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Abstract

Passenger-carrying Urban Air Mobility (UAM), based on their service concept, can generally be categorized
as either on-demand or timetable-bound (i.e., based on a pre-defined schedule). While most studies focus on
on-demand UAM operations, scheduled UAM services may also be viable if passenger demand is sufficient
to support such services and if scheduling reduces non-revenue repositioning flights. This study developed
a modeling framework for daily scheduled UAM operations by adapting airline scheduling and aircraft routing
techniques to a reservation-based, timetable-bound service. The modeling framework begins with a maximum-
throughput scheduling approach that generates departure and arrival slots at each aerodrome over a 24-hour
simulation horizon, after which passenger demand is assigned to these slots to produce a timetable of feasible
UAM flights. This is followed by a tail-number assignment problem formulated as a minimum-cost flow to
minimize the fleet size required to fully cover the resulting flight schedule. Additional repositioning flights are
introduced as necessary, providing opportunities to accommodate more passenger demand. We consider
several distinct three- and four-aerodrome networks in the Chicago metropolitan area in the United States
and apply the schedule-based UAM model to these networks. The resulting scheduled UAM services carried
approximately 3,000 passengers per day across all aerodrome network scenarios considered. Collectively,
these results demonstrate that the overall scheduled UAM model can be applied across aerodrome networks
of distinct sizes and configurations while maintaining a repeatable daily schedule of operations and respecting
aerodrome throughput and aircraft-on-ground capacity constraints.
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1. Introduction
Urban Air Mobility (UAM) is an emerging mode of intra-urban air transportation that uses small electric
vertical takeoff and landing (eVTOL) aircraft to transport passengers (and cargo) within and around
metropolitan areas [1]. For passengers, UAM aims to shorten travel times compared to existing
ground transportation modes, potentially offering benefits for travel within and around cities with se-
vere road congestion or limited transit options [2].

UAM operations would likely rely on ground infrastructure capable of supporting eVTOL aircraft such
as airports, heliports, seaplane ports, and purpose-built vertiports, collectively referred to as aero-
dromes. These form part of a multimodal transport system in which passengers connect between
UAM services and other modes for first- and last-mile travel [3]. In the United States (U.S.), UAM
ecosystems are in active development driven by both government agencies and industry partners.
This includes city-level implementation efforts in Dallas [4] and Orlando [5], and partnerships be-
tween airlines and original equipment manufacturers (OEMs) such as Delta Air Lines with Joby Avi-
ation [6] and United Airlines with Eve Air Mobility [7] and Archer Aviation [8]. On the regulatory
side, the U.S. Federal Aviation Administration (FAA) released new planning and design standards for
eVTOL-aircraft-capable aerodromes in late-2024 [9], and a coalition of national aviation authorities
https://doi.org/10.71945/icas2026_0103
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announced a multilateral certification roadmap for UAM operations in mid-2025 [10]. More recently,
the U.S. FAA selected eight proposals from state and municipal agencies in conjunction with industry
partners in early-2026 as part of their AAM and eVTOL Integration Pilot Program [11].

UAM service models generally fall into two categories: on-demand and scheduled [12]. On-demand
UAM would resemble existing ride-hailing services, whereby passengers request flights in real time
through an operator or platform [13, 14]. However, given possible constraints on aircraft availability
as well as infrastructure for eVTOL aircraft and UAM operations, true on-demand operations may be
difficult to realize. Instead, scheduled (or timetable-bound) UAM services, as envisioned by Boeing
and Wisk in their Concept of Operations document [15], could offer regularly timed departures similar
to those offered by commercial airlines or rapid-transit systems. While most prior studies assume
on-demand UAM operations, recent work has begun to explore scheduled concepts, including hub-
and-spoke or hybrid models that combine schedule-based and on-demand flights [16, 17].

However, current literature offers limited modeling of purely scheduled UAM services despite growing
interest. To address this gap, this paper presents a modeling framework for a hypothetical profit-
seeking operator conducting scheduled UAM services in the Chicago metropolitan area. Adapt-
ing several features of established airline scheduling and aircraft routing techniques, the proposed
scheduling-and-routing model simulates a reservation-based, commercial-airline-like service concept
and is used to assess aerodrome capacity constraints, UAM demand capture, the fleet size required
to fulfill this demand, and the prevalence of deadhead or repositioning flights relative to passenger-
carrying flights. This extends the work presented in Ref. [18], incorporating several updates and
enhancements to the underlying datasets, scheduling-and-routing methodology, and aerodrome net-
works. However, unlike Ref. [18], the present work focuses exclusively on commercial-airline-like
operations.

Overall, we seek to address the following research questions:

1. How can current methods of commercial airline planning, such as in scheduling and aircraft
routing, be adapted to timetable-bound UAM operations?

2. How might a profit-seeking operator providing scheduled UAM services perform across aero-
drome networks of varying size under aerodrome capacity constraints, as measured by pas-
senger throughput, aircraft fleet size, and the frequency of repositioning flights?

2. Background and Prior Research
Most studies in the existing literature involving UAM operations or concepts of operations have mod-
eled, or implicitly assumed, on-demand operations. Bennaceur et al. [19] proposed a mixed-integer
linear program for passenger pooling, aircraft scheduling, and maintenance-aware routing. Their ap-
proach first assigns passenger requests to pooled flights and then solves a routing-and-recharging
problem that ensures feasibility while establishing operator- and passenger-oriented performance
metrics. Although the general structure of assigning passengers to flights and then assigning aircraft
to operate those flights is similar to the approach used in this work, the present study focuses on daily
commute trips and pools passengers based on effective-cost preferences to generate a feasible set
of UAM flights.

Yang et al. [20] developed a mixed-integer bilinear programming model for ride-sharing-enabled on-
demand AAM operations, jointly solving aircraft assignment and detailed flight-path planning across
multiple travel modes. Their high-fidelity model is computationally intensive, with reported run times
exceeding 1,700 seconds for only 30 passengers, making such resolution impractical for applications
involving passenger volumes in the order of thousands. Wei et al. [21] formulated a mixed-integer
program to obtain optimal on-demand UAM schedules under travel time uncertainty and destination
aerodrome capacity limits in a star-branch network. Their approach differs from the simultaneous
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demand-assignment and scheduling structure used in this work and is oriented toward on-demand
rather than timetable-bound operations.

In contrast to the extensive focus on on-demand operations, relatively few studies investigate sched-
uled or hybrid UAM services. Shihab et al. [16] proposed a mixed-integer quadratic programming
model for scheduling and dispatching under on-demand, schedule-based, and hybrid UAM opera-
tions. Their formulation adjusts constraints to vary the mix of on-demand and scheduled service and
identifies potential performance metrics such as profit, demand served, and passenger delay. The
present study, on the other hand, focuses solely on scheduled UAM operations.

Kang and Kim [17] examined schedule-based UAM in a hub-and-spoke network in Seoul, South
Korea, comparing reservation-based and first-come, first-served models using discrete-event simula-
tion. Their results indicate lower delays and shorter connection durations under the reservation-based
service. In contrast, the present study focuses solely on a reservation-based commercial-airline-like
model while considering smaller three- and four-aerodrome networks and assuming nonstop passen-
ger segments on UAM without connections.

Lastly, the work demonstrated in Ref. [18] demonstrates that a commercial-airline-like model for
scheduled UAM services carries more passengers on fewer flights, whereas a rapid-transit-like model
required a slightly smaller fleet of aircraft but resulted in more empty flights and fewer passengers
carried. The present study adopts and extends the commercial-airline-like model.

3. Study Design and Setup
At the foundation of this study is a previously developed mode choice framework that (a) generates
a list of daily commute trips within a given metropolitan region and (b) models their individual travel
mode preferences. Several of the features and assumptions that underpin the mode choice frame-
work, such as the effective cost metric that hinges upon the economic rationality of the traveler, have
been adapted and incorporated into the present study and are described in detail throughout this
section. Illustrated in Fig. 1, the mode choice framework broadly considers two specific door-to-
door travel modes: the car mode, which involves a singular nonstop ground segment between an
individual’s origin and destination; and the UAM mode, which itself involves three segments:

• a first-mile ground segment between an individual’s origin and the aerodrome that is closest to
their origin, referred to as their departure aerodrome,

• a UAM flight segment between their departure aerodrome and their arrival aerodrome that is
closest to their destination,

• and a last-mile ground segment between their arrival aerodrome and their final destination1.

The following subsections provide an overview of the input data sources, processes, and assumptions
in the mode choice framework.

3.1 Generation of Daily Commute Trips
The study presented in this paper draws upon a comprehensive dataset of intra-urban commute
trips for a representative day. This dataset, obtained and synthesized from various sources as de-
scribed by Maheshwari et al. [22], serves as the basis for subsequent mode choice analyses and the
modeling of scheduled UAM operations. Given the geographic extent of a metropolitan region of in-
terest, the trip generation process begins by leveraging Longitudinal Employer-Household Dynamics
(LEHD) Origin-Destination Employment Statistics (LODES) data from the U.S. Census Bureau [23],
which provide pairs of home and work locations, or employment links, for all individuals with a primary
workplace. Subsequently, each individual is associated with two unidirectional origin-destination em-
ployment links: one with a home location origin and a work location destination, and another in the

1The terms first-mile and last-mile refer to the initial and final legs of a multimodal trip, not literal mile distances.
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Figure 1 – Illustration of travel modes and segments modeled by the mode choice framework.

opposite direction. LODES does not distinguish between employment arrangements, such as remote
versus in-person work. Nevertheless, because these employment links are contained entirely within
the metropolitan region of interest, they are assumed to represent commute trips already undertaken
on a weekday basis.

Next, we quantify potential travel time savings offered by different travel modes through an individ-
ual’s value of time (VoT), used in the effective cost metric as described below. To estimate VoT, we
derive household income data from census tract-level income distributions obtained from the Amer-
ican Community Survey (ACS) [24], conducted by the U.S. Census Bureau. Because mode choice
analyses in this study center around trips to and from work, we make the assumption that the VoT
of a commuting individual is equivalent to their hourly income, expressed in U.S. dollars (USD) per
hour. Finally, data from the National Household Travel Survey (NHTS) of the U.S. Federal Highway
Administration (FHA) [25] provide a distribution of destination arrival times.

3.2 Mode Comparisons Using the Effective Cost Metric
Given origin and destination points pertaining to all commute trips, the framework utilizes road net-
works provided by the Open Street Routing Machine [26] to (a) identify aerodromes closest to these
points, (b) build turn-by-turn directions for all ground travel, and (c) calculate ground travel times
across both the car and UAM modes. We further multiply these ground travel times by an hourly
TomTom traffic congestion index [27] that corresponds to the metropolitan region of interest. Similar
to previous work [18, 22, 28, 29], this study considers a notional eVTOL aircraft with a maximum pas-
senger capacity of four, a cruise speed of 241 kilometers per hour (150 miles per hour), a nonstop
range of 92.6 kilometers (50 nautical miles), and a direct operating cost of 605 USD per flight hour.
For comparison, consistent with the U.S. Internal Revenue Service (IRS) 2024 standard mileage
rate [30], the operating cost of the notional ground vehicle has been set at 0.42 USD per kilometer
(0.67 USD per mile).

At the core of the mode choice framework employed in this study is the effective cost metric. The
framework assumes completely rational travelers with full knowledge of the costs associated with all
travel modes, who consequently select the mode with the lowest effective cost. Similarly, in calcu-
lating the effective cost, we assume that travelers bear the “operating” cost of being carried on a
vehicle they find themselves in. The effective cost metric therefore comprises this operating cost and
a time cost obtained by multiplying the total door-to-door travel duration with an individual’s unique
VoT. For shared UAM flights, aircraft operating costs are divided equally among passengers. Each
passenger’s effective cost for the UAM mode is then computed as the sum of their share of the aircraft
operating cost, the cost incurred by first- and last-mile ground segments, and their total time cost.
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We encourage readers to refer to [31], [32], [33], [34], [22], [29], and [35] for a more comprehensive
understanding of the underlying modeling framework that enable UAM mode choice analyses.

3.3 Study Area and Aerodrome Network Scenarios
Consistent with earlier investigations of UAM demand and operational limits centered on the Chicago
metropolitan area in the U.S. [22, 28, 36, 18, 37], the present study likewise focuses on the Chicago
metropolitan area. To this end, the U.S. Census Bureau’s American Community Survey [24] defines
a geographic boundary for the Chicago-Naperville-Elgin, IN-IL Metropolitan Statistical Area (MSA)
covering 17,931 square kilometers (6,923 square miles) with a 2024 population estimate of just over
9.4 million [38]. This Chicago MSA forms part of a larger combined statistical area (CSA) which joins
adjacent MSAs and micropolitan statistical areas. This CSA, referred to as the Chicago-Naperville,
IN-IL-WI CSA, encompasses 27,542 square kilometers (10,634 square miles) and has a 2024 popu-
lation estimate of nearly 10 million [39].

The aforementioned studies utilized the Chicago-Naperville, IN-IL-WI CSA. Given the geographic
extent of the aerodrome networks considered in this study, discussed below, as well as the desire
to establish a network definition more consistent with the notion of intra-urban travel and UAM, the
present study instead adopts the Chicago-Naperville-Elgin, IN-IL MSA as its region of interest. Be-
cause the counties included in the CSA but excluded from the MSA lie beyond the nonstop range of
the notional eVTOL aircraft relative to the aerodrome networks utilized in this study, this change is
not expected to materially affect the resulting UAM demand. Using 2023 LODES data [23], the most
recent LODES dataset available at the time of publication, we determine that the Chicago-Naperville-
Elgin, IN-IL MSA, hereafter referred to as the Chicago metropolitan area, contains 8,460,586 daily
intra-urban commute trips, split equally between home-to-work and work-to-home trips.

This study considers the same three-aerodrome network in the Chicago metropolitan area used in
Sells et al. [29] and Ref. [18]. This three-aerodrome (3AD) network is composed of the Chicago
O’Hare International Airport (KORD) [40], a major commercial airport; the Vertiport Chicago FBO
(43IL) [41], located relatively close to downtown Chicago; and DuPage Airport (KDPA) [42], repre-
senting a location adjacent to a community or residential area.

To assess the scalability of the schedule-based UAM model described in the following section, the
study also considers two distinct four-aerodrome network scenarios formed by augmenting the 3AD
network with one of two additional aerodromes. The first four-aerodrome (4AD-1) network includes
Bollingbrook’s Clow International Airport (1C5) [43], and the second four-aerodrome (4AD-2) network
includes Tinley Park Helistop (TF8) [44]. These additional aerodromes were selected primarily to ex-
tend UAM network coverage to the southern portion of the Chicago metropolitan area and to assess
the impacts of adding a fourth aerodrome to the computations. Aerodrome siting is beyond the scope
of the present study, so no claims are made as to whether 1C5 or TF8 would be the best additions to
make a four-aerodrome network in Chicago. Figure 2 illustrates the network of aerodromes consid-
ered in this study.

4. Modeling Scheduled UAM Operations
Having established the region of interest, aerodrome networks for UAM services, and a framework
for estimating UAM demand potential through mode choice analyses, the present study develops a
schedule-based model of UAM operations representing a hypothetical operator providing timetable-
bound services. Building upon the aerodrome throughput-aware schedule-based UAM model origi-
nally developed as part of Ref. [18], itself inspired by classical airline scheduling, fleeting, and routing
techniques [45, 46, 47], the present study extends the methodology through several enhancements
and its application through additional aerodrome network configurations.

Timetable-bound UAM operations may manifest as a service akin to that of commercial airlines,
characterized by routes and flight schedules informed by anticipated travel demand while requiring

5



SCHEDULING AND ROUTING FOR SCHEDULED UAM

Figure 2 – Aerodromes in the Chicago metropolitan area considered in this study

passengers to make reservations or bookings in advance. Although Ref. [18] performs a compari-
son between commercial-airline-like and rapid-transit-like service models, the present study focuses
exclusively on the commercial-airline-like model, particularly to demonstrate the scalability of the
schedule-based UAM model as additional aerodromes are incorporated into the network. Across
all aerodrome networks, particular interest lies in the extent of UAM demand capture, the amount
of flights needed to fulfill this demand, the frequency of repositioning flights that may occasionally
contain no passengers, and overall aircraft utilization while maintaining a repeatable, cyclical daily
schedule of flights.

4.1 Aerodrome Concept of Operations
To account for aerodrome capacity constraints with respect to eVTOL aircraft movements, we model
aerodromes as collections of touchdown-and-liftoff (TLOF) pads with associated gate capacity. Gate
spaces in each aerodrome also double as storage stands and, therefore, represent the aircraft-on-
ground (AOG) capacity of an aerodrome, which is crucial to flight schedule design. This study uti-
lizes modeling described by Das Biswas et al. [36] to determine TLOF pad counts across all aero-
dromes. Furthermore, following general guidelines provided by Vascik [48] and utilized in Das Biswas
et al. [36], a single TLOF pad corresponds to four gates and the corresponding AOG capacity of four.

To represent the movement of eVTOL aircraft into, within, and out of aerodromes, aircraft and aero-
drome operations are modeled in 30-second time steps. The resulting time-expanded representation
enables a discrete-event simulation employed for aerodrome slot generation, which is described in
Section 4.2. We further consider various scenarios of TLOF pad independence as outlined by Vas-
cik [48] and make the following abstractions: 1) all TLOF pads in a cluster of eight operate depen-
dently, where aircraft movements are collectively staggered to avoid pad events occurring at the same
time within this cluster; and 2) each distinct eight-pad cluster is treated in a manner independent of
other clusters. In other words, simultaneous pad events may occur between, but not within, clusters
of eight pads. Table 1 illustrates independent operations across two TLOF pad clusters (with a total
of 16 pads), where simultaneous events may occur between, but not within, clusters of eight pads.
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Table 1 – Example schedule illustrating independent pad operations between two clusters of eight
pads each.

Time Cluster 1 (Pads 1–8) Cluster 2 (Pads 9–16)

0:00:00 Arrival (#1, Pad 1) Arrival (#2, Pad 9)
0:00:30 Departure (#1, Pad 2) Departure (#2, Pad 10)
0:01:00 Arrival (#3, Pad 3) Arrival (#4, Pad 11)
0:01:30 Departure (#3, Pad 4) Departure (#4, Pad 12)
0:02:00 Arrival (#5, Pad 5) Arrival (#6, Pad 13)
0:02:30 Departure (#5, Pad 6) Departure (#6, Pad 14)
0:03:00 Arrival (#7, Pad 7) Arrival (#8, Pad 15)
0:03:30 Departure (#7, Pad 8) Departure (#8, Pad 16)
0:04:00 Arrival (#9, Pad 1) Arrival (#10, Pad 9)
0:04:30 Departure (#9, Pad 2) Departure (#10, Pad 10)

...
...

...

A consequence of the former assumption is that, in an eight-pad cluster, four minutes separate air-
craft movements in a single pad, whereas departures and arrivals are each separated by one minute
collectively across the eight pads, which is consistent with Ref. [18]. The latter assumption gives rise
to a situation where, should an aerodrome add a ninth TLOF pad, its aircraft movements are com-
pletely independent of those associated with the first eight TLOF pads. Although this work makes no
assumption of pad separation distances, we acknowledge that a minimum pad separation of 200 feet
is required for independent and simultaneous pad operations under visual flight rules (VFR) [49].

Overall, consistent with Vascik [48] and regulatory guidelines, these abstractions ensure a modular
and computationally tractable formulation for the schedule design problem that can accommodate
aerodromes with varying TLOF pad counts without imposing explicit geometric layouts. These ab-
stractions further ensure that even the most stringent inter-arrival requirements under instrumental
flight rules (IFR) of 90 seconds [48] are satisfied, with at least four minutes separating successive
arrivals on a single pad in our modeling.

We assume embarkation and disembarkation durations of 15 and 10 minutes, respectively, along
with a 30-second taxi time between TLOF pads and gates. For simplicity, these durations are as-
sumed valid for all flights, regardless of whether they are passenger-carrying or repositioning. These
durations are also associated with the beginning and end of ground and flight arcs, as illustrated in
Fig. 3 taken from Ref. [18], and are utilized in the tail-number assignment methodology described
in Section 4.4. We further assume that the resulting 25-minute minimum turnaround duration allows
for aircraft battery charging to a state of charge (SoC) sufficient to perform any flight between aero-
dromes in the network. A comprehensive discussion of the rationale underlying these operational
assumptions, including battery charging considerations, is provided in Ref. [18].

4.2 Throughput-Based Aerodrome Slot Generation
Having defined aircraft movements with respect to aerodromes, we utilize a discrete-event simulation
to generate notional arrival and departure slots at each aerodrome based on their maximum feasible
throughput, defined by its TLOF pad and gate infrastructure. This concept is analogous to takeoff
and landing slot allocation at Level 3 coordinated airports such as JFK and LGA [50]. The approach
to estimating throughput draws partially from Vascik [48], who characterized the number of achiev-
able operations using an integer programming framework. Unlike that optimization-based approach,
this work uses a discrete-event simulation to produce feasible slot sequences over a 24-hour period.
These slots represent operational capacity and will later be matched with passenger-carrying flights.
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Figure 3 – Network flow representation of individual aircraft movement within aerodromes [18]

The simulation advances in 30-second increments (2880 steps over a 24-hour horizon) and incor-
porates operational parameters shown in Fig. 3. TLOF pads are reserved for a one-minute window
centered on aircraft touchdown or liftoff, and a minimum 30-second headway is enforced between
consecutive arrival events or between consecutive departure events. Additionally, arrival and depar-
ture slots are generated in alternating order to maintain slot balance and ensure that the number of
departures equals the number of arrivals. This balance is necessary for respecting aircraft-on-ground
(AOG) limits.

To generalize the slot-generation process to larger aerodromes, the model applies the pad-clustering
structure described in Section 4.1. Slot scheduling is performed independently within each clus-
ter and subsequently aggregated at the aerodrome level. This approach maintains computational
tractability while enabling the generation of throughput-based slot schedules for aerodromes of vary-
ing sizes. The resulting output for each aerodrome is a full 24-hour record of feasible arrival and
departure slots with their associated pad assignments, together with the corresponding continuous
gate-occupancy intervals. These slots represent the operational envelope imposed by pad and gate
counts and form the capacity constraints used in the subsequent demand scheduling and tail-number
assignment stages. Table 2 summarizes slot-scheduling results for the five aerodromes included in
this study, including total slots generated and the number of gates used versus those remaining
vacant (and thus serving as storage stands).

Table 2 – Slot scheduling results for the five aerodromes in the Chicago metropolitan area considered
in this study. The “Slots” column reports the number of arrival slots and departure slots, separately,
at each aerodrome. Gate down-times between successive embarkation and disembarkation periods
range from 1 to 3 minutes across all aerodromes.

Aerodrome Pads Slots Gates Used Gates Vacant Gates

Vertiport Chicago FBO (43IL) 3 477 12 10 2
DuPage Airport (KDPA) 9 1,609 36 31 5
O’Hare Airport (KORD) 18 3,218 72 61 11
Bollingbrook’s Clow Airport (1C5) 4 715 16 14 2
Tinley Park Helistop (TF8) 2 358 8 7 1
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4.3 Schedule Design: Scheduling Flights from UAM Passenger Demand
After generating aerodrome slot schedules, the next step assigns UAM-preferring individuals to fea-
sible departure and arrival slots. This process begins with a demand dataset representing nearly
8.5 million intra-urban commute trips for a representative weekday, as described in Section 3.3. For
each trip, we compute effective costs for both the car and UAM modes, assuming that eVTOL aircraft
direct operating costs are shared equally among four passengers (151.25 USD per flight-hour per
passenger). At this stage, we retain only individuals whose UAM-mode effective cost is lower than
their car-mode effective cost, collectively referred to as the UAM-preferring demand.

For the UAM mode, each individual is already associated with a departure aerodrome, an arrival
aerodrome, and a preferred departure time for the corresponding UAM flight, obtained from the mode
choice framework described in Section 3.2. Given this information, each passenger is mapped to the
next available departure slot at the origin aerodrome; if their preferred departure time exceeds the
final slot of the day, assignment rolls to the first departure slot of the following day. Any waiting time
is converted to an added time cost via the traveler’s VoT. We follow the same logic for the arrival slot
assignment: the passenger is matched to the earliest arrival slot at or after the calculated arrival time,
and any waiting contributes additional cost.

The model also determines, for each passenger, a latest feasible UAM departure time (a “hard dead-
line”) at which the UAM-mode effective cost would equal the car-mode cost. Every discrete departure
slot between the earliest feasible slot and the hard-deadline slot is considered an acceptable option.
These acceptable-slot windows form the basis for grouping passengers into four-passenger flights.
Figure 4, reproduced from Ref. [18], illustrates the process by which an individual is assigned to avail-
able scheduled departure slots in a scenario where departure slots are available every four minutes.

Figure 4 – A timeline network with departure slots spaced four minutes apart, demonstrating the
assignment of an individual to a set of acceptable departure slots [18].

Next, passenger grouping is performed using a rule-based heuristic that assembles flights of ex-
actly four passengers who share the same origin-destination pair and have overlapping acceptable
departure-slot windows. For each OD pair, the algorithm steps chronologically through departure
slots and considers passengers not yet assigned to a flight. Whenever at least four passengers
share a slot in their acceptable ranges, they form a flight. If there exists between one and three
candidates for a given slot, the heuristic looks back to earlier compatible passengers whose latest
acceptable slot allows them to be reassigned forward. Only when four compatible passengers can
be found is a flight created. Each group of four is assigned a shared departure slot, a shared arrival
slot based on the duration of flight, and a unique flight identifier. This four-passenger heuristic does
not create flights with fewer than four passengers, consistent with a cost structure in which each pas-
senger is responsible for one-fourth of the aircraft’s operating cost.

At this stage, because multiple candidate flights may be assigned to the same departure or arrival
slot, a capacity-based conflict-resolution step is performed at the flight level. We apply a single First-
In, First-Out (FIFO) rule: for each aerodrome and each departure slot, only the earliest formed flight is
retained; the same rule applies to arrival slots. At aerodromes with multiple pad clusters, multiple slots
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occurring simultaneously may exist, but each individual slot accommodates only one flight. Applying
this conflict-resolution procedure substantially reduces the number of flights, as shown in Ref. [18].
The schedule design stage therefore yields a feasible set of flights that fit within the throughput limits
of any given aerodrome network. This set is then passed directly to the tail-number assignment
problem.

4.4 Aircraft Tail-Number Assignment
Following schedule design, which produces a feasible schedule of flights, the next step is to assign
aircraft to these flights while minimizing the fleet size required to operate them, including any neces-
sary repositioning. This “tail-number assignment” draws upon aircraft routing formulations found in
prior studies discussed in Section 2. and in Chapter 8 of Belobaba et al. [47]. Unlike the discrete-
event simulation used for schedule design, this step groups flights into ordered sequences, or “flight-
strings”, each representing the set of flights flown by a single aircraft over a 24-hour period [46]. This
step yields a set of flight-strings that covers all scheduled flights while respecting aircraft-on-ground
(AOG) capacity limits at each aerodrome and ensuring a cyclical, repeatable daily schedule. Here,
we adopt several simplifying assumptions:

• All UAM operations are fully autonomous or remotely piloted, requiring no onboard crew.

• Each aerodrome offers adequate battery-charging capability.

• Only nominal operations are modeled; no disruptions or irregular events are considered.

• Each aircraft must return to its starting aerodrome at the end of the day.

• Maximum AOG capacity at each aerodrome equals its total gate count.

Given these assumptions, the tail-number assignment problem does not incorporate maintenance
routing, crew scheduling, or constraints related to the availability of charging infrastructure, nor does
it model required flight pairings or “throughs” as done in Barnhart et al. [46]. These simplifications
allow the problem to be solved without more involved optimization frameworks, such as branch-and-
price with LP relaxation, typically used in large-scale airline fleet-assignment and routing problems.

The tail number assignment process begins with the construction, for each four-passenger flight
generated by the schedule design step, of two space-time nodes on a time-expanded network: 1)
a departure node corresponding to the beginning of embarkation activities, and 2) an arrival node
corresponding to the completion of disembarkation activities. In our modeling, departure nodes are
placed 15.5 minutes prior to aircraft liftoff, whereas arrival nodes are placed 10.5 minutes following
touchdown. These durations include a 30-second taxi between the gate and TLOF pad at both the
departure and arrival aerodromes. Joining these space-time nodes are 1) flight arcs, which are asso-
ciated with individual flights and connect departure nodes at one aerodrome with subsequent arrival
nodes at another aerodrome; and 2) ground arcs, which connect arrival nodes with subsequent de-
parture nodes at the same aerodrome, thereby representing aircraft idle time on the ground. These
nodes and arcs are illustrated in Fig. 3.

Using this network representation, we formulate a minimum-cost flow problem to minimize the fleet
size required to cover all scheduled flights exactly once. To this end, the formulation minimizes air-
craft idle time, represented by the duration of ground arcs, with particular emphasis on aerodromes
subject to more restrictive (lower) AOG capacity constraints. The resulting solution consists of a set
of flight-strings, each corresponding to a sequence of flights operated by a single aircraft over the
24-hour scheduling horizon and collectively covering all scheduled flights.

We then examine opportunities to further reduce the number of flight-strings, and therefore fleet size,
through the introduction of midday bridging repositioning flights. Specifically, when two flight-strings
terminate and begin at different aerodromes, respectively, a repositioning flight is inserted to bridge
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the two flight-strings into a single longer sequence, provided that 1) sufficient time exists for an air-
craft to reposition between the two aerodromes while still accounting for prescribed embarkation and
disembarkation durations, 2) feasible departure and arrival slots are still available for that reposition-
ing flight, and 3) the resulting flight-string can still be completed within a 24-hour period. This process
effectively reduces the number of flight-strings and therefore the number of aircraft required while
preserving coverage of all scheduled passenger flights.

Lastly, we schedule additional end-of-day repositioning flights, as necessary, to return aircraft to their
base aerodromes (i.e., the aerodrome from which each aircraft begins its flight-string). These flights,
which we refer to as return-to-base (RTB) repositioning flights, are intended to restore the network-
wide initial aircraft distribution and ensure day-to-day operational continuity. Extending the implemen-
tation described in Ref. [18], the present study additionally incorporates AOG capacity considerations
when scheduling RTB repositioning flights. If an RTB repositioning flight scheduled for an aircraft at
the earliest possible opportunity would cause the aircraft’s base aerodrome to exceed its AOG capac-
ity limit, the flight is delayed until sufficient AOG capacity becomes available, provided the aircraft can
still be positioned at its base aerodrome in time to repeat its assigned flight-string on the following day.

Because these midday bridging and end-of-day RTB repositioning flights are required for operational
reasons, an opportunity arises for them to carry passengers and therefore generate revenue rather
than operate empty. Accordingly, as an enhancement introduced in the present study, we consider a
set of yet-unassigned UAM-preferring individuals and attempts to assign them to these repositioning
flights as a post-processing step. Similar to the schedule design process, individuals are considered
only if their departure and arrival aerodromes, as well as their preferred departure times, are com-
patible with the repositioning flight. Furthermore, individuals are assigned only if their UAM-mode
effective cost, including any additional time cost incurred from waiting, remains lower than their car-
mode effective cost. This process slightly increases the extent of UAM-preferring demand captured
by the scheduled UAM service, as demonstrated in Section 5.

Beyond these enhancements to the tail number assignment methodology, a more comprehensive
discussion of its mathematical formulation, implementation, and intermediate processing steps is
provided in Ref. [18].

5. Case Studies
The tail-number assignment process effectively yields a set of daily, cyclical flight-strings which min-
imize fleet size while fully covering all regularly-scheduled flights obtained by the schedule design
step. Each flight-string is associated with a single aircraft tail number and representing a sequence
of flights that include regularly-scheduled passenger flights, midday repositioning flights, and end-of-
day Return-To-Base (RTB) flights.

As an illustrative example, an excerpt of the output of the tail-number assignment step can be found
in Ref. [18], containing the details of consecutive flights assigned to a single aircraft. These outputs
allow for extraction of a range of operational metrics for the scheduled UAM model, including the num-
ber of passengers carried, number of flights (both revenue and repositioning), load factors, fleet size,
and overall aircraft utilization, which are then compared across all aerodrome networks considered.
Of equal importance, however, is ensuring and demonstrating that the approach has satisfied aircraft-
on-ground (AOG) capacity constraints established in Section 4.1 across all aerodromes throughout
the entire 24-hour simulation horizon.
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5.1 Baseline Three-Aerodrome Network
The baseline network in this study is the Chicago metropolitan area three-aerodrome (3AD) network
outlined in Section 3.3. Solely on an effective-cost basis with four-passenger UAM flights, we find
39,438 individuals would prefer using UAM as part of their commute on the 3AD network; these are
the commuters for whom the effective cost of using UAM is lower than the effective cost of a car-only
commute. This is a small fraction of the number of commute trips inferred from LODES. Applying the
schedule design process, we obtain an initial schedule of 744 four-passenger revenue flights carrying
2,976 passengers with aerodrome slot conflicts fully resolved.

Next, the tail-number assignment process determines that 45 aircraft, at a minimum, are required to
fully cover these 744 passenger flights. In doing so, the process also creates 16 midday “bridging”
repositioning flights and 34 end-of-day RTB flights to ensure a minimal fleet size and a repeatable,
cyclical daily schedule. The model then identifies an additional 146 UAM-preferring individuals that
are able to fly on 43 of the 50 repositioning flights (referred to as repositioning revenue flights), leav-
ing only seven repositioning flights empty (referred to as deadhead flights).

Overall, the scheduled UAM service on the 3AD network was found to carry 3,122 passengers, rep-
resenting only 7.92% of the overall UAM-preferring demand, on a total of 794 flights comprising 744
regular revenue (four-passenger) flights, 43 repositioning revenue flights, and 7 deadhead flights.
These figures amount to a 98.3% load factor when averaged over all 794 flights.

Figure 5 illustrate cumulative counts of aircraft states as they remain at one of, or move between,
the three aerodromes in the network throughout the 24-hour simulation horizon. This demonstrates
the continuity of daily UAM operations, in which the number of aircraft at an aerodrome when the
simulation ends is identical to that at its beginning. Aerodrome 43IL refers to Vertiport Chicago FBO,
KDPA to DuPage Airport, and KORD to Chicago O’Hare International Airport.

Figure 5 – Aircraft state counts at 30-second intervals throughout the 24-hour 3AD space-time
network.

To examine whether AOG capacity limits specific to each aerodrome are adhered to, Fig. 6 presents
AOG count variations across all aerodromes in the 3AD network throughout the simulation horizon.
Figure 6 demonstrates that in the three-aerodrome network, none of the aerodromes violate AOG
capacity limits, which also include the lower bound of zero aircraft on ground. In the case of 43IL
(Vertiport Chicago FBO), its maximum AOG capacity limit of 12 was attained intermittently for a
cumulative duration of 18 minutes between 19:27:00 and 22:40:30.
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Figure 6 – Number of aircraft on ground across all aerodromes in the 3AD network at 30-second
intervals.

5.2 Four-Aerodrome Networks
This study also considers two distinct four-aerodrome networks, both of which are augmentations of
the 3AD network. The first (4AD-1) network includes Bollingbrook’s Clow International Airport (1C5),
whereas the second (4AD-2) includes Tinley Park Helistop (TF8).

On an effective-cost basis with four-passenger UAM flights, the UAM-preferring demand for the 4AD-
1 network amounts to 71,728 individuals, which is a notable increase over the 39,438 commuters
preferring UAM in the 3AD network. Applying the scheduled UAM model to the 4AD-1 network re-
sulted in 3,104 passengers flown on 776 four-passenger flights, 97 additional passengers flown on
30 revenue repositioning flights, and 11 empty deadhead flights. Overall, the 4AD-1 network sees a
total of 3,201 UAM passengers representing 4.46% of UAM-preferring demand, 817 flights with an
average load factor of 97.9%, and a minimum fleet size of 44 aircraft. The 3,201 UAM passengers is
an increase over the 2,976 in the 3AD network simulation.
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The 4AD-2 network yields a UAM-preferring demand of 63,484 individuals, which also exceeds the
3AD network prediction and is slighly below the 4AD-1 network prediction. Unlike the 3AD and
4AD-1 networks, where Vertiport Chicago FBO (43IL) has the strictest AOG capacity-constrained
aerodrome at 12 aircraft, the most capacity-constrained aerodrome in the 4AD-2 network is the Tin-
ley Park Helistop (TF8), whose AOG capacity is just eight aircraft. This lower AOG capacity at the
most “bottlenecked” aerodrome may have implications for the extent of UAM demand capture within
the scheduled UAM operation. Applying the scheduled UAM model to the 4D-2 network, we obtain
715 four-passenger flights carrying 2,860 passengers, 22 revenue repositioning flights carrying 68
additional passengers, along with 10 empty deadhead flights. Altogether, the 4AD-2 network sees a
total of 2,928 passengers representing 4.61% of UAM-preferring demand, 747 flights with an average
load factor of 98.0%, and a minimum fleet size of 42 aircraft.

The addition of the TF8 aerodrome in the 4AD-2 network reduces the number of passengers carried
by the scheduled UAM service relative to the 3AD network. This is likely because a greater share of
UAM-preferring passengers are routed through TF8 (i.e., the shortest distance approach sends the
commuter to TF8 rather than to a slightly further aerodrome from which they would still have a lower
effective cost trip than a car-only trip) and subsequently subjected to its more restrictive capacity
limits, thereby reducing the extent to which UAM demand can be accommodated across the network.
More broadly, this illustrates an emergent property of scheduled UAM operations, whereby capacity
limitations at the most constrained aerodrome propagate throughout the system and ultimately in-
fluence network-wide UAM demand capture. TF8 remains within its AOG capacity limit throughout
the 24-hour simulation horizon, as shown in Fig. 7. Similarly, all aerodromes across both the 4AD-
1 and 4AD-2 network scenarios remain within their respective AOG capacity limits throughout the
simulation horizon while restoring the initial aircraft distribution at the end of each day.

Figure 7 – Number of aircraft present throughout the day at the Tinley Park Helistop (TF8)
aerodrome in the 4AD-2 network at 30-second intervals.

5.3 Summary of Results
Table 3 summarizes key performance metrics across the aerodrome networks considered in this
work. We observe that across the three distinct aerodrome network scenarios, the scheduled UAM
model converged to similar average load factors, fleet sizes, and the average number of flights per
aircraft. The favorable average load factors observed across the aerodrome networks are attributed
largely to the four-passenger heuristic in the schedule design methodology, which generates an over-
whelming majority of flights.

Despite a high concentration of UAM demand around peak commuting periods, the resulting flight
schedules and individual aircraft assignment support aircraft activity throughout much of the day. For
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Table 3 – Summary of operational results across aerodrome networks. All metrics correspond to a
daily operation unless stated otherwise.

Metric 3AD 4AD-1 4AD-2

UAM-preferring demand 39,438 71,728 63,484

Passengers carried 3,122 3,201 2,928
Demand captured (%) 7.92% 4.46% 4.61%

Total flights 794 817 747
Regular revenue (4-pax) 744 776 715
Repositioning revenue 43 30 22
Deadhead 7 11 10

Average load factor (%) 98.3% 97.9% 98.0%

Minimum fleet size 45 44 42
Average flights per aircraft 17.64 18.57 17.79

Average flight-hours per aircraft
Among passenger flights

Per day 5.465 5.758 5.572
Per year 1,366 1,440 1,393

Among all flights
Per day 5.502 5.818 5.636
Per year 1,376 1,455 1,409

example, in the 3AD network as illustrated in Fig. 5, we observe that at least ten aircraft are airborne
over a combined 11.5-hour period between 08:00:00 and 19:30:00. Furthermore, Table 3 shows that,
across all aerodrome networks considered, aircraft collectively operate an average of no fewer than
17 passenger-carrying flights per day. This level of flight activity is reflected in average aircraft utiliza-
tion, also summarized in Table 3 on both a daily and yearly basis, and measured in flight-hours for
both passenger-carrying flights and all flights including empty deadheads.

Daily aircraft utilization values are calculated from an aggregation of the durations between lift-off
and touchdown across all flights and aircraft, and then divided by the fleet size. Because empty
deadheads represent only a small fraction of total operations, there is little difference between air-
craft utilization figures with and without them. To annualize aircraft utilization, we assume 250 days
of UAM operations based on Kohlman et al. [51], which is consistent with the commute-trip demand
modeled in this study. Annual aircraft utilization values of approximately 2,000 flight-hours are com-
monly assumed in the literature for assessments of eVTOL aircraft direct operating costs (DOC), such
as those of Kohlman et al. [51] and Uber Elevate [52]. For the present study, multiplying the daily
aircraft utilization in flight-hours by 250 business days yields yearly average aircraft utilization values
ranging between 1,350 and 1,450 flight hours across the aerodrome networks.

Collectively, the results presented in this section demonstrate that the schedule design and tail-
number assignment methodology utilized and enhanced in this study can be successfully applied
and scaled to larger aerodrome networks while maintaining adherence to AOG capacity constraints
across all aerodromes and a repeatable daily schedule of operations. The results further illustrate
that both the selection and geographic placement of aerodromes can influence potential UAM de-
mand substantially and the resultant UAM demand capture achieved by a scheduled UAM service.
Although the present study does not seek to evaluate the relative merits of one aerodrome location
or network configuration over another, the differences observed between the aerodrome networks
demonstrate the sensitivity of scheduled UAM operations to aerodrome network design choices.
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6. Conclusions and Future Work
This study presented a framework for schedule-based UAM operations representing a hypotheti-
cal operator providing reservation-based, timetable-bound services. Building upon Ref. [18], the
commercial-airline-like methodology combines schedule design with tail-number assignment and,
when applied to both three- and four-aerodrome networks in the Chicago metropolitan area, the
methodology successfully produced feasible, repeatable daily flight schedules while effectively min-
imizing fleet size and respecting aerodrome aircraft-on-ground (AOG) capacity constraints. Across
all aerodrome network scenarios considered, the resulting schedules yielded average load factors
of approximately 98% with four-passenger revenue flights comprising the overwhelming majority of
operations, while aircraft collectively operated at least 17 passenger-carrying flights per day and
achieved annual utilization figures in excess of 1,350 flight-hours. Other principal findings and impli-
cations of the study have been summarized in Section 5.3.

The methodology presented and results obtained in this study rely upon several assumptions and
modeling abstractions described in Sections 3. and 4., many of which motivate directions for future
research. First, the strict four-passenger heuristic currently used to group passengers into flights can
be relaxed to allow flights with fewer passengers, paired with a prioritization mechanism that favors
higher-occupancy flights when a conflict arises for the same departure or arrival slots. Such an ex-
tension would likely require additional consideration of ticket pricing and profitability, particularly for
lower-occupancy flights.

Second, the scheduled UAM model presented in this study was intentionally formulated around a
24-hour simulation horizon and a repeatable daily schedule of operations. Consequently, end-of-day
RTB repositioning flights are required to restore the initial aircraft distribution at the conclusion of
each day. Future work may extend the simulation horizon beyond 24 hours to represent an entire
workweek, thereby allowing individual aircraft to operate different flight-strings on different days and
potentially reducing the need for some repositioning flights. Such an extension would also enable
verification of whether flight activity could distributed more evenly across the fleet, which is important
for maintenance planning. Along similar lines, future work may incorporate maintenance routing and
battery charging considerations directly into the tail-number assignment mechanism, recognizing that
not all aerodromes may offer maintenance or charging facilities.

Third, the tail-number assignment methodology may be reformulated using a branch-and-price frame-
work following Barnhart et al. [46], enabling a more rigorous treatment of flight-string generation for
aircraft assignments and fleet-size minimization. Repositioning flights could then emerge directly
from the optimization framework rather than being generated through post-processing, while explicitly
and simultaneously accounting for aerodrome capacity constraints at both the departure and arrival
aerodromes. Furthermore, annual aircraft utilization metrics derived from the resulting flight-strings
may be integrated with existing eVTOL direct operating cost models to better connect scheduling
outcomes with the economic performance of a scheduled UAM operator.

The cost models for the UAM ticket price and for the fully-burdened (including maintenance and wear-
and-tear) car travel cost per mile, as well as the assumption that the value of time for commuters is
equal to their equivalent hourly pay, all play an important and significant role in predicting the number
of UAM-preferred trips.

Additional avenues for future research include more detailed modeling of aerodrome infrastructure
capabilities and limitations to better identify potential operational bottlenecks, comparisons between
scheduled and on-demand UAM service models particularly based on metrics outlined in Section 5.3,
and the consideration of off-nominal events such as adverse weather and system failures. Finally, the
methodology presented in this study may be applied to other metropolitan areas to further investigate
the operational performance of scheduled UAM services under different demand and aerodrome
network characteristics.
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