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Abstract

With the average American spending around 43 hours a year sitting in traffic1, and automobile
emissions in the US accounting for 57% of all transportation emissions2, traditional transportation
infrastructure can no longer keep pace with growing demand and environmental concerns. Elec-
tric vertical take-off and landing vehicles (eVTOLs) offer an environmentally friendly approach
to efficiently transporting individuals while reducing stress on current infrastructure. As many
companies work towards effectively integrating eVTOLs, or air taxis, into urban environments,
airports have become the most likely candidates for housing early air taxi hubs. However, limited
physical space at airports, the complexity of coordinating with existing air traffic, noise concerns,
weather challenges, and additional constraints stand in the way of successfully implementing this
technology. The present study develops a geospatial data-driven approach using Python-based
spatial analysis and A* pathfinding algorithms to identify optimal vertiport locations in airports
and seamlessly integrate them into the air traffic at a chosen location. The analysis covered flight
traffic density under 3,000 feet, wind favorability, proximity to terminals, access to frequent desti-
nations, and dynamic no-fly zones of the San Jose Mineta International Airport (SJC). The data
was used to generate colored heatmaps that revealed the most suitable vertiport sites and high-
lighted airspace congestion. This approach also produced snapshots across different daily intervals,
enabling algorithmically optimized flight path planning for eVTOL operations based on the time
of day. Potential vertiport locations were tested to find the best configuration of landing pads and
gates tolerating the highest throughput of air taxis. Further investigation revealed two optimal
vertiport locations concentrated in a 4-mile area of SJC, with peak operational windows occurring
during 12-2 PM PST when traffic and wind conditions align favorably. These findings provide
a systematic foundation for integrating eVTOLs and other Advanced Air Mobility (AAM) into
existing airport infrastructure, with a system offering a replicable framework applicable to airports
worldwide.

1 Introduction

The case for air taxis is compelling; however, integrating them into existing infrastructure is chal-
lenging. The air mobility market is estimated to be worth $4.59 billion in 2024 and projected to reach
$23.47 billion by 2030.3 This represents a compound annual growth rate (CAGR) of 31.2%. This
level of growth and economic value is a driving force for the development of eVTOLs (electric vertical
takeoff and landing), as evidenced by the 1000 new eVTOL4 designs created by companies around the
world. Plans have been developed to integrate eVTOLs into major city centers, but the current focus
is shifting to add them to airports. Integrating eVTOLs effectively into an airport would allow people
to avoid heavy congestion and would significantly reduce commute time, saving anywhere from 23
minutes for short commutes (50km) to 76 minutes for regional commutes (300km).5 Additionally, the
heavy congestion on roads, which has resulted in people experiencing over 102 hours of traffic6, would
be reduced by the introduction of air taxis. Air taxis are more efficient and sustainable, as they are
100% electric, resulting in a significant decrease in greenhouse gas emissions.7 Therefore, this develop-
ing technology is causing airports to face increasing pressure to adapt and design new infrastructure
to efficiently integrate the new eVTOLs.

With almost 20,000 public and private airports in the USA and over 21,000 commercial flights
landing and taking off in the USA per day8, integrating the needed infrastructure and flight paths
for eVTOLs will be arduous. These challenges arise from the different layouts and available resources
at each airport, as well as the specific requirements and regulations pertaining to eVTOLs. Most US
airports operate at near capacity, making it very difficult to integrate eVTOLs as the airports lack the
space for appropriate takeoff and landing infrastructure.10

Vertiports are infrastructure designed for the vertical take-off and landing of aircraft.11 They require
large areas as the landing zones need to be 3 times the diameter, with passenger pick-up and drop-off
areas required by the FAA.12 The vertiports would also require additional frameworks, such as charging
stations, as a 1.5MW charger is required to provide 300kWh in under 15 minutes to the eVTOLs13,
so that they can be efficient and maximize daily flight frequency.

Furthermore, airports have several restricted zones within and/or surrounding them, reducing the
available area even further. These restrictions are to ensure safety, prevent acts of terrorism and
unlawful interference with aircraft operations, as well as to provide many other considerations.14 This
means extensive planning would be required to integrate the eVTOLs, as there is a risk of disrupting
existing operations while being expensive to deploy and operate.15
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eVTOLs operate at around 2,000 feet, which poses other challenges, as there are airspace restrictions
to prevent collisions with aircraft. They are likely to interfere with current operations and put more
pressure on the current ATCOs (air traffic controllers) who are already experiencing shortages.16

Airports are already struggling to manage coordination between the airlines, general aviation, and
military operations. Many also have the goal to increase the number of flights going through the
airport further16, so the addition of eVTOLs would only exceed the traffic controller capacity.17 This
would lead to the airport having to decide whether to honor its long-standing relationships with airline
partners or to prioritize new eVTOL technology.17

These are only a few of the many variables that need to be considered by airports before integrating
air taxis. Others, including noise, sustainability, and visual pollution, must be considered as eVTOLs
would need to be added in a way that results in minimal impact.15

The current aviation industry is predicated on highly structured and centralized air traffic control
systems, which are designed for commercial airlines and large airports. The integration of eVTOLs
would require redesigning to create an aviation environment based on a more unpredictable and dy-
namic model.15

This study will focus on how to incorporate air taxis efficiently into the San Jose Mineta Interna-
tional Airport (SJC) through two lenses: finding ideal locations for vertiport placement and integrating
air taxi traffic into existing airplane traffic. Through multidimensional analysis, we have determined
the most suitable locations and schedules for air taxis, allowing for seamless integration into existing
airports. Over the course of this paper, we aim to cover the entire process of implementing eVTOL
infrastructure into current aviation environments, providing a replicable foundation for future projects
in this field.

2 Related Works

Before building our models, it was important to look at ongoing research and advancements in this
space.

Shannon Zelinski’s paper18 explores three topologies, each designed around four Touchdown and
Lift-Off (TLOF) Areas at the corners of a square-shaped vertiport. These topologies are made of
vertiport pads, vertiport parking, and major and minor taxiways. When the topologies are tested
for space efficiency and throughput, factors including wind direction that inhibit the use of specific
TLOFs as arrival or departure pads and taxiing time from the TLOFs to the vertiport parking spaces
are considered. Dr. Zelinski’s research is similar to this paper, as this study also explores different
configurations in a rectangular shape, but focuses on real locations and designing topographies that
fit within these areas.

Kapil S. Sheth’s paper19 explores creating composite suitability maps, breaking them up into
different cells, and scoring the cells based on their suitability. The study also created optimal flight
paths between origin and destination for eVTOLs, and analyzed the suitability of those flight paths.
We used a similar technique as we explored using the heat maps for an airport and creating a score
based system to analyze the different possible areas. After choosing different sites, we created possible
flight paths to key destinations around the airport. To build upon this research, we looked into the
different configurations of the vertiports when possible vertiport locations were found.

Feldhoff and Roque’s case study21 explored vertiport infrastructure requirements for air taxi opera-
tions at Cologne Bonn Airport. They investigated demand modelling, plausible aircraft configurations,
and integration with existing airport structures. Knowing the demand and making assumptions, they
estimated that one FATO (Final Approach and Takeoff Area) would require 4-9 stands and used the
vertiport measurements to identify possible locations. Then, they created a ‘location selection criteria’
list, which included passenger accessibility, obstacle clearance, noise impact, expandability, applicabil-
ity, and the availability of each site. We implemented a similar system into our method, as different
areas were judged on several factors. As in the Cologne Bonn analysis, our model considers proximity
to terminals, operational safety places (such as proximity to runways), and the adaptability of exist-
ing infrastructure. However, our methodology introduces several advancements to address the unique
complexity and demands of integrating eVTOL operations into dense, high-traffic environments like
SJC. We designed a data-driven heat map approach to help visualize and show where the best spot
to place vertiports in the airport is. Feldhoff and Roques’ framework shows high-level screening and
feasibility assessment; our work adds on, showing operational planning and optimization by using real
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data.
The paper by Di Mascio et al.22 provides an in-depth overview of the emerging field of vertiports

and discusses their role in making AAM possible. The review looks at the technical design, regulations,
and how vertiports should fit into existing transportation networks, but mainly focuses on broad, high-
level strategies and challenges. Our paper refines this by taking those general principles and putting
them into practice at SJC using real-world data. We improve upon their work by using a scoring
approach and evaluating the best locations to put the vertiports. Di Mascio and our paper bridge the
gap between theory and application, offering a step-by-step methodology that can be used to guide
actual vertiport placement and design.

In another paper, Lee and Cho23 propose a three-stage geospatial analysis framework for locating
optimal vertiport locations in a complex urban environment. Their approach includes suitability
analysis, where they score areas based on factors like population density, land mix, traffic, and access
to transport; regulation analysis, which removes any areas due to legal or safety reasons; and location
allocation, which chooses the final sites considering city plans, land prices, and local demand. They
tested this approach in two different places in South Korea, Busan and Jeju. Our study complements
and extends Lee and Cho’s framework by moving from a planned focus analysis to a more detailed
site-specific application.

A recent study by Yoon et al.24 in 2025 looks at how to choose vertiport locations by connecting
them with major highways around Seoul, aiming to make UAM more useful for people who live or
work outside city centers. The researchers use real travel and location data to score over a hundred
possible spots, narrowing them down to the best places based on how well they link with busy roads
and the level of travel demand nearby. Their study shows that putting vertiports near important
buildings can improve access and make UAM services more efficient. This approach is similar to our
study, but focuses more on the connections across the whole region rather than just one airport. Their
study helped to support that combining detailed site analysis with a bigger picture network plan leads
to better vertiport placement and more efficient UAM systems. Overall, these papers provided insight
and tools that aided the development of our approach, inspiring us to apply this study design to San
Jose International Airport.

3 Methods

3.1 General Vertiport Location

3.1.1 Airport Selection

Before beginning research into the integration of eVTOLs into the current infrastructure, it was
crucial to establish the airport for this case study. Several aspects, such as weather, runway configura-
tion, passenger demand, physical location, and other factors, need to be accounted for when selecting
an airport. San Jose Mineta International Airport (SJC) experiences rather favorable weather con-
ditions when it comes to precipitation, visibility, and temperature year-round.25 SJC is also located
at an elevation of just 62 ft (≈ 19m) above sea level26, with surrounding terrain being relatively flat
throughout the Santa Clara Valley—significantly easing approach and departure flight profiles and
reducing mountainous turbulence risks.

Additionally, the airport’s simple parallel runway design yielded two possible configurations, allow-
ing us to easily map the flow of traffic without concern for various changes in runway configurations
throughout our report. According to FAA documentation, SJC operates under Class C airspace dur-
ing tower hours (generally 0600–0000 local). It lies under San Francisco Class B airspace, but is less
restrictive than B-class environments, making air traffic routing simpler.28

Aside from the physical characteristics of the airport itself, San Jose is located in Silicon Valley, a
populous location where there are large commutes between the towns and cities in the area.30 Therefore,
the demand for air taxis in this region will be large, and the possible destinations from SJC by air taxi
are vast. Also, the airport’s proximity to numerous tech companies such as Joby Aviation and Archer
can hasten the implementation of eVTOLs into airports. Looking at transportation data from SJC,
the airport experiences less congestion compared to its peers, with lower delay rates and cancellations,
meaning that airport infrastructure will not be burdened by the integration of air taxis.
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3.1.2 Vertiport Location Heat Map

To determine the coloring for the vertiport placement heatmap, we developed a multivariable
scoring system that depicted suitable vertiport locations near SJC. While scoring, we examined each
pixel’s proximity to certain airport infrastructure, access to points of interest, location in restricted
areas, and favorability to prevailing wind. Based on each of these factors, every pixel was given a
composite score and colored accordingly on the grid. In the subsequent sections, the scoring procedure
for each of the factors will be discussed in great detail.

3.1.2.1 Proximity to Important Locations
There are two very important factors to consider for the placement of a vertiport: proximity

to the runway, and proximity to the terminals. The proximity to the runways will determine how
independently air taxis can take off and land from runway operations. To be in accordance with
the FAA’s Recommended Minimum Distance, the vertiport FATO must be at least 500ft for small
(12,500 lbs or less) or large airplanes (12,501 - 300,000 lbs) and 700ft for heavy airplanes (over 300,000
lbs).11 SJC handles cargo and heavy commercial planes, so in order to be a safe distance from aircraft
year-round, the vertiport FATO must be a minimum distance of 700ft from runways, where anything
from 0-500ft from the runways is off limits entirely. For independent operations, the vertiport must be
placed at least 2500ft from runways, which we selected as our ideal distance.11

For the chosen vertiport designs, passengers board and depart the eVTOL near or on the landing
zones; therefore, the distance from the landing zones to the passengers’ final destination must be taken
into account. For this study, we have assumed all passengers will travel between the terminals and the
vertiport, excluding other airport facilities. We have chosen Terminal B as the target location since it
is the larger of the two terminals and handles both domestic and international flights.

The distances to the runways and terminal B are calculated separately and then combined and
normalized to produce one final score. To find the location of the runways in Figure 1, we perform
a Probabilistic Hough Line Transform of a black and white image. The green lines in the following
image mark the detected runways.

Figure 1: Runways of SJC
Imagery ©2024 Google, Vexcel Imaging US, Inc. Imagery dates: 11 Mar. 2022–18 July 2024.

After finding the location of the runways, the runways are converted to vectors and subtracted
from a meshgrid of pixel coordinates to find the vectors from the start of each line to a pixel. We
then perform a scalar projection of the point vectors onto the runway vectors and clip the result to
the length of the line segment. Finally, we calculate the coordinate of the closest point on the line and
calculate the Euclidean distance from each pixel to the closest point on both runways. The minimum
of the two distances is taken as the final proximity to the runway. The maximum deviation from the
ideal distance (2500ft) is then calculated and used to perform deviation-based normalization on the
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runway distance data. For the final proximity score, the Euclidean distance between the pixels and a
chosen point at terminal B is calculated, added to the runway distances, and normalized.

3.1.2.2 Restricted Zones
The only restricted zone accounted for within a 3.2 km radius of the SJC runways is within 500ft

of the runway.11 In our heatmaps (Figure 21), we marked this with a dark red, indicating it was off
limits as a potential location. After calculating all scores for each pixel, the final array is compared
to a boolean mask of runway distances that are less than 500ft (inclusive); any points that match the
mask are assigned the dark red color.

3.1.2.3 Access to Points Of Interest
We analyzed possible air taxi destinations and chose 11 that would have the greatest demand: San

Francisco, San Francisco Airport (SFO), Oakland, Oakland Airport (OAK), San Jose, Mountain View,
Cupertino, Sunnyvale, Santa Clara, Palo Alto, and Fremont. To simplify the calculations for access
to points of interest, we assumed a straight path from a pixel to each Point of Interest. The flight
traffic line from the eVTOL air traffic map was plotted onto the vertiport location map to ensure the
straight paths would not impede current airport operations.

To determine if a straight path crosses the flight path trend line, we performed a counterclockwise
test on the trend line endpoints, pixels, and points of interest. This test returned True if point c was
to the left of points a and b according to the following formula:

(cy − ay) (bx − ax) > (by − ay) (cx − ax) (1)

4 sets of points were tested for all pixels and points of interest in the form (ax, ay, bx, by, cx, cy):(
xfl
1 , y

fl
1 , x

px, ypx, xpoi, ypoi
)(

xfl
2 , y

fl
2 , x

px, ypx, xpoi, ypoi
)(

xfl
1 , y

fl
1 , x

fl
2 , y

fl
2 , x

px, ypx
)(

xfl
1 , y

fl
1 , x

fl
2 , y

fl
2 , x

poi, ypoi
) (2)

where fl stands for flight line, px stands for pixel, and poi stands for point of interest.

The results of the tests were then compared to determine whether the pixel and the off-screen point
lie on opposite sides of the flight path trend line. If they do, the path is blocked, and the point is
deemed unreachable for the pixel. From top to bottom, the above tests are labeled ccw1, ccw2, ccw3,
ccw4.

(ccw1 ̸= ccw2) ∧ (ccw3 ̸= ccw4) (3)

For each pixel, the total number of points of interest that can be reached without crossing the flight
path trend line is aggregated and normalized.

3.1.2.4 Wind Favorability
Wind speed and direction data were sourced from the National Renewable Energy Laboratory

(NREL), specifically from the Wind Integration National Dataset (WIND) Toolkit, which provides
high-resolution modeled meteorological data at multiple heights above ground level from 2020. The
data used in this study were obtained from an altitude of 10 meters, which closely approximates
typical take-off and landing heights for air taxis. To download the data, we used the AWS Command
Line Interface (CLI) to access NREL’s public S3 bucket. The relevant wind files were then filtered
by proximity to the California Bay Area and converted into standard CSV files. Any data points
that were missing for each row were omitted. Wind data was obtained for every 1-1.5 miles or every
hundredth of a degree latitude/longitude. Once the data were obtained, we designed a spatial wind
model that penalized pixels that were in areas with suboptimal(opposing winds with strong speeds)
wind speed and direction. In the dataset, wind speeds (Swind) and directions (θwind) are provided at
discrete geographic points. To assign wind conditions to each pixel in the grid, we applied bilinear
spatial interpolation for wind speed and direction,
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sinterp(x, y) =
∑

i∈T (x,y)

λi(x, y) · si (4)

θinterp(x, y) =
∑

i∈T (x,y)

λi(x, y) · θi (5)

where the formula shows the interpolation for scalar field s and vector field θ at position (x, y)
using barycentric coordinates λi over triangultion T (x, y). This approach yields an interpolated wind
vector for every pixel on our grid. Then, the angle of the path to a POI is calculated as shown:

αpath = arctan 2(ypoi − y, xpoi − x)× 180

π
(6)

Here, the length from a pixel to each POI is calculated in terms of the x and y direction, put into
an inverse trigonometric function, and converted to degrees. Then, both the interpolated angle and
αpath are converted to a value between 0 and 360 before calculating the angle difference according to
the equation below.

∆α = |θwind − αnorm| (7)

Then, we obtain the smallest reference angle of α before calculating the Alignment Factor(Afactor)
in the equation shown below.

Afactor = | sin(∆α)|+max(0,− cos(∆α))× 0.3 (8)

This formulation penalizes crosswinds (via the sine term) and adds a penalty for strong headwinds
(via the cosine term). Pure crosswinds (90°) yield a maximum score of 1, while pure tailwinds score
closer to 0. Headwinds are penalized, but are multiplied by 0.3 as they are less dangerous for eVTOLs
as they take off.31 The negative sign in front of the cosine ensures tailwinds are not penalized. As
shown, suboptimal wind conditions will result in higher scores closer to one. Once the Alignment
factor is calculated, the wind speeds for each pixel are normalized. Once that is completed, the total
wind penalty score for a Single pixel-to-POI path is then computed.

Wpoi wind = snorm ×Afactor ×Mvalid (9)

The Mvalid term determines whether the calculation is valid or not, as it determines whether the
flight path to a POI does not cross a no-fly zone. Thus, the value of Mvalid can only be 0 or 1. This
computation is repeated for all POIs, and the final wind penalty score per pixel is computed as the
average over all valid POI paths.

For generating the heat map composed of the average wind at 1 PM, the same approach was
conducted. The main difference was that, at the beginning, all wind data in the bounding box was
grouped by unique coordinate. Then, all datapoints were filtered by time for 1 PM PST or PDT,
depending on the month. Afterwards, wind speed and direction were averaged and plotted as normal
on the heatmap.

3.1.2.5 Composite Score
Now that the three main calculations have been completed, each makes up a 33.33% weight of the

composite score. This even weighting ensures that all components for a pixel’s score are treated evenly,
preventing any bias from occurring. These composite scores are assigned to a color gradient and are
mapped accordingly in the final visualization.

3.2 Air Traffic Heat Map

In order to help determine ideal vertiport locations, as well as establish a routing system that would
supplement the vertiports of choice, we came up with an approach to establish a large-scale air traffic
map of San Jose. For this map, air traffic data was downloaded from OpenSky’s Weekly 24 Hours of
State Vector Data dataset. Several weekdays’ worth of data, evenly spanning the first six months of
2022. The map encompassed an area of 285 square miles around SJC, with a 10-mile radius to the
East and West, and a 7-mile radius to the North and South. These measurements were chosen as they
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approximate the radius that air traffic control towers cover in their operations.32 To render the map, the
latitude and longitude bounds of the image were defined, as well as a maximum altitude of 915 meters
(3,000ft). This maximum altitude was chosen because the maximum height of air taxi operations was
2,000ft, and FAA regulations dictate that air taxis must be at least 1,000 feet from airplanes.11 Next,
the map was divided into a number of cells, with spatial resolution under the control of the operator.
For this project, a 30 by 30 cell grid was used as it accurately captured aircraft while displaying
data cleanly. Aircraft latitude and longitude data were then taken from the OpenSky dataset to map
aircraft within the grid if they are within image bounds and fit the altitude limit. To place the aircraft
on the grid, the program normalizes the aircraft’s latitude and longitude relative to the maximum
and minimum latitudes and longitudes of the image. The two resulting normalized numbers, one for
latitude and one for longitude, can be interpreted as how far along each edge of the map the aircraft
is. These numbers are then multiplied by the number of rows and columns, respectively, then floored.
This provides the row and column that the aircraft falls under. This approach is an approximation,
as it does not account for the curvature of the Earth. However, we calculated the maximum error at
the boundaries of the grid to be 1.34 inches, which we deemed acceptable for this study.

For every plane in a cell, the cell’s raw score increases by 1. After all cell scores are tallied, these
scores are then normalized to be between 0 and 1. This allows the scores to be consistent regardless
of the amount of data used, as the maximum score and minimum score will always be 1 and 0. Once
normalized, the scores are mapped onto the image using a log10 gradient of transparent, to yellow, to
orange, to red. This scale was chosen because in certain high-traffic areas, such as the runway, raw
traffic increases exponentially compared to other locations. Therefore, plotting the data with a log
scale allows cells with relatively low traffic, but still a significant amount of traffic for our purposes, to
be seen.

This process was repeated five times: once for only the first 6 hours of every day, once for the
second 6 hours, once for the third 6 hours, once for the fourth 6 hours, and lastly, once for all 24 hours
of every day. This produced 5 heat maps that showed general air traffic patterns at different times.
We also created additional maps with different conditions, such as air traffic on the weekends and the
upper 5% days with the most traffic, to visualize whether the trends we observed on the weekdays
persisted under different conditions. Each map had scores normalized relative to the data used in
making that map. For example, normalization for the map for the first 6 hours of the day normalized
scores including only traffic data for the first 6 hours.

3.3 Vertiport Location Selection

3.3.1 Possible Locations

3.3.1.1 Zoning
Referencing the SJC zoning map28 and the FAA regulations on vertiport design11, we found strict

regulations regarding zoning for different parts of an airport. Identifying no-fly zones and important
buildings in SJC was a crucial first step for narrowing down possible locations.

3.3.1.2 Types of Buildings/Areas
From the zoning information, we decided parking garages and airplane hangars were the only places

vertiports could be placed. We considered the airport terminals, but realized that the terminals likely
could not withstand substantial additional weight, especially with the rounded and aesthetic design
of SJC terminals. Additionally, it would be very disruptive to the many passengers going through the
airport every day.

3.3.1.3 Parking Garages
For this factor, we assumed that any parking area nearby could be used. The parking lots were

then narrowed down based on how full they were.33 Lots with usually more than 60% of their capacity
filled were not chosen. For one of the parking lots, Economy Lot 1 (generally 50-60% full), we only
used around half the original area for throughput calculations. Satellite images aided us in visualizing
the total capacity filled for each location, especially for places for which we did not have data.

3.3.1.4 Final Buildings/Areas
We limited our considerations to buildings/areas that were in the shape of a rectangle. For example,
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there were a couple of triangular areas that we did not test. This allowed for ease of throughput
calculations and higher throughputs.

Finally, we made sure that the locations we selected were optimal by checking with the vertiport
location heat map and choosing places that were only in blue/green. The heat map takes into account
proximity to the terminal and distance from the center of runways, so we did not specifically measure
the distances to account for these two factors.

Figure 2: Initial 12 Locations
Imagery ©2024 Google, Vexcel Imaging US, Inc. Imagery dates: 11 Mar. 2022–18 July 2024.

In the end, we ended up with twelve locations. Most of these locations were parking garages in
and around SJC. These locations are outlined in white and labeled Figure 2.

3.3.2 Topographies

This section of the paper was heavily influenced by Fedholff and Roque’s paper21 on integrating
air taxis into the Cologne Bonn Airport, and Vázquez and Manuel’s paper34 on different vertiport
topographies.

3.3.2.1 eVTOL Research
We chose Archer air taxis as our reference because it was recently approved to be the official 2028

Los Angeles Olympics air taxi provider. Los Angeles is close in proximity to San Jose, so the weather
conditions are similar, and the Archer air taxis would be viable.

Archer Aviation created a two-seater electric vertical takeoff and landing (eVTOL) aircraft called
Maker. It weighs around 3,300 pounds and is fully electric. Archer has shared that it has the goal of
automating Maker, allowing it to be controlled by a screen at the front of the eVTOL. On December
1, 2022, it was published that Maker was able to reach speeds of around 91 Knots (105mph), which it
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can sustain for approximately 60 miles.39 It contains 12 propellers, which provide a vertical lift during
take-off and landing.

The propulsion of the aircraft during forward flight is created by the forward 6 propellers, each
equipped with 5 blades, which allow the aircraft to tilt forward into a cruise position. The remaining
6 propellers are exclusively used for the landing and take-off. The wings have a similar design and
function to the wings on a conventional plane with a wing span of 40ft. The Maker is powered by
a 75kWh Meru lithium-ion battery system, which only takes 10 minutes between flights to recharge.
Archer estimates that one Maker taxi will be able to complete 40 flights per day at a cost of around
$3-4 per person per mile.8 Transporting people from San Francisco airport to San Jose will be cut
down from 2 hours to just 17 minutes. The eVTOL cruises at a max altitude of around 2,000 feet and
only produces 45dB of sound due to propellers spinning at low tip speed.

Archer has also been developing a new eVTOL called Midnight, which will fit 4 passengers and 1
pilot. While it shares many features with Maker, it is optimized for shorter distances of around 20-50
miles. It has a payload capacity of 1,000 pounds and would be well-suited for shuttles between airports
and homes. It has 12 propellers and a wing span of around 48ft. The 6 batteries hold around 142kWh
and support nearly 1,300 kW of power draw.42

3.3.2.2 Topography Design Components
Vertiport topographies are made up of three components: vertiport pads, gates, and taxiways. The

specific topography design is important to give a vertiport location the highest throughput.
A vertiport pad is where an air taxi takes off and lands, a vertiport gate is where the air taxi goes

to drop off and pick up passengers, and a vertiport taxiway is the specific road that an air taxi takes
to go from the vertiport pad to the vertiport gate.

Assumptions

• Between Midnight & Maker, Midnight has a greater diameter (wingspan), so we designed the
vertiports to accommodate that model

• Safety areas (SA) can extend in clear airspace - when a vertiport is on top of a building and next
to the edge of the building, the safety area can be excluded in area calculations11

• Safety area for the gate and taxiway are 1.5 the diameter/wingspan of the eVTOL (D) - an
assumption made due to lack of formal regulations on it

Vertiport Pad Element Dimensions (Width/Length)
TLOF D
FATO 2D
SA 3D

A TLOF is the touchdown and lift-off area, and the FATO is the final approach and takeoff area.
The TLOF is often centered within the larger FATO area.

The vertiport pad dimensions are based on the 2022 FAA requirements, but updated 2024 FAA
regulations have been released that allow the SA to be 2.5D instead of 3D.
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Figure 3: Vertiport Pad

Gate Element Dimensions (Diameter)
Gate D
SA 1.5D

Figure 4: Vertiport Gate

Taxiway Element Dimensions (Width)
Taxiway D
SA 1.5D

Figure 5: Vertiport Taxiway
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3.3.2.3 Three Types Of Topographies

After designing different topographies with reference to other papers34, we settled on 3 different
topographies to test - Single, Linear, and Circuit. Other designs were deemed inefficient for the factors
mentioned below. Our references are limited as we only had access to publicly available sources.

Criteria:

• All landing/take-off pads need edge access

• Space efficient - minimal empty space between the components and shortest possible taxiway
lengths

• If a topography has a taxiway, there needs to be one taxiway to go from the landing pad to the
gate, and one to go from the gate to the take-off pad. eVTOLs cannot interfere with each other

In our designs, vertiport pads can be placed right next to each other, as we do not consider flight
paths entering and exiting vertiports.

The difference between these topographies is the number of gates and whether the take-off/landing
pad is the same. The table below highlights this difference.

Topographies Gates Take-off/Landing Pad
Single No Gates Same Place
Linear Gates Same Place
Circuit Gates Separate Place

3.3.2.4 Single

Figure 6: Single Topography With 1 Pad

The Single design was tested as a baseline, as it is the simplest topography. It is made up of
a vertiport pad consisting of a TLOF, FATO, and safety area. It is the most compact, so it can
potentially fit in small areas that other topographies cannot fit.
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Figure 7: Single Topography With 8 Pads Figure 8: Single Topography With 6 Pads

Figure 8 shows one way the Single topography can expand. In smaller areas, there can only be a
maximum of two rows of vertiport pads to prevent air taxis from flying over each other. If a given
area is large enough, there can be additional vertiport pads lining the edges between the two rows, as
shown in Figure 7.

3.3.2.5 Linear

Figure 9: Linear Topography

Figure 9 shows the topography for Linear. This design was taken from the paper by Manuel. It
consists of a vertiport pad and 2 to 3 gates, depending on the available space.34 Figure 10 shows one
way that this design can be expanded in larger areas. The placement of these modular vertiports in a
larger area follows the same rules as Single.

Figure 10: Linear Topography In Larger Areas
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3.3.2.6 Circuit

Figure 11: Circuit Topography

The Circuit topography consists of two vertiport pads, one for take-off and one for landing, two
taxiways, and gates. The two taxiways prevent interference, as mentioned in the criteria for these
designs. Interference on the taxiway would cause a delay. We were unsure how to calculate the
cycle time with interference, so it was a major reason several other topographies with separate take-
off/landing pads were not tested. Figure 12 shows one way the Circuit topography can be expanded
into larger areas.

Figure 12: Circuit Topography In Larger Areas

3.3.3 Throughput Calculations

3.3.3.1 Cycle Time

The cycle time is the average time between air taxis leaving the vertiport or the time between flights
for a particular topography. The gate2pad ratio is the number of gates there are for one vertiport pad.
Finding the optimal cycle time helps us limit the number of gate2pad ratios we tested for the potential
vertiport locations.

These cycle times do not take into account the travel time along taxiways, nor the time for charging.
Airport space and infrastructure are limited20, so we assumed it would not be logical to implement
charging directly at the airport. Instead, these eVTOLs would charge at other vertiports around the
city. The calculated times are under ideal conditions where there is no delay in any step of the process.
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These cycle times are the cycle times after the first hour; the cycle times vary slightly at first, which
is supported by the tables below.

Single The Single topography has no gates, so the cycle time is the sum of the landing, passenger
boarding, and take-off time, which is 2 + 6 + 2 = 10 minutes.

Linear The take-off and landing happen on the same vertiport pad, so an eVTOL must exit the
vertiport and one must enter the vertiport for a cycle to be complete. The minimum cycle time for
Linear must then be 4 minutes; 2 minutes to exit, and 2 minutes for another eVTOL to enter and fill
the gate. This ensures the vertiport is operating at max capacity.

The first column of the table is the time, in minutes, from when the first air taxi enters the vertiport.
The gate columns show the time an air taxi has spent at that gate. N/A means there are no eVTOLs
at the gate. The “Time From Last Flight” column shows the time between one eVTOL leaving the
vertiport and the last eVTOL leaving the vertiport, which is the time between flights. This value helps
calculate the average cycle time.

Figure 13: Key for the Tables Below

Figure 14: Linear Cycle Times

Since one eVTOL must leave and one must enter, a green N/A is followed by a green 0, before the
next eVTOL can leave. With this minimum cycle time in mind, the cycle time for a gate2pad ratio
of 2 and 3 was calculated. The table on the left shows a ratio of 2, and the table on the right shows

17



a ratio of 3 (Figure 14). The cycle time for a gate2pad ratio of 3 already equaled the minimum cycle
time, so no further gate2pad ratios were simulated. If any more gates were added, the cycle time would
stay the same, while the wait time, or how much extra time an air taxi spends in the gate before it
can take off, would increase by 4 minutes for every gate added.

Even though a gate2pad ratio of 2 had a longer cycle time, we still tested this topography due to
its more compact design.

Circuit Figure 15 shows tables used to estimate cycle times using circuit topography gate2pad
ratios, using the same key in Figure 13. Since the take-off and landing happen on separate vertiport
pads, an eVTOL can exit and one can enter simultaneously. This is why there is no green N/A, and
only green 0. The minimum cycle time is therefore only 2 minutes.

Figure 15: Circuit Cycle Times

The left table shows a gate2pad ratio of 3, and the right shows a ratio of 4 (Figure 15). The cycle
time for a ratio of 4 was found to be the minimum cycle time, so no further gate2pad ratios were
simulated.

A gate2pad ratio of 3 was not tested because the Circuit topography is not as modular as a Single.
Having a separate landing and taking-off vertiport pad means the greatest gate2pad ratio would be a
more efficient use of space.

3.3.3.2 Calculation Program

18



Figure 16: Flowchart for Throughput Calculations

Figure 16 shows the general idea of how the throughputs were calculated for all three topographies.
The following table shows the parameters that we used in the program.

Parameters Single Linear Circuit
Cycle Time (mins) 10 4-5 2
Vertiport Width (ft) 144 144-216 216
Vertiport Length (ft) 144 216 576
Safety Length (ft) 48 48 48

3.3.3.3 Throughput Equations

The following equations were the specific equations used in the code to find the number of flights
per hour for a particular location. These calculations only work for a given area that is in the shape
of a rectangle.

If the shorter side of the given area is longer than the longest side of the vertiport, the following
equation is used to calculate the maximum number of vertiports a location can accommodate.

Number of Vertiports =
Longer Side+ Safety Area Side

Shorter Side of Vertiport
× Shorter Side+ Safety Area Side

Longer Side of Vertiport

The Single and Linear topographies are limited to two rows of vertiports because vertiport pads
require access to the side of the given area. This prevents air taxis from needing to fly over each other.
The Circuit topography, however, ensures that the vertiport pads are already near the edge.

The final throughput is calculated using the following equation, with the cycle time and number
of vertiports calculated previously.

Flights Per Hour =
60

Cycle Time
×Number of Vertiports

19



3.3.4 Vertiport Location Diagrams

After we had gathered all necessary information about each location’s throughput and optimal
topography, we created models for each site. To create the layout for the different topographies, we
made several assumptions. This included not accounting for the proximity to surrounding obstacles,
not adding storage areas, not accounting for ground buffer zones, and not considering transportation
from the vertiport site to the terminals.

Based on the FAA regulations11, the safety areas that bordered the edge of the allocated area, if
necessary, were removed to allow for more room for terminals and walkways. This adjustment was
made with relevant FAA guidance to ensure safety levels were maintained.

As each site was mapped out, we considered many factors, including optimizing the space to allow
for the greatest area for terminals and walkways, safe access to each gate/vertiport without people
interfering with eVTOL operations, and adding the greatest possible number of vertiports we could
within the dedicated area. To efficiently utilize the space, we combined several vertiport topographies
within the same site.

This approach prioritized efficient eVTOL operations and spatial optimization while recognizing
that real-world constraints, such as buffer zones, obstacles, and transport routes, were beyond the
focus of the initial conceptual study.

3.4 Optimal Air Taxi Routing

To find optimal air taxi routes out of the airport, we utilized the heat map images from subsec-
tion 3.2 and the A* pathfinding algorithm. The A* algorithm uses a cost-based system to find the
best path between the starting node and the ending node. The same destination points were chosen
as the vertiport placement heat map, with the exception of San Francisco and Oakland, resulting in 9
destination points. Since the ending destinations were all outside of the air traffic heat map, we used
the haversine formula to estimate the closest border cell to the target destination.

Given:

θ =
d

r
(10)

Where r is the radius of the sphere, d is the great circle distance between the two points, and θ is
the angle between them,

havθ = hav(∆φ) + cos(φ1) cos(φ2)hav(∆λ) (11)

Where,

• φ1, φ2 are the latitudes of point 1 and latitude of point 2,

• λ1, λ2 are the longitude of point 1 and longitude of point 2,

• ∆φ = φ2 − φ1, ∆λ = λ2 − λ1,

And,

havθ = sin2
(
θ

2

)
(12)

Then,

d = 2r arcsin

(√
sin2(

∆φ

2
) + cos φ1 · cos φ2 · sin2(

∆λ

2
)

)
(13)

This final formula allows us to find the distance between any two points given their respective
latitudes and longitudes. We use this to find the distance of a path when running the A* algorithm,
and to find the closest border cell to our POIs. We made one alteration to this formula: Instead of
arcsin, we used arctan2. This is because arcsin is unstable at numbers approaching 0 and 1 (which our
model did, covering a mere 285 sq. mi.), producing floating point errors. arctan2, however, is much
more stable.
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The closest border cell was used as the ending node for the A* program. The A* algorithm
calculates a least cost path by minimizing the function

f(n) = g(n) + h(n) (14)

where f(n) is the total cost of a path, n is the current node, g(n) is the cost of the path from the
start node to n, and h(n) is a heuristic that estimates the cost of the cheapest path from n to the
end node. Nodes, in our case, are cells. Also included in our cost calculation was a penalty score,
calculated by multiplying a penalty weight (500) by the normal score of a cell, leading to our final cost
function below:

f(n) = g(n) + h(n) + 500(SNormal) (15)

This ensured that the algorithm would avoid high-traffic cells whenever possible, but would still
utilize a cell with traffic if necessary. This approach was repeated 5 times, once for only the first 6
hours of every day, once for the second 6 hours, once for the third 6 hours, once for the fourth 6 hours,
and lastly, once for all 24 hours of every day. This produced 5 maps that showed optimal air taxi
routes in differing traffic conditions.

4 Results

4.1 Air Traffic

Using data spanning 6 months from OpenSky, we plotted air traffic under 3,000ft on a map of 285
square miles surrounding SJC. The map was highlighted on a log10 scale based on the traffic density
in a particular area. Using this method, we produced 4 heat maps that showed traffic around SJC for
6-hour increments across the day (Figure 17).

Figure 17: SJC Traffic Normal Scores Visualized on Log Scale (6-Hour Increments)
Imagery ©2025 Google, Vexcel Imaging US, Inc., Airbus. Imagery dates: 08 Aug. 2015–21 June

2025.

Additionally, we made heat maps for the entire day (24 hours) (Figure 18) and for the days that
fell in the upper 5% of traffic (Figure 19).
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Figure 18: SJC Traffic Normal Scores Visu-
alized on Log Scale (24 Hours)

Figure 19: SJC Traffic Normal Scores Visu-
alized on Log Scale (Top 5%)

Imagery ©2025 Google, Vexcel Imaging US, Inc., Airbus. Imagery dates: 08 Aug. 2015–21 June
2025.

In general, across all maps, the bulk of the traffic fell in 3 areas: the runway, the top-left corner
(extending downwards), and the bottom-right corner (extending upwards). We interpreted both the
bottom-right and top-left corner traffic as traffic from planes taking off from SJC. As these planes turn
around, they briefly go above our 3,000ft limit, then come back under it, proceeding to the edge of the
map.

The exception for these are the maps that covered hours 0000-0500 and 1200-1700 (Figure 17).
The map for hours 0000-0500 had substantially less traffic than the other maps, with highlighted zones
much smaller than the other maps. In contrast, the map for hours 1200-1700 had a fourth area of
traffic concentration: a line of traffic, roughly horizontal, connecting the 3 other traffic concentrations.
We interpreted this as being ambient traffic. The map of the 5% busiest days (Figure 19), as well as
the map of the full 24 hours (Figure 18), both had hints of this fourth traffic concentration around the
main area of the airport.

4.2 Possible Vertiport Locations

After running our location model, we obtained several maps modeling the feasible locations for a
vertiport. The model can generate maps for thousands of different times depending on the decision of
the operator. However, for this study, we will only show a select number of discrete timings that we
have decided hold the most significance.

Figure 20: SJC Hourly Traffic by Raw Count (Left) and Average (Right)

As shown in Figure 20, the hours with the most air traffic are early afternoon (Hour 13) and evening
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(Hour 18). Due to this, it would be appropriate to represent the possible locations using wind data at
these two hours, as air taxis would most likely take off under wind conditions at these times.

From 1PM(Hour 13), we examined five heat maps, four of which correspond to discrete days
across the 6 months analyzed. The dates selected were January 15, March 15, May 15, and June 15.
This selection provided a wide array of seasonal wind conditions that can be present during air taxi
operations throughout the year.

Figure 21: 4 Heat Maps at 1 PM
Imagery ©2024 Google, Vexcel Imaging US, Inc. Imagery dates: 11 Mar. 2022–18 July 2024.

As shown in Figure 21, there are clear shifts in the optimal (blue) area for where a vertiport can
be placed. Regardless of these shifts, many areas remain consistently blue. The areas immediately
toward the bottom left and the top right of the runway seem to be the most consistent locations to
place a vertiport. However, further at the top right, there are large shifts in where we can place a
vertiport, likely attributable to shifts in wind patterns over the year.

With this visualization of four distinct days at 1 PM across 6 months, there is bound to be a lot
of variation between these intervals of time and potential inaccuracies of the data chosen. To combat
this issue, we can refer to the heat map that shows the average wind favorability at 1 PM (Figure 22).
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Figure 22: Averaged Heat Map at 1 PM
Imagery ©2024 Google, Vexcel Imaging US, Inc. Imagery dates: 11 Mar. 2022–18 July 2024.

This heat map is similar to the previous 4, with two blue regions to the immediate top right and
bottom left of the runway. This demonstrates that the discrete hourly intervals shown earlier are
representative of a large portion of the 6 months of possible wind patterns.

Figure 23: Averaged Heat Map at 6 PM
Imagery ©2024 Google, Vexcel Imaging US, Inc. Imagery dates: 11 Mar. 2022–18 July 2024.

Figure 23 is an average of wind patterns for all days at 6 PM PST/PDT. The map is very similar
to the 1 PM 6-month average. However, upon closer inspection, the wind arrows are slightly different
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in terms of direction and magnitude, showing signs of variability. Overall, the averages at both times
are visually similar, showing that wind patterns at SJC may not experience much variability, which
shows the accuracy of the discrete time intervals.

4.3 Vertiport Configuration Diagrams

The following diagrams show the optimal topographies for every location (Figure 2). We tried
multiple topographies, and these gave the highest throughput.

Figure 24: Location 1 (6 flights/hr — Space For Terminal: True)

Figure 25: Locations 2 and 3 (18 flights/hr — Space For Terminal: False)

25



Figure 26: Location 4 (30 flights/hr — Space for Terminal: False)

Figure 27: Location 5 (18 flights/hr — Space For Terminal: False)
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Figure 28: Location 6 (36 flights/hr — Space For Terminal: True)

Figure 29: Location 7 (36 flights/hr — Space For Terminal: False)
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Figure 30: Location 8 (24 flights/hr — Space For Terminal: False)

Figure 31: Location 9 (18 flights/hr — Space For Terminal: True)
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Figure 32: Locations 10 and 11 (12 flights/hr — Space For Terminal: True)

Figure 33: Location 12 (84 flights/hr — Space For Terminal: True)

We later narrowed these twelve locations down to three final locations.

4.4 Optimal Air Taxi Routing

We used the A* algorithm to find optimal paths from three different vertiport locations to POIs.
The algorithm was penalized for distance and for traveling through high traffic density, and chose
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paths with the lowest score. This process produced 6 maps for each location with several paths to
different POIs on it: one for all 24 hours, one for each 6-hour increment, and one for the 5% busiest.
These paths were layered on the air traffic density heat map for easy visualization. Each POI was
given a different colored route.

Figure 34: A* Routes for Location 6
Imagery ©2025 Google, Vexcel Imaging US, Inc., Airbus. Imagery dates: 08 Aug. 2015–21 June

2025.

The first location tested was location 6, which was situated roughly Southwest of the runways
(Figure 34). Certain routes did not change throughout the different maps, such as the route to
Oakland Airport, while some changed frequently, such as the route to Fremont. One additional thing
we noticed was that the starting tile for location 6 was not colored for 4 out of 6 maps, and colored
yellow for the other two. Furthermore, for hours 0000-0500, 0600-1100, and 1800-2300, 4 out of 8
surrounding tiles were uncolored. For hours 1200-1700, 3 of those 4 tiles were colored yellow, with the
4th being uncolored.

Figure 35: A* Routes for Location 7
Imagery ©2025 Google, Vexcel Imaging US, Inc., Airbus. Imagery dates: 08 Aug. 2015–21 June

2025.

The second location tested was location 7, which was situated to the east of the runways (Figure 35).
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This location lies in a very high-traffic area, as evidenced by the fact that the starting tile for routes
coming from this location was always colored red. Some routes, to get to their destination, had to
travel through the red tile with the most traffic (normal score of 1.0). Since most of the routes had
destinations in the West, almost all routes had to cross the large line of traffic-dense cells to reach
their destinations. The surrounding tiles for location 7 were also almost always colored, with 2-3 of
those surrounding tiles consistently being red. As such, routes from this location not only started in
a high traffic cell, but also needed to traverse through other high traffic cells to their endpoint.

Figure 36: A* Routes for Location 12
Imagery ©2025 Google, Vexcel Imaging US, Inc., Airbus. Imagery dates: 08 Aug. 2015–21 June

2025.

The last location tested was location 12, which is situated north of the runways. This location lies
in a medium traffic area, as its starting cell was usually colored orange, with only one occurrence of it
being colored red, in hours 0600-1100. Additionally, other than hours 1200-1700, the surrounding tiles
for this location were generally low traffic. Two surrounding cells were consistently colored orange, one
consistently colored red, and the others were generally yellow or uncolored. Routes from this location
generally never passed through the red cell. The exceptions to this are the routes to San Jose and
Santa Clara during the hours 0000-0500, where they passed through two red tiles and an orange tile.
Routes from this location that passed through the orange cells generally subsequently passed through
uncolored cells. Only one route consistently showed trouble: the route to San Jose. This route, for
all maps except for hours 0000-0500, had to pass through several orange and red cells to reach its
destination, needing to cut through the Southern tail of the runway traffic concentration.

5 Discussion

5.1 Air Traffic

For this study, our goal was to integrate air taxis into SJC with minimal interruptions to the
airport’s normal operations. As such, we aimed to use the air traffic heat map to find out how we
could incorporate air taxi traffic without crossing into existing airplane traffic under 3,000 ft. The
air traffic heat maps allow us to see where airplane traffic occurred over the first 6 months of 2022,
so that it may be avoided. For a more up-to-date analysis, new CSV files may simply be provided
to existing code. As mentioned in the results section, airplane traffic is mostly present in three areas
of concentration: the runway, the top left corner, and the bottom right corner. These highlights
present areas that should ideally be avoided by air taxis. However, due to the log scale coloring, cells
highlighted in yellow have 10x less traffic than cells highlighted in orange, and 100x less traffic than
cells highlighted red. Therefore, we deemed that infractions into yellow cells are acceptable, orange
cells tolerable, and red cells highly discouraged. Principally, what caught our interest in these heat
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maps was the runway traffic concentration. Across all maps, this traffic concentration stretched from
the bottom edge of the map to the top edge of the map. This presented a consideration for when
we placed our vertiports in the airport. We wanted to avoid crossing this center line as much as
possible to minimize disruptions to existing traffic. The map of hours 1200-1700 presented an extra
consideration for us, the fourth traffic concentration. We also utilized the difference in traffic between
hours 0000-0500 and hours 1200-1700. As these timeslots had the least and most traffic, respectively,
we used them as our best and worst case scenarios later in the project.

5.2 Possible Vertiport Locations

Before diving into the significance of the heat maps, it is important to highlight some of their
shortcomings. For the first four maps, discrete times were used to simulate the variability in the wind
at SJC. However, a drawback to this method is that other wind variations may be neglected by only
focusing on a small set of times. Despite this, we felt that analyzing wind data at only specific intervals
of time (hours of highest traffic) would be sufficient for this study, as analyzing every hour separately
could prove too complex.

We still decided to represent all the hours at 1 PM and 6 PM (PST/PDT) through an average of
all wind vectors in the bounds of SJC. By averaging all wind vectors over the 6 months at set times,
we were able to account for much of the variation not described in the other images when generating a
heat map. Additionally, many of the visual patterns of the averaged 1 PM map were common across
the discrete hourly maps, signifying that the averaged maps were an accurate representation of each
day.

Looking at any of the images, it is easy to notice two large blue regions on either side of the
runways. The regions in Figure 22 are outlined in Figure 37. These zones are the most optimal as
they are closest to runways; terminal B, in optimal wind conditions, has access to several important
destinations, and stay out of no-fly zones. On every heat map, the blue zone on the bottom left is
larger than the other blue zone, regardless of time or wind condition. This may be attributed to a
variety of factors. Even though the blue area on the bottom-left is further from the terminal itself,
it is situated at an optimal location where it has access to several important destinations. This may
have boosted cell scores, giving the area a blue color.

Figure 37: Averaged Heat Map at 1 PM
Imagery ©2024 Google, Vexcel Imaging US, Inc. Imagery dates: 11 Mar. 2022–18 July 2024.

However, despite the bottom-left having a better score than the top-right region, it is important to
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consider the logistical factors. Mainly, the proximity of the bottom-left region to Terminal B makes any
vertiport in that location far from passenger traffic, reducing efficiency and causing additional stress
for airport infrastructure, as additional transportation is needed from the terminal to the vertiport.
Even though the model accounted for this difference, it should be important to consider because several
other factors, such as favorable access to POIs and runway distance, may outweigh the distance to
Terminal B, as all variables were weighted equally. So, when constructing a physical vertiport, it is
important to note these constraints for even the most optimal locations.

Despite this, the large region would prove to be a great vertiport hub due to its easy access to
many important destinations, such as Santa Clara, San Francisco, and Palo Alto. On the other hand,
the top-right area has access to Oakland and Fremont. Also, compared to the bottom-left region, the
majority of the top-right region is outside the FAA’s restricted zones defined in previous sections.

From looking at the benefits and drawbacks of both regions, it is reasonable to conclude that they
are both beneficial for the operation of eVTOLs in SJC. They both cater to certain passenger traffic
demographics and function independently in the presence of adverse wind and weather conditions. As
a result, we concluded that it would be ideal to place a vertiport in each respective section, as that
would increase the number of major destinations and allow a greater flow of eVTOL traffic through
SJC.

5.3 Topography Analysis

5.3.1 Single

The Single topography was the only topography that could fit into many of the chosen locations,
due to their narrow shapes. A Linear with a gate2pad ratio of 2 (Linear 2) could sometimes also be
used, but that would either leave limited space for walkways/terminals, or there would be no change
to the total throughput.

5.3.2 Linear

Even though Linear, with a gate2pad ratio of 3 (Linear 3), has the minimum cycle time for the
Linear topography, we found that it was not efficient enough to make up for the extra area this
topography uses. Linear 3’s longer width also limits its use in narrower areas, unlike Linear 2, which
has one side that is the same length as Single.

5.3.3 Circuit

Even though the Circuit topography has the shortest cycle time, the area the Circuit design takes
up can fit three Linear 2 vertiports, which allows for 6 more flights per hour. The Circuit design does
not use space efficiently enough to be practical. This topography was not used for any of the location
diagrams. Another downside is that passengers would need to cross the taxiways to reach the gates.
A potential mitigation to this problem would be to install stairs between the gates that lead to a lower
level.

5.3.4 Optimal Topography

Linear 2 was found to be the most optimal topography as it has the highest throughput for the
smallest area used. For many of the larger locations, Linear 2, combined with some Single vertiports,
allowed for even higher throughputs. For further experiments, variations of the Linear and Circuit
design can be tested to find the most systematic design. If the time spent in the gate increases or the
charging time is accounted for, a higher gate2pad ratio could potentially be beneficial.

5.4 Viable Vertiport Locations

When deciding the final locations, several factors were carefully considered as we aimed to optimize
the efficiency of the eVTOL operations. The main consideration was the site throughput, which led
to the exclusion of most of the sites with insufficient capacity - location 1, 2, 3, 4, 5, 8, 9, 10, and 11.
Based on previous research done on the Cologne Airport, Bonn - a facility of similar size with similar
public transport access to SJC4 - we calculated that around 540 flights would take place every day.
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Based on our hourly aircraft count map (Figure 20), we assumed that the air taxis would be running
for 17 hours a day during peak hours from 6:00 to 23:00. Next, we evaluated the geographical location
and terminal/walkway areas of each site.

Regarding location, we wanted to add one vertiport site on each side of SJC - one on the West
and one on the East - as there are key destinations found on either side of the airport. This would
minimize eVTOLs’ flight paths needing to cross the runways, which have high volumes of air traffic,
reducing the risk of collisions and enhancing operational safety.

In terms of terminal and walkway areas, we selected the topographies with the largest areas for
terminal and walkway construction to ensure safety and customer comfort.

Figure 38: Three Viable Locations
Imagery ©2024 Google, Vexcel Imaging US, Inc. Imagery dates: 11 Mar. 2022–18 July 2024.

5.4.1 Location 6

Location 6 (Figure 28) has over 612 flights per day, therefore exceeding the initial air taxi demand,
and is located on the west side of the airport. Furthermore, it has adequate space for terminals and
walkways and is near a major roadway, which allows for quick access to the terminal. A drawback of
this location is that it utilizes a stadium parking lot, which means that it may not be feasible.

5.4.2 Location 7

Location 7 (Figure 29) has over 612 flights per day, therefore exceeding the initial air taxi demand,
and is located on the east side of the airport. Furthermore, it has adequate space for walkways and
is located near the terminals, making the travel time between the vertiports and terminals minimal.
However, it does not have enough room for terminals, meaning that people would not be able to sit
and wait for their air taxi in a sheltered area.
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5.4.3 Location 12

Location 12 (Figure 33) has over 1428 flights per day, which makes it the location with the highest
throughput, greatly exceeding the initial demand for air taxis. It is located on the east side of the
airport and has enough room for terminals and walkways. Furthermore, there is already an established
bus shuttle service from this parking lot (economy lot 1) to the terminals, making the issue of travel
between the vertiport and airport already resolved.

5.5 Air Taxi Route Planning

While we produced 6 maps per location, for the Discussion part of this project, we will be looking
at only hours 0000-0500 and hours 1200-1700. We chose these time intervals as they are the times
with the least and most traffic, respectively.

Figure 39: TA* Routes for Location 6 (Hours 0000-0500 and 1200-1700)
Imagery ©2025 Google, Vexcel Imaging US, Inc., Airbus. Imagery dates: 08 Aug. 2015–21 June

2025.

Location 6 (Figure 39) performed rather consistently in low and high periods of traffic. Routes
remained relatively consistent, and seldom passed through a cell highlighted by anything other than
yellow. The exception to this is the upper left corner of the map, where, during periods of high
traffic, the target cells for the routes to Oakland Airport, San Francisco Airport, and Palo Alto are
colored red. However, as this is an unavoidable problem regardless of vertiport location, we disregard
it when evaluating vertiport effectiveness. Routes in location 6 also minimally had to cross traffic
concentrations. During low traffic hours, only one route crosses a traffic concentration: the route to
Fremont crosses the north tail of the runway traffic concentration. In periods of high traffic, routes
cross through the traffic concentration stemming from the top left corner, passing through all yellow
cells.

Figure 40: A* Routes for Location 7 (Hours 0000-0500 and 1200-1700)
Imagery ©2025 Google, Vexcel Imaging US, Inc., Airbus. Imagery dates: 08 Aug. 2015–21 June

2025.
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Location 7 (Figure 40) performed consistently poorly to our standards. In both periods of low
and high traffic, the start cell for this location was always colored red. In both low and high traffic,
routes had to cross the runway traffic concentration to get to their destination. This is likely because,
from our selection of POIs, we anticipated most air taxi traffic from SJC heading west. Placing this
vertiport on the east side of the runway necessitates crossing through very busy airspace to get to
target locations. As such, the issue with location 7 is less that it performs worse under high traffic
conditions, and more that it performs poorly regardless of the relative density of traffic.

Figure 41: A* Routes for Location 12 (Hours 0000-0500 and 1200-1700)
Imagery ©2025 Google, Vexcel Imaging US, Inc., Airbus. Imagery dates: 08 Aug. 2015–21 June

2025.

Location 12 (Figure 41) performed well under low traffic conditions, but faltered under high traf-
fic conditions. In low traffic conditions, the airspace above the vertiport was colored yellow-orange,
indicating a low to medium amount of traffic. Routes coming from this location during low traf-
fic hours had to cross the north tail of the runway traffic concentration, but the cells they passed
through were generally colored yellow, and after passing through the traffic concentration, the routes
generally proceeded through uncolored or, rarely, yellow-colored cells. Under high traffic conditions,
however, routes from this vertiport consistently pass through high traffic areas. Under high traffic
conditions, the airspace above the vertiport became colored orange-red, indicating a high amount of
traffic. Additionally, the north tail of the runway traffic concentration became busier during hours
1200-1700, leading to more red and orange-colored cells. As a result of the vertiport’s placement north
of the runways, routes coming from this location had to pass through these busier cells to reach their
destinations.

Overall, when evaluating the three locations, we looked at the traffic conditions surrounding the
location, how the routes interacted or interfered with airplane traffic, and how the routes responded
to differing traffic conditions. In our analysis, location 6 performed best overall, with location 12 as
the runner-up, and location 7 as the worst.

5.6 Final Vertiport Locations

Based on the route planning and throughput analysis, we chose location 6 as our final vertiport
location. Location 6’s throughput exceeds the daily number of flights needed, and route planning
shows little to no interference with high airplane traffic areas.

If eVTOL operations were to expand, Location 12 is the backup location due to its large throughput
and existing methods to easily go from this location to the airport terminals. Location 12 is an extra
vertiport location because most of the key locations tested in route planning were on the west side.
This means that most of the air taxis coming from the surrounding areas have to cross the airport
to reach this vertiport, which would interfere with the high levels of air traffic already present. We
deemed Location 7 an unsuitable place for a vertiport because it already has too much air traffic over
its airspace.
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Figure 42: Final Vertiport Locations
Imagery ©2024 Google, Vexcel Imaging US, Inc. Imagery dates: 11 Mar. 2022–18 July 2024.

6 Conclusion

The integration of eVTOLs into major transport sites such as the San Jose Mineta International
Airport (SJC) represents a crucial move towards reinventing urban transport. As congestion continues
to increase, pressure on companies to integrate air taxis into an urban setting intensifies. However,
integrating air taxis into airports creates a significant challenge as many factors need to be considered
–including air traffic, noise, weather, proximity to the airport infrastructure, and eVTOL flight paths
to key destinations from the airport.

This paper explores methods for efficiently integrating air taxis into SJC using spatial analysis, heat
mapping, and route optimization algorithms. Using the heat maps, potential locations were found,
which then underwent detailed analysis to estimate throughput and possible topographies. Finally,
the A* pathfinder algorithm was applied to model flight paths for eVTOLs to nine key destinations
around the airport, leading to the conclusion that location 6 was the optimal site, with location 12
serving as the backup location.

Location 6 supports a throughput of 612 flights per day, has adequate room for terminals and
walkways, and is next to a major roadway, meaning that it has quick and easy access to the terminals.
As location 6 was inputted to model out different flight paths, the paths rarely crossed high traffic
density areas, except for the area in the upper-left corner of the map. However, since this area was
crossed by all flight paths regardless of the vertiport location, its impact was deemed unimportant in
the site selection process. Location 6 is located on the west side of the airport and would be built on an
existing stadium parking garage. Airports can accommodate several vertiport locations, so if eVTOL
demand increases, location 12 would be implemented, as it has a throughput of over 1428 flights per
day.

While San Jose Airport features two parallel runways, the framework and methods developed in this
study can be modified to fit any airport configuration. This study highlights the benefits of scalable,
data-driven frameworks for eVTOL integration. As air taxis become more common, with Archer air
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taxis servicing the 2028 L.A. Olympics, reliable and versatile methods for integrating eVTOLs will
become increasingly important. By applying similar methods as used in this paper to airports around
the country, incorporating air taxis into our infrastructure will become steadily more viable, paving
the way for the next generation of sustainable transportation.
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