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(57) ABSTRACT

Systems and methods for trajectory planning for an
unmanned aerial vehicle. A mission specification for fulfill-
ment by an unmanned aerial vehicle is received. The mission
specification identifies a waypoint, an optimization criterion,
and information identifying the unmanned aerial vehicle. It
is determined whether candidate flight trajectories are avail-
able. Maneuvers from a motions library that defines avail-
able maneuvers are modeled to identify candidate flight
trajectories to the waypoint which satisfy a restriction con-
dition and do not conflict with a flight plan for another aerial
vehicle. If candidate flight trajectories are available, desired
flight trajectories are selected. A mission approval is sub-
mitted to a receiving party.
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APPARATUS, SYSTEM, AND METHOD OF
PROVIDING A TRAJECTORY PLANNING
ENGINE FOR UNMANNED AIRCRAFT

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to U.S. Provisional
Application No. 62/943,623 entitled “APPARATUS, SYS-
TEM, AND METHOD OF PROVIDING A TRAJECTORY
PLANNING ENGINE FOR UNMANNED AIRCRAFT,”
filed on Dec. 4, 2019, which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The disclosure relates generally to aircraft services,
and, more particularly, to an apparatus, system, and method
of providing a trajectory planning application for unmanned
aerial vehicle.

BACKGROUND

[0003] Few technologies today command as much interest
and excitement as aerial vehicles, such as unmanned aerial
vehicles. While current implementations have included gov-
ernmental uses, it has been proposed that unmanned aerial
vehicles be further expanded into commercial services, such
as safety and security, product delivery, real estate and
surveys, and so on.

[0004] While the growth in applications for aerial vehicles
presents economic opportunity, it also presents significant
challenges, such as to first responders, safety and security
personnel, and to other aerial vehicles that may be monitored
by regulatory authorities such as the Federal Aviation
Administration (FAA). There is no system in place presently
to manage airspace for unmanned aerial vehicles. Similarly,
there is no autonomous mechanism to provide an approval
process for unmanned aerial vehicle missions, and thus such
flights often occur without proper approvals or with incom-
plete mission plans. Because of this, there may be detrimen-
tal impact on aerial vehicles that have approved flight plans,
and on first responder or other emergency services activity,
stemming from unmanaged, improper, and/or unnecessarily
dangerous operation of an unmanned aerial vehicle.

[0005] Foruse of U.S. airspace, the FAA has a registration
process (as do some local authorities and agencies),
although the approval process typically takes 24 hours or
more. For at least this reason, many operators of unmanned
aerial vehicles fail to pursue flight plan approvals. Because
it is difficult to distinguish an unauthorized unmanned aerial
vehicle from an authorized aerial vehicle in a restricted
airspace in real time, it is also difficult to punish owners or
operators of the unauthorized aerial vehicle. Thus, a need for
providing a trajectory planning application for unmanned
aerial vehicle exists in the industry.

SUMMARY

[0006] Described is a method for providing unmanned
aerial vehicle trajectory planning comprising: receiving, by
a computing device, a mission specification for fulfillment
by an unmanned aerial vehicle, the mission specification
identifying at least one waypoint, at least one optimization
criterion, and information identifying the unmanned aerial
vehicle, determining, by the computing device, whether one
or more candidate flight trajectories are available, wherein

Dec. 29, 2022

determining whether or more candidate flight trajectories are
available comprises modeling a plurality of maneuvers from
a motions library that defines available maneuvers for the
unmanned aerial vehicle to identify the one or more candi-
date flight trajectories to the at least one waypoint which
satisfy at least one restriction condition and do not conflict
with a flight plan for another aerial vehicle; in response to
determining that one or more candidate flight trajectories are
available, identifying, by the computing device, one or more
desired flight trajectories from the one or more candidate
flight trajectories that are determined to be available based
on the at least one optimization criterion identified by the
mission specification; and issuing, by the computing device,
a mission approval that includes a selected flight trajectory
of the one of the one or more desired flight trajectories as
output to a receiving party.

[0007] Also described is a system for providing a trajec-
tory planning application comprising: a remote computing
device that includes a processor and a memory component
that stores logic that, when executed by the processor, causes
the system to perform at least the following: receive a
mission specification for fulfillment by an unmanned aerial
vehicle, the mission specification identifying at least one
waypoint, at least one optimization criteria, and information
identifying the unmanned aerial vehicle, determine whether
one or more candidate flight trajectories are available,
wherein determining that or more candidate flight trajecto-
ries are available comprises modeling a plurality of maneu-
vers from a motions library that defines available maneuvers
for the unmanned aerial vehicle to identify the one or more
candidate flight trajectories to the at least one waypoint
which satisty at least one restriction condition and do not
conflict with a flight plan for at least one other aerial vehicle;
in response to determining that one or more candidate flight
trajectories are available, identify one or more desired flight
trajectories from the one or more candidate flight trajectories
that are determined to be available based on the at least one
optimization criteria identified by the mission specification;
and issue a mission approval that includes a selected flight
trajectory of the one of the one or more desired flight
trajectories as output to a receiving party.

[0008] Further described is a non-transitory computer-
readable medium that stores logic that, when executed by a
computing device, causes the computing device to perform
at least the following: receive a mission specification for
fulfillment by an unmanned aerial vehicle, the mission
specification identifying at least one waypoint, at least one
optimization criteria, and information identifying the
unmanned aerial vehicle, determine whether one or more
candidate flight trajectories are available, wherein determin-
ing that or more candidate flight trajectories are available
comprises modeling a plurality of maneuvers from a
motions library that defines available maneuvers for the
unmanned aerial vehicle to identify the one or more candi-
date flight trajectories to the at least one waypoint which
satisfy at least one restriction condition and do not conflict
with a flight plan for at least one other aerial vehicle; in
response to determining that one or more candidate flight
trajectories are available, identify one or more desired flight
trajectories from the one or more candidate flight trajectories
that are determined to be available based on the at least one
optimization criteria identified by the mission specification;
and issue a mission approval that includes a selected flight
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trajectory of the one of the one or more desired flight
trajectories as output to a receiving party.

[0009] These and additional features provided by the
embodiments of the present disclosure will be more fully
understood in view of the following detailed description, in
conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The embodiments set forth in the drawings are
illustrative and exemplary in nature and not intended to limit
the disclosure. The following detailed description of the
illustrative embodiments can be understood when read in
conjunction with the following drawings, where like struc-
ture is indicated with like reference numerals and in which:
[0011] FIG. 1 depicts an architecture for providing trajec-
tory planning for an aerial vehicle, according to embodi-
ments provided herein;

[0012] FIG. 2 depicts a computing environment for uti-
lizing the air mobility platform of FIG. 1 to provide pro-
viding trajectory planning for an aerial vehicle, according to
embodiments provided herein;

[0013] FIG. 3 depicts a services architecture f providing
trajectory planning for an aerial vehicle, according to
embodiments provided herein;

[0014] FIG. 4 depicts another services architecture for
providing trajectory planning services showing shared appli-
cation for one or more different types of applications,
according to embodiments provided herein;

[0015] FIG. 5 depicts a depiction of user interfaces pro-
vided by the air mobility platform, according to embodi-
ments provided herein;

[0016] FIG. 6 depicts a multi-level bus for providing
trajectory planning for an aerial vehicle according to
embodiments provided herein;

[0017] FIG. 7 depicts another example of a multi-level bus
for providing trajectory planning for an aerial vehicle,
according to embodiments provided herein;

[0018] FIG. 8 depicts a user interface on a remote com-
puting device for providing trajectory planning, according to
embodiments provided herein;

[0019] FIG. 9 depicts a trajectory planning system for
providing a mission application approval service, according
to embodiments provided herein;

[0020] FIG. 10 depicts a user interface of FIG. 8 display-
ing alternate flight trajectories, according to embodiments
provided herein;

[0021] FIG. 11 depicts a methodology for trajectory
approval and enforcement, according to embodiments pro-
vided herein;

[0022] FIG. 12 depicts a methodology for providing ser-
vices to determine flight trajectories, according to embodi-
ments provided herein;

[0023] FIG. 13 depicts a flow diagram illustrating trajec-
tory approval, according to embodiments described herein;
[0024] FIG. 14 depicts a user interface on a remote com-
puting device displaying alternate flight trajectories, accord-
ing to embodiments provided herein;

[0025] FIG. 15 depicts a motions library, according to
embodiments provided herein;

[0026] FIGS. 16A-16C depict respective user interfaces
illustrating modifications to maneuvers and maneuver char-
acteristics for an aerial vehicle, according to embodiments
provided herein; and
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[0027] FIG. 17 depicts a computing environment for pro-
viding an aerial vehicle approval services platform, accord-
ing to embodiments described herein.

DETAILED DESCRIPTION

[0028] Embodiments disclosed herein include systems and
methods for providing trajectory planning services for a
vehicle. These embodiments may include a trajectory plan-
ning application, a flight restriction planner application, and
a flight plan deconfliction application. The trajectory plan-
ning application may receive a mission specification as
input, wherein the mission specification identifies a request
for the mission. The trajectory planning application may
include a trajectory predictor application that may access an
available motions library specific to the unmanned aerial
vehicle for which the mission is requested. The flight
restriction planner application may identity flight restriction
conditions and may be communicative with the trajectory
planning application. The flight plan deconfliction applica-
tion may deconflict the mission with other aerial vehicle
flights, wherein the other aerial vehicle flights. In embodi-
ments, the trajectory planning application generates candi-
date flight trajectories based at least in part on the at least one
restriction conditions provided by the flight restriction plan-
ner application and information associated with the other
aerial vehicle flights identified by the flight plan deconflic-
tion application. The trajectory planning application may
further determine whether a suitable trajectory is identified
to achieve the mission specification, and in response to
determining the suitable trajectory is identified, initiating
transmission of the suitable trajectory over a network, and in
response to determining the suitable trajectory is not avail-
able, initiating transmission of a denial of the request for the
mission.

[0029] Embodiments described herein may utilize a single
user interface or a small number of user interfaces across a
plurality of applications and modules integrated with the
services architecture. This provides a user with a more
cohesive flight planning and monitoring experience. These
embodiments may reduce code duplication and back-end
processing by providing tunnel access to third party data for
services and applications registered to the services architec-
ture. Embodiments may also provide a gateway that limits
any cross data flow as between applications or modules,
except in circumstances where a user is also an authorized
user of each of those independent applications. Some
embodiments may reduce the need for independent access to
each of a large number of separate applications in order to
generate a flight plan and/or to perform flight monitoring.

[0030] Referring now to the drawings, FIG. 1 depicts an
architecture 100 for providing trajectory planning services
for a vehicle, according to embodiments provided herein. As
illustrated, the architecture 100 provides an air mobility
platform 102 that is communicative with third party data
sources 104 to autonomously provide an operational
approval service 106a, an aerial vehicle approval service
1065, an operations validation and authorization service
106¢, an approval management service 1064, and an opera-
tor/pilot authorization service 106e (collectively “UA-cen-
tric services 106”). The air mobility platform 102 may be
provided by one or more computing devices, such as those
depicted in FIG. 14. The third party data sources 104 may be
rules-based, non-rules based, informationally based, etc. As
an example, some embodiments may provide multilayer
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services for an unmanned aerial vehicle 103, manned aerial
vehicle, equipment, weather, ground control, and/or opera-
tional services.

[0031] The air mobility platform 102 may include one or
more applications, such as a conformance monitoring appli-
cation 108a, a security application 1085, an airspace plan-
ning application 108¢, a conflict detection and resolution
application 1084, a flight plan validation/authorization
application 108¢, an aerial vehicle monitoring application
108/, a flight plan deconfliction application 108g, an air-
space monitoring application 108%, a flight planning appli-
cation 108, a trajectory planning application 108;, a user
flight web services portal application 108%, and a flight
services administrator portal application 108/ (collectively
referred to as “applications 108”). In embodiments, the
applications 108 may each comprise logic that interact or
communicate with one or more of a plurality of third party
data sources 104, such as to obtain rules or as the result of
externally applied rules, to obtain public or privately avail-
able information, and/or obtain data models or approval
models provided by authoritative bodies and/or other third
parties, such as the FAA or the National Weather Service or
the U.S. Geological Survey.

[0032] In embodiments, the applications 108 may com-
municate with each other. Moreover, while identified as
different applications 108 at least for purposes of explana-
tion, it is noted that the applications 108 may be combined
or subdivided in any appropriate manner. As illustrated, the
applications may include a conformance monitoring appli-
cation 108a¢ which may monitor conformance of an aerial
vehicle 103 with flight plans. In another aspect, the appli-
cations may include a security application 1085 which may
provide system security and diagnostics functions. For
instance, security application 1085 may ensure security
during flight of an aerial vehicle 103. According to embodi-
ments, the applications 108 may include an airspace plan-
ning application 108¢ which may provide rules and param-
eters for an airspace. Additionally or alternatively, the
applications 108 may include a conflict detection and reso-
Iution application 1084 that may determine conflicts pro-
posed flight plans and non-native data, such as information
from third party data sources 104 as described herein. It is
further noted that conflict detection and resolution applica-
tion 1024 may be utilized, such as by flight planning
application 108 to determine candidate trajectories.

[0033] A flight plan validation/authorization application
108¢ may determine whether a flight plan is feasible, vali-
date flight plans via conflict detection and resolution appli-
cation 1084, or other applications. A UAS monitoring appli-
cation 102/ may assist in monitoring at least one aerial
vehicle 103 to determine requests, operating parameters, or
the like. A flight plan deconfliction application 108g may
identify and resolve conflicts (e.g., deconflict) between flight
plans and proposed flight plans and generate resolutions by
modifying trajectories. In some embodiments, flight plan-
ning application 108/ may utilize flight plan deconfliction
application 108g to identify candidate flight plans. It is
further noted that flight plan validation/authorization appli-
cation 108e may utilize deconfliction application 108g and/
or conflict detection and resolution application 1084 to
verify, authorize, or reject flight plans. An airspace moni-
toring application 108/ may monitor airspaces for changes,
conflicts, or the like. In an aspect, the airspace monitoring
application 108/ may communicate with aerial vehicles 103,
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third party data sources 104, and other information to
provide real-time or near real-time monitoring of an air-
space. According to various embodiments, this monitoring
may be utilized to authorize, reject, modify, or otherwise
process flight plans that may be subject to a request or may
have already been granted or denied.

[0034] As described here and elsewhere, the flight plan-
ning application 108; may communicate with various other
applications and data sources, such as a trajectory planning
application 108;, to identify an optimized trajectory or
otherwise deny a flight plan. Is if further noted that the
referenced applications 108 may communicate with a user,
such as via a user flight web services portal application 108%,
or a flight services administrator portal application 108/ As
described herein, user interfaces may be provided specific to
the user flight web services portal application 108%, the flight
services administrator portal application 108/, or others.
[0035] The UA-centric services 106 may provide an oper-
ating system for native or external engines, modules, and
applications, such as the applications 108. The applications
108 may each include modules or applications that draw on
the third party data sources 104. The third party data sources
104 may include aerial vehicle data, safety certification data,
operator data, other USS data, facility maps data, events,
surveillance data, aerial vehicle identification and location
data, obstacle data, terrain data, weather data, controlled
airspaces data, airspace authorization data, airspace restric-
tions data, and/or other third party data sources 112.
[0036] The third party data sources 104 may include rules,
the result of externally applied rules, public or privately
available information, data models, approval models such as
may be provided in relation to aerial vehicle registration,
operator registrations, relevant identity certifications of
aerial vehicle and/or operators, flight plan submissions,
mission requests, capabilities verifications, testing data,
simulation data, etc. As such, the third party data sources
104 may extend beyond typical aerial vehicle aspects,
including but not limited to authoritative data provided by
other rulemaking or governmental bodies, such as the FCC
in relation to radiofrequency operation within FCC band-
width guidelines, or the National Weather Service, etc.
[0037] The air mobility platform 102 may also provide
interaction with the applications 108 over any of a plurality
of communication sockets 110 that may apply security
features and a user interface 114 (one or more). The air
mobility platform 102 may provide the UA-centric services
106 and such as may include the planning, approval, and
modification of airspace rules (such as exclusionary man-
agement for first responders/no fly zones as they arise, and
the like), aerial vehicle or user profiles, submitted mission
requests, conformance with flight plans, confliction of flight
plans, conflict resolution, etc. This data may be communi-
cated between the air mobility platform 102 over a multi-
level bus 330, such as for display on the user interface 114.
[0038] The air mobility platform 102 may interact with the
third party data sources 104, such as but not limited to
authoritative, governmental, historical, simulation, and
weather-related sources. For example, third party aerial
vehicle and ground-based surveillance may be monitored
and data obtained therefrom. Obstacle detection sites, such
as terrain, geographical and structural assessment may be
accessed. Weather forecasting may be accessed for any area
relevant to the mission requested. Aerial vehicle use, capa-
bility, health, and performance data may be assessed. Cur-
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rent airspace activity by other aerial vehicle, no fly zones,
and the like may also be monitored.

[0039] That is, the architecture 100 may enable and con-
trol the communication sockets 110 to the third party data
sources 104, and may select therefrom relevant data unique
to each request for the UA-centric services 106 for use by
the decision-making aspects of architecture 100. Thereby,
the UA-centric services 106 may be provided in real time,
even in the event of submission of a large number of service
requests in a variety of different geographies and air spaces
substantially simultaneously, and/or where each service uti-
lizes a distinct assessment and manipulation of data unique
to each such geography, airspace, or operator.

[0040] FIG. 2 depicts a computing environment for uti-
lizing the air mobility platform 102 to provide trajectory
planning services for an aerial vehicle 103 (which may be
configured as an unmanned aerial vehicle), according to
embodiments provided herein. As illustrated, a user of a user
computing device 202 may access a user interface 114 (FIG.
1) provided by the air mobility platform 102 to make a
service request for one or more of the UA-centric services
106 and/or service data 204 for the aerial vehicle 103. As
illustrated, the UA-centric services 106 of this embodiment
may an operational approval service 106a, an approval
management service 106d, an operations validation and
authorization service 106¢, an operator/pilot authorization
service 106¢, and an aerial vehicle approval service 1065.
The service data 204 in this embodiment may include
approved airspace data 2044, an approved waiver kit 2045,
registered aerial vehicle data 204¢, and approved UAS data
204d. Similarly, third party data sources 104 (FIG. 1) may
make a service request for a third party vehicle.

[0041] Depending on the particular embodiment, the ser-
vice request may include approved airspace reservation,
conflict identification, conflict resolution, etc. Upon receiv-
ing approval, the user computing device 202 (which may or
may not be the same computing device that requested the
service) may control the aerial vehicle 103 according to the
UA-centric services 106 that was requested.

[0042] FIG. 3 depicts a services architecture 300 for
providing surveillance services for an aerial vehicle 103,
according to embodiments provided herein. As illustrated,
the services architecture 300 may be part of the air mobility
platform 102 (FIG. 1) and may provide access to applica-
tions 108 that provide a service for the request 306. As
described with reference to FIG. 1, the applications 108 may
include a flight planning application 108;, a flight monitor-
ing application, a flight safety application, and/or other
applications. The services architecture 300 may provide
administrative and/or user access to presentations of the
applications 108, through the user interface 114.

[0043] As is further illustrated in FIG. 3, the services
architecture 300 may provide operating-system level control
over a variety of aspects in execution of the multi-level bus
330. The multi-level bus 330 may include a caching and
message bus 330a, a persistent data bus 3305, and a search
bus 330c. Additionally, the services architecture 300 may
use the applications 108 to perform a service for the request
306 (which may be requested or automatically provided as
part of a request). The services architecture 300 may further
include load balancers 333, a web services module 337, a
logging services module 339, etc.

[0044] The caching and message bus 330a may comprise
logic for in-memory object caching or data grid. In the data
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grid, data may evenly be distributed among nodes of a
cluster to provide horizontal scaling, which may provide for
increased load capabilities and increase processing speed.
For example, the logic of caching and message bus 330a
may provide for distributed object caching and locking, and
node-to-node messaging in a HAZELCAST architecture.
[0045] The persistent data bus 3305 may store character-
istic of states of processes or files. In an example, the
persistent data bus 3305 may persist (e.g., archive or store
the state of data from) one or more databases. For instance,
the persistent data bus 3305 may persist data from third party
data sources 104, including but not limited to data bases
comprising information related to facility maps, events,
surveillance, aerial vehicle ID and location data, obstacles,
terrain, weather, controlled airspaces, airspace authoriza-
tions, mobile messages, and airspace restrictions. In
examples, the services architecture 300 may comprise mul-
tiple instances of the persistent data bus 33056 to provide
security, load management, or the like. It is noted that the
persistent data bus 3305 may include logic that may transfer
data to and from data stores and may provide mappings from
the native programming-language data structures to data
store storage structures.

[0046] The search bus 330c may comprise search and
analytics logic. In examples, the search and analytics logic
may comprise APIs, query DSLs, and clients that support a
variety of programming languages, such that the search bus
330c¢ may perform searches over different third-party data
stores or systems. For instance, services architecture 300
may provide dynamic user interfaces to users based on a
user’s credentials, classification, or particular needs. The
search bus 330¢ may search for data from one or more data
sources such that user interfaces 114 may receive and
display different pieces of data from different data stores. In
an aspect, the search bus 330c¢ may process request 306 and
perform a query on one or more third party data sources 104
via third party services 323 (which may include a logic that
provides access to third party data sources 104). It is noted
that the search bus 330c¢ may utilize a hash map, ELAS-
TICSEARCH, SQLite, or the like.

[0047] According to embodiments, the multi-level bus 330
may direct applications to communicate with each other,
such as with others on the same bus level, wherein those
communications are arbitrated without the need of a host
computer. For instance, the multi-level bus 330 may provide
oversight and bus level assignments, on behalf of the ser-
vices architecture 300. In an example, the multi-level bus
330 may control access to one or more of the levels and may
coordinate the activities of all applications and requests by
taking into account the needs of various applications and
requests. In at least one embodiment, the multi-level bus 330
may control priority for gaining access to resources accord-
ing to a predetermined priority. For instance, a priority
system may provide priority to first responders for certain
applications, may provide priority to requests 306 associated
with specific users, may provide priority to requests 306 for
particular mission critical or safety applications, and the
like. Further, the services architecture 300 may include
control, monitoring, security and switching capability for a
variety of communication inputs, outputs, and links pro-
vided by and communicative with the aspects throughout the
master services system.

[0048] As described herein, the air mobility platform 102
may receive requests 306 from one or more users 352. Load
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balancers 333 may include logic to manage network loads
and may prioritize certain requests related to safety, first
responders, or the like. Web services 377 my listen for
requests 306 over a network, such as via one or more
communication sockets 110 of FIG. 1. It is noted that web
services 377 may communicate with mobile applications,
servers, or the like. In another aspect, web services 377 may
interact with or compile content from third party services
323 in to a single user interface 114. The multi-level bus 330
may process requests 306 and may provide access to one or
more applications via the application services 302 based on
received request 306 and priority. For instance, the applica-
tion services 302 may select an appropriate application for
performance of the services related to the request 306. The
selected application of the application services 302 may
perform such services and may provide responses to a UAS,
the user interface 314, or other appropriate systems. In at
least some embodiments, the communication sockets 110
may include logging services module 339 to log network
traffic, user requests, system performance or activity, and the
like.

[0049] In another aspect, the services architecture 300
may provide inputs and outputs for a variety of data and
information, such as to and from a user 350, 352, or 354, as
well as to and from the third-party sources 323 or services.
As such, users may utilize a user device that receives and
provides user interface 114 to interact with third party
sources 323 via the master services architecture 300.
[0050] For instance, the multi-level bus 330 may provide
for communications between the user interface 114 and the
application services 302. The multi-level bus 330 may, for
example, include logic to select the appropriate application
services 302 to grant the request 306 for a service, over the
multi-level bus 330. It is noted that application services 302
may include applications providing services via the multi-
level bus 330 that are not directly related to the request 306.
The services architecture 300 may additionally vary in its
presentation and deployment to different users, developers,
third-parties, and administrative entities

[0051] In an aspect, the services architecture 300 may
include administrative services 343 that may allow an
administrative level user 350 or developer level user 354 to
perform various functions, such as performing diagnostics,
developing applications 108, or commanding and control-
ling aspects of the services architecture 300.

[0052] The services architecture 300 may further provide
inputs and outputs for a variety of data and information, such
as to and from a user, as well as to and from the third party
data sources 104, which may interact with one another and
with the applications 108 that include the logic to select
which of services for the request 306 are granted, over the
multi-level bus 330.

[0053] The actions performed may include services pro-
vided via the multi-level bus 330 that may or may not be
directly related to the request 306. As an example, the
provided services may include load balancing via a load
balancers 333, web and communication link management
via the web services module 337, data logging services via
a logging services module 339, development support and
diagnostics via a support module 341, and administrative
services via a command and administrative services 343.
[0054] In an aspect, the services architecture 300 may
provide tunnel access to some or all applications 108 (e.g.,
though application services 302) and third-party sources 323
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to user interface 114 or services. The services architecture
300 may provide tiered user access (e.g., administrative
level user 350, non-administrate or basic user 352, developer
level user 354, pilot, first responder or emergency user, or
other credential based access) to receive user interface 114
presentations of one or more of the applications 108. The
services architecture 300 may additionally vary in its pre-
sentation and deployment to different users, developers,
third parties, and administrative entities.

[0055] FIG. 4 depicts another services architecture 400 for
providing surveillance services showing shared application
for one or more different types of applications, according to
embodiments provided herein. As illustrated, users may
receive a deployment of the services architecture 400 to
access data and/or the applications 108, such as may relate
to a basic functionality level of the multi-level bus 330. In
some examples, users may be provide with tunnel access to
various applications 108. In addition to the applications
108a-108/ provided in FIG. 1, the applications 108 may
additionally include the operational approval service 1064,
the validation and authorization service 106c, the aerial
vehicle approval service 1065, operator/pilot authorization
service 106¢ and/or other UA-centric services 106. The
applications 108 and/or UA-centric services 106 that are
shared may vary, such as based on a request from a pilot
portal computing device 460a and/or based on the permis-
sions available for that user’s login profile. This data and/or
the applications 108 that are provided to this user may also
be dependent upon the offerings provided by a basic flight
planning deployment infrastructure 450a with which the
pilot portal computing device 460q, the pilot application
4605, and/or other pilot controlled devices communicate. In
at least one embodiment, applications 108 may interact with
third-party or non-native applications 402. This variability
in the deployment of the services architecture 400 may be
sensed and controlled by the services architecture 400 itself,
such as using sensed values by the applications 108 over the
multi-level bus 330.

[0056] As illustrated in FIG. 4, particular types of users
and/or requests may receive access and/or data to and
through one or more of the applications 108, such as
captive/native applications of the services architecture 400.
As an example, a basic flight planning deployment infra-
structure 450a may share the user flight web services portal
application 108%, the flight services administrator portal
application 108/, the flight planning application 108i, and
the flight plan validation/authorization application 108e.
Similarly, an advanced flight planning and demonstration
deployment infrastructure 4505 may share the user flight
web services portal application 108% the flight services
administrator portal application 108/, the flight planning
application 108i, the trajectory planning application 108;,
the flight plan deconfliction application 108g, the flight plan
validation/authorization application 108e, the airspace
monitoring application 1084, the airspace planning applica-
tion 108c¢, the aerial vehicle monitoring application 108/, the
conformance monitoring application 108a, and the conflict
detection and resolution application 1084.

[0057] A basic first responder deployment infrastructure
450c¢ may share the user flight web services portal applica-
tion 108%;, the flight services administrator portal application
108/, the airspace planning application 108¢, and the air-
space monitoring application 108%. A basic approval ser-
vices deployment infrastructure 4504 may share the user
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flight web services portal application 108%, the flight ser-
vices administrator portal application 108/, the aerial vehicle
approval service 1065, and the operations authorization
service 106c¢.

[0058] Similarly, a low altitude authorization and notifi-
cation capability (LAANC) flight planning and authoriza-
tion deployment infrastructure 450¢ may share the user
flight web services portal application 108%, the flight ser-
vices administrator portal application 108/, the flight plan-
ning application 108i, and the flight plan validation/autho-
rization application 108¢ from (FAA LAANC).

[0059] It will be understood that the foregoing deployment
of the services architecture 400 may utilized a shared set of
non-user facing services/applications. For example, such a
shared set of services may include load balancing, commu-
nication link provisioning, data storage, generation of alerts,
input and output control, security, etc. These shared services
may be deployed as one or more interface sockets commu-
nicatively associated with each of the unique deployments of
the services architecture 400 discussed herein.

[0060] Accordingly, the embodiments may enable a mis-
sion request approval process for an aerial vehicle 103 that
is unique to each request, and that is relationally applied,
such as from one or more databases of the air mobility
platform 102. Further, the air mobility platform 102 may
analyze network loads and requests based on weighing and
balancing of factors, wherein the weighting and balancing
may vary in accordance with machine learning over time.
For example, factors may be applied based on priority,
wherein certain factors are weighted more heavily than other
factors in a given approval request. By way of example,
static factors, which may be more simply approved by the
disclosed embodiments, may be prioritized in order to
expedite processing and improve allocation of computing
resources. Thereafter, dynamic factors may be assessed by
the disclosed embodiments, but such dynamic factors may
be assessed only to the extent necessary, such as may be
based on machine learning.

[0061] FIG. 5 depicts a depiction of user interfaces 114
provided by the air mobility platform 102, according to
embodiments provided herein. As illustrated, the air mobil-
ity platform 102 may provide intermediate processing
between certain data inputs, such as: at least one surveillance
sensor, such as surveillance sensors 501; applications 108,
which may be provided with a user main menu interface
514a, an flight planning interface 5145, and a certification
interface 514¢. The air mobility platform 102 may provide
one or more of the user interfaces 114, such as the certifi-
cation interface 514¢. The air mobility platform 102 may
include a flight planning service application 504aq, a registry
service application 5045, a user service application 504¢, an
administrator application 5044, and a telemetry application
504e.

[0062] The applications 108 may access third party appli-
cations 506. The applications 108 may also access the
registry service application 5045 via a request router 516a
and a security module 518 that may secure data exchanges
and validate user authorizations to access data or applica-
tions 108. The applications 108 may provide presentation of
one or more user interfaces 514, such as a user main menu
interface 514a, a flight planning interface 5145, a certifica-
tion interface 514¢, an administrator interface 514d, and a
thin client interface 514e.
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[0063] The user main menu interface 514a may provide
access to the one or more of the applications 108 and/or third
party applications 506. The air mobility platform 102 may
further provide the user interfaces 114 over the multi-level
bus 330, which may include levels such as caching and
message bus 330a, wherefrom one or more data requests and
request results may occur; and/or a persistent data bus 3305,
and/or a search bus 330c.

[0064] In accordance with various embodiments, a user
via a user computing device (e.g., user computing device
102a) may utilize one or more user interfaces 114 to form a
mission specification and mission request for a particular
flight. The air mobility platform 102 may include or identify
takeoft’ and landing sites, particular specifications of an
aerial vehicle 103, mission objectives, available trajectories,
maneuver sequences/libraries, geographical waypoints,
autopilot data needs, communication methodologies avail-
able for a particular aerial vehicle 103, and the like.

[0065] In an aspect, user interfaces 114 may include or
otherwise have access to applications 108. As such, an user
interface 114 may include a main menu 502¢ that may
receive input from a user to perform desired functions, such
as forming a mission specification. The air mobility platform
102 may provide an application container 5025 (which may
include software code and dependencies so the applications
108 be accessed on various computing environments), and
an application repository 502¢ (which may store application
containers 5026). In examples, applications 108 may be
provided to user computing devices by providing application
containers 5025 to a user computing device over the multi-
level bus 330. In some other examples, a user interface 114
may be given tunnel access to an application 108 running on
a remote computing device. For instance, air mobility plat-
form 102 may analyze the mission specification and may
approve, modify, reject (e.g., fail), or otherwise process the
mission specification via a remote computing device. The air
mobility platform 102 may generate suggested solution
trajectories for completion of a mission identified by the
mission specification. Modifications may be presented for
user, via the user interface 114, for approval or acceptance.

[0066] FIG. 6 depicts a multi-level bus 330 for providing
trajectory planning services for an aerial vehicle 103 accord-
ing to embodiments provided herein. As illustrated, the
multi-level bus 330 may be configured as a layered bus for
handling different service levels of information, data and
data requests, and/or for handling application communica-
tions of different applications operating at different layers.
As illustrated, co-resident information and messaging may
be exchanged over an in-memory grid bus level, such as the
caching and message bus 330q, while external information
may be exchanged over a database bus level, such as
persistent data bus 3305 to one or more captive, co-resident
databases and/or to one or more system external third-party
databases. A search data bus level, such as search bus 330c¢
may provide for user search inquiries and/or may provide
query response to internal queries from the applications 108
(FIG. 1) and/or the native applications 504 (FIG. 5) stem-
ming from the providing of surveillance services. Also
provided are the applications 108, as well as the third party
applications 506, and the user interfaces 114. It should be
understood that while FIG. 6 depicts three levels of the
multi-level bus 330, this is merely an example, as some
embodiments may have more or fewer levels.
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[0067] The user interfaces 114 depicted in FIG. 6 include
an administrative portal interface, which may hold admin-
istrative code for providing the user interface 114, which
may include one or more APIs; a web services interface, a
trajectory planning interface, etc. Similarly, the applications
108 may include a deconfliction application, which may
insure proposed flight plans and trajectories do not conflict
with terrain, other airspaces, other aerial vehicle, other flight
plans, assets, structures, etc. The applications 108 may
include a messaging application, which may serve environ-
ments of the air mobility platform 102 to exchange mes-
sages. The applications 108 may include a conformance
monitoring application 108a, which may check for telemetry
conformance with a flight plan contract and alert other
systems and operators in the event of nonconformance. In
some embodiments, the applications 108 may include a
suggestion application, which may suggest alternative flight
plans for those rejected by deconfliction. The applications
108 may include a USS gateway application, which may
serve as a search and discovery gateway; a push messaging
application, which may send push notifications to particular
applications 108; a constraint management application,
which may manage implications of modifications to current
flight rules and restrictions, and/or other applications.

[0068] In some embodiments, the applications 108 may
include a controlled airspace application, which may serve
environments of the air mobility platform 102 to commu-
nicate regarding controlled airspaces. The applications 108
may include a partner services application, which may
ingest third party data, such as regarding weather, airspace,
flight restrictions, flight rules, etc. from trusted third party
source. Similarly, the applications 108 may include one or
more other applications used in the air mobility platform 102
and as may be apparent to the skilled artisan in light of the
disclosure herein.

[0069] In accordance with the foregoing, and particularly
with respect to the multi-level bus 330 of FIG. 6, a user may
engage in data exchanges, messaging, processes, and analy-
ses to form a mission specification and mission request for
a particular aerial vehicle 103 for a particular flight. As such,
the air mobility platform 102 may enable a performance
model, which may include takeoft and landing sites, par-
ticular specifications of the aerial vehicle 103, as well as
mission objectives. Also represented may be available tra-
jectories, such as maneuver sequences/options, maneuvering
capabilities, geographical waypoints, autopilot data needs,
communication methodologies available for a particular
aerial vehicle 103, etc.

[0070] The user may input to the user interface 114 a
mission specification, which may be analyzed, and which
may be approved, such as including suggested solution
trajectories for the requested mission, or which may be
failed, by the air mobility platform 102. If an approved
trajectory plan is issued, the user may accept the plan or
modify the plan through the user interface 114 and the
solution trajectory (and/or flight plan) may be uploaded to
traffic management aspects, such as unmanned air traffic
management systems, ground control systems, etc., such as
using the user interfaces 114. The solution trajectory may be
uploaded to the aerial vehicle 103, over a network accessible
via one of the levels of the multi-level bus 330, and the aerial
vehicle 103 may then perform flight in accordance with the
uploaded flight plan.
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[0071] FIG. 7 depicts another example of a multi-level bus
330 for trajectory planning services for an aerial vehicle 103,
according to embodiments provided herein. As illustrated,
the multi-level bus 330 may be configured to provide one or
more of the user interfaces 114 (FIGS. 1, 5, 6) to users,
where the user interfaces 114 may provide information
exchanged over the bus levels heretofore unavailable
autonomously regard to the aerial vehicle 103. The appli-
cations 108 and native applications 504 may be configured
for providing other aspects of a request, both related directly
to the request and as background aspects of the request.
These services may be provided, both natively and non-
natively, by the multi-level bus 330.

[0072] As illustrated in the example of FIG. 7, the user
application may communicate data with one or more of the
third party data sources 104, such as an aerial vehicle traffic
management (UTM), the caching and message bus 330q,
and receive data from the persistent data bus 3305. The
admin application may send data to the third party data
sources 104, the caching and message bus 3304, search bus
330c¢, and a map node. The gateway application may send
data to the third party data sources 104, the caching and
message bus 330q, and the persistent data bus 3305. The
gateway application may receive data back form the persis-
tent data bus 3305 and send data to the search bus 330c. The
constrain application may send data to the third party data
sources 104, the search bus 330¢, and the persistent data bus
3306 and receive data back form the persistent data bus
3305. The recommend application may send data to the
search bus 330c, receive data from the persistent data bus
3305, and send data to the map node. The notify application
may send data to the third party data sources 104 and receive
data from the persistent data bus 3305.

[0073] The web service application may send data to the
third party data sources 104, the search bus 330c, and the
persistent data bus 3305 and receive data back form the
persistent data bus 3305. The deconflict application may
send data to the third party data sources 104, the search bus
330c¢, and the persistent data bus 3305. The deconfliction
application 108g (FIG. 1) may receive data back from the
persistent data bus 3305 and send data to the map node.

[0074] The conform application may receive data from the
persistent data bus 3305, send data to the search bus 330c,
send data to the third party data sources 104, and send data
to the persistent data bus 3305. The telemetry application
502¢ may send data to the search bus 330c¢ and the persistent
data bus 33056. The contract application may send data the
search bus 330c¢ and the persistent data bus 3305. The third
party application may receive data from the persistent data
bus 3304 and send data to search bus 330c, the third party
data sources 104, and the persistent data bus 3305. The TP
application may send data to the third party data sources
104, the search bus 330c¢, and the persistent data bus 3305.
The TP application may also receive data from the persistent
data bus 3304 and send data to the map node.

[0075] The live earth application may receive data from
the persistent data bus 3305 and send data to the third party
data sources 104. The mobile service application may send
data to a mobile node. The third party application may send
data to the third party node. The communication application
may receive data from the persistent data bus 3305, send
data to the outward communication node, and send data to
the persistent data bus 3305.
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[0076] FIG. 8 depicts a user interface 800 that may be
provided for trajectory planning services for an aerial
vehicle 103, according to embodiments provided herein. The
user interface 800 may be rendered via a user computing
device by way of instructions from the air mobility platform
102. The user interface 800 may provide a variety of
information 802 related to aeronautical information (e.g.,
information related to controlled airspace which may
include airspace restrictions), overlaid on a map or lattice
grid 804 that includes tokens marking available waypoints
806 for a user’s requested mission which may be identified
by a summation of waypoints 806. It is noted that the user
interface 814 may provide other available information to the
user via a drop-down menu 810, which may include infor-
mation from third-party sources or databases which may
affect a submitted mission request. Such information may
include airports, heliports, other landing facilities, controlled
air spaces, stadium events, special use cases, notice to
airmen (“NOTAM”) information regarding potential haz-
ards along a flight route, security restricted information,
national parks or other nature reserves, general other infor-
mation, and contracts which may prohibit or otherwise
direct airspace use. It is noted that a user may select or
deselect one or more items from drop-down menu 810 for
display on the user interface 800. The display of selected
information may be layered to provide an aggregate sum-
mary or view of any selected information.

[0077] Selection of information to be presented may
instruct the user interface 800 to retrieve or otherwise
request information. Such a request may be sent to the air
mobility platform 102. The air mobility platform 102 may
utilize the multi-level bus 330 to access one or more
third-party data sources. It is noted that requests may be
processed as information is selected from the drop-down
menu 810, may be automatically updated or pushed to the
user interface 114, or otherwise processed.

[0078] Itis further noted that in some embodiments, a user
may not need to request third-party information for mission
request, but rather the air mobility platform 102 may assess
a need for third-party information for a given mission
specification entered to user interface 800, and may accord-
ingly actuate a level of multi-level bus to obtain such third
party information from sources outside of a master services
architecture. This may allow for secure retrieval of reliable
information from known sources.

[0079] FIG. 8 also provides additional information avail-
able to the user and further indicates processing performed
by the air mobility platform 102 on information exchanged
over the multi-level bus 330 (FIGS. 3, 5, 6, 7) to provide a
user interface 114 to the user. In the example of FIG. 8, the
air mobility platform 102 has an added color or shading
coding to denote a variety of information to assist the user
in developing a mission request, and additionally includes
notes to the user as to how best to satisfy current rules and
restrictions in order to enable construction of an acceptable
mission request.

[0080] Accordingly, these embodiments may enable appli-
cations-based services for an aerial vehicle 103 that is
unique to a service request, and that is relationally applied,
such as from one or more databases of the air mobility
platform 102 within or communicatively associated with the
services architecture or via data or information available
from the one or more sockets to a captive rule-set of the air
mobility platform 102, and/or from the one or more third

Dec. 29, 2022

party websites. The relationally applied information may
include rules, data, static information, dynamic information,
etc.

[0081] Further, the providing of services may include a
weighting and balancing of the various relationally applied
factors, where the weighting and balancing may vary in
accordance with machine learning over time. For example,
factors may be applied based on priority, wherein certain
factors are weighted more heavily than other factors in a
given services request.

[0082] Moreover, in accordance with embodiments, a plu-
rality of databases may be utilized to determine a trajectory
prediction or plan that is heretofore unknown. That is, the
embodiments may relationally employ many different
sources of information, all of which may be utilized to
determine modifications to trajectories by the disclosed
master services architecture. It is noted that such trajectory
determination may be unique to each mission request, may
be modified based on machine learning over time, and may
be performed to optimize dedication of computing
resources. It is noted that aerial vehicle may provide a
variety of flight missions. Such missions may include, as
discussed throughout, package delivery, site inspection,
security, airspace violation monitoring, and the like. Such
missions may be formulated as “waypoint” or “checkpoint”
missions, coverage-planned missions, or terrain-following
missions, by way of example

[0083] FIG. 8 depicts a user interface 800 that may be
provided for surveillance services for an aerial vehicle 103,
according to embodiments provided herein. As illustrated,
the user interface 800 may provide information 802 related
to both permanent and temporary restricted airspace, over-
laid on a map or lattice grid 804 that includes available
waypoints 806 for the user’s requested flight plan (the
summation of waypoints 806). Also provided is additional
information available to the user, such as from a drop-down
menu 810, which may include information from third party
sources or databases which may affect a submitted mission
request.

[0084] It will be appreciated that the user may not need to
request third party information for mission request, but
rather the air mobility platform 102 may assess a need for
third party information for a given flight plan request that is
entered to the user interface 114, 800. These embodiments
may accordingly actuate one of the levels of multi-level bus
330 (FIGS. 3, 5, 6, 7) to obtain such third party information
from the third party data sources 104. Although such infor-
mation availability to the user is illustrated as a drop-down
menu in FIG. 8, it will be appreciated that other drill down
capabilities to obtain native data and/or third party data may
be available to the user.

[0085] FIG. 8 also provides additional information avail-
able to the user and further indicates processing performed
by the air mobility platform 102 on information exchanged
over the multi-level bus 330 (FIGS. 3, 5, 6, 7) to provide a
user interface 114 to the user. In the example of FIG. 8, the
air mobility platform 102 has an added color or shading
coding to denote a variety of information to assist the user
in developing a mission request, and additionally includes
notes to the user as to how best to satisfy current rules and
restrictions in order to enable construction of an acceptable
mission request.

[0086] Accordingly, these embodiments may enable appli-
cations-based services for an aerial vehicle 103 that is
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unique to a service request, and that is relationally applied,
such as from one or more databases of the air mobility
platform 102 within or communicatively associated with the
services architecture or via data or information available
from the one or more sockets to a captive rule-set of the air
mobility platform 102, and/or from the one or more third
party websites. The relationally applied information may
include rules, data, static information, dynamic information,
etc.

[0087] Further, the providing of services may include a
weighting and balancing of the various relationally applied
factors, where the weighting and balancing may vary in
accordance with machine learning over time. For example,
factors may be applied based on priority, wherein certain
factors are weighted more heavily than other factors in a
given services request.

[0088] FIG. 9 depicts a trajectory planning system for
providing a mission application approval service, according
to embodiments provided herein. As illustrated, a user or
user computing device may enter a mission specification 904
via a user interface 114. The mission specification 904 may
include information from one or more sources, such as a
user, from sensors, UAS’s, or the like. In at least one
embodiment, the trajectory planning application 108; may
be implemented within or as part of the air mobility platform
102. The trajectory planning application 108; may be com-
puter implemented on one or more servers, control stations,
or the like. The trajectory planning application 108/ may be
configured to cause the air mobility platform 102 to plan a
mission for one or more aerial vehicles 103. The trajectory
planning application 108; may receive a mission specifica-
tion as input, where the mission specification may identify
one or more of a request trajectory, at least one target
waypoint, ordered sequence of waypoints, time of arrival at
a given waypoint (e.g., desired window of arrival, latest
arrival time, etc.), vehicle orientation at a given waypoint
(e.g., direction, altitude, trajectory at or over a waypoint,
etc.), speed at a given waypoint, length of time at a given
waypoint, takeofl/landing requirements at a given waypoint,
required metrics for the mission (e.g., speed, time, fuel use,
cost, etc.), or the like. The trajectory planning application
108/ may cause the air mobility platform 102 to provide a
mission specification receiving service capable of receiving
a request for the mission specification. In some embodi-
ments, the trajectory planning application 108; may cause
the air mobility platform 102 to provide one or more user
interfaces to a user device (e.g., ground control station), or
the like. The trajectory planning application 108/ may
receive cause the air mobility platform 102 to the mission
specification receiving service. In some embodiments, the
trajectory planning application 108; may cause the air
mobility platform 102 to communicate with the trajectory
predictor application 910a, which may be operative to
access available motions from a motions library specific to
the aerial vehicle 103 for which the mission is requested.

[0089] In another aspect, the air mobility platform 102
may include a flight restriction planner application 990. The
flight restriction planner application 990 may cause the air
mobility platform 102 to identify one or more optimization
criterion 9105 and aerial vehicle 103 specific flight restric-
tions. In some embodiments, the flight restriction planner
application 990 may be communicative with the trajectory
planning application 108; and may be communicative with
third-party data sources or native data sources, such that the
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flight restriction planner application 990 may identify a
plurality of non-native and native restriction conditions
related to the request. Native restrictions may include, for
example, geographic mapping restrictions that may be iden-
tified through a geographic mapping application presented
via a user interface. The non-native restriction conditions
may include restricted airspace, weather patterns, or other
information not specific to or specified by the mission plan
for the aerial vehicle 103. The non-native restriction condi-
tions may be provided via at least one of the communication
sockets 110 (FIG. 1) to a third-party data source, application,
or the like over a network (e.g., WAN, etc.). In some
embodiments, the one or more optimization criterion 9105
may include desired characteristics specified by a user, a
mission application, or otherwise identified by the trajectory
planning application 108; based on historical data, preset
targets, or the like. Such one or more optimization criterion
9106 may include a quickest flight time, shortest path,
lowest cost, lowest fuel/energy used, average altitude, tilt/
yaw/pitch requirements, or the like.

[0090] According to embodiments, the air mobility plat-
form 102 may include a deconfliction application 108g to
deconflict a mission with other aerial vehicle flights, where
the other aerial vehicle flights include non-native data. The
air mobility platform 102 may apply rules and utilize the
applications 108 to approve, modify, or deny the request for
the mission. The approved or denied mission request may be
provided to a user, an unmanned aerial vehicle system, an
authoritative body, other aerial vehicles 103, or the like. The
approval may include identification of a desired trajectory
that has a threshold ratio of satisfaction of constraints of the
request for the mission.

[0091] In some embodiments, the mission specification
904 includes some or all user tasks, mission constraints, and
performance metrics necessary to comply with the mission.
The mission specification 904 may include multiple mission
tasks. For example, a mission specification 904 may define
a mission procedurally, such as wherein task A is performed,
followed by task B, and so on; or may be presented
symbolically, such as with a symbolic statement that pro-
vides the assessment whether a candidate solution is suitable
to successfully satisfy the mission, such as “all deliveries
made.” In some embodiments, the mission specification 904
may include a procedural mission in which one or more
waypoints may be identified. It is understood that the one or
more waypoints may comprise a sequence of a waypoints.
The sequence of waypoints may comprise a manual selec-
tion and/or uploading of an ordered sequence of waypoints
to be serviced by the flight. at least a portion of the
waypoints may include coordinates used for deriving a
position relative to a global or local reference frame, eleva-
tion related constraints, flyover versus non-flyover, and
essential versus nonessential, by way of non-limiting
example. In some embodiments, the waypoint characteris-
tics may include a satisfaction measurement that is required
of a particular mission. For example, an altitude constraint
may be an at-constraint, requiring flight within some defined
proximity of the altitude measure, or an above-constraint (or
below-constraint), requiring flight any distance above (or
below) the specified altitude measure.

[0092] Moreover, waypoint sequencing may include way-
point sequencing criteria such as a time budget or a fuel
budget. Similarly, a reward function may be included as
waypoint sequencing criteria, along with a subset of an
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overall set of waypoints that must be satisfied in line with
such time, fuel, or reward constraints. As an example, a
plurality of waypoints may be selected for a mission, but
only a subset of those waypoints may be required for
satisfaction of the mission specification. Other waypoints
may not be required and may be bypassed to complete a
mission. The obtained subset of waypoints may be deter-
mined by the maximum number of waypoints that may be
suitably visited without exhaustion of a time, fuel, or reward
budget.

[0093] Waypoints may include landmarks, such as roads
or rivers, or other aspects of terrain which should be
followed for between prescribed waypoints, such as to
enhance safety on the ground, the probability of recovery in
the event of mission failure or due to mission specification
or a data collection requirement). Such a mission specifica-
tion 904 may require more expressive maneuver libraries
than simple flight plans that are accepting of straight-line
segments and arcs, for example.

[0094] In at least some embodiments, task allocation
between aerial vehicles 103 may form part of the mission
specification 904 for each aerial vehicle 103. By way of
example, a plurality of aerial vehicles 103 may be individu-
ally spatially distributed in an overarching mission specifi-
cation 904 in a manner that best allows for a particular
number of tasks to be divided up and carried out among the
multiple aerial vehicles 103, subject to given constraints, in
satisfaction of the mission and as part of the mission
specification 904. Such constraints in the mission specifi-
cation 904 for a plurality of aerial vehicles 103 may include
that transportation costs are minimized, that transportation
time is minimized, etc. Of course, other task allocation
aspects may be utilized, such as total distance traveled, total
or partial mission time, total fuel required, operator costs,
risk costs, or accrued rewards, etc.

[0095] The mission specification 904 may be provided to
the trajectory planning application 108/ that cause the air
mobility platform 102 to access a trajectory predictor appli-
cation 910a and deconfliction application 108g. The trajec-
tory planning application 108/ may include operations or
logic to execute trajectory planning for an aerial vehicle 103.
Trajectory planning may include the process of calculating
a detailed flight plan and/or trajectory that is feasible and
which satisfies the requested mission and its correspondent
mission specification. Candidate trajectory plans may vary
dependent upon the specifications of an aerial vehicle 103,
complexity of an environment, complexity of the mission
specification, or complexity of other third-party information
as identified herein.

[0096] In some embodiments, the trajectory planning
application 108 may cause the air mobility platform 102 to
determine trajectories based on information from third-party
data sources, or the like. For instance, the trajectory planning
application 108/ may receive restriction conditions from the
flight restriction planner application 990. The restriction
conditions may include information identifying restricted
airspaces, weather patterns, obstacles, airports, heliports,
other landing facilities, controlled air spaces, stadium
events, special use cases, NOTAM information, security
restricted information, national parks or other nature
reserves, contracts which may prohibit or otherwise direct
airspace use, or the like. The trajectory planning application
108/ may identify whether flight trajectories violate the
restriction conditions. For example, the trajectory planning
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application 108 may cause the air mobility platform 102 to
determine whether flight trajectories violate restricted air-
space rules defining restrictions on flights within a geo-
graphical area. Such restricted airspace rules may define
types of aerial vehicles or users permitted to fly aerial
vehicles in a given geographical area, altitudes allowed in
given geographical area, speeds allowed in given geographi-
cal area, or the like. In another aspect, the trajectory plan-
ning application 108j may cause the air mobility platform
102 to apply a restriction conditions received from external
data accessible at least to the flight restriction planner
application 990, such as a no-flight zone databases, terrain
databases, weather databases, altitude databases, aerial
vehicle capability databases, third party flight plans, and the
like. Candidate trajectories may be selected in accordance
with these external data aspects and with application of
deconfliction application 108g, as described herein.

[0097] The trajectory planning application 108; may cause
the air mobility platform 102 to determine predicted trajec-
tories based on such information to, for example, avoid
restricted airspaces, avoid severe weather patterns, and
provide one or more optimization criterion 9105, such as
quickest flight time, shortest distance, average or target
altitude, or other one or more optimization criterion 9105
that may be identified by a user preference or otherwise by
the mission specification 904. Application of the one or more
optimization criterion 91056 may be referred to as pre-
condition planning. This pre-condition planning may
include receipt of and attempts to satisfy the mission speci-
fication 904, while adding any required mission limitations
not supplied by the user, such as avoiding no fly zones.
Pre-conditioning may also include performance of any ini-
tial checks on the correctness and feasibility of the mission
specification. Upon satisfaction of pre-conditions, candidate
trajectories may be generated as discussed herein.

[0098] The trajectory predictor application 910a may also
cause the air mobility platform 102 to calculate realistic and
feasible flight plans that satisfy the dynamic flight con-
straints of the mission specification, and supply those tra-
jectory options to the trajectory planning application 108;.
Such flight constraints may include performance envelope
parameters such as minimum turning radius, minimum
forward speed, maximum speed, fuel life, battery life, and
any other flight restrictions, such as operationally defined or
airspace related environmental restrictions that may affect
available/executable flight maneuvers/primitives, some or
all of which may be available from a flight library that may
be specific to aerial vehicles 103, such as based on make,
model, fuel, etc. In some embodiments, trajectory predictor
application 910a may additionally cause the air mobility
platform 102 incorporate no fly zones and safe distance
separations from structures and other aerial vehicle. For
example, the trajectory predictor application 910a may be
utilized with deconfliction application 108g to identify tra-
jectory predictions which avoid conflicts. As such, the
trajectory predictor application 910a may include or access
one or more maneuver libraries, as disclosed herein, in
which a family or collection of maneuvers and a description
of when and how the maneuvers may be executed by a
particular aerial vehicle to generate candidate predicted
trajectories.

[0099] Moreover, the trajectory planning application 108;
may cause the air mobility platform 102 to cause candidate
predicted trajectories that are identified by the trajectory
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predictor application 9104 to be subjected to the deconflic-
tion application 108g. The deconfliction application 108g
may cause the air mobility platform 102 to identify potential
or actual conflicts with the one or more predicted trajectories
from the trajectory predictor application 910a and with
predicted trajectories of other aerial vehicle so as to avoid
in-flight conflicts. The deconfliction application 108g may
modify or prohibit certain predicted trajectories until an
optimal or desired trajectory is identified.

[0100] For example, the deconfliction application 108g
may cause the air mobility platform 102 to access informa-
tion describing flight plans and predicted flight trajectories
for two or more distinct aerial vehicles 103. In some
embodiments, the deconfliction application 108g may cause
the air mobility platform 102 to modify trajectories to avoid
conflict between the flight plans for those two or more aerial
vehicles. Such conflicts would otherwise prevent mission
success in accordance with the provided mission specifica-
tion 904. The deconfliction application 108g may cause the
air mobility platform 102 to resolve such airspace conflicts,
while ensuring that other mission specification constraints
are still satisfied.

[0101] In some embodiments, the deconfliction applica-
tion 108g causes the air mobility platform 102 to resolve
flight plan conflicts as part of its provided functionality.
Such conflicts may require strategic separation in preflight
planning, and a tactical separation during flight. As such, the
deconfliction application 108g may cause the air mobility
platform 102 to monitor in-flight conformance with flight
planning, such as using available monitoring technologies.
As airspace congestion increases, deconfliction preflight
planning and conformance monitoring both may increase in
processing difficulty. As such, centralized or decentralized
coordination of flight planning may be performed in order to
monitor and ensure conformance.

[0102] Once one or more target flight plans are identified,
the air mobility platform 102 may output a suitable flight
plan 902 which may identify one or more candidate flight
trajectories which satisty the mission specification 904, or
provide a rejected mission request response 922 which may
include reasons why the flight plan for the input mission
specification was unable to be formulated. The air mobility
platform 102 may generate the output to one or more
receiving parties, such as a user computing device associated
with a request and/or an authorization or governing bodies,
such as the FAA.

[0103] In accordance with embodiments, the flight plan
902, which may include an output candidate flight plan, may
be generated by the trajectory planning application 108; and
may satisfy the mission specification 904. The flight plan
902 may be subjected to various restriction conditions
pre-flight and during flight, such as approval/monitoring by
a UTM system, in which various restrictions and rules for
aerial vehicles may be applied to the subject aerial vehicle
while in flight. Likewise, the trajectory planning application
108 or an aerial ground control (“ground control”) may
perform functions during execution of a mission specifica-
tion, such as monitoring for restricted airspace intrusion,
insuring compliance with the trajectory plan requested,
aerial vehicle sensor monitoring, monitoring for flight inter-
ruptions (e.g., such as priority or unplanned emergency
flights), and so on. In an aspect, during flight, ground control
and the air mobility platform 102 may provide monitoring
compliance or other services such that can be deployed in
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various forms (e.g., hosted purely in the cloud or distributed
between the cloud and ground control).

[0104] In some embodiments, the air mobility platform
102 may apply pre-conditioning via one or more optimiza-
tion criterion 91054. Similarly, the air mobility platform 102
may apply post condition planning 910c. Following genera-
tion or non-generation of candidate trajectories that satisfy
the mission specifications 904, post conditioning planning
may be applied by the air mobility platform 102. For
example, if a mission is infeasible as a result of failure to
identify any candidate flight trajectories, the air mobility
platform 102 may report the failure as the output rejected
mission request response 922, which may include an expla-
nation of post condition planning 910¢ why the mission is
infeasible. Such infeasibility may occur because the mission
is over-constrained, there is no available flight path, or
conflicts have not been suitably resolved, by way of non-
limiting example.

[0105] As the post condition planning 910c¢, if the mission
is available, the predicted trajectory and flight plan selected
may be issued as the flight plan 902, which may include one
or more candidate trajectories, any limitations on the flight
plan, or aspects of the mission specification that went
unsatisfied. Further, automated negotiation with flight plans
of other aerial vehicles 103 may be monitored, such as via
the deconfliction application 108g, such that changes to
those flight plans may also occur, or be known, as needed.
[0106] As an example, post condition planning 910c
which may, in some embodiments, be applied by the air
mobility platform 102 is related to tactical deconfliction. As
a non-limiting example, the trajectory planning application
108; may apply post condition planning 910¢ based on a
vehicle to vehicle de-confliction requirement to the flight
plan/trajectory. For instance, the flight plan 902 may be
allowed with additional post conditions that may govern or
otherwise actuate re-planning or rerouting of an aerial
vehicle over a single or multiple segments of the flight while
in-flight. Conditions of the post condition planning 910¢
may include unexpected priority flights (e.g., medical emer-
gency, public safety, or national security flights, etc.), unex-
pected weather conditions, or the like. Re-planning may
result in an output updated flight plan 902, which may be
executed in-flight by suitably equipped, sensor-based
vehicle-to-vehicle course corrections, or by ground station
or ground control based course corrections, or by UTM
based tactical control, as necessary.

[0107] FIG. 10 depicts another rendering of the user
interface of FIG. 8 displaying alternate flight trajectories,
according to embodiments provided herein. The mission
specification 904 (FIG. 9) input by the user may include
tasks that the aerial vehicle 103 is expected to complete,
such as one or more waypoints or checkpoints to be visited,
and/or various time and/or ordering constraints to visit those
waypoints. By way of example, the mission specification
904 may identify an aerial vehicle 103 is to visit an ordered
sequence of waypoints, labeled A, B, and C. In such an
example, there may be one or more feasible trajectories that
allow for the visiting of the sequence of waypoints. How-
ever, a particular trajectory may have excellent performance
metrics, and may thereby be considered a better option than
all other candidate trajectories by the trajectory planning
application 108;.

[0108] As such, candidate trajectories may initially be
computed from a list of feasible trajectories provided by the
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trajectory predictor application 910a in comparison by the
trajectory planning application 108; to the mission specifi-
cation 904. That is, a family of movement parameters may
be applied to the mission specification 904 by the trajectory
planning application 108; from the trajectory predictor
application 910q, in order to create a set of possible full
trajectories 1030a, 10305, 1030c¢ that accomplish tasks
identified in the mission specification 904, while adhering to
government regulations, avoiding restricted airspace, avoid-
ing stadium events, or the like.

[0109] In the illustrated example, the simplest feasible
candidate trajectory 1030a may be to connect waypoints A,
then B, then C with straight-line segments. However, while
such a candidate trajectory may be appropriate for certain
types of aerial vehicles 103. For example, for a quad rotor
aerial vehicle that can transition angularly between seg-
ments. The present type of aerial vehicle 103 that is the
subject of the mission specification 904 may be unable to
produce such a flight path or predicted trajectory due to
performance and/or dynamics limitations of the aerial
vehicle 103. For a certain type of aerial vehicle 103, a
candidate trajectory may be feasible, but may take consid-
erably more maneuvering time than an alternative trajectory.
[0110] In some embodiments, a maneuvering library or
motions library 1032 may be provided specific to the aerial
vehicle for which the mission is requested. The motions
library 832 may identify maneuvers or a plurality of maneu-
vers 1032a, 10325, 1032¢c. The maneuvers 10324-1032c¢
may include rectilinear and curved motions, takeoft and
landing capabilities, splines, polynomials or Bezier curves,
motions developed from analyzing historical trends in aerial
vehicle performance data, speed or maneuverability charac-
teristics, or other motions or motion characteristics related to
an aerial vehicle. In another example, the collection of
maneuvers 1032a, 10325, 1032¢, and a description of when
and how motion primitives or maneuvers of the motions
library 1032 may be executed by a particular aerial vehicle
103 may be provided to the trajectory planning application
108; from the mission specification 904 or may be identified
by the trajectory planning application 108; by accessing a
data store containing information for a particular aerial
vehicle, make and model of aerial vehicle, or the like.
[0111] In some embodiments, trajectory predictor appli-
cation 910a may cause the air mobility platform 102 to
access motions library 832 to satisfy the mission specifica-
tion 904 (FIG. 9) and constraints for the particular aerial
vehicle. These maneuvers 1032a, 10325, 1032¢ for a spe-
cific aerial vehicle 103, may then be used by the trajectory
planning application 108; to formulate the set of candidate
trajectories, wherefrom a suitable trajectory, which may be
the trajectory with a ratio of satisfaction of mission con-
straints that exceeds a predetermined threshold may be
selected. If no candidate trajectories satisfy at least a portion
of'the mission specifications 904, a flight plan failure may be
returned by the trajectory planning application 108;.

[0112] As such, the air mobility platform 102 may utilize
the trajectory planning application 108; to formulate a
candidate trajectory in an iterative manner using candidate
maneuvers 1032a, 10325, 1032¢ provided from the trajec-
tory predictor application 910a. Separately from generation
of the candidate trajectories and from selection of the
best-case trajectory, the deconfliction application 108g may
cause the air mobility platform 102 to provide anticipated
conflicts to the trajectory planning application 108; for each
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candidate trajectory the trajectory planning application 108;
may intend to select. The deconfliction application 108g
may be applied to all candidate trajectories generated which
otherwise would satisfy the mission specification 904; or,
such as to save on unnecessary processing, deconfliction
application 108g may be applied only to a best-case subset
from the candidate trajectories. Further, deconfliction appli-
cation 108¢ may communicate weather patterns (which may
include access to weather conditions from third-party data-
sets), restricted fly zones (such as may occur in real time),
etc.

[0113] The trajectory planning application 108j may cause
the air mobility platform 102 to insert additional task, goals,
and/or requirements into a mission specification 904, such as
avoiding no flight zones or deconfliction with all other air
traffic; safety constraints, fuel requirements, structural
impediments, obstacles, terrain or ground hazards, availabil-
ity of contingency plans, and so on. Given a particular
mission, the mission specification 904 comprises the data
that enables an assessment of whether a candidate trajectory
10304, 10305, 1030c¢ can successfully complete the mission.

[0114] The trajectory planning application 108/ may be
employed before or during flight to optimize trajectories,
deconflict trajectories, and handle changes to restrictions.
During a flight of an aerial vehicle 103, the aerial vehicle
103 may execute a previously determined desired flight
plan. An interrupting condition may occur that may require
modification of the flight plan in order to avoid conflicts,
comply with regulation, and/or avoid hazards. For instance,
a natural disaster (e.g., wildfire, etc.) may create unexpected
weather conditions, necessitate mission critical flights from
first responder systems (e.g., emergency medical aerial
vehicles, firefighting aerial vehicles, etc.), or the like. Such
interrupts may take precedent over the mission of the aerial
vehicle 103 as a matter of public safety, policy, regulations,
or the like. As such, the trajectory planning application 108;
may cause the air mobility platform 102 to construct alter-
native flight plans that may be pushed to the user computing
device 202 (FIG. 2) or other device and/or to aerial vehicles
103.

[0115] FIG. 11 depicts a methodology for trajectory
approval and enforcement, according to embodiments pro-
vided herein. As illustrated, a method 1300 may be executed
by the air mobility platform 102 may provide user portal
services via a user portal 1150, trajectory projecting service
provided by trajectory planning application 108;, deconflic-
tion services provided by deconfliction application 108g,
and/or push-notification services 1158. A user may login at
1102 via a user interface on a user computing device 202 that
communicates with a user portal-service 950. The user
computing device 202 may submit mission specification
information 1104, such as may include user and aerial
vehicle information, and/or a data related to a mission. The
mission specification information 1104, may include, for
example, vehicle information 1104a pertaining to an aerial
vehicle 103. Vehicle information 1104¢ may include a
vehicle identifier, a make and model, a request to associate
an aerial vehicle 103 to a user’s account or to a particular
flight plan, etc. In another aspect, user information 11045
may include input received from user computing device 202,
information from user profiles, or other information related
to a user. The flight trajectory information 1104¢ may be
received via a user drawing a trajectory on an interactive
map displayed by a user interface (e.g., such as shown in



US 2022/0415187 Al

FIG. 10). It is noted, however, that the user may identify a
trajectory in various other ways such as providing text,
interaction with drop down menus, radio buttons, etc. More-
over, a user may select a previous flight trajectory from a
history associated with a user.

[0116] Information received at the user portal 1150 may a
create mission request 1106 that may be sent to the trajectory
planning application 108;. As such, the one or more mission
requests 1106 corresponded to the mission specific informa-
tion 1104 for a mission (e.g., a mission request) may
constitute a request for a given flight plan/trajectory in
satisfaction of the requested mission.

[0117] The trajectory planning application 108; may cause
the air mobility platform 102 to build a mission specification
from the create mission requests 1106 and the correspondent
mission specification information 1104 by creating a candi-
date flight plan 1110 via the trajectory planning application
108;. The trajectory planning application 108/ may cause the
air mobility platform 102 to interact with trajectory project-
ing service 1154 as well as deconfliction application 108g.
For example, trajectory panning services 1152 may cause
the air mobility platform 102 to provide a deconfliction
request 1112 with other flight plans and other requests 1114
for to other flight restrictions (e.g., weather, structures,
restricted airspace etc.). The trajectory projecting service
1154 may be provided as a third party service for trajectory
planning, such as for manned aerial vehicles. The commu-
nication with the trajectory projecting service 1154 may
allow the air mobility platform 102 via the trajectory plan-
ning application 108; to perform operations while coordi-
nating with manned aerial vehicle planning services.

[0118] As an example, the user profile with the air mobil-
ity platform 102 may include a mission request, flight
details, flight capabilities for a given aerial vehicle 103 for
which a mission request is made, etc. Moreover, the user
profile may further include data stemming from one or more
tools provided by the trajectory planning application 108,
such as 2D or 3D geometric drawing tools on which a user
may request a particular mission, mark waypoints, request
altitudes, request flight times, or the like.

[0119] FIG. 12 depicts a methodology 1200 for providing
services to determine flight trajectories, according to
embodiments provided herein. According to embodiments, a
ground control 1202, may employ one or more networks to
generate a mission plan 1204 which may identify a mission
specification, waypoint sequencing, mission criteria,
requests, etc. The ground control 1202 may transmit the
mission plan 1204 to air mobility platform 102 which may
perform trajectory planning 1210. When the air mobility
platform 102 performs trajectory planning 1210, it may
determine whether a suitable trajectory exists. A response
may be provided to ground control 1202. The ground control
1202 may identify whether a suitable trajectory exists at
1207 based on the response from the air mobility platform
102. The ground control 1202 may identify a failed request
message at 1220 and may generate a new mission plan 1204.

[0120] If the ground control 1202 identifies that the tra-
jectory does exist as indicated at 1220, the ground control
1202 may uploaded the mission plan to the aerial vehicle and
instruct the aerial vehicle to fly the mission at 1206. It is
noted that the trajectory and mission specification 904 may
be uploaded by ground control 1202 to aerial vehicle 103, a
remote computer, etc. In at least some embodiments, an
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aerial vehicle 103 may comprise an autopilot or may be
flown through ground control 1202, user computing device
202 (FIG. 2), etc.

[0121] FIG. 13 depicts a flow diagram illustrating trajec-
tory approval, according to embodiments described herein.
In embodiments, air mobility platform 102 may perform the
process 1300 via applications 108. For example, the trajec-
tory planning application 108; may cause the air mobility
platform 102 to receive a mission request and may approve
or deny the mission request.

[0122] At 1302, the process 1300 may receive a mission
request which may include a specification. The mission
specification may define a waypoint sequence, mission
criteria, user identifications, aerial vehicle information, etc.
Atblock 1304, the process 1300 may determine whether one
or more candidate flight trajectories are available. Deter-
mining whether one or more candidate flight trajectories are
available may include modeling a plurality of maneuvers
from a motions library for the unmanned aerial vehicle to
identify the one or more candidate flight trajectories to the
at least one waypoint which satisfy at least one restriction
condition and do not conflict with a flight plan for at least
one other aerial vehicle. In embodiments, the method may
generate (or attempting to generate) candidate flight trajec-
tories that satisfy the mission specification, satisfy restric-
tion conditions, and do not conflict with other aerial vehicle
flights. In embodiments, the trajectory planning application
108; may cause the air mobility platform 102 to generate
candidate flight trajectories based on the mission specifica-
tion, aerial vehicle 103 specific performance data which may
identify a motions library for the aerial vehicle, information
from third party data sources 104, or other stored informa-
tion. For instance, the trajectory planning application 108;
may cause the air mobility platform 102 to utilize the
motions library 1032 (FIG. 10) to identify available motions
based on rules, curvature movements, etc. In at least some
embodiments, the motions library 1032 may include infor-
mation received from third party data sources 104. The
motions library 1032 may include aerial vehicle specific sets
of'index maneuvers that may define an aerial vehicle model.
[0123] In another aspect, the trajectory planning applica-
tion 108; may cause the air mobility platform 102 to
generate candidate flight trajectories based at least in part on
restrictions identified by third party data sources 104 or
other stored information. As an example, restrictions may
include restrictions based on weather forecasting, no-flight
zones or restricted airspace, interfering structures, power-
line maps, bodies of water, stadium events, national security,
etc.

[0124] According to some embodiments, the trajectory
planning application 108; may cause the air mobility plat-
form 102 to generate candidate flight trajectories based on
modeling combinations of maneuvers to determine whether
or not candidate flight trajectories exist. Modeling may
include utilizing kinematic modeling based on the mission
specification information. Modeling utilizing kinematic
modeling may include simulating a trajectory based on an
aerial vehicle’s desired ground track, the effects of wind,
weather, and altitude on performance in view of mission
requirements, the resulting air speed, ground speed, and/or
energy consumption in view of particular aspects of the
mission specification, etc. In some embodiments, the kine-
matic modeling may vary depending upon aerial vehicle
information. Aerial vehicle information may include infor-
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mation identifying one or more of a power type (e.g., electric
or gas powered), a weight of the battery or liquid fuel
(dependent upon aerial vehicle type), propeller/wing and
motor dynamics (e.g., fixed wing aerial vehicles, quad rotor
aerial vehicles, number of rotors, number of wings, airframe
masts, balance capabilities, etc.), an aerial vehicle payload,
available maneuvers modified in light of the payload, vari-
ances in velocity for a given payload, aerial vehicle range,
speed information (e.g., acceleration, maximum speed,
thrust, etc.), available hover time, optimum and modified
turning radii, etc.

[0125] In another aspect, the trajectory planning applica-
tion 108/ may cause the air mobility platform 102 to
generate candidate flight trajectories based at least in part on
mission specifications or criteria and information pertaining
to the external environment, e.g., terrain, deconfliction,
weather, etc. For instance, trajectory planning application
108/ may cause the air mobility platform 102 to generate
candidate flight trajectories based at least in part on requisite
stopping distance and climb rate for a given aerial vehicle,
limits on forward speed due to collision avoidance system
performance capabilities, terrain, flight paths of other aerial
vehicles, etc. The air mobility platform 102 may receive
weather forecasting from third party data sources 104 or
may perform weather forecasting. Weather forecasting may
include current weather forecast data, predictive modeling,
predictive convective, weather algorithms, squall lines, and
other weather-related safety predictive capabilities.

[0126] It is understood that if the air mobility platform 102
identifies that no trajectories exist to fulfill a mission request,
the method 1300 may proceed to block 1320 and may reject
the mission request. In such examples, the air mobility
platform 102 may identify a failed the mission request due
to conflicts with other aerial vehicles, violate of rules, or the
like. In some examples, the method 1300 may generate
messages indicating the mission is rejected to user comput-
ing device 111, regulatory bodies, etc. The message may
include a reason for the rejection, suggestions for modifi-
cations to a mission request, or the like.

[0127] At block 1306, the process 1300 may identify one
or more desired flight trajectories from candidate flight
trajectories. A desired flight trajectory may be identified
through modeling as described with reference to block 1304.
In embodiments, a desired flight trajectory may be identified
based on user preferences, performance metrics, or the like.
Such user preferences or performance metrics may be iden-
tified by a mission specification and may include preferred
altitudes, fuel consumption data, flight time, time between
one or more waypoints, time at a particular waypoint, etc. It
is understood that the air mobility platform 102 may identify
one or more desired flight trajectories, a set of ranked flight
trajectories, etc. In an example, the air mobility platform 102
may identify a set of flight trajectories that may each achieve
a desired performance metric. The air mobility platform 102
may receive user input as a selection to identify a selected
flight trajectory from the one or more desired flight trajec-
tories.

[0128] At block 1308, the process 1300 may validate the
one or more desired flight trajectory. For example, the air
mobility platform 102 may preform deconfliction, simula-
tions, or the like to verify that the desired flight trajectory is
feasible. It is understood that validation may comprise a
redundancy check. In some embodiments, the air mobility
platform 102 may perform validation before or during a
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flight. The air mobility platform 102 may perform validation
to verify a flight trajectory based on restrictions or other
environmental information (e.g., weather forecasting, no-
flight zones, interfering structures, power-line maps, bodies
of water, etc.). It is understood that the air mobility platform
102 may determine that one or more desired flight trajecto-
ries are invalid and may proceed to 1320 to reject the
mission request.

[0129] At block 1310, the process 1300 may issue a
mission approval. In embodiments, the air mobility platform
102 may generate messages indicating the mission is
approved to user computing device 111, regulatory bodies,
etc. The mission approval may identify a selected flight
trajectory, speeds, temporal information, and the like.
[0130] FIG. 14 depicts a user interface 800 on a remote
computing device displaying alternate flight trajectories,
according to embodiments provided herein. As illustrated,
the user interface 800 renders a controlled airspace 1402
(which may identify a no-fly zone) and terrain 1404 for
generation of a trajectory 1410 between the mission way-
points A, B, and/or C. The waypoints A, B, and/or C may be
specified as required, optional, preferred, or the like. For
instance, required waypoints must be satisfied in any tra-
jectory such that failure to do so results in a failed missions.
non-required waypoints may be provided for a flight plan
with the non-required waypoints are optional or preferred,
but not required to fulfill the flight plan. In some embodi-
ments, the waypoints may be require absolute sequence or
optional sequence. Specifically, certain flight plans may
require waypoints in a specified order where failure to meet
the order results in failure. In other flight plans, a certain
sequence or sub-sequence may be preferred but failure to
meet the preferred order will not result in failure.

[0131] Inembodiments, the air mobility platform 102 may
apply rulesets and co-resident or outside data related to
restrictions. For example, the air mobility platform 102 may
generate the trajectory 1410 to avoid controlled airspace
1402 and/or terrain 1404. Additionally, the rulesets may
deconflict the flight between waypoints A, then B, then C,
with the flight plans of other aerial vehicle, as discussed
above. The resultant simulated and approved flight plan is
illustrated in FIG. 14.

[0132] FIG. 15 depicts a motions library 832, according to
embodiments provided herein. As illustrated, the motions
library 832 may include a plurality of indexed maneuvers
1532a, 15325, 1532¢, 1532d, 1532¢ such as may be delin-
eated by aerial vehicle type 1533a, 15335, 1533, etc. The
indexed maneuver 1532q, 15325, 1532¢, 15324 1532e
available may vary based upon external data indication
restrictions, such as weather conditions, and as such the
motions library 832 may include direct or indirect connec-
tivity to external data sources, such as using the multi-level
communications bus discussed throughout. Further corre-
sponding to these indexed maneuvers 1532q, 15325, 1532,
15324, 1532¢ may be control signals 1302, which effectuate
such maneuvers for each particular aerial vehicle.

[0133] The motions library 832 may include maneuver
feasibility criteria in light of restriction criteria, such as
when certain maneuvers are only available in certain
weather conditions, at certain altitudes, at certain times of
day, or the like, for certain aerial vehicles 103. More
particularly, maneuvers 1532a, 15325, 1532¢, 15324, 1532¢
may include sets of lines, parametric curves, angular
motions, etc., and the availability of such maneuvers 1532a,
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15325, 1532¢, 1532d, 1532¢ may vary with operation con-
ditions, such as may be indicated from external data sources
(e.g., third party data sources 104). In some embodiments
one or more of the maneuvers 1532aq, 153254, 1532¢, 15324,
1532 may be the result of mathematical formulae indicative
of certain capabilities of the aerial vehicle 103. In some
embodiments one or more of the maneuvers 15324, 15325,
1532¢, 1532d, 1532¢ may be associated with particular
behaviors of the aerial vehicle 103, such as takeoff, hover-
ing, landing, emergency landing, climbing and descending,
and/or leveling.

[0134] FIGS. 16A-16C depict respective user interfaces
16004, 16005, 1600c¢ illustrating modifications to maneu-
vers and maneuver characteristics for an aerial vehicle 103,
according to embodiments provided herein. In an example,
a mission plan may include travel to waypoint 1602, travel
to waypoint 1064, and travel away from waypoint 1604. The
trajectory planning application 108 may generate a first
flight trajectory 1642, which may include a plurality of fight
maneuvers selected from the motions library 832. The flight
maneuvers may include a first descending maneuver 1610,
a first turning radius maneuver 1612, a second descending
maneuver 1614, a second turning radius maneuver 1616, and
a third descending maneuver 1618. The first descending
maneuver 1610, second descending maneuver 1614, and
third descending maneuver 1618 may each define a decent
rate over a distance. As illustrated, from an aerial view, the
first descending maneuver 1610, second descending maneu-
ver 1614, and third descending maneuver 1618 may be
generally straight lines of travel. In embodiments, the
motions library 832 may include an indexed maneuvers that
correspond to one or more of first descending maneuver
1610, second descending maneuver 1614, and third descend-
ing maneuver 1618.

[0135] The first turning radius maneuver 1612 may define
a turning radius that directs the aerial vehicle 103 to turn a
specified angle between the first descending maneuver 1610
and the second descending maneuver 1614. Similarly, the
second turning radius maneuver 1616 may define a turning
radius that directs the aerial vehicle 103 to turn a specified
angle between the second descending maneuver 1614 and
the third descending maneuver 1618. In some embodiments,
the motions library 832 may include an indexed maneuvers
that correspond to one or more of first turning radius
maneuver 1612 and second turning radius maneuver 1616.

[0136] Before or during flight of the aerial vehicle 103,
trajectory planning application 108 may analyze aerial
vehicle 103 performance, travel of other aerial vehicles,
weather, alters, or other information from third party data
sources 104 and may modify the first flight trajectory 1642
to the second flight trajectory 1644. For instance, the tra-
jectory planning application 108/ may cause the air mobility
platform 102 to determine that certain weather conditions or
aerial vehicle 103 information may prohibit completion of
the first flight trajectory 1642. As an example, the trajectory
planning application 108; may cause the air mobility plat-
form 102 to determine that the aerial vehicle 103 cannot
execute the first turning radius maneuver 1612 and/or the
second turning radius maneuver 1616. As such, the trajec-
tory planning application 108; may cause the air mobility
platform 102 to generate the second flight trajectory 1644,
which may include a plurality of fight maneuvers selected
from the motions library 832 that may form the second flight
trajectory 1644. The second flight trajectory 1644 may

Dec. 29, 2022

include a first descending maneuver 1620, a first turning
radius maneuver 1622, a second descending maneuver 1624,
a second turning radius maneuver 1626, and a third descend-
ing maneuver 1628. The first descending maneuver 1620,
second descending maneuver 1624, and third descending
maneuver 1628 may each define a decent rate over a
distance. As illustrate, from an aerial view, the first descend-
ing maneuver 1620, second descending maneuver 1624, and
third descending maneuver 1628 may be generally straight
lines of travel. In embodiments, the motions library 832 may
include an indexed maneuvers that correspond to one or
more of first descending maneuver 1620, second descending
maneuver 1624, and third descending maneuver 1628.

[0137] The first turning radius maneuver 1622 may define
a turning radius that directs the aerial vehicle 103 to perform
travel along a specified curvature between the first descend-
ing maneuver 1620 and the second descending maneuver
1624. Similarly, the second turning radius maneuver 1626
may define a turning radius that directs the aerial vehicle 103
to turn a specified curvature between the second descending
maneuver 1624 and the third descending maneuver 1628. In
some embodiments, the motions library 832 may include an
indexed maneuvers that correspond to one or more of first
turning radius maneuver 1622 and second turning radius
maneuver 1626.

[0138] In embodiments, before or during flight of the
aerial vehicle 103 aerial vehicle 103 may modify the second
flight trajectory 1644 to third flight trajectory 1646, which
may be defined by a first descending maneuver 1630, a first
turning radius maneuver 1632, a second descending maneu-
ver 1634, a second turning radius maneuver 1636, and a
third descending maneuver 1638. In an example, the first
turning radius maneuver 1632 and the second turning radius
maneuver 1636 may represent more complex splines, poly-
nomials or Bezier curves, or other motions. Similarly, third
descending maneuver 1638 may comprise a more complex
motion than the third descending maneuver 1618 or third
descending maneuver 1628.

[0139] Accordingly, the air mobility platform 102 may
simulate maneuvers based on aerial vehicle capabilities,
real-world conditions, and/or other criteria. Moreover, the
air mobility platform 102 may consider contingencies, such
as increasingly desired trajectories over uninhabited areas
for aerial vehicles that experience higher than average in-air
failure rates. Further, the trajectory planning application
108 may cause the air mobility platform 102 to plan
contingency routes, such as in the event of unanticipated
impediments to execution of the approved flight plan once
the aerial vehicle is in air.

[0140] By way of example, the trajectory planning appli-
cation 108/ may cause the air mobility platform 102 to
perform trajectory planning utilizing maneuvers from the
motions library 832 for a given aerial vehicle. In some
embodiments, direct methods may be employed, such as
utilizing movement primitives available for the aerial
vehicle that are formulated to the mission specification as a
numerical optimization. In some embodiments, a latticed-
based approach may be performed within the full zone of
operation, such as a lattice-system applied to encompass
waypoints in a mission request. That is, in such a case a
lattice, or grid, may be overlaid on the flight area, where a
regular pattern of maneuvers of which the aerial vehicle is
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capable under the current or projected conditions may be
laid out to operate within the acceptable boxes within the
lattice.

[0141] FIG. 17 depicts a remote computing device 1704
that may be utilized for providing an aerial vehicle approval
platform, according to embodiments provided herein. As
illustrated, the remote computing device 1704 may be con-
figured to provide the air mobility platform 102 and thus
includes a processor 1730, input/output hardware 1732,
network interface hardware 1734, a data storage component
1736, which stores application data 17384, compliance data
17385, and/or other data, and the memory component 1740.
The application data 17384 may include airspace data, an
approved waiver kit, registered aerial vehicle data, and
approved aerial vehicle’s data as described with reference to
FIG. 2 and/or other data. The compliance data 17385 may
include similar data that may be utilized to monitor com-
pliance of the aerial vehicle 103, when in use. The memory
component 1740 may be configured as volatile and/or non-
volatile memory and as such, may include random access
memory (including SRAM, DRAM, and/or other types of
RAM), flash memory, secure digital (SD) memory, registers,
compact discs (CD), digital versatile discs (DVD), and/or
other types of non-transitory computer-readable mediums.
Depending on the particular embodiment, these non-transi-
tory computer-readable mediums may reside within the
remote computing device 1704 and/or external to the remote
computing device 1704.

[0142] The memory component 1740 may store operating
system logic 1742 and air mobility platform logic 1744,
which may include the applications 108 (FIG. 1). As illus-
trated, the air mobility platform logic 1744 may include a
plurality of different pieces of logic, each of which may be
embodied as a computer program or module, firmware,
and/or hardware, as an example. A local interface 1746 is
also included in FIG. 17 and may be implemented as a bus
or other communication interface to facilitate communica-
tion among the components of the remote computing device
1704.

[0143] The processor 1730 may include any processing
component operable to receive and execute instructions
(such as from a data storage component 1736 and/or the
memory component 1740). As described above, the input/
output hardware 1732 may include and/or be configured to
interface with the components of FIG. 17.

[0144] The network interface hardware 1734 may include
and/or be configured for communicating with any wired or
wireless networking hardware, including an antenna, a
modem, a LAN port, wireless fidelity (Wi-Fi) card, WIMAX
card, mobile communications hardware, and/or other hard-
ware for communicating with other networks and/or
devices. From this connection, communication may be
facilitated between the remote computing device 1704 and
other computing devices, such as those depicted herein.
[0145] The operating system logic 1742 may include an
operating system and/or other software for managing com-
ponents of the remote computing device 1704. As discussed
above, the air mobility platform logic 1744 may reside in the
memory component 1740 and may be configured to cause
the processor 1730 to provide a platform for a user and/or
administrator to submit an approval application, as
described above. Similarly, the air mobility platform logic
1744 may be utilized to monitor operation of the aerial
vehicle 103 to ensure compliance with the regulations for
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which the user and/or the aerial vehicle 103 were approved,
and/or provide other similar functionality.

[0146] It should be understood that while the components
in FIG. 17 are illustrated as residing within the remote
computing device 1704, this is merely an example. In some
embodiments, one or more of the components may reside
external to the remote computing device 1704. It should also
be understood that, while the remote computing device 1704
is illustrated as a single device, this is also merely an
example. In some embodiments, the applications 108 may
reside on different computing devices. As another example,
one or more of the functionalities and/or components
described herein may be provided by a remote computing
device 1704 and/or other computing devices described
herein. These devices may also include hardware and/or
software for performing the functionality described herein.
[0147] Additionally, while the embodiments described
herein are described with the applications 108 each as
separate logical components, this is also an example. In
some embodiments, a single piece of logic (or multiple
pieces of logic) may cause the desired computing device to
provide the described functionality.

[0148] In at least one example, the air mobility platform
logic 1744 may allow for building of flight plans/mission
requests by operators. A deconfliction node/application may
insure proposed flight plans and trajectories do not conflict
with terrain, other airspaces, other aerial vehicle, other flight
plans, assets, structures, etc. A messaging node/application,
may serve one or more environments of the air mobility
platform to exchange messages. A conformance monitoring
node/application, may be included and may check for telem-
etry conformance with a flight plan contract, and which may
alert other systems and operators in the event of noncon-
formance. A suggestion/simulation node/application may be
included, which may suggest alternative flight plans for
those rejected by deconfliction. A USS gateway node/appli-
cation may be included, which may serve as a search and
discovery gateway. A push messaging node/application may
be included, which may be enabled to send push notifica-
tions to particular applications. A constraint management
node/application may be included, which may manage
implications of modifications to current flight rules and
restrictions. A controlled airspace node/application may be
included, which may serve one or more environments of the
air mobility platform to communicate regarding controlled
airspaces. A partner services node/application may be pro-
vided, which may ingest third-party data, such as regarding
weather, airspace, flight restrictions, flight rules, and so on,
from trusted third party sources. One or more nodes/appli-
cations may be utilized as part of the air mobility platform.
[0149] For instance, user computing device 111 may inter-
act with air mobility platform logic 1744 to receive infor-
mation to form a mission specification and mission request
for a particular aerial vehicle for a particular flight. The air
mobility platform logic 1744 may include or identify takeoft
and landing sites, particular specifications of the aerial
vehicle, as well as mission objectives. Also represented may
be available trajectories, such as maneuver sequences/librar-
ies, geographical waypoints, autopilot data needs, commu-
nication methodologies available for a particular aerial
vehicle, and so on.

[0150] In some embodiments, the user may provide input
to a user interface, such as a user main menu interface 514a
or other user interface 514. The multi-level bus 330 of the air



US 2022/0415187 Al

mobility platform logic 1744 may process the input as
described herein. The user may provide a mission specifi-
cation identifying information specific to a planned or
predicted planned flight of an aerial vehicle. The air mobility
platform 102 may analyze the mission specification and may
approve, modify, reject (e.g., fail), or otherwise process the
mission specification. For example, the air mobility platform
logic 1744 may cause the remote computing device 1704 to
generate suggested solution trajectories for completion of a
mission identified by the mission specification. Modifica-
tions may be presented for user approval or acceptance. In
some embodiments, the remote computing device 1704 may
provide an approved trajectory plan.

[0151] If the air mobility platform logic 1744 issues an
approved trajectory plan, the user may accept the plan or
modify the plan through the user interface 514. In another
aspect, the air mobility platform logic 1744 may upload or
provide the approved trajectory (e.g., flight plan) to neces-
sary traffic management systems, such as unmanned air
traffic management systems, ground control systems, and the
like, such as using aspects of user interface 514. The air
mobility platform logic 1744 may provide or upload the
approved trajectory plan through direct communication or
via a user device in communication with the aerial vehicle
103. In some embodiments, the communication may be
provided over a network accessible via at least one level of
the multi-level bus 330, and the aerial vehicle 103 may then
perform flight maneuvers in accordance with the uploaded
trajectory plan.

[0152] In the foregoing disclosure, it can be secen that
various features are grouped together in a single embodi-
ment for the purpose of clarity and brevity of the disclosure.
This method of disclosure is not to be interpreted as reflect-
ing an intention that the embodiments require more features
than are expressly recited herein. Rather, the disclosure is to
encompass all variations and modifications to the disclosed
embodiments that would be understood to the skilled artisan
in light of the disclosure.

[0153] Further aspects of the invention are provided by the
subject matter of the following clauses:

[0154] A method for providing unmanned aerial vehicle
trajectory planning comprising: receiving, by a computing
device, a mission specification for fulfillment by an
unmanned aerial vehicle, the mission specification identify-
ing at least one waypoint, at least one optimization criterion,
and information identifying the unmanned aerial vehicle,
determining, by the computing device, whether one or more
candidate flight trajectories are available, wherein determin-
ing whether or more candidate flight trajectories are avail-
able comprises modeling a plurality of maneuvers from a
motions library that defines available maneuvers for the
unmanned aerial vehicle to identify the one or more candi-
date flight trajectories to the at least one waypoint which
satisfy at least one restriction condition and do not conflict
with a flight plan for another aerial vehicle; in response to
determining that one or more candidate flight trajectories are
available, identifying, by the computing device, one or more
desired flight trajectories from the one or more candidate
flight trajectories that are determined to be available based
on the at least one optimization criterion identified by the
mission specification; and issuing, by the computing device,
a mission approval that includes a selected flight trajectory
of the one of the one or more desired flight trajectories as
output to a receiving party.
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[0155] A method of any of the preceding clauses, further
comprising, providing, by the computing device and in
response to determining that the one or more candidate flight
trajectories are not available, a rejected mission request
response to the receiving party.

[0156] A method of any of the preceding clauses, wherein
the receiving party comprises at least one of a regulatory
authority or a user computing device associated with the
unmanned aerial vehicle.

[0157] A method of any of the preceding clauses, wherein
the maneuvers comprise at least one of rectilinear motion,
curved motion, takeoff maneuver, landing maneuver, spline
curve, polynomial curve, or Bezier curve.

[0158] A method of any of the preceding clauses, further
comprising developing the maneuvers as a function of
historical trends in performance data corresponding to the
unmanned aerial vehicle.

[0159] A method of any of the preceding clauses, further
comprising determining that the one or more candidate flight
trajectories satisfies the at least one restriction condition in
response to identifying that the at least one restriction
condition does not violate restricted airspace rules defining
restrictions on flights within a geographical area.

[0160] A method of any of the preceding clauses, wherein
the at least one optimization criterion identified by the
mission specification comprises at least one of a quickest
flight time, shortest path, lowest cost, lowest fuel, or energy
use.

[0161] A method of any of the preceding clauses, wherein
the mission specification identifies whether the at least one
waypoint is required or not required.

[0162] A method of any of the preceding clauses, wherein
the mission specification identifies constraints associated
with the at least one waypoint.

[0163] A method of any of the preceding clauses, wherein
the constraints comprise at least one of a time of arrival at
the at least one waypoint, vehicle orientation at the at least
one waypoint, or speed at the at least one waypoint.
[0164] A system for providing a trajectory planning appli-
cation comprising: a remote computing device that includes
a processor and a memory component that stores logic that,
when executed by the processor, causes the system to
perform at least the following: receive a mission specifica-
tion for fulfillment by an unmanned aerial vehicle, the
mission specification identifying at least one waypoint, at
least one optimization criteria, and information identifying
the unmanned aerial vehicle, determine whether one or more
candidate flight trajectories are available, wherein determin-
ing that or more candidate flight trajectories are available
comprises modeling a plurality of maneuvers from a
motions library that defines available maneuvers for the
unmanned aerial vehicle to identify the one or more candi-
date flight trajectories to the at least one waypoint which
satisfy at least one restriction condition and do not conflict
with a flight plan for at least one other aerial vehicle; in
response to determining that one or more candidate flight
trajectories are available, identify one or more desired flight
trajectories from the one or more candidate flight trajectories
that are determined to be available based on the at least one
optimization criteria identified by the mission specification;
and issue a mission approval that includes a selected flight
trajectory of the one of the one or more desired flight
trajectories as output to a receiving party.
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[0165] A system of any of the preceding clauses, wherein
the logic further causes the system to model the plurality of
maneuvers under predicted weather conditions.

[0166] A system of any of the preceding clauses, wherein
the logic further causes the system to in response to deter-
mining that the one or more candidate flight trajectories are
not available, provide a rejected mission request response
identifying a suggestion for modification of the mission
specification to the receiving part.

[0167] A system of any of the preceding clauses, wherein
issuing the mission approval further comprises identifying
one or more of the at least one optimization criteria that is
not satisfied by the selected flight trajectory.

[0168] A system of any of the preceding clauses, wherein
the logic further causes the system to identify the one or
more desired flight trajectories as the select flight trajectory
in response to receiving a selection of the select flight
trajectory from the receiving party.

[0169] A system of any of the preceding clauses, wherein
the logic further causes the system to in response to receiv-
ing the selection of the select flight trajectory, validate that
the selecting flight trajectory does not conflict with the flight
plan for the at least one other aerial vehicle.

[0170] A non-transitory computer-readable medium that
stores logic that, when executed by a computing device,
causes the computing device to perform at least the follow-
ing: receive a mission specification for fulfillment by an
unmanned aerial vehicle, the mission specification identify-
ing at least one waypoint, at least one optimization criteria,
and information identifying the unmanned aerial vehicle,
determine whether one or more candidate flight trajectories
are available, wherein determining that or more candidate
flight trajectories are available comprises modeling a plu-
rality of maneuvers from a motions library that defines
available maneuvers for the unmanned aerial vehicle to
identify the one or more candidate flight trajectories to the
at least one waypoint which satisfy at least one restriction
condition and do not conflict with a flight plan for at least
one other aerial vehicle; in response to determining that one
or more candidate flight trajectories are available, identify
one or more desired flight trajectories from the one or more
candidate flight trajectories that are determined to be avail-
able based on the at least one optimization criteria identified
by the mission specification; and issue a mission approval
that includes a selected flight trajectory of the one of the one
or more desired flight trajectories as output to a receiving
party.

[0171] The -transitory computer-readable medium of any
of'the preceding clauses, wherein the logic further causes the
computing device to modify, during fulfillment of the
selected flight trajectory by the unmanned aerial vehicle, the
selected flight trajectory of the unmanned aerial vehicle in
response to identifying an emergency flight trajectory asso-
ciated with the at least one other aerial vehicle.

[0172] The -transitory computer-readable medium of any
of'the preceding clauses, wherein the logic further causes the
computing device to modify, during fulfillment of the
selected flight trajectory by the unmanned aerial vehicle, the
selected flight trajectory of the unmanned aerial vehicle in
response to modeling the selected flight trajectory with an
updated weather forecast. The -transitory computer-readable
medium of any of the preceding clauses, wherein the logic
further causes the computing device to modify, during
fulfillment of the selected flight trajectory by the unmanned
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aerial vehicle, the selected flight trajectory of the unmanned
aerial vehicle in response to determining that fuel consump-
tion associated with the unmanned aerial vehicle exceeds a
threshold fuel consumption.

1. A method for providing unmanned aerial vehicle tra-
jectory planning comprising:

receiving, by a computing device, a mission specification

for fulfillment by an unmanned aerial vehicle, the
mission specification identifying at least one waypoint,
at least one optimization criterion, and information
identifying the unmanned aerial vehicle,

determining, by the computing device, whether one or

more candidate flight trajectories are available, wherein
determining whether or more candidate flight trajecto-
ries are available comprises modeling a plurality of
maneuvers from a motions library that defines available
maneuvers for the unmanned aerial vehicle to identify
the one or more candidate flight trajectories to the at
least one waypoint which satisfy at least one restriction
condition and do not conflict with a flight plan for
another aerial vehicle;

in response to determining that one or more candidate

flight trajectories are available,

identifying, by the computing device, one or more
desired flight trajectories from the one or more
candidate flight trajectories that are determined to be
available based on the at least one optimization
criterion identified by the mission specification; and

issuing, by the computing device, a mission approval
that includes a selected flight trajectory of the one of
the one or more desired flight trajectories as output
to a receiving party.

2. The method of claim 1, further comprising, providing,
by the computing device and in response to determining that
the one or more candidate flight trajectories are not avail-
able, a rejected mission request response to the receiving
party.

3. The method of claim 1, wherein the receiving party
comprises at least one of a regulatory authority or a user
computing device associated with the unmanned aerial
vehicle.

4. The method of claim 1, wherein the maneuvers com-
prise at least one of rectilinear motion, curved motion,
takeoft maneuver, landing maneuver, spline curve, polyno-
mial curve, or Bezier curve.

5. The method of claim 2, further comprising developing
the maneuvers as a function of historical trends in perfor-
mance data corresponding to the unmanned aerial vehicle.

6. The method of claim 1, further comprising determining
that the one or more candidate flight trajectories satisfies the
at least one restriction condition in response to identifying
that the at least one restriction condition does not violate
restricted airspace rules defining restrictions on flights
within a geographical area.

7. The method of claim 1, wherein the at least one
optimization criterion identified by the mission specification
comprises at least one of a quickest flight time, shortest path,
lowest cost, lowest fuel, or energy use.

8. The method of claim 1, wherein the mission specifi-
cation identifies whether the at least one waypoint is
required or not required.

9. The method of claim 1, wherein the mission specifi-
cation identifies constraints associated with the at least one
waypoint.
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10. The method of claim 9, wherein the constraints
comprise at least one of a time of arrival at the at least one
waypoint, vehicle orientation at the at least one waypoint, or
speed at the at least one waypoint.

11. A system for providing a trajectory planning applica-
tion comprising:

a remote computing device that includes a processor and

a memory component that stores logic that, when
executed by the processor, causes the system to per-
form at least the following:
receive a mission specification for fulfillment by an
unmanned aerial vehicle, the mission specification
identifying at least one waypoint, at least one opti-
mization criteria, and information identifying the
unmanned aerial vehicle,
determine whether one or more candidate flight trajec-
tories are available, wherein determining that or
more candidate flight trajectories are available com-
prises modeling a plurality of maneuvers from a
motions library that defines available maneuvers for
the unmanned aerial vehicle to identify the one or
more candidate flight trajectories to the at least one
waypoint which satisfy at least one restriction con-
dition and do not conflict with a flight plan for at
least one other aerial vehicle;
in response to determining that one or more candidate
flight trajectories are available,
identify one or more desired flight trajectories from
the one or more candidate flight trajectories that
are determined to be available based on the at least
one optimization criteria identified by the mission
specification; and
issue a mission approval that includes a selected
flight trajectory of the one of the one or more
desired flight trajectories as output to a receiving
party.

12. The system of claim 11, wherein the logic further
causes the system to model the plurality of maneuvers under
predicted weather conditions.

13. The system of claim 11, wherein the logic further
causes the system to in response to determining that the one
or more candidate flight trajectories are not available, pro-
vide a rejected mission request response identifying a sug-
gestion for modification of the mission specification to the
receiving part.

14. The system of claim 11, wherein issuing the mission
approval further comprises identifying one or more of the at
least one optimization criteria that is not satisfied by the
selected flight trajectory.

15. The system of claim 11, wherein the logic further
causes the system to identify the one or more desired flight
trajectories as the select flight trajectory in response to
receiving a selection of the select flight trajectory from the
receiving party.

16. The system of claim 15, wherein the logic further
causes the system to in response to receiving the selection of
the select flight trajectory, validate that the selecting flight
trajectory does not conflict with the flight plan for the at least
one other aerial vehicle.
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17. A non-transitory computer-readable medium that
stores logic that, when executed by a computing device,
causes the computing device to perform at least the follow-
ing:

receive a mission specification for fulfillment by an

unmanned aerial vehicle, the mission specification
identifying at least one waypoint, at least one optimi-
zation criteria, and information identifying the
unmanned aerial vehicle,

determine whether one or more candidate flight trajecto-

ries are available, wherein determining that or more
candidate flight trajectories are available comprises
modeling a plurality of maneuvers from a motions
library that defines available maneuvers for the
unmanned aerial vehicle to identify the one or more
candidate flight trajectories to the at least one waypoint
which satisfy at least one restriction condition and do
not conflict with a flight plan for at least one other aerial
vehicle;

in response to determining that one or more candidate

flight trajectories are available,

identify one or more desired flight trajectories from
the one or more candidate flight trajectories that
are determined to be available based on the at least
one optimization criteria identified by the mission
specification; and
issue a mission approval that includes a selected
flight trajectory of the one of the one or more
desired flight trajectories as output to a receiving
party.
18. The non-transitory computer-readable medium of
claim 17, wherein the logic further causes the computing
device to

modify, during fulfillment of the selected flight trajectory
by the unmanned aerial vehicle, the selected flight
trajectory of the unmanned aerial vehicle in response to
identifying an emergency flight trajectory associated
with the at least one other aerial vehicle.

19. The non-transitory computer-readable medium of
claim 17, wherein the logic further causes the computing
device to

modify, during fulfillment of the selected flight trajectory
by the unmanned aerial vehicle, the selected flight
trajectory of the unmanned aerial vehicle in response to
modeling the selected flight trajectory with an updated
weather forecast.

20. The non-transitory computer-readable medium of
claim 17, wherein the logic further causes the computing
device to

modify, during fulfillment of the selected flight trajectory
by the unmanned aerial vehicle, the selected flight
trajectory of the unmanned aerial vehicle in response to
determining that fuel consumption associated with the
unmanned aerial vehicle exceeds a threshold fuel con-
sumption.



