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SYSTEM AND METHOD FOR LANDING AND STORING VERTICAL TAKE-OFF AND
LANDING AIRCRAFT

RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application No. 62/668,206 filed on May 7, 2018. U.S. Provisional Patent Application No.
62/668,206 is hereby incorporated by reference in its entirety.

FIELD

[0002] The present disclosure relates generally to aviation transportation using vertical
take-off and landing aircraft. More particularly, the present disclosure relates to systems and
methods for landing and storing vertical take-off and landing aircraft with an aircraft landing
facility.

BACKGROUND
[0003] A wide variety of modes of transport are available within cities. For example,
people may walk, ride a bike, drive a car, take public transit, or use a ride sharing service. As
population densities and demand for land increase, however, many cities are experiencing
problems with traffic congestion and the associated pollution. Consequently, there is a need
to expand the available modes of transport in ways that may reduce the amount of traffic
without requiring the use of large amounts of land.
[0003] Air travel within cities may reduce travel time over purely ground-based
approaches and alleviate problems associated with traffic congestion. In practice, however,
air travel within cities has been fairly limited compared to ground travel of various
impediments that complicate intra-city air travel. For instance, aircraft can require significant
resources such as fuel and infrastructure (e.g., runways, landing areas), produce significant
noise, and require significant time for boarding, each presenting technical challenges for
achieving larger volume of air travel within cities or between neighboring cities.
[0004] Vertical takeoff and landing (VTOL) aircraft provide opportunities to incorporate
aerial transportation into transport networks for cities and metropolitan areas. VTOL aircraft
require much less space to take-off and land than other types of aircraft, making them more
suitable for densely populated urban environments. Landing and storing VTOL aircraft in
such densely populated areas, however, still presents a variety of challenges. For example,
existing infrastructure, such as rooftops of buildings provides a relatively small capacity for

landing and storing multiple VTOL aircraft.
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SUMMARY
[0004] Aspects and advantages of embodiments of the present disclosure will be set
forth in part in the following description, or can be learned from the description, or can be
learned through practice of the embodiments.
[0005] One example aspect of the present disclosure is directed to a computing system
for landing and storing vertical take-off and landing aircraft (VTOL). The computing system
can include one or more processors and one or more non-transitory computer-readable media
that collectively store instructions that, when executed by the one or more processors, cause
the computing system to perform operations. The operations can include receiving at least
one of aircraft data associated with a VTOL aircraft, passenger data associated with at least
one passenger of the aircraft, or environment data describing an environment condition of at
least one of the aircraft or a VTOL aircraft landing facility. The operations can include
determining a landing pad location within the landing facility. The landing facility can
include a lower level and an upper level. The lower level can include a lower landing area
and a lower storage area that is spaced apart from the lower landing area. The upper level can
include an upper landing area. At least a portion of the upper level can be arranged over the
lower storage area with respect to a vertical direction. The landing pad location can include a
location within the lower landing area or the upper landing area of the landing facility that is
dynamically designated based on the at least one of aircraft data, passenger data, or
environment data. The operations can include communicating the landing pad location to at
least one of an operator of the VTOL aircraft or a navigation system of the VTOL aircraft.
[0006] The technology described herein can help improve the safety of passengers of an
VTOL aircraft, improve the safety of the surroundings of the VTOL aircraft, improve the
experience of the rider and/or operator of the VTOL aircraft, as well as provide other
improvements as described herein. Moreover, the technology of the present disclosure can
help improve the ability of a VTOL aircraft to effectively provide vehicle services to others
and support the various members of the community in which the VTOL aircraft is operating,
including persons with reduced mobility and/or persons that are underserved by other
transportation options. Additionally, the system supporting VTOL aircrafts and the use of
such aircrafts of the present disclosure may reduce traffic congestion in communities as well
as provide alternate forms of transportation that may provide environmental benefits.
[0007] Other aspects of the present disclosure are directed to various systems,

apparatuses, non-transitory computer-readable media, user interfaces, and electronic devices.
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[0008] These and other features, aspects, and advantages of various embodiments of the
present disclosure will become better understood with reference to the following description
and appended claims. The accompanying drawings, which are incorporated in and constitute
a part of this specification, illustrate example embodiments of the present disclosure and,

together with the description, serve to explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Detailed discussion of embodiments directed to one of ordinary skill in the art is
set forth in the specification, which makes reference to the appended figures, in which:
[0010] Figure 1 depicts a block diagram of an example computing system according to
example embodiments of the present disclosure.
[0011] Figure 2 depicts an example embodiment of portions of a system according to
aspects of the present disclosure set in an urban environment.
[0012] Figures 3 and 4 are perspective views of one embodiment of an aircraft landing
facility according to aspects of the present disclosure.
[0013] Figures 5 and 6 are a top down view and a side elevation view, respectively, of
the aircraft landing facility of Figures 3 and 4.
[0014] Figure 7 is a side elevation view of the aircraft landing facility of Figures 3 and 4
that schematically illustrates landing and takeoff of VTOL aircraft according to aspects of the
present disclosure.
[0015] Figure 8 illustrates examples markings for a landing pad location and one or more
storage areas, according to aspects of the present disclosure.
[0016] Figure 9 illustrates a perspective view of another embodiment of an aircraft
landing facility including single landing pad on a lower level and a single landing pad on an
upper area, according to aspects of the present disclosure.
[0017] Figure 10 illustrates a top down view of the aircraft landing facility of Figure 9.
[0018] Figure 11 is a perspective view an alternative embodiment of an aircraft landing
facility 600 according to aspects of the present disclosure.

[0019] Figure 12 is a flowchart of a method for landing and storing VTOL aircraft.

DETAILED DESCRIPTION
[0020] Example aspects of the present disclosure are directed to systems and methods
for landing and storing vertical take-off and landing (VTOL) aircraft. More particularly, the

disclosed systems and methods may facilitate compact storage of VTOL aircraft using a
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multi-level aircraft landing facility. This may be particularly useful in urban settings, in
which real estate is expensive. Aspects of the disclosed systems and methods are directed to
routing an approaching VTOL aircraft in a manner that increases (e.g., optimizes, maximizes,
etc.) efficiency for approaching and departing VTOL aircraft while maintaining minimum
safety distances and/or other requirements for VTOL aircraft that are landing and taking off.
The VTOL aircraft can be fully autonomous, semi-autonomous, or fully operated by a
pilot/operator.

[0021] The aircraft landing facility can be constructed or installed in an unobstructed
area to facilitate safe approach, landing, and takeoff of the VTOL aircraft. For example, the
aircraft landing facility can be constructed or installed on a roof of a structure, such as a
building, parking structure, or any other suitable structure. The aircraft landing facility can
have multiple levels for landing and storing the VTOL aircraft to provide more compact
storage of the VTOL aircraft than simply landing the VTOL aircraft on the roof of the
building. This can provide landing areas at different elevations. For example, the landing
facility may include a lower level and an upper level. The lower level may include a lower
landing area and a lower storage area that is spaced apart (e.g., distinct) from the lower
landing area. The upper level may include an upper landing area and/or an upper storage area.
The upper level may be supported over the lower level such that at least a portion of the
upper level is arranged over the lower storage area. As such, the upper level may provide
shelter from precipitation or the sun for the storage area. This configuration can allow the
VTOL aircraft to land in the lower landing area and then be moved to the lower storage area
for storage and to allow passenger(s) of the VTOL aircraft to exit the VTOL aircraft in the
shelter provided by the upper level.

[0022] A computing system can be configured to perform routing of approaching VTOL
aircraft in a manner that attempts to optimize or maximize efficiency (e.g., vehicle
throughput, minimize downtime, etc.) while maintaining safety requirements (e.g., distances)
required for VTOL aircraft to land and take off. For example, the computing system can be
configured to determine a suitable landing pad location at the aircraft landing facility for the
approaching VTOL aircraft based on a variety of factors. The factors can include aircraft data
associated with the VTOL aircraft, passenger data associated with passenger(s) of the VTOL
aircraft, and/or environment data that describes an environment condition of the VTOL
aircraft or the landing facility. The computing system can communicate the landing pad
location to an operator of the VTOL aircraft and/or a navigation system of the VTOL aircraft

(e.g., computing system aboard the VTOL aircraft).
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[0023] In some embodiments, the landing area(s) can have a plurality of pre-defined
landing pads (e.g., marked by paint, tape, or another permanent or semi-permanent indicator).
The computing system can select one of the pre-defined landing pads for the approaching
VTOL aircraft based on the factors described above. In other embodiments, however, the
computing system can select one or more of a location or a size of for a landing pad that is
not pre-defined within the landing area. For example, the location and/or size of the landing
pad can be selected based on the above-described parameters and/or a minimum required
distance between the VTOL aircraft and any additional aircraft at the landing facility.

[0024] The computing system can communicate the landing pad location in a variety of
suitable manners. For example, the computing system can illuminate or alter the appearance
of one or more location markers within the landing area(s). A light array can be configured to
illuminate or otherwise change an appearance (e.g., brightness, color, etc.). of select portions
(e.g., location markers) of the lower landing area or the upper landing area to communicate
the landing pad location. For example, the computing system can illuminate at least a portion
of a border or a center of a landing pad at the landing pad location using the light array to
communicate the landing pad location. In some embodiments, the light array can include a
plurality of lights spaced arranged in a plurality of rows and a plurality of columns to form a
grid that covers some or all of one or both of the landing areas. The grid can allow the
computing system to dynamically designate the landing pad location anywhere within the
grid. Thus, the computing system can dynamically designate a landing pad location having a
suitable size and location for the approaching VTOL aircraft (e.g., ensuring a minimum
safety distance between VTOL aircraft) without being constrained to simply selecting a pre-
defined landing pad location.

[0025] As another example, the computing system can wirelessly communicate data
describing the landing pad location to the navigation system of the aircraft. Similarly, in this
embodiment, the computing system can determine a size and location of a landing pad and
dynamically designate a landing pad location for the approaching VTOL aircraft (e.g., with or
without illuminating location markers to mark the landing pad location). Alternatively, in this
embodiment, the computing system can select the landing pad location from one of a
plurality of pre-determined landing pads and communicate the location of the selected pre-
determined landing pad to the navigation system of the aircraft (e.g., with or without
illuminating location markers to mark the landing pad location). As indicated above, the
VTOL aircraft can be autonomous, semi-autonomous, or fully operated by a pilot/operator.

For fully autonomous VTOL aircraft, the VTOL aircraft may proceed to land at the landing
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pad location based on the communication received from the computing system without
human action.

[0026] The aircraft landing facility may be configured to store a plurality of VTOL
aircraft within the storage area(s) of the aircraft landing facility. For example, the lower
storage area may include a plurality of storage locations. The computing system can select
one of the storage locations for storage of the aircraft based on one or more of parameters,
such as the aircraft data, the passenger data, or the environment data. The computing system
can communicate the selected storage location to the operator of the aircraft or the navigation
system of the aircraft. Thus, the VTOL aircraft can be moved from the landing pad location
on which the VTOL aircraft lands to the selected storage location. For example, an operator
of the VTOL aircraft can control the VTOL aircraft to move it to the selected storage location
based on receiving the communication of the selected storage location (e.g., the selected
storage location or a path to it can be illuminated or otherwise visually marked). As another
example, an autonomous VTOL aircraft can autonomously move itself from the landing pad
location to the selected storage location in response to receiving the selected storage location
from the computing system.

[0027] In some embodiments, one or more of the storage locations may also be
dynamically re-purposed for on-demand maintenance of the VTOL aircraft as needed. This
may be used to improve throughput and/or address unplanned servicing needs of the VTOL
aircraft.

[0028] As indicated above, the computing system can determine the landing pad location
and/or select the storage location for an approaching VTOL aircraft based on one or
parameters. The parameters can include aircraft data associated with the VTOL aircraft,
passenger data associated with passenger(s) of the VTOL aircraft, and/or environment data
that describes an environment condition of the VTOL aircraft or the landing facility. Example
aircraft data may include a size, weight, a charge state (if applicable, a fuel level (if
applicable), and a heading of the VTOL aircraft, itinerary information (e.g., a future
destination, previous origination) of the VTOL aircraft, acoustic signature of the VTOL
aircraft (e.g., as detected by one or more microphone at the landing facility), and/or a number,
size, or weight, of packages about the VTOL aircraft. The acoustic signature of the VTOL
aircraft may be described or quantified by various data such as SPL (sound pressure level),
EPNdB (Effective Perceived Noise in decibels), TVL (time-varying loudness), and/or other
suitable metrics (e.g., metrics describing amplitude noise impacts as and/or spectral

characteristics of landings and takeoffs).
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[0029] The passenger data may include a number of passengers aboard the VTOL
aircraft, a disability status of the passenger(s), an age of the passenger(s), a subsequent
destination of the passenger(s), an origination location of the passenger(s), and/or a number,
size, or weight, of baggage or luggage of the passenger(s). For instance, larger/heavier
baggage loads may incur larger multimodal switching costs or require special infrastructure
to facilitate faster takeoffs and landings. Thus, the parking pad location and/or orientation of
the VTOL aircraft at the landing pad may be selected to reduce delay associated with loading
and offloading baggage (e.g., multimodal switching time costs).

[0030] Example environment data may include a wind speed, a wind direction, a
precipitation condition, a temperature, and/or a presence, size, or location of additional
aircraft at the landing facility or approaching the landing facility. Environment data can also
include ambient noise signatures, for example, of multiple VTOL aircraft at or near the
landing facility (e.g., as detected by one or more microphone at the landing facility).

[0031] In some implementations, the computing system can be configured to manage
landing and/or takeoff of multiple VTOL aircraft simultaneously or near simultaneously. For
example, the computing system can determine an additional landing pad location for an
additional VTOL aircraft that is approaching the landing facility. The computing system can
communicate the additional landing pad location to an operator and/or navigation system of
the additional aircraft. For instance, the computing system can monitor a location of the
VTOL aircraft and the additional location of the additional VTOL aircraft during approach
and landing of both of the VTOL aircraft. In some embodiments, the VTOL aircraft can land
on the landing pad within one minute or less of each other.

[0032] In some implementations, the computing system can determine the elevation at
which the VTOL aircraft is to land within the aircraft landing facility. For example, the
computing system can determine on which level to land the VTOL aircraft based on aircraft
data, passenger data, and/or environment data. The computing system can make this
determination based on passenger data such as a disability status, an age, a health status, or an
itinerary of the passenger(s). For example, the computing system can prioritize VTOL aircraft
with elderly people or people with disabilities or health issues aboard for landing on the
lower level. As another example, the computing system can prioritize VTOL aircraft for
landing on the lower level that contain passengers who are rushed based on their itinerary
(e.g., have a quick connection with another mode of transportation or have an upcoming
appointment). After selecting one of the landing areas, the computing system can designate

the landing pad location within the selected landing area.
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[0033] The aircraft landing facility may have a variety of configurations. For example, in
some embodiments, the upper storage area can have an upper storage area that is spaced apart
(e.g., distinct) from the upper landing area. The upper storage area can be arranged over the
lower storage area. An additional level can be supported over at least a portion of the upper
storage area. The additional storage area can serve one or more purposes. For example, the
additional storage area can provided shelter for the storage area of the upper level and/or
provide a location for landing VTOL aircraft (e.g., in an emergency situation).

[0034] In some embodiments, at least one sensor can be configured to detect a location
of the VTOL aircraft relative to the landing pad location. For example, a portion of the
computing system (e.g., a landing facility computing system) can be operatively connected
with the sensor(s) and configured to detect the presence and/or location of VTOL aircraft
within the landing areas and/or storage areas.

[0035] With reference now to the Figures, example embodiments of the present

disclosure will be discussed in further detail.

Example Embodiments

[0036] Figure 1 depicts a block diagram of an example computing system 100 according
to example embodiments of the present disclosure. The computing system 100 includes a
cloud services system 102 that can operate to control, route, monitor, and/or communicate
with VTOL aircraft. These operations can be performed as part of a multi-modal
transportation service for passengers, for example, including travel by ground vehicle and
travel by VTOL aircraft.

[0037] The cloud services system 102 can be communicatively connected over a
network 180 to one or more passenger computing devices 140, one or more service provider
computing devices 150 for a first transportation modality, one or more service provider
computing devices 160 for a second transportation modality, one or more service provider
computing devices 170 for an Nth transportation modality, and one or more infrastructure
and operations computing devices 190.

[0038] Each of the computing devices 140, 150, 160, 170, 190 can include any type of
computing device such as a smartphone, tablet, hand-held computing device, wearable
computing device, embedded computing device, navigational computing device, vehicle
computing device, etc. A computing device can include one or more processors and a
memory (e.g., similar to as will be discussed with reference to processors 112 and memory

114). Although service provider devices are shown for N different transportation modalities,
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any number of different transportation modalities can be used, including, for example, less
than the three illustrated modalities (e.g., one or more modalities can be used).

[0039] The cloud services system 102 includes one or more processors 112 and a
memory 114. The one or more processors 112 can be any suitable processing device (e.g., a
processor core, a microprocessor, an ASIC, a FPGA, a controller, a microcontroller, etc.) and
can be one processor or a plurality of processors that are operatively connected. The memory
114 can include one or more non-transitory computer-readable storage media, such as RAM,
ROM, EEPROM, EPROM, one or more memory devices, flash memory devices, etc., and
combinations thereof.

[0040] The memory 114 can store information that can be accessed by the one or more
processors 112. For instance, the memory 114 (e.g., one or more non-transitory computer-
readable storage mediums, memory devices) can store data 116 that can be obtained,
received, accessed, written, manipulated, created, and/or stored. In some implementations,
the cloud services system 102 can obtain data from one or more memory device(s) that are
remote from the system 102.

[0041] The memory 114 can also store computer-readable instructions 118 that can be
executed by the one or more processors 112. The instructions 118 can be software written in
any suitable programming language or can be implemented in hardware. Additionally or
alternatively, the instructions 118 can be executed in logically and/or virtually separate
threads on processor(s) 112. For example, the memory 114 can store instructions 118 that
when executed by the one or more processors 112 cause the one or more processors 112 to
perform any of the operations and/or functions described herein.

[0042] The computing system 100 can include an aircraft navigation system 142. The
aircraft navigation system 142 can include one or more processors 143, memory 144, and a
network interface 147, for example as described above with reference to the processors 112,
memory 114, and network interface 124. The memory 144 can include data 145 and
instructions 146, for example as described above with reference to the data 116 and
instructions 118 of memory 114.

[0043] The computing system 100 can include a landing facility computing system 152.
The landing facility computing system 152 can be included in the cloud services system 102
and/or one or more functions/systems of the cloud services computing system 102 can be
included in the landing facility computing system 152. The landing facility computing system
152 can include one or more processors 153, memory 154, and a network interface 157, for

example as described above with reference to the processors 112, memory 114, and network
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interface 124. The memory 154 can include data 155 and instructions 156, for example as
described above with reference to the data 116 and instructions 118 of memory 114.

[0044] The cloud services system 102 can include a number of different systems such as
a world state system 126, a forecasting system 128, an optimization/planning system 130, and
a matching and fulfillment system 132. The matching and fulfillment system 132 can include
a different matching system 134 for each transportation modality and a monitoring and
mitigation system 136. Each of the systems 126-136 can be implemented in software,
firmware, and/or hardware, including, for example, as software which, when executed by the
processors 112 cause the cloud services system 102 to perform desired operations. The
systems 126-136 can cooperatively interoperate (e.g., including supplying information to
each other).

[0045] The world state system 126 can operate to maintain data descriptive of a current
state of the world. For example, the world state system 126 can generate, collect, and/or
maintain data descriptive of predicted passenger demand; predicted service provider supply;
predicted weather conditions; planned itineraries; pre-determined transportation plans (e.g.,
flight plans) and assignments; current requests; current ground transportation service
providers; current transportation node operational statuses (e.g., including re-charging or re-
fueling capabilities); current aircraft statuses (e.g., including current fuel or battery level);
current aircraft pilot statuses; current flight states and trajectories; current airspace
information; current weather conditions; current communication system behavior/protocols;
and/or the like. The world state system 126 can obtain such world state information through
communication with some or all of the devices 140, 150, 160, 170, 190. For example, devices
140 can provide current information about passengers while devices 150, 160, and 170 can
provide current information about service providers. Devices 190 can provide current
information about the status of infrastructure and associated operations/management.

[0046] The forecasting system 128 can generate predictions of the demand and supply
for transportation services at or between various locations over time. The forecasting system
128 can also generate or supply weather forecasts. The forecasts made by the system 128 can
be generated based on historical data and/or through modeling of supply and demand. In
some instances, the forecasting system 128 can be referred to as an RMR system, where
RMR refers to “routing, matching, and recharging.” The RMR system can be able to simulate
the behavior of a full day of activity across multiple ride share networks.

[0047] The optimization/planning system 130 can generate transportation plans for

various transportation assets and/or can generate itineraries for passengers. For example, the
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optimization/planning system 130 can perform flight planning. As another example,
optimization/planning system 130 can plan or manage/optimize itineraries which include
interactions between passengers and service providers across multiple modes of
transportation.

[0048] The matching and fulfillment system 132 can match a passenger with a service
provider for each of the different transportation modalities. For example, each respective
matching system 134 can communicate with the corresponding service provider computing
devices 150, 160, 170 via one or more APIs or connections. Each matching system 134 can
communicate trajectories and/or assignments to the corresponding service providers. Thus,
the matching and fulfillment system 132 can perform or handle assignment of ground
transportation, flight trajectories, take-off/landing, etc.

[0049] The monitoring and mitigation system 136 can perform monitoring of user
itineraries and can perform mitigation when an itinerary is subject to significant delay (e.g.,
one of the legs fails to succeed). Thus, the monitoring and mitigation system 136 can perform
situation awareness, advisories, adjustments and the like. The monitoring and mitigation
system 136 can trigger alerts and actions sent to the devices 140, 150, 160, 170, and 190. For
example, passengers, service providers, and/or operations personnel can be alerted when a
certain transportation plan has been modified and can be provided with an updated
plan/course of action. Thus, the monitoring and mitigation system 136 can have additional
control over the movement of aircraft, ground vehicles, pilots, and passengers.

[0050] In some implementations, the cloud services system 102 can also store or include
one or more machine-learned models. For example, the models can be or can otherwise
include various machine-learned models such as support vector machines, neural networks
(e.g., deep neural networks), decision-tree based models (e.g., random forests), or other
multi-layer non-linear models. Example neural networks include feed-forward neural
networks, recurrent neural networks (e.g., long short-term memory recurrent neural
networks), convolutional neural networks, or other forms of neural networks.

[0051] In some instances, the service provider computing devices 150, 160, 170 can be
associated with autonomous vehicles (e.g., autonomous VTOL aircraft). Thus, the service
provider computing devices 150, 160, 170 can provide communication between the cloud
services system 102 and an autonomy stack of the autonomous vehicle which autonomously
controls motion of the autonomous vehicles.

[0052] The infrastructure and operations computing devices 190 can be any form of

computing device used by or at the infrastructure or operations personnel including, for
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example, devices configured to perform passenger security checks, luggage check in/out, re-
charging/re-fueling, safety briefings, vehicle check in/out, and/or the like.

[0053] The network(s) 180 can be any type of network or combination of networks that
allows for communication between devices. In some embodiments, the network(s) can
include one or more of a local area network, wide area network, the Internet, secure network,
cellular network, mesh network, peer-to-peer communication link and/or some combination
thereof and can include any number of wired or wireless links. Communication over the
network(s) 180 can be accomplished, for instance, via a network interface using any type of
protocol, protection scheme, encoding, format, packaging, etc.

[0054] Figure 2 illustrates an example embodiment of portions of a system 200 in an
urban environment according to aspects of the present disclosure. The system can include or
be implemented with an aircraft landing facility 202. The aircraft landing facility 202 may be
located on a roof 204 of a structure 206, such as a parking garage. The aircraft landing
facility 202 may provide landing and/or take-off locations for one or more VTOL aircraft
208.

[0055] The aircraft landing facility 202 can include a lower level 205, which may
include the roof 204 of the structure 206 and/or a platform supported on the roof 204 of the
structure 206. The lower level 205 can include a lower landing area including one or more
landing locations 212 and a storage area that includes one or more lower storage locations
214. The aircraft landing facility 202 can include an upper level 216 that is supported over at
least a portion of the lower level 205. For example, the upper level 216 can be located over
one or more of the lower storage locations 214. The upper level 216 can have one or more
upper landing locations 218 within an upper landing area and one or more storage locations
220 within an upper storage area. An additional level 222 may be arranged over the storage
location(s) 220 of the upper level 216. The additional level 222 may include an emergency
landing location 224 within an emergency landing area 226. However, it should be
understood that, in some embodiments, the aircraft landing facility 202 may be free of any
additional levels above the upper level 216.

[0056] A computing system, for example as described with reference to Figure 1, can be
configured to control, route, monitor, and/or communicate with VTOL aircraft in the vicinity
of the aircraft landing facility 202, for example as described herein. The computing system
can be configured to determine or aid in determining respective routes 210 for the VTOL

aircraft 208 for landing on the aircraft landing facility 202 and/or taking-off from the aircraft
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landing facility 202. The computing system can determine respective landing pad locations
on which the VTOL aircraft 208 can land.

[0057] In some embodiments, one or more sensors 228 can be configured to detect a
location of the VTOL aircraft 208 relative to the landing pad location (e.g., during approach,
landing, taxing, or storage). For example, a portion of the computing system (e.g., a landing
facility computing system located at the aircraft landing facility 200) can be operatively
connected with the sensor(s) 228 and configured to detect the presence and/or location of
VTOL aircraft 208 within the landing areas, within the storage areas, during approach and/or
during takeoff. The sensors 228 can be any suitable type of sensor including optical, infrared,
heat, radar, LIDAR, pressure, capacitive, inductive, etc. As illustrated, the sensors 228 can be
mounted on the upper level 216 or additional level 222. However, in other embodiments, the
sensors 228 can be mounted within the lower level 302 (shown in Figure 3) and/or upper
level 216, for example as capacitive sensors to detect the presence / location of the VTOL
aircraft 208 in the lower level 302 and/or upper level.

[0058] Figures 3 and 4 are perspective views of one embodiment of an aircraft landing
facility 300 according to aspects of the present disclosure. Figures 5 and 6 are a top down
view and a side elevation view, respectively, of the aircraft landing facility 300 of Figures 3
and 4. Figure 7 is a side elevation view of the aircraft landing facility 300 of Figures 3 and 4
that schematically illustrates VTOL aircraft landing and takeoft.

[0059] Referring to Figures 3 and 4, the landing facility 300 can include a lower level
302 and an upper level 304. As best seen in Figure 4, the lower level 302 can include a lower
landing area 306 and a lower storage area 308 that is spaced apart from the lower landing
area 300. As best seen in Figure 3, the upper level 304 can include an upper landing area 310
and an upper storage area 311. At least a portion of the upper level 304 can be arranged over
the lower storage area 308 with respect to a vertical direction 312.

[0060] A computing system can be configured to determine a landing pad location for an
approaching VTOL aircraft. For example, the computing system can select a landing pad
location from a plurality of predetermined landing pads locations 314 in the lower landing
area 3006 or from a plurality of predetermined landing pads locations 316 in the upper landing
area 310. An additional level 318 may be arranged over the upper storage area 308 of the
upper level 302. The additional level 318 may include one or more emergency landing
locations 320 in an emergency landing area 300. However, it should be understood that, in
some embodiments, the aircraft landing facility 300 may be free of any additional levels

above the upper level 304.
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[0061] The computing system may be configured to dynamically select (e.g., designate)
one of the predetermined landing pad locations 314, 316 for an approaching VTOL aircraft
based on a variety of factors, including, for example, aircraft data, passenger data, or
environment data. The predetermined landing pads locations 314, 316 can be marked by
paint, tape, or another permanent or semi-permanent indicator.

[0062] In other embodiments, however, the computing system can select one or more of
a location or a size of a landing pad that is not pre-defined for an approaching VTOL aircraft.
The location and/or size of the landing pad can be selected based on a variety of factors,
including, for example, aircraft data, passenger data, environment data, or other factors. As
an example, the location and/or size of the landing pad can be determined based, at least in
part, on a minimum required distance between the VTOL aircraft and any additional aircraft
at the landing facility 300. As noted above, the computing system can wirelessly
communicate data describing the landing pad location to the navigation system of the
approaching VTOL aircraft. However, in other embodiments, a light array can be disposed on
at least one of the lower landing area 306 or the upper landing area 310. The computing
system can illuminate or otherwise change an appearance (e.g., brightness, color, etc.). of at
least a portion of a border or a center of a landing pad at the landing pad location (as a
location marker) using the light array to communicating the landing pad location. For
instance, in some embodiments, the light array can include a plurality of lights spaced apart
from each in a grid having a plurality of rows and a plurality of columns.

[0063] For example, some or all of one or more of the landing areas 306, 310 and/or
storage areas 308, 311 may be configured with a tessellation of polygonal-shaped areas
configured to dynamically alter emission and/or reflection of light. A variety of suitable
polygons may be used for the tessellation (e.g., triangles, rectangles, hexagons, etc.). The
tessellation of these surface(s) may allow a large number of lighting patterns to be
implemented with a relatively simple construction. For example, lighting configuration may
be determined using machine learning methods. The tessellation can provide flexibility in
displaying the size and/or location of the landing pad location(s) and/or selected storage areas
by lighting different combinations of the polygons to represent the configuration. After a size
and location of the landing pad location is determined, a corresponding lighting pattern that
approximates the size and location of the landing pad location using a set of polygons may be
determined. The identified polygons can be lit up to represent the configuration. In some
embodiments, one or more of the polygons may include light emitting devices of different

colors, and based on location of the polygon, the color of the polygon may be determined.
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For example, the storage locations may be represented by a first color (e.g., green) while the
landing pad location may be represented by a second color that is different from the first
color (e.g., yellow) such that VTOL aircraft vehicles at the landing facility may easily
distinguish a landing pad location from and a storage location. The accuracy of the
configuration approximation increases when a larger number of polygons are used in the
tessellation.

[0064] The aircraft landing facility 300 can have a variety of suitable configurations. For
example, a plurality of elongated structural members 370 can be configured to support the
upper level 304 over the lower level 302. Referring to Figure 6, the structural members 370
may be or include truss elements. The structural members 370 can be arranged in a variety of
configurations, for example, forming square patterns, triangular patterns, or any other suitable
pattern providing sufficient structural integrity. The levels 302, 304 can be formed a variety
of suitable materials, including, for example, concrete, asphalt, metal, polymeric materials,
composite materials, etc. Additionally, the aircraft landing facility 300 can include stairs 371
or other suitable structures (e.g., elevators, escalators, etc.) for allowing passengers to move
between levels of the levels 302, 304, 318 of the aircraft landing facility 300.

[0065] In some embodiments, the upper level 304 can extend over an edge 372 of the
structure (e.g., building, parking garage, etc.) on which the aircraft landing facility 300 is
installed/built. This configuration can further minimize the area required to install the aircraft
landing facility 300, which may be particularly useful in dense, urban environments. The
upper level 304 can be cantilevered over the edge 372 and supported by one or more
cantilever support members 374. For example, the upper level 304 can extend beyond the
edge 372 of the building by an overhang distance 376 in a horizontal direction 378, which is
perpendicular to the vertical direction 312. The upper level 304 can have a length 380 in the
horizontal direction 378. In some embodiments, the overhang distance 376 may be greater
than about 5% of the length 380 of the upper level 304, in some embodiments greater than
about 10%, in some embodiments greater than about 20%, in some embodiments greater than
about 30%, in some embodiments greater than about 40%, and in some embodiments greater
than about 50%.

[0066] Additionally, in some embodiments, the aircraft landing facility 300 can be
configured to accommodate a large number of VTOL aircraft relative to the size of a
footprint of the aircraft landing facility 300. For example, a total storage area can be defined
as a sum each storage area (e.g., the lower storage area 308, upper storage area 311, etc.). A

total landing area can be defined as a sum of an area of each landing area (e.g., the lower

15



WO 2019/217432 PCT/US2019/031134

landing area 306, upper landing area 310, etc.). A total footprint of the aircraft landing
facility 300 can be defined as a footprint area of the aircraft landing facility 300 including
portions of the aircraft landing facility 300 that extend beyond the edge 372. An effective
footprint of the aircraft landing facility 300 can be defined as an occupied area of the surface
on which the aircraft landing facility 300 is installed and/or constructed, excluding portions
of the aircraft landing facility 300 that extend beyond the edge 372 of the structure.

[0067] The effective footprint may range from about 20% to 100% of the total footprint,
in some embodiments from about 25% to about 90% in some embodiments from about 30%
to about 80%, and in some embodiments from about 35% to about 70%. A ratio of the total
landing area to the total storage area can range from about 0.5 to about 2, in some
embodiments from about 0.6 to about 1.5, and in some embodiments from about 0.8 to about
1.2. Such ratios may provide a more compact and effective aircraft landing facility. This may
be especially useful in densely populated, urban areas.

[0068] Figure 7 schematically illustrates a first VTOL aircraft 360 landing (as
represented by dotted arrow 362) on the upper landing area 310 of the upper level 304. The
first VTOL aircraft 360 can then be moved from the upper landing area 310 to the upper
storage area 311 (as represented by dotted arrow 364). The process can be reversed for the
first VTOL aircraft 360 to take off from the upper landing area 310. Similarly, a second
VTOL aircraft 366 can land (as represented by dotted arrow 366) on the lower landing area
306 of the lower level 302. The second VTOL aircraft 366 can then be moved from the lower
landing area 306 to the lower storage area 308 (as represented by dotted arrow 368).

[0069] In some embodiments, the computing system can be configured to manage
multiple VTOL aircraft concurrently, simultaneously, or near simultaneously. For example,
the computing system can manage landing and/or takeoff of two VTOL aircraft at the same
time (e.g., on the same level or on different levels). As another example, the computing
system can determine the landing pad location based on the presence of recently landed
VTOL aircraft. The computing system can maintain a minimum safety distance (e.g., 200
feet, etc.) between the VTOL aircraft during takeoff and landing as required by applicable
regulations.

[0070] Referring to Figure 5, in one example, the computing system can determine a first
landing pad location 380 for a first VTOL aircraft. Landing a second VTOL aircraft on a
directly adjacent landing pad location 382 may violate minimum safety distance requirement.
Thus, the computing system can select another landing pad location 384 for the second

VTOL aircraft that ensures that the VTOL aircraft maintains the required minimum safety
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distance during landing. The computing system can anticipate and balance demand for
particular landing pad locations 314, 316 to improve efficiency (e.g., optimize) the system.
[0071] Figure 8 illustrates examples markings for a landing pad location 400 and one or
more storage areas, according to aspects of the present disclosure. The landing pad location
400 may be designated by one or more borders or markers. For example, a Touchdown Lift-
Off (TLOF) marker 402 may include a central marker 404 (e.g., a square, triangle, circle, or
polygon) surrounded by a boarder 406 (e.g., a polygon, circle). A Final Approach and Take
Off (FATO) pad marker 408 may encircle the TLOF marker 402 (e.g., be concentric with the
TLOF marker 402). One or more additional boundaries 410 may encircle the TLOF marker
402 and/or be concentric with one or both of the TLOF marker 402 and the FATO pad
marker 408. The additional boundaries 410 may designate minimum safety distances for
pedestrians or equipment. For example, the FATO marker may have a diameter that is
approximately equal to 1.5 times a diameter of the top rotor (if applicable) or a wingspan of
the VTOL aircraft (if applicable). The FATO marker (and/or any of the other markers
described herein) can be dynamically sized (e.g., using the lighting grid) based on the
dimensions of the VTOL aircraft.

[0072] For example, the size and location of the landing pad can be selected based on
aircraft data, such as the size of the VTOL aircraft (e.g., a wingspan, rotor diameter, etc.),
type (e.g., make, model) of the VTOL aircraft, and/or required clearances between the VTOL
aircraft and other structures (e.g., parts of the landing facility). As another example, charging
stations may be located within the storage areas for various types (e.g., makes, models) of
VTOL aircraft. The computing system can select a landing pad location that has access to a
portion of the storage area that has a charging station (or fueling station) that is compatible
with or best suited for the VTOL aircraft type (e.g., model, charging port type, fuel type etc.).
For instance, some storage locations may have charging stations while others have fueling
stations. Different storage locations may have different types of charging station and/or
fueling stations. As another example, the size and location of the landing pad can be selected
based on environmental data such as the location and size of other aircraft present at the
landing facility. As a further example, the size and location of the landing pad can be selected
based on environmental data that includes weather. For instance, during inclement weather
the landing pads / VTOL aircraft can be spaced farther apart or sized larger than during fair
weather.

[0073] A plurality of storage areas 412A-B may be located near the landing pad location

400. One or more guidance lines 414 may connect the landing pad location 400 with a first
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storage location 412A and/or a second storage location 412B. In some embodiments,
additional storage areas (shown in dotted lines as optional) may also be located near the
landing pad location 400. Additional guidance lines 418 may connect the landing pad
location 400 with the additional storage locations. The storage locations 412A-B (and/or the
additional storage areas) may be located around periphery of the landing pad location 400.
For example, the storage locations 412A-B (and/or the additional storage areas) may be
spaced apart (e.g., approximately evenly) around a portion of perimeter of the landing pad
location 400. One or more guidance lines 414, 418 may connect the landing pad location 400
with the storage locations 412A-B (and/or the additional storage areas).

[0074] As indicated above, the computing system can be configured to select one of the
plurality of storage locations 412 (and/or the additional storage areas) for storage of the
VTOL aircraft based on the at least one of aircraft data, passenger data, or environment data.
The computing system can communicate the selected one of the plurality of storage locations
412 (and/or the additional storage areas) to an operator of the VTOL aircraft or a navigation
system of the VTOL aircraft.

[0075] For example, the computing system can illuminate or otherwise change an
appearance (e.g., brightness, color, etc.). of a location marker to communicate a selected
storage location 422 for the VTOL aircraft. The computing system can mark a guidance line
420 (illustrated by a heavy weighted line) and/or some or all of a border or marker associated
with the selected storage location 422. The navigation system of the VTOL aircraft can
follow the marked guidance line 420 to the selected/marked storage area 422 using onboard
sensors. Example types of onboard sensors include light, magnetic, radiofrequency sensors,
or any other suitable types of sensors. As another example, the operator of the VTOL aircraft
can view the marked guidance lines 420 from a cockpit of the VTOL aircraft and guide the
VTOL aircraft to the selected/marked storage location 422.

[0076] Figures 9 and 10 illustrate a perspective view and a top down view, respectively,
of another embodiment of an aircraft landing facility 500. Reference numerals of Figures 9
and 10 correspond with those of Figures 3 through 7. The aircraft landing facility 500 may
include a single landing pad location 514 in the upper landing area 510 and a single landing
pad location 516 in the lower landing area 506. An additional level 518 may be supported
over the upper storage area 511. The additional level 518 may include an emergency landing
location 520 within an emergency landing area 522.

[0077] Figure 11 is a perspective view an alternative embodiment of an aircraft landing

facility 600 according to aspects of the present disclosure. The aircraft landing facility 600
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can include an upper level 602 that is supported over a lower level 604. As shown, the upper
level 602 can include a landing area (e.g., for use in emergencies). However, in other
embodiments, the upper level may include an upper landing area for normal use. In other
words, in some embodiments, the upper level 602 may be free of storage areas for the VTOL

aircraft.

Example Methods

[0078] Figure 12 depicts a flow chart diagram of an example method 1200 for landing
and storing vertical take-off and landing aircraft. One or more portion(s) of the example
method 1200 can be implemented by a computing system that includes one or more
computing devices such as, for example, the computing systems described with reference to
the other figures (e.g., a cloud services system 102, a landing facility computing system 152,
etc.). Each respective portion of the method 1200 can be performed by any (or any
combination) of one or more computing devices. FIG. 12 depicts elements performed in a
particular order for purposes of illustration and discussion. Those of ordinary skill in the art,
using the disclosures provided herein, will understand that the elements of any of the methods
discussed herein can be adapted, rearranged, expanded, omitted, combined, and/or modified
in various ways without deviating from the scope of the present disclosure. FIG. 12 is
described with reference to elements/terms described with respect to other systems and
figures for example illustrated purposes and is not meant to be limiting. One or more portions
of method 1200 can be performed additionally, or alternatively, by other systems.

[0079] At 1202, the computing system can receive at least one of aircraft data associated
with a VTOL aircraft, passenger data associated with at least one passenger of the aircraft, or
environment data describing an environment condition of at least one of the aircraft or a
VTOL aircraft landing facility. Example aircraft data may include a size of the VTOL aircraft
(e.g., a wingspan, rotor diameter, etc.), weight, a charge state (if applicable), a fuel level (if
applicable), a heading of the VTOL aircraft, and/or itinerary information (e.g., a future
destination, previous origination) of the VTOL aircraft. The passenger data may include a
number of passengers aboard the VTOL aircraft, a disability status of the passenger(s), an age
of the passenger(s), a subsequent destination of the passenger(s), and/or an origination
location of the passenger(s). Example environment data may include a wind speed, a wind
direction, a precipitation condition, a temperature, and/or a presence, size, or location of

additional aircraft at the landing facility or approaching the landing facility.
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[0080] At 1204, the computing system can determine a landing pad location within the
landing facility from a plurality of landing pad locations. At least some of the plurality of
landing pad locations can be located at different elevations within the landing facility. For
example, the landing facility can include a lower level and an upper level. The landing pad
location can be selected based on the aircraft data, passenger data, or environment data. This
can include determining the elevation of a landing pad location for the VTOL aircraft. For
example, the lower level may include a lower landing area and a lower storage area that is
spaced apart from the lower landing area. The upper level may include an upper landing area.
At least a portion of the upper level can be arranged over the lower storage area with respect
to a vertical direction. The landing pad location may include a location within the lower
landing area or the upper landing area of the landing facility that is dynamically designated
based on the at least one of aircraft data, passenger data, or environment data.

[0081] In some embodiments, the computing system can determine the landing pad
location based on aircraft data. As one example, the computing system can dynamically
designate a landing pad location on the lower level for a VTOL aircraft approaching from the
side of the lower level. As another example, the computing system can select a predetermined
landing pad location on the upper level for a VTOL aircraft that has a subsequent destination
facing the same direction as the upper level. As a further example, the computing system can
dynamically determine a size and location of a landing pad location for an approaching
VTOL aircraft based on a size (e.g., a wingspan, rotor diameter, etc.) of the VTOL aircraft.
As another example, charging stations may be located within the storage areas for various
types (e.g., makes, models) of VTOL aircraft. The computing system can select a landing pad
location that has access to a portion of the storage area that has a charging station that is
compatible with the VTOL aircraft. As an additional example, the computing system can
determine an appropriate landing pad size for the approaching aircraft based on an acoustic
signature of the approaching VTOL aircraft. For instance, the computing system can detect a
property (e.g., rotor configuration, etc.) and/or size (e.g., rotor size, wingspan, etc.) of the
approaching VTOL aircraft by analyzing the acoustic signature. The computing system can
identify the type (e.g., model, rotor configuration, etc.) of the VTOL aircraft by recognizing
the acoustic signature. For instance, the computing system can process the acoustic signature
to produce one or more metrics describing the acoustic signature and compare the metrics to
a database of metrics associated with acoustic signatures of VTOL aircraft. In some
implementations, the computing system can employ a machine-learned recognition/matching

model in this capacity. The computing system can then select a landing pad location that is
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appropriate for the VTOL aircraft based on information determined from the acoustic
signature.

[0082] In other embodiments, the computing system can determine the landing pad
location based on passenger data. As one example, the computing system can designate a
landing pad location on the lower level for a VTOL aircraft with elderly people or people
with disabilities or health issues aboard. As another example, the computing system can
prioritize VTOL aircraft that contain passengers who are rushed based on their itinerary (e.g.,
have a quick connection with another mode of transportation or have an upcoming
appointment) for landing on the lower level. After selecting the lower landing area, the
computing system can designate the landing pad location within the selected landing area.
[0083] In other embodiments, the computing system can determine the landing pad
location based on environment data. As an example, the computing system can select a
landing pad location based on presence, location, and/or size of additional VTOL aircraft
within the landing areas and/or storage areas and/or required distances between VTOL
aircraft during takeoff and/or landing. As a further example, the size and location of the
landing pad can be selected based on environmental data that includes weather. For instance,
during inclement weather the landing pads / VTOL aircraft can be spaced farther apart or
sized larger than during fair weather.

[0084] In yet further embodiments, the computing system can determine the landing pad
location based on combinations of aircraft data, passenger data, and/or environment data. As
one example, the computing system can balance competing factors. For instance, a VTOL
aircraft with a passenger having health and/or disability issues can be approaching from the
side of the landing facility that the upper landing area faces. The heading or approach
direction of the VTOL aircraft (aircraft data) can weigh towards selecting a landing pad
location on the upper landing area. The passenger data can weigh for selecting a landing pad
location on the lower landing area. The computing system can favor the lower landing area to
accommodate the passenger and select a landing pad location on the lower landing area. As a
further example, the computing system can determine the landing pad location based on a
combination of an acoustic signature of an approaching VTOL aircraft (aircraft data) (e.g., as
described above regarding aircraft data) and an ambient environmental noise signature
(environment data), for example of additional VTOL aircraft at the landing facility or
approaching the landing facility. The computing system can balance competing needs for

larger landing pad areas, landing pad areas on the lower level, etc. based on information
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determined from the acoustic signature of the approaching VTOL aircraft and the ambient
environmental noise signature.

[0085] At 1206, the computing system can communicate the landing pad location to at
least one of an operator of the VTOL aircraft or a navigation system of the VTOL aircraft. In
one example, the cloud services system can communicate the landing pad location to the
aircraft navigation system via a network. In another example, a landing facility computing
system located at the aircraft landing facility can communicate the landing pad location to the
aircraft navigation system via the network. In yet further examples, the cloud services system
or the landing facility computing system can cause the landing facility to create a visual
indication (e.g., illuminate lights) on the lower landing area landing to communicate the
landing pad location to the operator or to the navigation system of the VTOL aircraft (e.g., as
detected by sensors aboard the VTOL aircraft).

[0086] At 1206, the computing system can communicate the landing pad location to at
least one of an operator of the VTOL aircraft or a navigation system of the VTOL aircraft. In
one example, the cloud services system can communicate the landing pad location to the
aircraft navigation system via a network. In another example, a landing facility computing
system located at the aircraft landing facility can communicate the landing pad location to the
aircraft navigation system via the network. In yet further examples, the cloud services system
or the landing facility computing system can cause the landing facility to create a visual
indication (e.g., illuminate lights) on the lower landing area landing to communicate the
landing pad location to the operator or to the navigation system of the VTOL aircraft (e.g., as

detected by sensors aboard the VTOL aircraft).

Additional Disclosure

[0087] The use of computer-based systems allows for a great variety of possible
configurations, combinations, and divisions of tasks and functionality between and among
components. Computer-implemented operations can be performed on a single component or
across multiple components. Computer-implemented tasks and/or operations can be
performed sequentially or in parallel. Data and instructions can be stored in a single memory
device or across multiple memory devices.

[0088] While the present subject matter has been described in detail with respect to
various specific example embodiments thereof, each example is provided by way of
explanation, not limitation of the disclosure. Those skilled in the art, upon attaining an

understanding of the foregoing, can readily produce alterations to, variations of, and
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equivalents to such embodiments. Accordingly, the subject disclosure does not preclude
inclusion of such modifications, variations and/or additions to the present subject matter as
would be readily apparent to one of ordinary skill in the art. For instance, features illustrated
or described as part of one embodiment can be used with another embodiment to yield a still
further embodiment. Thus, it is intended that the present disclosure cover such alterations,
variations, and equivalents.

[0089] In particular, although Figure 12 depicts steps performed in a particular order for
purposes of illustration and discussion, the methods of the present disclosure are not limited
to the particularly illustrated order or arrangement. The various steps of the method 1200 can
be omitted, rearranged, combined, and/or adapted in various ways without deviating from the

scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. A computing system for landing and storing vertical take-off and landing aircraft,
the computing system comprising:
one or more processors; and
one or more non-transitory computer-readable media that collectively store
instructions that, when executed by the one or more processors, cause the computing system
to perform operations, the operations comprising:
receiving at least one of aircraft data associated with a vertical take-off and
landing (VTOL) aircraft, passenger data associated with at least one passenger of the
VTOL aircraft, or environment data describing an environment condition of at least
one of the VTOL aircraft or a vertical take-off and landing aircraft landing facility;
determining a landing pad location within the landing facility based on the at
least one of aircraft data, passenger data, or environment data, the landing facility
comprising a lower level and an upper level, the lower level comprising a lower
landing area and a lower storage area that is spaced apart from the lower landing area,
the upper level comprising an upper landing area, and wherein at least a portion of the
upper level is arranged over the lower storage area with respect to a vertical direction,
the landing pad location comprising a location within the lower landing area or the
upper landing area of the landing facility; and
communicating the landing pad location to at least one of an operator of the

VTOL aircraft or a navigation system of the VTOL aircratft.

2. The system of claim 1, wherein the landing pad location is dynamically

designated based on the at least one of aircraft data, passenger data, or environment data.

3. The system of any of claim 1 or 2, wherein determining the landing pad location
within the lower landing area or the upper landing area of the landing facility based on the at
least one of aircraft data, passenger data, or environment data comprises determining each of
a location and a size of a landing pad at the landing pad location based at least in part on the

aircraft data, the passenger data, or the environment data.
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4. The system of any preceding claim, wherein the lower storage area comprises a
plurality of storage locations, and wherein the operations further comprise selecting one of
the plurality of storage locations of the lower storage area for storage of the VTOL aircraft

based on the at least one of aircraft data, passenger data, or environment data.

5. The system of any preceding claim, further comprising a light array disposed on
at least one of the lower landing area or upper landing area, and wherein communicating the
landing pad location to the at least one of the operator of the VTOL aircraft or the navigation
system of the VTOL aircraft comprises illuminating at least a portion of a border or a center

of a landing pad at the landing pad location.

6. The system of any preceding claim, wherein the upper level further comprises an
upper storage area that is spaced apart from the upper landing area, and wherein at least a
portion of the upper storage area is arranged over the lower storage area with respect to the

vertical direction.

7. The system of any preceding claim, further comprising an additional level

supported over at least a portion of the upper storage area.

8. The system of any preceding claim, wherein:

the upper level has a length in a horizontal direction that is perpendicular to the
vertical direction;

the upper level extends in the horizontal direction by an overhang distance beyond an
edge of a supporting structure on which the landing facility is supported; and

the overhang distance is greater than about 5% of the length of the upper level.

9.  The system of any preceding claim, wherein the aircraft data comprises at least
one of:
a size of the VTOL aircraft;
a weight of the VTOL aircraft;
a charge state of the VTOL aircraft;
a fuel level of the VTOL aircraft;
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a heading of the VTOL aircraft; or

acoustic signature of the VTOL aircraft.

10. The system of any preceding claim, wherein the passenger data comprises at least

one of:

a number of the at least one passenger aboard the VTOL aircraft;

a disability status of the at least one passenger;

an age of the at least one passenger;

a subsequent destination of the at least one passenger;

an origination location of the at least one passenger; or

a number, size, or weight of one or more items of luggage of the at least one

passenger.

11. The system of any preceding claim, wherein the environment data comprises at
least one of:
a wind speed,;
a wind direction;
a precipitation condition;
a temperature;
an ambient noise signature detected at the landing facility; or

a presence, size, or location of an additional aircraft at the landing facility.

12. A method for landing and storing vertical take-off and landing aircraft, the
method comprising:

receiving, by a computing system, at least one of aircraft data associated with a
vertical take-off and landing (VTOL) aircraft, passenger data associated with at least one
passenger of the aircraft, or environment data describing an environment condition of at least
one of the VTOL aircraft or a VTOL aircraft landing facility;

determining, by the computing system, a landing pad location from among a plurality
of landing pad locations within the landing facility based on the at least one of aircraft data,
passenger data, or environment data, wherein at least some of the plurality of landing pad

locations are located at different elevations within the landing facility; and
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communicating, by the computing system, the landing pad location to at least one of

an operator of the VTOL aircraft or a navigation system of the VTOL aircratft.

13. The method of claim 12, wherein the operations further comprise selecting one of
a plurality of storage locations of the VTOL aircraft landing facility for storing the VTOL

aircraft based on the at least one of the aircraft data, passenger data, or environment data.

14. The method of claims 12 or 13, further comprising:
determining an additional landing pad location for an additional VTOL aircraft; and
communicating the additional landing pad location to at least one of an operator of the

additional aircraft or the navigation system of the additional aircraft.

15. The method of any of claims 12 through 14, further comprising monitoring a
location of the VTOL aircraft and an additional location of the additional aircraft during
approach and landing of the aircraft and additional aircraft while the VTOL aircraft lands on
the landing pad within one minute of the additional aircraft landing on the additional landing

pad.

16. The method of any of claims 12 through 15, wherein selecting the elevation for
the landing pad location comprises selecting one of a lower level or an upper level of the

landing facility,

17. The method of any of claims 12 through 16, wherein the lower level of the landing
facility comprises a lower landing area and a lower storage area that is spaced apart from the
lower landing area, the upper level comprising an upper landing area, and wherein at least a
portion of the upper level is arranged over the lower storage area with respect to a vertical

direction.

18. The method of any of claims 12 through 17, wherein communicating the landing
pad location to the at least one of the operator of the VTOL aircraft or the navigation system
of the VTOL aircraft comprises illuminating a location marker within the lower landing area

or the upper landing area.
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19. The method of any of claims 12 through 18, wherein determining the landing pad
location within the lower landing area or the upper landing area of the landing facility based
on the at least one of aircraft data, passenger data, or environment data comprises:

selecting one of the lower landing area or upper landing area based on the at
least one of aircraft data, passenger data, or environment data; and

after selecting the one of the lower landing area or upper landing area,
designating the landing pad location within the selected one of the lower landing area

or upper landing area.

20. One or more non-transitory computer-readable media that collectively store
instructions that, when executed by the one or more processors, cause a computing system to
perform operations, the operations comprising:

receiving at least one of aircraft data associated with a vertical take-off and landing
(VTOL) aircraft, passenger data associated with at least one passenger of the aircraft, or
environment data describing an environment condition of at least one of the aircraft or a
VTOL aircraft landing facility;

selecting a landing pad for landing the VTOL aircraft from a plurality of potential
landing pads of the landing facility based on the at least one of aircraft data, passenger data,
or environment data, wherein the plurality of potential landing pads comprise at least one
potential landing pad within a lower landing area of a lower level of the landing facility and
at least another potential landing pad within an upper landing area of an upper level of the
landing facility, and wherein the lower level comprises a lower landing area and a lower
storage area that is spaced apart from the lower landing area, the upper level comprising an
upper landing area, and wherein at least a portion of the upper level is arranged over the
lower storage area with respect to a vertical direction, wherein the landing pad location
comprising a location within the lower landing area or the upper landing area of the landing
facility; and

communicating data describing a route for landing the VTOL aircraft on the selected
landing pad to at least one of an operator of the VTOL aircraft or a navigation system of the

VTOL aircraft.
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