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MAP DISPLAY OF UNMANNED AIRCRAFT SYSRTEMS

CROSS-REFERENCE TO RELATED APPLICATIONS
The present application claims priotity to (1) US. Patent Apphication Serial No.

15/997. 615, filed on June 4, 2018, snd (i) US. Patent Apphcation Seriad No, 627815254,

filed on June 5, 2017, the entire contenis of both of which are herein incorporated by
reference.
BACKGROUND

An upmanned airerafl system CUAS™), which may alse be reforred 10 88 an

autonomons vehivle, 1 -a vebicle capable of fravel without a phyvsically-present human
operator. A UAS may operate i a remote-control mode, inan autonomous mwode, o a
partially avtonomons mode.

When a UAS operates in a remote-control mods, 8 pilet or driver that {s at a remote
location can control the AR via commands that ard sent © 1the UAS via a wirsless link
When the UAS operates in agtonomous mode, the TAS tvpically moves based on pre-
programmed navigstion waypoints, dyhamic automation systems, of @ combination of these,
Further, some UASs can operate inn both a remote-contrel mode and an astonomons mode,
and 1y some Instdoces may do so simultansounsly, For instance, a remote pilot or driver may
wish to leave pavigation to an gutonomous system while manually performing another task,
such as pperating 8 mechanical system for pleking up olyests, as an example.

Yariows pes of UASS exist for various different eoveonments. Poriostance, TIASS
exist for operation in the air, on the ground, uaderwater, and n space. Examples melude
guad-copters and fail-sitter UASs, smong others.  UASs also exist for hybrid operations in
which malti-epvironment operation is possible.  Examples of hybrid UASs inclade an
amphibious craft that iy capable of operation on land as well as on water or a floatplane that s
capable of landing on water as well as on land. Other examples ave also possible.

SUMMARY

o one aspect, a computer-implemiented method 18 provided. The method may involve

senching, by a computing device, vnmatmed arcraft systemy (UAS) data providing a first UAS

location indication on g wap on a display of the computing device, wherein the fist UAS
focation indication comprises an agprogate indication of a phurality of UASy located withina

first area op the map.  The method may also mvelve receiving, by the computing deviee,
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input data comprising. @ reguest for additonal information related to the first UAS location
indication. The method may also fnvolve, in responseto receiving the reguest for additional
wformation, sending additional location data related © the plurality of UASs, moluding o
plurafity of second UAS loCation ndwations al a plurality of locations within the first arga en
the map, wherein each second UAS indication corresponds to a Subset of the plurality of
HAaSs represented by the fist UAS location indication.  The method may slso involve
updating the display of the computing dovice 1o show the plurality of second UIAS Ibcation
mdications.

In-another aspect, a nop-fransfiory computer-readable medivim 19 provided. The none
transitory computer-readable  mediom includes nstractions stored thereon, that when
exechted by o0 oF GI01S PIOCessors, Cause a computing device to porform operations. in
particular, the operations nay involve seoding, by a compuating device, unmamied aiveraft
svstem (LAS) data providing o Hrst UAS location indication on a map on a display of the
computing device, wherein the first UAS location indication comprises an aggregate
indication of 3 plurality of UASs located within a first aves on the niap.  The operations may
alse involve receiving, by the computing device, input data comprising 8 request for
additional information related o the first UAS location indication.  The operations may also
wmvolve, in esponse to receiving the request for additions!l wformation, in response io
receiving the request for addittonal information, sending addittonal focation data related to
the phurality of LASs, including a phaality of second VAN location indications at a ploraity
of locations within the first area on the map, wherem each second UAS indication
corresponds to a subset of the plurality of LTASNs represented by the first UAS location
indication. The operations miay also involve updating the digplay of the computing device
show the phurality of second UAS focation indications.

In yet another gspect, a system is provided. The system may include a display, &
processing wntl, data Storage. and programy instroctinns. stored in the data storage and
executable by the processing unit to carry oul operations.  In particolar, the operations may
wmvolve sending, by a computing device, anmanned abrerafl system (LIAS) dats providing a
first UAS location mdication on ¢ map on g display of the computing device, wherein the first
UAS lecation indication comprises an aggvepats indication of a plurality of UASs lovated
within a first arca on the map. The operstions may also involve receiving, by the computing
device, mput dats comprising a reguest for additional information related to the first UAS
location-indication. The uperations may alse involve, i response to receiving the request for
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additional information, in response to receiving the reguest for additional information,
sending additional location data related to the plurality of UASs, including a plarality of
second UAS location indications st a plurality of locations within the first area on the magp,
wherein each seeend UAS indicstion. corresponds 16 a subset of the plurality of UASs
represented by the fest LIAS location indication.  The operations nay also tnvalve updating
the display of the computing device to'show the phvality of second UAS loéation indicitions,

These as well as other aspects, advantages, and alternatives will become apparent o
those of ordinavy skill in the ast by reading the following detatled deseription with reference
where appropriate to the accompanying deawings. Further, o -should be undeistood that the
deseription provided in thns swnmmary section and elsewhere fn this document s itended to
ustrate the claimed subject matier by way of example and not by way of Himitation.

BRIEF DESCRIPTION OF THE DRAWINGS

Figwee 1A I8 & simplified illostration of a UAS, according to an example

implementation.

¢
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Figure 1B a simplified dlustration of a UAS, ascoording o an example
mplementation.

Figare 1€ 15 a simphibed dlustration of g UAS, according o an exanple
implementation.

Figwre 10 is 2 simplified llastration of 2 UAS, according to an exanple

223

fraplementation.

Figure 1E 15 a simplified iHustetion of a UAS, sccording to an example
anplementation

Figure 2 15 a simplified block diagran illustrating components of a UAS, according o
an example implementation.

Flgore 3 s a sumphited Block diagram dlustrating a UAS deplovment systom,
according to an example implementation.

Figwre 4 tustrates an example flowchart of an example method, according to an
example implementation,

Figure SA depicts a geotencing scenario for g UAS, in accordance with an example
cinbodiment.

Figure 5B depicts a geofencing scenario for a UAS, in secordance with an example

embodiment.
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Figures 7ATD illustrate cxample conmputing devicss performing  functions in
accordance with an exanple method.

Figure 8 ilostrates & schematico dingram of a computing devies, aceording to an
example inplementgtion.

Figwe 9 illusirates a schematic diagram of & server, avcording to an oxample
implementation,

DETAILED DESCRIPTION

Exemplary methods and systems are-deseribed herem. i should be understood that
the word “exemplany™ 1% used hersint o meay “serviig a5 sn example. stange, or
Hlustration.”  Any  implementation or feature deseribed  herein ag “exemplany”™  or
“Hiustrative™ 15 not necessarily to be construsd as preferred or advantageons over other
maplementations or features.  In the Bgures, simily symbols typically identify similar
components, unless conlext dictaies otherwise.  The example implementations deseribed
herein are not meant o be miting, It will be readily understood that the aspects of the
presend disclosure; a3 generally deseribed herein, and iHustrated in the figwres, can be
arvanged, sobstiteted, combined, separated, and designed o3 wide vanety of different
configurations, all of which are contemplated herein.

L Overview

Example implomintations may velate 1o a methods and systems for displaying UAS
information on o graphical wser interface of & computing device.  In particular, a UAS
database contains UAS Hight information such as location, altitude, and groond speed data
for a plurality of authensicated UASS. A UAS s authenticated when it i registered wih a
UAS ragistrar. Such a megisterad VAR s then added fo the UAS dalabase and assigued 2
wngue dentifier agsoclated with the UAS.  An aothenticated UAS may provide Hight
nformation o the LUAS database {e.g., real-time position and eperating data).

Flight dats from the UAS database may be displayed on g graphical nyer interface of'a
covpputing device.  The display may overlay & plurality of wons on a wap indicating a
ocation of one or more LIASS, as well as wdentifying information for each of the one or more
UASs when a user requests additional information for a given UAS. Such s graphical user
interface may beneficially provide useny the ability to see what LASsare flving in their area:

In an example implomentation, the graphical wser imterface of the computing device
may display a graphical icon providing a frst UAS focation indication at g lecation on g map.
The first UAS location ndication compprises an ageregate indication of a pluralisy of 1IASs
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focated wathin g first arcs on the map such that the exact focation of individual UASs s
unkuown, The user muay select the graphical jcon orotherwise request additional information
related to the first UAS location indication to diil down for more information on the plusality
of UASs corresponding 1o the first UAS Jotation inddication.  In one particnlar example, the
computing device may receive input dafa comprising a request for additional information of a
given LIAS of the phaubity of LASs corresponding to one of the plarality of second UAS
{ocation indications. 1o such an example, in respouse 1o receiving the request for additional
information of the given TIAS, the computing device may send ay instraction 1o display a
unigue identifier associated with the given UAS on the display of the computing device.

The digplay data may be a restricted anddor modified subset of all flight status data
within the UAS database. The display data may be (1) geo-sestricted 0 a range around the
user, {11} resfrcted i Ume o realtime data with a8 lawited bistorical lookback {eg., <1
minute) or no historical feokback, and (i) subject to precision dilation such that a hounded
range is displayed for cach UAS instead of exact UAS location.

n addition, the graphical user interface may inchude display options associated with 8
given UAS tcon and specific to the icon. Por example, the icon may include a mena {eg.,
click, hover-over, et¢.} that presents the user with the option o “Access More Info” sbout the
LUAS. Clicking through may take the (UL user to a website. The ment may further wehude
reporting options such as reporting any non-standard operation. In one example, such a now-
standard operation may inclode a notse violation.  In another example, the nov-standard
operation may include reporting unsafe operation, such as a fow altitnde or excess ground
spesd, Other non-standard oporations for reporting are possibleas well: The monu may also
include ap option for push notifications when the UAS iv again i the geographic area of in
proximity to the user.

1, Hiustrative UASs

Herain, the terms “onmanned alroralt system”™ and “UAR™ refor to any awtonomous o
semi-mutononious vebicke that is capable of performing some Amctions without o physically
present hwman pilot

A UAS can take various forms, For example, 3 UAS may take the form of a fixed-
wing arerall, a glider airerall, a tail-sitter awerafl, a jot amerall, 2 ducted fan aircrafl, a
lighter-than-air dirigible such as a blimp or steerable balloon, g rotorerall such as o helicopter

or multicopter, andfor an oraithopier, among other possibilities. Further, the terms “drong,”
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“unmanned serial vehiele™ (UAVY, o “unmanned astial systemy” (UAS) may also be wsed 1o
referto a LIAS

Figure TA i an isometnic view of an example UAS 100, UAS 160 includes wing 102,
booms 104, and ¢ fuselage 106 Wings 102 may be stationary and miay generate Hit based on
the wing shape and the UAS s forward airspeed. For instance, the two wings 182 may have
an aiffoil-shaped cross section to produce an gerodyngmic force on UAS 100, In sone
embodiments, wing 102 may carry horizontal propulsion units 108, and booms 104 mav canry
vertical propulsion wsts 110 In operation, power for the propulsion unils may be provided
from a battery compartment 112 of fuselage 108, In some embodivents, fuselage 16 also
inchudes an avionics compartment 14, an additional battery compartment (not shown) andfor
a delivery anit {not shown, eg., a winch systemy for handling the paylead. In some
ebodiments, fuselage 106 v modelar, and two or more compartments {sp, battery
compartment T2, avionics compariment 114, other payload and delivery compartiments) are
detachable from cach other and securable to cach other (2.8, mechanically, magnetically, or
otherwise )t contiguously forny ot least a portion of fuselage Hi6.

In some embodiments, booms 104 terminate in rudders 116 for improved yaw control
of UAS 100. Forther, wings 102 may terminate in wang tips 117 for improved costrol of bt
of the UAS.

fnothe iHustrated confipuration, UAS 180 includes a structuwal frame. The structural
frame may be referrediic an a Mstructural H-frame® o an "Heframe” (nol shown) of the UAS.
The H-frame may mclhude, within wings 102, a wing spar {not shown) and, within booms
134, boom carriers (hot shownl In some emboditents the wing spar and the boom carriers
may be madeof carbon {iber, hard plastic, aluminumy, light metal allovs, or other materials.
The wing spar and the boom carriers gy be connected with clamps. The wing spar may
mclude pre~-drilled holes for hovizontal propulsion units 108, and the boom camiers may
elade pre-driled holes forvertical propulzion units 110,

fa some embodiments, Tuselage 106 may be romovably attached to the Heframe (0.8,
attached to the wing spar by clamips, configured with grooves, protrusions ot other features
mate with corresponding H-frame fegtures, eic). In other embodiments, fusclage 106
similarly may be removably attached to wings 102, The removable attachment of fuselage
106 may improve qualite and or modularity of LAS 100, Por example, electrical/mechanival
componenss andfor suhsystoms of fuselage 106 may be tosted separately from, and before
being attached o, the Heframe - Similacly, printed clroait boards (PCBs) 18 may be tested
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separately from, and before being attached 1o, the boom carriers, therefore eliminating
dedective parts/subassemblics prior to completing the UAS. Por example, components of
fusclage 106 {o.g., svionics, hattery unit, delivery units, an additional batiery Compartment,
ete ) ngy be alectrically tosted before fuselage 106 is mounted o the H-friane. Furthernuwe,
the motors and the electronies of PCRe 18 may also be electrically testad beford the final
assembly: Generally, the identification of the defective parts and subasdemblies carly 1o the
assembly process lowers the overall cost and lead time of the UAS. Furthermore, differont
typesimodels of fuselage 106 ey be attached 1o the Heframe, therefore improving the
modelarity of the design. Such modulanity allows these various parts of VAR 160 1o be
upgraded without 8 substantial overbas! to the manefachming process.

In some smbodiments, & wing shell and boony shells may be attached to the H-frame
by adbesive elements {ep., adhesive fape, double-sided adhesive tape, glue, et} Therefore,
multiple shells moay be attached to the Heframe wstead of having a monolithic body sprayed
onto the H-frame. In some embodiments, the presence of the multiple shells reduces the
stresses induced by the coafficient of thermal expansion of the structural frame of the UAS
As a result, the LIAS may have better dimensional acouracy and/or improved reliability.

Moreover,in gt legst some embodiments, the same Hedtame may be used with the
wing shell andior boom shells having different size and/or design, therefors imaproving the
modularity and versatility of the UAS desipns. The wing shelt andior the boom shells may be
made of relatively light polymers (e g, closed cell foam) covered by the harder, but relatively
thin, plastic skins,

The power and/or control signals from fuselage 106 may be routed 1o PUBs 118
through cables nunning through fuselage 106, wings 102, and boowms 104, In the Hlustrated
smbodiment, UAS 100 has four PCBs, but other nombers of PCBs we alse posaible. For
example, UAS 100 may include fwo PCBs, one per the beom. The PCBs carry electronic
components 119 including, for sxample. power converters, controllers, memory, passive
cowmponents, ele. In operation, propulsion units 108 and 110 of UAS 100 are elecurically
comnected o the PCBs.

Many variations on the thustrated UAS are possible.  For instance, fixed-wing UASs
may include more or fewer rotor units {vertical or horizontal), andfor may utilize a ducted fan
or multiple ducted fans for propulsion. Further, UASs with more wings (e.g., an “x-wing”
contiguration with four wings), are also possible. Although Figure 1A ilustrates two wings
102, two boomns 104, two hovizontal propulsion units 108, andisix vertical propulsion units
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110 per boom 104, 3t should be appreciated that other variants of UAS 108 may be
inplementad with more or less of these components.  For example, TIAS 100 may include
four wings 102, four booms 104, and more or less propulsion units (thorizontal or vertical).

Sinaitarty, Figure 18 shows another example of o fxed-wing UAS 1200 The fixed-
wing TVAS 120 tncindes 4 fuseldge 122, two wings 124 with an airfoil-shaped cross section to
provide Hft for the UAR 120, a vertical stabiliver 128 (or fin} o stabibize the pland’s vaw
(rurn feft or right), a honzontal stabilizer 128 {also referred o as an slevator or tailplane) to
stabilize pitch {tilt up or down), landing gear 130, and 3 propuision unit 132, which can
include a motor, shalt, and propedier

Figure 10 shows an example of a UAS 140 with a propeller i 8 pushier configration,
The tenm “pusher™ refers to the fact that a propulsion usit 142 13 moumted at the back of the
LIAS and “pushes™ the vehicle forward, in contrast 1o the propulsion unit beng mounted at
the front of the UAS. Similar to the description provided for Figures 1A and 1B, Figure 1€
depicts contnon strgctures used fna pusher plane, ncluding a fuselage 144, two wings 146,
vertical stabilizers 148, and the propulsion unit 142, which cary include 1 motor, shafl| and
propelier.

Figure 11 shows an gxample of a tail-sitter UAS 160, In the lostrated example, the
taib-sitter UAS 160 has fixed wings 162 to provide hit and alfow the UAS 160 to ghide
horizontally (0., along the x-axis, in & position that is approximately perpendicular o the
position shown in Figure 1D} However, the fixed wings 162 also allow the taibsitter UAS
160 to take off and land vertically on its own,

For example, af a launch site, the tail-sitter UAS 160 may be positioned vertically (as
showny with #s fins 164 andfor wings 162 resting on the ground and stabilizing the UAS 160
in the vertical position. The til-sitter LIAR 16 may then take off by operating its propellers
166,10 generate an upward thrast {e.g, o thrust that is generally along the v-axis). Ongeata
suitable alitude, the tatl-sitter TIASN 160 may wae e flaps 168 1o reovient #iself ina hortzontal
position, such that is fuselage 170 s closer to being aligned with the x-axis than the y-axis.
Positioned horizontally, the propeliers 166 may provide forward thrust so that the taibsitier
UAS 160 can tlv in a sinular manney g5 a typical atrplane.

Many variations on the iHustrated fixed-wing UASs are possible. For instance, fixed-
wing UASs may include more or fewer propellers, andior may wtilire a ducted fan or multiple
ducted fans for propulsion. Funher, UASswith more wings {e.g., an “x-wing” configurstion
with four wings), with fewer wings, or even with no 'wings, are-alse possible.
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As noted above, some implementations may volve other types of LIASs, in addition
toor i the alteraative to fixed-wing UASs. Porinstance, Figure 1E shows an example of a
rotoreraft that s commonly referred 10 85 @ multicopter 180, The multicopter 180 may also
be referred to-as a quadcoptar, g8 § inludes four wotors 1820 #t should be understond that
exdimple implementations may iovolve a roforeraft with more o fewer totorsy thap the
nudticopter 180, For'example, a belicopter typically has two rotors. Other examples with
three or more tors arg possible as well,  Herein, the torm “multicopter” refors © any
rotorcrafl having more than two rotors, and the eem “heBcopter™ refers {o rotoreraft having
£ FOTOTS.

Referring to the malticopter 180 in greater detail, the fowr rotors 182 provide
propulsion and mancuverability for the multicopter 180, More specifically, each rotor 182
melades blades that are attached to 8 motor 184, Configured as such, the rotors 182 may
altow the multicopter 180 to take off and land vertically, o maneaver in gy direction, andfor
te hover. Further, the pitch of the blades may be adjusted as a group andfor differentially,
and may allow the multicopter 18040 control its pifch, roll, vaw, andfor altitude

It should be wnderstond that refercnces hercin to an “anmanned” aerial vehicle or
UAS can apply equally to autonomous and semu-sutonomous aerial vehicles, Inoan
antonomons implementation, all functionality of the gerial vehicke s wnomated; c.u, pre-
programed or controlled via real-tine computer functionality that responds o input from
various sensors andfor pre-determined information. In @ sent-autonomous implémentation,
some functions of an aerial vehicle may be controlled by g human operator, while other
functions gre carnied out autonomousty. Further, i some implomentations, 8 UAS may be
confipurad to allow a remote operalor to take over functions that can otherwise be controlied
autonomonsty by the UAS. Yet further, a given type of function may be controlled remotely
at one level of abstraction and performed astonomousty at another level of abstraction. Far
example, @ remote operator could control bigh level navigation decisions for 8 UAS, such as
by speciiving that the UAS shouald travel from one location to another {e.g., from a
warchouse in g suburban ares to ¢ delivery address in 8 nearby city), while the UASs
ngvigation svstem antonomously controls more fine-gramed navigation decisions, such as the
specific rowie 1o take between the two locations, speaific fHight contreds 1o achisve the roule

and avoid obstacles while navigating the route; and soon.
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Muore geserally, 1t should beunderstiod: that the example UASs deseribed hersin are
not intended to be miting. Example toplementations may relate to, be implemented within,
or take the form of ane tvpe of pnmanned gerial vehicle,

L. Blusteative UAS Components

Flowre 2 iz simplified block diagramny flustrating components of a UAS 200,
according o example implementation. UAS 3HY whay take the form oF o be sinilarin
form fo, pne of the UASs 100, 120, 140, 160, and 130 deseribed in reforence fo Figures 1A~
1B, However, UAS 200 may also take other forms:

LIAR 200 may mcinde various tvpes of sensors, and may inchade a computing device
configured to provide the functionality described hevein. 1o the llustrated tmplementation,
the sensors of UAS 200 melude an mertial mucasurcrnent uagt (MU 202, ultrasonie sensox(s)
204, and 2 GPS 206, among other possible sensors and sensimg systams.

in the thustred soplementation, VAR 200 also inchades oneror more provessors 208,
A processor 208 wmay be a general-purpose pracessor ov @ special purpose processor (g,
digital signal processors, application - specific inteprated chropits, wic)  The one or more
processors 208 can be configured o execute computer-readable program instractions 212 that
are stored in the date storage 210 and gre execniable to provide the functionality of a UAS
described herein,

The data storage 21 may inclade or take the form of one or more computer-readable
storage media that can be read or accessed by at least one processor 208, The one or more
computer-readable stomge media can  ilude volatile andéor non-volatile  storage
components, such as optical, magnetie, organic or other memory or dise storage, which can
b integrated 1 Wwhols o i part with at feast ong of e one &r more processors 208, In some
implementations, the data storage 210 can be inplomented using a single physieal device
{e.g., one optical, magnetic, organic or other memery of dise torsge unit), while in other
implementations, the data storage 210 can be implomented using two or more physical
devices,

As noted, the data storage 210 can include computer-readable program instractions
212 and perhaps additional data, such as diagnostic date of the UAS 200, Ax such, the data
storage 210 may inchade program instructions 212 to perform or facilitate some or all of the
UAS functionality described herein. For instance, in the iHustrated implementation, program
instrogtions 212 inchude a navigation moduls 214 and g tether control modutle 216,

& Sensers
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In an Hlustrative implementation, IMU 202 may include both an accelerometsr and a
gyroscope, which may be used together fo determine an-orientation of the TIAS 200 In
particular, the gecelerometer can measure the orientation of the vehicle with respett o earth,

white the gy

syroscope measures the rate of rotation ground an axis. IMUs are conmnercially
available in low-cost, lowspower packages. Forinstance, an IMU 202 may take the fovm of
or  nclude  a punlaturized  MicroBElectroMechanical  System (MEMSY or 2
NanceElectroMechanical Svstem (NEMS). Other types of IMUs may slso be utilized.

An MU 202 mayvinclude other sensons, By addition {0 acoelerometers and gyroscopes,
which may help to better determine position andior belp-4o increase autonomy of the HIAS
6. Two examples of such sensors are magnetometers and pressure sensors.  In some
wypdementations, a8 UAS may melude a low-power, digital 3-axis magnetomater, which can
be used o reshize an ovientation ndependent clectrome compass for accurate heading
mfonmation.  However, other types of magnelometers may be uslilived ay well.  Other
examyies are also possible. Furthier, note that a UAS vould include some or all of the shove-
described inertia sopsors 88 sepatate components Tronyan IMUL

LIAS 200 may alsoinclude a pressure sensor or baronweter, which can beused o
determine the aliitude of the UAS 200 Alternatively, other sensors, such as sonic allimeters
or radar altimeters, can be ased o provide an indication of alitude, which mav help to
fmprove the acouracy of andfor prevent drift of an BMEL

in g further aspect, VAR 200 may inclade one or mote sensory that allow the AR ©
sense objects in the environment.  For mnstance, in the illustrated wplementation, UAS 200
includes uliasoniv sensor{s)y 204, Ultrasonic sensor(s) 204 can determine the distance to an
object by generating sound waves and determining the thne inferval between thansmission of
the wave and recelving the corresponding ocho off an object. A typical application of an
ultrasonic sensor for UASs or IMUs is fow-level altitude control and obstacle avoidance. An
ultrasonic sensor can also be used forvehicles that need o hover at a certain helght or need to
be capable of detecting obstacles. Other systems can be used o determine, sense the presence
of, andfor determiine the distance 0 nearby objects, such as g Hght detection and ranging
(LIDAR) system, laser detection and ranging {LADAR) system, andior an infraved or
forward-looking infrared (FLIR) system, among other possibilities.

In somse implementations, UAS 200 may also inchude one or more imaging systemi{s}.
For cxample, one or more stifl and/or video cameras may be utilized by UAS 200 to capture
image data fromm the UAS's environment. - As a speeific example, charge-coupled device
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FOCTY cameras o complomentary metal-oxide-semiconductor {CMOS) cameras can be used
with-TIASs, Such imaging sensor(sy Rave numerous possible applications, such as obatacle
avoddance, localization techniques, ground tracking fr mors gccurate nevigation {e.g., by
applyving optical flow techniques to tmages), video feedback, andfor image recognition aud
processing, anmong other possibilities.

UAS 200 may sbo inclide a GPS receiver 206, The GPS receiver 206 may be
configured fo provide data that is typical of well-known GPS systoms, such as the GPS
coordinates of the TIAS 200, Such GPS datd may be utilized by the UAS 200 for various
functions. As such, the UAS mav use its GPS recelver 206 to help navigate to the caller’s
focation, as indicated, at least in part, by the GPS coordinates provided by thelr mobife
device. Otherexamples are also possibla:

B, Navigation and Location Determination

The navigation module 244 may provide fuchonahty that allows the UAS 200 {o,
e, move sbout s envivonment and reach g destred location. Toe do so, the navigation
miodule 214 ary control the altitude andfor direction of flight by controlling the mechanical
features of the UAS that affect fipht (s, i ruddes(s), clevatoris), atleron(s), andior the
speed of #ts propetier(si).

In order 1o navigate the UAS 200 o a target location, the navigation module 214 may
fmplement varions navigation techniques, such as map-based navigation and boealization-
based navigation, for mstance. With map-based navigation, the UAS 200 may be provided
with @ map of #s environment, which may ther be used to navigate o 2 particular location on
the map. With localization-based navi gation, the UAS 200 may be capable of navigating in
an unknown snvironment using locdlization.  Localization-based navigation may hwvolve the
UAS 200 building ity own map of #g covironrnent and caléulating its position within the wap
andfor the position of objects in the environment.  Por example, a8 a UAS 200 moves
throughout is snviromment, the UAS 200 may continuously use ocalization 1o update its map
of the envivonment.  This conlinuous mapping provess may be referred o as simullaneons
tocahization and mapping (SLAM), Other navigation techmiques may also be niilized.

o some inplementations, the mavigation nmodule 214 may savigate using ¢ technique
that relies on waypeints. In parBonlar, waypolats are sels of voordinates that identify points
in physics! space.  For instance, an airavigation waypoint may be defined by a certain

latitude, longitude, and altitude. Accordingly, navigation module 214 may canse UAS 200 o
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arove from waypoint @ waypoint, i order o ultimately travel toa final destinationy {eg. 2
final waypointin a sequence of wavpoints}

In g furthey aspest, the navigation madule 214 andior other components and systems
of the UASR 200 may be configured for “localization™ to more precisely navigate to the scene
of & target Tocation. Mote specifically, it may be desivable in certaly stuativns for 2 UAS to
be within & threshold distance of the target location where a pavioad 238 i being deliversd
by a TIAS (e, within @ fow feet of the target destination). To this end, a UAS may use a
two-ticred approach in which # uses 3 more-general ocation-determination techuique o
navigate 10 a general avea that i associated with the targst Iocation, and then use a more-
tefined location-determination techrigue o identify andior navigaie to the farget location
within the general ares,

For example, the UAS 200 may navigate to the general avea of a target destination
where g payload 228 is being delivered using waypoints and/or maprbased navigation.  The
UAS may then switch o a mode i which it wiilizes a focalization process o locate and travel
toa more specific location. For instance, if the UAS 200 &5 % deliver a payload 1o 3 neer’s
home, the UAS 200 may need to be substantially close to the target location in order to avoid
delivery of the pavioad to undesired areas {e.g.. onte a roof, into a pool, onto & neighbor's
property, etc.). However, a GPS signal may only get the UAS 200 so far {e.g., within a block
of the user™s home). A more precise location-detenmination ohnique may thea be used to
find the specitic target location.

Varous types of locstion-determination technigues may be osed to accomplish
focalization of the targer delivery location once the UAS 200 has navigated o the peneral
area of the target delivery location. For insfance, the LIAS 200 may be eguippad with ong or
more sensory systems, such as, for example, clirasonic sensors 304, nfraved sensors (not
shown}, andior other sensors, which nwy provide input that the navigation madule 214
utilizes to vavigate antonomousty or semi-antopomousty 1o the specific target focation.

As another example, once the UAS 200 reaches the peneral srea of the target delivery
tocation {or of & moving subject such ag 8 person or their mobile device), the UAS 200 may
switch to g “fly-by-wire” mode where #t 1x controlied, at feast n part, by a ramdte operatar,
who can navigate the LIAS 200 to the speoific target togation.  Tothus end, sensory data from
the LUAS 200 may be sent to the remote operator to assist them in navigating the UAS 200w

the speeific location.
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Asyvetanother example, the UAS 200 may include a module that s able w sigmel v a
passer-by for assistance in reaching the specific target delivery location. For example, the
{JAS 200 may display 2 visual message requesting such assistance in a graphic display, with
the visual messgge possibly indicating the specifie target delivery location, awmong other
possibilities. o another example, the UAS 200 may play an audio message or tone through
speakers to indicate the need for such assistance, with the audio message or tone possibly
indicating the specific target delivery location, among other possibilities. In practice, such a
feature can be useful in a scenario iy which the UAS 1 unable to use sensory functions or
another location-determination technigue to reach the specific torpet location. However, this
feature s not imited to'such scenarios.

In somg implementations, once the UAS 200 amives at the goneral arca of a target
delivery location; the UAS 200 may otilize a beacon from a user™s reptote device {e.g., the
user’s mobile phous) o Jocate the remote device, pesson, or loeation. Sach a beacon may
take varfous forms. As an example, cousider the scenarin where a remote device, such as the
mobile phove of a persow who requested a UAS delivery, is able 1o send out divectinnal
signals {e.g., via an RE signal, a light signal andfor an sudio signaly. o this scenario, the
UAS 200 may be configured to mavigale by “sowrcing” such directional signals ~ in other
words, by determining where the signal is strongest and navigating accerdingly.  As another
example, 2 mobile device can emit a frequency, either in the human range o owside the
haman range, and the LIAS 200 can Dsten for that frequency and savigate accordingly. Asa
related example, if the UAS 200 15 listening for spoken commands, then the UAS 200 could
uttlize spoken statenments, such as “U"m over herg!™ to source the specific location of the
person requesting delivery of a payload.

In an alternative arrangement, & navigation modude may be implemented at a remote
computing device, which communicates wirglessly with the UAS 200, The remote
computing device may eceive data ndicating the operational state of the UAS 200, sensor
data from the LJAS 200 that allows it to assess the envirowmental conditions being
experienced by the UAS 200, andior Tocation information for the UAS 200, Provided with
such mformation, the remote computing device may determine altiludingl and/or directional
adinstnrents that should be made by the UAS 200 andior may determine how the 1JAS 200
should adiust s mechaucal fogtures {eog., its rudden(s), elevaton(s), aileronis), andior the

speed of s propeller(s)) in onder to effectuate such movements,  Thiromote conputing
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dovice ny then communivate such adjuistments. o the UAS 200 so it can move i the
determined manngr

L & Communication Systems

{ng further aspect, the UAS 200 includes ong or move compnunication systems 28
The compuuaucations systemy 218 may include one or move wiveless joterfaces andior ene or
migre wareline inderfacies, which allow the UAS 200 o commmunicate via ope Or morg
actworks.  Such wireless interfaces may provide for communication under ong or more
wireless commupication protocels, such as Bluetooth, Willi {e.g, an IEEE 90211 protocel),
Long-Term Evohution {LTE}, WiMAX (e g., an IEEE 902,16 standard), a radio-frequency 1D
{(RFHD) protocol, near-field comynunication (NFQ), andfor other wiveless communication
protocols. Such wirehing interfaces may include an Ethernet interface, a Universal Serial Bus
{USE) interface, or stmilay interface 1o communicate via a wire, a twisted patr of wires, a
coaxiad cuble; an optival link » fbevoptic Bok, or other-phvsical connection toa wireling
network,

In some implementations a UAS 200 may include communication systems 218 that
allow for both shortrange communication and long-range communication. For example, the

UAS 200 may be configured for shor-rang

=

¢ comnunications using Blustooth and for long-
range conununicasions under g COMA protocol. Tn such an bnplorsentation, the UAS 200
may be confipgured to function as a “hot spot” or in other words, as a gatoway ov proxy
between a remote suppont device and one or more data networks, sach as a cellalar network
andfor the Internet. Configured as such, the UAS 200 may facilitie data communications
that the ramote support devive would otherwise be unable tov perform by uself

For example, the UAS 200 yaay provide a Wikt contection 1o a rehole device, and
BETVE 85 & Proxy of gateway i a collular service providers data network, which the UAS
might connect o upder an LTE or a 3G protocel, forinstance. The UAS 200 could also serve
as @ proxy of gateway to o a high-altitede balloon network. a satellite network, or a
cowbination of these networks, among others, which a remote device might not be able to
Otherwise access.

b. Power Systems

in a further aspect, the UAS 200 may include power systemis) 2200 The power
system 220 may include one or more batteries for providing power to the UAS 200, In one
exsmple, the one or more batteries may be rechargeable and sach battery may be recharged
viga wired conection between the battery and a power supply andfor via g wireloss charging
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system, such as an inductive charging systeny that applies an external ime-varying magnetic
field toan internal battery.

E. Payload Delivery

The LIAS 200 may coypdoy vaviots systents and configurstions i ovder 1o transpont
and debver a payload 228, In some implementations, the payload 228 ot a given UAS 200
may ichade or take the form of & “package™ designed to transport various goods to o farget
delivery locatinn. For example, the UAS 200 can include a compartment, in which an ftlom
or items may be transported. Stch a package muy one or more fuod items, purchased goods,
medical Hems, or any other obiectz) having 8 size and weight suttable © be transported
between two locations by the UAS. In other implementations, a pavioad 228 may simply be
the ong oy moee items that are being deliversd {e.g., without any package housing the emish

n some implementations, the pavioad 338 way be attached to the UAS and located
substamtially outside of the LIAR during some orall of a fight by the UAS. For example, the
package may be fethered or otherwise releasably attached below the UAS during flight to a
tarpet Jocation. In an implementation where a package carries goods below the 11AS, the
package may nchude varions featores that protect vis contents from the environment, reduce
acrodynanuc drag on the system, and prevent the conlents of the package from shifting
during UAS flight,

For instance, when the paviead 228 takey the form of a package for transposting
ttems, the package may iclude an outer shell constracted of water-remstant cardboard,
plastic, or any other lightweight and water-reststant materfal,  Further, i order to reduce
drag, the packaze may feature smooth surfaces with g pointed front that reduces the frontal
cross-sectional area. Further, the sides of the package may taper from a wide botlom to a
narrow top, which alfows the package © serve 8¢ a narmow pylon that reduces interference
effects on the wing{s) of the UAS. This may move some of the frontal area and volume of
the package away from the wing{sy of the LAS, thereby preventing the reduction of Lift on
the wing(s) cause by the package. Yel further, in some implementations, the outer stell of
the package may be constructed from a sngle sheet of naterial i order to reduce air gaps oF
extra material, both of which may increase drag on the systemy. Additionally or alternatively,
the package may jnchude o stabilizer to dampen package fhutter. This reduction in flutter may
allow the package to have a less rigid connection to the UAS and may cause the contents of

the package to shift less during flight.



2

WO 2018/226655 PCT/US2018/036000

I order o deliver the payioad, the UAS may melude 8 wingh svstem 221 controlled
by the tether contrel wodale 216 1w order-to lower the pavicad 228 1o the ground while the
{IAS hovers above. As shown in Figure 2, the wingh system 221 mey malude & tether 224,
andd the tether 224 may be coupled to the payload 228 by a pavioad coupling spparatus 226
The tether 224 may he wound on 2 spool that is voupled to a motor 222 of the UAS, The
miotor 222 play take the form of & DO motor {eig., a seyvo motor) that can be attively
controlied by a speed controller.  The tether contrel medule 216 can control the speed
controller to cause the motor 222 to rotate the spool, thereby unwinding or retracting the
tether 224-and lowering or raising the pavload coupling apparatus 226, In piactive, the speed
controlier may output & desired operating rate {e.g., a desived RPM) for the spool, whick may
correspoend 0 the speed at which the tether 224 and pavioad 228 should be lowered towaeds
the ground.  The miotor 222 way then rotate the spool so that i mamiang the desired
operating rate,

fn order to control the mator 222 vig the speed controller, the tether control modale
216 oy receive data fromt a speed semsor {e'g., apn envodery configured to convert a
mechanical position 1o a representative analog or digital signal.  In particular, the speed
senser may include a rotary encoder thal may provide information related to rotary position
{andfor rotary movement) of a shaft of the motor or the spool coupled (o the motor, among
other possibilities:. Morgover, the speed sensor may take the form of an absolute encoder
andfor an incremental encoder, among others. S0 i an example implementation, as the
motor 222 canses rotation of the spool, a rotary encoder may be used to measure this rotation.
In doing so, the rotary encoder may be used o convert g rofary position to an asalog or
digital electronic signal used by the tether control module 216 1o deterine the amount of
rotation of the spool from a fixed reference angle and/or to an analog or digital electronic
signal that is reépresentative of a now rotary position, among other options.  Other examples
are also possible,

Based on the data from the speed sensor, the tether control module 216 may
determing a rotational speed of the motor 222 andfor the spool and responsively control the
motor 222 {¢.g.. by increasing or decreasing an olectrival current supplied to the moter 222)
to cause the rotational speed of the moetor 222 1o match a desired speed. When adjusting the
motor current, the mmgnitude of the current adjustment may be based on a proportionals
integral-derivative (PID) calculation vsing the determined and desired spesds of the motor
222, Forinstance, the magnitude of the current adjustnient may be DLased o a prosent
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difference, a past differencs {based on accumulated error over time), and a futurs difference
{hased on cuyrrent rates of change) between the determined and destyed speeds of the spool.

in some mplementations, the tether control module 216 may vary the rate at which
the tether 224 aud pavioad 228 are fowered o the groumd. For example; the spead controlier
may change the desived operating rate according o3 vaviable deployment-rate profile andfor
in vesponse o other factors i ofder 1o change the rate at whach the pavioad 228 descends
toward the ground. Te do so, the tether control mondule 216 may adjust an amount of braking
or an amount of friction that i3 applied 1o the tether 224 For example, to vary the tether
deplovment fate, the UAS 260 may include friction pads that can apply & vaviable amount of
pressure to the tether 2240 Ag another example, the UAS 200 can include a motorized
braking system that varies the rate at which the spool lets out the tether 224, Such a braking
svstem nay take the form of an clectromechamcal system i which the welor 222 opesates o
slow the rate ot which the spool lets out the tether 334, Further, the motor 222 may vary the
gnount by which it adjusts the speed (e.g., the RPM} of the spool, and thus may vary the
deplovisent rate of the tether 224, (Other examples are also possible.

In some mimplementations, the tether contrel muodude 216 may be configwred o Byt
the wmotor current supplied to the motor 222 o & maximunt value, With such g lim placed
on the motor Survent, there nmy bo situgtions where the motor 222 cannot operate at the
desired operate specified by the speed controller. For fnstance; as discussed in more detail
below, there may be situations where the speed controller specifies a desired operating vate at
which the motor 222 should retract the tether 224 toward the TAS 200, hut the miotor current
may be Hmited such that o large enough downward force on the tether 224 would counteract
the retracting force of the wotor 222 and dause the tether 224 to-unwind fnstead. And as
further discussed below, a limit on the motor current may be imposed andfor altered
depending on ay operations! state of the UAS 200,

in some implomentations, the fother control moduls 216 may be coundigured to
determaine a status of the tather 224 andi/or the payload 238 based on the amount of current
supphicd tov the moter 222, For instance, i a downward force i3 applied 10 the tether 224
{e.g., if the pavioad 228 is attached to the tether 224 or if the tether 224 gets snagged on an
ohject when reiracting toward the UAS 200), the tether control module 216 may need to
increase the motor current in order 1o canse the determined rotational speed of the motor 222
and/or spoot 1o match the desired speed. Similarly, when the downward force is removed
from the tether 224 {e.z. upon-delivery of the pavinad 228 or removal of a-fether suagy, the
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[

tether control module 216 may peed o decrease the motor current in order o cause th
dedermined sotational speed of the motor 222 anddor spool to match the desired speed. As
such, the tether controb module 216 may be configured to monitor the current supplied o the

motor 222, For instanee, the weither corel modude 218 could determine the notor current

based on sensor data received fron’a current sensor of the motor or a curtent sensor of the
power system 2280 In any case, based on the current supplied (o the motor 232 determine if
the paylead 228 is attached 1o the tether 224, i someone or something is pulling on the tether
224, andior if the pavicad coupling apparatus 226 1o pressing apainst the TAS 200 after
retracting the tether 224, Uther examples are possible as well:

During defivery of the paviocad 228, the payioad coupling apparatus 226 can be
contfigured to securs the paylead 228 while baing lowered from the UAS by the sether 224,
and can be futher configuwred fo release the pavload 228 wpon reaching groand level. The
pavioad coupling apparatus 236 can then be retracted to the LIAS by reeling in the tether 224
using the motor 222,

In some iinplementations, the payioad 228 may be passively released oove #t 8

=
i

fowered to the ground. For example, a passive refease mechasism may include one or more
swing arms adapted o retract into and extend from a hoostng. An extended swing arm may
form g hoeok on which the pavioad 228 may be attached. Upon lowenng the release
mechanisim and the payload 228 to the pround via 8 wether, @ gravitational force as well as a
downward inertial force on the release mechanism may caose the payload 228 1o detach from
the hook allowing the release mechamism to be raised upwards toward the UAS. The release
mechanisi may further inchude a spring mcchanism that biases the swing am to reract into
the housing whea there are vo other external forces an'the swing arm.  For instance, a spring
may exert a force on the swing arm that pushes or pulls the swing arm toward the housing
such that the swing arm retracts e the housing once the weight of the payload 238 ne
longer forces the swing arm to extend from the housing. Retracting the swing arm into the
housing may reduce the lkelthood of the release mechamsm snagging the payload 228 or
other nearby objects when raising the release mechanism toward the UAS upon delivery of
the payload 228,

Active pavload release wechanisms are also possible. For example, sensors such as a
barometric pressure based altimeter andfor accelerometers may help to detect the posibion of
the relense mechanism (and the pavioad) relative to the ground. Data from the sensors ¢an be
conununicated back o the UAS andfor a control system over g wireless link and vsed o belp
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in detormining when the release mechanism has resched sround level {e.g., by detecting a
measurement with the accelerometer that s characteristic of grovnd impacty:  In other
exsmnples, the UAS may determine that the pavicad has reached the gronnd based on @ weight
senser detecting & threshold fow downward foree on the tether and/or based on g threshold
ow measurament of power drawan by the wineh when lowering the payioad.

Other systems and techbigues Tor delivering o payvload, o addition of in the alternative
to 3 tothered delivery svstem are also possible. For example, a2 UAS 200 counld inclade an au-
bag drop system or a pavachute drop system.  Alersatively, @ TTAN 200 carrving & payioad
could stmply fand on the ground at a delivery location.  Other exanples are also possibie.
IV, Hustrative UAS Deployment Systems

UAS deplovment systoms nay be implemented in oxder 0 provide varonps: UAS-
related services. In particutar, UASs may be provided at g number of different faunch sites
that may be in communication with regional andfor central cowmirol systems.  Such a
distribuged UAS deployment system may allow UASs o be quickly deployed to provide
services across a large geographic avea (eg., that 45 ouch larger thay the flight range of any
single LAS)  Por example, UASs capable of carrying payloads may be distributed at a
munber of launch sifes across @ large geographic ares {possibly even throughout an enbire
country, or even worldwide}, i order to provide on-demand transport of various ioms to
locations throughout the geographic area. Figure 3 is a simplified block disgram iltustrating
a distiibuted UAS deployment systen 300, according to an example implementation.

in the ustrative UAS deployment system 300, an access system 302 may altow for
interaction with, control of, andfor utilization of a network of UASs 304, In some
implenentations, an accssy gystern M2 may be a compuiing device that allows for human-
controtied dispatch of UIASs 304, Ag such, the control system may inchude or otherwise
provide a user interface through which @ user can gccess andfor controf the UASs 304,

In some implementations. dispatch of the UASs 304 may additionally or alternatively
be accomplished via one or more aviomated processes. For instance, the access system 32
may dispateh one of the UASs 304 to transport g payload to a target Tocation, and the UAS
may autonomously navigate to the target location by utihizing various on-hoard sensors, such
a6 a GPSrecsiver apdior othey vartous navizationsal sonsors,

Further, the gecess system 302 may provide for remote operation of a UAS. For
mstance, the geeess system 302 may allow an operator to control the flight of g UAS via its
user interface; -As a specific example, an operator may usethe access system 302 to dispateh
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# UAS 304 to a target location. The UAS 304 may then autonomously navigate to the
general ares of thetarget location. At this point, the operator may use the access systens 302
to take control of the UAS 304 and navigate the UAS to the tuget location (e, 10 3
particafar person o whom @ paviead is bowng transported).  Other examples of remote
operation of a TTAS are also pogsible.

fn ay Hhuspabive implementation, the UASs 34 may ke varions forms. For
exanydde, cach of the LIASs 304 may be a UAS such as those illustrated i Figures 1A-1E.
However, UAS deployment system 300 mgy alse utilize other types of UASs without
departing from the scope of the invention. In some unplementations, all of the UASs 3064
may be of the same or a similar configuration. However, in other implementations, the UASs
304 may include a mumber of difforent types of UASs. For instance, the UASs 304 may
mehde a manber of types of UASs, with cach type-of UAS being confipured for a different
type or types of pavivad delivery capabilities.

The UAS deployment systeny 300 may further inchude 8 remote device 306, which
nry take various fornus. -Generally, the remote deviee 306 may be any device through which
a divect or indirect request to dispatch @ UAS can be made.  (Note that an mdirect request
may volve any conununication that may be responded o by dispatching a UAS, sweh as
requesting s package delivery) In an example mnplenentation, the remote device 306 may
be a mobile phone, tablet computer, laptop computer, personal computer, or any network-
connected computing device. Further, in some instances, the remote device 306 may not bea
computing device. As an example, a standard telephone, which allows for communication
via plain old telephone service (POTSY, may serve as the remote device 306, Other types of
remote devices are also possible.

Further, the remots device 306 may be configured 1o commumicate with scoess system
302 via one or more types of comnwumication network(s) 308, For example, the remote
device 306 may communivate with theaccess system 32 {ora humen operator of the gcress
systern. 302) by commudcating over a POTS network, a cellvha network, andior a data
network such as the Internet. Other types of networks may glso be utilized.

{n some implementations, the remote device 306 may be configured to allow a aser to
request delivery of one op more tems 10 & desired lovation. Forexample, a user could request
UAS delivery of @ package to their home vig their mobile phone, tablet, or laptop. As another
exsmple, ¢ user could reguest dynamic delivery to wherever they are focated at the time of
delivery. To provide such dynamie delivery, the UAS deployiient sysfern 3008 may receive
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focation information (e.g., GPS coordinates, o) from the user’s mobile phone, or any other
device o the user™s parson, such that & UAS can navigate to the yser’s location (us indicated
b their mobile phone),

{n an llustrative arvangement, the central dispateh systent 318 may be @ server of
group of servers, which is confignred to receive dispaich messages requests andior dispaich
instructions from the access system 302, Such dispateh messages may request of imstruct the
central dispatch svstem 310 to coordinate the deployment of UASs to various target locations.
The central dispatch system 310 may be further configured to route such requests or
instructions o ong of more locat dispateh gystems 312, To provide such fonctionality, the
contral dispateh system 310 nwy communicate with the access system 302 wia 2 data
network, such as the Internet or a private network that is cstablished for communications
between access systems and avtomated dispaich systems.

In the illustrated confipuration, the central dispatch system 310 may be confipured to
coordinate the dispatch of UASs 304 fromt a number of different local dispatch systems 312.
Assuch, the cential dispateh systens 310 may keep track of which UASs 304 are located at
which local dispateh systerns 312, which UARs 304 are currently available for deployment,
andior which services or operations cgch of the UASs 304 is configured for {in the event that
a UAS fleet includes multiple types of UASs configured for different services andfor
operations). Additionally or alternatively, vach local dispatch system 312 may be contigured
i track which of #s assoctated UASs 304 are corrently available for deployment andior arg
currently in the midst of Hem transport.

In some cases; when the contral dispatch system 310 receives a request for UAS-
related service (e, ansport of an dam) from the access system 302, the central dispateh
system 31 may select a specific UAS 304 1o digpatch. The central dispatch system 310 may
accordingly instruct the local dispateh system 312 that is associated with the selected UAS to
dispatch the selected VAS. The local dispateh svstem 312 may then operals iy assogiated
deployment syateny 314 10 launch the selected UAS.  In other cases, the central dispatch
systern 310 may forward a request for a UAS-related service o a local dispatch system 312
that ts near the location where the support is requested and leave the selection of a particular
UAS 304 tothe Jocal dispatchy system 312,

In an example contiguration, the local dispateh system 312 may he implemented as g
computing device at the same Jocation as the deployment system(s) 314 that it controls. For
exanple, the local dispatcly svstem 312 niay be tmplemented by a computing device instalied
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at a building, such as a warehouse, where the deployment system(s) 314 and UAR(S) 304 that
are associated with the particular local dispatch system 312 are also locaied.  In other
implomentations, the local dispateh system 312 may be baplomented &t & location that
remofe to s assoclated deploynient systemis) 314 and UAS(s) 34,

Nunwerons variations on and alteruitives 1o the tHustrated configuration of the UAS
deployment system 300 wre possible. For example, in some hoplementations, a user of the
remote device 306 could request delivery of a package divectly from the central dispatch
system 310, To do so, an applcation may be Guplementad on the remute device 306 - that
allows the uset 1o provide information regarding a requested delivery, and genetate and send
adata message to request that the TAS deployment gyster 300 provide the delivery. Ty such
an implomentation, the central dispateh svstem 31 mav include antemated finctionality to
handle requests that are gencrated by such an apphication, svaluate soch requests, and, of
appropriate, coordinate with an appropaiate local dispateh system 312 to deploy a UAS.

Further, some or all of the fonetionality that is attributed herein te the contral dispateh
system-3140, the local dispateh systenys) 312, the access system 302 andior the deployment
system{s) 314 may be combined in a single system, impi-emem&.\d 08 more comnplex systeny,
an/or redistributed among the central (i'ispaia:h system 3H), the local dispatch systemys) 312,
the access system 302, anddor the deployment system{s) 314 in varnions ways.

Yet further, while each local dispasch system 312 is shown as having two associated
deployment systems 314, a given local dispatch system 312 nwy alternatively bave more or
fewer associated deployinent systems 314, Similarly, while the central dispateh system 310
is shown as being in conumunication with two local dispateh systems 312, the central dispateh
system 310 may alternatively be in conmmunivation with more or fower local dispateh systems

312,

i

ina further aspect, the deployment sysiems 314 may take various forms. In peneral,
the deployment systemy 314 way take the form of or-inglude systems for phyvsically
launchiog one or more of the UASs 304 Such lsunch sysiens may include features that
provide for an aptomated UAS launch andior features that allow for a human-assisted UAS
faunch.  Further, the deployment systems 314 may each be configured to lanneh one
particatar UAS 304, or b launch multiple TTASS 304,

The deployment systems 38 may futher be. configured to provide adilitional
functions, including for example, diagnosticrelated functions such as verifving svstem
functionality of the UAS, verifying functionalisy of devices that are housed within a UAS
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(e, a payload delivery apparatus), andfor maintaining devices or other items that are housed
i the LAS {e. g, by monitoring a status of @ payiead such as its temperature, weight, et )

in some implementations, the deplovment systems 314 and their corresponding UASs
304 {and possibly associated focal dispatch systems 312) may be strategically distributed
throughout an ared such ‘as a city.  For example, the deployment systems 314 may be
strategically distributed such thet each déplovment systen 314 i proximate o one o more
pavioad pickup locations {e.g., near a restanrant, storg, or warchouse).  However, the
dieployent svatoms 314 {and possildy the focal dispaich systems 3 12Y may be distributed in
other ways, depetding uptn the particaly’ impletnentation. As an additional exgmple, kiosks
that alfow users to transport packages via UASs may be instalied i various Jocations. Such
kiosks may inclade UAS launch systoms, and may allow g oser to provide their packsge for
loading ontora UAS and pay for UAS shippmg services, among -other possibilities.  Other
examples are also possible.

o further aspect, the UAS deplovment system 300 miay include or have access o a
user-gccount database 316, The user-account database 316 may include data fiw 2 number of
user geeounts, and which are cach associated with one or more person.  For'a given user
account, the user-secoumnt database 316 may imclude data related to or useful tn providing
UAS-refated services.  Typically, the user deta assoclated with cach user gecount i
optionally provided by an associated user andior ¢ collected with the associated wser's
permission.

Further, fn some implementations, g persen may be required o register for a user
gocount with the UAS deployment system 300, if they wish to be provided with TIASwélared
servicss by the UASs 304 from UAS deplovivent System 3000 As such, the wser-account
database 316 wmay iwlude authorization information for a given user aceount {eg., &
username and password), andfor other information that may be used to guthorize access 0 g
user acgount,

In sone Ioplementations, a persop may. associate one of mwreof thew devices with
their nser gcomnt, such that they can access the services of UAS deployment system 300,
For example, when g porson uses an associgted mobile phone, g, to place a cafl © an
pperator of the access system 302 or send 8 message requesting 8 LIAS-related service 10 2
dispateh system, the phong may be Wentified vig a unique device identification number, and
the pall or messags nmay then be attributed o the sssociated user gocount. Qther sxamples arg
also possible.
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¥, Hustrative Methods

As noted, disclosed bereln s a method for displaving location indications of a
plorality of UIASs. The mothod mav be performed by a server, by a computing devicg, or by
a combination thereot. The server could be incorporated as part of the access system 302, the
central ‘dispateh system 319, the local dispatch system 312, andéor the deplovrnent system
314, among other options, 'In practice; the computing device could be a remete device, such
as remote device 306 for instance, that 1 W commpucation with the Server at issue. Thus,
the server could have access 10 account infoomation {e.g., stored in useraccount datibase
3167 associated with the compating device gt issue, such a8 information abont the sowrce
focation associated with the computing device andfor wnformation shout Hens {eg.,
respective weights of items) associated with the source location, among others. Yet further,
in some mplementations, the server and the gomputing device could be incorporated into &
single system or device. Note thal the serverand the computing device are descobed in morg
detail below,

Figwre 4 5 a flowchart illustrating @ method 408, according o an example
nplementation. HMustrative methods, such as method 400, may be carmied owt in whole or in
part within an arrangement involving, for example. the computing device 700 of Figare 7
andfor the server 800 of Figure 8 {or more particularly by one or more components o
subsysterns thereof, such as by a processor and a nog-transitory computer-readable medium
having dustructions that are execotable 10 cause a-system o potform fanctions described
herein).. However, i should be understood that example methads, such ag method 400, may
be camied out by other entities or combinations of sntities as well as In other arrangements,
without departing from the scope of the disclosure.

Method 400 and other processes and methods disclosed herein may inclade one or
more operations, fonctions, or gctions as illustrated by one or more of blocks 402-408 for
istance.  Although the bloeks are illustrated in sequential order, thess blocks nway also be
performed in parallel, anddor in o different order thay those described herein.  Also, the
varioas blocks may e combined info fower blocks, divided intn additional hlocks, andéor
removed based upon the destred implementation,

In addition, for the method 4K} and other processes and methods disclosed herein, the
Howchart shows fanctionality and operapion of one possible mplementation. of presen
implementations. I this regard, cach block may represent a module, a segment, of a portion
of program epde, which inclodes one or more nstructions execuiable by a processor fiw
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mplementing specific logical funvtions or steps in the process, The program code may be
stoved on any fype of computer readable medium, for example, such as a siorage device
cluding a disk or hard drive. The computer readable medium may include non-fransitory
conpreter readable muedinm, tor exanmple, such g conputer-readable media that stores datg
for short periods of time fike regisier memory, provessor cache and Random Aceess Memory
{RAM). The computer readable wedivm may alse include non-transitory media, such as
sevondary or persistent long term storage, ke read paly memory {ROM), optical or magnetic
disks, compact-dise read only memory (UD-ROM), fiwr example. The computer readable
wedia may also be any other volatile of nonsvolatile storage systems.  The compuier readable
medivm may be considered a computer readable storage medinm, for example, ov & tangible
storage device. In addition, for the mcthod 400 and other processes and methods diselossd
herein, cach block in Figure 4 may reprosent circoitry that 18 wired 1o perform the specific
Ingcal functions in the process.

At block 402, method 400 tavolves sending, by 8 computing device, unmanned
aircraft system {LIAS) data providing a ffrst UAS location indication on 8 map on a dispday of
the computing device, wherein the first UAS location indication comprises an gggregate
indication of a plurality of UASs located within g first area on the map. As such, the first
UIAS location indication may comprise a single graphic icon that reprosents the plusality of
UASs Jocated within the first arca on the map. In one example, the first UAS location
indication comprises a civele with a pumerical representation of the nomber of the phaality of
UASs, as desciibed in additional detail below with reference m Figure 8A. Othar graphic
fcons iy the st UAS location indication ars possible as well

In pne example, the graphic display of the first TJAS Tocation mdicationt is miled o a
range around a location of the computing device. For example, the graphic display of may be
fimited to displaying the first UAS locstion indication of UAVs that are within a 25 km
rading fromy the computing device, within & 10 ki radivy fromm the computingdevics, within a
5 ke radius from the competing device, within a 1.5 km radius from the computing device,
or within a 0.78 km radivs from the computing device, a8 non-liiling examples.  The
location of the compating device can be determuned using several techniques.  Example
techniques inchade, b we not Htted o, determining the focation hased om o Global
Positioning System (GPS) receiver in the computing device, input from a user of the
conputing device, bused on information in the environment {e.g, street and highway signs),
riangulation of network signals, use measurenients from gyvroscope{s) and acceleromete(s)
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iy the computing dewice, and vombinations of these technigues.  Othoy technigues are
possible’as well.

in one particnlar example, the range sround the locstion of the computing device
contprises ¢ geofince,; and the tndication of the locgtion of the UAS s displayed i response
o defecting a breach of the geofence by the AS. A geofenve i a virtual region specified in
relation g cordesponding peographical region.  For example, a geofence that encircles &t
{east part of an increased anthorization location can be specified with a latitude and longitude
patr and a given radius. In other examples, polygons, such as triangies or rectangles, or other
shapes can be usad to specify a gepfence, as discussed in addiional detail below.

In one example, the first UAS location indication ix displaved in real time with no
historical lookback. In another example, the first UAS location indication is displaved in real
me-with a huted historicat lookback, such ag less ‘than ong minute. The restriction of
historical lookback for the UAS location may help preveni maching collection of drone
idensification data as the information i only availgble for a limited period of time, and is only
availablewhen the TIAS is o proximity to the computing devics:

At block 404, the method 400 involves receiving, by the computing device, input data
congrising a request for additional information related 1o the first UAS location indication,
The input data comprising the request for additional information may corvespond 0 g yser
mput 1o the computing device. In one example, nput data comprises 3 monse click on the
first UAS focation indication on the display of the computing device. In another example, the
display comprises a touch soreen, and the input data compnises selecting the first UAS
focation indication by touching the first LIAS location indication on the display of the
computing device, In yet another example, the tnpat data comprises information indicative of
a voree command. Other input data is possible as well.

At block 406, the method 400 involves, in response to receiving the request for
additional information, sending additional location data related 1o the pluraliny of UASs,
mchading a plurality of second UAS location indications at a plurality of locations within the
first arca on the map, wherein cach second UAS indication corresponds 0 8 subset of the
plurality of LIASs reprosented by the fivst UAS location indication. At block 408, the method
408 dnvolves updating the display of the computing device o show the plurality of second
UAS locstion indications.

In one example, the plurality of sccond UAS location indications at the plumlisy of
locations within the fiest area on the wapare displayed on a zoomed in‘ares of the locationon
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the map. Inosuch an oxample, when the request for additional information s received, the
display is zoomed W t© a Eloser rading from the location of the computing device when the
plurality of sccond UAS location indications are displaved on the display of the computing
device.

The plurality of second UAS location indications may take a variely of forms. In one
example, the phurality of second UAS location mdications each comprise a graphiccon that
represents a focation of 8 single UAS located within the first area nu the map.  In another
sxanple. the plurality of second UAS location indications each comprise a graphic won that
represents o second plurslity of UASs that is a subset of the first phuakity of UARs, In such
an example, the method 400 way further include () recetving, by the computing device, input
data comprising a request for additional information miated 1o a given second UAS location
mdication of the plorality of second UAS location indications, 1) sending additional location
data related to the phurality of UASs inclading a phavality of third UAS location indications at
g plurality of locations within the first arca on the map, wherein each third UAS indication

corresponds to a subset of the plurality of UASs mepresented by the second UAS location

third UAS location indications.  Addittonal layers of detail for the plurality of UASs are
possibde as well, with cach laver requiring a user input o drill down 1o the next level of
detail.

At the highest fevel of detail (c.g, after one or more requests for additional
iformation), the display of the computing device may display an mndividual graphical icon
for one or more of the plurality of UASs within the first ares on the map. I one example, the
focation of cach individual UAS 1 dilnted 1o a bounded range swrounding the UAS, The
bounded range may be 30 feet, 100 feet, or 150 feet, as examples. Limiting the location of
the UAS 1o & bounded range provides precision dilution so that the exact UAS location s not
provided, but instead an approximation of the location Is displayed on the computing device.

In one exanple, the method 400 may futher include (1) receiving, by the computing
device, nput daty comprising g request for additional information of a given UAS of the
phurality of UASs corresponding 10 one of the plarality of secound UAS location indications,
and (i) 0 response (o reeeiving the request for additional information of the given UAS,
sending an instruction to display @ unique identifier associated with the given UAS on the
display of the computing device. Onge 8 UAS owner is registered, the UAS may be assigned
A unigue identifier: The enigue identifiers are globally unique, human-readable identiffers
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used to publically dentily an operating UAS, traceable 10 a given owner through the
registration database.  The anique idestifier way be a-unigue identification number, ormway
be alphanumeric. The unigue wlentifier may be physically affixed to the aiveraft, snd may
optionally be broadeast via wiy R¥ technology {e.g. ADS-B, or similar). The unigue wdentifier
may also be linked to a specific vehicle’s manufactiver identity (s serial number). The
HAS database may include g p’iumiiiiy of such registered TIASs, mnd their assotiated unigus
dentifiers.

A piven UAS may be registered using 2 VAS registrar. Any interested entity could
defining minbnam criteria for participation. A cooperative network of registrars helps ensure
no- single pomnt of fature o the repistration and identity system, and potentially allows
‘valoe-added services {e.g. fleet managervent, airspace route management; cic). In serving
regisiration requests, the registrars would intecface with.a centralized UAS registry operated
by an appropriate regulatory body {e.g., the FAAY

Such a LIAS registrar may be responsible for the captury, vertfication, and validation
of UAS owner information.  Such information may inclade mformation provided by the
owner during registration. This nformation could include items such as: name, phone
pumber, matling address, ematl sddress. The information provided should be sufficient to
enable identification, and provide a valid point of contact for a responsible party during UAS
operations (e.g. phone number, mailing address). Verification and validation of the provided
mformation may be reguired, as this helps o prevent deliberste nususe of the system.
Validation could be achieved through various means, such as challonge-response (g.g via
SMS, enmmail, or physical niail), or through a thivd party {e.g. cradit card or bank account).
Falure by the registrant fowner) 1o provide verification within a reasonable timeframe should
fead to suspension or termungtion of the registration.  Periodic venfication of owner
mformation should b condacted (s, yeatly) by the registrar, 10 snsure Huooidg agouracy.
The information captore and registration process may be analogous to the registration process
for internet dommin names,

{n another example, the method 400 furher nvolves, I response to receiving the
request for additional Information of the given UAS, sending an instruction to display ong or
maore of the following: (i) a ground speed of the UAS on the display of the computing device,
{11} an altitude of the UAS on the display of the computing deviee, (1) 2 model number of the
LIAS ou the display of the computing deviee, (iv) ag inage of the UAS on the display of the
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computing devics, and (v} an operator of the UAS on the display of the computing device.
The operator information may be associsted with the determined amque identifier. An
operator of the UAS is the entity actually conducting operation of the UAS in the airspace. In
most cases, the registered owner sud operatar of the UAS will be one and the same, however
there are many use-cases where the operator is a distinct entity {e.g., reutals, keasing, lc.).
One or more of the enigie identifier information, ground spead of the LAY, altitude of the
UAS, model number of the UAS, image of the UAS, and operator information of the 11AS
may be retrieved from a UAS database.  The information displaved on the display of the
computing device may be a resirioted andfor modified subset of aif flight stats data within
the AN database. For example, owner information of the UAS may not be displayed.

in one exanple, the altitude of the UAS 15 displaved as an shitnde range, such that an
exact altinede of the UAS & unknown.  For example, the altitude of the UAS may be
displayed as loss than 5O feet, or 36100 feal, or 100150 feet, or groater than 150 feet.. Qther
gxample ranges gre possible g welll nvanother example, an exact altitude of the UAS niay
be displayed i the altitude exceeds a threshold height. Forexample, when the UAS s at an
altitude over 5O feet, an exact altitude of the UAS may be displayed. But when the UAS b at
an altitude under SO feet, the display may simply display the altitade as being less than 50
foet, without specifving an exset altitude.  Steh an example may help obfuscate pickup and
drop-off focations of the UAS

The method 400 may farther mvolve, (1) in response o receiving ihe regquest for
addional information of the given UAS, sending an instruction fo display an option for
further additions! information about the given UAS, (1) receiving, by the conputing device,
inpul data comprising a selection the option for further additional information sbont the given
UAS, and (1) in response to teceiving the selection of the option for further additional
wiformation gbout the given UAS, sending aninstraction to display a website comesponding
0 the option for further sddittonal information about the given UAS, The further addibional
wmformation on the website may Include operator information for the VAS, amoedel number
for the UAS, and an image of the UAS, as examples. Tn another example, the website may be
a website for the operator of the LIAS,

The method 400 may further swvolve, In response 1o receiving the request for
additional intormation of the given UAS, sending an instruction to display an option {0 report
the given UAS for a non-standard operation.  In one example, such a non-standard operation
may inchde 3 nodse violation. 1o another example, the von-standard operation may wnchude
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reporting unsafe operation, such as a fow alitude or oxcess ground speed. Other non-
standard operations for reporting are possible ax well. The report may then be trapsmitied o
ah appropriaie regulatory body.  In another example, the method 400 further involves, W
response {0 receiving the request for additiona! information of the given UAS, sending an
mstruction o display anoption to receive a notification when the given UAS s 1o proximity
o the computing device. In such mexample, the proximity 1o the computing device may be
defined by g geofence surronnding the location of the computing device, and the notification
is displaved i response to detecting & breach of the geofence by the UAS, (ther examples
are possible as well,

The methods and corresponding graphical user interface described above beneficially
provide users. theoability o see what LASs are flving in their ares.  However, a potential
drawback of such a system may inchude the scraping of UAS data to create a large scals
tracking database of 4 plorality of UASS goross 4 large geographic area. To address thig
potential concern, i one example of method 400, the request for additional wnformation
related © the firt UAS locativn indication corresponds 1o a-finst sowree. 1 such an exanple,
the method 400 may forther nvolve {§) determining 2 count of addiional information
requests received from the first sonrce within a predeternuned peniod of time, (1) when the
count is greater than a threshold, denying the regquest for additional information, and (i)
when the count iy fesy than or equal 1 the threshold, sending the additional Tocation data
related to the plorality of UASs.

Such § method may help provent machine collection of LUAS data displayed on a
graphical user interface in response o ¢ user selection by detecting whether # 18 a computer
prograiy or 8 human coutrolting the request for additional VAR information, and lfock 0wt a
sonrce that is requesting additional UAS information at a threshold high rate,

in one cxample, the first source may comprise a user account associated with a
particular user. In another example, the first sonrce may compriss & partionlar computing
device, In yel another example, the first source may comprise a namber of different accounts
that are Haked in some way, such as the same Internet Protocol {1P) address, same registered
owner of accounts, same genlocation, of any other way that accounts might be determined to
be Hnked such that the mformation pulled by wmultiple accounts andror from multiple devices
can be aggregated by a person or entity,

The predetermined time penod may be g minute, an hour, or a day, as non-limiting
examples.  The threshold of requests per predetermined peciod 'may be 2 reguests for
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sddittonal information per sunate, 10 request for addivionsl infonmation per hour, or 28
requests for additional information per day, s pon-timiting examples. Other thresholds and
predetermined periods sre possible as wells The threshold should be selecied in an sttompt to
detect whether #t #s g computer program o @ humsan controling the request & additioual
UAS mformation.

¥1. Example Geofences

Figure SA depicts a geofencing scenatio 500 for a UAS 510, in accordance with an
granprde embodiment.  In Figure 3A, UAS 510 18 relatively close o five geofences:
geofences 320, 332, 324, 526, and 530, Geofences 520, 322, and 324 arg shaped a8
rectangles, and specified in tenms of upperleft-hand covuer and lower-lefi-hand comer
coordinates. For example, geofence 520 has upper-fefi-hand corner conrdinates of (g, b) and
fower-lefti-hand comer coordinates of (¢, d). By this specification, geofenve 520 mcludes all
points whose ¥ coordinates range from 810 ¢ and whose v coordinates range fromy b to d
Such geofences may represent go area surrounding a computing device, i particulsr a
computing device used to carty out ong or more of the steps of method 400 deseribed above.

In some cases, geofences can be nested or inchuded within other geofences.  For
example, Figure SA shows geofences 522 and 526 within geofence 520, and geofence 524
within peofence 522,

Other geometries than rectangles can be used for geofences.  Figure 3A shows
cireadar geotences 526 and 530 each specified by a respective center point and radius. For
examples, geofence 326 is specified with a center point of {ay, by} and a radius of Ry, and
geofence 330 is specifivd with a center point of (¢, {Yand a radius of R,

Figure 5B depicts ap exatople geofencimg scenario. 1o Figure 3B, UAS 31 enlers
geofence 530 at point P1, travels along path 542, and exils geofence 530 at point B2, A
computing device. can first determing entry of the UAS 510 within geofence 330 by
deterpuining & current focation, determining o difference 1Y between the current loeation and
the center point (e, £ of geolence 5330, and comparing the difference U o a function §R) of
the radius R of geofence 530,

For example, et {x, ¥} be the current position of LTAS 510, Then, if the difference D
betwesn the current posttion avd the center point of zeofience 530 iy dotermined as | then the
difference D can be compared o the radins R of geofence 330; de, HR) = R, In snother

example, the difference D can be determined as with f{R) = R
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Then, if D i less than f{R), UAS 310 is within the boundary of geofonce 330;
otherwise, D > f{R) and UAS 510 is not within the boundary of geofence 530,
To determing cntry o the geofente, UAS 310 ¢an retain o values for cach

geofencer a previous entry state and a current entry state. The previous and current enfry

states ¢an both be mitialized fo “Notentered™. Then, HAN 310 can determine whather K&

withiy geofence 33 Gsing the technigues mentoned above. I LIAS 510 is now within
peofence S30; e.g. has reached point PI along path 342; then the current entry state can be
setio “Entered”. Lipob setting the current entry state 1o "Entered™, UAS §1) can determine
whether the previous entry siate 15 set to “Not enfered”. When the current entiy state is
“Entored” and the provious entry state is seb to “Not entered”, then UAS 510 can determine
that UAS 310 has just entered into gentencs 53¢ Afier comparing the previcus sntry state
with “Not entered”, the corrent enlry state can be copied to the previous sobry state,

fn one particular example, the indication of the location of the LIAS 310 may be
imited 1o the geofence 334, and ihe indivation of the tocation of the UAS 510 is displayed in
response to detecting a breach of the geofence 338 by the UAS S10. Inanother example, as
disvussed above, a user may select an ophion 10 receive a notification when a particalar UAS
510 18 proxiuty @ the computing device.  In such an example, the proxinnly to the
computing device may be defined by the geofence 530 surrounding the location of the
computing device, and the netiftcation is displaved oo the display of the computing devics in

geofence by the UAS §10.

b

response to detecting a breach of the

A similar technigue can be used 1o determine when UAS SH exits geofence 530 e g,
UAS 510 can determine that 1 has exired geofence 530 when the provious entry state is
“Hrtered” and the current enfry state 18 “Nut Enteted™  Upoh exit from geofence 538, a
geofence exit message can be generated.
Vil Example Graphical User Interfaces

Flawre 6A Hustestes a display 602 of a computing dovice 60 including & first GAS
location indications 604 at a Jocation on & map. As discussed above, the first UAS location
indication 604 comprises an aggregate indication of a plurality of UASs located within a first
aren on the map, As such, the first UAS location indication #04 may comprise a single
graphic fcon that represents the plurality of UASs focated within the first arca on the map, as
shown in-Figure 6AL In the particular example shown fn Figure 84, the fust UAS location
mdication 604 may comprise g circle with a numerical representation of the munber of the
plurality of LIASs Other graphic icons for the first UAS Tocation indication 604 are possible
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as well  The computing device 600 may recehve input data comprising a request for
additional data related to the fivst TIAS location indication 604 The inpot data conywising
the request for additional data related to the first UAS location indication 604 may take g
variety ‘of feoms. B one partivular example; 25 showt in Figure 04, a gser is selecting thw
firat LIAS location indication 694 using a cursor 605, Tivanother examiple, a user may select
the first UAS location Indication 604 using a touch screen on the computing device 600 or via
g voice conumand. Any other input for a request for additional information related to the fust
UIAS ocation indication 604-1§ possible agwell.

Figure 68 illustrates-the display 602 of the computing device 600 once the reguest for
additional information hag been received by the computing device 608, As shown in Figure
68, the display 602 includes a plurality of second UAS location mdications 606A-6061 at 3
phurality of locations within the Rrstarea on the map. As discussed above, cach sevond UAS
ncheation SO6A-606D corresponds to a subset of the plurality of UASs represented by the
first UAS location indication 604,

As discussed above, 1 ong example, the plurality of second UAS location indications
HO6A-6061F each comprise a graphic icon that represents & location of a single VAN located
within the first area on the map. In another example, as shown in Figure 68, the plurality of
second LAS location indications 608A-6060 each comprise a graphic icon that represents g
second plurality of UASs that is a subset of the first plurality of TTASs. In such an example,
the computing device 80 mway receive input data comprising a request for additional
mformation related to & given second UAS locstion indication 606A of the plorality of
sevond UAS locanon indications 606A~6061. As discussed above, the input data comprising
the request for additional information relaled fo a given second LIAS location indication
S36A of the plurality of second UAS location indications 606 A-006D may take 8 vadety of
forms, such as a cursor selection, & touch input, or & voice command.

Fipure 60 tusirates the display 602 of the computing device 600 once the computing
device has received the input date comprising a request for additional information related to a
given second UAS location indication 5064 of the plurality. of second UAS location
ingheations. 606A 60613 As shown i Figure 6U, the display 602 meludes a plurabity of
individual UASs 6084, 6088 at a plurality of locations within the first area on the map.

Once again, the computing device 600 may receive @ request for additional
mformation about g given UAS 608AL As shown in Figure 613, i response o receiving the
mdication of the user input selecting TAS 6084, the computing device 600 mav display 2
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utigue identifier 610 assoviated with the UAS 608A.  As shown in Figure 61, the anique
wentifier 812 may be positioned near the indication of the UAS 804A. In addition, the
computing device 800 nay display another window 612 overlad on the map below the UAS
SORA. The window 12 nwy display the anique weatiffer 610 of the TIAS 6084 e operator
614 of the UAS 6UEA, an image 616 of the UAS 608A, 8 mudel number 618 of the UAS
GO8A .« pround speed G of the TIAS S08A, and an altiude 622 of the VAR SO08A. Further,
as shown in Figure 6D, the window 612 may alse display an option for additional inforaation
624 about the UAS 608A. -As described above, in response 0 recetving an indication of the
user input selecting the option for additional information about the UAS 6084 the computing
device 600 my display a website corresponding to the option for additional sformation
about the UAS 608A. The website may be a website for the operator of the AN, Other
embodiments of the display 602 possible as well as discussed in adduiional detail above,
Vil Example Computing Device

Figure 7 is a block diagram showing components of an example computing deviee
T Glenerally, the computing device 700 may take the form of a desktep computer, 2
faptop, 8 tablet, a wearable computing device, andior a mobile phone, among other
possibitities. Nonetheless, as shown, the computing device 700 may include one or mote
processors 702, data storage 704, program instructions 708, conwnunication interface 708,
display 710, Input Method Editor {IME} 712, and andio output device 714, Note that the
computing device 700 is shown for Hlustration parposes only and compuoting device 700 may
imclude additonsl components andior have one or more components removed without
departing from the scope of (he disclosure.  Further, note that! the vanious components of
computing devies 700 may be arranged and connected in any mabner.

Processar{s) 702 may be a general-purpose processor or a special purpose processor
{o.g, digital signal processors, application specilic mtegrated cwrouits, o). The processor(s)
702 can be confipured o exscute computerrsadable prograny nstructions 706 that are stored
i the data storage 704 and are execulable fo carry omt variows fonctions deseribed berein,
among others

The data storage 704 may include or take the form of one or more computer-readable
storage media that can be read or accessed by processor{sy 702, The one or more compusers
readable storage media can include volatile andfor non-volatile storage componenis, such as
optical, magnetic, organic or other memaory or dise stovage, which van be integrated i whole
or in part with processor(s) 702, In some implementstions, the data storage 704 can be

35



2

WO 2018/226655 PCT/US2018/036000

implomented using a single physical devics (.g., one optical, magnetic, organic or other
wemory v dise storage uni), while i other baplementations, the data storage 704 can be
unplemented using two or more physical devices.  Further, in addition © the computer-
readable propraw tnstructions 706, the datastorage 704 nmy include additional data such as
diagnostic data, among other possibilities.

The communication interface 708 may allow compuating device 700 1o communivate,
using analog or digital modulation, with other devices, servers, access networks, andfor
transport networks. Thus, communication interface 708 may facilitate circuit-switched andior
packet-switched communication, such as plain old telephoue service (PUTS) commupnication
andfor  Internet  protocol (1P} or other packetized commumication. For  instance,
conununication iderface 708 nwy include a chipsst and antenna arranged for wireless
communication with a radio sccess nelwork or an access pomnt. Abo, compumication
mterface 708 may take the form of or mclude a wireline interfave, such as an Ethernedl,
Universal Serial Buys (USB), or High-Definition Multimedia Interface (HDME port.
Compunication interface 1008 may also take the forns of o include a wireless interface, such
as & Wifi, BLUETOOTHR, global positioning system (GPS), or wide-area wireless interface
{e.g. WiMAX or 3GPP Long-Term Evolution (LTE)). However, other forms of physical
faver btorfaces and other-types of standard or proprigtaiy connnunication protecols may be
used over communication interface 708, Furthenmore, communication interface 708 may
comprise  multiple  physical  communication  mterfaces {eg. a8 Wil interface, a
BLUETOQOTH® imerface, and a wide-area wireless interface).

Display 710 may take on any form {eg., LED, LD, QLEDR, &6y, Fusther, display
TU¥ may be a touchscreen display {e.g., & touchscroen display on 4 tablet), Display 710 mway
show a graphival user interface {GUT) that may provide an application through which a aser
may interact with the systems disclosed herein,

Further, the computing device 700 may receive user input (g, from the user of the
computing device 700) via IME 712, In particolar, the IME 712 may allow for interaction
with the GUT such as for sorolling, providing text, andfor selecting vartous featores of the
application, among other possible imteractions. The IME 712 may take on various forms. In
pas example, the IME 712 may be a pointing device such as a computing mouse used for
controd of the GUIL However, i display 71015 & wouchsereen display, user touch mput can be
recetved (g, such as using 8 finger or a styvlus) that allows for control of the GUL 1n
another example, IME 712 may be a text IME such asa keybeard that provides for selection
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of numbvery, characters andior symbols o be displayed via the GU1 For instance, o the
arrangement where display 7184 18 & touchseresny display, portions of the display 716 way
show the IME 712, Thus, touch-nput on the portion of the display 71 including the IME
712 may result in nser-input such as selection of specific mumbers, characters, andfor symbols
i be shown on the GUIT via display 7100 1o vet another example, the IME 712 may be o
voice IME that sy be used that receives audio Tapud, such a5 from a user via & ncrophone
{not shown) of the computing device 700, that 3 then interpwetable using ene of vanioas
speech recognition technigaes nto ong of more characters than may be shown via display
TH, Other examples may alsoe be possible.

Yet further, audio output device 714 may include one or more devices confipored 1o
convert eleetrical signals into audible signals {e ., scund pressose waves). As suaeh, the andic
ouiput device 714 may wke the form of headphones {eg., over-the-ear headphones, on-car
headphones, earbuds, wired and wireless headphones, efe)), one or more loudspeakers, ot an
tterface to such an gudio outpat device (2.2, 2 %7 or L& tip-ring-skeeve {TRY) port, a USB
port, et ). some implementations,; the andio output devive 714 may ivchude an amplifier, a
communication interface (e, BLUETOOTH mterface), andior a headpbone jack or speaker
output terminals, Other systems or devices configured fo debver perceivable andio signals o
a user are possible.

IX.  Example Server

Figure 8 illustrates & schematic diagram of a server 800, according to an example
implementation. The server 800 includes one or more processor(sy 802 and data storage 804,
such 88 @ non-transitory computer readable medium,  Additonally, the dsta storage 804 is
showiy as storing program fnstruction 306, which miay be exccutable by the processor{s) 802
Fuarther, the server 800 also includes a communication interface 1008, Note that the varicus
components of server 800 may be arranged and connected in any manner.

Morepver, the above description of processor{sy 702, data storags 704, and
commmumication interface 708, may apply o apy discussion relating. to the respective
component being used in another systern or grrangements. For instance, as noted, Figure 10
lustrates processors, data storage, and & communication intorface as belng incorporated in
apother artangement.  These components at issue may thus fake on the same or similay
characteristics {andfor form) as the respective compoenents discossed above In association
with Figare 9. However, the components at issue could also take on other chamcteristics
{and/or form) without departing from the scope of the disclosure:
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In practice, § server ny be sy program andior devics that provides functionality for

other programs andior devices {e.g, any of the above-deseribed devices), which could be
referred to as “chients”, Generally, this amangement may be referred 1o 88 a chent-server
model.. Wil this arrgngement, 2 server can provides various seevices, such ag daty andfor
resource sharing with 2 client andvor carrying out computations for a client, anwong others.
Moreover, 4 singleiserver can provide services for one oy more (Hents-and a single elient-can

receive servicss from one or more servers.  As such, servers could take various forms

U'

{currently kaown or developed in the fubure), such ax d Jdatabase server, 3 file server, 3 web
server, audfor an application server, among other possibilities.

Generally, 8 clicot and a server may interact with one another in varjous ways., In
particular, & chent may send a request or an Instruction or the like to the server. Based on
that request or instruction, the server may perform one or more operations and may then
respond to the clisntwith a result or with an acknowledoement or the like. 1o some cases, a
server nay send a request or an instruction or the fike to the chont. Based on that requess or
instruction, the chent may perfurm one o more operations and may -then respond to the
sepver avith @ result or with an sckoowledgement o the ke,  In efther case, such
conununications between a chient and a server may ocour vig & wired connection or vig 8
wireless connection, such s via a network for instance.

b. & Conelusion
The particulay arrangements shows in-the Figures shoudd vot by viewed as limiting. |

shoold be understood that other inmplementations may inchude more or less of cach clement
shown in g given Figure., Further, some of the iHustrated elements may be combined or
omitted. Yot fudther, an exenplary implemeniation ‘may inchude elements that are not
Hustrated in the Figares

Addibonsily, while various aspects and implementations have been disclosed herin,
other aspects and implementations will be apparent to those skilled in the art. The various
aspects and implementations. disclosed heretn sre for purposes of lustrabion and are not
intended to be limiting, with the frue scope and spivii being indicated by the following claims,
Other implementations may be utilized, and other changes may be made, without departing
from the spivit or scope of the subject matter presented hersin, It will be readily understood
that the aspects of the present disclosure, as generally described hersin, and illustrated in the
figures, van be arranged, substituted, combined, separated, and designed in a wide varisty of
different configurations, all of which are contemplated herein,
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Where sxample enbodiments involve information relatad o 2 person or a device of a
person, the smbodiments should be understood o tnclade privacy controls.  Such privacy
controls include, at least, anonvmization of device identifiers, wansparency and user controls,
ncluding functionality that would enable users to miodiy or delete information relating (o the
user's wse of a product.  Such privacy controlled data might fnclude (withowt liniation)
mformation related §: an ndivideal's dentity, and ndividual™s location, an ndividaal’s
ordder history, a LIAS's dentity, a UAS's location, a UASs flight history, a business’s
identity, a business’s focation, andfor & business’s order history, among others”

Accordingly, in situations in which systemis) collect andior make use of Information
about entities (.., Individuals, UASs, andéor businesses), data miay be treated inone or more
ways before it is stored or used, so that personally identifiable information &5 removed or
otherwise camot be discovered by an enauthonzed entity/systen.

In one example, an entity's identity and/or geographic Jocation may be treated so that
no personally identifiable information can be determined for the entity. To do so, & system
nry Iapsanit andfor reeelve data iy the form of anonymized data streams. That &y, data
representing information related to one or more entitics may not provide any infonmation
related o respective identities andior locations of the one of mwore entities, theteby
mginiaining privacy.

In another oxample, when data &8 set o nelade mfbromation related © ap cobity's
identity andior location, the data could be arranged so that this information & specified 1o
such a way that only an authorized entity/system could ascertain a particular identify andior a
particular location of an entity. To do 50, 3 system may transonit and/or receive data in the
form of coded duta stréams i which the information takes the form a code lnterpretable only
by authortzed entily/systent

In yet another example, data representing information related to an entity's identity
andior focation may be encrypted so that only an authortzed entity/systeny could obtain acoess
o the nformation.  For instance, an aothorized entity/system could obtain access to the
information only through use of a previcusly-obtained security key that enables access to the
imformation.

In vet another example, data representing information refated to an entity's identity
andior location may only be available temporarily.  For instance, @ system coudd be
configured to store such data for a cenain time period and 1o then permanently delete the data
upon defecting explration of this time period. Other examples are possible ay well.
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Further, 4o situstions @ whers ombodiments. discussed. hersin collect personal
mformation about users, or may make use of personal information, the users may be provided
with an opportunity to control whether progrmms or foatures collect user information {e.g.,
wformation about & user’'s medical history, social nebwork, social sctions or activities,
profession, & user’s preferences, or & user’s current location), of 1o contrdd whether andfor
how to recgive content from the content server that ynay be more relevant o the user: In
addition, certain data may be treated in one of more ways before it is stored or nsed, so that
pursonalty identifiable information 18 removed. For example, a user™s identity may be treated
50 that no personally ideniifiable information can be detensmined o the user, of a user’s
geographic location may be generalized where tocation information is obtained (such as to a
city, ZIP code, or state lpvel), so that g particular location of a user cannet be determined.
Thus, the user nsy have control over how imformation is collected gbount the user and used by

{oontent server.
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CLAIMS

We claim:

1. A computer-implemented method comprising:

sending, by a computing device, unmanned aircraft system (UAS) data providing a
first UAS location indication on a map on a display of the computing device, wherein the first
UAS location indication comprises an aggregate indication of a plurality of UASs located
within a first area on the map;

receiving, by the computing device, input data comprising a request for additional
information related to the first UAS location indication;

in response to receiving the request for additional information, sending additional
location data related to the plurality of UASs, including a plurality of second UAS location
indications at a plurality of locations within the first area on the map, wherein each second
UAS indication corresponds to a subset of the plurality of UASs represented by the first UAS
location indication;

updating the display of the computing device to show the plurality of second UAS
location indications;

receiving, by the computing device, input data comprising a request for additional
information of a given UAS of the plurality of UASs corresponding to one of the plurality of
second UAS location indications; and

in response to receiving the request for additional information of the given UAS,
causing the display of the computing device to display, on the display of the computing
device, a unique identifier associated with the given UAS and an altitude of the given UAS,
wherein the altitude of the given UAS is displayed as an altitude range such that an exact
altitude of the given UAS is not explicitly indicated.

2. The computer-implemented method of claim 1,

wherein the plurality of second UAS location indications at the plurality of locations
within the first area on the map are displayed on a zoomed in area of the first area on the
map.

3. The computer-implemented method of claim 1,

wherein the first UAS location indication is displayed in real time with no historical
lookback.
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4. The computer-implemented method of claim 1,

wherein the first UAS location indication is displayed in real time with a limited
historical lookback of one minute.

5. The computer-implemented method of claim 1,

wherein the graphic display of the first UAS location indication is limited to a range
around a location of the computing device.

6. The computer-implemented method of claim 5,

wherein the range around the location of the computing device comprises a geofence,
and

wherein the first UAS location indication is displayed in response to detecting a
breach of the geofence by at least one of the plurality of UASs.

7. The computer-implemented method of claim 1,

wherein each of the plurality of second UAS location indications at the plurality of
locations within the first area on the map comprises an indication of the location of a plurality
of individual UASs of the plurality of UASs.

8. The computer-implemented method of claim 1, further comprising:

receiving, by the computing device, input data comprising a request for additional
information related to a given second UAS location indication of the plurality of second UAS
location indications;

sending additional location data related to the plurality of UASs including a plurality
of third UAS location indications at a plurality of locations within the first area on the map,
wherein each third UAS indication corresponds to a subset of the plurality of UASs
represented by the second UAS location indication; and

updating the display of the computing device to show the plurality of third UAS
location indications.

9. The computer-implemented method of claim 1, further comprising:

in further response to receiving the request for additional information of the given
UAS, sending an instruction to display one or more of (i) a ground speed of the given UAS
on the display of the computing device, (ii) a model number of the given UAS on the display
of the computing device, (iii) an image of the given UAS on the display of the computing
device, and (vi) an operator of the given UAS on the display of the computing device.
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10. The computer-implemented method of claim 1, further comprising:

in further response to receiving the request for additional information of the given
UAS, sending an instruction to display an option for further additional information about the
given UAS;

receiving, by the computing device, input data comprising a selection the option for
further additional information about the given UAS; and

in response to receiving the selection of the option for further additional information
about the given UAS, sending an instruction to display a website corresponding to the option
for further additional information about the given UAS.

11. The computer-implemented method of claim 1, further comprising:

in further response to receiving the request for additional information of the given
UAS, sending an instruction to display an option to report the given UAS for a non-standard
operation.

12. The computer-implemented method of claim 1, further comprising:

in further response to receiving the request for additional information of the given
UAS, sending an instruction to display an option to receive a notification when the given
UAS is in proximity to the computing device.

13. The computer-implemented method of claim 1, wherein the request for additional
information related to the first UAS location indication corresponds to a first source, the
method further comprising:

determining a count of additional information requests received from the first source
within a predetermined period of time;

when the count is greater than a threshold, denying the request for additional
information; and

when the count is less than or equal to the threshold, sending the additional location
data related to the plurality of UASs.
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14. A non-transitory computer-readable medium having stored thereon instructions, that
when executed by one or more processors, cause a computing device to perform operations
comprising:

sending, by a computing device, unmanned aircraft system (UAS) data providing a
first UAS location indication on a map on a display of the computing device, wherein the first
UAS location indication comprises an aggregate indication of a plurality of UASs located
within a first area on the map;

receiving, by the computing device, input data comprising a request for additional
information related to the first UAS location indication;

in response to receiving the request for additional information, sending additional
location data related to the plurality of UASs, including a plurality of second UAS location
indications at a plurality of locations within the first area on the map, wherein each second
UAS indication corresponds to a subset of the plurality of UASs represented by the first UAS
location indication;

updating the display of the computing device to show the plurality of second UAS
location indications;

receiving, by the computing device, input data comprising a request for additional
information of a given UAS of the plurality of UASs corresponding to one of the plurality of
second UAS location indications;

in response to receiving the request for additional information of the given UAS,
updating the display of the computing device to show a unique identifier associated with the
given UAS and an altitude of the given UAS, wherein the altitude of the given UAS is
displayed as an altitude range such that an exact altitude of the given UAS is not explicitly
indicated; and

in response to receiving the request for additional information of the given UAS,
sending an instruction to display an option to report the given UAS for a non-standard
operation.

15. The non-transitory computer-readable medium of claim 14, wherein the operations
further comprise:

in further response to receiving the request for additional information of the given
UAS, sending an instruction to display a unique identifier associated with the given UAS on
the display of the computing device.
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16. The non-transitory computer-readable medium of claim 14, wherein the operations
further comprise:

in further response to receiving the request for additional information of the given
UAS, sending an instruction to display one or more of (i) a ground speed of the given UAS
on the display of the computing device, (ii) an altitude of the given UAS on the display of the
computing device, (iii) a model number of the given UAS on the display of the computing
device, (iv) an image of the given UAS on the display of the computing device, and (v) an
operator of the given UAS on the display of the computing device.

17. A system, comprising:
a display;
a processing unit;
data storage; and

program instructions stored in the data storage and executable by the processing unit
to carry out operations comprising:

sending, by a computing device, unmanned aircraft system (UAS) data
providing a first UAS location indication on a map on a display of the computing
device, wherein the first UAS location indication comprises an aggregate indication of
a plurality of UASs located within a first area on the map;

receiving, by the computing device, input data comprising a request for
additional information related to the first UAS location indication;

in response to receiving the request for additional information, sending additional
location data related to the plurality of UASs, including a plurality of second UAS location
indications at a plurality of locations within the first area on the map, wherein each second
UAS indication corresponds to a subset of the plurality of UASs represented by the first UAS
location indication;

updating the display of the computing device to show the plurality of second UAS
location indications;

receiving, by the computing device, input data comprising a request for additional
information of a given UAS of the plurality of UASs corresponding to one of the plurality of
second UAS location indications;

in response to receiving the request for additional information of the given UAS,
updating the display of the computing device to show a unique identifier associated with the
given UAS and an altitude of the given UAS, wherein the altitude of the given UAS is
displayed as an altitude range such that an exact altitude of the given UAS is not explicitly
indicated; and

in response to receiving the request for additional information of the given UAS,
sending an instruction to display an option to receive a notification when the given UAS is in
proximity to the computing device.
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18. The system of claim 17,

wherein each of the plurality of second UAS location indications at the plurality of
locations within the first area on the map comprises an indication of the location of a plurality
5 ofindividual UASs of the plurality of UASs.
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