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FLIGHT GUIDANCE CONTROLLER
CROSS-REFERENCES TO RELATED APPLICATIONS
{6001] Thas application claims benefit wnder 35 LISCE 119(eio LS. Provivional Patent
Application No. 63/440,632 filed Jansary 23, 2023 and entitled “Flight Guidance Controller,”

the disclosure of which is incorporated by reference heren in its entivety for all purposes.

BACKGROUND

[0002] Existing systems for commuanicating with devices often require traditional data entry
methods to communicate with the device. For example, a vser may use mndtiple datg entry fields
on a display device to mpat comprands 10 be communicated to the device. However, the
Bkelthood of data entry errors 15 high when theve 1s an abstract level of symbobisy used durmg
data entry (e.g., numbers and symbols) and, while missing a keystroke duning date entry is easy,
noticing the error may not be, thus error correcton may not occar fast enough o prevent

accidents.

{0003 Embodiments of the invention, described herein, address these and other problems

mdividoalty and collectively.

SUMMARY

[6004] Embodiments provide technigues for illustrating and manipulating atreraft flight
parameters communicated to multiple aireraft. According to various emtbodiments, a graphical
user interface {GUTY is provided to display and engble easy adjustment of awrcraft flight
parameters. The GUI maay be animated and tnclude graphical representations of aircratt, 8
compass rose, THght parameters, and related wformanon displayved over {e.g., Iatd over) a
moveable scalable map {e.p., capable of betng panned and zoomed) representing the area over

which an aireraft is flying. According to various embodintents, the aireraft controlied via GUI
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may mchde an antonomous arrerafll, sach as an autonomous vertical takeott landing (VTOL)
aireraft. In some embodiments, the atreraft may inclode an electric vertical takeoff landing

{(eVTOL) aireraft.

[000S5]  According to various embodiments, a method s provided which comprises displaying,
using a computing device, a GUH on a display device, and representing an arrerafl with a fiest
con of @ plurality of wcons on the GUIL The methed further includes recetving, at the computing
device, an input manipulating a second icon representing a fhght parameter associated with the
mrcrafl, wheram the wput manipulating the second icon moves the second icon from a first
posttion 1o a second position on the GUL The method further includes transmitting, to the
aireraft represented by the first icon, a command based at least in part on manipulation of the

second icon representing the flight parameter.

J0006]  In various embodiments, the method further comprises displaying éne or more flight
paramnelers associated with the aircrafl, the one or more flight parameters including at least one
of & heading, a speed, or an aliitude associated with the aircrafl, and, in response o defecting
selection of the first icon, displaving, over the first icon, the second icon and a third won of the

plurglity of icons, wherein the third icon represents 8 Compass fose.

{0007]  In various embodiments, at least the first, second, and third icons of the plurality of

icons are overlaid on a map displayed on the GUL

{0008]  In various embodiments, at least the first, second, and third icons of the plurality of

COnS are fransparent,

H009]  In vanous emboduments, the method further comprises displaving a third scon
response to detecting, at the computing device, manipulation of the second icon representing the
fight parameters, the third fcon representing a change in the flight parameter of one or more

paramaeters assocated with the aireraft.

{018} Invarious embodiments, the third tcon converges with the second icon as the aircrafl

executes the command based at Jeast in part on the manipulation of the second icon.

{0011} In various embodiments, the third scon snaps to a location, the location sepresenting a

predetermined increment of the flight parameter.
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{012 In various embodiments, the method further comprises displaving a first visual cue
mchicating teansmission of the command 1o the areraft and displaying a second visuval cug

mdicating recept of the command by the awerafl,

J0013]  In various embodiments, the method further comprises receiving oue or more
prohubited fhight parameters and displaying a visaal cue indicating the secoud won 15 prohibited
from being manipulated to a location in the GUY, the location representing a prolubited fight

parameter of the one or more prolubited flight parameters,

[0014]  In various embodiments, the method further comprises, fn response 10 receiving a
focation selected fir landing the mrerafl, transmitting the command to the aircraft, the command

{riggering at least one or more flight procedures associated with landing the ancraft.

1S In various embodiments, one or niore non-transitory computer-readable storage
medivm storing instructons are provided that, upon execution of a computer system, cause the

computer system to perform the methods described above.
[6816]  In various embodiments a system is provided to perform the methods described above.

{60171  To better undersiand the nature and advantages of the present disclosure, reference
should be nade to the following description and the accompanymng figuwres. [tis to be
understoud, however, that each of the figures is provided for the purpose of illustration only and
15 ot intended as a definition of the limits of the scope of the present disclosure. Also, as a
general rule, and unless it is svident 10 the contrary from the description, where slements i
different figures use identical reforence mumbers, the elements are generally either identical or at

east sumlar w function or purpose.

BRIEF DESCRIPTION OF THE DRAWINGS

I6618]  FIG. | tlosteates an exemplary ammated GUT depicting a figlt map, according to
various embodinents:

{0619] TG, 2 Hlostrates an exenplary flight map depicted on & pane of & GUI overdaid with a

Fhight Guidance Contraller {(FGO), according to various emboduments;

(%]
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{0020]  FIG. 3 illustrates the manipalation of a ball jcon on the tip of an arrow con to adjust

one of more fhght parameters, according to various embodiments;

{021} FIG. 4 dlustrates the movement of arrow icous to convey updated flight parameters of

an arrcraft, according o various embodiments;

{0221 FIG. 3 illustrates visual cues depicting the transmission to and receipt of commands by

an airerafl, according to various embodiments;

00231 FIG. 6 llustrates the selection of oue or more thght parameter himits, according to

various embodiments;

{024]  FIG 7 llustrates implementing visual coes to indicate prohibited flight paths,

according to varions emshodiments;

{0025]  FIG. € iustrates the inttiation of one or more flight procedores based on the selection

of thght parameters, according to vartous embodiments;

[0026]  FIG. 9 illustrates the manipulation of one or move fhpht parameters using incremental

snapping {0 an appropriste roand number, sccording to various embodiments;

{0027]  FIG. 101 a flowchant of an example process performed by a compater system,

according to varions embodiments; and

fOO28]  FIG. 11 flustrates an exemplary computing system, accordng 1o various embodiments.

DETAILED DESCRIPTION

{0029]  Techmques disclosed herean are related to an anmmated GUT for sllustratimg and
manipulating arcraft fight imformation andfor commands communicated 1o multiple awcraft,
According to vartous embodiment(s), the arersfl are autonomous airerafl that are confipured to
recetve conunands from a controller (e.p., supervising pilot, on-ground conroller, onhoard
controller, ete. ). The controller conunands may be conveved to the aireratl through the GUL
More specifizallv, techniques disclosed herein provide a GUI that enables the selsction of an
atreraft among one or more aireraft on a Hight map, the adjustment of flight parameters of the
selected atrerafl via a transhucent or transparent icon {(g.2., a compass rose icon) overlaid on the

flight map, to intuitively select, detact, transmut, and/or execute commands at the aircraft. For
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example, the controller may adjust one or more flight parameters, such as spead, beading,
divection, and/or altitnde, by dragging an arrow con aroend & cornpass rose teon. Various
wmventive ambodinments e described herein, wcluding methods, processes, svstems, devices,

and the like.

{030} The flight control system(s) deseribed berejn may stmultaneously be used to complete
other important fight tasks, such as moniormg the flight progress of an aireraft, infornation
assoctated with the ayreraft, and the location of nearby geographical bazards. However, using a
display device to montor and control maltiple atreraflt and a corresponding fight map can lead
to a cluitered display where tmportant miormation can easily be obscured by vanous data eniry
fields and icons. Such crowded displavs can lead to increased likebihood that importans
mformation is missed and can lead to ervors and accidents. Ewbodiments provide techniques,
methods and systems for displaving command entry means without chattering the display device
such that tmportant and/or relevant flight information displaved on the display device 1s not

obscured by command eniry means described herein.

H0031]  Several dllustrative ambodiments will now be describad with respect to the
accompanying drawings, which form a part hereof. The ensuing description provides
embodiment(s) only and is not intended to Hmi the scope, apphicability, or configuration of the
disclosure. Rather, the enswing description of the embodiment(s) will provide those skilled in the
art with an ensbling description for implementing one or nmiore simbodiments. 1t is understood
that various changes may be made in the function and arvangement of elements without departing
from the spurit and scope of this disclosure. In the following description, forthe purposss of
explanation, specific detatls are set forth in order to provide a thorough understanding of certain
fventive ernbodiments. However, it will be apparvest that various embodiments may be practiced
without these specific details. The figures and description are not imended o be restrictive. The
word “exanple” or “exemplary™ is used heretn to mean “serving as an example, instance, or
dlustration.™ Any embodiment or design deseribed herein as “exemplary,” or “example™ 18 not

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

[0032]  Embodiments are directed to, smong other things, techiigues, methods and systems
ncluding an animated GUI for tHlustrating and conmunicating flight charactenistics, fight

parameters and/or commands to one or more atreraft. A controller (e.g., a uger) may be in charge
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of monttoring, and controlling, one or move airoraft at a given time. Therefore, it §s croacial for
the controller to be aware of flight parameters associated with an airerafl, andfor velay commands
andfor information to the correct alrorall in a timely and effivient manner, For example, the
controller may command an atrcrafl to change a particular fight parameter using an animated

GUT displaymg interactive fhight parameters,

{0033]  FIG. 1 dlustrates an sxemplary ammated GUI 100 depacting a fhght map 102,
according to various embodiments. One or more arrcratlt icons 103 may be depicted on a display
device displaved via the exemplary antmated GLT 100, The ope or more atrerali icons 103 may
be overlaid on the flight map 102 10 represent one or yaore anwcralt (further explamed below m
connection with FIG, 11). In an example, the aircrafl ivon 103 may represent a particular airorafl
and may be posttioned such that GUT 100 depicts the location and direction of the aireraft with
respect to the Qight map 102, For example, the ameraft icon 103 may be located over a particular
section of the fhight map 102 and pomting m 8 fust divection {e.g., Morth} with respect to the
flight map 102, which mdicates that the aiverall represented by the aircrall icon 103 s directed
North and at a physical focation that corresponds to the particular section of the flight map 102,
The animated GUI 100 may further display the aircraft icon 103 moving along the flight map
H3Z to reflect the changing location of the giverafl represented by the airceat icon 103, For
example, as the aircrafl moves, the corresponding aireraft icon 103 moves along the flight map
102 depicted on the pane of the GUT 100, According (o vanious embodiments, the antmated GUI
100 may encircle the atreraft seon 103 equally on each side. By encircling the apveraft wcon 103
by an ammated GUT 100 in this manner problems such as gmbipuny, offsets, andfor opaqueness
caused by components, such as a dialog box, may be avoided. For example, as depicted in the
animated GUI 100 in a situational and/or spatial context, the animated GU! 100 can provide a

clear, unambiguous context on which an girerafl may be puded by & controller,

{0034 In some embodiments, alphanumerical representations of one or mare flight parameters
{e.g., headimg 104, speed 101, andior altitnde) corresponding to an aerafl may be depicted
proximate to the giverafl icon 103 representing the aircralt. For example, an aroraft with a
beading 104 of 230 degrees miay be depicted as an giveraft tcon 103 overlaid op the fhight map
182 and adiacent to an alphanumenical representation displaying the heading 104 as 250 degrees.

In some embodiments, the one or more fhght parameters 161, 104 may be stuck to the atrcraft
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won 103 and may move along the flight nrap 102 with the atrevaft weon 163, For example, the one
or more flight parameters 101, 104 may remain proximal to aeraft tcon 103 even as the aireraft
won 103 appears 10 move across the Bight map 102, By ilustrating an atrerafl wcon 103 near one
ormore flight parameters 101, 104, where the one of more fhght paramsters 101, 104 Cotrespond
to the arcraft represenied by the atrerafl icon 103, pertment informiation relevant to the aircrafl
may be easily viewad and considerad by a controller when using the GUT 100, In turn, the GUI
100 can provide a minimally distracting display allowing a controller to quickly glean
fnformation from the GUT 100 and promptly relay commands and/or information to a desired

atrerall in a timely and efficient manner.

[0035]  According to various embodiments, the aircrafl may be an autonomous aireraft. For
example, the aiveraft may mcluade an autonomous electric vertical takeoff and landing (eVTOL)

atrcrafl that is monitored andfor controlled via the sumated GUT 100,

{0036]  FIG. 2 illusirates an exemplary fight map depicied on a pane of a GUT overlaid with a
Flight Guidance Controaller {(FGO), according to various emtbodiments. A pang of the GUY 100 an
the display device may be overlaid with an FGC. While the FGC is depicted in the Figures as a
conipass rose iwon 202 and/or an icon representing current flight parameters (e.g., first arrow
icon 203), the FGC may be any type of visual overlay which adequately draws focusto a
particular one or more awerafl icons 103 depicted on the GUE 1000 The FGC may be displayed
when one o more locations o the GUL 100 are selected. For example, a controlier may select
the aircraft 1con 103 causmg the FGC 1o be displaved. Additionally and/or allematively, the FGC
may be displayed when a predetermingd situation arises where it is pertinent that the controller’s
attention be drawn to the fight parameters 101, 104, For example, when the aircraft associated
with the airerafl tcon 103 comes within a predetermuned distance of a prohibited abrspace, the

FGC may appear overlaid on a pane of the GUT 100,

{0037]  Sclection of an atreraft may ocour by a controller’s use of an input device such as a
muse or a pointer, by touch ot a touchsereen, or from an asyuchronous condition by the system
when it is determined that an atreraft requires attention, Upon selection of the aireraft icon 103
depicted on the GUT 100, one or more icons {e.g., compass rose 1con 202, first arrow wcon 203,
ball won 204, andfor second arrow icon 301 ) used to convey flight parameters 101, 104 may

appeat overlaid on the flight map 102, In some embodiments, the one or more icons {e.g.,
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compass rose icon 202, first arrow icon 203 ball icon 204, second arrow icon 301 may mclude
the FGC as a compass rose icon 202, as Hustrated in FIG. 2. The compass rose 1con 202 may be
overlaid on the Hight map 102 and centerad on ov near the postiion of the ameratl eon 103
depicted on the GUI 100, The compass rose weon 202 may include visual indicators providing the
current flight parameters 101, 104 of the arrcrafi. For example, the compass rose icon 202 may
melude a display of the cardinal divections anddor the heading 104, speed 101, andfor alutude of

the awrcrafl associated wath the depicted aiverafl tcon 103.

[6038] The compass rose fvon 202 may be displaved such that 1t does not wholly obscute the
fight map 102 or a pariivular area of inderest on the GUT 100, For example, the compass rose
ivon 202 may appear transparent (2.8, 2 see-through shape as opposed 1o an opague shape
allowing objects behind the transparent shape to be distinctly seen) or translucent {e.g., a see~
through shape which is not fully transparent allowing partial view of objects behind the shape) so
as not to ehscure the wnderlyving wformation (e.g., fight map 102, or nearby objects). As-avesult,
the compass rose icon 202 can be spatially orierted en the GUT 100 1o correspond to 3 particular
atrcraft, as well as appear visually hight weight such that the compass rose icon 202 does not
clutter or obscure the flight map 102, I this manner, periinent details concerning the airerafl
répresented by the atveraft icon 103 mayv be depicied proximate 1o the aivcrall icon 103 without
making it difficult to see the flight map 102, For example, if the compass rose scon 202 appears
transparent, images behind the compass rose con 202, such as detasls on 3 map depictad on the
GUI 100, naay be easity discerned by the viewer. I the conpass rose tcon 202 appears
translucent, images behind the compass rose teon 202 may appear less detatled, but images

overlayed on the compass rose tvon 202, such as text, may be gasier to discern by the viewer.

{0039]  Ag previousty discussed with respect 1o FIG. 1, the antmated GUT 100 may be depicted
based on'situgtional andfor spatial context, For example, as an awrcraft represented by the aircraft
icon 103 flies over a particular location, the animated GUIL 100 may display the airerafi icon 103
and a compass rose fcon 202 over the corresponding location on a map. Additnonal detatls related
to the sttuational andfor spatial comtext may further be displayed on the animated GUT 100 on or
around the atreraft scon 13 andfor compass rose teon 202, For example, names of locations
sutroundimng the atrcrafy, information related to the atreraft which corresponds 1o the aiverafl toon

103, current weather patterns in the location of the aireraft, etc. may be depicted via the animated
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GUT 100 groviding firther situational andfor spatial context. In some smbodiments, the comipass
vose won 202 may iHustrate mformation concerning the atreraft represented by the atreraft jeon
103, Forexample, the compass rose icon 202 may ithastrate static mformation such as the
direction of magnetic north {e.g., the alignrent of the compass rose iwon 202 being adjusted with
the magnetic dechimation in the region covered by the flight vaap 102), as well as dynanue
mformation about the atrcraft, such as flight parameters 101, 104 (s.g., speed 101, altitude,
and/or heading 184). To facilntate the dlustration and manipudation of the dynamic mformation, a
first asrow tcon 203 may be wsed in tandem with the compass rose icon 202, The placement of
the first arrow won 203 on the compass rose weon 202 may be usad to provide a visual
vepresentation of the flight parameters 101, 104 for g controller. For example, as shown in FIG,
2, the first arrow 1con 203 may be pomting to 315 degrees on the compass rose icon 202 to
convey that the aweraft's heading is 315 degrees. Values related to the flight parameters 101, 104
may also be displaved proximate fo the first arrow icon 203, the compass rose won 202, andfor
the airerafl ivon 103, Additionally or alternatively, values related to the flight parameters 101,
104 may be displayed at a predetenmined location on the GUT 100, For example, values related 1o
the speed of the airerafl represented by the airerafl fcon 103 may be depicted on a location of the
GUIT 100 that avoids obscuring the flight nap 102 while clearly being associated with the aireraft

icon 103,

{0040]  According to various embodiments, the frst arrow fcon 203 may be depicted with one
of more visual cues {e.p., change m arvow lengih, change w arrow color, change m arrow
opactty, ete.) to tHusteate one ot more flight parameters 101, 104 (e.g. speed 101, altitude, andfor
heading 104). For example, the length of the first arrow fcon 203 may be used to illustrate a first
flight parameter, such as speed, as further discussed below in commection with FIG. 9. while the
ortentation of the first arrow con 203 may be used 1o Wustrate a second fight parameter, such ag
heading 104, In some embodiments, the color of the fivst arrow icon 203 may indicate whether a
conmmand 1s being transoutted o or executed by the aireraft. For example, the first arrow icon
203 may be lustrated using a firgt color when a commuand is transmitted to the atreradt via the
GUI 100, and the frsarrow scon 203 may be iltustrated using a second color when the atreraft
has completed execiting the command. Upon execution of the command, the position of the

strerafl icon 103 and the associated fhight parameters 101, 104 are also updated on the GUI 100,
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{0041]  In some embodiments, the first arvow tcon 203 may include a ball icon 204 with which
a controller may use to interact with the flight parameters 101, 104, In some embodiments, the
ball icon 204 may be displaved vutstde of the compuass rose wcon 202, For example, the ball icon
204 may appear at the tip of the first arrow 1con 203, which, when selected, may enablea
coniroller to alier the fight parameters 161, 104 by dragging the ball jcon 204 along a pane of
the GUL 100, The ball won 204 may he shown with ong or more visual cues, sucl as a change
color, indicating that the ball 1con 204 has been selected or deselected. For example, a ball icon
204 may be itlustrated in a first color as attached to a fivst arrow tcon 203 on the GUT 100, Upon
selection of the ball icon 204, the ball icon 204 may be dlustrated i a second color. Furthermore,

when the ball wcon 204 s deselected, the icon 204 may return to the first color.

{B042]  FIG. 3 llusirates the manipelation of a ball wcon 204 on the tip of an arrovw 1con {e.g.,
first arrow oot 203, second arrow won 301, ete. ) to adjust ong or more flight parametars 101,
104, according to varnious embodiments. In an example, when a ball 1con 204 antached to the fust
arrow toon 203 is selected, a second arrow icon 301 may appear. lnitighly, the second arrow jvon
301 may be superimposed over the first arrow fcon 203, A controller may drag the second arrow
icon 301, using the selected ball icon 204, arcund the compass rose icon 202 to new locations on
the GUI 100 representing selected flight pgrameters 302, 303, For exaniple, the ball fcon 204 on
the first arrow icon 203 may be selected and a second arrow icon 301 may appear overlaid on the
fivst arrew wcon 203, Then the ball icon 204 and the second arvow tcon 301 may be dragged
aroond the compass rose icon 202, while the first arrow jcon 203 remains at its original location
lustrating the current state of the flight parameters 101, 104, Additonally andfor alternatively,
the first arrow icon 203 may be ansformed into the second arrow icon 301 using one or more
visual cues, such as changing to a first color, when the ball foon 204 on the tip of the first arrow
icon 203 is manpulated. The second arvow 1con 301 may further be displayed on the flight wmap
12 using visual cues, such as using a fivst color, which may distinguish the second arvow icon
301 from the Hrst arrow won 203, This may allow a controller to differentiate the second arvow
con 301, depncting the selected (e g, fature, desited, instrocted) flight paraneters 302, 303, from
the first arrow tcon 203, depicting the current fight pavameters 101, 104, The manipulation of
the ball 204 and second arrow icons 301 may constitute a non-alpba mumerical input. For
example, instead of a controller inputting the alpha mumertcal vatue of 110 onthe GUT 100 10

change the speed parameter 302 to 110 knots, the controller may manipulate the ball 204 andéor

i0
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second arrow icons 301 to a location on the GUI 100 representative of an mcrease of the speed

pavameter 302 to 110 knots.

{e043]  Furthermore, nstead of deagging the ball 204 and second arrow icons 301, the icons
204, 301 may be manipulated m altérsative ways. In an example, the rcong 204, 301 may be
manipulated such that dragging the ball icon 204 parallel to the second arrow won 301 changes
the length of the second arrow 1con 301, Increasing and decreasing the vector of the second
arrow icon 301 may correlate to a change in a flight parameter 302, 303, such as the speed
parameter 302, For example, a controller may drag the icons 204, 301 away from the center of
the compass rose 1con 202, such that the second ayrow iwon 301 lengthens. The longer secoud
arrow icon 301 may represent the selection of an increase i the speed parameter 302
proportronate 1o the lengthening of the icon 301, Iy further embodiments, vanous methods of
manipulating the ball 204 and second arrow icons 301 may be combined to changs more than
one thght parameter 302, 303 at once {e.g., GUI 100 may be used to penerate simultangous

conunands to modify two or more flight parameters).

{0044]  In some embodiments, after dragging the ball 204 and second arrow 1cons 301 to a new
location on the compass rose icon 202, releasing the ball icon 204 may place the icons 204, 301
at the new location. The new location on the compass rose tcon 202 may depict one or more
selgcted flight parameters 302, 303, For example, the ball 204 and second arrew 1cons 301 may
be dragged front a heading 104 of 240 degrees, as shown on the conyass rose won 202, to a
heading 303 of 120 degrees; as shown on the compass rose tcon 202, Thus, by drageing the ball
204 and second arrow icons 301 around the compass rose won 202, a controller may be able to

select one or more flight parameters 302, 303 by releasing the fcons 204, 301 at a new location.

{0045]  Insome embodiments, one or more Hlight parameters 302 303 may be selected by
releasing the ball icon 204 at a new locstion on the compass rose icon 202, where the new
location is associated with the one or more selected Right parameters 302, 303, When the onc or
more selected flight parameters 302, 303 gre chosen, 3 command to execute the one or more
selected flight parameters 302, 303 may be detected, penerated, and transmitted to an aircraft
associated with the aireraft icon 103, For example, releasing the ball reon 204 at g tocation on the
compass rose icon 202 representing g headmg 303 of 240 degrees, mayv result in'a command

being detected, generated, andior transmitted to the aircraft to change the aircraft’s heading 303

i1
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to 244 degress. Therefore, in some embodiments, the mamipulation of the ball 204 and second
arrow 1cons 301 to a new location on the compass rose icon 202 may enable a controller o
choose ong or move selected Might parameters 302, 303 for the aireralt to execute. Thus, the GLUI
100 on the display device can provide an gasv-to-understand visual representation of flight
paranseters 101, 104 that a controller can muustively change by dragging an artow icon {e.g.,

second arrow 1won 301) around a compass rose wcon 202,

{046]  Alphanumerical representations of one or more selected flight parameters 302, 303 may
be ilustrated on the GUI 100. In some embodiments, when the ball twon 204 15 selecied, one or
more representations of the selected fight parameters 302, 303 may appear proximate to the ball
204 and second arrow icons 301, The selected flight parameters 302, 303 mav correspond to the
focation of the ball 204 and second arrow icons 301 with respect to the compass rose recon 202
For example, when the ball scon 204 15 selected and the second arvenw 1con 301 appears, ong or
more flight parametars 302,303 may alse appear proximate to the two icons 204, 301, In some
ebodiments, gs the icons 204, 307 are manipulated, the one or more alphanumerical
representations may change corresponding to the changing flight parameters 302, 303, For
exainple, when the ball iton 204 is dragged from a heading of 315 degrees to 238 degrees, as
depicted on the compass rose icon 202, the displayed heading flight parameter 303 mayv also
change from a value of 315 to a value of 238, The direct mampulation of the icons 204, 301 may
show increasing or decreasing speed 302 or the dirsctional change of the heading 303, which is
conveyved by the movement and new position of the wons 204, 301, as well ag the vahe

gorresponding 1o flight parameters 302, 303 displayed adjacent to the cons 204, 301,

[0047] By depicting the changing flight parameters 302, 303, the GUT 100 can provide a
controller immediate, continuous, and precise feedback, while avoiding ambigutty. For example,
when a controller enters a heading 303 using the icons 204, 301, the controller’s movement of
the scons 204, 301 may direct the turn of the awrerafl. In turn, the GUT 100 can display an
mformative represerdation of the divection of the sireraft’s twrn {e.g., vight, or left), while the
munerical representation of the heading 303 proximate to the icons 204, 301 can fumish the

controtler with velevant detatled nfonmation.

{00481 Adduionally, the Hlusiration and manipulation of flight parameters 302, 303 via the

GUT 100 can reduce the probability of data entry errors. The likelihood of data entry errors is
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high when there 13 an abstract level of svmboliam {e g, symbols andfor letters} in which the data
is entered. For example, when a controller, via tradittonal data entry, attemipts to command an
atrerafl to descend toan altude of 10,000 {1 bat misses a keystroke and entery the value 1,000 ft,
thi ramifications could be signtficant and detrimental. While missing a Kevstroke during data
endry 18 extremely gasy, notcing the ervor may not be, thus error correction may hot ocear fast
enough to prevent acoidents. To avoid such errors, the GUI 100 presents a controller using the
display device wiath concrate visual elements mcluding, but not limited to, manipulatable icons
{e.g., ball 204 and second arrow wcons 301 and alphanumeical representations of current Hight
paramelers 101, 104 and/or selected theht parameters 302, 303, Moreover, the GUT 100 15
capable of supplying a controller with imumediate and proportional feedback. For example, ifa
controtler attempis to alter the heading 303 to 323 degrees, but madvertently inputs 200 degrees,
the visual representation on the GUI 100 can clearly depict the proportionally sipnificant
discrepancy betwsen the selected and intended heading flight parameters 303 enabling the

controller to promptly correct the ervor.

[0049]  Flight parameters 101, 104 mway also be adjusted via g sidebar present on the GUL 100,
In further embodiments, one or more flight parameter 101, 104 {e.z., altitude) may be adjusted
via controller input on at least 4 sidebar of the GUI 100, For example, a controller may command
an atrcraft to change alttude by selecting a sidebar on the GUIT 100 and mputting 2 new altitude.
Based on the controlier input via the sidebar, a command to execute the selected one or more
Hlight parameters 302, 303 may be detected, geverated, and transmitted to the aircraft associated

with the ameraft icon 103,

[0050] In some embodiments, when one or more flight parameters 101, 104 are manipulated,
the fhpht parameters 101, 104 may also “stick™ 10 the current values untit the flight parameters
101, 104 gre manipulated beyond a threshold. When the selected flight parameter 302, 303

values exceed the threshold, the values become freely adjustable. For example, a GUT 100 may
depictinformation illustrating that the heading 104 of g partcular siveraft is aarently 315

degree, while the speed 101 i 100 knots. When a controller atempis to mampulate the ball 204
and second arrow joons 301 1o a locaton on the compass rose fcon 202 showing a heading 303 of
238 deprees, the icons 204, 301 may “stick” to the current heading 104 of 315 deprees and the

current speed 101 of 100 knots. Once the icons 204, 301 are manipulated beyond a particular
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threshold for the heading 104, bot not the speed 101, the cons 204, 301 may become freely
adjustable with respect to the heading fhight parameter 104, but not the speed tlight parameter
101, B thys way, the controller may be able to select the desired heading 303 of 25& degrees
while the speed flight parameter 101 remains unchanged. Thus, it can be sasier to manipulate
one flight parameler 302, 303, while keeping a different flight parameter 101, 104 value

constant,

{051]  After a predetermined time period has elapsed, the ball icon 204 may be depicted with
one of ore visual cues 1o convey various events. For example, the ball wcon 204 may fum
magenta first color after 10 seconds to convey that flight landing procedire has been intliated for
the aireraft associated with the aircraft icon 103, In some smbodiments, the predetermined pesiod
of time may be associated with a controller interaction with the GUT 100 and/or the ball 1con
204, Particularly the depiction of one or more visual cues may convey that the ball icon 204
and/or ang or more locations on the GUT have not been meracted with for a predetermined
peried of time. For example, i a controller has not interscted with the ball icon 204 for 10
seconds, the ball wcon 204 may change colors, change opacity, disappear, ete. In another
embodiment, the depiction of the ball icon 204 with one or more visual cues affera
predetenmined period of Hme may be associated with one or more comumands detected,
penerated, and/or transmitted to an aireratt associated with an aweraft won 103, For example, a
coniroller may select a ball icon 204 and drag the ball icon 204 10 5 location on the compass rose
won 202 mdicating a heading 303 of 245 degrees. The ball jcon 204 may then remain visible on
the pane of the GUI 100 while a command, associated with changing the heading 303 to 245
deprees, 1s generated and transmitted to the airerafl. When the command is received by the
atreraft, the ball icon 204 may then change colors, disappear, tim
opaguedransparent/translucent, ete, Additonally oralternatively, once the command 1 executed
by the atreraft {e.g., the aircraft executes the command completing the wansition from its current
heading 104 to a heading 303 of 245 deprees). the ball 1con 204 may change colors, disappear,
furn opaguetransparentiranshicent, ete. In another embodunent, the predetermined period of
time may be associated with a preset value or a controlier input value. For example, once a
controller has dragged the ball wcon 204 to a location on the compass rose icon 202 mdicating a
heading 303 of 245, the ball icon 204 may disappear, turn opague/transparent/transhucent, efe.

after a preset period of 10 seconds. If a controller wishes o change the period of time, the
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controller may customize the period of time, such as 20 seconds, after which, the ball icon 204

will disappesr turn opaquefransparestitranslucent, ete.

{052]  Additional stepsftasksfactions may be required to complete a confirmation process. In
some embodintents, one or more additional selections may be feqotred 1o confirm the detedtion,
generation, transmussion, andfor execution of a command by an gireraft. For example, tfa
heading 303 of 270 degrees 1s selected, before yenerating the command, an additional pop-up
may appear at a location on the GUI 100 requesting the controller to confirm the input. If the
controller selects to confinm the mput, then the command corresporcling to changing the heading
303 to 270 degrees may then be generated and transmitted to wn @reraft for execution. This
multi-step selection for sending and executing commands by an aireraft may enswee that
commands are being sent itentionally. In some embodiments, if one or more additional
selections are not made for a predetermined period of time, then aselected command may be
cancelled. For example, if a heading 303 of 270 dearees 1z selected and, afler a pop-up appears
requesting confinmation of the conumand, the controller dees not confirm the conynand for 20
seconds, the command may be cancelled. One of ordinary skall in the art will appreciate that the
confirmation processes described herein are for exemplary purposes only and are ot to be
construed as limiting. Various additional stepsitasks/actions/operations, ¢, may be enacted to

complete a confirmation process.

{053]  FIG. 4 {llusteates the movement of arreny icons 203, 301 to convey updated flight
parameters 302, 303 of an atrerafl, according to varicus embodiments. In an example, once
execution of a command beging, a first arrow icen 203 may gradually travel around the compass
rose feon 202 towards the second arrow ivon 301 The first arrow ivon 203 may represent the one
or more carrent flight parameters 101, 104 of the atreraft represented by the airerafl wcon 103
Therefore, the gradual movement of the first arrow icon 203 around the compass rose tcon 202
towards the second arrow 1con 301 may illustrate the execation of the command by the aircraft as
the areraft tams. For example, when a command to ten the divection of an aireraft s sent to the
atreraft to change the current atroraft’s heading 104 of 240 deprees to a heading 303 of 120
degrees, the fivst arrow fcon 203, starting at the 240 degree marker on the compass rose con 202,
may nove towards the second arow ieon 301 at the 120 degree marker on the compass rose con

202 as the aircraft executes the command and turns. The movement of the first arrow 1con 203
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may provide a controller with a visual representation of the execution of the commuand to change
the heading flight pararseter 104 {e.g., a visual representation of the averaft tuming to the
updated heading flight patameter 303). Furthermore, the alphanamerical representations of the
one or more current fight parameters 101, 104 may gradually increase or decrease as the first
arrow icon 203 moves across the GUI 100, In this way, the tumn direction of an aircraft can be
miuitively and unambigunousty umplied via the manipulation of the first arrow icon 203 andfor the

second arrow tcon 301,

[6054]  In vanous embodiments, the arrorafl includes ope or more sensors andfor flight
computer. The one or move sensors anddor fhight computer way communicate with a computer
sysiem {e.g., computing device ) executing the QU 100, such that the current flight parameters
101, 104 of the awcraft ave continucusly obtained from the aweraft m real time, Thus, as the
areraft executes a command, a controlier can be provided with up-to-date mformation

concerning the arcrafl via the GUI 100,

[0055]  In some smbodiments, the first arvow icon 203 may converge with the second arrow
icon 301, indicating that the aircraft has completed execution of the comamand. One or more
visual cues may be displayed when the first and second arrow icons 203, 301 come together
{e.1.. converges), For example, when the first arvow lcon 203 converges with the second arrow
icon 301, the second arrow icon 301 may disappear and/or the ball icon 204 may change colors.
Fartheroore, 1t an embodiment when the second arvow tcon 301 vonverges with the first arrow
icon 203, the ball icon 204 may remam oncthe GUY 100, appearing at the tip of the first arrow
icon 203, In another embodiment, the ball icon 204 may disappear when the second arrow ivon
301 and the first arrow fcon 203 converge. Once the first arrow icon 203 and the second atrow
fcon 301 converge, the first arrow tcon 203 may disappear such that the GUT 100 only depicts the
second arrow ieon 301, The remaining second arvow icon 301 may indicate that the command
sent 1o the aircraft has been executed and, in turn, the GUT 100 may iflustrate the new flight
parameters 302, 303, For example, 8 controller may select and deag a second arrow fcon 301 toa
Tocation on the compass rose won 202 representing a selected heading 303 of 258 depress and g
selected speed 302 of 100 knots. When the fivst ivow jcon 203 converges with the second arrow

icon 301, an aweraft has completed execution of a command to change the heading to 258
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degrees and the speed to 100 knots. The GUT will then reflect the pew fhight parameters 302, 303

as 8 heading of 258 degrees and a speed of 100 knots.

{se]  FIG. 3 dlustrates visnal cues depicting the transmission to and receipt of commands by
an arrerafl, according to vartous embodiments. Visoal cues may be used 1o belp a controller
gather various types of information simply by observimg the GUT 100 In FIG. S pane A
lustrates a command being entered via the GUY and pane B dlustrates the command being
gransmitted andior recerved by the aireraft that corresponds to the acraft icon 103 depicted on
the GUT 100, In an example, after one or more selected fight parametars 302, 303 have been
chosen by releasing a second arcow con 301 at a new location on a compass rose weon 202, as
shown in pane A of the GUT 100, a visual vue, such as flashing andéor a change in color, may be
used to mdicate that 3 command to change the one or more curvent flight parameters 101, 104 i
betng transnuited to the airerafl represented by the awweraft 1con 103, Tu some embodiment, a frst
visual cue may indicate the transmussion of the command and a second visual cue may indicats
the receipt of the command. For example, the aircrafl comynuter may commumnicate regeipt of the
commands to the coatroller computer (e g., server computer executing the GUI 100). Upon
veceipt, another visual cue, such as flashing andfor a change in color, may be wsed to indicate that
the command has successtully been recetved by the atreraft, such as Husirated in pave B of the
GU 100, In further embodiments, the visual cue may continue unti the transmission is
complated and the command has heen received by the atrcraft. For exampls, after a controtler
bas selected a new heading flight parameter 303 of 120 degrees, a secoud arrow icon 301 may
begin to flash, conveyingthat a command 1o change the current flight parameter 104 is being
transmitied to a particular aireraft, as lustrated in pane A. When the command has successfully
been transmitted to the aireraft, andfor a confirmation is received from the atreraft, the second
arrow icon 301 may stop Bashing andfor change color, conveymg that the command has been

successfully ransmitted to the particular airerafl, as iftustrated i pane B,

[B057]  In some embodiments, one or more visual cues may be used to ndicate that the
transmission 0f a command o an atreraft has been unsuccessful. For example, if there is a
disruption in the transmission of a command 1o an atreraft and the command is not recetved, the
second arrow fcon 301 may change color, showing the controller that the command has not been

recetved by the aircraft. By using one or more visual cues to convey that 4 command is being
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wansmitted and has been successfully or ansuccessfully received by an anrerafi, a controfler can
be made aware of potential communication 1ssue with a particular atrevaft, With this information,
the controlier may then be smpowered to remedy the sitaation. Fov example, the controller may

resend a command that was not saccessfully recetved.

fBOS8]  FIG. oillustrates one or moore flight parameter s, according o vanous
embodiments. In some embodimaents, a cortrolier may set one or more fhght parameter miux to
prevent the selection and execution of selected flight parameters 302, 303 exceeding the set
hiits 601, In some embodiments, the computer system may retrieve the Sight parameter It
from a database or from the fhisht plan assigned to the aircrafl. A pane of the anmmaied GUI 110
may be dedicated to indicating upper and lower Hmits using a flight parameter mit indicator
601 for one or more selected hight parameters 302, 303, In some embaodiments, 8 flight
parameter imit may be dynanuc based on Hhight conditions (e g, fhight plan, terrain, weather
conditions) of the awreraft. The flight parametar Hnt indicatoer 601 may be automatically
adjusted to indicate the current hnut, The inplementation of the fight parameter finuts may
preventa controlier frony subsequently setecting flight parameters 302, 303 bevond the assigned
upper andfor lower limits, In the exemplary embodiment tlusirated in FIG. 6, the flight
parameter limit indicator 501 may indicate an upper limit of 100 knots for the speed 302 of an
aeraft for the given terran and flighe conditions, One of erdinary skill in the art will appreciate
that the upper timit indicated herein is for exemplary purposss ouly and is not construsd o be
Hutting. Any speed hmit may be ased in connection with the embodiments deseribed hecetn I
the upper limit of 100 knots is selected for the speed 302 of an aireraft, the controller may be
prevented from selecting a speed 302 of 110 knots based on the set limit. By allowing the
selection of flight parameter mitations, the controller 1s provided with further intwitive and fine

grain control of an areraft via the ammated GUY 100,

{059 In various embodiments, one or more flight parameters 302, 303 may be constrained to
a defined range based on the operating envelope of the aireraft. For example, if it 1s determined
that the operational Hmu of the atreraft speed 18 150 kunots, then the speed 302 will be constramed
to a maxiu speed of 130 kaots to stay within the flight envelope. This may it the ravge of
compands that may be generated and transmitted to the aireraft. For example, i the speed 302 i

set to have a range between 100 knots and 130 knots, then if a controllier attempts tuput a speed
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302 of 168 knots, a command may not be generated andfor transmitted to the corresponding

aireraft,

{068} 1o some embodinents, when a selected {light pavameter 332, 303 that exveeds a set
Himit is chosen, a visual indicator 802 may be displayed indicating that the selected flight
parameter 302, 303 s beyond the set imit. Por example, i an upper it of 100 knots is selected
for the speed 302 of an airoraft and a controler attempts to select a speed 302 of 160 knots, 2
visual mdicator 602 may be displayed on the pane of the GUI 10 40 mform the controller that
the chosen speed 302 1y outside the permitted range. Thus, wstead of wansmitting a command o
the arrcrafl to change the speed 302 (0 a value outside the permitied range, the input andfor

transmitting of the command is rejected preventing execution of the unpermitted speed change.

{61} Addinonally andior alternatively, one or more selected fhight parameters 302, 303 may
be constrained by limiting the movement of the second arrow icon 301 andfor its correlating
target value. For example, if the controller atiempts to select a flight parameter 302, 303 that
exceeds the set limit 601 by dragging the ball 204 and second arrow tcons 301 to a new location
on the compass rose icon 202, the ball 204 and second arrow icons 301 may snap back to the
position of the first arrow icon 203, effectively preventing the controller from selecting the
prohibited value {e.g., prohibited flight parameter). One or move visual cues, such as the second
arrow tcon 301 flashing andfor changing colors, may also mdicate that the selected fhight
parameter 302, 303 is prohibited. For example, if headings between 225 degrees and 270 degrees
constitute prohibited flight parameters, then when the controlier drags the ball 204 and second
arrow ions 301 through the area of the compass rose icon 202 which represents that heading
range of 225 degrees to 370 degrees, the second arrow icon 301 may turn
opaqueiransparentitranslocent, change colors, flash, ete. 1o indicate that a selection of a heading
303 within the particular range is prohibited. Alternatively or additionally, when the ball 204 and
second arrow icons 301 are moved and released at a location on the compass rose won 202
representing a prohibited action andfor prohitbited tlight parameters, the ball 204 and second
arrow icons 301 may turn color, change opacity, ete. and gradually return to the position of the
first arrow icon 203 In some embodiments, if the ball 204 and second arrow fcons 301 we being
drageed over an area of compass rose feon 202 representing a prohibited action {e.g., selection of

one or more prohibited flight parameters 302, 303), one or more visual cues may be presented to
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show that the ball 204 and secoud arrow icons 301 are over a location which 1 disallowed. For
example, n the case where a heading range between 225 degrees to 270 degrees is prohibited,
when a controlier drags the ball 204 and second arrow icons 3071 through this range on the
compass rose won 202, the ball 204 and second arrow icons 30! may change colors, tum
opacity, flash, appear as dashed hines, disappedr, ete. This changing i the depiction of the ball
204 and second arvow icons 301 may then convey o the controlier that an attemipt to selecta

heading 303 batween 225 degrees to 270 degress will be rejected.

[0062] FIG. 7 dlustrates implementing visual cues to indicate prohibited flight paths,
according 10 varous emboduments. In some embodiments, it may be determimed that hazards
anclfor vestricted locatipns may intersect a selected route of the aircrafl, If a controller attempts to
command a flight via the antmated GUT 100 towards a bazard andfor restnicted location, a visaal
cue may be usad 1o relay that the chosen flight path i3 vnadvisable or prohibited. For example, if
a controller, by mawmpulating the ball 204 and second arrow wons 301, attempts to direct the
atrorafl in the divection of terrain that is determimed to be hazardous, the ball 204 and second
arvow wons 301 may flash to inform the controller that the attempted action is prohibited. In
some embodiments, a controller may designate, via the GUI 100, hazardous of restricted
focations. Additionally sndior glternatively, an external sonrce may communicate to the server
computer executing the GUI 100 hazardous or restricted locations. The restrivted paths may be
determmed based on one or more factors, such as, but not Huited 1o, curtent air fraffic

conditions, weather conditions, topography, resteicted atrspace, et

{0063] 1o some embodiments, if a hazardous or restricted location intersects a selected flight
route, a visnal indicator 602 may be displayed indicating that the flight route includes a
hazardous or prolubited location. For example, f there is an attevapt to divect the siveraft in the
direction of a restricted location, a visual indicator 602 may be displayed on a pane of the GUI
100 to mform the controtler that the chosen flight route includes the restricted location. When it
1§ deternuned that a hazard sad/or restricted location intersects a selected route of the aireraft, the
axecution of said route may be prevented. Thus, a controller 1s given a clear indication that the

selected route may be ilhadvised to ravel, and a potential sccident may easily be averted.

{0064]  Insome embodiments, a portion of the compass rose wcon 202 may be depicted with

one or more visual cues to mdicate that 8 hazardous or restricted location will intersect a fhight
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route corresponding 1o the selection of the portion of the compass rose icon 202, For example, a
portion of the compass rose icon 202 representing a heading 303 between 0 degrees to 45
degrees may be depicted w a different color, opacity, ete. than the other portion(s) of the
compass rose won 202, The controller is thus provided a visual representation that a selection of
a particular location on the compass rose icon 202 corresponds to a ight path mtersecting with a
hazardous or restricted focation. Thus the controller may more easily avoid ill-advised or

dangerous travel routes easily averting potential errors and/or accidents.

[0065]  FIG. 8 tlosuates the initiation of one or more flight procedure based on the selection of
flight parameters 302, 303 according to various embodiments. In some embodiments, the
selection of one or more flight parameters 302, 303 may mitiate one or more flight procedures.
For example, a controller may select one or more fhight parametars 302, 303 that mdicate that the
controller desires to land the awrcrafl, such as designating a roule ending at a landing location 801
and/or reducing the speed of the awerafl. In response to the selection of the flight parameters 302,
303 mdicative of landing the atreraft, one or mare ight procedures associated with landing an
atrcraft vaay be initiated. For example, after the selection of a landing location 801, plide slope
procadures may be initiated, and a particular altitude may be communicated to and executed by
the atrceraft, In some embodiments, the girerafl icon 103 may be shown with one or more visual

cuss to indicate that one ot mere flight procedures have been imtiated.

{066]  FIG. 9 tlustrates the mandpulation of one or more flight parameters 302, 303 using
meremental snapping; according to various embodiments. Flight parameters 302, 303 may be
manipulated in predetermingd incremeants. In some embodiments, a controller may select a
predeternined mcrement to he applied to the selection of one or more flight parameters 302, 303,
When the ball 204 and second arrow tcons 301 are dragged around the compass rose fcon 202
and released at a location associated with the one or more flight parameters 302, 303, the ball
204 and second arrow jcons 301 may snap to the most appropriate {e.g,, the closest value, the
next lowest valoe, the next hughest value, ete)) moremental value based on the predetermined
increment. Additionally andfor alternatively, the second arrow icon 301 may remain in place on
the GUT 100 swhile the value(s) representing the one or more flight parsmeters 302, 303 snap 1o
the closest incremental value (e, degrees for heading, knots for speed, 100°s of feet for

altitude, ete.). For example, when a heading 303 of 272 degrees 15 selected, the displayed
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heading 303 may snap to the closest multiple of 10, which is 270 degrees. In this case, once
released by the coutroller, the ball 204 and second arrow icons 301 may return to the position of
the first arvow 1con 203 and gradually transtion to the selected heading 303 of 270 degrees. In
some embodiments, after selecting one or more fight parameters 302, 303, the ball 204 and
second arrow icons 301 andéor the first arrow icon 203 may trausition to the selected one or more
fhight parameters 302, 303 by incrementally snapping to values until the selected ong or more
flight parameters 302, 303 5 reached. For example, if the first arvow 1con 203 1s at a heading 104

o,
i

of 280 degrees and a new heading 303 of 270 degrees s selected, the ball 204 and second arrow
wons 301 may, ma predetermined morement of two, suap from 280 degrews 1o 278 degrees, to
276 degrees, to 274 degrees, 1o 272 degrees, before finally snapping to the selected heading 303
of 270 degrees. The controller may manipulate the GUT 100 such that, when selecting the values
of one of more parameters, the selected value will snap to predetérmined muliiples of the values.
For example, a controller may set the speed 302 of an aircraft to be displaved in the negrest
multiple of 5. When the ball 204 and second arrow ivons 301 are drapped to a marker on the
sompass rose icon 202 indicating a speed of 103 knots, the ball 204 and second arrow icons 301
may snap to a marker indicating a speed of 105 kuats. In some embodiments the sams
predetermined mcrement may be set for all flight parameters 302, 303, In another embodiment,

different predetermined merements may be set for individual Thaht parameters 302, 303

{0067]  The anumated GUY 100 describad hersin is contextual. According to various
embodiments, the apper andfor losver honts may be provided by the tratfic control data
associated with the location, built into the fhght map 102, entered by the controller, or auto
popuiated based on live data recetved from an external sonrce gt the server computer executing

the GUI 100

j0068]  The animated GUI 100 described herein is transparent and/or transtucent. According to
various embodiments, the ammated GUT 100 may render minimal structure {2.g., an annotated
compass rose weon 202, rotated to the appropriate magnetic declination), dynanuc transtucency,
no background, and few pixels, hence significant background information on the flight map 102

not arourkd the siveraft icon 103 18 not obscured.

{0069]  The animated GUI 100 described herei is intuitive. According to various

ambodiments, the anmmated GUT 100 accepts input from the controller by manipulating the head

b2
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of a first arrow icon 203, This first arrow icon 203 indicates corrent heading 104 and speed 101
Once the head of the fisst arrow 1con 203 1 moved, in addiion 1o contimang to show the current
headmyg 104 and speed 101, another second agrow icon 301 (different color) is rendered showing

the target heading 303 and speed 302,

00701 Embodiments may also provide one or more non-transitory computer-readable storage
medium storing wstructions that, tpon execution on a computer system {e.g., computing device),
cause the computer system {e.g., computing device) to perform the method described above.
Embodiments may also provide a system comprising a display screen, one of more processors,
and a memory storng msiractions that, when executed by the one or more processors, cause the

ong or more processors 1o perform the method described above.

7L} FIG 1015 8 flowchart of an example process 1000, At step 1002, a GUT 100 15
displaved on a display device 1110 using a computing device. An exemplary amimated GUT 100

15 illostrated in FIGL 1.

H072]  Atstep 1004, an abrcraft is represemted with a first icon {e.g., aiteraft icon 103} ofa
plarality of icons on the GUT 100, For example, referring back to FIG. 1, the aiveraft icon 103
represents an aworafi {e.u., autonomous arcrafl) on the GUY 100, In some embodiments, the GU
100 may displav a plurality of icens {e.g., atrcraft icon 103), each representing sy individual
atreraft. Additionally or alternatively, information concerning one or more flight parameters 101,
104 associated with the aircrafl represented by the icon (e.g., aircraft icon 103) may be displayed
i proxumity o the weon {2.g., aircraft icon 103 an the GUT 100, For example, as shown i FIG.

1 a speed thght parameter 101 of 100 knots and a heading flight parameter 104 of 250 degrees

are displaved adjacent to the icon {e.g., aircratl icon 103},

H0073] At step 1006 the computing device recetves an input manipulating a second icon (e, a
ball icon 204, a first arvow icon 203 and/or a second arrow icon 301) which represents a flight
parameter 302, 303 associated with the aircraft. The wput manipulating the second feon {e.g.. a
ball icon 204, a first arvow ivon 203 and/or a second arrow icon 301) moves the second 1con
from a first position to a second position on the GUI 100, For example, vefarring to FIG. 3, the
second arrow con 301 may be deagged seross the GUI 100 1o a location representing Hight
parameters 302, 303, In this example, the second mrrow icon 301 is dragged to a location

representing a heading fhght parameter 303 of 258 degrees and a speed flight parameter 302 of

{
e =
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100 knots. In turn, the computing device may receive a non-alpha memerical inpat {e.g., a signal
transmitted to the server computer from an inpot device) mantpulating the second arrow icon
301, such that the manpulation corresponds to an alpha mumerical command (2.2, change
heading to 238 degrees and speed to 100 knots}. For example, the computing device may
wanslate the manipulation of the second arow fcon 301 io the alpha namerical command that

corresponds to the location where the second asrow icon 301 i3 dragged.

{0074]  Arstep 1008 a conmmand based at least in part on the manipulation of the second fcon
{e.g.. a ball 1con 204, a first arrow icon 203 andior a second arvow tcon 301) representing the
Hight parameters 302, 203 13 wansmitted to the aworaft represented by the frst icon (e.g., aireraft
icon 103). In some embodiments, information corresponding to the flight parameters 302, 303
assoctated with the aireraft may be displayed i proximity to the fivst icon {e.g., atrcraft icon
103) representing the atrcraft. For example, referring to FIG. 3, after the manipulation of the
second arrow icon 301 1o a location on the GUI 100 representing a headmg flight parameter 303
of 258 depress and a spead flight parameter 302 of 100 kuots, a conunand based at least in part
on sard mantpulation is transmitted to the aireraft represented by the ameraft icon 103, The GUIL
100 may, in turn, depict an alpha numerical representation of the flight parameters 302, 303

proximate to the second arrow tcon 301 andfor the aireraft icon 103

{0075]  FIG. 11 tlustrates an exemplary computing system 1100 that may be used o
implement various embodiments described herein, The exemplary computing system nay be
used by a controller 1130 {e.g..'a human controller 1130} to monitor and miteract with ong or
more autonomous gireraft 1140 mdividually andfor collectively, According 1o various
embaodiments, the controller 1130 may futeract with the computing system 1100 using an input
device 1130, For example, the controller 1130 may select an sutonomous atreraft 1140 anddor

provide commands to the selected autonomous aireraft 1140 by using the wput device 11350,

{0076]  Ag shown, the computing systemn 1100 may comprise one or more processors 1104, a
system memory 1102 (which may comprise any combination of volatile andfor non-volatile
memaory such as, for example, buffer memory, RAM, DRAM, ROM, flash, or any other suitable
memory device), a network interface 06 {e.g., an exiernal commuication interface), and a

computer readable medium 1108 (e.¢., non-transtiory computer readable medium HO8 storing

mstructions). Moreover, one of wore of the modules may be disposed within one or more of the
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components of the systen memory 1102 or may be disposed externally. The software and
hardware modules shown in FIG. 11 are provided for Hlustration purposes only, and the
configurations are not intended to be limating. The processors 1104, system memory 1102 andior
external communication interface (e.g., network mterface 1106) may tuplement the techuiquaes

andfor method(s) described herein.

{0077]  The network mtarface 1106 may be configured or programmed to recerve and generate
electronic messages compyising mformation transmitied through the compating svstem 1100 o
or from the plurality of asfonomous aweraft 1140 {e.g., transoutting and executing instructions}.
The computing system 1100 may also melude at {east one display device 1110 for displaving a
GUT 100. When an electronic message is received by the computing system 1100 via external
communication interface {e.g., network interface 1106} of the computing system 1100, it may be
processed, and relevant mformation may be displaved on the display device 1110 via the GUI
100, When an input 18 recetved from the controller 1130 via the GUT 100, #t may be processed
and velevant information may be transmitted to the corresponding awtonomous atreraft 1140, For
example, a controller 1130 may use an input device 1150 to mput a command to be sent o a
phurality of autonomous atrerafl 1140, The command may be recetved by the computing svstem
1100 where the command s processed and ttansmitting to the phurality of autonomous aireraft
1140 for execution. Accordmyg to various embodiments, the computing system 1100 may further
be configured to recetve supplementary imformation from thied parties, such as air traffic control,

¢.. an awcralt that monitors the one or more sutonomoeus atreratt |40

e

weather, other atrevaft (e
i the air), etc. The supplementary information may bhe processed by the computing system 1100

amd displayed on the GUI 100 via the display device 1110,

[6078]  1In the foregoing specification, enbodiments of the disclosure have been deserthed with
reference to numerous specific details that can vary from tmplementation to implementation. The
specification and drawings are, accordingly, 1o be regarded in an ilustrative rather than a
restrictive sense. The sole and exclusive indicaror of the seope of the disclosure, and what i
intended by the applicants to be the scope of the disclosure, is the Iteral and equivalent scope of
the set of clatms that issue from this application; in the specific form in which such claims issue,

wcluding any subseguent correction. The speaific detatls of particalar embodiments can be

o
X
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combined m any suitable manner without departing from the spirit and scope of embodiments of

the disclosure,

{079 Additionally, spatially relative terms, such as “bottom,” “top™ or “side™ and the like can
be used to deseribe an element andfor feature’s reldationship 1o another element(s) andfor
featura{s) a3, for example, ustrated i the figures. Tt will be understood that the spatally
relative terms are intended to encompass different orientations of the device m use andior
operation in addition to the orientation depicted in the figures. For example, if the device w the
flgures 1 turned over, elements described as a “boitom” surface can then be onented “above”
other elements or featares, The device can be othernwise ortented (e.¢., rotated 90 degress or at

other origntations) and the spatially relative descriptors used hersin interpreted accordingly.

{080 The methods, systems, and devices discussed herein are examples. Various
embodiments may omit, substitute, or add vartous procedures or components as appropriate. For
mstance, features desoribed with respect to certain embodiments may be combined in various
other embodiments. Different aspects and elemenis of the embodiments may be combined in a
stmilar manner. Also, technology evolves and, thus, many of the elemanis are examples that do

not limit the scope of the disclosure to those specific examples.

{081 Terms “and,” “or,” and “an‘or.” as used herem, may include a variety of measnings that
also 1y expected to depend at least v part upon the context in which such terms are used.
Tvpically, “or™ if used to associate a list, such as A, B, or C, is intended to mean A, B, and €,
here used in the inclusive sense, as well as A, B, or €, here used in the exclusive sense. In
addition, the term “one or more” as used hereinn may be used to describe any feature, structure, or
characteristic int the singalar or may be used to describe some combination of features, structures,
or characteristics, However, it should be noted that this 1s merely an tlustrative example and
claimed subject matter is not imited to this example. Furthermore, the term “at least ong of” if
used to assoviate a Hist, such as A, B, or C can be interpreted (o mean any combination of A, B,

andior C, suchas A, B, T, AB, AC, BC, AA, AAB, ABC, AABBCCC, etc.

ELIRN

{0082] Reference throughout this specification to “one exaraple,” "an example,” “certain

exgmples,” or “exemplary plementation” nreans that a particular feature, structure, or
characteristic deseribed nconnection with the feature and/or example way be included v at least

one feature andfor example of claimed subject matter. Thus, the appearances of the plwase “in
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one example,” “an example.” “m certam examples,” “in certain implementations,” or other like
phrases i various places throughout this specification are not necessarily all referring to the
same feature, example, andfor imuation. Furthermore, the particular features, stracthures, or

characteristivs may be combined in one of more examples andfor features.

fOOB3] 1o the preceding detatled desoription, numerous specific detatls have been set forth to
provide a thorough understanding of claimed sulyect matter, However, ot will be understood by
those skilled in the art that clammed subject maiter may be practiced witho these specific
details. In other mstances, methods and apparatuses that would be kaown by one of ordimary skill
have not been described in detai! 50 as not to obscure clammed sulject matter. Therefore, 1t 18
isended that clatmed subject matter not be limited 1o the particular examples disclosed, but that
such claimed subject matter may also mclude all aspects falling within the scope of appended

clamus, and equivalents thereof.

o
-3
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CLAIMS

What 1s claitned is:
i, A method comprising:

displaving, using 8 compating device, a graphical user interface (GUI) on a display
device;

representing an aircrafl with a frsticon of a pluralsty of icons;

receiving, at the computing device, an input manipulating # second icon representing a
flight parameter assoctated with the aircraft, wherein the mput manipulating the second con
moves the second icon from a fiest position 1o a second posttion on the GUI and

transaiiting, to the atreraft represented by the first icon, a command based at least in part

on manipulation of the second fcon fepresenting the flight parameter.

2. The method of ¢latm 1, further comprising:
displaying one or more flight parameters associated with the aireraft, the one or more
fhht parameters including at least one of a heading, a speed, or an altitude associated with the
aireraft; and
in response to detecting a selection of the first icon, displaying, over the first icon, the
second icon and g third icon of the plurality of icons, wherein the third icon represents a compass

YOS,

%

3. The method of claim 2, wherein at least the first, second, and third icons

of the plurality of icons arg overlawd o swap displayed on the GUL

4, The method of dlaim 2, wherein at least the first, second, and third icons

of the plarality of icons are transparent,

S The method of claim 1, further comprising:
displaving a third icon in respounse to detecting, at the computing device, manipulation of
the second scon representing the flight pavameter, the third icon representing a change in the

fhpht parameter of one or more fhght parameters associated with the airgrafi,
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6. The method of claim 3, wherein the third fcon converges with the-second
eon as the atreraft executes the command based at least in part on the wmanipualation of the

second icon.

7. The method of claim 5, wherein the third icon snaps to a location, the

location representing a predetermined merement of the flight parameter,

8, The method of clatm 1, further comprising:
displaying a fisst visual cue mdicating transmission of the command to the aircraft; and

displaving a second visual coe indicating receipt of the command by the aireraft.

g, The method of claim §, further comprising:
recetving one or more prohibited gt perameters; and
displaving a visual cue indicating the second icon is prohibited from heing manipulated
to a location in the GUIL the location representing a prohibited flight parameter of the one or

more prolubited flight parameters.

10, The method of claim 1, further comprising:
in response (o recetving a location selected for landing the atteraft, transnutiing the
command to the atrcrafi, the comumand triggering at least one or more flight procedures

associated with landing the aireraft.

f1. A non-transitory computer-readable storage medium storing instractions

that, upon execution on a computer system, cause the computer system to perform steps
comprising;

displaying a graphical user interface (GUI) on a display device;

representing an mroraft with a first icon of g plarality of icous;

receiving an input manipulating a second icon representing a (ight parameter associated
with the aerafl, whertn the wput manipulating the second jeon moves the second won from a
first position to a second position on the GUL and

fransmitting, to the aireraft represented by the first icon, & command based at least w part

on manmpalation of the second icon representing the fight parameter.
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12 A system comprisig
a display device,
O OF IROLE PrOCessins,
A memory stonng instructions that, when execited by the one or more processors, cause

the one or move processors to perform steps comprising:

displaying & graphucal user mterface (GUI) on the display deviee;

reprasenting an atrcraft with a first tcon of a plarality of wons;

recerving an input manipulating a second von representing a flight parameter
associated with the awcrafi, wherein the mput manipelating the second twon moves the
second icon from a first position 1o a second posttion on the GUL and

transnutiing, to-the aircrafl represented by the first con, a command based at least

i part on manipulation of the second icon representing the flight parameter.

13, The system of claim 12, wherein the instractions, when executed by the
OnE Of OTE Processors, cause the one or more processors o perform steps further comprising:
displaving one or more flight parameters associated with the airerafl, the one ormore
flight parameters including at least one of a heading, a speed, of an altitude associated with the
aircraft; and
in response to detecting a selection of the first icon, displaving, over the first scon, the
second icon and a third icon of the plurality of icons, wherein the third icon represents a compass

1ose.

{4, The system of claim 13, wheretn at least the first, second, and third icons

of the plurality of icons are overlaid on a map displayed on the GUL

13, The system of claim 13, wherein at teast the first, second, and third wons

of the plurality of icons are ransparent.

16, The system of claint 12, wherein the instractions, when executed by the
ong Or mawe processors, cause the one o more processors 1o perform steps further comprising:
displaying a third icon in response o detecting manipuiation of the second won

veprasenting the flight parametsr, the third icon representing a chanye in the fight parameter

associated with the atrcraft.
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17, The system of olaimy 16, wherein the third icon converges with the second
won as the sireraft executes the command based at teast i1 part on the mampalation of the

second con.

18, The svstem of claim 12, wherein the instructions, when exseuted by the
one or more processors, cause the one or more processors 1o perform steps Tarther comprising:
displaviog a first visual coe mdicating transnusston of the cormmand o the atreraft; and

displaying 8 second visnal cue indicating receipt of the command by the aireraft.

19 The system of claim 12, wherein the mstructions, when executed by the
one or more processors, cause the one or more processors to perform steps forther comprising:
recetving one or more prohibited flight parameters; and
displaving a visual cue indicating the second icon 1s prohibited from being manipulated
to a location in the GUI, the location representing a prohibited flight parameter of the one or

miore prohibited fhght parameters.

20, The system of claim 12, wheran the instruchions, when executed by the
one or more processors, cause the one of more processors 1o perform steps Tarther comprising:
int response 1o recerving a location selected for landing the aiverafl, transmutng the
connnand 1o the airerafl, the command triggering at teast one or miore fhght procedures

associated with landing the sircraft.



