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57 ABSTRACT
A request for transport services that identifies a rider, an
origin, and a destination is received from a client device.
Eligibility of the request to be serviced by a vertical take-off
and landing (VTOL) aircraft is determined based on the
origin and the destination. A transportation system deter-
mines a first and a second hub for a leg of the transport
request serviced by the VTOL aircraft and calculates a set of
candidate routes from the first hub to the second hub. A
provisioned route is selected from among the set of candi-
date routes based on network and environmental parameters
and objectives including pre-determined acceptable noise
levels, weather, and the presence and planned routes of other
VTOL aircrafts along each of the candidate routes.
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DYNAMIC AIRCRAFT ROUTING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 62/668,176, filed May 7, 2018 and
U.S. Provisional Application 62/668,745 filed May 8, 2018,
which are incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] The subject matter described herein generally
relates to aviation transport networks, and in particular to
dynamic aircraft routing based on noise, weather, and net-
work data.

BACKGROUND

[0003] There is generally a wide variety of modes of
transport available within cities. People may walk, ride a
bike, drive a car, take public transit, use a ride sharing
service, and the like. However, as population densities and
demand for land increase, many cities are increasingly
experiencing problems with traffic congestion and the asso-
ciated 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.

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] Example aspects of the present disclosure are
directed to various systems, apparatuses, non-transitory
computer-readable media, user interfaces, and electronic
devices. For instance, a transport network coordination
system determines a provisioned route for transport services
by a VTOL aircraft from a first hub to a second hub and
provides routing information to the VTOL aircraft respon-
sive to determining the provisioned route. Network and
environmental parameters such as the number of VIOL
aircraft that will be at the origin hub within a specified time
period, the number of VTOL aircraft that have a planned
route between the origin hub and the destination hub, and
pre-determined acceptable noise levels in the vicinity of the
hubs may be used to generate candidate routes for the VTOL
aircraft. Candidate route may optimize for a different param-
eter or combination of parameters, for example, avoiding
routes through areas in which the pre-determined acceptable
noise level is low or routes that pass within a threshold
distance of planned routes for a number of other VIOL
aircraft. The system calculates a noise profile for each
candidate route and may select a candidate route that has the
earliest estimated time of arrival at the destination hub and
that does not exceed a threshold noise level at any point
along the route. In other embodiments, different network
and/or environmental parameters may be used to select the
preferred route.

[0006] 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 draw-
ings, which are incorporated in and constitute a part of this
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specification, illustrate example embodiments of the present
disclosure and, together with the description, serve to
explain the related principles.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 illustrates an electric VIOL aircraft, in
accordance with an embodiment.

[0008] FIG. 2 is a high-level block diagram illustrating a
computing environment associated with a transport network,
in accordance with an embodiment.

[0009] FIG. 3 is a high-level block diagram illustrating the
transport network coordination system shown in FIG. 2, in
accordance with an embodiment.

[0010] FIG. 4 illustrates candidate routes for optimal
VTOL aircraft transport, in accordance with an embodiment.
[0011] FIG. 5 is a flowchart illustrating a method for
dynamic routing of a VTOL aircraft, in accordance with an
embodiment.

[0012] FIG. 6 is a flowchart illustrating a method for
determining a route from a first VIOL aircraft hub to a
second VTOL aircraft hub, in accordance with an embodi-
ment.

DETAILED DESCRIPTION

[0013] The Figures and the following description describe
certain embodiments by way of illustration only. One skilled
in the art will readily recognize from the following descrip-
tion that alternative embodiments of the structures and
methods illustrated herein may be employed without depart-
ing from the principles described herein. Reference will now
be made to several embodiments, examples of which are
illustrated in the accompanying figures. It is noted that
wherever practicable similar or like reference numbers may
be used in the figures and may indicate similar or like
functionality.

[0014] Air travel within cities has been limited compared
to ground travel. Air travel can have a number of require-
ments making intra-city air travel difficult. For instance,
aircraft can require significant resources such as fuel and
infrastructure (e.g., runways), produce significant noise, and
require significant time for boarding and alighting, each
presenting technical challenges for achieving larger volume
of air travel within cities or between neighboring cities.
However, providing such air travel may reduce travel time
over purely ground-based approaches as well as alleviate
problems associated with traffic congestion.

[0015] Vertical take-off and landing (VTOL) aircraft pro-
vide opportunities to incorporate aerial transportation into
transport networks for cities and metropolitan areas. VTOL
aircraft require much less space to take-off and land relative
to traditional aircraft. In addition, developments in battery
technology have made electric VTOL aircraft technically
and commercially viable. Electric VTOL aircraft may be
quieter than aircraft using other power sources, which fur-
ther increases their viability for use in built-up areas where
noise may be a concern.

Example Vertical Take-Off and Landing Aircraft

[0016] Turning now to the specifics of the vehicle, FIG. 1
illustrates one embodiment of an electric VTOL aircraft 100.
In the embodiment shown in FIG. 1, the VTOL aircraft 100
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is a battery-powered aircraft that transitions from a vertical
take-off and landing state with stacked lift propellers to a
cruise state on fixed wings.

[0017] The VTOL aircraft 100 has an M-wing configura-
tion such that the leading edge of each wing is located at an
approximate midpoint of the wing. The wingspan of a VIOL
aircraft 100 includes a cruise propeller 105 at the end of each
wing, a stacked wing propeller 110 attached to each wing
boom 115 behind the middle of the wing, and wing control
surfaces 120 spanning the trailing edge of each wing. At the
center of the wingspan is a fuselage 125 with a passenger
compartment that may be used to transport passengers
and/or cargo. The VTOL aircraft 100 further includes two
stacked tail propellers 130 attached to the fuselage tail boom
135 and a hinged control surface 140 (not shown) spanning
the bottom length of the tail boom 135. A lifting T-tail 145
provides stability to the VTOL aircraft 100.

[0018] During vertical assent of the VTOL aircraft 100,
the rotating cruise propellers 105 on the nacelles are pitched
upward at a 90-degree angle and the stacked propellers 110
and 130 are deployed from the wing booms 115 and the tail
boom 135 to provide lift. The wing control surfaces 120 are
pitched downward and the tail control surface 140 tilts to
control rotation about the vertical axis during takeoff. As the
VTOL aircraft 100 transitions to a cruise configuration, the
nacelles rotate downward to a zero-degree position such that
the cruise propellers 105 are able to provide forward thrust.
Control surfaces 120 and 140 return to a neutral position
with the wings and tail boom 135, and the stacked lift
propellers 110 and 130 stop rotating and retract into cavities
in the wing booms 115 and tail boom 135 to reduce drag
during forward flight.

[0019] During transition to a descent configuration, the
stacked propellers 110 and 130 are redeployed from the
wing booms 115 and tail boom 135 and begin to rotate along
the wings and tail to generate the lift required for descent.
The nacelles rotate back upward to a 90-degree position and
provide both thrust and lift during the transition. The wing
control surfaces 120 on are pitched downward to avoid the
propeller wake, and the tail boom control surfaces 140 tilt
for yaw control.

Example System Environment

[0020] FIG. 2 illustrates one embodiment of a computing
environment 200 associated with an aviation transport net-
work. In the embodiment shown in FIG. 2, the computing
environment 200 includes a transport network planning
system 210, a transport network coordination system 215, a
set of VTOL aircraft 2204, 2204, a set of hub management
systems 230qa, 2304, and a set of client devices 2404, 2405,
all connected via a network 270.

[0021] When multiple instances of a type of entity are
depicted and distinguished by a letter after the correspond-
ing reference numeral, such entities shall be referred to
herein by the reference numeral alone unless a distinction
between two different entities of the same type is being
drawn. In other embodiments, the computing environment
200 contains different and/or additional elements. In addi-
tion, the functions may be distributed among the elements in
a different manner than described. For example, the hub
management systems 230 may be omitted with information
about the hubs stored and updated at the transport network
planning system 210.
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[0022] The transport network planning system 210 assists
in the planning and design of the transport network. In one
embodiment, the transport network planning system 110
estimates demand for transport services, suggests locations
for VTOL hubs to meet that demand, and simulates the flow
of riders and VITOL aircraft between hubs to assist in
network planning. In one embodiment, suggested locations
for VIOL hubs may be based in part on environmental
factors such as the type of area (e.g., commercial or resi-
dential), pre-determined acceptable noise levels in the area,
historical weather patterns in the area, and/or other nearby
transportation hubs (e.g., existing VTOL hubs, airports, train
stations, etc.). The transport network planning system 210
obtains environmental data from publicly available data
sources and stores the data in a map data store 325 for use
by the transport network coordination system 215. The
transport network planning system 210 further stores the
locations of VTOL hubs in a hub data store (not shown).

[0023] The transport network coordination system 215
determines a route for transport services by a VTOL aircraft
220 from a first hub to a second hub and provides routing
information to the VTOL aircraft 220, including what time
to leave a first hub, which hub to fly to after departure, way
points along the route, how long to spend charging before
departure from the first hub or upon arrival at the second
hub, and the identity of individuals to carry. The network
coordination system 215 can determine the route based at
least partly on an optimization process. The transport net-
work coordination system 215 may also direct certain VTOL
aircraft 220 to fly between hubs without riders to improve
fleet distribution (referred to as “deadheading™). Various
embodiments of the transport network coordination system
215 are described in greater detail below, with reference to
FIG. 3.

[0024] The transport network coordination system 215 is
further configured as a communicative interface between the
various entities of the computing environment 200 and is
one means for performing this function. The transport net-
work coordination system 215 is configured to receive sets
of service data representing requests for transportation ser-
vices from the client devices 240 and creates corresponding
service records in a transportation data store (not shown).
According to an example, a service record corresponding to
a set of service data can include or be associated with a
service ID, a user ID, an origin hub, a destination hub, a
service type, pricing information and/or a status indicating
that the corresponding service data has not been processed.
In one embodiment, when the transport network coordina-
tion system 215 selects a VTOL aircraft 220 to provide the
transportation service to the user, the service record can be
updated with information about the VTOL aircraft 220 as
well as the time the request for service was assigned.

[0025] The VTOL aircraft 220 are vehicles that fly
between hubs in the transport network. A VTOL aircraft 220
may be controlled by a human pilot (inside the vehicle or on
the ground) or it may be autonomous. In one embodiment,
the VTOL aircraft 220 are battery-powered aircraft that use
a set of propellers for horizontal and vertical thrust, such as
the VTOL aircraft shown in FIG. 1. The configuration of the
propellers enables the VTOL aircraft 220 to take-off and
land vertically (or substantially vertically). For convenience,
the various components of the computing environment 200
will be described with reference to this embodiment. How-
ever, other types of aircraft may be used, such as helicopters,
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planes that take-off at angles other than vertical, and the like.
The term VTOL should be construed to include such
vehicles.

[0026] A VTOL aircraft 220 may include a computer
system that communicates status information (e.g., via the
network 270) to other elements of the computing environ-
ment 200. The status information may include current loca-
tion, planned route, current battery charge, potential com-
ponent failures, and the like. The computer system of the
VTOL aircraft 220 may also receive information, such as
routing and weather information and information regarding
the current location and planned routes of VTOL aircraft 220
in the vicinity of the VTOL aircraft 220. Further, in some
embodiments, the computer system of the VTOL aircraft
220 collects noise and weather data (e.g., data collected from
other vehicles) and transmits the data to the transport
network coordination system 215. Although two VTOL
aircraft 220 are shown in FIG. 2, a transport network can
include any number of VTOL aircraft 220.

[0027] Hub management systems 230 provide functional-
ity at hubs in the transport network. A hub is a location at
which VTOL aircraft 220 are intended to take off and land.
Within a transport network, there may be different types of
hub. For example, a hub in a central location with a large
amount of rider throughput might include sufficient infra-
structure for sixteen (or more) VITOL aircraft 220 to simul-
taneously (or almost simultaneously) take off or land. Simi-
larly, such a hub might include multiple charging stations for
recharging battery-powered VTOL aircraft 220. In contrast,
a hub located in a sparsely populated suburb might include
infrastructure for a single VTOL aircraft 220 and have no
charging station. The hub management system 230 may be
located at the hub or remotely and be connected via the
network 270. In the latter case, a single hub management
system 130 may serve multiple hubs.

[0028] Inone embodiment, a hub management system 230
monitors the status of equipment at the hub and reports to the
transport network planning system 210. For example, if
there is a fault in a charging station, the hub management
system 230 may automatically report that it is unavailable
for charging VTOL aircraft 220 and request maintenance or
a replacement. The hub management system 230 may also
control equipment at the hub. For example, in one embodi-
ment, a hub includes one or more launch pads that may move
from a takeoff/landing position to embarking/disembarking
position. The hub management system 230 may control the
movement of the launch pad (e.g., in response to instructions
received from transport network coordination system 215
and/or a VTOL aircraft 220).

[0029] The client devices 240 are computing devices with
which users may arrange transport services within the trans-
port network. Although three client devices 240 are shown
in FIG. 2, in practice, there may be many more (e.g.,
thousands or millions of) client devices connected to the
network 270. In one embodiment, the client devices 240 are
mobile devices (e.g., smartphones, tablets, etc.) running an
application for arranging transport services. A user provides
a pickup location and destination within the application and
the client device 240 sends a request for transport services
to the transport services coordination system 215. Alterna-
tively, the user may provide a destination and the pickup
location is determined based on the user’s current location
(e.g., as determined from GPS data for the client device
240).
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[0030] The network 270 provides the communication
channels via which the other elements of the networked
computing environment 200 communicate. The network 270
can include any combination of local area and/or wide area
networks, using both wired and/or wireless communication
systems. In one embodiment, the network 270 uses standard
communications technologies and/or protocols. For
example, the network 270 can include communication links
using technologies such as Ethernet, 802.11, worldwide
interoperability for microwave access (WiMAX), 3G, 4G,
5G, code division multiple access (CDMA), digital sub-
scriber line (DSL), etc. Examples of networking protocols
used for communicating via the network 270 include mul-
tiprotocol label switching (MPLS), transmission control
protocol/Internet protocol (TCP/IP), hypertext transport pro-
tocol (HTTP), simple mail transfer protocol (SMTP), and
file transfer protocol (FTP). Data exchanged over the net-
work 270 may be represented using any suitable format,
such as hypertext markup language (HTML) or extensible
markup language (XML). In some embodiments, all or some
of the communication links of the network 270 may be
encrypted using any suitable technique or techniques.

Transport Network Coordination

[0031] FIG. 3 illustrates one embodiment of the transport
network coordination system 215. The transport network
coordination system 215 determines a provisioned route for
transport services by the VIOL aircraft 220 from a first hub
to a second hub based on noise and weather data and data
regarding the current locations and planned routes of other
VTOL aircraft 220 within a threshold distance of the VTOL
aircraft 220.

[0032] In the embodiment shown in FIG. 3, the transport
network coordination system 215 includes a parameter
selection module 305, a data processing module 310, a
candidate route selection module 315, and a route selection
module 320. In other embodiments, the transport network
coordination system 215 includes different and/or additional
elements. In addition, the functions may be distributed
among the elements in a different manner than described.
[0033] The parameter selection module 305 provides a
user interface for defining various parameters to be used in
the optimization of VTOL route selection. In one embodi-
ment, the definable parameters include network and envi-
ronmental parameters and objectives. Network and environ-
mental parameters may include a number of VTOL aircraft
220 that will be at the first hub within a specified time
period, a number of VTOL aircraft 220 with a planned route
between the first hub or the second hub, the presence and
locations of VTOL hubs between the first hub and the second
hub and the number and schedule of VIOL aircraft 220
intended to take-off or land at the VTOL hubs, environmen-
tal noise between the first hub and the second hub, the
presence and location of other transportation hubs, current
and predicted weather between the first hub and the second
hub, and pre-determined acceptable noise levels between the
first hub and the second hub.

[0034] The network and environmental objectives may be
to (1) avoid routes through areas in which the pre-deter-
mined acceptable noise level is low (e.g., residential neigh-
borhoods), (2) avoid areas of high environmental noise (e.g.,
train stations), (3) avoid routes that pass within a threshold
distance of other transportation hubs (e.g., airports), (4)
avoid routes where the current and/or predicted weather is
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unfavorable (e.g., high wind gusts or forces), (5) avoid
routes that pass within a threshold distance of one or more
VTOL hubs, (6) avoid routes that pass within a threshold
distance of planned routes for a given number of other
VTOL aircraft 220, (7) minimize predicted travel time, (8)
minimize total distance traveled, and the like.

[0035] The data processing module 310 accesses network
and environmental data needed to calculate candidate routes
for VTOL travel based on one or more selected parameters
and/or objectives. In one embodiment, the data processing
module 310 queries the transport network planning system
210 to obtain data regarding the locations of VTOL hubs as
well as the environmental data in the vicinity of the first hub
and the second hub. In one embodiment, the data processing
module 310 tracks localized weather and noise data and
differentiates contributions from various actors (e.g., deter-
mines the type of cloud producing rain, determines whether
a detected noise is due to birds or other VTOL aircraft, etc.).
[0036] The data processing module 310 further queries the
map data store 325 to obtain data regarding the presence,
location, and planned routes of VTOL aircraft between the
first hub and the second hub. The transport network planning
system 210 and the map data store 325 return the requested
information to the data processing module 310, which sends
the information to the candidate route selection module 315
along with the selected objectives for the route.

[0037] The candidate route selection module 315 identi-
fies candidate routes for VTOL aircraft travel between a first
hub and a second hub. In one embodiment, to determine the
candidate routes, the candidate route selection module 315
computes different routes between the first hub and the
second hub that each optimizes for a different parameter or
combination of parameters associated with the network and
environmental parameters and objectives. Each optimization
function is associated with a set of optimized parameters and
assigns weights to the optimized parameters such that the
routing options generated by the function optimizes for
parameters having higher weights relative to parameters
having lower weights. For example, an optimization func-
tion may assign a higher weight to the network traffic along
a candidate route relative to the total distance traveled, and
therefore, the generated routing option may avoid areas in
which other VTOL hubs are located, but travel a larger
distance. In other embodiments, the candidate routes
between the first and second hubs are determined in other
ways. For example, a network planner may manually select
a set of routes between the pair of hubs (e.g., by tracing them
on a map, selecting a series of waypoints, or the like).
Regardless of how the candidate routes are determined, in
one example embodiment, the candidate route selection
module 315 stores (e.g., in a database) a set of candidate
routes between each pair of hubs in the transport network.
The candidate routes from a first hub to a second hub may
be the same of different from the candidate routes from the
second hub to the first hub.

[0038] The route selection module 320 selects the routes
for specific VTOL aircraft 220 traveling from a first hub to
a second hub. In one embodiment, the route selection
module 320 retrieves the candidate routes from the first hub
to the second hub from the candidate route selection module
315 and selects one of the candidates as the preferred route
between the first hub and the second hub based on the
selected network and environmental parameters and objec-
tives. The route selection module 320 calculates a noise
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profile for each candidate route based on the noise generated
by the VTOL aircraft 220 and other predicted noise sources
along the candidate route (e.g., other VTOL aircraft 220,
typical noise levels in the area at that time, etc.) as well as
the pre-determined acceptable noise level in areas within a
threshold distance of the candidate route. If the route selec-
tion module 320 determines that a noise profile exceeds a
threshold level at any point along a candidate route, the route
selection module 320 discards the candidate route as a
possible option for the transport service. The route selection
module 320 may select the candidate route that has the
earliest estimated time of arrival at the second hub and that
does not exceed the threshold noise level at any point along
the route. Additionally or alternatively, different network
and environmental parameters and objectives may be used to
select the preferred route. For example, in one embodiment,
the route selection module 320 calculates a route cost for
each candidate route and selects the candidate route with the
lowest route cost. The route cost may be a function of
network and environmental factors such as the distance of
the route, the anticipated amount of energy required to
transport the VTOL aircraft 220 along the route, the cost to
transport the VTOL aircraft 220 along the route, the antici-
pated noise level along the route, and anticipated observer
annoyance.

[0039] The selected route is sent to the VTOL aircraft 220.
In one embodiment, if the route selection module 320
determines that all of the candidate routes have noise
profiles that exceed the threshold noise level, the route
selection module 320 may notify the VTOL aircraft 220 that
no acceptable routes currently exist for transport between
the first hub and the second hub. The route selection module
320 may delay departure of the VTOL 220 and periodically
(e.g., every five minutes) repeat the process until conditions
have changed such that one of the candidate routes has a
noise profile that does not exceed the noise threshold.

Exemplary Routing Configuration

[0040] FIG. 4 illustrates candidate routes for optimal
VTOL aircraft transport, in accordance with an embodiment.
In the embodiment shown in FIG. 4, the transport network
coordination system 215 identifies candidate routes for
transport between Hub A 405 and Hub B 410. Each candi-
date route 400A, 4008, and 400C is calculated based on
network and environmental parameters and objectives, such
as the presence and location of other VTOL hubs, current
locations of other VTOL aircraft 220, planned routes of
other VTOL aircraft 220, pre-determined acceptable noise
levels and current and predicted weather between Hub A 405
and Hub B 410, and localized weather (e.g., sudden down-
bursts, localized hail, lightening, unsteady wind conditions,
etc.) in the vicinity of the planned routes. Although three
candidate routes are shown in FIG. 4, more or fewer
candidate routes may be calculated in other embodiments.
[0041] Candidate route 400A represents a direct line of
travel between Hub A 405 and Hub B 410 such that
candidate route 400A is the shortest of the candidate routes
in terms of distance traveled. However, as shown in FIG. 4,
candidate route 400A passes over Hub D 420. In one
embodiment, therefore, if other VIOL aircraft 220 are
taking off and landing at Hub D 420, candidate route 400A
might not be selected as the provisioned route for the
transport to reduce air traffic congestion at and around Hub
D.
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[0042] As shown in FIG. 4, candidate route 400B would
take the VTOL aircraft 220 around a residential area with
low pre-determined acceptable noise levels to minimize the
projection of noise into unwanted areas. However, candidate
route 400B represents the longest total distance between
Hub A 405 and Hub B 410 and might not be selected as the
provisioned route for the VTOL aircraft 220 if other candi-
date routes that satisfy selected parameters and objectives
and have a shorter total distance are available.

[0043] Finally, candidate route 400C is a shorter total
distance than candidate route 400B and avoids the area of
low pre-determined acceptable noise level. Further, while
candidate route 400C passes near Hub C 415 and Hub E 425,
the route does not pass directly over these other VTOL hubs.
Therefore, if the selected network and environmental objec-
tives include avoiding areas in which the pre-determined
acceptable noise level is low, avoiding routes that pass
within a threshold distance of one or more VTOL hubs,
and/or minimizing the total distance traveled, the candidate
route selection module 315 might select candidate route
400C as the preferred route between Hub A 405 and Hub B
410.

Exemplary Routing Method

[0044] FIG. 5 illustrates one embodiment of a method 500
for dynamic routing of a VTOL aircraft 220. The steps of
FIG. 5 are illustrated from the perspective of the transport
network coordination system 215 performing the method
500. However, some or all of the steps may be performed by
other entities or components. In addition, some embodi-
ments may perform the steps in parallel, perform the steps
in different orders, or perform different steps.

[0045] In the embodiment shown in FIG. 5, the method
500 begins with the transport network coordination system
215 receiving 510 a request from a VTOL aircraft 220 to
register the VIOL aircraft 220 with the aviation transport
network. The transport network coordination system 215,
which is a platform on which multiple carriers and multiple
types of VIOL aircrafts can operate in an example embodi-
ment, receives the registration request when, for example, a
VTOL aircraft 220 goes online and is ready to provide
services on the network. The request can include a unique
vehicle identification (VID) and data indicative of the
vehicle type and/or operator information. The transport
network coordination system 215 can also receive, from the
VTOL aircraft 220, vehicle state information including the
charge level, the maintenance and/or health condition of the
VTOL aircraft 220, and the distance to the next service or
maintenance event. Additionally or alternatively, the trans-
port network coordination system 215 can receive, from the
VTOL aircraft 220, vehicle configuration data including
seating capacity and configuration data.

[0046] At 520, the transport network coordination system
215 receives a request to route the VTOL aircraft 220 from
a first location to a second location. In one embodiment, the
routing request is generated in response to receiving a
request from a user through a client device 240 for trans-
portation from an origin location to a destination location.
The transport network coordination system 215 may identify
hubs corresponding to the first and second locations, which
define an intermediary leg of the transport from the origin
location to the destination location. For example, the trans-
port might include a first leg in which the user is transported
from an origin location to a first hub via a first ground-based
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vehicle or on foot, a second leg in which the user is
transported from the first hub to a second hub via a VTOL
aircraft 220, and a third leg in which the user is transported
from the second hub to a destination location via a second
ground-based vehicle or on foot. The transport network
coordination system 215 can provide the determined first
and second locations to the candidate route selection module
315 for computing candidate routes between the locations.

[0047] The data processing module 310 accesses 530 map
data of a geographic region including the first hub and the
second hub. Map data for a VTOL aircraft 220 may include
data indicative of topology, buildings, flight envelope con-
straints, and acceptable noise levels or noise constraints. The
map data may also be indicative of dynamic real-time
information such as current weather in the area, localized
weather, current noise levels, ambient noise level, air traffic,
etc. Map data may also utilize previous weather, noise, and
air traffic data for predictive purposes.

[0048] The data processing module 310 also accesses 540
vehicle noise profile data based on the vehicle data type of
the VTOL aircraft 220. In one embodiment, the vehicle noise
profile data includes a combination of precomputed esti-
mates of noise using computational aeroacoustics of the
VTOL aircraft 220 in various flight modes. Pressure data in
the form of noise hemispheres is generated and propagated
to different hypothetical observer locations. This data may
also include data gathered from normal operation in different
locales, times, and weather conditions. Such data can cor-
respond to the vehicle type, the state of the health and
maintenance of the VTOL aircraft 220, and gross weight.
Computational analyses and real-time estimates may be
verified and validated (both the pressure hemispheres and
observed sound) for continued refinement of data and pre-
dictive capabilities. The noise profile data may be used to
determine one or more estimates of noise levels along a
candidate route. For example, for a given speed or engine
power level, RPM, ambient moisture/temperature, and a
given altitude, the noise profile may determine the estimated
noise impact to the geographic area on the ground, surround-
ing buildings, hubs, and adjacent air vehicles. Additionally
or alternatively, the noise profile may receive as input an
operational noise level for the VTOL aircraft 220 (the level
being selected based on meeting a maximum noise impact),
and the noise profile can provide a performance level
(including airspeed, altitude, passenger capacity, etc.) that
can be used to optimize the routing.

[0049] At 550, the route selection module 320 determines
a route for the VTOL aircraft 220 based on the vehicle noise
profile and noise conditions of the map data. The route
selection module 320 may determine a route cost for a
number of predetermined candidate routes and select the
candidate route with the lowest route cost. In one embodi-
ment, route cost may be a function of distance, energy, cost,
time, noise, observer annoyance, etc. Due to the temporal
nature of the data utilized for optimization, the route selec-
tion module 320 may use Kalman filtering and/or predictive
neural nets to filter and weight inputs and constraints to the
VTOL routing algorithm. In one embodiment, candidate
routes meet minimum acceptable or optimal criteria for
flight. These paths may be visualized as convex hulls around
the VIOL aircraft 220 itself and the interaction of this
separation space with adjacent hulls (due to other vehicles,
infrastructure, etc.) as a way to geometrically compute and
visualize relevant or available routes. Optimization methods
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may be checked for continuity to ensure that generated
routes meet realizable speed and maneuverability targets of
operating vehicles. Relative vehicle information (e.g., posi-
tion, velocity, state-of-charge, etc.) is also utilized to under-
stand first-order effects of other aircraft within the vicinity of
the VIOL aircraft 220.

[0050] FIG. 6 is illustrates one embodiment of a method
600 for determining a route from a first VTOL aircraft hub
to a second VTOL aircraft hub. The steps of FIG. 6 are
illustrated from the perspective of the transport network
coordination system 215 performing the method 600. How-
ever, some or all of the steps may be performed by other
entities or components. In addition, some embodiments may
perform the steps in parallel, perform the steps in different
orders, or perform different steps.

[0051] In the embodiment shown in FIG. 6, the method
600 begins with the transport network coordination system
215 receiving 610 a request to route a VIOL aircraft 220
from a first location to a second location. In one embodi-
ment, the routing request is generated in response to receiv-
ing at least one request from a user through a client device
240 for transportation from an origin location to a destina-
tion location. The transportation from the origin location to
the destination location may include a first leg during which
a first ground-based vehicle transports the user from the
origin location to the first location (i.e., a first VTOL hub),
a second leg during which a VTOL aircraft 220 transports
the user from the first location to a second location (i.e., a
second VTOL hub), and a third leg during which a second
ground-based vehicle transports the user from the second
location to the destination location.

[0052] At 620, the candidate route selection module 315
calculates a set of candidate routes from the first location to
the second location (i.e., for the second leg of the trip). In
one embodiment, the candidate route selection module 315
computes different routes between the first location and the
second location that each optimize for a different network or
environmental parameters, such as pre-determined accept-
able noise levels, the locations of other VTOL aircraft 220
and VTOL hubs, weather, predicted travel time, and the like.
Alternatively, candidate routes may be manually selected
(e.g., by selecting a series of waypoints between the first
location and the second location).

[0053] For each candidate route in the set of candidate
routes, the route selection module 320 calculates a route
cost. In one embodiment, the route cost is a function of the
network and/or environmental factors, such as the distance
of the route, the anticipated amount of energy required to
transport the VTOL aircraft 220 along the route, the cost to
transport the VTOL aircraft 220 along the route, and the like.
In some embodiments, the route selection module 320
selects a first candidate route with the lowest route cost and
determines a noise profile for the route. If the route selection
module 320 determines that the noise profile for the first
candidate route is at or below an acceptable noise profile
threshold, the route selection module 320 selects 640 the
route as the provisioned route for the VTOL aircraft 220.
Alternatively, if the route selection module 320 determines
that the noise profile for the first candidate route exceeds the
acceptable noise profile threshold, the route selection mod-
ule 320 discards the first candidate route and calculates a
noise profile for the candidate route with the second lowest
noise profile. The route selection module 320 continues to
calculate noise profiles for candidate routes until the route
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selection module 320 identifies a candidate route with a
noise profile below the noise profile threshold. Responsive
to selecting a candidate route as the provisioned route for the
VTOL aircraft 220, the route selection module 320 sends
data related to the provisioned route to the VTOL aircraft
220.

[0054] The description has been presented for the purpose
of illustration; it is not intended to be exhaustive or to limit
the scope of coverage to the precise forms disclosed. Persons
skilled in the relevant art can appreciate that many modifi-
cations and variations are possible in light of the above
disclosure.

[0055] Aspects of the disclosure, such as software for
implementing the processes described herein, may be
embodied in a non-transitory tangible computer readable
storage medium or any type of media suitable for storing
electronic instructions which may be coupled to a computer
system bus. Furthermore, any computing systems referred to
in the specification may include a single processor or may be
architectures employing multiple processor designs for
increased computing capability.

[0056] Finally, the language used in the specification has
been principally selected for readability and instructional
purposes, and it may not have been selected to delineate or
circumscribe the inventive subject matter. It is therefore
intended that the scope of protection be limited not by this
detailed description but rather by any claims that issue on an
application based hereon. Accordingly, the disclosure of the
embodiments described is intended to be illustrative but not
limiting of the scope of the claims.

1. A method for dynamically routing a VTOL aircraft in
a transportation system, the method comprising:
receiving, at the transportation system, a request to route
the VIOL aircraft from a first location to a second
location, the request generated in response to receiving
a request for transport services from a client device
associated with a user of the transportation system;

in response to receiving the request to route the VITOL
aircraft, determining a set of candidate routes from the
first location to the second location;

determining, by a processor of the transportation system,

a route cost for each candidate route in the set of
candidate routes, the route cost being a function of one
or more network or environmental factors;

selecting a candidate route having a route cost at or below

an acceptable route cost threshold as a provisioned
route for the transport services; and

transmitting data related to the provisioned route selected

based on having the route cost at or below the accept-
able route cost threshold to the VTOL aircraft.

2. The method of claim 1, further comprising accessing
map data of a geographic region including the first location
and the second location, wherein the route costs are based on
the map data.

3. The method of claim 1, wherein the request for trans-
port services includes a request for transportation from an
origin location to a destination location, the transport ser-
vices including:

a first leg from the origin location to the first location;

a second leg from the first location to the second location,

the second leg being serviced by the VTOL aircraft; and

a third leg from the second location to the destination

location.
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4. The method of claim 1, wherein each candidate route
in the set of candidate routes is optimized for an objective
determined based on one or more of the network or envi-
ronmental factors.
5. The method of claim 1, wherein the network factors
include a number of VTOL aircraft that will be at the first
location within a specified time period.
6. The method of claim 1, wherein the network factors
include locations of one or more transportation hubs
between the first location and the second location.
7. The method of claim 1, wherein the environmental
factors include pre-determined acceptable noise levels of the
environment between the first location and the second
location.
8. The method of claim 1, wherein the environmental
factors include current and predicted weather between the
first location and the second location.
9. The method of claim 1, further comprising:
determining that the route costs for each of the candidate
routes exceeds an acceptable route cost threshold; and

periodically recalculating the route costs for each of the
candidate routes until at least one candidate route has a
route cost at or below the acceptable route cost thresh-
old.
10. The method of claim 1, wherein the route cost in based
in part on vehicle noise profile data for the VTOL aircraft.
11. A method for dynamically routing a VTOL aircraft in
a transportation, system, the method comprising:
receiving, at the transportation system, a request to route
the VTOL aircraft from a first location to a second
location, the request generated in response to receiving
a request for transport services from a client device
associated with a user of the transportation system;

in response to receiving the request to route the VIOL
aircraft, determining, by a processor of the transporta-
tion system, a set of candidate routes from the first
location to the second location;

selecting, from the set of candidate routes, a provisioned

route for the transport services based on a noise profile
of the candidate route; and

transmitting data related to the provisioned route to the

VTOL aircraft.

12. The method of claim 11, wherein selecting the pro-
visioned route comprises:

calculating a cost score for each candidate route in the set

of candidate routes, wherein the cost score is based on
one or more network or environmental factors;
selecting a first candidate route with a lowest cost score;
determining whether a noise profile for the first candidate
route remains at or below an acceptable noise profile
threshold for the first candidate route; and
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responsive to determining that the noise profile remains at
or below the acceptable noise profile threshold, select-
ing the first candidate route as the provisioned route.
13. The method of claim 11, wherein selecting the pro-
visioned route comprises:
calculating a cost score for each candidate route in the set
of candidate routes, wherein the cost score is based on
one or more network or environmental factors;

selecting a first candidate route with a lowest cost score;

responsive to determining that a noise profile of the first
candidate route exceeds an acceptable noise profile
threshold at a point on the first candidate route, select-
ing a second candidate route with a next lowest cost
score; and

responsive to determining that a noise profile of the

second candidate route remains at or below the accept-
able noise profile threshold, selecting the second can-
didate route as the provisioned route.

14. The method of claim 11, wherein the request for
transport services includes a request for transportation from
an origin location to a destination location, the transport
services including:

a first leg from the origin location to the first location;

a second leg from the first location to the second location,

the second leg being serviced by the VTOL aircraft; and

a third leg from the second location to the destination

location.

15. The method of claim 12, wherein the network factors
include a number of VIOL aircrafts that will be at the first
location within a specified time period.

16. The method of claim 12, wherein the environmental
factors include current and predicted weather between the
first location and the second location.

17. The method of claim 11, wherein the noise profile is
based on noise profile data of the VTOL aircraft and other
predicted noise sources along the provisioned route.

18. The method of claim 12, wherein the acceptable noise
profile threshold is based on pre-determined acceptable
noise levels in geographic areas within a threshold distance
of the candidate route.

19. The method of claim 11, further comprising:

determining that the noise profile for each of the candidate

routes exceeds an acceptable noise threshold; and
periodically recalculating the noise profile for each of the

candidate routes until at least one candidate route has a

noise profile at or below the acceptable noise threshold.

20. The method of claim 12, further comprising accessing
map data of a geographic region including the first location
and the second location, wherein the cost score is based on
the map data.



