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(54)
OPERATOR DISPLAYS

(57) Disclosed are methods, systems, and non-tran-
sitory computer-readable media for transmitting obstacle
information to one or more operator displays associated
with an aircraft. For instance, the method may include
obtaining aircraft flight information including a current po-
sition and altitude; retrieving obstacle information for a
flightarea; scanning the flight area with environment sen-
sors to identify observed obstacles and generate ob-
served obstacle information. The method may further in-
clude aggregating the obstacle information with the ob-

SYSTEMS AND METHODS FOR PROVIDING OBSTACLE INFORMATION TO AIRCRAFT

served obstacle information of the observed obstacles
identified by the environment sensors to generate aggre-
gated obstacle information identifying obstacles in the
flight area; determining obstacle characteristics of the
obstacles located in the flight area; assigning visual char-
acteristics to each of the obstacles based at least in part
on the determined obstacle characteristics; determining
a subset of the obstacles relevant to the aircraft; and
transmitting information on the relevant subset of obsta-
cles to a display of the aircraft.

10

ARCRAFT g

10 16 114
) \4 oPs ] DISPLAYI Pr
N 1151 ENVIRONMENT . -~
+ SENSORS PROCESSOR
2 ¥ 113
“\RercELULAR
'{TRA?\SCE\\IER l MEMORY I’
10
S - DATABASE
GROUND STATION ~
13
| s

133
=

120

FIG. 1

NETWORK
CONNECTION

Processed by Luminess, 75001 PARIS (FR)



1 EP 4 141 841 A1 2

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority un-
der 35 U.S.C. § 119 from Indian Patent Application No.
202111034896, filed on August 3, 2021, the contents of
which are incorporated by reference in their entirety.

TECHNICAL FIELD

[0002] Various embodiments of the present disclosure
relate generally to the field of navigation for urban air
mobility vehicles and, more particularly, to systems and
methods for providing obstacle information to aircraft op-
erator displays.

BACKGROUND

[0003] Urban air mobility (UAM) vehicles are often
used to navigate at low altitudes in regions with features
such as tall buildings and structures, including some
buildings on which the UAM vehicle may land. While nav-
igating such airspaces at lower altitudes, traditional ob-
stacle notification systems may not provide the vehicle
operator with relevant and accurate information regard-
ing obstacles in the airspace. Databases exist that in-
clude some obstacle data, but there may be multiple data
sources with a mix of verified and unverified obstacle
information as well as obstacles of varying accuracy.

[0004] The present disclosure is directed to overcom-
ing one or more of these above-referenced challenges.

SUMMARY OF THE DISCLOSURE

[0005] According to certain aspects of the disclosure,
systems and methods are disclosed for providing obsta-
cle information to aircraft operator displays.

[0006] Forinstance, a method fortransmitting obstacle
information to one or more operator displays associated
with aircraft may include obtaining aircraft flight informa-
tion including a current position and a current altitude of
the aircraft; retrieving, from a database, obstacle infor-
mation for a flight area, the flight area including the cur-
rent position of the aircraft; scanning the flight area with
one or more environment sensors to identify one or more
observed obstacles and generate observed obstacle in-
formation. The method may further include aggregating
the obstacle information retrieved from the database with
the observed obstacle information of the one or more
observed obstacles identified by the one or more envi-
ronment sensors to generate aggregated obstacle infor-
mation identifying one or more obstacles in the flight area;
determining one or more obstacle characteristics of one
or more obstacles located in the flight area; assigning
one or more visual characteristics to each of the one or
more obstacles located in the flight area based at least
in part on the one or more determined obstacle charac-
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teristics; determining, based on the current position and
the current altitude of the aircraft, a subset of the one or
more obstacles that are relevant to the aircraft; and trans-
mitting information on the determined relevant subset of
the obstacles to a display of the aircraft for display to the
one or more operators of the aircraft.

[0007] Moreover, a system according to the present
disclosure may include a display including one or more
screens, a memory storing instructions, and a processor
executing the instructions to perform a process for trans-
mitting obstacle information to one or more operator dis-
plays associated with aircraft. The process may include
obtaining aircraft flight information including a current po-
sition and a current altitude of the aircraft; retrieving, from
a database, obstacle information for a flight area, the
flight area including the current position of the aircraft;
scanning the flight area with one or more environment
sensors to identify one or more observed obstacles and
generate observed obstacle information. The process
may further include aggregating the obstacle information
retrieved from the database with the observed obstacle
information of the one or more observed obstacles iden-
tified by the one ormore environmentsensors to generate
aggregated obstacle information identifying one or more
obstacles in the flight area; determining one or more ob-
stacle characteristics of one or more obstacles located
in the flight area; assigning one or more visual charac-
teristics to each of the one or more obstacles located in
the flight area based at least in part on the one or more
determined obstacle characteristics; determining, based
on the current position and the current altitude of the air-
craft, a subset of the one or more obstacles that are rel-
evant to the aircraft; and transmitting information on the
determined relevant subset of the obstacles to a display
of the aircraft for display to the one or more operators of
the aircraft.

[0008] Moreover, according to the present disclosure,
a non-transitory computer-readable medium may store
instructions that, when executed by a processor, cause
the processor to perform a method for transmitting ob-
stacle information to one or more operator displays as-
sociated with aircraft. The method performed may in-
clude obtaining aircraft flight information including a cur-
rent position and a current altitude of the aircraft; retriev-
ing, from a database, obstacle information for a flight ar-
ea, the flight area including the current position of the
aircraft; scanning the flight area with one or more envi-
ronment sensors to identify one or more observed ob-
stacles and generate observed obstacle information. The
method may further include aggregating the obstacle in-
formation retrieved from the database with the observed
obstacle information of the one or more observed obsta-
cles identified by the one or more environment sensors
to generate aggregated obstacle information identifying
one or more obstacles in the flight area; determining one
or more obstacle characteristics of one or more obstacles
located in the flight area; assigning one or more visual
characteristics to each of the one or more obstacles lo-
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cated in the flight area based at least in part on the one
or more determined obstacle characteristics; determin-
ing, based on the current position and the current altitude
of the aircraft, a subset of the one or more obstacles that
are relevant to the aircraft; and transmitting information
on the determined relevant subset of the obstacles to a
display of the aircraft for display to the one or more op-
erators of the aircraft.

[0009] Additional objects and advantages of the dis-
closed embodiments will be set forth in part in the de-
scription that follows, and in part will be apparent from
the description, or may be learned by practice of the dis-
closed embodiments.

[0010] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the disclosed embodiments, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate various exemplary embodiments and together
with the description, serve to explain the principles of the
disclosed embodiments.

FIG. 1 depicts an exemplary system environment in
which methods, systems, and other aspects of the
present disclosure may be implemented;

FIG. 2 depicts a flowchart for an exemplary process
for providing contextual three-dimensional imagery
to aircraft operators, according to one or more em-
bodiments;

FIGS. 3A and 3B depict exemplary obstacle infor-
mation before and after duplicates have been
merged, respectively, according to one or more em-
bodiments;

FIG. 4 depicts, an exemplary graphical userinterface
including verified and unverified obstacles according
to one or more embodiments;

FIG. 5 depicts an exemplary graphical user interface
including obstacles of different altitudes with respect
to the aircraft, according to one or more embodi-
ments; and

FIG. 6 depicts an exemplary graphical user interface
including obstacles having different accuracy, ac-
cording to one or more embodiments.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] Various embodiments of the present disclosure
relate generally to the field of navigation for urban air
mobility vehicles and, more particularly, to systems and
methods for providing obstacle information to aircraft op-
erator displays.

[0013] The present disclosure is directed to overcom-
ing one or more of the challenges discussed above. As
UAM vehicles generally operate at lower altitudes than
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other traditional aircraft, the presence of buildings and
other structures in the airspace is relevant to aircraft op-
erators. Accordingly, aircraft may be fitted with a number
of displays and navigation aids to provide the operators
with information, for example, the positions and heights
of buildings in the airspace. When operating the aircraft,
the operators may desire certain information and/or in-
terface views during certain flight situations, for example,
the location, altitude, verification status, and positional
accuracy of various obstacles.

[0014] In general, the present disclosure is directed to
systems and methods that are able to address one or
more of the above challenges by providing obstacle in-
formation to aircraft operator displays to keep them fully
apprised of the airspace and able to view relevant infor-
mation about potential obstacles in an airspace. For in-
stance, a system may provide the operator of a vehicle
with up-to-date visual representations of obstacles that
have been identified through any number of means, in-
cluding databases and/or sensor arrays. The systems
and/or methods of the present disclosure for providing
obstacle information to aircraft operator displays may
have an advantage of increasing the accuracy of the ob-
stacle information provided to the vehicle operator, there-
by allowing the operator to demonstrate an increased
awareness of obstacles in the airspace.

[0015] Therefore, by providing obstacle information to
aircraft operator displays, operators may be able to be
aware of information most relevant to the flight situation,
while not being surprised and/or provided with informa-
tion that is not accurate or relevant to the surrounding
airspace.

[0016] While this disclosure describes the systems and
methods with reference to aircraft, it should be appreci-
ated that the present systems and methods may be ap-
plicable to various other vehicles, including those of
drones, automobiles, ships, spacecraft, or any other
manned, unmanned, autonomous, and/or internet-con-
nected vehicles, including vehicles operated or super-
vised by a pilot seated at a remote ground station.
[0017] FIG. 1 depicts an example of a system environ-
ment 100 in which systems, methods, and other aspects
of the present disclosure may be implemented. The sys-
tem environment 100 of FIG. 1 may include an aircraft
110, a network 120, one or more ground stations 130,
and a database 140. Aircraft 110 may include processor
111 in communication with a plurality of other compo-
nents such as RF/cellular transceiver 112, memory 113,
display/user interface (Ul) 114, environment sensors
115, and GPS 116. Processor 111 may include one or
more processors that comprise the computing and flight
management systems of aircraft 110. Memory 113 may
be one or more components configured to store data re-
lated to aircraft 110, including instructions for operating
flight components and aircraft systems (e.g., autopilot,
route planning, communication). Processor 111 and
memory 113 may display information to, and receive in-
puts from an operator of aircraft 110 via display/Ul 114.
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Display/Ul 114 may be of any suitable type, such as one
or more monitors, touchscreen panels, heads-up dis-
plays, and may include operator input devices such as
joysticks, buttons, touch-responsive panels, mice, track-
pads, voice recognition devices, and the like.

[0018] In some embodiments, processor 111 may
communicate with GPS 118 in order to, for example, lo-
cate aircraft 110 in the airspace, and communicate with
environment sensors 115 to, for example, sense obsta-
cles and conditions in and around aircraft 110 as it
traverses the airspace. Without deviating from the scope
of this disclosure, aircraft 110 may have additional ele-
ments that can be in communication with processor 111.
[0019] Aircraft 110 may use RF/cellular transceiver
112 to communicate with other elements of the system
environment, for example, via network 120 or directly by
radio communication. Network 120 may be implemented
as, for example, the internet, a wireless network, Blue-
tooth, Near Field Communication (NFC), or any other
type of network or combination of networks that provides
communications between one or more components of
the system environment 100. In some embodiments, the
network 120 may be implemented using a suitable com-
munication protocol or combination of protocols such as
a wired or wireless internet connection in combination
with a cellular data network.

[0020] To aid and/or guide aircraft 110, one or more
ground stations 130 may provide aircraft 110 with infor-
mation, such as information regarding air traffic, weather
conditions, obstacles, and/or other information useful for
the flight of aircraft 110. A ground station 130 may include
a processor 131, an RF/cellular transceiver 132, and a
memory 133. Processor 131 and memory 133 may col-
lect and transmit information via RF/cellular transceiver
132. Ground station 130 may be in communication with,
for example, air traffic control, meteorologists, and/orone
or more databases 140.

[0021] One or more databases 140 may be repositor-
ies for system information such as map data, building
data, flight plan data, and the like. Database 140 may
include a processor 141, a network connection 142, and
a memory 143. Memory 143 may store data, processor
141 may access and organize the stored data to respond
to requests and provide updates to the stored data, and
information may be provided to other elements in system
environment 100 via network connection 142. In some
embodiments, database 140 may communicate directly
with aircraft 110 via network 120. Further, ground station
130 may be configured to relay requests for information
from aircraft 110 to database 140 viaits RF/cellular trans-
ceiver 132 or other network connection.

[0022] FIG. 2 illustrates an exemplary method 200 for
providing obstacle information to aircraft operator dis-
plays in accordance with embodiments of the present
disclosure. It should be understood that the steps de-
scribed herein, and the sequence in which they are pre-
sented, are merely illustrative such that additional and/or
fewer steps may be included without departing from the
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scope of the present disclosure.

[0023] Beginning at step 210, processor 111 may ob-
tain aircraft flight information, for example from GPS 116.
Aircraft flight information may include one or more of a
current position, a current altitude, a current trajectory,
local terrain elevation, and/or a destination. The aircraft
flight information may also establish parameters regard-
ing what portion of map/obstacle data should be dis-
played, and/or may aid in the determination of relevance
for obstacles in the airspace.

[0024] Having obtained the aircraft flight information,
at step 220, the system may then retrieve obstacle infor-
mation for an area around the flight path and aircraft 110.
This retrieved obstacle information can include, for ex-
ample, map data, information regarding the dimensions
and positions of one or more obstacles, and/or other in-
formation that may be relevant to an aircraft that is or will
be in the vicinity of one or more obstacles. The obstacle
information may be retrieved from one ormore databases
140, for example, an obstacle database maintained by
an organization such as the FAA. Obstacle information
may also be received from other aircraft in the airspace,
concurrently and/or at a previous time.

[0025] At step 230, aircraft 110 may employ one or
more environment sensors 115 to scan a flight area sur-
rounding aircraft 110 to identify obstacles and generate
identified obstacle information. Environment sensors 115
may include one or more of radar, lidar, sonar, infrared,
a visual camera, a thermal camera, and/or other sensors
suitable for gathering information about objects or con-
ditions in an airspace. The scan may be conducted on
an ongoing basis, at certain altitudes or locations, and/or
at time intervals to capture data regarding observed ob-
stacles in the vicinity of aircraft 110.

[0026] Having collected information regarding obsta-
cles from available sources, at step 240, processor 111
may aggregate the aircraft flightinformation, the obstacle
information, and identified obstacle information to gen-
erate a single body of aggregated obstacle information
that identifies obstacles in the flight path area. Because
the data may, for example, be in different formats, have
different degrees of verification and/or accuracy, and/or
be from different times, combining the data into a single
body of aggregated obstacle information may involve
processor 111 and/or memory 113, or may be performed
atleast in part by ground station 130 and/or as a function
of a database 140.

[0027] Asillustratedin FIG. 3A, the plurality of sources
of information regarding obstacles in airspace 300 may
include duplicates and/or near duplicates. For example,
in some embodiments, verified obstacles 310 may be
included inthe available aggregated obstacle information
as adjacent to one or more unverified obstacles 320. FIG.
3B illustrates an exemplary merged obstacle view after
the information of FIG. 3A has been analyzed and de-
duplicated. Were the processor to include each of the
individual obstacles on the display/Ul 114, the opera-
tor(s) of aircraft 110 may be confused as to the number
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and position of the obstacles 310, 320. While aggregating
the aircraft flight information, the obstacle information,
and identified obstacle information, processor 111 may
determine that obstacles from different sources may be
fused or merged if certain criteria indicate that they are
referring to the same obstacle in airspace 300. For ex-
ample, processor 111 may verify that the plurality of ob-
stacles are within a defined threshold of height, size,
and/or position prior to merging them in the single body
of aggregated obstacle information. Processor 111 may
use such methods as are suitable to ensure that the op-
erators of the aircraft are presented with accurate and
non-redundant obstacle information.

[0028] Once compiled, the aggregated obstacle infor-
mation may, at step 250, be used to determine one or
more characteristics of the obstacles that have been lo-
cated in the flight path area. These characteristics may
include the size, altitude, verified status, accuracy of po-
sition, and/or other characteristics relevant to the navi-
gation of the airspace around the obstacle. After the ob-
stacle characteristics have been identified, at step 260,
the characteristics may be used to assign visual charac-
teristics to each of the obstacles located in the flight path
area. For example, this may include assigning one or
more visual characteristics to the obstacles. These visual
characteristics assigned to each obstacle may include
such variations as, for example, color, size, opacity, tex-
ture, symbology, luminescence, and/or visual effects
such as blinking or flashing. In some embodiments, the
operator of aircraft 110 may be able to determine their
own set of visual characteristics based on a preference,
such as the use of a preferred color or the avoidance of
colors that the operator may not be able to distinguish
(e.g., an operator with red-green color blindness). Aircraft
operators can be aware of the assignment criteria, and
therefore may be able to determine, based on the visual
characteristic applied, that an obstacle in the airspace is,
for example, verified or unverified or within an altitude
range of aircraft 110, and/or determine whether an ob-
stacle should be treated as having a high or poor accu-
racy, for example.

[0029] Once processor 111 has determined which vis-
ual characteristics should be assigned to an obstacle, at
step 270, processor 111 may determine arelevant subset
of the obstacles to display to the operator of aircraft 110.
This determination may include an analysis of the rele-
vance of the obstacles to aircraft 110. For example, ob-
stacles that are too far away, or at an altitude significantly
above or below the path of aircraft 110 may be deemed
less relevant and may be removed from the set of obsta-
cles to be displayed to the operators.

[0030] At step 280, the subset of relevant obstacles
may be transmitted to or displayed on, for example, dis-
play/Ul 114 so that the operators of the aircraft can ob-
serve the obstacles on a representation of the airspace
around aircraft 110. The obstacles may be displayed via
one or more graphical user interfaces (GUIs) that can be
controlled and/or transmitted by processor 111. In some
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embodiments, the operators of aircraft 110 may be able
to configure the GUIs displayed ondisplay/Ul 114 in order
to provide the appropriate level of detail to navigate the
airspace. It should be appreciated that display/Ul 114
may additionally or alternatively be positioned at an off-
board ground station for viewing by a remote operator/pi-
lot, supervisor, or regulator.

[0031] For example, FIG. 4 illustrates an exemplary
GUI 400 that may be displayed on display/Ul 114. GUI
400 can depict airspace 410, aircraft 420, and build-
ings/structures 430. In some embodiments, processor
111 associated with GUI 400 may generate and display
obstacles having different visual characteristics for veri-
fied obstacles 440 and unverified obstacles 450. These
different visual characteristics may include one or more
of color, shading, size, shape, and/or other visually dis-
tinguishable features.

[0032] In some embodiments, as illustrated in FIG. 5,
display/Ul 114 may display GUI 500, including airspace
510, aircraft 520, and buildings/structures 530. Proces-
sor 111 associated with GUI 500 is configured to gener-
ate and transmit to GUI 500 distinct visual characteristics
to represent obstacles 540 within a certain predeter-
mined distance (e.g., 200 ft.) of the altitude of aircraft
520, obstacles 550 outside of the certain distance of the
altitude of aircraft 520 but within a larger predetermined
distance (e.g., 400 ft.), and obstacles 560 outside the
larger distance. For example, obstacles 540 may be par-
ticularly relevant for navigating airspace 510 and, as
such, may be displayed with a specific visual character-
istic, such as being fully opaque. Obstacles 550, for ex-
ample, may be less relevant for navigating airspace 510
and, as such, may be displayed with a different visual
characteristic from that assigned to obstacles 540, such
as being partially transparent. Obstacles 560 may be of
little to no relevance to the navigation of airspace 510
and, as such, may be displayed with yet another visual
characteristic, and in some embodiments, may not be
displayed at all. GUI 500 may allow an operator of aircraft
520 to quickly and effectively distinguish obstacles that
should be completely avoided, as opposed to those that
can be navigated over or around, or ignored entirely due
to their being too far away to impact aircraft 520.

[0033] In some embodiments, as illustrated in FIG. 6,
display/Ul 114 may display GUI 600, including airspace
610, aircraft 620, and buildings/structures 630. Because
some obstacles may be located or identified with varying
degrees of accuracy, processor 111 associated with GUI
600 may be configured to generate and transmit to GUI
600 distinct visual characteristics to represent verified
obstacles 640, verified obstacles with poor accuracy 650,
unverified obstacles 660, and unverified obstacles with
poor accuracy 670. Operators of aircraft 620 may navi-
gate airspace 610 by giving a wider berth to low or poor
accuracy obstacles, as they may include, for example,
obstacles that move with the wind or obstacles with im-
precise location data.

[0034] Insome embodiments, there may be additional
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information available in a database or from the environ-
ment sensors 115 for some or all of the obstacles. For
example, a database may include the type of marking
and/or the type of lighting for a particular obstacle. This
information may be useful for the operators of the aircraft
as they navigate an airspace. Particularly in situations
where visibility may be limited, being able to quickly de-
termine that an obstacle seen by the operator corre-
sponds to an obstacle identified on display/Ul 114 may
provide additional awareness for safely navigating an air-
space.

[0035] Systemsand methods for providing obstacle in-
formation to aircraft operator displays in accordance with
the present disclosure may be able to provide an aircraft
operator with relevant and accurate obstacle information
present in the airspace about the aircraft (and/or the air-
craft’s path) in a visual manner. Displaying this obstacle
imagery that visually represents characteristics that may
be relevant to the aircraft’s flight may reduce or eliminate
the need for an aircraft operator to manually monitor extra
displays or consult separate lists of obstacle information
to receive relevant information. By automatically aggre-
gating and providing information regarding obstacles in
the airspace, and by reducing the amount of effort an
aircraft operator may have to employ to otherwise identify
and avoid obstacles, aircraft operators may exhibit an
increased awareness of how the aircraft may safely pro-
ceed through the airspace at any given time.

[0036] The general discussion of this disclosure pro-
vides a brief, general description of a suitable computing
environment in which the present disclosure may be im-
plemented. In one embodiment, any of the disclosed sys-
tems and/or methods may be executed by orimplement-
ed by a computing system consistent with or similar to
that depicted and/or explained in this disclosure. Al-
though not required, aspects of the present disclosure
are described in the context of computer-executable in-
structions, such as routines executed by a data process-
ing device, e.g., a server computer, wireless device,
and/or personal computer. Those skilled in the relevant
art will appreciate that aspects of the present disclosure
can be practiced with other communications, data
processing, or computer system configurations, includ-
ing: internet appliances, hand-held devices (including
personal digital assistants ("PDAs")), wearable comput-
ers, all manner of cellular or mobile phones (including
Voice over IP ("VolP") phones), dumb terminals, media
players, gaming devices, virtual reality devices, multi-
processor systems, microprocessor-based or program-
mable consumer electronics, set-top boxes, network
PCs, mini-computers, mainframe computers, and the
like. Indeed, the terms "computer," "server," and the like,
are generally used interchangeably herein, and refer to
any of the above devices and systems, as well as any
data processor.

[0037] Aspects of the present disclosure may be em-
bodied in a special purpose computer and/or data proc-
essor that is specifically programmed, configured, and/or
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constructed to perform one or more of the computer-ex-
ecutable instructions explained in detail herein. While as-
pects of the presentdisclosure, such as certain functions,
are described as being performed exclusively on a single
device, the present disclosure may also be practiced in
distributed environments where functions or modules are
shared among disparate processing devices, which are
linked through a communications network, such as a Lo-
cal Area Network ("LAN"), Wide Area Network ("WAN"),
and/or theinternet. Similarly, techniques presented here-
in as involving multiple devices may be implemented in
a single device. In a distributed computing environment,
program modules may be located in both local and/or
remote memory storage devices.

[0038] Aspectsofthe presentdisclosure may be stored
and/or distributed on non-transitory computer-readable
media, including magnetically or optically readable com-
puter discs, hard-wired or preprogrammed chips (e.g.,
EEPROM semiconductor chips), nanotechnology mem-
ory, biological memory, or other data storage media. Al-
ternatively, computer implemented instructions, data
structures, screendisplays, and other data under aspects
of the present disclosure may be distributed over the in-
ternet and/or over other networks (including wireless net-
works), on a propagated signal on a propagation medium
(e.g., an electromagnetic wave(s), a sound wave, etc.)
over a period of time, and/or they may be provided on
any analog or digital network (packet switched, circuit
switched, or other scheme).

[0039] Program aspects of the technology may be
thought of as "products" or "articles of manufacture" typ-
ically in the form of executable code and/or associated
data that is carried on or embodied in a type of machine-
readable medium. "Storage" type media include any or
all of the tangible memory of the computers, processors
or the like, or associated modules thereof, such as vari-
ous semiconductor memories, tape drives, disk drives
and the like, which may provide non-transitory storage
at any time for the software programming. All or portions
of the software may at times be communicated through
the internet or various other telecommunication net-
works. Such communications, for example, may enable
loading of the software from one computer or processor
into another, for example, from a management server or
host computer of the mobile communication network into
the computer platform of a server and/or from a server
to the mobile device. Thus, another type of media that
may bear the software elements includes optical, elec-
trical and electromagnetic waves, such as used across
physical interfaces between local devices, through wired
and optical landline networks and over various air-links.
The physical elements that carry such waves, such as
wired or wireless links, optical links, or the like, also may
be considered as media bearing the software. As used
herein, unless restricted to non-transitory, tangible "stor-
age" media, terms such as computer or machine "read-
able medium" refer to any medium that participates in
providing instructions to a processor for execution.
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[0040] Theterminology used above may beinterpreted
inits broadestreasonable manner, even thoughitis being
used in conjunction with a detailed description of certain
specific examples of the present disclosure. Indeed, cer-
tain terms may even be emphasized above; however,
any terminology intended to be interpreted in any restrict-
ed manner will be overtly and specifically defined as such
in this Detailed Description section. Both the foregoing
general description and the detailed description are ex-
emplary and explanatory only and are not restrictive of
the features, as claimed.

[0041] As used herein, the terms "comprises," "com-
prising," "having," including," or other variations thereof,
are intended to cover a non-exclusive inclusion such that
a process, method, article, or apparatus that comprises
a list of elements does not include only those elements,
but may include other elements not expressly listed or
inherentto such a process, method, article, or apparatus.
[0042] In this disclosure, relative terms, such as, for
example, "about," "substantially," "generally," and "ap-
proximately" are used to indicate a possible variation of
+10% in a stated value.

[0043] The term "exemplary" is used in the sense of
"example" rather than "ideal." As used herein, the singu-
lar forms "a," "an," and "the" include plural reference un-
less the context dictates otherwise.

[0044] Otherembodiments of the disclosure will be ap-
parent to those skilled in the art from consideration of the
specification and practice of the embodiments disclosed
herein. ltis intended that the specification and examples
be considered as exemplary only, with a true scope and
spirit of the present disclosure being indicated by the fol-
lowing claims.

Claims
1. A system comprising:

a display including one or more screens;

a memory storing instructions; and

a processor executing the instructions to per-
form a process for transmitting obstacle infor-
mation to one or more operator displays asso-
ciated with aircraft including:

obtaining aircraft flightinformation including
a current position and a current altitude of
the aircraft;

retrieving, from a database, obstacle infor-
mation for a flight area, the flight area in-
cluding the current position of the aircraft;
scanning the flight area with one or more
environment sensors to identify one or more
observed obstacles and generate observed
obstacle information;

aggregating the obstacle information re-
trieved from the database with the observed
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obstacle information of the one or more ob-
served obstacles identified by the one or
more environment sensors to generate ag-
gregated obstacle information identifying
one or more obstacles in the flight area;
determining one or more obstacle charac-
teristics of one or more obstacles located in
the flight area;

assigning one or more visual characteristics
toeach ofthe one or more obstacles located
in the flight area based at least in part on
the one or more determined obstacle char-
acteristics;

determining, based on the current position
and the current altitude of the aircraft, a sub-
set of the one or more obstacles that are
relevant to the aircraft; and

transmitting information on the determined
relevant subset of the obstacles to the dis-
play of the aircraft for display to the one or
more operators of the aircraft.

2. The system of claim 1, wherein the obstacle infor-
mation retrieved from the database includes a posi-
tion and a height for one or more obstacles.

3. The system of claim 2, wherein the obstacle infor-
mation further comprises a verification status.

4. The system of claim 1, wherein one or more envi-
ronment sensors comprise one or more of radar,
lidar, sonar, infrared, visual camera, and thermal
camera.

5. The system of claim 1, wherein aggregating the ob-
stacle information retrieved from the database with
the one or more observed obstacles identified by the
one or more environment sensors further includes:

determining whether or not multiple of the one
or more obstacles are within a defined threshold
of location and height; and

merging obstacles that have been determined
to be within the defined threshold of location and
height into a single verified obstacle.

6. The system of claim 1, wherein assigning one or
more visual characteristics to each of the one ormore
obstacles includes:

assigning one of the one or more visual charac-
teristics to the one or more obstacles based at
least in part on whether or not the one or more
obstacles are located within a predetermined
distance of the aircraft; and

assigning one of the one or more visual charac-
teristics to the one or more obstacles based at
least in part on whether or not the one or more
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obstacles is verified or unverified.

The system of claim 6, wherein the one or more ob-
stacle characteristics include color, opacity, and
size.

The system of claim 2, wherein determining one or
more relevant obstacles to be displayed is based at
least in part on the height of each of the one of more
obstacles and the current altitude of the aircraft.

The system of claim 1, wherein the obstacle infor-
mation retrieved from the database includes a type
of marking and a type of lighting for one or more
obstacles.

The system of claim 9, wherein assigning one or
more visual characteristics to each of the one or more
obstacles includes:

assigning one of the one or more visual charac-
teristics to the one or more obstacles based at
least in part on the type of marking; and
assigning one of the one or more visual charac-
teristics to the one or more obstacles based at
least in part on the type of lighting.

Amended claims in accordance with Rule 137(2)
EPC.

1.

A system (100) comprising:

a display (114) including one or more screens;
a memory (113) storing instructions; and

a processor (111) executing the instructions to
perform a process for transmitting obstacle in-
formation to one or more operator displays as-
sociated with aircraft including:

obtaining aircraft flightinformation including
a current position and a current altitude of
the aircraft (420);

retrieving, from a database (140), obstacle
information for a flight area, the flight area
including the current position of the aircraft;
scanning the flight area with one or more
environment sensors (115) to identify one
or more observed obstacles and generate
observed obstacle information;
aggregating the obstacle information re-
trieved from the database with the observed
obstacle information of the one or more ob-
served obstacles identified by the one or
more environment sensors to generate ag-
gregated obstacle information identifying
one or more obstacles in the flight area,
wherein aggregating the obstacle informa-
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tion retrieved from the database with the
one or more observed obstacles identified
by the one or more environment sensors
further includes:

determining whether or not multiple of
the one or more obstacles are within a
defined threshold of location and
height; and

merging obstacles that have been de-
termined to be within the defined
threshold of location and height into a
single verified obstacle;

determining one or more obstacle charac-
teristics of one or more obstacles located in
the flight area;

assigning one or more visual characteristics
toeach ofthe one or more obstacles located
in the flight area based at least in part on
the one or more determined obstacle char-
acteristics;

determining, based on the current position
and the current altitude of the aircraft, a sub-
set of the one or more obstacles that are
relevant to the aircraft; and

transmitting information on the determined
relevant subset of the obstacles to the dis-
play of the aircraft for display to the one or
more operators of the aircraft.

The system (100) of claim 1, wherein the obstacle
information retrieved from the database includes a
position and a height for one or more obstacles.

The system (100) of claim 2, wherein the obstacle
information further comprises a verification status.

The system (100) of claim 1, wherein one or more
environment sensors (115) comprise one or more of
radar, lidar, sonar, infrared, visual camera, and ther-
mal camera.

The system (100) of claim 1, wherein assigning one
or more visual characteristics to each of the one or
more obstacles includes:

assigning one of the one or more visual charac-
teristics to the one or more obstacles based at
least in part on whether or not the one or more
obstacles are located within a predetermined
distance of the aircraft; and

assigning one of the one or more visual charac-
teristics to the one or more obstacles based at
least in part on whether or not the one or more
obstacles is verified or unverified.

6. The system (100) of claim 5, wherein the one or more
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obstacle characteristics include color, opacity, and
size.

The system (100) of claim 2, wherein determining
one or more relevant obstacles to be displayed is
based at least in part on the height of each of the
one of more obstacles and the current altitude of the
aircraft.

The system (100) of claim 1, wherein the obstacle
information retrieved from the database includes a
type of marking and a type of lighting for one or more
obstacles.

The system (100) of claim 8, wherein assigning one
or more visual characteristics to each of the one or
more obstacles includes:

assigning one of the one or more visual charac-
teristics to the one or more obstacles based at
least in part on the type of marking; and
assigning one of the one or more visual charac-
teristics to the one or more obstacles based at
least in part on the type of lighting.

10. A method (200) for transmitting obstacle information

to one or more operator displays (114) associated
with aircraft, the method comprising:

obtaining aircraft flight information including a
current position and a current altitude of the air-
craft (420);

retrieving, from a database (140), obstacle in-
formation for a flight area, the flight area includ-
ing the current position of the aircraft;
scanning the flight area with one or more envi-
ronment sensors (115) to identify one or more
observed obstacles and generate observed ob-
stacle information;

aggregating the obstacle information retrieved
from the database with the observed obstacle
information of the one or more observed obsta-
cles identified by the one or more environment
sensors to generate aggregated obstacle infor-
mation identifying one or more obstacles in the
flight area, wherein aggregating the obstacle in-
formation retrieved from the database with the
one or more observed obstacles identified by
the one or more environment sensors further in-
cludes:

determining whether or not multiple of the
one or more obstacles are within a defined
threshold of location and height; and
merging obstacles that have been deter-
mined to be within the defined threshold of
location and height into a single verified ob-
stacle;
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determining one or more obstacle characteris-
tics of one or more obstacles located in the flight
area;

assigning one or more visual characteristics to
each of the one or more obstacles located in the
flight area based at least in part on the one or
more determined obstacle characteristics;
determining, based on the current position and
the current altitude of the aircraft, a subset of
the one or more obstacles that are relevant to
the aircraft; and

transmitting information on the determined rel-
evant subset of the obstacles to the display of
the aircraft for display to the one or more oper-
ators of the aircraft.

11. A non-transitory computer-readable medium storing

instructions that, when executed by a processor,
cause the processor to perform the method of claim
10.
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OBTAIN AIRCRAFT FLIGHT INFORMATION FOR AN
AIRCRAFT

210

RETRIEVE OBSTACLE INFORMATION FOR A FLIGHT
AREA ASSOCIATED WITH THE AIRCRAFT

SCAN THE FLIGHT AREA WITH ONE OR MORE
ENVIRONMENTAL SENSORS TO IDENTIFY OBSTACLES
AND GENERATE IDENTIFIED OBSTACLE INFORMATION

| 20

AGGREGATE THE RETRIEVED OBSTACLE
INFORMATION AND THE IDENTIFIED OBSTACLE
INFORMATION TO GENERATE AGGREGATED
OBSTACLE INFORMATION IDENTIFYING OBSTACLES
IN THE FLIGHT PATH AREA

240

Y

DETERMINE ONE OR MORE OBSTACLE
CHARACTERISTICS OF THE OBSTACLES IN THE FLIGHT
PATH AREA

¥

ASSIGN VISUAL CHARACTERISTICS TO EACH OF THE
OBSTACLES IN THE FLIGHT PATH AREA BASED AT
LEAST IN PART ON OBSTACLE CHARACTERISTICS OF
THE OBSTACLES

¥

DETERMINE A SUBSET OF THE OBSTACLES TO DISPLAY
ON A DISPLAY OF THE AIRCRAFT BASED ON
RELEVANCE OF THE OBSTACLES TO THE AIRCRAFT

TRANSMIT OR DISPLAY THE RELEVANT SUBSET OF
THE OBSTACLES TO A DISPLAY OF THE AIRCRAFT

FIG. 2
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