, X., Xu, X., Choi, T., & Chung, S. (2019). Optimal Pricing Decisions of Competing Air-Cargo-Carrier Systems--
Impacts of Risk Aversion, Demand, and Cost Uncertainties. /[EEE Transactions on Systems, Man, and Cybernetics:
Systems, 1-15. doi:10.1109/TSMC.2019.2930725

Xue, D., Ng, K. K., & Hsu, L.-T. (2020). Multi-Objective Flight Altitude Decision Considering Contrails, Fuel
Consumption and Flight Time. Sustainability, 12(15), 6253.

26



http://dx.doi.org/10.1016/j.ejor.2004.09.040
https://doi.org/10.1016/j.cor.2017.10.001
https://doi.org/10.1016/j.apm.2018.11.008
https://doi.org/10.1016/j.tre.2020.102090
http://dx.doi.org/10.1016/j.omega.2015.03.007
http://dx.doi.org/10.1016/j.cor.2012.06.004
https://doi.org/10.1016/j.ejor.2007.06.017
https://doi.org/10.1016/j.aei.2019.100919

el
PBWNROOONOUAWNE

Yaylali, M., Celik, A. K., & Dilek, O. (2016). Analyzing key socio-economic and socio-demographic drivers of domestic
passengers’ airline choice behavior in Turkey using multinomial and mixed logit models. Transportation Letters,
8(3), 121-130. doi:10.1179/1942787515Y.0000000014

Yin, C., Lu, Y., Xu, X., & Tao, X. (2020). Railway freight subsidy mechanism based on multimodal transportation.
Transportation Letters, 1-12. doi:10.1080/19427867.2020.1791507

Yin, L., Tang, D., Ullah, 1., Wang, Q., Zhang, H., & Zhu, H. (2017). Analyzing engineering change of aircraft assembly
tooling considering both duration and resource consumption. Advanced Engineering Informatics, 33, 44-59.
doi:https://doi.org/10.1016/j.aei.2017.04.006

Zhang, H., Xu, Y., Yang, L., & Liu, H. (2014). Macroscopic model and simulation analysis of air traffic flow in airport
terminal area. Discrete Dynamics in Nature and society, 2014.

Zhao, X., Verhagen, W. J. C., & Curran, R. (2015). Estimation of aircraft component production cost using knowledge
based engineering techniques. Advanced Engineering Informatics, 29(3), 616-632.
doi:https://doi.org/10.1016/j.a¢i.2015.05.004

27


https://doi.org/10.1016/j.aei.2017.04.006
https://doi.org/10.1016/j.aei.2015.05.004



