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Abstract

Urban transportation systems are increasingly strained, with traffic congestion costing billions in time, fuel, and eco-
nomic losses. This proposal introduces a comprehensive evaluation framework for Advanced Air Mobility systems,
using simulation to assess safety, efficiency, and feasibility across core AAM components. Our system supports eval-
uation of routing strategies, terminal procedures, and scheduling systems. Integrated tools provide detailed analyses
of terrain hazards, glide performance, obstacle clearance, traffic conflicts, noise exposure, and energy consumption. A
discrete-event scheduling simulator, coupled with an economic analysis engine, quantifies the viability of various opera-
tional models, including on-demand air taxi services. This framework enables stakeholders to rigorously test any AAM
configuration using realistic flight and traffic data, ensuring informed decisions that balance safety, community impact,
and long-term profitability. Designed for flexibility and extensibility, our system accelerates innovation and supports the
responsible integration of AAM into the National Airspace System.

1 Introduction

1.1 Problem
Transportation in urban environments is being stretched
to its limit. More than half of the world’s 8 billion peo-
ple live in urban areas, leading to crippling congestion
that cost the U.S. economy over $190 billion in 2019 and
wastes billions of hours and gallons of fuel each year [1].
The prohibitive expense of expanding ground-based in-
frastructure, which can exceed $1 billion per mile for new
subway lines, highlights the urgent need for a new, sus-
tainable mobility solution.

1.2 Goals of Project
This proposal presents a comprehensive system for evalu-
ating the critical components of a proposed Advanced Air
Mobility (AAM) system. By analyzing navigation routes,
terminal procedures, scheduling structures, and additional
operational factors, we ensure a robust, data-driven foun-
dation for making informed decisions about AAM design
and deployment. This system aims to concretely show er-
rors in safety, efficiency, economic, and regulatory areas
to improve proposed plans.

1.3 Our Approach
We designed our evaluation system to be adaptable to
any proposed AAM configuration, even those beyond
the scope of this proposal, by requiring only the essen-
tial design information and eliminating the need for code
restructuring. Each evaluation model is organized into
self-contained modules that can be easily updated, en-
suring maximum flexibility and extensibility. Using Mi-
crosoft Flight Simulator 2024 for high-fidelity simula-
tions, our framework encompasses three core evaluation
systems. First, the routing system analyzes AAM routes
for safety, efficiency, and how they integrate with the
National Airspace System (NAS). Second, the terminal

procedures system assesses operations in close-proximity
airspace, ensuring safe and orderly terminal procedures.
Finally, a discrete-event simulation evaluates scheduling
algorithms and provides economic analysis, giving stake-
holders the proposed AAM design’s feasibility and prof-
itability. This framework’s adaptability will accelerate in-
novation for future AAM designs, enabling more safe, ef-
ficient, and economically viable solutions for advanced air
mobility systems.

2 System Evaluation Overview

2.1 Components of AAM System

2.1.1 Vehicles

The choice of vehicle is critical in any AAM system. Each
vehicle has different specifications, determining its range,
load capacity, flight dynamics, and more. Differing dy-
namics dictate what procedures would be within the op-
erating limits of the vehicle. Since MSFS 24 already has
two vehicles, the Archer Midnight [Figure 1] and Joby
S4 [Figure 3], included in the simulator with realistic dy-
namics and configurations, we used those to evaluate our
system with. If one wanted to evaluate a system with a
different vehicle, creating an MSFS model is possible.
Any vehicle can be modeled in MSFS using manufac-
turer specifications and creating the model according to
the documentation.

The example configuration data for the Archer Mid-
night is provided, which is used to inform the simulation
of the aerodynamics, configurations, and systems within
the vehicle. This includes exterior design, navigation sys-
tems, vehicle modes, and more [Figure 2]. The external
conditions, such as weather, also realistically impact the
aircraft, which is key for evaluating our system under dif-
fering conditions.
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2.1.2 Vertiport Design

Vertiports form the backbone of any AAM system, en-
suring seamless, convenient travel for passengers. By
strategically positioning these facilities in areas that bal-
ance accessibility with environmental sensitivity, we can
maximize the utility of AAM networks while minimiz-
ing ecological impact. This thoughtful approach to verti-
port location is critical to delivering both operational ef-
ficiency and long-term sustainability. The placement of
vertiports is determined by the designer, and, if desired,
realistic scenery can be integrated into MSFS. Such ad-
ditions are highly beneficial for illustrating the vertiport’s
impact to stakeholders and for evaluating terminal proce-
dures. While a detailed guide to creating scenery is omit-
ted here, you can find one at [19].

As an example, we designed a vertiport on the UC
Santa Cruz campus, following our 2024 proposal guide-
lines, which incorporate official FAA recommendations
on vertiport design [Figure 4]. This is useful for outline
certain procedures but is especially useful for visual rendi-
tions [Figure 5] for important stakeholders to understand
the expected impact may be in highly realistic detail.

2.1.3 Terminal Procedures

Terminal procedures will be essential for any AAM sys-
tem, especially as scale increases. In traditional uncon-
trolled environments, aircraft avoid collision using stan-
dard best practices (eg. tear-drop entry into the pattern)
and verbal communication between pilots using VHF
radio. However, miscommunications, confusions, and
faulty equipment mean that the rate of general aviation ac-
cidents in the terminal environment is significantly higher
than in commercial operations. In instrument environ-
ments, a one-in-one-out policy is used to ensure separa-
tion in uncontrolled environments, but this significantly
reduces aircraft throughput. To alleviate this pressure,
standard instrument procedures and systems can be estab-
lished that allow for increased throughput of aircraft while
providing instrument-based separation services. Addi-
tionally, terminal procedures must be evaluated to deter-
mine the community impact and efficiency on aircraft per-
forming these operations.

2.1.4 Enroute Procedures

Enroute is defined as the routing between any two termi-
nal environments. For AAM system, enroute may only
be 10s of miles and exist within the terminal environ-
ment of international airports. Enroute procedures may
be the complex aspect of any AAM since incorporating
high-density traffic density in urban areas while integrat-
ing with an already stressed air traffic terminal environ-
ment is a significant challenge. Due to the airspace con-

straints, dynamic routing does not make sense. Thus, all
routes will be pre-established between vertiports (or gen-
eral vertiport regions, such as the San Francisco Down-
town region). Section 3 covers routing in AAM.

2.1.5 Business Models and Scheduling Systems

Beneath the technical complexities of implementing
AAM, it’s crucial to remember that long-term profitabil-
ity underpins any viable solution. Although many busi-
ness models exist for AAM, our work emphasizes an on-
demand “Uber-style” approach, where passengers request
and book flights as needed. To support this, we developed
a discrete-event simulation system to test various schedul-
ing algorithms, accompanied by an analysis tool that eval-
uates the profitability of each simulated scenario.

2.2 General Considerations

Several key factors must be taken into account when eval-
uating an AAM system, including safety, regulatory re-
quirements, infrastructure needs, technological feasibility,
and community acceptance.

A key decision is whether to operate in Visual Flight
Rules (VFR), Instrument Flight Rules (IFR), or to estab-
lish to new Flight Rules system [3]. VFR is much simpler
for operators as compared to IFR since the separation re-
quirements for VFR are significantly reduced, air traffic
procedures are (generally) simpler, and air traffic conges-
tion won’t cause as many delays. However, VFR systems
must operate within strict weather minima, may be denied
air traffic services or clearance into essential airspace, and
are less protected from other traffic (thereby increasing
risk). A new Flight Rules system may have to be estab-
lished to accommodate the conflicting needs to decreased
separation with continued operation in adverse weather.

For the initial deployment of AAM operations, VFR
will likely serve as the primary regulatory framework.
However, as traffic density increases, relying solely on
VFR introduces significant operational challenges. The
recent mid-air collision near Washington, D.C. highlights
the limitations of visual separation. These concerns will
only intensify as eVTOL fleets grow, making it harder for
pilots to identify and maintain safe distances among nu-
merous aircraft. Consequently, dedicated routes for low-
flying traffic, especially where they intersect with existing
commercial corridors, are expected to be tightly regulated
and limited to areas offering greater safety margins and
spacing.
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2.3 Analysis Programs

2.3.1 Overview

In order to understand components of our system, we cre-
ated analysis tools that provide data and visualizations
from an experiment. Our analysis process is a three-step
system. First, in our high-fidelity simulator, we perform
an experiment such as flying a route or terminal proce-
dure. While this is occurring, we developed a data extrac-
tion program that collects all of the relevant MSFS sim-
ulation variables1 and stores them in a MySQL database.
Then, once the experiment has been completed, we per-
form transformations on the data to make it useful for our
analysis programs. Finally, we developed analysis pro-
grams in Matlab to provide data visualization and report
generation.

2.3.2 Aircraft Data

Aircraft parameters and in-flight data are collected via
Simconnect [20] from within MSFS. While there is a
large amount of raw data available from MSFS, the in-
teractions/simulation of the environment using this data is
lower in accuracy compared to a full-fledged physics sim-
ulation. However, for the purposes of evaluating a pro-
posed route under a set of configurable and realistic pa-
rameters [24], it is more than sufficient. Relevant data in-
cludes location[Figure 6], speed [Figure 7], altitude [Fig-
ure 8], attitude [Figure 9] [Figure 10], control surfaces
[Figure 11], aircraft performance [Figure 12], and more
[Figure 13]. While the example figures show data col-
lected for a full route, this information is critical for other
procedures to understand the expected requirements and
behaviors of the vehicles during execution.

2.3.3 Terrain

With AAMs being proposed for short distance passenger
transport, it is natural that the typical operating altitude be
closer in proximity to the ground. To assess the risks of
certain route characteristics such as cruising altitude, we
have created a tool that projects an overlay onto a terrain
map to indicate potentially hazardous terrain features.

Our flight simulations evaluated terrain based on ele-
vation relative to the aircraft at a given point in time, at
all times over the course of the flight. Terrain is classi-
fied into three regions. Green represents terrain more than
1000 ft. below the aircraft at the given time, yellow is
between 1000 and 100 ft below, and red is any terrain fea-
ture higher than 100 feet below the aircraft. The visual
representation can be seen in Figure 14, Figure 15, and
Figure 16; each of which represent a different leg of this

1A list of collected simulation variables is defined here

particular flight. All zone classifications are fully con-
figurable to address different safety. The data here was
acquired by comparing our flight simulation data against
terrain data from the USGS2.

2.3.4 Glide

In the event of malfunctions resulting in complete engine
cutoff, we have designed a program to calculate the maxi-
mum glide distance of the aircraft relative to the surround-
ing terrain. The glide analysis program uses the technical
details of given aircraft parameters [Figure 17] to compute
the best glide speed and angle. It then uses that output
information and the position and altitude of the aircraft
to propagate a glide estimate, accounting for intersecting
terrain. Then, given a set of aircraft positions (ϕi, λi, hi),
where:

• ϕi: latitude of aircraft i,

• λi: longitude of aircraft i,

• hi: altitude above mean sea level (MSL) in meters.

We let

• R(θ): effective glide radius in the direction θ ∈
[0◦, 360◦],

• γ: glide angle (from GlideCalculation),

• dmax: maximum glide distance from
GlideCalculation,

• α = hi

dmax
: descent rate (m/m),

• θk ∈ [0◦, 360◦] in increments, e.g., 1◦.

For each direction θk, compute the distance dk where the
glide path intersects terrain

glideAltitude(d) = hi − α · d

(ϕk, λk) = reckon(ϕi, λi, d, θk)

hterrain(ϕk, λk) = getTerrainElevation(ϕk, λk)

The maximum effective distance is

R(θk) = max {d ≤ dmax | hi − α · d ≥ hterrain(ϕk, λk)}

For each θk, the boundary point is computed as:

(ϕk, λk) = reckon(ϕi, λi, R(θk), θk)

These boundary points form the polygon representing the
reachable glide area for aircraft i. The union of all glide
polygons is thus

Punion =
⋃
i

Pi

2Collected via Opentopography
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where Pi is the polyshape for aircraft i. The union of the
boundaries[Figure 18][Figure 19] creates a bubble around
the aircraft which represents the reachable distance in the
event of an emergency that renders the aircraft unable to
sustain powered flight. Designing safe routes depends on
considering safe and legal altitudes for which recovery is
possible and that is what we enable with this tool.

2.3.5 Obstacle

Ground obstacles are a hazard that must be considered
alongside terrain when evaluating aircraft routes. In con-
trast to natural terrain, obstacles are classified by the FAA
as man-made structures on the ground that can repre-
sent hazards to aerial operations.The FAA classifies these
structures and aggregates them into a Digital Obstacle File
(DOF)3. This file consists of structures deemed hazardous
to aerial operations. We can easily evaluate the presence
of such obstacles along a supposed flight path with this
data. By extending a circle out horizontally from an air-
craft’s latitudinal and longitudinal position, we can deter-
mine if there exists any number of obstacles within a given
radius. By extending the circle downwards by a given
height and also knowing the height of the structure, the
obstacle in question can be determined a potential haz-
ard. Depending on the decided flight rules and margins of
safety, obstacles deemed hazards can be dealt with pilot
maneuvers or adjusting proposed flight paths.

The sample vehicle flight path is shown in Figure 20
with green with objects within the 6 nautical mile zone
of assessment. In our simulations, we have decided on a
minimal height clearance of 500 feet vertical and a haz-
ard radius of 0.1 latitude, equivalent to 6 nautical miles
to demonstrate a zone of potential man-made hazards
throughout a given flight route.

2.3.6 Energy

Energy consumption for an eVTOL is a function of throt-
tle input and several environmental and vehicular factors.
Primary factors that were evaluated include, but are not
limited to, engine throttle, engine rpm, ambient air pres-
sure, ambient air temperature, and vehicle velocity. In
our testing, we saw across several tests that energy con-
sumption was highest during ascent, almost constant dur-
ing level flight, and lowest during descent. Energy con-
sumption through simulation was therefore, as expected,
proportional to the throttle input to the vehicle. Environ-
mental factors such as air density and temperature reflect
a vertical shift in the energy consumption of the eVTOL
platform across the full duration of the flight.

Figure 21 detail energy statistics. The red line plots raw
power consumption at discrete points over the simulation.

3FAA Digital Obstacle File

The green line follows an energy consumption rate cal-
culated from the average over the span of a minute. We
believe the oscillations in energy consumption to be due
to the vertical motors on the Midnight Archer, for which
the simulation used, to be intermittently spinning up and
down as needed.

2.3.7 Noise

Noise is a critical component of the analysis as the com-
munity impact is essential to consider. Unlike traditional
airports, which usually reside in industrial areas and have
mitigating strategies for noise impact, vertiports are likely
to be placed directly next to residential communities with
strict noise ordinances.

To show what the noise impacts may be in a given con-
figuration, we developed a noise analysis tool which cre-
ates a contour plot of noise overlayed on the geography
[Figure 22]. This way, the decibel noise impacts are clear
when examining a procedure. Similar to previous sys-
tems, initial configurations are defined and then a math-
ematical approximation is performed [Figure 23]. This is
done by first generating a 2D cartesian grid

(xm, ym) ∈ {−r,−r +∆, · · · , r −∆, r}2

with r being the simulation radius and ∆ the grid resolu-
tion. The slant distance to the ground is then calculated
for each grid

d(x, y) =

√
x2 + y2 + (haircraft − hterrain(x, y))

2

A simple linear attenuation model is used to simulate at-
mospheric absorption:

Aatm(x, y) = α · d(x, y)

where α = 0.1 dB/m is the atmospheric attenuation coef-
ficient. The received sound pressure level at ground points
is given by:

Lp′(x, y) = Lw − 20 log10(d(x, y))−Aatm(x, y)

and
Lp(x, y) = max (Lp′(x, y), 30)

to avoid negative infinity values. The source sound power
level Lw is estimated as:

Lw =Lbase +A+B log10(Mtip)

+ C log10(Re) + 10 log10(Nrotors)

where A = 80, B = 15, C = −10 are approximated con-
stants [16], Mtip is the tip Mach number, Re the Reynolds
number, and Nrotors the number of rotors.
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While our initial noise tool is sufficient for our analy-
sis, much more could be done with it, as estimated noise
impact is critical for any regulatory approval. The model
should be improved by refining it to create better source
noise estimates based on propeller angle, vertical rate,
and more. The propagation system should account for
monopole, dipole, and quadrupole waves and the associ-
ated frequencies to understand the expected types of dis-
turbances.

2.3.8 Traffic

To ensure that AAM vehicles have minimal impact on the
existing NAS, we developed a tool to assess how proposed
procedures interact with current air traffic. Using publicly
available historical ADS-B data4, we capture all recorded
air traffic in a time-window and filter it by region. For
instance, Figure 24 and Figure 25 represent all air traffic
in the NorCal region on December 30, 2024. The tool al-
lows users to define a conflict zone, for example, a radius
of 3 nautical miles and 1000 feet in altitude. It then eval-
uates a given MSFS flight path against the ADS-B dataset
to identify any conflicting traffic. To measure distance be-
tween two geographic points using latitude and longitude,
we approximate

d(ϕ1, λ1, ϕ2, λ2) ≈

69 ·

√
(ϕ2 − ϕ1)2 +

[
(λ2 − λ1) cos

(
ϕ1 + ϕ2

2

)]2
where ϕ is latitude in degrees, λ is longitude in degrees,
and distance is in miles (using average of 69 miles per
degree of latitude). Let ξ be the cutoff radial distance and
ψ be the cutoff altitude. For each VTOL aircraft position
(ϕv, λv, hv), a set of external flight tracks (ϕt, λt, ht) is
tested. A track is matched if:

d(ϕv, λv, ϕt, λt) < ξ miles

|hv − ht| < ψ feet

If both conditions hold for any point in a trace, the en-
tire trace is added to the set of matched points P . Finally,

P =
⋃
i

∃t∈Ti

d(ϕv,λv,ϕt,λt)<ξ∧|hv−ht|<ψ

Ti

where Ti is a flight track (a sequence of lat-lon-alt points).
The specific points that are within the parameters are
marked as red dots in the visualization. Users can choose
to view only the conflict points or include the full flight
path of any aircraft involved in a conflict. This helps pro-
vide deeper insight into the nature of the conflicting traffic
and the types of operations affected.

4Collected via readsb and downloaded from adsb.lol

As an example usage, we have this route from Berke-
ley to Merced [Figure 26]. As shown, there are certain
conflict areas highlighted in red [Figure 27]. We can see
the full trajectories of the conflicts [Figure 28]. In this
example, this route seems to conflict heavily with Liver-
more departures and arrivals [Figure 29]. Thus, adjusting
the route to avoid this area would be recommended. Us-
ing this methodology, one can design routes that reduce
conflicts with existing traffic.

3 Routing

3.1 Routing in AAM Systems

The National Airspace System (NAS) is a complicated,
highly regulated system. Integrating new eVTOL traf-
fic is challenging due to the constraints of urban terminal
environments, particularly in Northern California, which
encompasses one Class Bravo airspace, two Class Char-
lies, and several Class Deltas [Figure 30]. Dynamic rout-
ing would intersect too frequently with existing air traf-
fic [Figure 31]. Consequently, carefully designing routes
manually is optimal for minimizing conflicts. Neverthe-
less, even manually created routes should be evaluated
according to safety and efficiency metrics to understand
their performance and compare them with alternative pro-
posed routes.

The criteria in selecting VFR and IFR routes differs
immensely. VFR aircraft have greater barriers to enter
airspace such as Bravo Clearances and Two-Way Radio
Communication [14]. ATC may also not prioritize VFR
traffic during times of heavy workload [13]. As a re-
sult, where possible, VFR routes should remain clear from
class B, C, and D airspace. IFR routes, on the other hand,
require more separation (3 miles and 1000 ft usually),
thereby restricting the possible routes that meet the proper
separation from existing traffic. However, these routes
will also allow operations in adverse weather conditions
and provide access to tightly controlled airspace, making
them more reliable but less flexible than VFR routes.

All of these considerations play a key role in route
development. For our example evaluation, we designed
flight paths guided by these criteria, using the 2024 pro-
posal as a framework. The following section outlines how
these paths are assessed.

3.2 Routing Evaluation

Although a static, no-simulation evaluation of the routing
system is possible, we chose to fly each route once5 to
capture detailed performance data.

5At standard pressure (29.92 inHg) and standard temperature (15°C).
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Once a route has been created, it must be encoded to
be flown in MSFS. MSFS uses a .PLN [17] format whose
formal specification is defined here. Alternatively, a flight
plan can be created using the MSFS flight planner tool
[18] [Figure 32]. Routes are loaded into the aircraft and
flown using the autopilot system for deterministic results.

After a route has been created and tested, it is analyzed
using the analysis programs. We examine the capabilities
of testing and comparing two routes through a study of a
Santa Cruz to Berkeley routing.

A route from Santa Cruz to Berkeley is an excellent
case study to examine routing structures. A straight
path [Figure 33] between the two locations goes straight
through the San Francisco final approach path and directly
over Oakland Airport. Thus, careful route and altitude
constructions must be considered to avoid existing traffic.

To navigate this area, a route that flies over the mid-
span of the San Mateo bridge has been proposed [Fig-
ure 34] [Figure 35]. This route is typically flown by VFR
aircraft attempting to cross the bay while avoiding com-
mercial traffic from San Francisco and Oakland. When
examining a route, we will look at its energy usage [Fig-
ure 36], its glide distances [Figure 37], and more. Taking a
close look at the glide range [Figure 38], it does show that
when flying over the San Mateo bridge at 1400 feet, there
may be few options to glide to when an engine failure
occurs. Thus, altering the route to remain more aligned
with landing options could increase the safety of the op-
erations. A key point, in this case, is to ensure that pro-
posed routes either have proper separation from other air-
craft already or can be realistically turned into IFR routes
in the future. As shown [Figure 39], we see that with IFR
separation, the proposed route has several major conflicts
[Figure 40] with SFO arrivals to 28L/R and OAK 30 +
28L/R arrivals and departures. Reducing the separation to
2 miles and<500 feet shows [Figure 41] that the potential
conflicts are greatly reduced6, though still existent, raising
the potential for TA/RAs.

Additionally, a conflict with OAK go-arounds on Run-
way 30 presents a challenge, as the eVTOL paths cross
directly over the OAK runways at 1,200 feet. One ap-
proach to incorporating safety in this portion of the route
is to require the eVTOL to hover-wait for traffic on fi-
nal to OAK. Using Scenic, we generated various flight
configurations and wait times to assess when the proce-
dure could be performed safely. To do this, we wrote
a Scenic[22] program [Figure 42] which had an Archer
Midnight start over the San Mateo bridge and, after a ran-
dom time, would begin flight to cross over the OAK 30
runway numbers at 1200 feet [Figure 43]. The other vehi-

6The red conflicts following the route along the bay is likely existing
VFR traffic performing the same operation, which can be safely ignored
since its a small number of conflict aircraft (2) and visual separation
would be established.

cle in the simulation is a Boeing 737 Max 8 on the ILS 30
at OAK [Figure 44]. Then, at a random time along its final
path, it would go around at a randomized climb rate. Run-
ning this over many iterations yielded many results where
the vehicles would get too close, within 1 mile and 500 ft
[Figure 45]. After many iterations, it was determined that
the earliest the eVTOL can safely begin moving toward
the OAK Runway 30 threshold is when the 737 is 1.75
miles from the touchdown point.

In the case that IFR separation is required, the above
route will not work by our analysis. In order to alle-
viate this, an IFR route [Figure 46] [Figure 47] is pro-
posed which bypasses the dense traffic by routing around
the dense zones, thereby adding additional time to the
route. Indeed, conflicts are reduced [Figure 48] except for
SFO 28L/R departures [Figure 49] (the route should be
altered to avoid this) and for VFR tours above San Fran-
cisco (which can also be altered). Thus, this route has
much greater separation and is a candidate for a future IFR
route. However, it does come at the cost of 5 additional
minutes on a previously 30 minute route, a 16% increase
in travel time. This route also incurs at 10% increase in
energy consumption [Figure 50] due to the additional time
enroute, though it remains at higher altitudes throughout
the flight, thereby being more efficient enroute. Finally,
this route overflies the ocean [Figure 51][Figure 52], far
from many suitable landing spots, and therefore intro-
duces more risk. This should be another factor considered
when choosing the final routes.

This routing analysis provides a framework for how
data can inform design decisions. Of course, this is just
one example—similar analyses should be conducted for a
variety of proposed routes. Another important factor is the
operational ‘plan’ in use at major airports. For instance,
SFO may operate under East Plan (departing from Run-
way 10 and landing on Runway 19), which affects safety
margins. While a thorough analysis should account for
such variations, we do not include it here, as East Plan
accounts for less than 20% of SFO operations.

4 Terminal Procedures

4.1 Terminal Procedures in AAM Systems
Terminal procedures are a critical component of any AAM
system. Given that the terminal area typically experiences
the highest density of traffic, the risk of collision is signif-
icantly elevated. Identifying throughput limitations and
delays within the terminal environment is essential; not
only for ensuring safe operations, but also for optimizing
energy efficiency and minimizing passenger delays. AAM
systems are expected to differ from traditional terminal
procedures due to VTOL requirements and the design of
vertiports [11]. Instead of long approach procedures with
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aircraft following an extended runway centerline, VTOL
aircraft are expected to approach in a tiered ring struc-
ture [Figure 53] [Figure 54] designed to provide coordi-
nate flow to the Takeoff and Landing Pad (TOLP).

MSFS uses XML [21] to create terminal procedures
which can be loaded onto aircraft and flown (via autopilot
or manually). These procedures can use radial distance-
to-fix as defined here or any other valid routing struc-
ture. This allows the procedures to be defined exactly as
it could be for real aircraft and flown as such.

4.2 Terminal Procedure Evaluation

To evaluate terminal procedures, we implemented a multi-
pronged approach that combines high-fidelity simulation
with scalable traffic assessments. The core of our method-
ology involves encoding individual terminal procedures,
such as Standard Instrument Departures (SIDs) and Stan-
dard Terminal Arrival Routes (STARs), into MSFS allow-
ing us to assess both procedural performance and opera-
tional feasibility in a controlled environment.

Once encoded into MSFS, each procedure is flown us-
ing the simulator’s autopilot and flight management sys-
tems. This enables detailed data collection, including the
actual flight path, adherence to altitude and speed con-
straints, turn performance, and automation behavior. Ad-
ditionally, the simulation allows for monitoring of fuel
burn, energy profiles, and time-to-climb or descent met-
rics, which are critical for evaluating efficiency and envi-
ronmental impact.

For instance, this [Figure 55] Joby defined departure
procedure [12] was manually transcribed into MSFS’s
custom approach editor. The aircraft was then flown un-
der fully automated conditions to mimic realistic pilot and
system responses. The trajectory closely follows the pub-
lished chart [Figure 56], with precise lateral and vertical
navigation observed throughout the departure phase. We
were then able to collect relevant data about the departure
[Figure 57][Figure 58].

Beyond single-aircraft assessments, we also conducted
multi-aircraft evaluations using Scenic. In this setup, sev-
eral aircraft were initialized from distinct starting points
around the terminal area, each assigned a pre-defined tra-
jectory that intersects or merges into a shared airspace,
such as a final approach path to a single runway.

These traffic scenarios allowed us to evaluate airspace
capacity, sequencing strategies, and conflict resolution ef-
fectiveness. By varying initial spacing intervals and route
convergence points, we empirically determine the mini-
mum required longitudinal and lateral separation to main-
tain safe and efficient flow during high-density operations.
This analysis provides insights into optimal scheduling
windows, route deconfliction strategies, and the robust-
ness of proposed procedures under stress-tested condi-

tions.

5 Scheduling System

5.1 Scheduling System Overview
While procedures and routes are critical to any UAM sys-
tem, efficient flight scheduling is essential to prevent verti-
port congestion, minimize passenger delays, and maintain
economic viability [7]. In order to assess scheduling, we
built a discrete-event simulator which acts as a schedul-
ing evaluator. Our simulation takes in a pre-defined state
(defined in both environmental and system configurations)
and evaluates a given scheduler. We then use an analysis
program to view various metrics from the simulator and
provide an economic analysis to determine the profitabil-
ity of a given system and scheduler [Figure 59].

5.2 Configuration
5.2.1 System Configuration

In the scheduling simulator, all system configurations are
defined using TXT or CSV files containing data about the
system. These include:

1. vertiport.txt: The possible vertiports in the system.
[Figure 60][Figure 61]

2. starting state.txt: The starting location of each eV-
TOL in the system. [Figure 62][Figure 63]

3. transport time.txt: The flight time between each ver-
tiport (in minutes). [Figure 64]

4. passenger demand.csv: The number of passen-
gers that show up in a defined time-interval seek-
ing to fly from a source to a destination. [Fig-
ure 65][Figure 66]

5. ground transport.csv: The associated public trans-
port times at each location. [Figure 67]

Exact specifications and examples for each file is de-
tailed in the figure attachments for each file.

5.2.2 Environmental Configuration

Environmental configurations are configurations of the
system that can be gathered using outside data, such as
from MSFS or public data. In the current scheduling sim-
ulator, environmental configuration is the transportation
times between the different vertiports. For our system, we
flew each of the routes [Figure 68] in MSFS to get an ex-
pected transport time, instead of manually calculating ap-
propriate values. In future iterations, more environmental
conditions such as wind patterns could be included. The
resultant transportation times can be found at Figure 64 .
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5.3 Scheduling Simulation

Our scheduling simulation was designed for easy extend-
ability and analysis. While this section will outline how
our current simulation works, we emphasize that addi-
tional analysis and complexity can be added with relative
ease due to the simple design.

The system revolves around a time-based priority
queue, the event queue, which holds the events for the
simulation ordered by lowest time.

There are three main entities in the simulation: Ver-
tiports, Passengers, and Aircraft. Vertiports do not rep-
resent discrete events; rather, they maintain an informed
state of the system. This helps collect vertiport specific
statistics, manage passengers and aircraft, and inform the
scheduler of the state of the Vertiports within the system.

Passengers [Figure 69] have three events which repre-
sent their state. When a passenger first arrives at a ver-
tiport, they register a PassengerBook event, entering the
system with an origin and destination vertiport. A passen-
ger is then loaded onto an aircraft by the scheduler and is
officially departed when the aircraft departs which is reg-
istered as a PassengerDepart event (although this isn’t an
independent event on the queue). Finally, upon arrival at
the destination, a PassengerArrive event is collected.

Aircraft [Figure 70] begin in the idle state after ini-
tialization. The scheduler can load passengers onto the
aircraft (which are automatically deboarded after arrival
to destination), depart an aircraft, or charge the aircraft.
The events are registered as appropriate with ChargeStart,
ChargeEnd, AircraftDepart, and AircraftArrive.

At initialization, the simulation populates Vertiports
with Aircraft as specified from system configuration. Pas-
sengerBook events are populated within the event queue
according to the passenger demand graphs, plus some ran-
domization within each time interval. Once the simulation
is initialized from the system configuration, the simulation
is run.

On each step, the simulation retrieves the next event
from the event queue and alters the system state as neces-
sary. The system state is then sent to the scheduler which,
with a decision policy, will make choices to add events
(eg. load passengers onto a flight and depart it), which it
executes using the action commands. Events the sched-
uler creates are put onto the event queue and the simula-
tion continues to the next step [Figure 71]. The simulation
can continue until a pre-defined end time (eg. 8 hours of
simulation to simulate a day of opertions) or until all pas-
sengers have reached their destination.

When handling events, the simulation will write events
to an event log[Figure 72]. This event log is a reflection
of all the events in the simulator, acting as a recreation of
the simulation performed. This log is used by the analy-
sis program to collect statistics about the simulation run,

which is described in detail in the analysis section.

5.4 Scheduling Analysis

5.4.1 Analysis Outputs

To evaluate the scheduling system’s performance, we col-
lect data from the event log [Figure 72] and then aggregate
and transform it into key performance metrics.

First, we determine the wait times for passengers.
To display wait times, we show each passengers wait
time[Figure 73], the average wait times across all pas-
sengers, and a histogram[Figure 74] of wait times. We
evaluate throughput (arrived passengers per hour) us-
ing a histogram [Figure 75] and average throughput per
hour. We also evaluate the average flight load [Fig-
ure 76] [Figure 76]. The wait times, throughput, and flight
load provide information on how efficient the scheduler
is[Figure 78]. The passenger book rate [Figure 79] is also
provided as a means of comparing the throughput of the
system against the input into the system. If the throughput
is less than the input, delays will accumulate and the sys-
tem is likely overcapacity (for the given scheduler). We
also want to evaluate the cycles. A cycle is the time be-
tween two arrivals of aircraft. Since aircraft are in one
of three states, idle, in-flight, or charging, we can deter-
mine the amount of charging, idle, and flying time per
cycle [Figure 80]. This shows how much time is needed
for charging, how much time is spent in idle, and average
flight lengths per cycle. This provides further insight into
how efficiently aircraft are being utilized by the scheduler.

Finally, we provide a scheduling timeline [Figure 81]
[Figure 82] to show visually how aircraft are scheduled
throughout the simulation.

5.4.2 Cost and Economics

To complement our operational performance evaluation,
we conduct a financial analysis [4] that estimates the eco-
nomic viability of the scheduling system under specific
configurations. This analysis is based on both static input
data (such as capital expenditures, operational costs, and
revenue models) and dynamic outputs from the discrete-
event simulation (i.e., aircraft movements, passenger vol-
umes, and resource utilization).

We begin by estimating the capital expenditures
(CAPEX), which include infrastructure investments like
aircraft acquisition, charging stations, and other ground
facilities. These assets are depreciated annually based on
their expected useful life, giving us an annualized depre-
ciation cost that contributes to the total overhead.

Operating expenditures (OPEX) are broken down into
several components:
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• Fixed Annual Costs: These include recurring ex-
penses such as pilot training, administrative over-
head, software systems, marketing, and compliance.

• Labor Costs: The number of pilots, flight operators,
and ground staff are estimated based on the fleet size,
and their corresponding salaries are accounted for
annually.

• Per-Aircraft Costs: These include routine mainte-
nance and insurance, scaled with the number of air-
craft in operation.

• Variable Costs: These are directly tied to operational
intensity and include landing fees (per flight) and
energy costs (calculated from estimated energy con-
sumption per mile).

Revenue projections are derived from the simulation’s
flight logs. For each route taken during the simulation,
ticket sales are calculated based on the number of passen-
gers and pre-defined ticket prices per origin-destination
pair. This gives us a granular view of revenue generation
at the flight level, which is then scaled to project annual
revenue.

By aggregating costs and revenues, we estimate key fi-
nancial indicators:

• Operating costs before depreciation: A baseline for
assessing cost efficiency.

• EBIT (Earnings Before Interest and Taxes): Opera-
tional profitability before taxes and capital costs.

• Tax obligations: Estimated based on EBIT and an
applicable tax rate.

• Net income: Final indicator of system profitability
under the simulated scenario.

To display the financial models capabilities, we exam-
ine differing ticket price estimates on a given simulation
and cost structure to determine the finances. We also show
how changing cost inputs alters the cost structure.

For this, we ran a simulation with 15 aircraft, 30 pi-
lots, and several ground and ops crew. OPEX [Figure 83]
and CAPEX [Figure 84]information is estimated and run
through the financial model with the log data from the
simulation. We evaluate three ticket pricing models, with-
out due regard for the demand outcomes. While in reality,
demand and pricing will have significant effect on each
other, our financial model is designed to show financial
outcomes assuming that demand from the passenger de-
mand would be met with the given financial data. This
model will help give rough starting estimates for which
more advanced models can be refined from.

We examine cheap, moderate, and expensive ticket
prices. With cheap ticket prices [Figure 85] [Figure 86],

each flight will cost more than the revenue it brings in.
With moderate prices [Figure 87] [Figure 88], while the
cost structure remains the same, the revenue increases.
Thus, net income increases into the black. Similarly, with
expensive ticket prices [Figure 89] [Figure 90], a full 10x
the cheap prices, the net income is substantial with profit
margins of about 60%.

However, in the previous system, the scheduler booked
flights that may be less than 100% capacity [Figure 91],
leading to less wait times but flights that occur with less
revenue. Thus, we provide an example were the scheduler
restricts departing flights to 100% capacity [Figure 92].
As a result [Figure 93], operating costs are lower as flights
don’t get booked under capacity and revenue per flight
is increased. Final annual net income estimates are $2M
higher than previously (though still negative).

This financial modeling is designed to be flexible, al-
lowing for rapid sensitivity testing of different configu-
rations, such as increased fleet sizes, altered scheduling
systems, or changes in pricing strategies. This cost and
economic analysis provides a critical lens for evaluating
whether a particular scheduler and operational setup can
sustain long-term financial viability within a AAM frame-
work.

5.5 Scheduling Algorithms

The purpose of the scheduling evaluator is to, given a
scheduling algorithm, evaluate its performance. Thus,
some time should be spent on the scheduler itself. In or-
der to test our evaluator, we developed a couple schedul-
ing algorithms as a baseline for which much improvement
can stem. In this section, we show how the scheduler in-
terfaces with our simulation and some of the theoretical
foundations of UAM scheduling systems that were con-
sidered.

There have been many proposed scheduling algo-
rithms, including Reinforcement Learning [5], Heuristic-
Based[6], and Time-Based Flow Management [10]. For
example purposes, we wrote a naive scheduler with a sim-
ple, deterministic rule set, and a reward-based scheduler
which uses a reward function to determine next actions.

5.6 Naive Scheduler

The NaiveScheduler implements a straightforward
rule-based strategy:

1. For each vertiport, identify all idle aircraft.

2. Group waiting passengers by their destination.

3. Select the destination with the largest passenger
group.
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4. Load as many passengers as possible onto the air-
craft.

5. Schedule a flight to the chosen destination if the air-
craft has sufficient battery.

If no suitable trip is found due to battery constraints,
the aircraft is scheduled for a default 30-minute charging
session. This scheduler prioritizes throughput by always
serving the most popular routes, but does not account for
passenger waiting times or future demand forecasting.

5.7 Reward-Based Scheduler
To address the shortcomings of the naive approach, the
RewardScheduler employs a heuristic reward func-
tion to evaluate the utility of potential flights. This sched-
uler ranks destination groups described as follows:

Each feature contributes to a composite reward score
using a customizable weight function:

Table 1: Scheduler Definitions
Symbol Definition
Vi Vertiport i
rij Route from source Vi to destination Vj
ETA(dept, rij) Estimated Time of Arrival leaving

at time dept on route rij
NGT(t, Vi) Next Public Transportation departure

time after time t at Vertiport Vi
TP(t, rij) Total passengers waiting at Vi for

route rij at time t
HL(t, rij) Longest currently waiting (passenger)

time at Vi for route rij at time t
AL(t, rij) Average current waiting (passenger)

time at Vi for route rij at time t
TP(t, Vi) Total passengers waiting at Vi

(for any route) at time t.
fk(x) Weight function f (version k)

for reward function.

R(t, rij) = f1(TP(t, rij)) + f2(HL(t, rij))
+ f3(AL(t, rij)) + f4(NGT(ETA(t, rij)))

+ f5(TP(t, Vj))

The functions fk(x) can be designed to prioritize a met-
ric for the scheduler, such as the wait times or the flight
load.

The destination with the highest reward is selected, sub-
ject to aircraft battery constraints. If no feasible destina-
tion exists, the aircraft is scheduled to charge for a dy-
namically calculated duration based on the average future
transport need, capped between 15 and 90 minutes.

While the NaiveScheduler performed better than ex-
pected, the configurability of the Reward scheduler made
testing different scenarios much easier and thus more op-
timal schedules were designed with Reward scheduler.

6 Conclusion
In this proposal, we have outlined a modular framework
for evaluating AAM systems using MSFS as a high-
fidelity simulation environment. Our system enables de-
tailed analysis of aircraft behavior, route viability, termi-
nal procedures, scheduling efficiency, and broader opera-
tional and environmental considerations such as noise, en-
ergy usage, and traffic conflicts. Each tool was designed to
be extensible, adjustable, and data-driven, ensuring flexi-
bility across various AAM designs and configurations.

From terrain clearance and glide range assessments
to noise modeling and discrete-event scheduling simula-
tion, each component provides critical insights necessary
for stakeholders to make informed decisions. Moreover,
by enabling integration of real-world data and modeling
complex interactions with the NAS, our framework en-
sures proposed systems are not only technically feasible
but also operationally sound and economically viable.

There are several areas for improvement to enhance
model accuracy, accommodate more complex systems,
and incorporate varying rules. Nevertheless, the work
completed in this proposal provides a strong foundation
for developing a comprehensive system that simplifies
AAM deployment.

As urban air mobility moves closer to mainstream de-
ployment, tools like ours will be essential for ensuring
safety, efficiency, and community acceptance. We hope
that this framework will accelerate the research, develop-
ment, and responsible deployment of AAM solutions that
are sustainable, scalable, and ready to meet the mobility
demands of the future.
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7 Figures

7.1 Section 2: System Evaluation Overview

Figure 1: Archer Midnight in MSFS
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Figure 2: Archer Midnight Cockpit in MSFS
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Figure 3: Joby S4 in MSFS
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Figure 4: Santa Cruz Vertiport Design
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Figure 5: MSFS Scenery for Santa Cruz Vertiport
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Figure 6: Example Aircraft Path
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Figure 7: Altitude and Speed Plot
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Figure 8: Altitude and Terrain Plot
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Figure 9: Pitch Plot
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Figure 10: Heading Plot
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Figure 11: Aileron Deflection Plot
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Figure 12: RPM Plot
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Figure 13: Terrain Clearance Plot
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Figure 14: Terrain overlay after initial vertical takeoff and
transition to horizontal flight

Figure 15: Terrain overlay midway through flight
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Figure 16: Terrain overlay on descent
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Figure 17: Best Glide Parameters Defined for An Aircraft
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Figure 18: Union Glide Boundary Example
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Figure 19: Union Glide Boundary Example - Close up to
Display Terrain Restriction
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Figure 20: Red dot cluster indicates hazards within
threshold values: 500 ft./6 nmi
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Figure 21: Battery Consumption and level (Fuel) over
time
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Figure 22: Noise Plot
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Figure 23: Noise Plot with decibels displayed
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Figure 24: All ADS-B records from 12/30/2024
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Figure 25: All ADS-B records from 12/30/2024 - Close
up of SF Bay
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Figure 26: Berkeley to Merced Route Flown in MSFS 24
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Figure 27: Traffic Conflicts Highlighted in Red
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Figure 28: Traffic Conflicts with Full Trace of Aircraft
who Conflict
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Figure 29: Traffic Conflicts close to Livermore
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7.2 Section 3: Routing

Figure 30: San Francisco Terminal Area Chart

41



Figure 31: Norcal Commercial Traffic Routing
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Figure 32: Creating a Flight Plan Manually in the MSFS
Flight Planner Tool
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Figure 33: Direct Route between Santa Cruz and Berkeley
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Figure 34: Santa Cruz to Berkeley Proposed Route to
Minimize Travel Time and Remain in VFR Flight Routes
(Over the Midspan of the Santa Mateo Bridge)
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Figure 35: Santa Cruz to Berkeley Proposed Route Alti-
tude over Time
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Figure 36: Energy (Fuel) Consumption Rate of Proposed
Santa Cruz to Berkeley VFR Route
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Figure 37: Glide range union boundary for Proposed
Santa Cruz to Berkeley Route
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Figure 38: Glide range union boundary (Close up of SF
Bay) for Proposed Santa Cruz to Berkeley Route
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Figure 39: All Conflicts (IFR Spacing) on Proposed Santa
Cruz to Berkeley Route
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Figure 40: Close up of Conflicts (IFR Spacing) for SFO
and OAK Arrivals and Departures on Proposed Santa
Cruz to Berkeley Route
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Figure 41: Conflicts (Reduced Spacing) on Proposed
Santa Cruz to Berkeley Route
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Figure 42: Scenic Scenario Setup
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Figure 43: Archer Midnight Flying ahead on VFR route
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Figure 44: 737 on Final Approach into 30, about to per-
form a go-around with an eVTOL flying ahead.
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Figure 45: 737 Max in Go Around within 1 mile and 500
feet of eVTOL Aircraft
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Figure 46: Santa Cruz to Berkeley Proposed Route to
Avoid IFR Traffic
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Figure 47: Santa Cruz to Berkeley Proposed IFR Route
Altitude over Time
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Figure 48: All Conflicts (IFR Spacing) on Proposed Santa
Cruz to Berkeley IFR Route
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Figure 49: Close up of Conflicts (IFR Spacing) for SFO
and OAK Arrivals and Departures on Proposed Santa
Cruz to Berkeley IFR Route
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Figure 50: Energy (Fuel) Consumption of Proposed Santa
Cruz to Berkeley IFR Route
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Figure 51: Glide range union boundary for Santa Cruz to
Berkeley Proposed Route to Avoid IFR Traffic
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Figure 52: Glide range union boundary (Close up of San
Francisco) for Santa Cruz to Berkeley Proposed Route to
Avoid IFR Traffic
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7.3 Section 4: Terminal Procedures

Figure 53: Operational concept design for terminal
airspace
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Figure 54: 3D Operational concept design for terminal
airspace
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Figure 55: Joby 8 Departure Digram
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Figure 56: Joby 8 Departure Path Flown
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Figure 57: Joby 8 Departure Energy Consumption
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Figure 58: Joby 8 Departure Profile
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7.4 Section 5: Scheduling

Figure 59: Discrete Event Simulator Process Diagram
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Figure 60: Vertiport Data Schema
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Figure 61: Example Vertiport Definition
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Figure 62: Starting State Data Schema

73



Figure 63: Example Starting State Definition
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Figure 64: Example Transport Times Definition (Derived
from Simulator Tests)
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Figure 65: Example Passenger Demand Definition
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Figure 66: Example Passenger Demand Graph from Santa
Cruz to Moffett Field
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Figure 67: Example Ground Transport Times Definition
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Figure 68: Previously Proposed Routes
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Figure 69: Passenger State Diagram
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Figure 70: Aircraft State Diagram
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Figure 71: Scheduling Simulation Architecture
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Figure 72: Event Log Example
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Figure 73: Example Wait Time Index
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Figure 74: Example Wait Time Histogram
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Figure 75: Example Throughput Histogram
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Figure 76: Example Flight Load Histogram
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Figure 77: Example Flight Load Data
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Figure 78: Average Wait Time, Throughput, and Book
Rate statistics
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Figure 79: Example Passenger Book Rate Histogram (De-
rived from Passenger Demand)
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Figure 80: Example Cycle Data (In Average Percentage
per Cycle)
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Figure 81: Aircraft Scheduling Timeline: Red - Charging,
Blue - Flight, Blank - Idle
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Figure 82: Hovering over Aircraft Flight on Timeline
Chart
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Figure 83: Example OPEX information
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Figure 84: Example CAPEX information
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Figure 85: Cheap Ticket Prices
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Figure 86: Financial Outcome with Cheap Ticket Prices
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Figure 87: Moderate Ticket Prices
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Figure 88: Financial Outcome with Moderate Ticket
Prices
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Figure 89: Expensive Ticket Prices
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Figure 90: Financial Outcome with Expensive Ticket
Prices
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Figure 91: Flight Load of Financial Model Example
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Figure 92: Restricted Flight Load to Strictly 4 Passengers
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Figure 93: Financial Outcome with Cheap Ticket Prices
With Load at 4 Passengers
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