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Abstract—The electric vertical takeoff and landing (eVTOL)
aircraft sequencing and scheduling problem have been formu-
lated in urban air mobility (UAM) context for a mixed fleet
(winged/wingless) of eVTOLs expected to land on a vertiport with
single landing pad. The objective of the problem is to minimize
the makespan (landing completion time) of a given set of eVTOLs,
which is equivalent to maximizing the arrival throughput. The
landing order (sequence) and makespan of the mixed fleet is
optimized using a heuristic approach called insertion and local
search (ILS) combined with two different scheduling methods
i) mixed-integer linear programming (MILP) or ii) time-advance
(TA) algorithm. Finally, sensitivity analysis is performed to see the
impact of number of eVTOLSs expected to land on computational
times of both the algorithms. Through numerical simulations
and sensitivity analysis, our algorithms demonstrated real-time
scheduling capabilities for on-demand UAM arrivals, which can
be used as a potential future service for UAM vertiports and
terminal airspace.

Keywords—Electric Vertical Takeoff and Landing (eVTOL),
Insertion and Local Search (ILS), Mixed Integer Linear Pro-
gramming (MILP), Required Time of Arrival (RTA), Urban Air
Mobility (UAM).

I. INTRODUCTION

Commuting time has an adverse impact on physical activity
and cardiorespiratory fitness (CRF) of human beings [1]. In
2014, road-traffic congestion resulted in a wastage of 6.9
billion person-hours and 3.1 billion gallons of excess fuel
consumed in the USA alone [2]. On-demand passenger electric
vertical takeoff and landing (eVTOL) aircraft are perceived as
the key enabler for urban air mobility (UAM) to cut down on
daily commute time for people and reduce carbon footprint
by utilizing three-dimensional airspace efficiently with zero
operational emission [3]-[5].

Recently, technological advances have made it possible to
build and flight test eVTOL aircraft to make them a reality in
the near future. Over a dozen companies, e.g., Airbus, Aurora,
Bell, EHang, Embraer, Jobby Aviation, Lilium, Pipistrel, Volo-
copter, and Zee.Aero, with many different design approaches,
are passionately working to ensure safe and energy efficient
eVTOL aircraft become an integral part of a daily commute
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[3]-[6]. The eVTOL aircraft designs vary from multirotor
(EHang 184, Volocopter) to tilt-rotor/tandem tilt-wing (Joby
S2, Airbus Vahana, Zee.Aero). However, all of them have one
thing in common, i.e., use of distributed electric propulsion
(DEP) technology and a redundant battery bus architecture to
avoid the problem of catastrophic engine failure by having full
propulsion system redundancy [3].

II. BACKGROUND AND MOTIVATION

A. Background

The envisioned concept of UAM involves a network of eV-
TOL aircraft that will enable rapid and reliable transportation
between suburbs and downtown of cities and within cities
(intra-city) [3], [7]. Similar to Unmanned Aircraft System
Traffic Management (UTM), the air traffic services for UAM
need to safely and efficiently manage eVTOL aircraft without
burdening Air Traffic Control (ATC) or impacting traditional
aviation operations [7], [8]. However, unlike the small UAV
that can take off and land almost anywhere in the UTM
framework, eVTOL aircraft of UAM operation need to take
off from and land at vertiports.

From our previous research on trajectory optimization of
eVTOLs, we learned that arrival air traffic flow needs to
be separated for wingless (multirotor) eVTOL aircraft from
winged (tilt-rotor/tandem tilt-wing) eVTOL aircraft because
of difference in cruise speeds [4], [5]. For example, the cruise
speed of multirotor eVTOL aircraft EHang 184 is 27.78 m/s,
whereas the minimum maneuver speed of Airbus Vahana
(tandem tilt-wing eVTOL) is 45.5 m/s [6], [9], [10]. Hence, it
would be a big challenge for eVTOL arrival sequencing and
scheduling service provider to safely and efficiently maintain
minimum separation between the wingless and winged eV-
TOLs especially when winged eVTOL is trailing the wingless
on the same airway in UAM. Therefore, we propose an
airspace design concept to separate wingless eVTOL arrival air
traffic from winged until merging at the metering fix because
of the aforementioned reason.



B. Motivation

Before the large-scale fully autonomous UAM operations
become true, the first bottleneck of UAM traffic throughput
is expected to appear at the vertiport (or skyport) terminal
airspace. In UAM operations, we anticipate that the arrival
phase (compared with departure) will be one of the most
safety-critical phases of flight. This is because of the following
reasons: (1) arrival traffic will be restricted by the capacity
of vertiports, and air traffic is, in general, dynamic and
complex in terminal airspace; (2) flight endurance of eVTOL
aircraft will be limited by the specific energy (the amount
of energy per unit weight provided by the battery) and state-
of-charge (SOC) of lithium-ion polymer (Li-Po) batteries [3],
[4]. Therefore, UAM operations will require safe and efficient
services similar to ATC services in National Airspace System
(NAS) for commercial aircraft [3], [7]. However, matured
UAM operations will require introducing orders-of-magnitude
more eVTOL aircraft in given airspace then that can be
accommodated by the current air traffic control (ATC) system
[7].

Our research on solving the arrival sequencing and schedul-
ing for eVTOL aircraft in UAM is inspired by deterministic
modeling of arrival sequencing and scheduling problem in
the terminal area for commercial air traffic [11]-[16]. First-
come-first-served (FCES), is the most straightforward arrival
sequencing and scheduling method as it schedules the aircraft
in the order of their estimated time of arrival (ETA) to the
metering points (gates and runway threshold) [13]. The FCFS
sequencing order provides a sense of fairness and is easy to
implement for the ATC. However, it can not achieve optimal
runway throughput in UAM because of very different nominal
cruise speeds of various eVTOL aircraft. Therefore, mixed
fleet of eVTOLs (winged/wingless) and the low specific energy
of Li-Po batteries provides an incentive to deviate from the
FCFS order and find the most efficient sequence (landing
order) with optimal spacing between the eVTOL aircraft to
maximize vertiport throughput for UAM arrival operations.

Finding an optimal arrival sequencing order is a non-
deterministic polynomial time (NP) hard problem [15], [16],
[20]-[22]. Hence, instead of finding an exact solution for
sequencing order, many researchers have investigated heuristic
and metaheuristic optimization algorithms for commercial air
traffic [15], [16], [20]-[22]. Furthermore, due to the anticipated
dynamic environment of on-demand UAM operations, it might
not be possible to compute the optimal arrival sequence of
eVTOLs that deviates significantly from the FCFS order in
real time. However, we anticipate that arrival sequencing and
scheduling service provider for UAM will have the computing
capability to explore other sequences by shifting eVTOL
landing slots by a small number from its FCFS order like
the commercial aircraft in the terminal area [15], [16], [21],
[23]. This paper aims to solve eVTOL arrival sequencing and
scheduling problem in UAM using insertion and local search
(ILS) heuristic approach [15].

In commercial air traffic world, one possible approach to

decrease the average delay incurred by aircraft and maximize
the runway throughput is to accelerate from their ideal speeds.
This strategy is known as time advance (TA) [13], [16].
Similarly, to maximize the throughput at a vertiport, given
the anticipated randomness in on-demand traffic in UAM and
different cruise speeds of various eVTOLs, time-advance (TA)
strategy [13], [16] has been combined with the ILS in this

paper.
III. PROBLEM STATEMENT
A. CONOPS for eVTOL aircraft arrivals

Cruise for N km N
L(./’
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Fig. 1. Proposed CONOPS for eVTOL aircraft arrivals by Airbus Vahana [6]

In this paper, the arrival concept of operations (CONOPS)
for the mixed fleet of eVTOL aircraft (wingless/winged) is
assumed to be cruising at a constant altitude followed by
the vertical descent to land on the vertiport with single
landing pad. The vertical descent would be exceptionally safe
when skyscrapers surround the vertiport. Therefore, for such
vertiports, we assume the first metering fix (MF1) for arrival
at cruise altitude directly above the vertiport and the second
metering fix (MF2) at the vertiport itself. The ETA for each
eVTOL aircraft to the MFI1 is assumed to be based on the
following: i) nominal cruise speed of the eVTOL aircraft,
ii) airways to the first metering fix are geodesic path, iii)
negligible time to decelerate to hover, and iv) no miles-in-
trail enroute restrictions on the airways. The ETA for the i
eVTOL aircraft to the MF2 is given by:

ETA(i)]wpg = ETA(Z)MFl +t Vi (D)

where t; is the vertical time of descent for the i® eVTOL
aircraft. Since the MF1 is also a merging point for eVTOL air
traffic in UAM, therefore, the ETAs of eVTOL aircraft to the
MF1 is used to define the FCFS order.

B. Objective of the problem

The goal of a scheduler is to assign each aircraft in the
arrival traffic a required time of arrival (RTA) to the metering
fix. However, for safety the RTA(i) for the i" eVTOL aircraft
should lie between it’s earliest time of arrival (E(i)) and latest
time of arrival (L(i)) to the metering fix.

We anticipate that the arrival sequencing and scheduling



Fig. 2. Vertiport with single landing pad [2]

service providers for eVTOL aircraft would like to land the
sequence of eVTOLSs as soon as possible, given the limitations
with Li-Po batteries and safety concerns associated with air
traffic congestion in the terminal area. The optimization
problem of minimizing the makspan i.e. the RTA of the
last eVTOL (in the mixed fleet) to the MF1 is equivalent
to maximizing vertiport throughput [15], [16]. Hence, the
objective of this research is to find the eVTOL aircraft
landing order heuristically for a given set of mixed fleet of
eVTOLSs such that the makespan of the eVTOLs (n) expected
to land is minimized. Therefore, the decision variables are the
set of (RTA)s to the MF1 and the objective of the problem
is to minimize the RTA of the last eVTOL aircraft to the MF1:

C. Window constraints on arrival scheduling

As stated above the following window constraints are im-
posed on the RT A(i)mr1 of each eVTOL aircraft, where 4
denotes the i*" aircraft in the arrival traffic sequence:

E(i))mr < RTA( e < L) e Vi 3)

Given the ET A(i)mri: (2) the earliest time of arrival to the
MF1 (E(i)mp1) is calculated based on the maximum speed
of the eVTOL aircraft ¢; and (b) the latest time of arrival
(L(i)mp1) is calculated based on the mission and state-of-
charge (SOC) of the Li-Po battery pack of the eVTOL aircraft
i, however, in the current research it is randomly assigned a
value between 900 to 1200 seconds above the ETA(%)pr1
for each eVTOL aircraft. In the future, we will incorporate
Li-Po battery model [18], [19] to estimate the latest times of
arrival of eVTOLSs more realistically.

D. Minimum time separation

As UAM would involve low altitude operations [2], [6], [9]
and the focus of this paper is on the vertiport with single
landing pad. Therefore, we imposed a safety requirement
that the trailing eVTOL aircraft shall not descend unless the

leading has landed on the vertiport. Hence, the minimum time
separation (Z;;) between the trailing eVTOL aircraft j and
the leading eVTOL aircraft ¢ is dependent on the vertical
time of descent (¢;) of the leading eVTOL aircraft (¢) and
is independent of the trailing eVTOL aircraft (7).

Therefore, the following constraints have been imposed on
the eVTOL sequencing and scheduling problem:

t; < RTA(])MFl — RTA(Z)MFl Vi< i )

In this paper, the vertical descent is assumed to be from the
cruise altitude of 500 m above sea-level to vertiport at sea-
level. The vertical time of descent (¢;) for winged and wingless
eVTOLs is computed using the multiphase optimal control
framework (minimum energy path) from our previous research
on trajectory optimization of Airbus Vahana and EHang 184
respectively [4], [5]. The multiphase optimal control problem
is transcribed using GPOPS-II, and then IPOPT has been used
as the solver to solve the problem transcribed to nonlinear
programming by GPOPS-II [24], [25].

TABLE I
Minimum time separations (sec) at the MF1

Trailing eVTOL
Winged | Wingless
Leading eVTOL
Winged 151 151
Wingless 173 173

IV. PROPOSED ALGORITHM
A. Insertion and local search heuristics

The insertion and local search (ILS) heuristic algorithm
developed in this paper for arrival sequencing and scheduling
of eVTOL aircraft expected to land on a vertiport with single
landing pad, is based on the ILS algorithm described for single
runway scheduling of commercial air traffic by Malik and Jung
[15].

The heuristic starts with the initial guess for eVTOL aircraft
arrival sequence as the FCFS to the MF1. The iteration begins
for fixing the 1°¢ position in the arrival sequence and then it
continues till fixing the (n — k + 1)*" position, where n is the
total number of eVTOL aircraft expected to land on the verti-
port and k is the number of eVTOL aircraft involved in each
iteration for local neighborhood search (local optimization).
For example, the i*" iteration for fixing the i*" position in the
arrival sequence involves local neighborhood search starting
from the i*" position in the sequence till the (i + k — 1)**
position. Hence, at each iteration k * (k — 1) sequences
(permutations) of eVTOL aircraft are possible. Therefore, local
optimization is carried out kx(k—1) times to pick the preferred
local sequence and fix the i*" position with the best eVTOL
aircraft. During the local neighborhood search, the preferred
sequence is the one with the least objective value among all
the objective values in the k x (k — 1) sequences. Hence, after



the i'" iteration, the eVTOL aircraft positions from 1°¢ till
ith are considered fixed whereas the positions from (i + 1)
till n*" are considered free. However, at the end of fixing
the (n — k + 1) position, the eVTOL aircraft positions at
n+2—k,...,n are fixed based on the preferred sequence for
(n—k+1)*" position in the arrival sequence as shown in Fig.
3.

Consider a feasible sequence (H) consisting of n eVTOL

ETAs of n # of
eVTOL aircraft

Sort eVTOL aircraft in
FCFS order to the MF1.

}

Start iteration (i = 1) with first k
free eVTOL aircraft

Optimal
Sequence with
RTAs of eVTOLs

Find all permutations of k free
eVTOLs starting from position i

!

Optimize makespan for each
permutation using either i) MILP,
or ii) TA algorithm

l

Select the sequence and fix the
ith position with eVTOL aircraft
that gives the least

Fig. 3. Block diagram of arrival sequencing and scheduling

aircraft (a1, aso,as,...ay). For example, when k£ = 3, six
different sequences (H}, H?, H?, H}, H?, HY) are possible
during the i*" iteration by juggling eVTOL aircraft located at
free neighborhood positions: ¢,7 + 1 and ¢ + 2 [15]. Fig. 4,
shows a few iteration steps of the ILS algorithm for £ = 3
and fleet of 10 eVTOL aircraft expected to land, starting with
the FCFS order. The green highlight indicates the preferred
sequence of k free eVTOL aircraft during the i*” iteration that
fixes the eVTOL aircraft for the i*” position in the sequence.
The preferred sequence is the one with the least optimal
objective value among all the six possibilities during the local
neighborhood search. Finally, the i*" position (blue box in Fig.
4) in the arrival sequence is fixed using the eVTOL aircraft at
the 7*" position in the preferred sequence during the iteration.

As stated in the previous section, the objective function of
the eVTOL aircraft arrival sequencing and scheduling problem
is to minimize the RTA to the MF1 of the last eVTOL aircraft
in the arrival sequence. The optimal objective value for each
sequence in a given iteration is computed using either the
open source MILP solver Gurobi Optimizer [26] or in-house
developed time advance (TA) algorithm [13], [16].

(o] [ [ao] [aa] [as] [a0] [ar] [as] [2o] [en]
[2a] [an] [aa] [aa] [s] [a] [er] [ae] [as] [an]

[2a] [an] [aa] [ce] [2s] [a] [e] [aa] [2o] [an]
[2a] [ao] [a] [22] [as] [ao] [ar] [at] [as] [eo]

Fig. 4. Example of ILS algorithm for eVTOL arrival sequencing and
scheduling [15]

B. TA algorithm

The main idea behind the TA algorithm is to speed-up an
eVTOL whenever the separation from the leading eVTOL is
larger than the minimum time separation (t;;). Therefore, the
RTA(j) 1 for the 51" eVTOL aircraft trailing behind the
it eVTOL aircraft is given by:

RTA(j)mr1 = maz{E(j)vr1, RTA() mr1 + i} Vi<

(6)

The above equation is based on the assumption that time to

transition to hover is negligible. However, for the feasibility

of the solution, the (RTA)s of all eVTOL aircraft to the MF1

should be less than their corresponding latest times of arrival
to the MFI.

V. NUMERICAL SIMULATIONS AND RESULTS

A. Numerical Simulations

We anticipate arrival air traffic to a vertiport would be at
random time distribution because of the on-demand nature of
UAM but at an average rate when viewed as a group for a
set of eVTOLSs expected to land on a vertiport. Therefore, we
simulated the estimated times of arrival (ETA)s of eVTOL
aircraft using Poisson arrival process [27] using Python 3.6
(high-level programming language) [28] on MacBook Pro with
2.8 GHz Intel Core i7 processor. In this research, we simulated
two types of eVTOL air traffic, i.e., winged and wingless, both
arriving via different airways and merging at the MF1.

The earliest time of arrival of each eVTOL to the MFI is
calculated by ignoring transition and hover time. Therefore,
the earliest time of arrival (£(7)) of the i** eVTOL aircraft to
the MF1 is set to be as follows:

. Vrcruise . .
E(’L)Mpl = —— % ETA(Z)MFl V1 (7)

VMO

where Vs is the nominal cruise speed and VMO is the
maximum cruise speed of the eVTOL aircraft.



The latest time of arrival (L(3)) of the i*" eVTOL aircraft
to the MFI1 is set to be as follows:

L(t)pr1 = ETA() v +U(t) Vi 8

where U(t) is a random function which uniformly samples a
value between 900 and 1200 seconds. In this paper, we used
function U (t) to simulate the effect of remaining SOC of the
Li-Po battery pack on the ETA of an eVTOL.

The winged eVTOL aircraft in the air traffic are simulated

TABLE 11
Performance data of eVTOL aircraft
eVTOL Type | Nominal Cruise Speed (m/s) | VMO (m/s)
Winged 45.5 80
Wingless 27.77 33.33

per the performance characteristics of Airbus Vahana [5],
[6] whereas wingless eVTOL aircraft are simulated per the
performance characteristics of EHang 184 [4], [9] as shown
in Table II.

In this research, we assumed mixed fleet of 10 eVTOL
aircraft expected to land in 1800 seconds on a vertiport with
single landing pad.

B. Results

The proposed heuristic methods (ILS-MILP and ILS-TA) to
minimize the makespan of a given set of eVTOLs are written
in Python 3.6 and run on MacBook Pro with 2.8 GHz Intel
Core 17 processor. The algorithms are tested using the case
studies as described in this section.

1) Case study I - fleet mix ratio (5/5): In this case study,
the ETAs of 5 winged and 5 wingless eVTOL aircraft are
generated separately using Poisson arrival process assuming a
total time interval of 1800 seconds for each fleet.

From Table III and Table IV, we can observe that for the
simulated mixed fleet of eVTOLs and their respective (ETA)s
to the MF1, both the methods (ILS-MILP and ILS- TA)
minimized the makespan (RTA of the last eVTOL to the MF1)
to the same value (1517.68 seconds). The minimization of the
makespan was achieved by speeding-up eVTOLs whenever
possible without violating any constraints. Also, it can be seen
that for this simulation the preferred landing order (sequence)
is FCFS. However, ILS-MILP method computed the optimal
landing order and RTAs in 0.729 seconds whereas ILS-TA
method computed the optimal results in 0.012 seconds.

2) Case study II - fleet mix ratio (7/3): In this case study,
the ETAs of 7 winged and 3 wingless eVTOL aircraft are
generated separately using Poisson arrival process assuming a
total time interval of 1800 seconds for each fleet.

From Table V and Table VI, we can observe that for the
simulated mixed fleet of eVTOLs and their respective (ETA)s,
both the methods (ILS-MILP and ILS-TA) minimized the
makespan (RTA of the last eVTOL to the MF1) to the same
value (1604.48 seconds) by changing the landing order and
by speeding-up eVTOLs whenever possible without violating

TABLE III
Case study 1: Simulation of eVTOLs and their ETAs
FCFS | eVTOL Type | ETA (Sec)
1 Winged 77.88
2 Wingless 82.82
3 Wingless 119.38
4 Wingless 157.40
5 Wingless 183.93
6 Wingless 245.64
7 Winged 1361.62
8 Winged 1493.70
9 Winged 1759.36
10 Winged 1820.91
TABLE IV

Case study 1: Results of ILS-MILP and ILS-TA

Sequence (MILP) | RTA (Sec) | Sequence (TA) | RTA (Sec)
1 48.68 1 48.68
2 199.68 2 199.68
3 372.68 3 372.68
4 545.68 4 545.68
5 718.68 5 718.68
6 891.68 6 891.68
7 1064.68 7 1064.68
8 1215.68 8 1215.68
9 1366.68 9 1366.68
10 1517.68 10 1517.68

any constraints. The multiple shuffles in landing order show
landing priority given to winged eVTOLs compared to wing-
less eVTOLs for minimization of the makespan because of
the faster cruise speed of the former. For example, the initial
landing order (6) of the wingless eVTOL is changed to 9
after the optimization. Again, ILS-MILP method computed
the optimal landing order and (RTA)s in more time (0.702
seconds) compared to ILS-TA method (0.013 seconds).

TABLE V
Case study 2: Simulation of eVTOLs and their ETAs

FCFS | eVTOL Type | ETA (Sec)
1 Winged 100.31
2 Wingless 339.28
3 Winged 358.97
4 Wingless 657.59
5 Winged 1056.93
6 Wingless 1392.26
7 Winged 1565.58
8 Winged 1622.93
9 Winged 1685.24
10 Winged 1921.41

3) Case study Il - fleet mix ratio (3/7): From Table VII
and Table VIII, we can observe that for the simulated mixed



TABLE VI
Case study 2: Results of ILS-MILP and ILS-TA

Sequence (MILP) | RTA (Sec) | Sequence (TA) | RTA (Sec)
1 62.69 1 62.69
2 282.72 2 282.72
3 455.72 3 455.72
4 606.72 4 606.72
5 779.72 5 779.72
7 978.48 7 978.48
8 1129.48 8 1129.48
9 1280.48 9 1280.48
6 1431.48 6 1431.48
10 1604.48 10 1604.48

fleet of eVTOLs and their respective (RTA)s, both the methods
(ILS-MILP and ILS-TA) minimized the makespan (RTA of
the last eVTOL to the MF1) to the same value (1735.43
seconds) by changing the landing order and by speeding-up
eVTOLs whenever possible without violating any constraints.
The shuffle in landing order 8 and 9 reiterates the point that
overtaking and speeding-up of winged eVTOLs is one of
the key factors in minimization of the makespan. Again, the
computational time (0.743 seconds) of ILS-MILP method is
higher than computational time (0.014 seconds) of ILS-TA
method.

TABLE VII
Case study 3: Simulation of eVTOLSs and their ETAs

FCEFS | eVTOL Type | ETA (Sec)
1 Wingless 148.90
2 Wingless 474.53
3 Wingless 539.73
4 Wingless 560.09
5 Winged 602.34
6 Wingless 767.72
7 Wingless 830.62
8 Wingless 960.75
9 Winged 1096.67
10 Winged 1674.03

4) Case study 1V - computational time: The computational
times are calculated for both the algorithms, i.e., ILS-MILP
and ILS-TA for sequencing and scheduling of 10, 50, 90, 130,
170, 210, 250 eVTOLs arriving at Poisson arrival rate of 1 eV-
TOL per 60 seconds. Also, to check the performance of both
the algorithms, a lower minimum separation requirement has
been imposed on the arrival air-traffic, i.e., 60 seconds for both
types of eVTOLs and the mixed fleet is assumed to contain
an equal mix of winged and wingless eVTOLs. From Fig. 5,
it can be seen that ILS-TA algorithm is computationally faster
than ILS-MILP. However, both of them are computationally
efficient (within 15 seconds) for cases with fewer than 130
arriving eVTOLs.

TABLE VIII
Case study 3: Results of ILS-MILP and ILS-TA

Sequence (MILP) | RTA (Sec) | Sequence (TA) | RTA (Sec)
1 124.08 1 124.08
2 39543 2 395.43
3 568.43 3 568.43
4 741.43 4 741.43
5 914.43 5 914.43
6 1065.43 6 1065.43
7 1238.43 7 1238.43
9 1411.43 9 1411.43
8 1562.43 8 1562.43
10 1735.43 10 1735.43
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Fig. 5. Computational times of two algorithms for different number of

eVTOLs

VI. CONCLUSIONS

In this paper, we formulated eVTOL aircraft sequencing
and scheduling problem in urban air mobility (UAM) context
for a mixed fleet (winged/wingless) of eVTOLs expected to
land on a vertiport with single landing pad. The objective
of the problem is to minimize the makespan of a given set
of eVTOLs, which is equivalent to maximizing the arrival
throughput. The landing order (sequence) and makespan of the
mixed fleet are determined using a heuristic approach called
insertion and local search (ILS) combined with two differ-
ent scheduling methods i) mixed-integer linear programming
(MILP) or ii) time-advance (TA) algorithm. The optimization
results show that for minimization of the makespan it is
essential to i) speed-up a trailing eVTOL whenever separation
from the leading is more than minimum separation, and ii)
winged eVTOLSs should have designated airways separate from
wingless eVTOLs so that they can overtake earlier landing
slot(s) of wingless eVTOLs whenever possible. Also, ILS-
TA is computationally faster than ILS-MILP and produces the
same optimal results. However, both of them are computation-
ally efficient (within 15 seconds) for cases with fewer than 130
arriving eVTOLs.
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