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COMMAND INPUT FOR REMOTE SUPERVISION OF MULTIPLE
AUTONOMOUS AIRCRAFT

CROSS-REFERENCES TO OTHER APPLICATIONS

[6081] This application claims prionity under 33 USCE 11%{e} to and benefit of US.
Provisional Patent Apphcation No. 63/422 832 filed November 4, 2022 and entitled "Comnand
Input For Remote Supervision Of Mudtiple Autonomous Awrcraft Command”, the disclosure of

which is mcorporated by referance herein mits entirety for all purposes.

[6002] This application is related 1o the US Patent Application no. 187469 965 titled “Remote
Supervision of Multiple Autonomous Adrcrall” filed on September 19, 2023 claimung priority to
US Provisional Patent Apphication no. 63/408 088 utled “Remote Supervision of Multiple
Autonomous Adreraft”™ filed on September 19, 2022, and US design patent application no.

28/833 825 ntded “Mult: Vehicle Supervisor Interface” filed on September 19, 2022,
SUMMARY

[6003] Embodiments provide technigues for communicating with a computes-implemented
remote supervisor simuliansously supervising fiunctioning of multiple avtonomous aircraft.
According to various embodinents, a graphical user interface {GUI) is provided for providing
control input 1o the computer-implemented remote supervisor for simultaneously montoring,
supervising, andfor conmmunicating {e.g., interacting) with multiple autonomous aireraft. The
GUI may be an ammated GUY including praphical represemations of the aireraft and related
information displayed over {e.g., laid over) amap representing the area over which the
autonomous grcrafl are flving. The systems, devices and techniques described heretn provide
for a conmmand Input system and method that allows for the quick manipulation of the
autonomons arcraft under supervision and that manages the clutter ony the display scaling as the

number of autonomous giveraft supervised by the same supervisor increases,

{0004]  Embodinents provide a method for monnoring and nteracting with a plurality of

autonomous atreraft. The method comprises displaying, using a server computer, 8 graphical
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user mterface (GULY on a display device. The method further comprises representing, by the
server computer, a plorality of autonomous sircraft with a phwality of weons displayed on the
GUIL The server computer recerves an input selecting a first jcon amonyg the phaality of weons
displaved on the GUI The server computer receives a first signal from an input deviee including
& plurality of mput mechanisms, wherein each imput mechanism s assigned o 3 unique fhight
parameter. The server computer displays, on the GUL, a fust menu among & plurality of menus
m response to receiving the first signal. The first memu is associated with a frst flight parameter
of an autonomous aircrall represented with the first icon. The first menu includes a plurality of
first preset commands, The method furthey comprises receiving, by the server computer, a
selection of a first conmmand among the plurality of first preset commmands. The method
comprises transmitting, by the server computer, the first command to a first autonomous arcraft

represented with the first con on the GULL

{H005]  Some smbodiments provide a system comprising a display device, ong or maore
processors, an input device including a plarality of input mechanisms, whevein the nput device
is commuicatively coupled to the one or more processors, and a memory storing instructions
that, when executed by the oue or more processors, cause the one or more processors to perform

the method dascrtbed above.

{0006] Embodiments further provide one or more non-transitory computer-readable storage
media sforing nsttuctions that, upon execution on a server compuier for remotely monitoring
and interacting with a plurality of autonomous atreraft, cause the server computer to perform the

method deserthed above.

[0607]  Embodiments provide an fnput device ncluding a plurality of mput mechanisms, each
configured to provide command to alter & unigue parameter inclading a fhaht parameter
assoctated with gn avtonomous atreraft. The input device is communicatively coupled to a

server computer that transmity the conmumands to the mouomous atreraft.

{0008]  To betier understand the nature and advantages of the present disclosure, reference
should be made to the following description and the accompanying figures, ltis to be
understood, however, that each of the figures 1€ provided for the purpose of ilustration only and
is not intended as a definition of the linuts of the scope of the present disclosure. Also, asa

general rule, and wnless #is evident to-the contrary from the deseription, where elemients
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different figures use identical reference numbers, the elements are generally either identical or at

least simtlar in funchion or purpose.

BRIEF DESCRIPTION OF THE DRAWINGS

{6089] TFIG. | dlusteates a block dingram of ay exemplary flight supervision platform for
monitoring and interacting with multiple autonomous airergft, according to various

embodiments;

{0010} FIG 2A iHlostrates an exemplary antmated graphical user mterthee (GL) of the flipht
supervision platform for supervising and interacting with multiple autonomous gireraft,

sccording to various embodiments;

{6011} FIG. 2B dlustrates another view of the exemplary animated GUT of the fhahi

supervision platform, according to various embodinents;

{6012} FIG. 3 illustrates an exemplary techaique for assigning 4 route (0 an auonomous
atrcraft using the exemplary animated GUT of the thght supervision platform, according to

various embodiments;

[B013]  FIG. 4A iHlustrates adding a laver on the displayed exemplary animated GUY of the

fhght supervision platforn, gccording to varions embodinwents;

[0014] FIG. 4B illustrates removing a layer from the displayed animated GUI of the flight

supervisicn platform, according o various embodiments;

[0B15]  FIG. 5illustrates tracking an astonomous atreraft during flight using the exenplary

animated GUT of the tlight supervision platform, according to various embodiments;

[0016]  FIG. 6 illusirates a zoomed-in view of the exemplary animated GUI of the Right

sapervision platform, according to various embodiments;

[B017]  TIG. 7 illustrates another view of the exemplary animated GUI including a flight

guidance pane, according to various embodiments;
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S FIG. € llustrates another view of the exenmplary antmated GUI after a mission

assignment s accepted, according 1o various embodiments;

019 FIG. 9 illustrates an exemplary warning displayed using the exemplary animated GUE

of the flight sepervision platform, according 1o variows emboduuents;

{20} FIG. 10 Hustrates an exemplary command imput device, according to various

gmbodiments;

{0021} FIG. 11 ustrates an exemplary conunand put UL according to vanous

embodiments;

{0221 FIG. 12 ilustrates an exemplary representation of multiple atreraft and associated data

on the GUI, according to various embodiments; and

{00823}  FIG. 13 1s a flowchart of an example process performed by a flight supervision

phatform, according to varions embodiments.

DETAILED DESCRIPTION

[0024] Technigues disclosed herein relate generally 1o an animated graphical user interface for
sinutltaneousty monitoring multiple antonomous aireraft. More specifically, techniques disclosed
heremprovide g platfora {e.g., a fhght supervision platform) that allows for one~to-many
supervision where a remote supervisor {2.g., haman or artificial telligence} may continuousty
monitor andfor interact with a plorality of sutonomous aivcraft. The interaction nay inchude
sending a conymand 1o the sutonomous aircraft wsing a GUI component of the platform. For
example, the mgonomous aircralt may melude one or more aslonomous glectric vertical takeoff
fanding (e VTOL) aircraft. Various inventive embodiments are described herein, including

methods, processes, systems, devices, and the like.

{0025]  The techniques further provide for conumunicating with a computer-implemented
remote sgpervisor sumultaneously supervising functiomng of multiple avtonomous arorafl. The
platform is further configured for providing control inpot 1o the computet-implemented remote

supervisor for simultaneousty monitoring, supervisimg, anddor conmmumucating {e.g., interacting)
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with multiple astonomous aweraft. Embodiments allow 10 provide fast, intentional wputs.
Embodiments provide pop~up menus that optimize the use of strecn real estate. Embodiments
wolate cormmands 1o one category at a e, and allow the remote supervisor 1o keep theireves

on a single spot {e.g., without having to navigate to different parts of the platform or the display).

{0826] Embodnments provide an foput device (e.g., 8 three-button mouse) for providing
commands to the aireraft. The mput device may include dedicated mechanisms {e.g., buttons,
wheels, touchpads} associated with one or more flight parameters {(e.g., heading, true airspead,
altitude). In some embodiments, the mechanisms may be coded asing a sensory cue {e.g., a
visual cue such as color or a tactile cue such as a hash pattern that can be felt withiouch and seen
on the screen). For example, a same color may be provided on the input mechanism, and to
display a menu associated with the flight parameter assigned to the mechanism. For example,
the button for providing a heading put may be colored orange on the mput device, and the
menu for providing a heading command may be displaved on the GUT using orange. Sumilarly,
the heading information gssociated with an autonomous atrerall may also be displayed on the
GUI using orange. Activating the mechanism on the input device {e.g., clicking on the button)
may cause a control menu 1o be displayed on the GUL The user may then provide a desired
command using the coutrol menu, In some embodiments, the user may not be required to
provide any alphanumerical entry to provide a flight command to an autonomous aircraft. The
command may be sent through 3 series of selections among the presat commands displayed on

the control menu using the 1aput device,

{0027 Several iusuative embodiments will now be described with respect to the
accompanving drawings, which form a part hereof. The ensuing deseription provides
gmbodiment(s) only and 18 not intended 1o it the scope, apphicabality, or configuration of the
disclosure. Rather, the ensuing deseription of the embodiment{(s) will provide those skilled in the
art with an enabling description for implementing one or more embodiments. 1t is understood
that various changes may be made in the function and arcangement of elements wathont departing
from the spirit gnd scope of this disclosure. In the following description, for the purposes of
explanation, specific detatls are set forth i order to provide a thorough understanding of certain
inventive embodinments. However, 1t will be apparent that various embodiments may be practiced

without these specific details. The figures and description are not intended to be restrictive. The



WO 2024/097888 PCT/US2023/078532

word “example” or “exemplary™ 13 used herein to mean “serving as an example, mstance, ot
flustration.” Any embodiment or design desenbed herein ag “exemplary™ or “example” is not

pnecessarily 1o be construed as preferred or advantageous over other embodiments o designs.

[6028] 10629] Embodirsents provide a Bight supervision platform meloding a server
computer and an gnimated graphical user imterface (GUTY for supervising, momtoring, andfor
conynunicating with ong or more sutonomous sircrafl. For example, a human oparator may be
able to simultaneously supervise suadtiple autonomouns averaft using the flight supervision
platform including the anunated GUI displayed on a display device on the ground {e.g.a
monitorng center remeote to the mdonomous aireraft). The supeevisor may transont comyands
to change one or more of the flight parameters {e.g., altitude, attitude, airspeed, heading) of an

autonomous amcratt,

0038 According to varions embodiments, the autonomous aircrafl aré configured to
mplement sel-flving technology that ymplements autopilot functions, precision navigation,
detect and avoid capabilities, among other technologies. The flight supervision platfiorm
described herein provide an oversight to the autonomous atrevaft and provide an ability to
mtervens when needed. The flight supervision platform (e.g., a multi-vehicle supsryvising
platform) may oversee a flight from start to finish. During the flight, if the autonomous atreraft
takes steps to avoid potential hazards that are outside of the assigned fhght plan, the flight
supervision platform received a notification or alert, that is then displaved on the GUL The
flight supervision platform allows a supervisor {e.g.. a human supervisor) o Intervene at any
point Juring the hght by sending & new command for the autonomous airerafl to execute. For
example, the supervisor can send » command 10 the aircraft to redirect the aircraft to an alternate

landing site using the flight supervision platform.

[0031]  FIG. | iHustrates a block diagram of & fight supervision platform 1000 that can be used
by a supervisor 1030 (e.g., a human supervisor 1030} to monitor and fmteract with one or more
autonomous atreraft 1040 individually andior collectively, According to various embodimaents,
the supervisor 1030 may tmeract with the fhighy supervision platform 1000 using an nput device
1030, For example, the supervisor T30 may select an autonomous aireraft, andfor provide
commands to the selected autonomous aircrafl using the input device 1050, Details of the tnput

device 1050 are described below wy greater detatl in connection with FIGs. 10-13,



WO 2024/097888 PCT/US2023/078532

{0032} The flight supersision platform 1000 may inchude a server compater 1020 comprising
one or more processors 1004, a svstem mwemory 1002 {which may comprise any combination of
volatide and/or nos-volatile memory sach as, for example, buffer memory, RAM, DRAM, ROM,
{lash, or any other suitable memory device), and a network taterface (e.y., an external
communication inferface) 1006, In some embodiments, one or more of the modules may be
disposed within ong or more of the components of the systeny mamory 1002, or maay be disposed
externally. The software and hardware modules shown in FIGL 1 are provided for sthastration
purposes only, and the configurations are not intended to e Hmiting, The processors 1004,
system memory 10082 andéor external commumication interface 1006 may maplement the

techniques andfor methods described herein.

{0033} The network interface 1006 may be configured or progranuned to receive and generate
electronic messages comgwising wformation transnutied through the flight supervision platform

1000 to or from the plurality of autonomeous awrcrafy 1040

[0034]  The flight supervision platform 1000 may also inchade at least one display device 1010
for displaving a graphical user interface (GUIY 1012, When an electronic message is recerved by
the flight supervision platform 000 via external communication interface 1006 of the server
computer 1020, it may be processed and relevant information may be displaved onthe display
devige 1010 via the GUL 1012, When an mput is recetved from the superviser 1030 via the GUI
H12, it may be processed and relevant information may be transmitted to the corresponding
autonomous atreraft 1040, According to various embodiments, the flight supervision platform
OO0 nay further be confipured to receive supplementary information from third parties, such as
air traffic control, weather, other aireraft {e.g., aircraft that monitors the one or more autonomous
atreraft 1040 i the air). The supplementary informadon may be processed by the tlight

supervision platform 1000 and displaved on the GUI 1012,

{6035]  FIG. 2A illustrates an exemplary anpmated graplucal user intertace (GUT) 100 of the
flight superviston platform 1000 for supervising and interacting with multiple autonomous
areraft, according to various embodiments. In the exemplary GUI 100, the supervisor {e.g.,
supervisor 1030 slustrated 1o FYG. 1) is overseeing five avtonomous aireraft ilfastrated using five
areraft icons on the GUIT 100, The GUI 100 may include a first pane 102 iHlustrating each

gutonomous atreraft with a corresponding atveraft won 116, 118 overlaid on a map of the terrain
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over which the autonomous aircrall are flying, hovering and/or waiting on the ground on stand-
by, The amount of detail to be included on the map may be determined vang homan factors
meluding, forexample, an assessment of how nach wdformation can be sately processed by a
human on @ screen. Some embodiments may use artificial intelligence (A} as supervisors, ora
combiation of Al ad homan supervisors. The amount of detai! 1o be meluded on the map may
vary depending on the capabilities of the supervising entity. In some embodiments, the

SUPETVISOY

{6036}  The GUI 100 may also mclude a second pane 104 inchuding a seetion 106, 108
corresponding to each of the aircrafl icons 116, 118 tlustrated m the fisst pane 102, That is, each
section 106, 108 provides information associated with a different autonomouns aircraft vader the
supervision of the supervisor. In some embodiments, when the supervisor selects an autonomous
aircraft by, for example, clicking on the desired atreraft icon 116, visual cues may associate the
selected aircrafl icon 116 displayved on the first pang 102 with the corresponding information
section 106 displayed on the second pang 104, For example, the selected alroraft icon 116 and
the cotresponding information section 106 may be displayed in a color, shade, and/or font that is
different than the rest of the graphical elgments of the GUL The selected aircraft icon 116 and
the nformation section 106 represent the same gutonomous aircratt (e.g., autonomous aircralt
1040 Hustrated in FIG. 1) According to vanious entbadiments, GUT 100 may display oaly the
active missions {e.g., missions having an active status) supervised by the supervisor. There may
be additional missions that are assigned to the supervisor {e.g., nussions that are not yet active or
maissions that are i state of preparing for flight), and their information may be displayed on
appropriate panes 102, 104 of GUT 100 after the supervisor acoepts the nussions or after the

THISSIONS ASSUMe gn active status,

{00371 In some embodiments, selecting the giveraft icon 116 on the first pane 102 may resultin
the corresponding information section 106 being automatically selected on the second pane 104,
Alternatively, selecting the correspondmg iformation section 106 on the second pane 104 may
result in the aiveraft icon being sutomatically selected on the first pane 103, When the server
computer (e server computer 1020 thustrated in FIG. 1) coupled to the GUI receivesa
selection of the atreraft twon 116 among the phwrality of icons on the fivst pane 102 of the GUI

100 or a selection of the information section 106 among the plurality of sections on the second
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pane 104 of the GUT 100, the server computer sdentifies other one of the aircraft icon 116 or the
fivst section 106 on the GUL 100, The aicerafl icon 116 and the information section 106 are then
displayed asing one or more visual cues to differentiate the aircraft icon 116 and the information

section 106 from remaining graphical elements.

{R038]  Dhsplaying the airgraft teon and the wformation section at separate locations of the GLUI
enables for accurate identification and sedection of the intended autonomous aircrafl represented
using the areraft icon and the mformation section. For example, if two autonomous aircraft are
flving on top of each other, thew representations {e.g., aircrafl icony) on the map are likaly to be
displayed overlaid over each other. Therefore, 1l may not be possible or readily avaiable 1o the
supervisor to select one of the overlaid autonomous aircraft using the first pane 102, Insuch
cases, the supervisor may select the aptonomous awcratt that they would like to mteract with
using the cotresponding section on the second pane 104 This way, selection of the miended

atrerafl is ensured.

{0039]  As shown i the exemplaty embodiments ustrated i accompanying figures, the fird
pane 102 is allocated a larper real-estate on the screen than the second pane 104, This allocation
of real-sstate allows for displaving the sivotafl scons on g larger map {&.2.. while also being able
to display associated information on a separate section of the screen {e.g., the second pane 104)
without cluttering the display on the map. The relative posttioning and size of the first pane 102

and the second pane 104 may vary according to various embodiments.

{0040]  The fhight supervision platform 1000, through the GUY 100, allows the supervisor to
nteract with all the autonomous atrcraft Hlustrated thereon with corresponding aireraft icons
116, 118 or mformation sections 106, 108, Prior to taking off, an autonomous arrcrafl may
autonomously perform pre-flight inspection inchuding checking one or more of power systems,
control surfaces, avionics, passenger equipment, cgbin systems and/orthe envivonment around
the avtonomous arrerafl. The autonomous aireraft may continuously monitor these systems
and/or tems during flight gs well. The autononious aireraft may iform {e.g., transmit data
andfor messages to) the flight supervision platforny 1000 {and thereby the supervisor 1030) when
the checks are completed, and the mgonomons sirerafl as well as the passengers {where

applicable) are ready for takeoff.
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L] After recerving notification that the autonomous aircraft is ready for takeoft, andiora
voute 18 assigaed to the autonomous atrcea i (Rurther diseossed below i comnection with FIG. 3},
the supervisor may first select the aircraft icon 116 corresponding to the autonomous aiteraft on
the first pane 102, send a lifioff command to the autonomous aircraft by, for example, selecting a
first (e.g., Hiffoff) button 110 on the second pane 104 {e.g., as shown in FIG. 2A, the selected
iftoff button 110 1s displaved using a visual cue such as boldface fout, to indicate that the bution
has been selected), followed by selecting a second (e.g., execute) button 112 on the second pane
104 {a.g...as shown in FIG. 2B, the selected execute button 112 13 displayed using a visual cue
such as boldiace font, 1o mdivate that the bution has besn selected) to confirm the hiftoff
conunand being sent to the selected aircratt. The two-step selection including selection of two
separate buttons for sending a command to the antonomous aircraft may ensure that the
command 1s being sent intentionally, Accordingly, the server computer 1020 may receive a
selection of the atrcraft won 116 on the Hrst pane 102 of the GUI 100, and may receive the liftoff
conunand followed by the execute conmnand from the second pane 104 the GUL 100, The server
computer 1020 may then transmit the Hftoff command to the autonomous aeraft represented

using the awcraft icon 116 on the GUT 100

{60421 In the embodiment dlosteated in FIGs, 24 and 2B, no addutional pop-up windows are
displaved when the supervisor seledts an won on the first pane of the GUI or an information

section on the second pane of the GUL This eliminates the clutter on the GUT and reduces the
distraction for the supervisor. In some ambodiments, pop-up windows, or changing lavouts of

the GUT may he prevented to reduce or eliminate distractions for the supervisor,

{0043]  In somi eibodiments, while the autonomons aiweraft is following anassigned route,
the supervisor may receive an jastruction from air teaffic control (ATC) that needs o be relayed
fo the autonomous atreraft under supervision. The display of the GUT1s oprimized for the
supervisor to quickly identify the correct avtononmious atreraft and relay the ATC conumunication

to the correct autonomous aweraft.

{0644]  In some embodiments; the supervisor may locate the autonomous aireraft on the map
displaved on the first pane 102 and deternuine whether the ATC commuuication is applicable.
For example, if the map shows the autonomous aircraft on 8 mountainous terrain that (s not sate

for a maneuver suggested in the ATC communication, the supervisor may confirm the maneuver

16
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with the ATC prior to relaying it to the agtonomous aireraft or may determine that the
communication iy erroneous and should be discarded based on the mformation provided o the

supervisor using the map displaved onthe GUT 100,

[6045] Referong back to FIG. 24, while four of the aircraft may be already in the air,
following a route, a fifth atrcraft represented with the aircraft icon 116 may be on the ground,
waiting for a route assignment. According to various embodiments, the supervisor may
commmncate instructions to an awerafl such as assigning a route, giving Lftof! mstractions, sic.
The autonomous arcralt executes a flight plan to follow the route upon recerving route

asstgmnent.

{0046] FIG. 3 dlustrates anexenmplary technsgue for assigning a route (0 an austonomons
grreraft using the exemplary ansmated GUT of the Qight sapervision platform, accordmg to
various embodiments. GUT 100 may alsoe be used 1o assign a flight path o an autonomous
awcraft. For example, the autonomous awcrall conld be on the ground wasting for a thals
assignment. The sapervisor may select the autonomous avvecaft either by selecting the ancralt
icon 116 orthe information section 106 representing the aworaft on the ground {as shown in FIG.
2A and 2B). The selection of an sutonomous aircraft on the ground may trigger the GUL 10010
display a list of available routes 202 using a menu 200, One of ordinary skill in theart will
appraciate that the graphical elements lustrated m the figures for providing mformation or
receiving input from the supervisor sre not Hinited 1o the nmeans shown in the figures, and
alternative means may be used to convey the same mformation or receive the same mput. For
example, the meny 200 may inclade a sceoll-down meny, a drop-down meny, ete. The
supervisor may select one of the routes by, for example, chicking on the desired route amony the
list of avaslable rowes 202, The supervisor may be asked 1o contirm the selection by, for
example, selecting an accept button 204, The sccept button 204 for confirming the selection
may be displaved on the second pane 104 while the menu 200 with the routes 202 may be
displaved on the fiest pane 102, Therefore, the confirmation action nuay requure the supervisor to
travel from the first pane 102 to the second pane 104 to mtentionally select the accept button

204, This configuration may avold executing a selection by mistake,

{0047]  When a rovte 206 15 selected for assignment 1o the airerafl, the selected route 206 may

be displayved on the map as a displayed route 210 from departure poimt to arvival point using

H
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visual caes; such as using a fisst color, This-will also allow the supervisor fo visually confrm
that the imtended rovte 18 assigned to the awtonomous atrerafl. The departure point and the
arcrval point 208 of the selectad route may be displaved on the information section corresporcting
fo the selected autonomous aireraft. For example, if the intention were 1o assign a route from
Los Angeles to San Franciseco, but the displayed route is from San Diego to Los Angeles, the
supervisor may realize the mistake before executing the route assignment corunand. Onee the
supervisor confirms that the displayved route 210 1s the mtended roude, the sapervisor may
gxscute the assignment by selecting the accept button 204, Execution of the conunand may
result m the assigned rouie being displaved on the map from depariure pomt io arfival pomt
using different visual cues, such as using a second color to illustrate that the route is now g
confirmed route. That is, the GUY 100 relays the ransition from a selected route to a confirmed

foute.

{0048]  The server computer 1020 coupled to the GUL 100 may continuously receive flight
parameters and location positioning signals of the plurality of autonomous atrcraft monitored
ustng the GUI 100, The server computer may periodicslly update the GUT 100 using the flight
data and the location posticning signals of the autonomous aireraft to display a rélative position
of the first icon 116 with respect to the displayed route 210 assigned to the autonomous atreraft

as the autonomous aiwcraft advances along the displayed route 2104

{0049]  According to various embodiments, the sapervisor may choose the amount of detail to
be shown on the map. For example, the GUI 100 may have layers of mformation 250 that can be
displayed in an overlaid manner. The supervisor may select one or more of the available lavers
{e.g., radius information around aircraft 232, wind information 234, telemetry iformation 236
received from one or move ajrerafl, any additional informanon 238} to have a destred level of

detail on the map.

{6050} FIGs. 4A-4B iHustrate vanous level of detail displayed on the GUY of the flight
supervision platform, according to vavions embodinments. Specifically, FIG. 44 ithustrates
adding a layer on the displaved exemplary animated GUL, and FIG. 4B illustrates removing a
layver from the displaved animated GULL FIG. 4A shows a visoal aid 302 for iHlostrating an
suvironment of an autonomous aircraft represented using the aircraft icon 116, For example, the

visual aid 302 may be i form of concentric rings, cach ring corresponding to a predetemunad
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distance from the autonomous aircrafl. This way, the sapervisor may quickly see and assess if
there are other airevafl; or hazavds, in close prosamity to the monitored avtonomons areraft.
Similarly, the vizual aid 302 may also convey imformation about the distance between the
monitored antonomous aircraft and geographical elements (e.g., 3 mountain) it vicinity of the

moniored autonomous atreeaft.

[0051]  Ifthe supervisor prefers a cleaner display, the supervisor may remove the visual aid
302 from the GUI, as shown in FIG. 4B, For example, the visual aid 302 may be displayed when
the vacius layer 252 (shown in FIG. 3) 1s selected, and may be remwoved when the radias haver
252 1 wn-selected on the GUI 100, While some of the elements of the GUI may not be subject
o be masked {e.4., some glements are always displaved and may not be removed by togaling the
fayers), other elements may be displayved according to the selected options provided on the GUI

{e.g., based on selection of the map layers 230 Ulustrated in FIG. 3}

{052]  As shown m the FIGs. 4-3, the aircraft icong 116, 118 may bave additional mformation
400 displayed on the map in connection with the atreraft icon. For example, flight parameters
such as heading, altitude, andior speed information associated with the autonomons airerafl
represented by respective atrcraft icons 116, 118 may be displayved next to the arrcrafticon 116,
HEIR, In some embodinents, the information 400 may be stuck to the areraft icon and may move

along the displaved path with the awcraft iwon.

{0053} As shown in FIG. §, the ammated GUI may display the aireraft icon 1156 moving along
the route 120 assigned to that sirerafl. As the autonomous aircraft advances along the assigned
route {e.g., fightpath), the corrssponding atreraft icon 116 moves along the route 120 on the
map. The displaved information 400 moves along with the atreraft icon 116, By having all the
information on the same GUI, technigues provided herein ensure that the supervisor is gppraised
of gll relevant information assoctated with the autonomous atreraft, and selects the right
autonomons aireraft when activating & route or when conveying commands to the autonomous
aireraft. In some embodiments, the supervisor may toggele between displaying and hiding the
displaved information 400, That is, the flicht parameters associated with the autonomous aireraft
may be selectively displaved mproxinuty of the first icon representing the autonomons aireraft

on the GUL
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{HI54]  According fo various embodiments, the autonomous aivcraft supervised using the
ammated GUT 100 are flying astonomously using instroment flight sules (JFRY. HATC mstructs
the supervistw 10 commnaueate 3 new paramater {e.g., alutude, heading, spead, vle.) to the
autongimous aucraft, the supervisor may do s¢ by selecting the aweraft icon 116 and sendmg a
command with the new parameter. In some embodinents, the avtonomous aweraft may confiom

the receipt of the command and/or the exegcution of the command with a message transmifted

back to the server computer and displayed on the GUT 160,

{8055]  In some embodiments, the GUT naay be displaved at vartous zoom levels, as selecied by
the supervisor, or based on a selected action. For example, when assignmg a flight path to the
autonomous atrerafl, the GUIL may be displayed at a zoom level that shows both the start poimt
and end pomt of the route. For example, when entermg a fhght parameter change command, the
GUH may be displayed at a zoom level that better llustrates the sarrounding snvitorunent of the
guionomous mrerafl 1o ensure that the fhght parameter modifivation does not pose an immingnt

threat to the autonomous arrerafl,

{00561 FIG. 6 tllusirates a zoomed-i view of the exemplary snimated GUI of the flight
supervision platform, according to various embodiments. As shown in FIG. 6, 3 route may be
formed by connecting a plurality of wayvpoints 352, 554, 556, In some embodinents, a segment
360 (e.g., portion) between the waypoints may change color when the autonomous aircraft has
flown over the segrment. For exanyple, in the exemplary embodiment ilustrated 1 FIG. 6, the
segment 360 {e g, completed portion of the route) is shown in a first color {e.g.. white),
Hlustrating that the sepment 360 of the route has been completed, whereas segment 362 (g2,
remaining portion of the route) is shown in & second color {e.g, purple) ndicating that the
segmient has not been completed yet. These visual coes may help the supervisor o gather
various types of mformation stmultanecusly simply by looking at or observing the GUL Using
the visual cues, the supervisor can keep track of the muliple awtonomous atreraft under theyr

SUPETVISION.

{057} According to various embodiments, when an aircraft icon 116 is selected on the GUL,
the cupervisor may select a waypoiut on the planned route of the atreraft represented by the
areraft icon 116, and route the aircraft directly to the selected waypoint. For example, if the

atreraft were configured to v from wavpoint A 10 waypoint B and then to waypoint €, the
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supervisor may select waypoint € and instruct the aiveraft to fly from waypomt A divectly to
waypeint O, skipptg wayvpoint B, As with various conmmands desertbed heretn, the one or more
selection mputs on the GUT are transmitted to the autonomous aireraft by the server computer

coupled to the GUL

{RO58]  When an autonomous areraft completes its fhight plan (e.g., arrives at the destination
point), the airerafl ioon |16 may be shown with one ot more visual cuss indivating that the

autonomous atrerafl has completed its flight and bas landed.

{0059]  FIG. 7 illustrates another view of the exemplary antmated GUT including a fhight
gundance pang, according o vanious embodiments. The sxemplacy GUT 600 shown in FIG. 7
mcludes a first pane 602 {siailar to the first pane 102 of FIG. 2A) with a plurality of icons 601,
603 each represenimy an duionomous aeraft supervised wsing the GUH 800, The exemplary
GLH 600 further includes a second pane 604 (similar o the sevond panie 104 of FIG. 24 with a
plurality of information sections each correspondmg to one of the displayed icons on the first
pang 602, The first pane 602 and the second pane 604 may thastrate missions {e.g., Mighis) that
are active {e.g., have an active status, or executing a fhght plany. The exemplary GUI 600
further includes a third pane 606 displaying a hist o missions 630 assigned to the supervisor of
the GUI 600, Each mission assignment represents an addittonal autonomous flight that are being
assigned to the supervisor for being monitored by the GUL That ix, the third pane 606 illustrates
autonomous sireraft that are being assigned 6, but not currently supervised using the GUI 600,
For example; the list of missions 650 may mclude missions that await for the supervisor{e.g.,
aperator} to accept the execution responsibility over them. Once the supervisor accepis and
assigned mission, the last preparations before Jeparture can be completed. In somne
gmbodiments, the missions on the hist 650 may vot include all of the assigned missions, but only
the assigned missions that are in a state of pre<preparation, as described above, The acceptance

of an assigned mission (e.g., avtonomous flight) 1s described below in comection with FIG. 8.

[0060]  According to vanions ersbodiments, the flight supervision platfornt 1000 may display a
message reporting one or more upcoming tasks that may require the supervisor’s 1030 approval
or acceptance. For example, the upcoming task reminders may be displayed overa
predetermuned amount of time in a priovinized manner along with the information necessary to

avoid human errors or deop in the human performance (e.g. delay 1o responding to a thue~
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andfor safety- critical event). n some embodiments, the remunder message may have a
countdown displayed therein to indicate the remaining time for the supervisor 1030 to act upon

the reyminder.

[0061]  Continving with the deseription of the exemplary GUT 600, a fourth pane 60818
provided for ilfastrating a zoomed niap view of the selected autonomons girerafl. For example,
if the twon 601 1s selected on the first pane 602, the corresponding iformation section 603 15
wlentified on the second pane 604 using visual caex {as described above m connection with Fi(s,
24 and 2B), and the mmmediate area around the selected autonomous atrerafl 15 shown i pane
608 using & zoomed-in map. The exemplary GUT 600 fusther includes o flight guidance pane
610. The GUI 600 may receive a modification on the flight puidance pane 610 corresponding to
a desived change to one or more flight parameters associated with the selecied avtonomous
aircrafl (e.g., the airorafl represented with the 601 and information section 605 iy the exemplary
GUI of FIG. 7). The server computer transmits the command to the autonomous atreraft to
effectuate the desived change. According to vanous embodiments, the flight guidance pane 610
may include one or more of a control dial 612 or 614, a drop down menu, g text entry field, or a

widget 620.

{0062} Forexample, the first control digl 612 may enable the supervisor to enter a heading
setting or modification for the selecied autonomous areraft, The GUI may display possible
heading at predetermined increments. When the supervisor nakes a selsction, the selected
heading may be indicated using a visual cue 618, The second control dial 614 may enable the
supgrvisor to enter an altitude setting or modification for the selected autonomous awcraft. The
GUT may display possible altitudes at predetermined increments. Whets the supervisor makes a
selection, the selected heading may be indicated using a visual cue 616, In some embodiments,
the flight parameter setting or modification may be entered on a text entry field. When one or
more of the flight parameter setting or modifications are completed, the supervisor may select a
widget 620 {e.g., “execute™ widget} to have the server computer transnit a commmand to the

autonomons gireraft to implement the one ormore flight parameter setting or modifications.

{0063]  FIG. & llustrates another view of the exemplary antmated GUI of the fight sopervision
platform after 3 mission assigiument 1s gccepted, according to vanous embodiments, As

b=

described above, the exeniplary GUT 600 shown in FIG. 7 includes a third pane 606 displaying a
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st of mussions 650 assigned to the supervisor of the GUI 600, When the supervisor accepts one
of the missiong, the mission is moved from the third pane to the second pane that displays a hist
of active autonomous ights being supervised by the supervisor. As shown i FIG. 8, the
supervisor accepted the mission 702, which is removed from the thid pane 705 and moved to the
second pane 740, The second pane 740 displays all astonomous atreraft sapervised andior
managed by the supervisor, regardiess of the autoncmous atreraft being m 8ight or on the ground

{e.g., watting to start a pussion or recently landed ax part of #s mission).

[0064]  When the sapervisor accepts a new nussion, the fhght pudance pane 610 temporality
switches to a configuation view 710, The configuration view 710 provides additional
information associated with the newly accepted nission including, for example, the points of
origin and destination, the estimated departuwe time, the state of charge of the aweraft, the fhight
check status, etc. The configuration view 710 may mclude a text area 704 for displaying the
addittonal mformation assoctated with the newly accepted mission, as well a3 one or more
conunand widgets 708, When the liftoff conmand is selected on the GUI, the server computer
sends the hiftoff command to the sutonomous aircraft, and the configuration view 710 switches

back to the flight puidance pane ©10, as shown m FIG. 7.

{0065  The autonomous fhghts managed by the supervisor may be displaved using icons on
the first pane 730 of the GUL According to various embodiments, wons representing
autonomous aireraft in flight 732 may have a Jifferent representation than tcon 734 representing
autonomous atreradt on the pround {e.g., preparing for flight or recently landed autonomous
awcrafl), The icon representing a newly accepted mission may not vet be associated with a fhght
plant (e.g., rovte) on the map. The won may be associated with the flight plan or route on the
GLUH gpon an execute Broff command is ransmited to the autonomous airerall by the server

CONYRILET,

{6066}  Asshown in FIG. 8, the zoomed-mn map pane 720 may provide a close-up aerial view
of the newly accepied nugsion’s surroundings. The map pane 720 may also indicate the current
status of the autonomous aireraft. For example, since the selected autonomous aircraft
corresponds o the sewly accepted migsion 702, the status of the autoromous aresafl ts mdicated
as “transition level ) wransition-chmb,” meaning that the antonomous atreraft §s transitioning to

vertical flight mode to Liftoff or climb,
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{HI67]  According fo various embodiments, the server computer coupled to the GUI may
vecetve an put selecting a mission assignment displayved 1o pane 705, For cach selected
mission assignment, an mdivichial icon 734 15 created 1w the Brst pane 730 and a corresponding
madividual sections 702 representing information associated with the seleeted mission assipnment
18 ereated mthe second pane 740, The accepted pussion 1s then vemoved from the third pane 703

of the GUL

{E68] Accordmg to various embodiments, an entity {(e.g., ATC, a third party, another aweraft)
may send an alert to-the supervisor. In some embodiments, the alert may be recerved at the fight
supervision platform and/or the server compuier m commmaencation with the GLT and a visual
alert may be displayed on the GUL The supervisor mayv choose to either ignore or act on the
displayed alert. In some embodiments, the GUT'may also display a proposed change or
niodification to the fhght parameters of the monttored autonomous aircraft. The supervisor may
accept the proposed change and ransmat the command to change the fhight parameters to the
autonomious atreratt, {n some embodiments, in response to the alert, the supervisor may use the
fhight guidance pane of the GUI to manually enter the desived change to the flight parameters.

The server computer may then transnut the command to the awtonomous atreraft using the GUIL

{0069}  In some embodiments, the antonomous atreraft 1s configured to alter its course to avord
collision with & hazard, or avoid nussion fatlure due to, for examyple, an electro-mechanical
prablem onboard, The antononous aeraft may alter its course without receiving an approval
from the supervisor. In some embodiments, the autonomous aiveraft may be configured to wait
for an approval for a predetermined amount of time before implementing a change in the flight

plan.

{0076]  Accordmg to various embodiments, a dedicated area of the GUI may be reserved for
displaving alert messages, For example, feedback or data recetved from sensors or other
squipment of an autonomous aircraft indicatng an tssue with the aireraft may be displayed as an
alert at the dedivated area. In some smbodiments, given the importance of an alert, the glert may

be displaved as a pop-up screen over a mam pane (e.g., the first pane) of the GUL

[0071]  FIG. 9 llustrates an exemplary warning displayed using the exemplary sromated GU,
accarding o vartous embodiments. In some embodiments, the autonomous airerafl may detect a

hazard 800 on is route 802 and may divent from s route 802 to avoid collision with the hazard

I8
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&G0, For example, the autonomous aireraft may bear left or right and alter its course to an
atternate route 804 that avords collision with the hazard 8060, In some embodiments, the
autonontous areralit may need o alter 118 coursa due 1o a problem wdensified with the aatonomomns
atecraft, such as a propelier (e.i., fan) fathwe. The alternative route 804 and a collision
avordance alert (e, warning} 806 are displayed on the GUI to inform the sepervisor. Insome
embodiments, upon comnmumicating the hazard 800 to the flight sapervision platforny, the
autonomous sreraft may ask for a {rajectory update. The request for a trajectory update may be
displayed on the GUL The supervisor may provide a response to the trajectory update request by
sending, via the server compater, a change to the fheht parameters or the fhght plan of the

autonomous atreraft.

{0072 When a warning 806 1s displayed on the GUI, the GUI may switch the selscted aweraft
ivcon to the atrcraft icon associated with the warning 806, For example, the GUI may display
wcon 805 and corresponding section 822 as the selected autonomous aircrafl if the warnmng s
recetvid from, or is otherwise assoviated with, the autonomous aireraft represented with icon 803
and section 822, In some embodiments, if the alert is displaved for a change already
implemented by the autonomous airerafl, the alert may be displaved for a predetermuned amount

of time priov 1o switching back to the last selected aireraft by the supervisor.

{0073]  In some embodiments, ATC may recomumend a flight plan change, which can be
displayed as s alert on the GUL The alert may further inchude a widget displayed on the GUI
for the supervisor to accept or dechime the reconunended flight plan change. W the supervisor
accepts the recommended flight plan change, selecting the widzet sccepting the recommended
flight plan change may cause the server computer o transinit 8 conmand to the gutonomous
atreraft wo effectnate the recomumended the flight plan change (e.g., change the headmg as
indicated in the recommended flight plan change). The antonontous aiverafl executes the

received command and starts following the altered fight plan.

{0074} Embodiments provide a flight supervision platform (e g, flight supervision phatform
1000 lustrated in FIG. 1) to perform the techniques descnbed herein. The information received
from the autonomous aireraft that are being monitored, or any other sources, is analyzed andfor
provessed by the server conputer {e.g., server computer 1020} and transmitted to the GUl {e.u.,

GUI 10123 for being displayed. Stnuladdy, any input or selection reeeived at the GUT is analyzed
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andfor processed by the server computer and transiitted to the intended autonomous ancrafl

over secure communcation channel between the server computer and the autonomous airerafl,

{0751 FIG. 10 Husirates an exemplary inpat device, according to various embodiments, The
exemplary fuput device 1058 may be commumicatively coupled to the server computer 1020,
The inpot device 1050 may commuicate with the server computer 1020 viaa wiredora
wireless connection. The mput device 1050 may inchude muliiple mput mechanisms 1032, 1054,
1056 assoctated with a unigue flight parameter. The input devies 1050 may be controlled by the
supervisor 1030 and may send signals based on selection {g.g., activation} of one or more of the
wput mechamsms 1032, 1054, 1056, Exemplary mput mechanisms may melade, but are not
lmited to, any vombination of button(s), switch{ex), wheel(s), trackpad(s), touch sensor(s). Each
mpui mechanism 1052, 1054, 1056 may be assigned to a wgue theht parameter {e.g., heading,
true aivspeed, altiiidde). Selecting {or activating) an mput mechamism 1032, 1054, 1036 sends a

stgnal from the input device 1050 to the server computer 1020,

{8076} For example, the wput device 1030 may mchade a multi-botton mouse (e.u., thres
button mouse). The first input mechanism {e.g., first butlon, switch, touch pagl, pointer) 1052
may be dedicated o conumands associated with a first flight parameter {e.g. heading), a second
input mechamsm {e.g., second button, switch, touch pad, pointer} 1054 may be dedicated to
comnands associated with a secongd flight parameter {&.2., airspeeid, rue aspeed), a third mput
mechamso {e.g., third button, switch, touch pad, potnter) 1056 may be dedicated to commands
associated with a third flight parameter {e.u., altitude) of the awrcrafl. According to various
embodiments, the input mechanisms maybe of a same type {e.g., all input mechanisms are
buttons, or wheels, ete ). Ahematively, each wput mechamism may be of a differem type (e.g..
the first input mechanisnm associated with the first parameter may be a button, the second input
mechanism associated with the second parameter may be a wheel, ete.). In some embodiments,
the input device 10530 may optionally include one or more additional input mechanisms. For
example, the mput device 1030 may inclade an optional side button 1038 1o provide additional

fnput (e, mput other than selecting or modifyving a flight parameter).

{0877 Insome embodiments, each toput reechanion nay be assoctated with a sensory coe.
For example, each input mechanism may be color coded. The same color may be used ©

Hustrate the command associated with the flight parameter on the GUI 100. In other
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embodiments, each input mechanism may have a anique tactide texture. The same textore (.4,
hashing na first divection, dotted texture) may be vsed to llustrate the flight parameter on the
GUT 00,

[6078]  One of ordinary skill in the art will anderstand that the tnput device inchading muliple
npat mechanisms 1s pot lnuted to the structore Yustrated tn FIG. 1 and may take any shape or
form so as the mput device includes a dedicated input mechantsm for sach unique parameter that

the supervisor may alter andfor control.

{86791 According to various embodiments, the supervisor 1030 may hover over an fcon that
represents an actua aircradl displayed on the GUI 100 {e.g., iwon 116 ilustrated i FIG. 1), The
server computer 1020 may detect the carsor hovering over the icon for a predetesmined amount
of time. When the predeternuimned amount of time has elapsed, the server computer 1020 may
interpret the hovering as an input selecting the icon amonyg the plurality of icons displaved on the
GUL

[0080]  Using the input device 1050 and techuigues described herein, the supervisor 1030 may
send a conmmand 1o the selected airera®t (o change a flight parameter {e.g., the auspeed, the
heading or the altitude). For example, the supervisor 1030 may send a command o the atreraft

to slow down, to bave a new heading or to assume a new altitude.

f0081]  Accordmy to an exemplary embodiment, a curser controlled via the mput device 1050
may be displaved on the GUT 100, An exemplary cursor 1108 is ilustrated m FIG. 11, and
described below 1 greater detail. In some embodiments, the supervisor 1030 may first select the
desired airersft using the cursor 1108 (e.p., hovering over the desired aircraft and selecting
airceatt) betore sending a cormand to the atreraft,  Alternatively, the display device 1010 may
be a touch screen and the supervisor 1030 may select the desired aireraft by touching on the con
vepresenting the atrcrafl. o other embodiments, the sapervisor 1030 may hover the cutsor over

an icon representing an autonomons gireraft on the GULI00 {e.g., hovering overtheicon fora

predatermined amount of ime may be interprated by the server computer 1020 as selecting the
icon} and getivate a first input mechanism of the tnput device 1030 for displaying desired
contmand(s) n connection with the flight parameter assigned to the first input mechanism, For
example, the first menu way be displayed after 3-5 seconds of the cursor hovering over the first

o, For example, to adjost a heading of an antonomous airerafl, the supervisor 1030 nay

2
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activate fe.q., chck, or click and hold) the first input mechanism 1852 assigned to the flight

parameter “heading”.

{082} According tosome embodiments, activating {e.g., pressing on, holdmg down) an mpud
mechatusm 1032, 1054 or 1056 while the cursor is over an aiceraft icon displaved on the GUI
may trigeer a menu {e.g., a radial weng, a widget) 1102, 1104, 1106 to be displayed on the GU|
as shown in FIG. 11. For example, activating the first input mechantsm 1052 may trigger the
first vadial meny 1102 to be displaved on the GUI, activating the second mput mechanism 1034
may trigger the sevond radial menn 1104 10 be displayed on the GUI, and aclivating the third

wput mechamsm 136 may irigger the thied radial mems 1106 1o be displayed on the GUL

[0083]  The menus 1102, 1104, 1106 may allow the supervisor 1030 to modify the flight of the
aireraft, Bach memi 1102, 1104, 1106 may be associated with one or more preset conunands 1o
modify one or mors fight parameters of the selected aireraft. Hach menu 1102, 1104, 1106 may
mchude a phuralisy of preset commands 1106, According to vartoas embodiments, the meng
1102, 1104, 1106 may be in form of a rosette {e.g., baving a circular format) including & ceniral
element and a plurality of preset commands arranged around the central element. Exemplary
menus 1102, 1104 and 1106 shown on FIG. 1 are radial menus. However, the menus may be

provided m other forms that allow to implement the festures deseribed herein.

[6084]  While the menu 1102, 1104 or 1106 15 displayed on the GUI, the supervisor 1030 may
control the cursor using the input device 1030 1o select a desived command. As shown in FIG.
11, each mienu 1102, 1104 or 1106 includes a plurality of preset commands. According to
various embodiments, the preset commands may be displaved in 8 circular format around a
central element identifving the flight parameter. A 'placement of the presef comimands may be

based on at legst one of an orientation ot a magnitude of each preset command,

{0085]  Referring back 1o FIG. 11, the menu 1102 is assotiated with the heading of the alrtraft
as the flight parameter. According 1o various embodumnents, each input mechanism and
displaved meny pair 1s assotiated with same sensory cue. Here, the central element 1122
identifies the heading as the flight parameter. As shown in FIG. 11, the central element 1122
may be represented using the same sensory cue {e.¢., visual cue such as color) as the input
mechamsm 1052 (lustrated in FIG. 10) associated with the same flight parameter (e.¢.. the

headmg). The preset conmmmands 1103 are attanged aronnd the contrad element 1122 The preset

¥
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commands directed to agsigning a heading angle toward right are provided on the vight side of
the mena 1102, The preset convmands divected o assigning a beading angle toward left ave
provided on the left side of the menu 1102, The preset conunands for right heading are arvanged
m a clockwise increasing order. The preset conymands for feft heading are arranged in a counter-
clockyise increasing order. Accordmgly, the placement of the preset commands 1105 18 based
on at least one of an oneniation or & magmtude of each preset heading conwmand. A “continue
fhght plan” preset command 1124 18 also presented in the menu {102, Accordmg to varions
embodiments, the menu 1102 may alse include a preset comumand based on a divection of the
desired heading, and allowing the sapervisor 1038 o entera desired heading amount. For
example, the preset command 1126 15 a preset command for a right heading, allowing the
supervisorto enfer a destred heading 1n the preset command 1126, For example, the supervisor
1030 may use an input mechantsin of the mput device 1030 to provide the desired heading, In
some embodiments, the desired input may be entered using a scroll wheel or continuous fapping
on a selected input mechanism. Selecting one of the preset commands 1105 {e.n., “LEFT 360"
command as shown in FIG. 11) using the cursor 1108 via the faput element 1050 will send “bear
LEFT 360 degrees” command to the selected astcrafl. The control computer of the aivcraft will

then execute the received command.

[B086] The menu 1104 is associated with the true airspeed of the atrcrafl as the flight
parameter. The central element 1132 identifies the true aivspeed as the fight parameter, As
shown m FIG. 11 the central element 1132 mayv be represented asing the same sensory cue (g8,
visual cue such as color) as the nput mechanism 1054 (lustrated in FIG. 10) associated with the
samg flight pavameter {e.g., the troe airspeed). The preset commands 1110 are arvanged around
the central element 1132, The preser conunands directed tv increasing the true airspeed are
provided on an upper half of the menu 1104, The preset commands directed to decreasing the
true airspeed ate provided on g fower half of the menu 1104, The absolute value of the preset
commands 1110 increase from feft to right. Accordingly, the placement of the preset commands
1110 15 based on at least one of a magnitude and vahie {or absolute value) of each preset true
airspeed comumand. Selecting one of the preset conmmands 1116 {e.g., “+ 3 KTS” command as
shown m FIG. 11) using the cursor 1108 via the input element 1030 will send “inerease airspeed
by 3 kuots” command to the selected areraft. The control computer of the aivcrafl will then

execute the received command.
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{HI87]  The menu 1106 s associated with the altitude of the aircraft as the flight pavameter.
The central element 1142 tdentifies the altiude as the thght parameter. As shown m FIG. 11 the
central element 1142 may be represented using the same sensory cue {e.g., visual cug such as
color) as the input mechanism 1036 (illustrated in FIG. 10) associated with the same flight

parameter {¢.g

S

the true aivspead). The preset conymands 1112 are arranged around the central
element 1142, The preset commands divected to incveasing the altitude are provided on an upper
half of the wmienu 1106, The preset commands divected to decreasing the altitude are provided on
a lower half of the menu 1106, The absolute value of the preset commands 1110 increase from
left to nght. Accordmgly, the placement of the preset commands 1118 1x based on at least one of
a magnitude and value {or absolute value) of each preset altitude command. Selecting one of the
preset commands 1116 {e.g, *+ 100 FEET” command as shown in FIG. 11 using the cuarsor
1108 via the mput slement 1050 will send “increase altitude by 100 feet™ conunand to the

selected aircraft, The control computer of the atroraft will then execute the received command.

[0088]  Oune of ordinary skill i the art will appreciate that the arrangement of the preset
commands is not linuted to the layout Ylustrated in FIG. 11, and that any layout (e.2., 8 layout
that would be intuitive 1o the supervisor 10303 may be selemted for any of the menus described

above.,

{0089]  According to various embodiments, once the supervisor 1030 completes transmitting
the desived command to the aireraft, the menu 1102, 1104, or 1106 disappears from the GUL
This reduces the clutter on the GUT 100 and enables the supervisor 1030 to focus on the atreraft

under their supervision.

[0090]  In some smbodiments, the supervisor 1030 may press, or press and hold, a key
provided on a keyboard {e.g., "Ctrl” kev) coupled to the inpuy device 1050 whule activating the
nput mechanist 1052, 1054 or 10534, The key may also be provided on the tnput device 1050
{e.z., on a surface, such as a side surface, of the mput device 1050). The simultancous activation
of multiple buttons andfor kevs may ensure that the commuand that is betng sentto the aireraft is

intentional and not an accidental input.

{0091} In some embodiments, the most conumon conumands may be placed on the menu 1102,
F104, 1106 within easy reach of the supervisor 1030, In scime embodiments the ventral element

F122, 1132, 1142 indicatng the selected parameter {e.g., heading, amspeed, altitude) may be

24



WO 2024/097888 PCT/US2023/078532

centered on the airerafl scon that sepervisor 1030 has selected. Accordingly, the supervisor 1030
does not move the cursor 1108 away from the atroraft icon, nereasing the visual feedback that

the commands will be sent to the selected airerafl vepresented by the ayrerall won.

{6092 FIG. 12 dlustrates another exemplary display of mudtiple awcraft controlled
simultaneoushy by the controfler. Hach aweraft icon 1202, 1204 may be associated with an
autonomous atreraft controfled by the same supervisor 1030, As shown m FIG. 12, the atrerafi
wons 1202, 1204 may be a minimalistic representation of an awerafl, without meorporating
detasled dessgn featares to further reduce clatter on the GULL The flight path {e.g., course) 1206
of the mreraft may be shown using a e with a first viseal cug {e.g., fivst color). Gue oy more
predetermined flight parameters may be displayved in form of a legend 1208 n proximity of the
amrcraft icon 1202, For example, the heading, anrspeed and altitude information may be
displaved using colors associated with the input mechanisms 1052, 1054, 1036 of the input
device 1030, as well as the menus 1102, 1104, 1106 associated with the respective unigue Hight

parameter,

{0093}  The use of consistent sensory cues {e.g., same color to represent 8 unique parametar
such as first color for heading, second color for atrspeed and & third volor for altitude) reduces

the human ervor {e.g., sending a wrong command, or sending a cormmand fo a wrong aireraft),

{6094} The command sent 10 the aeraft may also be displayed on the GUL As shown 1 FiG

2, the legend 1210 indicates the current heading of the aircraft associated with icon 1204 {e.g.,
heading 3153°) and the target parameter (g2, heading 045%). The legend 1210 iHustrates the old
command or the current flight parameter, as well as the target fhight parameter. That 35, the GUI
wdicates the maneuver that the aivéraft is going o mplement shortly. Once the target is
achieved, the old flight parameter disappears, and the achieved target (which has now become
the current parameter) 1s displaved instead. In the example tHustrated in FIG. 12, once the

R e

aireraft represented by icon 1204 has a 045° heading, the number 3157 wall disappear, and the
tegend will show “HDG 0457 {e.p., the implemented compmand sent to the aiveraft psing the

flight supsrvision platform 1000 described herem).

{0095]  According to varions embodiments, the supervisor 1030 may wish to display the terrain
around the arrcraft. The GUI may include an option for the supervisor 1030 to turn on or off the

terram display. For example, the GUmay wchude a widget 1212 that can be selected to show or

1]
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mask the terrant. In some embodiments, the terraim may not be displaved on a default setting n
an effort 1o dechatter the QUL GUI described herem Hustrates maltiple aperaft amultaneounsly.
Sinve each awcraft i Likelv 0 be at g different altitude than the rematung mrerafl, permanently
displayving the terrain may increase the likelihood of a supervisor error. However, the supervisor
1030 paay wish to see the terrain, and may turn the terram display ondoff using the widget 1212,
The widget 1212 may be controlled (activated, deactivated) using the input device 1050, For
example, clicking, or clicking and holding, or hovenng over the widget 1212 may activate the
widget, and display the terrain on the GUIL Releasmg the widget or hovering away, or re-
chicking on the widget with the input device may remove the terram from GUL For example. the
widget 1212 may be selected using the additional input mechamsm 10358 of the input device

1050 (e.g., an input mechanism that is not assigned to-a particular Hight parameter).

[6096]  FiG. 13 15 a flowchart of an example process 1300, In sonme umplementations, one or

more process blocks of FIG. 13 may be performed by a flight supervision platform.

{0097]  Alstep 1302, a graphical user mierface (GUD is chsplaved on a display devige using a

server computer. An exemplary GUI 100 15 iHlustrated in FIG. 2A.

[0098]  Alstep 1304, a plurabity of autonomous airerafl are represented with a plurality of foons
autonomous areraft on GUIE 100, In sorme embodiments, mformation about one or more flight
parameters assoctated with each of the plurality of autonomous aireraft may be displayed in
proximity of the fcon representing the autonomous aireraft on the GUT using a unique sensory
cue for egch flight parameter. For example, as shown in FIG. 12, each thight parameter may be

assigned a color, and be displaved near corresponding icon using the assignad color.

{0099} At step 13006, the server computer receives an input selecting a first icon among the
plurality of iconis on the GUL For example, the server computef may teceive an mput (6.4, 8
signal transmitted to the server computer from sn input device) to select the wcon 116 on FIG.
2A. Insome embodiments, the server computer may detect a cutsor hovering over the first icon
for a predetermined amowy of time. The cursar 13 controlled with the mput device
contaicatively coupled o the server computer, When the predetermined amount of time

elapsed, the server computer may interpret the fcon under the cursor as bemng selected.
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{188] At step 1308, the server computer recerves g first signal from an input device including
a pluradtty of mput mechamsms. Fach mput mechanism iy assigned to a wngque fhght parameter,
The first stgnal 1s generated by selecting a first input mechamism of the mput device, wherem the
first component is associated with the first flight parameter. An exemplary input device is
dlustrated m FIG: 10, The mput device 1030 melades input mechamsms 1052, 1034, 1036,
which are respectively assigued to controlling a heading, arspeed, and aliitude of an awcrafl.
Selecting, for example, the mpuot mechanism 1052 assigned to true airspeed generates and
wansmrs a frst signal 1o the server computer to display the menu associated with the true
amrspesd. Accordimy to vanous embodiments, an input mechanism of the nput device associated
with the first flight parameter is identified on the input device using the unigne sensory cue
assigned to the first fight parameter. For example, if a first color 1s assigned to the tue ailrspeed,
thiz input mechanism assoctated with the true airspeed is marked on the mput device with the first

color.

[0101]  Atstep 1310, a first menu among a plurality of menus 15 displayed on the GUT in
response fo the server computer receiving the first signal, The first menu is associated with a
first flight parameter of an autonomous smreraft represented with the first ivon. The first menu
mchides a pluvality of first preset commands. For example, the first menu includes one of the
menys 1102, 1104, 1106 Hlustrated m FIG. 11, Depending on the input mechanism that is
activated on the input device, the menu associated with the fight parameter assigned o the
sctivated wput mechanism 1s displayed on the GUIL According to vatioug embodiments, the
menu may be in the shape of a rosette including a central element and g plurality of present
commands disposed around the central element. In some embodiments, the first presst
commands are displayed in a circolar format around a central element identifving the firse flight
parameter. A placement of the fivst preset commands may be based on at least one of an

orientation or a magnitude of each preset command.

[0102]  Atstep 1312, the server computer recetves a selection of a first conumand among the
plurality of first preset commands. The supervisor may select one of the preset commands of the

menu using the faput device.

{0103]  Acstep 1314, the server computer transmits the first command to a first autonomous

atrerafl represented with the fuist won on the GUL A control computer of the first autonemous

27



WO 2024/097888 PCT/US2023/078532

awcraft recetves and implements the frst command. In some embodiments, mformation about
ong or more fhight parameters associated with each of the plosbity of antonomous atrevaftmay
be displayed in proximity of the icon representing the autonomous aircrafl onthe GUL For

example, the information includes a value of one or more current flight parameters, amd a value
of the first fight parameter as wdentified in the first command. For example, a cutrent valae of
the first flight parameter and a target value of the flight parameter (o view of the first command

may be displayved 1 proxamty of the first icon.

{0104] Embodiments farther provide a system comprising a display soreen, oug oF more
provessors, and | memory stonng strucions that, when executed by the one or mwore
processors, cause the ong oy more processors to performy the steps described bierein. The system
may further comprise an input device meloading a phurahity of mpuat mechanisms. Each iaput
mechanism i3 assigned o a unigue flight parameter, wherein the flight parameter includes one of

a heading, an awrspeed, and an altitude.

[0105]  In the foregoing specifivation, embodiments of the disclosure have been described with
reference 1o numerous specific datatls that can vary from maplementation 1o maplementation.
The specification and drawings are, accordingly, 1o be regarded inan illustrative rather than 8
restrictive sense. The sole and exclusive indicator of the scope of the disclosure, and what ts
mtended by the applicants to be the scope of the disclosure, i the htgral and equivalent scope of
the set of clawns that issus from this application, in the specific form in which such clabos issug,
mchuding any subsequent correction. The specific details of particular embodiments can be
combined in any suitable manner without departing from the spirit and scope of embodiments of
the disclosure.

g

{0106}  Additionally, spatiglly relative terms, such as "bottom,” “top™ or "side” and the like can
be used ta describe an elewent andfor feature’s relationship to another element(s}) and/or
feature{s} as, for example, illustrated 1 the Sgures. Ttowill be understood that the spatally
velative terms gre intended to encompass different ontentations of the device 1n use andior
operation in addition to the orientation depicted in the figures. For example, if the device in the
figores 1s tumed over, elements described as a "bottom” surface can then be orented "above™
other elements or features. The device can be otherwise orlented (e.g., rotated 90 degrees ov at

other orientations) and the spatially relative descriptors used herein interpreted accordingly.

2\
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{0187]  The methods, systems, and devices discassed herein are examples. Various
embodiments may omit, substitate, ov add various procedures or components as appropriate. For
mstance, features described with respect 1o certain embodiments may be combingd in various
other embodiments. Different aspects and elements of the embodiments may be combined in a
suniar manner, Also, technology evolves and, thus, many of the elements are examples that do

not Lt the scope of the disclosure o those specific examples.

{IB8]  Terms “and,” “or,” and “an‘or.” as used herew, may include a variety of meanmgs that
also 13 expected to depend at least in part upon the context 1 which such terms ave used.

.3

Typically, “or™ 1fused to assoctate a lish, such as A, B, or U, 15 itended to mean A, B, and €,
here used in the inclusive sense, as well as A, B, or C, here used in the exclusive sense. In
additton, the term “one or more™ as used herein may be used to describe any feature, structure, or
chatactenistic in the simgalar or may be used to describe some combination of features, structures,
or charactenstivs. However, 1t should be noted that this 1s merely an tHusirative example and
clatmed subjeet matter is not hnuted to this example, Furthermore, the termy “at legst one of " if
used to associate a list, such as A, B, or €, can be interpreted {0 mean any combination of A, B,
andfor C, such as A, B, C_AB, AC, BC, AALAAB, ABC, AABBCCC, ete.

{0109]  Reference throughout this specification to “one example,” “an example,” “certain
examples.” or “exemplary implementation” means that a particular featare, stracture, or
characteristic described in commection with the feature and/or examyple way be included i at least
one feature andfor example of claimed subject matter. Thus, the appearances of the phrase “in
one example,” “an example,” " certain examples,” “in certain implementations,” or other like
phrases it varicus places throughout this specification are not necessarily all referring to the
same feature, example, and/or nutation. Forthermore, the particular features, stractures, or

characteristics may be combined m one or more exgroples andfor features.

{6110} In the preceding detailed description, mamerous specific detasls have been 'set forth
provide a thorough understanding of clumed subject matter. However, it will be understood by
those skalled in the art that claimed subject matier may be practiced without these specific
details. I other nstances, methods and appavatuses that would be kaown by one of ordinary
skill have not heen described in detat! so asnotio obscure claimed subject matter. Therefore, ot

1s intended that claimed subject matter not be limited to the particular examples disclosed, but
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that such claimed subject matter may also inchude all aspects fulling within the scope of

appended clanms, and equavalents thereof
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What 13 claimed 1s:

i A computer-implemented method for monitoring and mteracting with a
plurahity of awtonomous anereft, the method comprising:

displaying, using a server computer, a graphical aser interface {(GUT) on a display
device;

representing. by the server computer, a plurahity of antonomous atrerafl with a
plurahity of tcons displaved on the GUT,

receiving, by the server computer, an mput selecting a first icon amony the
plurahiy of tcons displayed on the GUT;

receiving, by the server computer, a first signal from an iput device including a
plurality of mpat mechansms, whereny eacly mput mechanism 1s assigned to a wnigue flight
parametes;

displaving, by the server computer on the GUI, a first menu among a plurality of
menus W response (o receiving the first signal, wherain the first meng 18 associated with a first
fhight parameter of an autoncmous aircraft represented with the first icon, wherein the first menu
includes a plurality of first preset conunands;

recetving, by the server computer, a selection of a first conumand among the
pluratity of first preset conmumands; and

transnitting, by the server comyputer, the first command to a first autonomous

sircraft represented with the first weon on the GUL

2. The method of clatm 1, whersin the first signal is generated by activating 8
first input mechanism of the input device, wherein the first input mechanism is associated with

the first flight paramaeter,

3. The method of claim 1, wherein the first flight parameter is one of a

heading, an airspeed, or an altitude.

4. The method of claim 1, further comprising:
displaying information associated with one or more flight parameters associated
with each of the plurality of antonomous atreraft in proximity of the icon representing the

autonomons gircraft on the GUI using a unigue sensory cue for each Bight parameter, wherein
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the one or more flight parameters meloade one of more of an altitude, a heading or a speed of an

autonomons aireraft represented by each of the plarahity of icons.

s The method of claim 4, wherein an input mechamsm of the inpual device
assoctated with the first fhight pacameter 15 identified on the inpat device using the umique

sensory cue assigned to the first fight parameter.

6. The method of ¢laim 4, wherein the information includes a value of one or
more corvent flight parameters, and a value of the first flight parameter as identified in the first

command.

7. The method of claim 1, wherein recenving an iaput selecting a first weon
further comprises:

detecting a cursor Bovermg over the first icon for a predetermined amount of time,
wherein the cursor is controfled with the input device communicatively coupled to the server

compuier.

8. The method of ¢laim 1, further comprising:
displaying a current valae of the first fight parameter and a target value of the

fhight parameterin view of the first command tn proximity of the first icon.

Q. The method of olatm 1, wherein the first preset commands are displaved m
a civenlar format around a central element wdenufving the first fhght parameter, wherein a
placement of the first preset commands 1¢ based on at least one of an orientation or a magnitude

of each preset command.

1. A system comprising:

a digplay device;

ONIE OF MOTS PrOCessors;

an mput device inchuding a plorality of input mechanisms, wherein the wput
device 1 commumicatively coupled tothe one o more progessors; and

A memory stotmyg mstructions that, when executed by the one ot more processors,

cause the one or more processors to perform steps comprising:
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dizplaving a graphical aser iterface (GUD on 3 display device;

representing a ploralty of autonomous arreraft seith a phaality of tcons
chisplaved on the GUH;

receiving an input selecting a first icon among the plurality of icons
displayed on the GUH;

recelving a first signal from the mput device;

cisplaying a first menu among a phaabity of menus m response to
receiving the first signal, wherein the fivst menu is associated with a first flight parameter
of an avtonomous atrerafl represented with the first ivon, wherein the frst mena includes
a plurality of first preset commands;

receiving a selection of a first command among the plurality of first preset
commands; and

transmitting the frst command to a first autonompus aircrafl reprasented

with the first icon on the GUL

£, The svstem of claim 10, wherein the first signal s generated by activating
a first mput mechanism of the mput device, wherein the st mput mechamsm is associated with

the first flight patameter,

12, The system of claim 10, wherein the instructions, when executed by the
one O IoTe Processars, cause the one or more processors to perform steps conmprising:

displaying information associated with one or more fght parameters associated
with gach of the plurality of autonomous atreralt m proxiity of the lcon representing the
autonomous atreraft on the GUI using 2 unigue sensory cue for sach flipght parareter, wherem
the one or wore flight parameters include one or more of an altitade, a heading ora speed of an

autonomous atroraft represented by each of the plurality of wons.

13 The system of claim 12, wherein an fnput mechanism of the 1nput device
associated with the first flight parameter is ilenufied on the mpat device using the unique

sensory cue assigned to the first flight parameter.
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14, The system of claim 12, wherewn the information inchudes a value of ong
or more corrent fight parameters, and a value of the fist flight pararseter as identified n the first

commrand.

15, The system of claim 10, wherem receiving an input selecting a first ion
further comprises:
detecting a cursor hoveriag over the first icon for a predetermnined amowunt of time,

wherein the corsor 15 controlled with the input-device,

16.  The system of claim 10, wheremn the first preset commands are displayed
ma circelar format around a central element identifying the first flight parameter, wherem a
placerent of the first preset commands is based on at least one of an ortentation ora magnitude

of each preset command.

17 The system of claim 10, wherein each input mechanism and displayed

menu pair 1s associated with same sensory cue.

i8& The svstem of claim {7, wherein the sensory cue is a color, such that a
first input mechamsm assigned to the first flight parameter is provided in a first color, and the

first meny s displayed on the GUY using the first color.

19 Qoe or more non~-transttory computer-readable storage media storing
mstructions that, upon execution on a server computer fot remotely monitoring and iateracting
with a phavality of astonomous aireraft, cause the server compuler 10:

display g graphical user mperface (GUT) on a display device;

represent a phurality of astonomous atreraft wath a plarality of icons displayed on
the GUI;

receive an mput selecting a first icon among the phaality of iconys displayed on
the GUT;

receive a first signal from an input device wcluding a plurality of mput
mechanisms, wherein each mput mechamsn 13 assigned 10 a wgue flight parameter;

display a first menu among a plurality of menus in response to receiving the firsi

signal, wherain the first menu is associated with a first fhight parameter of an awtonomous airerafl
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representad with the firgt {con, wherein the frst menu meludes a plorality of Brst preset
compands;

receive a selection of a first commuand amonyg the phaality of first preset
commands; and

transmit the first command to a first autonomous aiveraft represented with the first

icon on the GUL

20.  The one or more non-transitory computer-readable storage media of clanm
19, wheren the first preset commands are displayed in a circular format around a central element
wdentifying the first fight parameter, wherein a placement of the first preset commands 1 based

on at least oneof an orentation or a magnitude of each preset command,

(5
¥



