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METHODS AND SYSTEMS FOR USING AN UNMANNED AERIAL VEHICLE
(UAV) DEDICATED TO DEPLOYMENT OF OPERATIONAL
INFRASTRUCTURE
CROSS REFERENCE TO RELATED APPLICATION
HESD The present application clating priority 1o USRS Patent Appheation No
15848 316, filed o Decomabey 20 2017 and entitled “Methods angd Systemy For Using an
Unmanned Aerial Velucle (UAV) Dedicated to Deplovment of Operational Infrastructore,”
which is herehy tncorporated by reference in s entirely.
BACUKGROUND

jaie2] An unnranned systom, which may alse be meferred to s an aulonsmous
vehicle, 15 @ vehiole copable of travel without a physically-present human operator.  An

unrngnned system may operate in a remote-control mode, 1 an antonomous mode, OF i a
partially avtonomeans mode:
{60831 Wheo an anmanped system oporaies i g remote-coutrol nusde, & pilot o
driver that s at a remote location can contral the unmammed vehicle via coromands that arg
sent o the unmanned velucle via 8 wireless link., When the unmanned system opertstes o
autonomous mode, the ammed system fypreally moves based  on pre-programmed
navigation waypoinls, dynapic qutomation systems, or a combination of these.  Further,
sonie unmanned systons cant operate i both a romote-conttnl miode and an autontmmous
mode, and in some fnstances may do so sinultancousty. For instance, @ remote ptot or driver
may wish to lsave navigation & an autonomous systemt while mantadly performing ancther
task, such as operating & mechanical system for picking up objedts, 18 an exanysie.
{004} Vartous types of inmanned systems exist for varions different emviromments,
For tnstance, unmanned serial vebicles {UTAV ) are configered Tor operation by the air{e.g.,
fhght),  Examples include quad-copters and tail-sitter UAVs, among others.  Unmanned
systems alse exist for hybrid operations in which multi-epvironment operation 18 possible.
Examples of hybrid womanned vebicles include an amphibious craft that ix capable of
operation on land axowell as on water or 8 floatplane that iv capable of landing on water as
weH asoir land. Other exsaples are glsopossible,

SUMMARY
{60053 Examyple implemontations oy rafate to dedicating certaiiy type(st of LAV
o deployment of operational infrastructure, such as of one or more parts of a ground charging
system configured to charge 8 battery of a LAV In particalar, g group of UAVs, such as of

an serial fransport serviees provider, may inclode at Teast two types of LAV, The finst type
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of LAY may molude feahwres that eonsble & LAY of the first type to deploy operationad
witastructure at operational focation(s) within a peographic area.  And the second type of
LAY may mclede feanwes that enable a LAV of the sccond type to carry out tasks other than
deployment of operational fnfrastructure, such’ as transport tasks that include pickup and
delivery of items.

{0605] With this grrangement, a control system may determine gt least one
operstional ocation at which operating infrastructuve should be deploved. And s UAV of the
first typomay then deploy operational infrastructre at the determined operational focation.
Onee the operational Infraxtructiure has been deployed by o UAV of the first type, a UAV of
the second type may then charge its battery using this operational infrastracture,

{6807] fr one agpect, & method s disclosed. The method nvolves deternnning, by a
control system, an operationgd location at which 1o deploy operational infrastractuse, where
deplovment of operational nfrastructure enables charging of a hattery of an unmanned acial
vehicle (LAY from a group of UAVs, and where the group of UAVYS includes at least (i) a
first UAV of a first type configured to deploy operational infrastractare and (i} 8 second
VAV of a second type configured to carry out 2 task other than deplovment of operational
infrastructure. The nethod also tnvalves causing, by the contrad systers, the Tt VAV 10
deploy operavonal infrastructure at the operational location.  The method adiitionally
involves causing, by the control systeny, the second UAV 4o charge o battery of the second
UAY using the operationsl infrastructure deployed by the finst UAV at the operationsl
focation.

{0068 in another aspect, 8 UAV system 5 disclosed. The UAV systemt wclades 2
group of UTAVY, where the group of UAVs melodes &t loast (0 a fisst UAY of o first bype
confipurad to deploy operational infrsstracture and (1 8 second LAY of o sepond fyps
configured to carry out a task other than deploviment of operational Infrastructwre. The LAV
systertalse mlodes @ contred system configured ter (O detersmine an operational location at
which o deplov operstional infrastructure, where deplovment of operational xfrastiycture
gnables charging of 8 battery of 8 UAV fom the group of UAVs, {it) cause the first UAV o
deploy operational infrastructure at the operational location; and (i1} cause the second UAV
fo charge o batiery of the second UAV using thy operationad inftastructure deploved by the
first LAY at the operational locgtion.

Y] I yet another aspect, 8 non-tranaitory compoter readable medium is dhsclosed.
The non-transitory computer readable wediun bas stored therein mstractions execotable by
one or more processors 1 cagse s eonttod system o perform functions. The funcBons nchide
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determining an operstional loeation at which {0 deploy dperational infrasinictine, where
deployment of operational infrastructire enables charging of a battery of an unmanned gerial
vehicle (UAV) from g group of UAVS, and where the group of UAVs includes at least (i) 8
first VAV of & first type configured to deploy operational infrastructure and (i} a second
UAY of & stcond type configured to carry out o tash othey than deployment of operational
ufrastructure. The fanctions also include cnusing the first UAV to deploy operationsl
infeastructure at the operational locgtion.  The functions additionslly melade causing the
second VAV fo charge a battery of the secend UAY wsing the operational infrastructure
deployed by the first LAV at the operational location.
R it vet another aspect, another system is disclosed. The system may include
means for deternuining su operational location at which to deploy operatioual infrastracture,
where deployment of operational infrastructure enables charging of a battery of an unmansed
gertal vehicle (UAV) from & group of UAVS, and where the group of UTA Vs includes at Teast
(i} a frst UAV of g fivst type configured to deploy operational infrastrocture and (1) a second
VAV of 8 second type configured to carry out g task other than deplovment of operational
infrastructure. The system may also inchede means for causing the fivst UAV w0 deploy
operational nftastructuve gt the operational locationn. The wystem may adduionally inchuds
means for causing the second UAV to charge a battery of the second UAV using the
operational infrastractare deploved by the ficst TTAY at the operational {ocation.
U B Y] These as well as other aspects, advantages, and alternatives, will become
apparent 1o those of ordinary skill in the art by reading the following detatled description,
with reference where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Figure 1A is a simplified illustration of an unmanned gerial vehicle, sceording
to example embodiments.
{613} Fiawe 1B is a simplified illustration of an unmanned agpial vehicle, according
to example embodiments.
HE T Frgure 1C is a simplified ilustration of gn anmanned aernial vebicle, according
to example embodinents,
{6615] Figure 13 i3 3 simplified Husteation of an unmenned serial veliicle, according
o example embodiments.
{0016} Figure 1E is a stmplified ilustration of an unmanned aerial vehicle, according

oy example embodiments.
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{06171 Figure: 2 13 & sunpliftied Slock disgram Hustrating  components of an
unmanned aerial system, according to example embodiments.
HESEY| Figure 3 is a stmplified block diagram tHustrating a distributed VAV system,
according to example embodiments.
HEIRA Figure 4 ix @ block disgram showing an oxanmple aprangement for an o actial
transport provider control system, aceording 10 example embodiments,
U] Figures 54 to 5B dlustrate an adaptable charging svstem having o charging
mgerface that is deplovable by a VAV, sccording to example embodiments.
{oa21 Figure 6 illustontes @ sofar charging systemn that 3¢ deployable by a UAV,
according to example ennbhodiments.
{08224 Figure 7 illustrates a geographic area including a phurslity of operational
focations, according fo example embodiments.
{0623] Figure 8 15 a flowchart of & method for using 3 UAV dedicated to deployment
of operational infrastructure, socording 1o example cmbodiments.
{06241 Figares A to 9D ihustrate wse of a dedicated UAV to deploy operational
infrastructure. and subsequent wse of the deploved operativnal nfvastruchre & chargs
battenies of another LAY, acoording to exampls smbodimenis.
{R25] Figure 19 is a flowchart of a8 method for selfdeplovyment of operational
infrastracture for a UAY, according to example embodiments.
jea2s] Figures 1A to 11D dlustrate use of a given UAV o deplov operational
tnfrastnecture. and sobsequent use: of the deploved operational mfrastvuchwre o charge
batteries of the same given UAV, according (o example embodiments.

DETAILED DESCRIPTION
{6027} Example methods and systems are deseribed herein. It should be understood
that the words “example™ snd "example” are used herein to mean “serving as an example,
instance, of Hlustrmtivan.” Any eibodiment or feature desuribed herein ay being an "exanple”
o Texample” 8 not necewsarily 10 be construed as preferred or advantagenus over other
embodiments or fegtores. The example cmbodiments desenbed berein are not nieant to be
Uomting, 1t owdll be readily understood that centain sspects of the disclosed. systems and
methods van be aranged and combived 3n a wide varlety of different configurations, all of
which are contemplated herein,
{6028} Forthermuorg, the particular arrangements shown in the Figures should not be
viewed a8 Hning. Hshould beanderstoond that other embodiments maght wnclade move or

fesas of eaph clement shown i a given Figure,. Further, soine of the tlastrated elements may
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be combined oromified Yl further, sy example embodinent may inclade elements that arg

not Hlustrated i the Figures,

L Overview
joine] In practice, an vnmanned aerial vehicle (UAV) may vefer o any antonomous

o semi-autonomons - asrial vebicls that 13 copable of performing some opsrations without a
physicslly present human pilot.  Examples of such operstions may fnclude serial transport
services, which may involve g group of UAVs caurying out transport tasks, such as pickup
andfor delivery of iams,

{00348 Disclosed herein are implementations that relate to having certain type(s) of
UAV({s) in a groap of UAVs dedicated to deployment of operational infrastracture at
operationst focation(s). In practice, the operational infrastruchure at ssue can be owe or ore
parts of a pround charging system that 18 configured to charge batteries of one or more
UIAVS, or can be the ontive charging system, Aad a given operational locstion can be a
tocation at which a UAY can charge its battery after operational infrastrecture has been
deploved, and perhaps also one from wiach a UAV can carey out item tranaport task{s).
{0631 Muore specifically, the group of HAVY may belude ong or more UAVs of g
first type and ong 'or more UAVs of a second type. The first type of UAV may include
features that enable a UAV of the first type to deploy operationad infrastruciure at operational
location{s) within a geograpbic wrea. And the second type of UAV may inelude foatures that
snable a UAY of the sccond type to carry oul fasks wther than deploviment of operational
tnfrastructure, such as transport tasks that include pickup and delivery of nsevaequested ftems
for instance.

{6832} Generally, ihcluding UAVES) of the Brst type iy a group of UAVS may b
advantageous for various reasons. For instance, a UAV of the first type may allow fw
deployment of operational infrastructure that @ UAV of the sscond type may otherwise be
usable to deploy. For example, a LAV of the second type may be optimized for carying oul
transport fasks and thuy nay be arvanpad to cany pavioad(s) havine a weight up e
particnlar waight, which way be & weight that iy lesser than waight of the deplovable

operational infrastructire. Additionally or alternatively, including UAVE) of the first type in

the grouy may allow UAVE) of the second type to be ased for their intended purpose (2.5,
carrying out transport tasks) without encountering the costs of deployving operstional
infrastracture. Such costs may mclude Bme andfor energy spent on deplovment of
operational infrastructure as well as wear and tear experienced over time doe o deployment

of aperational infrastryctire; among other possibilities,
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1I. Hustrative Unmanned Vehicles
{0033} Herein, the terms “wnmanved aermal system” and "UAVT refr o any

aptonomous oF semi-mutonomous vehicle that is capable of performing some functions
without a physically present hunian pilet

{B634] A UAV can take various forms. For example, a UAV may take the form of a
tixed-wing atreraf), a glider atreraft, a til-sitter airceafl, a jot sirerafl, a ducted fan sircrall, a
lighter-than-air dingible such as a blimp or stecwable balloow, a votoreaft such as a belicopter
o molticopter, andfor an omithopter, ameng other possibilities. Further, the tooms “drong,”
“urpnanned aerial vehicle system™ (UAVS), or “unpanned acris! vehicle” (UAV) may also
be used to refer o a LAV,

{6835] Figure 1A s an isomeiric view of an example HAY 1000 UAV 100 melodes
wing 182, booms 134, and 3 fusclage 106, Wings 102 may be stationary and may generate Bt
hased on the wing shape and the UAV's forward afrspeed. Fov instance, the two wings 102
nay have an atrfoilshaped coross section o produce an asrodynamic force on LAV 1000 In
somie epnbodiments, wing 102 may carry horzontal propolsion units 108 and Boomy 14
may carry vertical propulsion anits 110, Inoperation, power for the propulsion units may be
provided from g battery compartment. 112 of fuselage 106, In some cmbodiments, fuselage
106 alse inclwdes an avienics compartment 114, an additional battery compartment {not
shown) andfor a deBivery unit (not shown, g, 3 winch system) for haodling the payiead. In
some cmbodiments, fuselage 100 15 modular, and two or more conpartients {eig., balttery
compartment 113, aviomies compartment 14, other payload and delivery compartiments) are
detachable frony each other and securable to each other {e.g, wechanieally, magnetically, or
otherwise) (o contiguously format Teast & portion of fuselage 106

{0036} iy some smbodiments, booms 104 teominate in rudders 116 for mmproved vaw
control of LAY 100, Forther wings 132 moay fernunate inwing fips 7 for improved conteol
of fift of the UAV.

{6837] In the tlustrated configuration, LAY 100 mcludes a structural frame, The
structural frame may be relorred o as & “stractural H-frame® or an "Heframe" {aot shown) of
the UAV. The H-Frame may include, within wings 102, a wing spar {pot shown) snd, within
boams 104, hoony cartiers (nol shown o In some embodinnents the wing spar and the boom
carriers muay be made of carbon fiber, hatd plastic, aluminum, Hght metal alloys, or other
materials. The wing spar and the boom carriers may be comected with clarps. The wing
spar may inclode pre-drilied boles for hovirontal propelsion waits 108, and the boom camiers

may-inchde pre-drilied holes for vertical propulsion units 110

)
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{0638 I some ernbodinenis, fuselage 106 may Be removably attached o the H-
frame (gg.. sttached © the wing spar by clamps, conflpured with grooves, profrusions of
other features 0 mate with corresponding H-frame features, otc) In other embodiments,
fuselage 106 similarly may be removably attached to wings 102, The removable attachment
of fusclage 106 may tuprove quality asd or modularity of UAV 100, For example,
glectricalimechanical . components  andior subsystems of fuselage 106 may be tested
separately from, and before being attached to, the Hoframe, Similarly, printed civenit boards
{PUBSY 11E may be tested sepavately from, and before being attached o, the bovm carmiers,
theredone elimvinating  defective pavts/subassemblios prier fv comnpleting the WAV For
crample, components of fusclage 106 (e, avionics, battery umit, delivery anits, an
additions} battery conpartment, ole) may be electrivally tested before fuselage 106 38
mounted fo the Heframe. Farthermore, the motors and the glectronics of PCHs 118 may abo
be electrically tested before the final asserably. Generally, the identification of the defegtive
patts and subassemblhics carly in the assenibly process lowers the overallt cost and lead time of
the VAV, Futhermore, different types'models of fuselage 106 may be attached to the H-
frame, therefore improving the modularity of the design. Such modularity allows thess

varfous parts of UAY 100 o be uppraded without # substantial overhaul to the manufacturing

PROUCSS.
HELR In some embodiments, 8 wing shell and boom shells may be attached o the H-

frape by adhesive cloments {2, adhesive ape, double-sided adhesive taps, glue, ete).
Therefore, multiple shells may be attached o the H-frame instead of having a monolithic
body sprayved onto the H-frome, In some embodiments, the presence of the nultiple shells
reduces the stresses induced by the coefficient of thermal expansion of the stractural frame of
the UAV. As a result, the UAV may have better dimensional agcurscy andior improved
reliability.

{040} Moreover, 1 af Teast some enmbodimants; the same H-frame imay be dsed with
the wing shell andior boont shells having different size andior design, therefors improving the
modularity and versatility of the UAY desigos. The wing shell andior the boum shells may be
made of relatively Baht pobvmers {e.g., closed cell foam) covered by the harder, but relatively
thin, plastic skins,

{604} The power sudfor control signals from fuselage 106 miav be ronted 1o PUBs
IR through cables vunning through fuselage 106, wings 102, and boowms 104 In the
tHustrated embodiment, UAY 1080 has fowr PCRS, bhut other wmnmbers of POBs are also
prssible. For exanple, UAY 100 may include swo PCBs, one per the bowm, The PCBs carry

=
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electronic components T mcluding, for example. powet converters, controllers, memory,
passive components, etc. In operation, propulsion units 108 and 118 of LAY 100 are
clectrically comnected to the PCBs,

jofdd} Maay vasiations on the flustrated UAV are possible. Fov instanee, fixed-wing
UAVs may slode more or fowsr rotoranaly (vertical or horizontal), andfor may wtilize a
ducted fap or multiple ducted fans for propulsion, Fusther, UAYs with more wings {fe.g., an
“wewing” configuration with four wings), are also possible. Although FIG. 1A illustrates two
wings 102, two booms HM, two honzontal propylsion units 108, and six vegtical propulsion
units 110 per boom 104, it should be sppreciated that other variants of UAV 100 may be
implemented with more o less of these components. For exanple, UAV 100 may include
four wings 102, fowr booms 104, and more or less propudsion anits (horizontal or vertical).
HEIBR]] Stmilarty, Figere 1B shows another example of a fivedawing UAV 120, The
fixedbwing UAY 120 includes a fuselage 122, two wings 134 with an aivfoil-shaped cross
section to provide 1Y for the LAV 120, a vertical stabibizer 126 {or fin} to stabilize the
plane’s vaw (tum feft or night), a horizontal stabilizer 138 {also referred to as an elevator or
tatiplane} to stabilize pitch (Bt up or down), hnding gear 130, and a propulsion anit 132,
which can nclude a motor, shaft, and propelier.

{0044y Figure: 1C shows an example of a2 UAV 140 with a propeller in & pusher
configoration. The lerm “pushe” refers to the fact that a propolsion umit 42 i mounted at
the back of the UAY and “pushes” the vehicle forward, in contrast o the propulsion nsit
bemng mounted at the front of the UAV. Sumlar fo the deseription provided for Fleures 1A
and 18, Figure 1C depiets common structures wsed in a pusher plang, ncluding a fuselage
144, twoowings 146, vertical slabilivers 148, and the propulsion unit 42, which canmmclade a
miertor, shaft, and propeiler.

{H845] Figure 1D shows an example of a tailsitter LAY 160, In the illustrated
sxample, the tailsitter DAV 160 hay fixed wings 162 to provide 11 and allow the LAV 160
to phde horfroptally {e.g., slong the x-axis, in & position that is approximately perpendicnlar
to the position shown in Figure 1), However, the fixed wings 162 also allow the tmlsiter
VAV 166 to ke off and land vertically on #s owin

{0846} For example, abo loweh sife, the sailsitter UAY 160 may be positioned
verttcally (as shown) with its fins 164 andéor wings 162 resting on the ground and stabilizing
the UAV 160 i the vertical position. The tatl-sitter UAV 160 may then take off by operating
ity propellers 106 to geserate an apward thrust (og., a throst that 15 generally along the y-
axink Oncs ata suitable altitude, the tailesitier UAY 160 may use is flaps (68 to reorient

&
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ftself in g horizontal position, such that s faselage 170 i3 closer to being alighed with the x-
axis than the y-axis.  Positioned horizontally, the propeliers 100 may provide farwand throst
so that the tatl-sitter LAV 160 can fly in a sinular manner a5 a typical airplane.

{0647} Magy variations on the fHustated fixed-wing UAVS are possible.  For
instance, fixed-wing UAVS may include more or fewer propellers, andior may utilize a
ducted fap or multiple ducted fans for propulsion, Fusther, UAYs with more wings {fe.g., an
“yewing” configuration with four wings), with fewer wings, or even with no wings, ave also
possible,

{0048] As noted above, some cwmbadinents pray involve other types of VA Vs in
addition 1o or in the alternative to fixed-wing UAVs. For instance, Fpure TE shows an
example of a rotorerall that is conumonly reforred fo as a multicopter 180, The swlticopter
180 may alzo be referred to a8 a quadcopler, as it inclades foaw rotors 182 Bt shoudd be
undersiood thut example smbodinients may involve a wotoreraft with more or fewer rotors
than the multicopter 180 For example, & helicopter typically has two rotors. Other examples
with three or more rotors are possible as well, Herein, the term “mudticopter™ refers © aoy
rotoreraft having more than two rotors, and the term “helicopter™ refers 1o rotorerafl having
WO oS,

{0049] Referving to the malticopter 180 in greater detal, the four rotors 182 provide
propalsion and manenverability for the multcopter 1830, More specifically, cach rotor 182
includes blades that are attached to a motor 184, Configured as such, the rotors 182 may
allow the multicopter 180 o ake off and fand vertdeally, to maneuver n any divection; andfor
o hover, Fuorther, the piteh of the blades may be adjusted as & group andlor differentially,
andmay allow themulticopter 180 to control ity prich, roll, vaw, andfor altitude.

[0050] It should be understood that references herein to an “‘unmanned” aerial vehicle
or VAV can apply equally o astonomous and semisautonomouns aerial vehicles. In an
spipnomous implomentation, all fupctionality of the aerial vebicle is sutvenated] 2.u.. pre-
programmed or controlled vig resltime computer functionality that responds 1o mput frivn
various sensovs andior pre-determingd information. 1o a semi-automomans implementation,
some functions of an aenial vehicle may be controlled by a homsn operator, while other
funciions are carrted oul autonomousty,  Further, 1 some embodinments, & UAY may be
configured to sllow a remofe aperator to take sver functions thut can otherwise be controlled
autonomousty by the UAY,  Yer further, a given type of function may be controtled romotely
at one level of abstraction and performed autonomousiy gt another level of abstraction. For
sxample, a remote operator can controd high level navigation decistons for s VAV, such as by

8
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specifying that the UAV should travel from one location 1o another (e, from 4 wavehowse in
a suburban area fo a delivery address i g nearby city), whils the UAV s navigation system
autonomously controls more fine-grained navigation decisions, such g the specific ronte to
take between the two locations, specific fight contrels o achieve the route and avoid
shistackes while navigating the route, and soon

HEIRYY More generalby, i should be understood that the example UAVs desertbed
herein are not intended 1o be miting.  Example embodiments may relate o, be implemented
within, or take the form of avy type of vananned asrial velicle,

i

{B632] Figure 2 is a simplified block diagran flustrating components of 8 UAV 200,

according 10 an exanple enbodiment. UAY 200 may take the form of, or be stilar in form
to, one of the VAV 100G, 120, 140, 160, and 188 desoribed in reference to Pigures 1A-1E,
However, UAV 200 may also take other forms,

{0633} LAY 200 may include various types of sensors, and may inchide a computing
svstern configured 10 provide the functionality desoribed herein,  In the  iHostrated
embodiment, the sensors of VAV 208 include an inertiad measurement anit (1ML 202,
ulteasonie sensor(s) 204, and o GPS 206, amomg other possible sensors and sensing systems.
{0034 i the hustrated embodiment, UAY 200 also tnchudes ene or miore processors
208 A processor 208 may be a weneral:purpose processer or 3 special purpose provessor
(o, cdigital sinal provessors, applivation specific infograted circuits, gic}. The ons or dcwe
processors 308 can be configured forexente computerresdable program nstructions 212 that
aresstored o the data storage 210 and are exceutable to provide the functionality of s UAV
deseribed hevom.

[0055] The data storage 210 may inchide or take the form of one or more computer-
readable storage media that can be read or accessed by ot least ove processor 208, The one o
more computei-readable sirage media can nchude volatile andior nonevolatile storige
gomponents, sl as optical, magnetio, organic or wther memory or dise storsge, which can
be integrated in whole of n part with at least one of the ong of more processors 208, Tn some
embodiments, the data storage 210 can be mplemented using & single physical device {eg.,
ope optical, iegnelity orgatic or other memory of dse stomge unith, while i other
entbodiments, the data storage 210 can be implemented using two o more physical devices.
B As noted. the data storage 210 can inclode computer-readable program
instructions 212 and perbaps addinonal dats, such as diagnostic data of the AV 200, As

such, the data storage 210 may include program tnstructings 212 (o perform or facilitate some
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or all of the LAY functionallly described birein. For instance, i the ustrated embodiment,
program astructions 212 include a navigation module 214 and 2 tether control module 216
{0057 Al Sensars

{00588 In awy sHustrative embodiment, IMLY 2082 may inclede both as sccelerometer
and a gyroscope, which may be used topether to deterining an orientation of the HAV 200, In
particular, the accelerometer can measure the orientation of the velicle with respect to earth,
while the gyvoscops measures the rate of rotation sround ao axis. IMUs are conwnercially
available i low-cost, low-powsr packages. Forinstapce, an IMU 202 may teke the form of
or inclede  w  nunisturized  MicroElectroMechanical  Systern (MEMS) o 2
NanoEleorroMechanica! Systom (NEMS), Other types of IMUS may also be utitized.

{6859 An ML 203 may bnclude other sensors, i addition to accelerometers. and
gyroscopes, which may help to better determine position andfor help i increase antonomy of
the UAV 200, Two examples of such sensors are magnetometers and pressyre sensors, 1n
some ermbodiments, a VAV may inchude a fow-power, digital 3-axiz magnetometer, which
can be wsed to realize mn ovientation independent electronic compass for accurate heading
information.  However, other types of magnetomsters may be wiilized s welll  Otha
examples are alsy possible, Further, pote that & UAY can fnclude sne or alt of the above.
deseribed ey Sonsors 48 separate components from s IMLUL

HEH S VAV 200 may also include 2 pressure sensor or barometer, which can be used
to determine the gltitude of the UAY 200 Alteraatively, other sensors, such as sonic
altimeters ovrradar-altimeters, can be wsed o provide an indication of altitude, which may
help to mprove the accuracy of andior prevent drift of an IMUL

{08611 Iy a further aspect, UAY 206 may wichade one or more setsors that allow i
UAY to sense objscts in the eovironmend.  For wmstance, i the fihustrated embodiment, UAY
200 meludes vlivgsonic sensor(s) M. Ultrasonie sensor(s? 204 can determine the distance to
an object by sonersting sound waves and determining the time inferval Detween tramsmiission
of the wave and receiving the comresponding echo off an objset. A typical application of an
altrasoniv seasor for anmsmed vehickes or IMUs s Towdevel altitude control and obstgcle
avoidance. An phrasoniv sensor can also be used for vehicles that need o bover at a cortain
height or neeld 10 be capable of detegting obstacles. Othir systems an be gssd 1o determing
sense the presence of, andior ditermine the distance to newby objects, such 85 a lght
detection and ranging (LIDAR) systom, laser detection and ranging (LADAR) systew, andfor

an nfrared or forward-dooking nfrared {FLIR G system, among other possibilities.
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{08621 I sonie smbodiments, UAY 200 wmay alse inclode one of more imaging
svstem{s). For example, one or more still andior viden cameras mav be atihized by UAV 20
to capture tmage sdats from the UAV's envirommment. - As a specitic example, charpe-coupled
device (CCD) cameras or complementary metab-oxide-semiconductor {CMOS) cameras can
be used with wnmanned wehicles.  Such dmaging sensor(s) have wumerous possible
applications, such as obstacle avaidance, lncalization techaigues, ground tracking for more
securate pavigstion {e.g., by applving optical flow techniques o toages), vides feedback,
andfor tmage recognition and processing, among other possibilities.

{6063] VAV 200 may also inchude 8 GPS receiver 206, The GPS receiver 206 may
be configured to provide data that is typical of well-known GPS systams, such as the GPS
coordinates of the UAV 200, Sach GPS data may be utilized by the UAV 200 for various
functions. As such, the UAY may use it GPS receiver 206 to help navigate to the caller’s
focation, ay indieated, af least I pary, by the GPS coordinates provided by thelr mobile

device. Other examples are also possible.

{06664] B. Navigstion and Location Determinaton
{0665] The navigation modele 214 may provide functionality that allows the UAY

200 10, g, move sbout Hs environment and resch a desived location.  Ta do s, the
navigation module 214 may conwro! the sliitade andior direction of flight by controlling the
mechagical featares of the LAV that affect fight {e.g., ity radder(s), slevator(s), afleromn(s),
andfor the spesd of its propella{s)).

{0665] In order to navigate the UAV 200 1o a target location {e.g., a delivery
focation), the navigation module 214 may implement various pavigation technigues, such as
map-based wavigation and localization-based navigation, for instancs.  With map-based
pavigation, the UAY 200 may be provided with a map of #is environment, which may then be
used to navigate 1o a particular location on the map. With locslization-based navigation, the
UAY 200 may be capeble of navigating m ap unkaown envirommnent using localization.
Localization-based navigation may tavolve the LAY 200 building iz own map of i
environment and calculating s position within the map andfor the position of nhjedts in the
envirotunent. For exanple, as 3 UAV 200 noves throughout 168 envivonment; the UAY 300
may continously use bocalization to update By map of the eovironment.  This coutinuous
mapping process may be referred o as simultancous localization and mapping (SLAM).
Other navigation techaiques may also be wtilized.

HER G In some embodiments, the navigation module 214 may navigate using a
technigue that relies on waypeints.  In pacticidar, waypoinis are ssis of coordingtes that
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identify podats 4 phivsical space. For instance, an givnavigation waypoing may be defined by
a certain latitude, lonpitnde, and altitude.  Accordingly, navigation module 214 may cause
AV 200 o move from waypolnt 1o waypoint, in order to ultinastely fravel to a final
destination {e.g., a fual saypoint i a sequence of waypoints),

{6668] Ina further aspect, thenavigation muduke 214 andéor other components and
systems of the AV 200 may be configured for “localization” to more precisely navigate to
the scene of a target location. More specifically, it may be desirable in corfain siuations for a
UAY o e within o threshold distange of the target location whers & payioad 228 45 being
defitvered by a UAV (e within g fow Teet of the targel destinationy. To this end, a UAV
may use 8 bwo-tiered approach in which it uses 8 more-goners! location-determination
technigue to navigate to @ general area that 1s assoclated with the target location, aad then ase
a more-refined location-deternunation techmigue 10 identify andfor navigate 1o the sarget
focation within the genersl arca.

{0669) For examiple, the LAV 230 may navigate to the general area of a target
destination where a payload 228 1 being delivered using waypoints andéor map-based
navigation.  The UAV may then switeh to 3 mode inwhich it eitlizes o localization process
0 focate sud travel fo g more specific location.  Fov lostance, i the UAV 200 &8 to deliver ¢
paylond 1o a user’s home, the UAV 20 may need to be sobstanbally close o the wresy
focation in order to avoid deltvery of the payvioad to undesired areas (e.g., onte a roof, into 4
pool, oo a neighbor’s property, st ). However, a GPS signal may only get the UAV 200 s0
far fe.g, within g block of the aser’s home) A more precise location-determination
techmque may then be ssed 1o find the specific targe! location.

{0674 Warious trpes of focation-deternunation technigues may he used o accomplhish
localization of the target defivery location mnes the UAY 200 has navigased te the zeneral
area of the target delivery location. For instance, the LAV 200 may be equipped with one or
More sepsery Systems, such as, Tor example, wlivasonic sensors 204, mftaved sensory (not
shown), and'or other sensors, which may provide input that the navigatim moduke 214
utthizes 1o navigate anionomousiy or semi-autonsmousty to the specific wrget focation.

{0671 As snother example, once the UAV 200 reaches the general area of the target
delivery focation (or of a moving subject suoh a8 2 person of thely mobile devieey, the UAV
200 may switch toa "Hy-hvewire” mode where 118 controfled, at feast i part; by a remote
aperator, who can pavigate the UAV 200 to the gpecific target location.  To this end, sensory
data from the UAY 200 may be send to the remote operator to assist themy in pavigating the

VAN 200 to the specitic location.
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{06721 A yed another example, the UAV 200 may inchde & module that &s able o
signal to a passer-by for assistance in either reaching the specific target delivery location; fr
cxample, the LAV 200 may display a visunl message requesting such assistance in a graphie
display, play an audio message or fone through speakers fo indicate the need fir such
sssistanee, among othey possibifitiss.  Such o visual or audio message nuight ndicate that
gesistance is noeded i delivering the UAY 200 1o & particular person or a panticular location,
gud roight provide information o assist the passee-by i delivering the UAV 200 o the
person or location (e, a deseription o pieture of the persen o location, andfor the porson oy
foration’s name), among other possibilities. Such a featiwe can be yseful i @ scenario in
which the UAV & ungble 1o use semsory finctions or another location-defedmination
technique 1o reach the specific target location. However, this featore 1§ not Thmited to such
scenarion.

HUIEA] Insome embodiments, mice the LAY 200 amives gt the peocral area of a
target delivery location, the UAV 200 may utilize a beacon from o user’s remote device (e.g.,
the user’s mobite phong} to Tocate the person. Such & beacon may take various forms. Asan
exatmde, consider the scenario where a remote device, such as the nwhile phose of a persen
who requested a UAY delivery, s able to send out divectional signals {e.8, via-an RF signal,
a bight signal andfor an sudio signal). In this scenario, the LAY 200 may be configured 1o
navigate by “sourcing” such divectional signals - 31 other words, by deterinining where the
signal is strongest and navigating scvordingly. As another example, a mobile device can it
g fregquency, either in the lnonaw vangs or outsude the human mnge, and the UAY 200 can
listen for that frequency and pavigate socordingly.  As a refated example, 3 the UAV 200 i
Hstening Tor spoken combands, then the UAV 2 can wtilize spoken satementy, sach ay

*'m over here!” to source the specific location of the person requesiing deliverv of &

pavioad.
{8074} In an alternative avansement, a navigationy module may be inplemented at a

remete computing device, which communicates wirelessly with the UAV 2000 The romote
computing device may receive date indicating the operational state of the UAY 200, sensor
data from the UAV 200 that allows 1t to assess the envivonmental conditions being
experienced by the UAV 200, andfor location information oy the UAV 208, Provided with
such information, the remate computing device may determine altitudinal andior directional
adjustments that shoald be made by the UAV 200 andior may deterniine bow the UAV 200
showdd adiost #ts mechanioad features (e, s rudder(sl, clevator(s), alleron{s}, anddor the
speed of ite propeler(si) in order o effectuste such movements.  The remote computing
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System may then commmmicate such adjustments to the UAY 200 so 1 tan move in the
determined manner.

{00 75] L i Conmmunication Systems

joire] Inoa further aspect, the UAV 200 includes one or more communication
systerns 218 The cotmmunications systems 218 may dnclude one or more wirsless interfaces
sndfor ong or more wirehing interfaces, swhichalfow the UAY 200 to communicate via oneor
niore networks. Sueh wireless terfaces may provide for communication under ore or more
wircless conununication protocols, such as Bhustooth, WiFt{e.g., an IEEE 802,11 protocel),
Long-Term BEvolution {LTE), WiMAX {c.g., an TEEE 802,16 standard), a radio-frequency 1D
{REID) protocol, near-field conmnunication (NFC), andfor other wireless communication
protocels. Such wireline interfaces may inchude an Etheroet interface, a Universal Sevial Bus
(USE) interface, or simdlar terface o communicate vig & wirg, a twisted pair of wires, a
coaxial cable, an optical tink, 8 fbereoptic link, or other physical connection to a wireline
nefwork,

{0877} In some embodiments, a VAV 200 may nglude communication systems 28
that allow for both shorfrangs commanication and longarange communivation.  For example,
the LAY 200 nay be configured for shortrange conununications using Blustooth and for
fong-range contnanications ander a CDMA protocol. 1o such an embodiment. the UAY 200
may be configured to function as & “hot spot™ or fn other words, 452 galeway OF proxy
between a remote suppert device and one or more data nebwonks, such as a collular network
andfor the Internet, Configured-as sach, the UAY 200 may facilitate data compumications
that the remote support device would otherwise be unable to perform by iself

{687R] For example, the UAY 200 may provide & WiPl connection to & remots
device, and serve as a praxy of gateway toa cellular service providin s data netwenk, whick
the AV might connect to under g LTE or 8 30 protoeod, for istance. The TTAY 200 can
R0 serve Ay a progy of gateway to-a high-alttede balloon network, a satellite network, ova
combination of these networks, among others, which 8 remote device might not be sble o

QEhSIWIRE aCCess,

{0679} B Power Systems
{0681 in a fther aspect, the UAV 200 may nclude power system(y) 2206 The

power systent 220 may include one or more batteries Ry providing power 1o the UAV 200,
foome axampie, the one or wore batteries vy be rechargeable and cach battery may be

recharged win 2 wived connection between the battery and a power supply andfor vig a
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wireless charging svstem, sach as an indictive charging system that applies an external me~
varving magnetic field to an internal battery.

{6081} i1 g further aspect, the power systoms 2208 of HAV 200 a power interface fiw
slectronically coupling (o an external AC power source, and an AGTDC converter coupled o
the power interface and operable foconvert aliernating current to divert current that charges
the DAY s battery or hatteries, For instance, the power interfsce may include a power Jack or
other electnie couphing for connecting 1o a 1OV, 120V, 220V, or 240V AC power source.
Sucha power system may facilitate g recipientassisted recharging process, where a recipient
can connect the UAVY 1o ¢ stgndard power sowste w2 delivery locgtion, sech as the
recipient’s home or office.  Additionally or alteroatively, power systeras 228 can inclade an
nductive charging imterface, such that recipientassisted rechavging o be agcomphished

wirelessty via an indoctive charping system instatted or otherwise available at the delivery

focation.
{6082] E. Pavload Delivery
{6683} The UAY 200 may coploy various systems and configurations in order to

transport and deliver a payload 228, In some implementations, the payload 228 of 4 given
LAV 200 may include or take the form of a “package” designed 1o ransport varfous goods o
a target defivery Jocation.  For example, the UAV 200 can include g compartment. in which
an tem or Hews may be travsported. Such a packaze way one or more food Bems, purchased
zoods, medical items, or anmy other olysct(s) having a stze and weight snitable o be
fransporied between two Tocations by the UAY. o some embodiments, a payload 238 may
siply be the one of more Hesus that are being deliverad (e, without any package howsing
the ems). Aad, i some embodiments, the iéms being delivered, the container or packags
m which the items are ransported, and/or other components may all he considered to be pant
of the pavioad.

{B084] In suine embodinents, the payload 228 may be atlached {0 the TTAV and
focated substantisglly cutside of the VAV during some or all of a Sight by the UAYV. For
example, the packsge may be tethered ot otherwise releasably attached below the UAY
during flight to o targoet location. Toan embodimont where o package carries goods below the
LAY, the package may mohade varbnis foatures that protect s confents fromy the
environment, reduce serodynants diag on the system, and provent the contents of the
package from shifting doring LIAY fHight.

{085} For instance, when the pavigad 238 takes the formy of @ package for
fransporting Hems, he package mwy include an outer shell construvted of waterregistant
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cardboard, plastic, or any othey Hghbwelght and wateraresiztant materiad. Parther, o order to
reduce drag, the package may feature smooth surfaces with a pointed front that reduces the
frontal cross-sectional ares. Further, the sides of the package may taper from a wide bottom
to & pavrow top, which allowes the gackag& 0 serve as 3 paow pylon that reduces
interference affects onthe wing(ay of the LAY, This oy move some of the frondal area and
volume of the pasckage away from the wing(s) of the UAV, thereby prevensing the reduction
af lift on the wing(s) cause by the package. Yet further, in some embodinents, the cuter shell
of the package way be constracted fomea single sheet of mtorial in order o redues air gaps
or extra material, kb of which may increase drag on the system.  Additionally or
alternatively, the package may inclade a stabilizer 10 dampen package flutter. This reduction
i flatter may allow the package to have a Tess rigid connection to the UAV and may canse
the contents of the package to shift fess during Bight.

{0085} In order to deliver the payload, the UAV may inclade o tether system 221,
which may be controlled by the tether controd module 216 in order o tower the payload 228
to the ground while the LIAV hovers above. The tether system 221 may inchude 4 sether,
which is couplable to 8 pavioad 228 (eg. a package). The tether 224 may be wound on a
spool that s coupled to s motor 222 of the UAY (although passive tnplementations, without
a motor, are also possible). The metor may be a DO motor (2.2, a servio motor) that can be
actively controlled by a speed controller, although other motor configurations are possible.
In some enibodiments, the tether control module 216 can controd the spead controller & cause
the 222 o rotate the spool, therehy unwinding or retvacting the tether and lowering or raising
the pavioad coupling spparaiws.  In practice, a speed controller may output a desired
operating tate {eg., & destred RPM) for the spool, which may corfrespond to the speed &t
which the tether system should lower the pavioad towands the ground. The motor may then
rotate the spool so that it maintains the desired operating rate forwithin some allowable range
of operating ries),

{6887} In order 1o control the motor via a speed controller, the tether vontrol module
210 mgy vecdive data from g speed setsot {eg, sn encoder) configired 1o converl a
mechanical posiion 1o a representative analog or digitad signal.  In pericude, the speed
semor may nchude 4 volary encoder that may provide mformation rélated & rotary position
{andiior oty movement) of @ shaft of the motor or the spool coupled 10 the motiw, smong
other possibilities.  Moveover, the speed sensor nay take the form of an sbsolute encoder
andfor an incremental encoder, among others. S0 1 an example implementation, as the

motr canses rotation of the spoad, & rofary sncoder msy be wsed 4o mcasuwry thisrotation. In
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dotng so, the rotary encoder may beused to convert 8 totary position o an analog or digitad
electronieo signal used by the tether control module 216 to defermine the amount of rotation of
the spool from a fixed reference angle andéor 1o an analog or digital electronic signal that is
representative of a pew rotary position, among other options.  ther exatnples are also
prsaibiie,

{U88] In some embodiments, a pavioad coupling component {e.g., # book or snother
type of coupling component) can be configured to secure the payviesd 228 while being
lowered from the UAV by the ether  The coupling appasates of component and can be
further configured to redease the paviosd 228 upon reaching ground fevel via electrical or
clectro-mechanical features of the coupling component.  The payload couphing component
can then be retracted to the UAY by reeling in the tether using the motor,

HER ] In some implementations, the pavioad 328 may be passively released onge it ig
fowered to the ground. For example, 8 payioad coupling component may provide g passive
release mechanism, such as one of more swing anms adapted to retract into and extend froin a
howsing.  An extended swing arm may form 3 hook on which the payload 228 may he
attached.  Upon lowering the release mechamsom and the pavioad 228 to the ground vig s
tether, 8 gravitational force as well a5 3 downward mertial fovce on the relesse mechanisn
may cause the pavload 22816 detach from the hook allowing the release wechanisnt to be
rajsed upwards toward the AV, The release mechanism way further inclade & spring
mechaniym that biasex the swing arm to retract into the bousing when thers: are no other
external forces on the swing swm. For anstance, 8 spring may gxent 8 Roree on the swing srm
that pushes or pulls the swing arm toward the hoosing sueh that the swing arm relracts o
the hotndng once the weipht of the pavicad 228 po longer forcey the swing arny fo extend
from the housing. Retracting the swing arny fute the housing ney reduce the likelihood of the
release mechanism snageing the pavload 2238 or other searby objects when raising the release
mechanism toward the UAV ypon delivery of the pavioad 228,

HET In another implementation, g payicad coupling component may nclude a hook
feature that pussively releases the pavioad when the paviogd contacts the ground. For
example, the payload coupling conponent may take the form of or inchude a book Teature that
15 sized and shaped to teract with 3 corresponding attachment feature (o, a handle or hole)
on a pavioad taking the form of a container or tote.  The hook may be luserted wto the
handle or bole of the payload container, such that the weight of the payload keeps the paylosd
container-secared o the hook featore doning flight. However, the hook feature and paviocad
rontainer may bedesigned sach that when the contaiper contacts the ground and is supported
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from below, the hook feature slides out of the container’s attachmwent foature, thereby
passively releasing the payload countainer. Other passive release configurations are alse
possible,

{0891} Active pavload release mechanisms are also possible. For example, seasors
yaeh as-a bammettic pressuve based altimeter andior accelerometers way help to detect the
position of the release mechanism {and the pavioad) relative 1o the ground. Data from the
sensors can be conunumcated back to the VAV andior a control system over a wireless ok
and vsed o belp in detennining when the reless mechapionm has reached ground tevel (o,
by defecting o measurement with the secelerometer that s charscteristic «f ground impact).
In other examples, the UAY ny determine that the payload has reached the ground based on
a weight sensor detecting a (ueshold low downward force on the tether andior based on a
threshold low measurement of power drawn by the winch when lowering the payioad.

HEDU] Other systems and techmigues for delivering a pavioad, v addition or in the
shernative to a tethered debivery system are glso possible. For example, a AV 200 can
inchede an air-bag drop systent or @ parachute drop systerm,  Alternatively, a HAV 200
catrying a payvioad van simply land on the growsd at » delivery location.  Chher examples arg
alse possible,

{0093} i somie armagements, a VAV may not imclude o tether system 221 For
example, a LAV can jnclude an witeral compartment or bay in which the UAV can hold
ftems during transport. Such 2 conpartment can be configured as g top-loading, side-lnading,
sndfor bottom-loading chamber. The UAV may mohude electrical sndfor mechameal means
{e.g., doors) that allow the interior compartment i the UAV 10 be opened aud closed.
Accordingly, the UAY may opes the compatiment i vanious circunasiances, such as; {3)
when picking up sn item for delivery st an rlem source location, such that the item can be
placed in the LAY for delivery, (B} upon arriving at a delivery location, such that the
recipient can place ay fteny-for refur dnio the VAV, andior {¢) In other circumatances
Further, it 15 also contemplated, that other non-tethered mechantsms for securing payload
tems to g VAV are also possible, such as various fasteners for seouring #ems to the UAY
housing, among other possibilities. Yet further, a UAY may include an interoal compartient
for wransporting Homs andiorother non-tethered mechanisms i setuwring payvioad fems, i
adihition or in the alternative 1 2 tether system 221

IV,  Hlastrative UAY Deployment Systems

HEN] UAV systems may be implemented in order {o provide various UAV-related

bras

ervices, I pavticnlar, UAVe may be provided at s mumber of different Taunch sites that awy
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be in communication with regtonal andfor central control systems. Such g distribated UAV
svstem mayv allow UAVS to be quickly deployed to provide services across a large peographic
area {€.g., that 15 rouch larger than the Dight range of any single UAV), For example, UAVs
capable of carrving payloads wmay be distributed at 3 number of launch sites across a large
geographic area {possibly even throughout an entive comntry, or sven worldwide), in ovderio
provide on-demand fransport of various items to locations throughout the gengraphic sves.
Figure 3 15 g simplificd block diagram dlustrating s disgriboted UAV system 308, according
oy example smbodiment.
{0095} fn the iHustrative UAV system 300, an access systam 302 may allow for
nteraction with, control of, sndfer atilization of & nebwork of UAVe 304, In some
erboditnents, an scoess systern 302 may be a computing system that allows for human
controfled dispatch of UAVs 304, As such, the control system may inchude or otherwise
provide 3 yser interface through which 8 user can sogessand/or contral the UAVS 304,
{0096} In some embodiments, dispatch of the UAVs 304 may additionally or
ghermatively be accomplished via one or more sotomated processes. For instance, the access
system 302 may dispatch one of the UA VS 304 10 transport 8 pavivad o a tavget location; and
the UAV wmay sutonomousty navigate o the wrget loegtinn by unilizing various mwboard
sensors, such as @ GRS recerver gndfor other various pavigational sensors.
HE Forther, the access system 302 may provide for remote operation of 8 UAV.
For mstance, the acvess system 302 may allow an operator 1o controd the flight of 8 UAV via
s wser-interfice. A a specific example anooperstor may use the agoess system 302 to
dispaich a UAV 304 {o a rygel location. The UAV 304 may then astonomously navigate to
the peneral area of the target location. At this pomnd, the opersior may vae the access svstem
302 to toke control of the UAV 304 and navigate the UAV to the target location (e.g., to a
particular person to whom a payload is being transported).  Other examples of remote
aperation of & UAY are also possible.
{6698] In an ilustrative embodiment, the UAVs 304 may take various forms. For
example, each of the UAVS 304 may be a UAV such as those illustrated in Flguves 1, 2.3, ot
However, UAV systent 300 may also utilize other types of UAVs without departing from
thi svope of the mvention.  In some wnplomentations, all of e LIAYs 304 may by of the
same of a similar configuration.. However, in other implomentations, the UAVs 304 may
inclade a number of dilferent types of YAV, For instance, the UAVs 304 may include a
nmimber of types of UAVS, with sach type of UAV heing configered for a different typeor
types of payioad delivery capabilities,
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{0099 The VAV systom 300 may firther include o semote device 306, which nay
take various forms. Generally, the remote device 306 may be any device through which a
direct or indivect regquest to dispatch a UAV can be made. {(Note that an indivect request may
nvolve dny commusication that may be responded to by dispatching a UAVY, swh as
requesting a package debivery). In an example ermbodiment, the romote device 3806 nray be a
mobile phone, tablet cowputer, laptop computer, porsonal computer, ot any network-
connected computing device. Further, in some instances, the vemote device 306 yosy notbe a
computing device, As s example; aostandard telephons, which allows for conmmunication
via plaih old telephone service (POTS), may serve as the remote device 306, Other fypes of
remote devices are also possible,

{oa1ea] Further, the remote device 306 may be configured to communicate with access
system 302 via one or wore types of communication network{s) M8, For example, the
remiste device 306 may conniunicate with the sceess system 302 {or 8 human operator of the
gevess system 302} by compunucating over a POTS network, a8 cellalar nevwork, andior a
data network such as the Interpet.  Other types of networks may also be uttlived.

joe1a1} in some ambodiments, the remote device 366 may be configared o allow a
user fo request pickup of one of more Hems from 8 corfain sourcs lovationy anddor delivery of
obe of more ltens o a desired locationn, For example, a user can request VANV delivery of g
package o thelr home via their mobile phove, tablet, or laptop. As another example, a aser
can reguest dynamic delivery to wherever they are focated at the time of delivery. To provide
such dyvoamic debivery, the LAV system 300 may receive Tocation nformation {g.g, GPR
coordinates, et} from the user’s mobile phone, or any other device on the user’s person,
such that 2 VAV can navigate & the user’s location {as mdicated by their mobile phonel.
[00102] In some embodiments, & business ussr {e.g., a restaurant) can utilize one or
more remote devices 306 1o request that & LAV be dispatched 1o pick up one or more items
(e, a food order) from & source focation {e.g., the restawrant’s address), and then deliver the
O OF more Hems 0 oa target location {e.g., 8 custuner's sddressy  Further, i osuch
gmbodiments, there may be g number of remote devices 306 associated with @ common item-
provider account {e.g., s account used by maltiple enmplovees andior owners of a particular
restanrant).  Additionallv, in such embodimenty, & remote devics 306 may be stilized to send
tene-provider subnussions o @ transport-provider computing svstem {e.g., central dispatch
systent 310 and or local dispateh system 3123, which each indicate a respective quantiiative
measure for & given amoeunt of UAV transport service at'a given fotwre thive. For example;
repurte device 306 may be utilized to generate and send an Hem-provider submission that
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speeifies ¢-level of desired VAV trangport Sefvices (o, siumber and/or mate of expecisd
VAV delivery flights), andfor a monetary valug corresponding (o the item provider's nesd for
VAV transpont services, at g panicular time or duning a particolar period of time in the futare,
{68103} In an iustrative arvangement, the central dispaich system 310 may be a server
oy group of servers, which is configured to roogive dispaich messages reguesty andior
dispatch instructions from the access system 302, Such dispaich messages may request or
instruct the central dispatch systern 310 to coordinate the deployment of UAVS o vanious
target Jocations, The congral dispatch system 310 sy be further configered to soute sach
requests o instractioms 10 ong of more local dispatcl svstenss 3120 To provide such
functiomality, the contral dispatch system 310 may conwnunicate with the acoess systom 302
vig a data network, such as the Internet or g private network that is established for
communications betwesn access systems and awtomated dispateh systems.

HEH U In the illestrated configuration, the central dispatch svstemy 310 muy be
contigured to coordinate the dispatch of UAVY 304 fromn a number of different tocal dispatch
svstems 3120 As xuch, the central dispatch systerm 310 may keep track of which UAVs 304
gre-located at which local dispatch systems 312, which UAVs 304 are currently available for
deployment, andior which serviees ov operations each of the UAVs 304 fsconfipured fiw {in
the event that a AV fleet includes multiple tvpes of UAVs configured for different services
andior operations). Additionally or alternatively, each local dispatel system 312 may be
configured to track which of its axsociated VAV 304 are currently available for deploviment
andfor ave currently m the midst of ey transport.

{06158] in some cases, when the central dispateh aystem 31 recetves a request for
UAVaelated service (g, transport of an tom) from the access system 302, the cdentral
dispateh system 310 may select a specific UAV 304 to dispateh. The central dispateh svsteny
310 may accordingly fnstruct the local dispatch system 312 that 18 sssociated with the
sefectod LAY {o dispatcly the selected UAV. The local dispatch system 312 may then operate
ity assoctated deploviment system 314 1o lavneh the selected UAV. In other cases, the central
dispatch systerm 310 may forward & reguest for a UAVrelated service 1o a logal dispateh
system 312 that is near the focation where the support is requested and leave the selection of
a particuelar DAY 304 o the local dispateh systems 312,

{60106} fn an example configuration, the loval dispaich system 312 may be
implemented as a computing systers at the same location as the deployment system{s) 314
that ¥ controbls.  For example, the local dispaich system 312 tony be bmplemented by &
opypating systern atalled at @ building, such ay 2 warehouse, whare the deplovment
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systomisy 314 and BAVEY 304 that are associated with the particular local dispatch system
312 arg also loeated. v other embodiments, the local dispateh system 312 may be
wnplemenied at & location that is romete to By associated deployment systeny(s) 314 and
UAV{gy 304,

{66187] Numerous variations on and altematives to the illestrated configuration of the
VAV system 300 are possible.  For example, in some embodiments, a sser of the remote
device 306 can request delivery of a package directly fronn the central dispateh system 3100
To do so, awapplication may-be implemented on (e rermote device 306 that allows the wsy
o provide information regarding o reguested delivery, and generate and send a dats message
to reguest that the UAY system 300 provide the delivery. In such an embodiment, the central
dispateh system 310 may inclade automated functionslity o handle requests that are
generated by sach an apphication, evalpate such requests; and, iF appropriate, coordinate with
an approprinte local dispatch system 312 to deploy a UAY,

{06108} Purther, some or all of the functionality that 1s attributed herein to the central
dispatch systems 319, the local dispatel system{s} 312, the access gystem 302, andfor the
depdoyment systemds) 314 may be combined dn g sivgle system, implemented in & mors
complex system {28, having more layers of control), andion redistributed smong the central
dispatch system 310, the local dispateh system(s) 312, the access svstem 302, aniior the
deploviment system(s) 314 in variony ways.

U R Yet further, while each logal dispatch system 32 15 shows as having two
susocisted deplovment systerms 314, a given local dispatch systemn 313 may alternatively have
more of fewer associated deplovment syatesss 3140 Stmtlasly, while the centval dispaich
systerm 314 s shown as baing i comprasication with two loval dispatch sestems 312, the
central dispatch systerm 310 may alternatively be in conununication with more or fewer local
digpatch systems 312,

{80118} In a fusther aspect, the deployiment systemss 314 may fake various forms. In
some implementations, some or alf of the deployment systems 314 may be § structure or
systom that passively Tacthitates 8 DAY aking off from g resting positiom o begin a fhight.
For example, sone or all of the deployment syatems 314 may take the form of 2 lending pad,
a hangar, endior & tumway, amobe other posaibilities.  As such, 3 given deployiment system
314 may be arvanged to facinate deployviment of are UAY 304 at g time, or depleyment of
multiple UAVs {eg, a landing pad lavge enough to be stilized by owliple UAVs
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HULSE S Additionally or alternatively, some or all of deployment systems 314 may wke
the formy of or include systems for actively launching ene or more of the T1AVs 304, Such
funch systems may include features that provide for sn sutomated UAV laonch sodior
features that allow for @ huwan-assisted UAY lawach. Further, a given deploviment system
214 may be configured to daonch one particular UAY 304, or tis launch multiple UAV 304
HE R 9 Note that deployment systems 314 may also be confimmed to passively
facilitate andior actively assist a8 UAV when landing, For example, the same landing pad can
be used for teke-off and landing.  Additionally o asliernatively, a deployment system cap
inchude 3 robotic arm operable o receive an incoming UAV. A deplovment system 314 can
also include other structures andfor systenms to assist guddor facilttate UAV landing processes.
Further, structures andfor systems 1o assist andior facilitate UAV landing processes may be
implemented ax separate structures sndfor systems, 50 fong as UAVS can nove or be moved
froun a landing structuce or svstens 1o & deplovment system 314 for redeplovment.

{06113 The deployment systems 314 may further be configured 10 provide additional
fungtions, including for otample, dingnosticrelated Rmotions such as vertfying system
fonctionality of the LAY vertiving fonetionality of devices that are housed within a UAY
{e.g., a payioad delivery apparatus), andfor maintaining devices ot other ftems that sre housed
i the UAY {e.g., by monitoring a states of a payvload such asits temgerature, waight, etc.).
HEG LS In some embodiments, local dispatch systems 312 {glong with their respective
deplovment systenys) 314 may be strategivally distributed throvghout an aves such as a iy,
For example, local dispatch systems 312 may be strategically distributed such that cach local
dispatch systens 312 & proxhmate o one or miore payload pickup locations (e.g., near 2
restanrad, store, ot warchowss). However, the loval dispateh systams 312 miay be distribuled
m other wayy, depending upon the particular implementation.

{uaiisg Ag an additional example, kiosks that sllow users to fransport packages vig
UAN s may be matalled v various focations. Such kiosks may melude AV Lumnch systems)
snd may alfow a user o provide their package for loading onte 3 UAV and pay fir UAY
shipping services, among other possibifities. Other examples are also possible

{6116} in 2 furtheraspect; the VAV systern 300 may include or have acoess to a user-
account database 36 The user-acctunt databsse 310 may include data for & noswber of usey
avcownty, and which dre each associated with one or more person. For a given user account,
the user-account database 316 may include data related to or wselul in providing UAV-related
services, Typically, the user daty associated with each user account is optionally provided by
an assoctated yeer andlor is collected with the assoviated usst's premission.
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{06117} Further, in some embodiments, a person may be required 1o register for g wser
avcount with the UAV system 3003 they wish 10 be provided with UAV-related services by
the AVS 304 from UAV system 300, As such, the user-account database 316 may include

authorization information for a given user account {e.g., & user name and password), anddor

sther information that may be used 1o authonze aocess oa user account.

UGB R In some embodiments, & person may associgte one o move of their devices
with thewr user account, such that they can sceess the services of LAY system 300, For
example, when & persor uses an associated mwbile phone fo, eg, place a call 1o an operator
of the gocess system 302 of sond 8 message reguesting & UAV-redared service fo a dispaich
systeny, the phone may be identified via 8 anique device wWdentification mumber, and the call ov
message may then be attributed to the associated wser gcoount.  Other examples are also
possible.

HUE R R Additionally ov alternatively, an item provider that wishes to deliver their
products using VAV transport services provided by an ATSP o deliver, can register for an
ftem~-provider account with the UAY system 300, As such, the user-account database 316
may include authortzation information for a given Remeprovider scoount {eg., one or more
user name and passwird combinations), andior other information that may be used 1o
authorize pecess fo g given Nenvprovider account.  Alematively, data for temeprovider
accounts may be kept in a separate database from recipient wser aceounts.  Other data
structures and storage confipurations for storing such account data ave also possible.

¥, LAY Transport Services with Separately Located Hem Providers and UAY
Hubs

{08128 As neted above, an ATSP may be o separate sntity from the entity or entities
that provide the Hems being transported andior interface with the recipients whe request
delivery of these items. For example, & company that operates & feet of HAVs conBigured
fon' e deltvery may provide delivery services for thirdeparty entitigs, such as rostaurants)
clothing stores, grocery stowes, snd other “brick and mortar™ andor onding rétailers, among
other possibilities.  These third-party entities may have accounts with the UAV transpot
service provider, via which the thivd-parties can request and/or purchase UAV transport
services from the transport servies mrovider. Farther, the third-party entities can interface
with recipients {e.g., customers) directly, or through computing systems (2.2, applications
andior server systems) provided by the UAV travsport service provider.

{121 Figure 4 ix a block dlagram showing g exavople srrangement for an aerial

wranspont provider control system 402, which coordinates UAV wansport services for a

o
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plurality of Bem providers that wre docated: remotely from the service provider”s dispaich
focations, and served by g pluralibe of UAY hubs at varions locations.  As shown, an aerial
transport ssrvice provider {ATSP) 402 may be conununicatively coupled to UAY nests 404g
to 404d, and communicatively coupled o ltem-provider computing systems 486z o 406d.
Sueh conunamcative couplings may be mplomented using various tvpes of wired andior
wircless communication protocols and networks.

{06122} Bach UAV pest 404a 1o 404d iz a factlity where UAVs can be stored for at
feast o short pertod of dme, and from whoch UAVs can begin carrying out 8 UAY transport
task {e.g., where UAVSs can take off), In some tinplomentations, same ow all of UAV nests
4048 10 404d way take the form of a local dispatch system and one or wore deployment
systens, such as those desertbed i reference 1o Figure 3 above, Of course, some or all LAV
nests 404a to 404d can alse take other forms andfor perform different functions,

{06123 Rach uem~provider computing system 4063 10 40604 may be associated with a
different iteovprovider sceount. As such, a given ftem-provider computing systent 406a to
406d may clade one or wmore computing devices that are anthorived o access the
corresponding tem-provider aceount with ATSP 402, Further, ATSP 402 may store data for
sten-provider avcounts iy an uene-provider avoount database 407

{01244 In practice, & given ttem-provider computing system 406a to 406d way include
OGNS OF R remote computing devices {eg, sweh as one or more remole devices 306
deseribed i reference to Figure 3), which have logged i & or otherwise been anthorized o
goecess the same Hom-provider account {e.g., cell phones, laptops, andfor computing deviees
of a businesy’s emplovees)y.  Additionally or shernatively, an ftemprovider comypnsting
system H36a to 406d iy be wnplemented with less of an ad-hoc approach; e.g. with e o
more dedicated user-interface terminals instalied at the {tom provider™s facilities. Other types
of item-provider computing systems are also possible,

{B128] In order to provide UAV transport services {o various emy providers i an
gificient and flexible munper, 8 UAY transport service provider 402 may dvnamizally assign
different UAVS 10 transport tasks for different em providers based on demand andior other
factors, rather than permanently assigning cach UAV 1o a particular Ber provider. As suely
the pattiondar UAY or UAVs that carry oul frangport tasks Tt a given thivd-parnty. femy
provider may vary ovir thne.

{0126] The dynapic assigament of UAVs o fights for g manber of dilferent ttem
providers can belp a VAV transport service provider to more efficiently stibize a group of
UAVS {eg. by reducing unpecessary UAVY dewvatime), as compared fo an artangement
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where specific YAV S drd permanently assionsd 10 speoific Jtem providers. Moo specifieally,
0 dynamically assign UAVS to transport requests fom third-party item providers, the UAV
transport service provider 402 can dynamically redistribyte LA Vs amongst o nuwnber of TAV

deployment Iocations (which may be referred toas e, “hubs” or “nesta™) through a service

srea, according o thne-varying levels of demand at various focations or sub-arsas within the
SeTVIRE area.

e el With such an svrangement, 8 defivery Hight may fwvolve the additional fhight
feg oy fy from the UAY hab to the Bompeprovider™s location 1o pick wpy the itom or Boms for
tansport, before flying to the delivery location, as compared fo an arangenent whers
delivery UA Vs are stationed st the source location for Heras {such as g distnibutor or retailer
warchouse ot a restaurant). While the fhight leg between the UAV hub and a pickup location
hay associated costs, these costs can be offset by more efficient wse of sach UAV (e, more
flights, and less unnecessary pround time, in a given perfod of time}, which in turn can allow
for g lesser number of UAVSs to be wtitized o & given number of transport tasks,

¥i.  Deployment of Operational Infrastructure

{06128} I aceordance with the present disclosure, 4 UAY can be arvanged @ deploy
operational inffastractons. Generally, operationg! mfrasipuciure miay be any strusturs, device,
or equipment that can be deploved in order 1o enable charging of a UAV's battery, In
particular, operational infhastructure can be ong or more parts of 4 ground charging system
that i configured to charge batteries of one or more UAVs, Additionally or alternatively,
aperational foftastructure can beran entive charging svatern, In some woplementations, the
present disclosure may extend o operational infrastructiure being sy struchae, device, or
equipment that can be deploved n order to establish a short-term or long-termn storage space,
such as for storing or housing 3 UAY, one or move parts of a charging systeny, andior
transport emy(s), among others.

{B0129] In practive, a HAY van deploy operativcnal infrastroctors in various ways, In
one example, a UAV can cmry out & iethered piokup sndior delivery of operational
infrastructure,  In snothér example, operational infrastructure tan be attached to 8 top,
bottom, andfor side portion of & UAY (o, without wse of o tethar), so that the UAV oan
fransport the attached opérationa] infravinicture. fn yet atothey exXample, opevational
ndrastructure can be housed within an imterior compartment of the UAVY, so that the UAV
can transport the operational infrastruciure.  Other examples are also possible.

{30136 Figure SA next lhustrates wan adaptable charging systern SO0 nchading

opergtional infrastruciure that is deployable by a UAY. Specifically, the systern 300 includes
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aoanivirsal powdr interface 302 having a power cable 504, and also inclades a charging
mterface 306a.

{68131 Ax an initial nuwtter, the universal power interface 502 can be instslled (e,
attached o or stherwise placed) on any feasible structure, such as a roof of 2 house, ad
showa, other toofs, or eher pormanent or seni-pormsnent structures.  As part of the process
of installing the universal power mterface 502, the power cable 304 can be conngeted to a
powet supply divectly or via another device, such as a power socket for instance, 5o that the
aiversal power terface 302 can receive electocal power from the power supply via the
power cable 304, In practice, mstallation of the universal power interface 502 can be carried
out by an individual, such as a technician for examyple.

{08132 Additionally, charging mterface 5062 can be arranged to transfer electiical
pewwer to 8 battery of 8 UAV. o pacticadar, charging interface 5063 may include a receplacle
S%a having o shape (22, a cone andéor pyramid shape) that substantisily vomplerments &
shape of the universsl power interface S02, thereby providing for coupling of the charging
mterface 36a to the waiversal power interface 302, Coupling of the charging imterface 306a
o the universal power interface 302 may enable transfer of electrical power to the charging
nterface 306, for example, ustng elestrical equipment in the recepiacte 508 configured 1o
receive such power fron the universal power interface 502, In turn, this electrivsl power can
then be further transforred from the chargiog foterface 506a o 3 battery of a VAV that has
fandded on ov neardy the charging interface 506a. and sueh transfer can be carrled ont via a
wired or a wireless power connection for instance.

{68133} Furthermore, charging interface S06a can be coupled to andior removed from
the wniversal power iterfacy SO2 i variony ways. For example, the chargmng interfice 3063
can include a hook $19a onto which a tether of a UAV can couple. Hook 510a may allow the
VAV 1o pick ap the charging interface 506a, aevially tronsport the charging interface 508,
drop the charging indertace 506 ontothe wiversal power interface 302, andfor ramove the
charging interfice 3063 frivm the universal powsr interface 502, among tther options, Qther
examples are also possible.

{06134 Figare 5B sext sHustrates another charging terface 506b that can be
deployed onto the same universal power interface 302,

{00135] As an inthal matter, 2 next generstion charging interface 306b nay be similar
to the charging interface S06a W various ways. For example, the charging interface 306b
may also nclade 8 receptacie SO8h having o shape {e.g, 2 cone andfor pyrienid shape) that
substantially complements a shape of the universal power interface 502, therehy providing
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for coupling of the charwiny interfhed S06a 10 the antversal power intérface 2. b anothe
exanple, the charging wterface 506b may also mclude 2 hook S10b onto which a tetherof g
LAY can conple.  In yet another example, the charging interface 508b may also mclude
equipment that provide for transfer of electrical power o the universal power interface 362
o3 battery of a UAY.

{86136} However, the next generation charging wnterfice 506b can glso be different
from the charging interface 506a in various ways. For example, charging imterface 306b can
have a weight, shape, andfor size that are different frow that of the charping interface 506a.
For instance, charging mterface 306k can have a weight that i3 lesser than a weight of
charging interface 506a. Tn ancther example, the charging interface S06b can usea difforent
approach for transferring electrical power to & battery of a UAV. For instanee, the charging
interface 5068 may be configured to transfer electrical power to 8 battery of a UAV wsinr a
wired connection. Whereas, the charging interface 306b may be configured to wirglessly
ransfer elecirical power to a battery of a UAV. Other examples are also possible,

{08137} Accordingly, the above-described arrangement of the adaptable charging
system SO0 can be advantagenus for varous reasons, For example, sach gn sarrangement can
altow for deployment in & peograplie sreg of 3 plurality of charging insterfuces by one o
more UAVS it a seltscaling manner and without the agsistance of ap individasl. In another
exarple, such an arrangement can allow for removad of 3 giver charging interface, so that the
ziven charging iterface can undergo maintenancs amléor be replaced by another charging
tnterfage, sach as by s squivalent charging wterface or by 8 “next generation”™ charging
iterface. Other examples ave also possible,

{00138} Figure 6 next iHustrates @ solay charging system 8GO mcloding operational
infrastructure that is deployable by a VAV, More specifically, the system 600 includes g
sofar panel 602, such as any carrently gvaileble or fuhwre-developed solar pavel that i
configured o convert sunhight inte elecirical power,  Additiomally, e system 600 sy
include an energy storage dovice 604 configured to stors electrical power generated by the
solar pansl 602, such gs for the purpose of delivering that stored electnical power to s UAV &t
any feasible gme (og., nighttime, other times where solag panel 602 his howted or no UV
exposured. Further, the svstemn 600 may include o charge pad 6036 that wav have electridal
equipment configured to tansfer electrical power from the solar panel 602 andior the evergy
storage device 604 w0 a battery of a UAV that has landed on or nearby the charge pad 806,

and such fransfer can be carried out via a wived or 8 wiveless power comnection for instance.
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{08139 Moreover, the solar charging system 600 van be wrranged for deplovment by a
LAV As an mitial matier, the svstem 600 can be relatively hphtweight, such as by having a
weight that is fesser than a welght of a UAV arranged or otherwise designated 1o transport the
systeny 600, Additionally, the systeny 600 can include a Book 808 ot which a tether of a
UAY can couple. And this hook 608 may allow the AV to plek up the system 600, aerially
transport the system 600, drop off the systom 600 at a given Tovation {8.¢., a roof of a house),
gudfor remove the system 500 from the given location, among other options. Other examples
and iHuswrations arg a}so possible,

RHUE ] i some cases, a next generation solar charging systim {not shovwit) can ba
developed, The next generation solar charging system may be similar o the solar charging
systern 600 W various ways. For exanple, the next generation solar charging system gy
abio include a solar pangd, an enerpy storage device, and 8 charge pad. However, the next
zeneration sofar charging system can also be different from the solar charging system 600 tn
various wavs. For exgmple, the next generation solar charging systom can bave a weight,
shape, andfor size that ave diffevent from that of the solar charging system 600, For nstance,
the next generation solar charging svstem can have a1 weight that is lesser than g weight of
solar plareing svstem 600, Other examples wre alse possible

HENESH Accordingly, any existing operations! infrastructare that is deployable by s
UAY in accordance with the present disclosure could be updated over Hime throagh
developnent of a noxt generation operational infrastructure that v also deployabde by a UAV.
The next gencration operations! infrastruchure can be different from the existing operational
imfrastructure 0 any feasible manper, such & dn any of the ways described hereln, fr
stance. As such, by way of siample, existing operational infrastructore can be replaced at
any feasible time by other operational infrastructors, such as by equivalent operational

infrastructure of by a “next generation” operational infrastrocture. Other examples are also

possible.

YIL Betermining Operational Location(s} for UAVS)

{6142 Gensrally, an operational Togation may be a location within g geographic arsa
3 P : gongrag

at which operational infrastructove can be deployed. For example, an operational location
may be g location at which 3 UAV pest {e.g., UAV nest 404a) has been sot up ov will be set
up. Additionally or alternatively, an operational location may be a location other than o
focation of 2 LAYV west, such as 2 roof of a house, o other building ov structure, in the
geographic area, among other options.  In either case, an operational location can bea
focation at which & UAV can charge the UAV vhattery after opergtional Infrastrusturs has
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been deploved. dnd perhaps also doe Fon which a UAY can carry out 8 UAV transport task,
which may nclude pickap of an Hem at an iten-source location {can also be refired to
herein 85 a pickup location) and subsequent delivery of the tem at a delivery Tocation,
jof143] In accordancs with the present disclosure, a controd systém {eg., ATSP 400
can determine oneor muwe operational focalions i vanous ways.

UL E S In e exgmple, the operstional locations csn be locations that have been
pormitied for use as operational Jocations. In particelar, the control system can determine a
phaality of authorized locstions-at which respactive deplovinent of operational tnfrastroctore
s porntitted. When the contrsl system determings operational focation(s}, the control system
may determine the operational location(s) based on cach operational location belng ane of the
determined authortzed locations.

{H0145] In another example, the control system may determune operational focation(s)
in gccondance with respective fight ranges of UAV(S)  In particular, the control system can
determine a flight range respectively of one or move UAVS from a group, and can then
determine the operational focation(s} based on the determined fight rmupels). For instance,
the control system can determine an operational location for o UAV, so that 2 distancs
betwesn 3 source location of the VAV, which is further deseribed horein, and the operational
focation is less than a determined flight range of the VAV, In another instance, the control
systent can determine an operational location for a UAV, s thal 2 round wip distance
between the epersticaial location and a common iem pickupidelvery locatiom {e.g., o third-
party entity) 18 fesy than a deternuned flight ronge of the UAV.  As sach, consideration of a
VAV s flight range when determining an operational location for a UAV can possibly allow
the UAV to camry ouf an ew wansport fask from the operational focation without iy
depleting the LAY s battery.

HEGE LY In vel another example, the control system may determine operstional
focation{sy v accordance with demand for aerial rausport services of @ group of UAVs i a
peographic arca,  In particular, the control systemt can determing current amstior expresed
demand for the gerial transport services, and can do so in various wayvs, For iostance, the
control sysiem can determine or estimate demand in vartous sub aress of the geographic area
based ot locationy of third-purty eptitios that have aceonnts with a UAVY transport servics
provider, hased on population density at those suby aress, hased on hustorical informstion
represenfative of previous item transport tasks carried out by UAVs, asdior based on
reguested and vet to be completed itern transport tasks, awong other options.  Once the
pontrol system determives demand for the serial transport services, the control system may

~
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than defermine operattonal tocation{s) that would enable 2 growp of LAV to meet that
determined demand.

HESE o fin this regard, determingtion of operational focation based on dentand can
avcur dvnamically, so that operational fnfrastructure can be dynamically vedaploved from sub
sreafs) having relatively fow demand 1o sub area(sy that bave relatively ugh demand.
Consequently, aerial transpornt services can be provided in aself-scaling manner and without
under-utifization of operational infrastructure.

{00148} Ascordingly, when the control sestem detormines operational. locationds), the
conirol system van do so based on one or more of the deseribed factors, antong others. And
the controd system can be configured o use machine learmng or other fechnigues o improve
over time the approach for deternining operational focation(s).

{08149 By wayv of example, after certain operational location{s) arg determined and
VIAV(3) carry out transport task(s) from these operational kocationds), the control system can
determine performance of those operational fovation(s), such as hased on time andfor energy
spent by UAV(s) 1o pick up andfor deliver item{s) when operating from these operational
locationds), amony other options,  And this determined performance can b fed back as
frataing data o & machine learning process, so that the machine learaing provess can hilp
determine improved operational locstions 1 the future, such as those that gllow UAVSY o
apend less time andfor energy o pick up andior deliver ftemis). Other exampley are also
passible.

{06158y Furthermore, 1 some cases, cach operational locstion fv-a geographic area
may respectively have anassociated sob atea of the geographic aven. Forinstance, this may
be the case i an operational focation is 3 Jocation of 8 UAY nest in Bre with the discussion
above.

{06151} Inn particular, & given operational tocation may be one from which one or more
UANy of & growpy tuay provide acrial travspt services i g sub avea of the geographic area at
st Such a sub arca can be defined in various ways and can take on any feasible shape and
form. By way of example, a given sub ares nay include & plurality of locations in the
geographic area that are each respectively within o theeshold distance away from the given
operational location. In practive, this threshold distance can be, for mstance, half of o flight
range of 8 LAV thay provides asrisl franspornt services fram the given operational location,
wihich can possibly allow at least that UAV o carry out an o trangport task 1o the given
suby ares from the given operational location without fully depleting the LAV s battery. In
this manngr, UAVS) can be assizned to an operational location, so that these UAV(s) are
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dedicated {o carry out Gansport - tisky inthe 3ab arey for ot teast some time periods Other
examples are also possible.

EH R BR e Yot further, iy some cases, UAVES) may fiy from a source location
respectively to thelr assigned operational location(s). For instance, a group of UAVs may
witlafly be g soures Mructure that bas been tomporanty o poomanently placed w the
grographic ares 8t g select source location. By way of example, the source structure may be
8 comtaiver configured to house the group of UAVs snd perhaps alse operational
mfrastructyre, among vther options,  And this container may be teraporarily or permanently
placed ez, afler being tansported by a truck} at o substantially central location in the
gengraphic area, which may be considered gs the source location at issue. In other exgmples,
the source structure may be a distributor or retatler warehouse o a restaurant, among various
pther opticns.

{06133 I any case; as further discussed herein, ove or more UAV(s) of the group can
eacht respectively fly from a source location to an assigned operabional location at various
tiwes. For example, in ling with the present disclosure, g given DAV can fly from the source
location to iy assigned operational lotation @ part of an Infrastncture deploviment task that
alse wehudes wstalintion of operationad infrastructure at the assigned operational location by
the given LAY, In another example, n be with the present disclosure, a given UAV can fly
from the source Jocation 1o is assigned operational lovation after operational trastructure
has already besn installed at the assigned operatinnal neation by that given UAV or by
another UAV.  Other examples sre possible as well.

{68154} Figore 7 next illustrates a vepresentative geceraphic area 700 at which a group
of TTAVY cay provide acrial tragsport services. A shown, the geographne area 700 inchades a
sourcs ocatton 702 that servies as 2 location frony which oo or mwe UA Vs of the group
respectively fly to operational locations 704a 10 7i4d. In some examples, sowree location 702
may be substantially centrally kated. Moreover, each of the operational Tocations 704a to
7T04d respectively have associated sub arcas 7006a to 7064, so that UAVIS) at a given one of
the operational location {e.g., operational location 704a) can be at feast temporanty dedicated

g, subearen 7068y Other

Lo

to carrying ont aerisl transport tasks at the associated sub ares (e
Hlustrations sre possible as well

Vi Bleeof HAV{S) Dedicated to Deployment of Operational Infrastructure

{I0155] Figure 8 i3 a flowchart ilustrating a method 800, which refates o using a

UAY dedicated to deployment of operstional mfrastructure,

)
b



WO 2019/126263 PCT/US2018/066392

{08156} Method 800 shown i Floure 8 {atd other processes-and methods disclosed
herein) presents a method that can be poplemented within an arrangement involving, for
cxample, any of the svstems shown in Figures 1A 10 6 {or more parivularly by ong or more
components of subsystemns thereof, such as by a processor and 2 nop-transitory computer-
readable medion baving istructions that ave execotadle 0 cause the device o perfonm
tunctions described herein), smong other possible systems.

{6157} ethod 800 and other processes and methods disclosed herein may welude
o O mere aperations: fanctions, oractions, as ittestrated by one o more of blocks 802-806
for instance.  Although blocks are ilfestrated in sequential order, these blocks may also be
performed o parstlel, sadior inoa different ovder than those desertbed herein, Also, the
varfous Bocks may be combined into fower blocks, divided mte sdditional blocks, audfor
remwrved based upon the destred implementation.

{06138} In addition, for the method 2800 and other processes and methods disclosed
herein, the flowehan shows functionality and operation of one possible implementation of the
present disclosere. Tn this regard, each block may represent & modile, 8 segment, or a portion
of program code, which inclodes ongor more instructions sxecutable by a processor fiw
mplementing spenific logival functioms o steps in the process. The prograny eode may be
stored on any type of computer readable medinn, for example, such as a storage device
inclading a disk or hard drive. The computer readable medivm way inclade non-transitory
comyputer readable medium, for example. such ay computer-readable madia that stoves data
for short penteds of time like registor memory, provessor cache and Bandom &ccess Memory
(RAM). The conpuier readable mediwn may also include non-irapstiory media, sueh as
secondaty or persistent-fong tertiv storage, tike read only memory {(ROM), optical or magnetic
disks, compact-disc read only memory {CD-ROMY, for sxampls. The computer readable
media may also be any other volatile or notevolatile storage systems. The computer readable
medinm may be considered 8 computer readable storage medium, for example, or a tangible
storage device. In addifion, for the method 880 and othor processes and methods disclosed
heretn, each block in Figtre § may represent circutry that 1y wired to perform the specitic
logical fanctions iy the process.

{66159 At block 302, method SO0 may lnvolve determining, by a control systen, an
operational fovation at which to deploy operational infrastructure.

{601 66] Ag an fmtial moatter. the control system ot issue may be onbosrd a LAV
andfor may be an external controbsesiem that transmits nstructions to UAVE) (eg, ATSP
421, apong other optivns.  Additionstly, the control svstenm can use any of the teohniques
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deseribed bersin fo determine the operational location at which o deploy operational
wirastrocture. And as discussed, deployment of operational nfrastructurg may enable
charging of a battery of one or more UAVs from a group of UAVs.

{68161} In practice, the group of VAV may be any group that includes af least some
UAVs capable of carrpig oul transport tasks thatl invebee travapert of Hamis), T one case,
the group of UAVs may helong o an entity that provides ttlems to be ransported by ong or
more UAVs of the group antVor that interfaces with the recipients who reguest delivery of
these dtems.  In ancther case, the group of UAVS may belong to a UAV transport servics
provider; which may be a separate entity from the entity that pravides the sems being
transporied andéor that interfaces with the recipients who request delivery of these Hews.
COther cases are also possible.

jf0162] In any case, the group at ssue way include at feast () a first UAY of a fisst
type that is arranged o deploy operational infrastructure and () 8 second UAV of a serond
type that is arranged to carry out tasks other than deployment of operational infrastructure.
{06163 in the context of method 800, the first type of AV may inclnde features that
enable a LAV of the first type to depliy operational infrastrocture at operational focation(s)
within g geographic area.  And the second type of UAY sy fnclade features that enable ¢
UAY of the second type to cary out twsks other than deployment of operational
infrastrocture, such as fransport tasks that juclude pickup and delivery of #ams other than
operational infrastructure,

{e8164] For example, s VAV of the first type may foclude 4 tether system having a
motor that s configured o operate af parameters (o8, apply torgue(s), force(s), andfor motor
spesd{s)) that enable the tether system to Bt operational fnfrastructure ofF the wround andior
lower operational infrastructure to the ground. Whergas, a UAV of the sceond type may
mnclude a tether system having & motor that is configured 1o operate at parameters that enable
the tether svstam to B andfor lower pavioad(sY having 3 weight up to a parbicular 'weight,
which may be o weight that 15 lesser thisy 2 weighs of the operationsl infrasiructure (o8, a
weipht of charging interface 506a gudfor a weight of solar charging system 600). In practice,
thng particolar weight can be a weight that meets regulations for UAVS pernaitted to carry out
fransport tasks, such oy repulations set by the Federal Aviation Admindstration (FAAS, for
mstance.

{0165] I smother exaople, & UAV of the first typeomay inchude a propolsion unit that
enables the VAV to transport the operational mfrastructure at issue. Whereas, a AV of the
second type may include a propulsion unit that cnables the UAYV 1o transport payload(s}
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having a weight upto-9 pasticilas weight, which, bere again, sy be o weipht that 1 esser
than a weight of the operational infrastructure,

HER RSS! fin et another example, a UAY of the fivst tvpe may include s franspont
systeny, such as a tether system for instance, that enables the UAV o transport payload(s)
having a size up to a fisst size. Thiy fivst size way be greater thay a size of the operational
anfrastruciure at issue {e.g., 8 sizeof charging interface 506a), thereby altowing the VAV of
the first type to transport this operational infrastructure. Whereas, a UAV of the sccond type
may inclode o transport systeny, such ay an-internsl compartment foy instanee, that epables the
VAV to-transport payiosdis)y having g sizg up 1o a scoond size, which may be lesser than o
size of the operational nfrastruciure at issue, thereby preventing the UAY of the second fype
from rransporting this operational infrastruchure. Various other examples are also possible.
jt1e7] At block 804, method 800 may involve causing, by the control system, the
first LAV @ deploy operational infrasttuctine at the operational location,

{06168} Onee the oontrol system determines one of more operations! locations, the
control system may atract one or more UAVS of the fist type (e.g, the first VAV to each
reapeotively carry vut an infrastrocture deploviment task. This inhastruchre deplovment task
may wichude s flight to a determined opertinnal focation, such as from a source focation in
ine with the discussion shove  Also, the Wfrastructure deployment task may include
instailation of pperational infrastracture at the determined operational focation,

HEB Y Generally, & UAY of the first type can be instructed © canty cul an
tnfrastructure Jeplovment tayk ot one or more of varions possible times.

{06174 in onecase; the control aystem can instract & LAY of the first type to deploy
operational inftastrycture 3l & defessaned operational location before 3 UAY of the sscond
type has arrived at this opsrational focation andior bogan carrving out transport tasks from
this operational location. For exmnple, an ATSE s first mission each day can involyve causing
asue o more UAVY of the first type to deploy operational infrasiructore & one f noge
operstional ocplions iy geopraphic ares.

{08171} In another case, however, the confrol system can instruet g VAV of the first
type to deploy operational infrastructure at a determined operational Tocation after a UAV of
the second type has arrived at dus operational focation andior bogan carrving out franspont
tasks froin this operational location.  For example, while an ATSEP s providing serial
trausport services tn a geographic area, the ATSE may deternune that a particudar sub area of
seographic areas has an wsuificient manber of charging terfaces fe.g., based on demand in

the particular sub ares), and wry responsively instract one of tuwe LAY of the fivst type o
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deploy several charging interfaces at several operational locations in the pacticudar sub areg,
s0-a% 1o increase the number of charging interfaces in the sub area o a sufficient mumnber.
Other cases and examples gre also possible

{68172} Figures 8A o 98 neoit tHustvate deploviment of operational infrastructure fn the
geographiv ared 700 by a UAV 900 of the first fype.

{60173 In particelar, as shown in Figure 94, the UAV 900 may fly from the sooree
locstion 703 to the operational location 704 and, in doing so, may transport operational
mfrastructre, such sy charging intseface 506 for example.  And as shows in Fligee 88,
once the UAVY 900 arrives at the operationad focation 704b {e.g., a ronf of & particular house),
the LAV 900 may deploy the charging interfice 5062 onto the wversal power interface 502,
a6 that the chavging interface 306a couples to the universal power inderface 502 1o hine with
the discassion above,

{0174} T dose, the UAY 900 may kywer 3 tether of the WAV 900 that is coupled to
the hook 510a of the Charging interface 306z, 50 as to cause the charging mterface 5064 to
fower towards the universal power interface 582 while the UAY S0 hovers substantially
above universal power iterface 3020 And once the that the charging tnterface 5063 Couples
o she wnitversuyl power inteeface 502 {n Bue with the discussion sbove, the UAY S0 wmay
cause the tether to decouple from the hook Sida of the charging interface 506a, thereby

completing deployment of the charging interface S8 at the operational focaiion 704b (oot

shown). (iher iHustrations are also pussilile.
{08175 At block 806, wmethod 800 may dnvoles ciusing, by the control svsteny, the

second UAY to charge a batlery of the second UAY wsing the operational wifrastructure
deployed by the fivst UAV af the operational location,

{00176} Onee operational infrastructure bas been deplovest at one or more operational
focations 8 geographic area, the contrel svsiem may instruct one or more UAVs of the
second fype (e, the second UAV)Y to each respectively use the deploved operational
asftustructure 10 charge thelr vespeotive battertes. For example, the control system may
instroct the second UAV of the second type to charge a batiery of the second UAV osing the
operational infrastractore deploved by the first UAV at the determined operations] location.
Additionally, the control systern may instruct anotiier UAV of the second type to charge its
battery using operational infrastrocture deploved by the first UAY or by another UAV of the
first type at a different operational location, and 0 on.

{817 Generally, a UAV of the second type can be instructed to charge its battery at
one of mors of vavious possible times. For example, following the above-described first
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migston, s ATRP'S second mission cach day can involve cansing one or more HAVs of the
secand type to respectively flv 1o thetr assigned operational focations, and to then charge their
respective. batteries. using operational infrastrocturg that has heen respectively deploved at
those assigned operational locations. In another example, 2 UAV of the second type can be
mstructed to chargs it battery vy any asnseded basis, such as when the control system
determines that a battery lovel is holow g throshold battery lTevel, for instance.  Qther
examples are also possible.

{06178} Moreaver, 1 bane with the discassion above, a UAV of the second type can
carey out transport task from an operational location at which operationad infrastructure has
beea deploved or is o be deployed. For instance, the control system can recetve g request for
a transport task that has an associated ftem-source Tocation {e.g., 8 pickup location at which
an itesn should be picked up). And the control systemt can determine that the Hem-source
focstion corresponds to the aperational locatim at which the second UAY of the second type
has been instructed to charge its battery.  For example, the control system can do 50 by
determining that the dfem-sotrce location ¥ i g sub areg that & asssoclated with the
operational location al jssue-in Hne with the discassion above: Inany case, onde the eontrol
sveter deternuhes that the dens-source focation corresponuds o the operational focation at
ssae, the control system may cause the second UAV 1o perform the requested transpont task,
such by at {east instructing the second UAV to pick up the tem at the item-souree lotation,
and possibly also mstructing the second UAY to dulbver the temr at g delivery location
susociated with the request.

{66179} Figores 39U fo 9D pext ifhairate a AV M8 of the second type on a mission
that mchodes charging its battery ol the ‘operationad tocation THh. I particulay, as shownin
Figure 9C, the UAY 302 may cmry out a flight from the sowrce location 702 to the
operational location 704b, which can he the UAV 902°s first fhight on g given day fw
sxample; Onee the AV 902 arrives af the operational focation 704b, the TUAV 902 may
charge 8 battery of the UAY 902 using operationsd infrastructure that has been deploved by
UAY 900 at the operationsd Incation 704b, For example, ax shown in Figure 8D, the UAY
903 may kd on the charging nterface 506a that has been by LAV 800 at the operational
location 704h, and may then reosive electrcal power from the charging wterface 308a, 30 8
o charpe the battery. Moreover, after the UAY 902 charges s battery at the operational
focation 704b, the UAV D02 can then carry ot trangport task{a} in the assootated sub aven

T6h. Other HHostrations are also possible.
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HUHE Given an dnplementation i which a group of AV includes one or more
UAVs of the first type, operational infrastructurs can be added, removed, andfor moved at
any feasible e and for sny feasible regson. For insisnee, operational infrastructure can be
added, removed, andfor woved ag part of the above-described first mizsion andior after the
frstspssiy. Such addition. removal, andior movement of operational iInfrastnucture can be
hased on demand for serial service of the group andéor based on a deterpuned need for
operstional infrastnicngre in 8 geographic area, among other options.

{og1n1} Furthermese, any given UAY of the first type in the group can canry out
addition, raneval, andior movement of operations! infrastnucturg,

{H0182] in one tase, the same UAV of the fisst type can deploy operational
wnfrastructore at several operational fecations. For example. the fivst UAV of the first type
may deploy {irst operational infrastructare at 2 fivst determined operationst. location,
Subsequently, that same first UAV of the finst type nwy deploy scoond operational
irrfrastructure at a second determived operational location.

{66183} In another case, different UAVs of the first type can respectively deploy
operational infrastructure at different operstional locations,  For example, the flest UAV of
the Hst type may deploy first operational mfrastructure ot g fiest determingd operational
focation.  Subsequently, a third UAYV of the first type may deploy second operstional
infrastrocture at 8 second determined operational location,

{08184 In yet another vase, a UAY of the first type thet deploved operational
tnfrastructure aba given operational location can be the swme one that slso removes that
operational infrastructare from the given operational location. For example, the first UAV of
fhe fist type may deploy finst operational infrastnacbne at 2 finst determined operational
focanon,  Sohseguently, that same first UAV of the first type may romove that first
operational infrastracture from the first determined operations! location.

{185] In yet ancther case, a UAY of the frst type that deploved operational
inrfrustructure ot a given operational focation van be different from the one that removes that
operatitmal infrastructure from the ghven operational location. For example, the first LAV of
the first type may deploy first operational infrastuctre at 8 first determived operational
location,  Subseguently, a thd LAY of the first type may remove that first operational
infrastroctore from the first determined operational lovation.

{0186} fn oyet another case, o UAV of the first type that deployed operational
infrastructare af g glven operational location can be the same ong that also moves s
operational nfrastryctuyre frony the given operational focation to another operational location.
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For exgmple, the fitst UAV of the first tvpe may deploy fest operstionad infastructure at a
first detenmined operational location. Subsequently, the first UAV of the first type may move
the first operationg! infrastructure from the first determined opsrational focation 10 a second
determined operational location.

{66187 In practics, this sccond opsrationsl Jecation can be in the same geographic
gres as the first operstional location.  fn this situation, second operational location can be in
the same sub area as the first operations! focation ov can be at a sub area that s ditferent from
the seb areg of the st operationad location,  In another situation, however, the second
operational lovation can be in a geographic area that is altogether differsnt fom the
geographic ared of the first operational location (e.g., the first and second opeorational
locations oo be fn different neighborhoods of the sawe city),

{(0188] In yet another case, 8 UAV of the first type that deploved operational
infrastructure 8t 3 givern operations! ncation can be different from the one that moves this
operational infrastructure from the given operationa! focation o another operational location:
For example, the first UAV of the first type may deploy fivst operational infrastructure at a
first determined operational location. Subsequently | o fhird UAV of the first type may move
the first operational inftastracture from the fiest determined operational focation 10 a stcond
determined operational focation.

{0189} Here agam, the second operational focation cay be inthe same geographic area
as the first operational beation.  In thix situation, second operational location can be in the
same sub area ax the first operational location or ey be at a sub avea that s different fromthe
sub area of the first operational locabon.  In ancther sitwation, however, the second
operattonal lovation can be v @ geographic aren that i altogether different from
gengraphic greyg of the: first operational location. Other cases and exmmples are possible ax
will.

X, Relf-Deployment of Operational Infrastructore for 2 UAV

HE B Figure 10 ts a flowchart iHlustrating 2 method 1000, which relates to self
deploviment of operations! infrastructure for a VAV, Namely, method 1000 relates o using
the same UAV both for cartying ool transport taskis) and for deployment of operational
frastruvture, which can i1yl be weed by that UAY fur chanang that VAV s battery:
{08191} Method 1000 shown in Figure 10 (sad other processes and methods disclosed
heretn) presents a method that can be implomented within an avengement nvolving, fov
exarnple, anty of the systems shown by Figores 1A fo 6 {or more pariicdarly by one or more
copponents or subsystems thersof, such as by a provessor and 3 non-transitory computer-
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readable medhon havivg ustractions that ate exeattable o eause the devige to perfonn
functions deseribed hergin), among other possible systems.

HER RS Muethod 1000 and other precesses and methods disclosed herein may inchude
oue of more operationy, functions, or actions, as Hustrated by ohe or more of blocks 1002«
110 for instance. Although blocks are Hlustrated in seguential O.r‘a:ier, these blocks may abwo
he performed in parailed, andior i a differcnt order than those described herein,  Alse, the
various bloeks may be combined inte fower blocks, divided into additional blocks, andior
removed based apow the deswred Implamentation,

{00193 in addition, for the methad 1000 and other processes and methods disclosed
heretn, the Howcehart shows functionality sud operation of one possible mplenentation of the
present disclosure. In this regard, cach block may represent a modale, & segment, or 8 portion
of program code, which fncludes one or more mstructions exccutable by 8 processor for
implementing specific logical functions or steps in the process.  The program code may be
stoved on any type of vomputer readable medion, for example, such a8 a storage device
inchuding 2 disk or bard drive.  The computer readable medinm may include non-transitory
computer readable medium, for example, such as computerreadable wedia that stores dats
for short periods of time like register memory, processor cache sud Random Access Moy
{RAM). The computer readable mediam may also include non-transitory media, sach as
secondary or persistent long term storage, like read only memory (ROM), optical or magaetic
disks, compact-dise read only memory (CD-ROM), for example. The conmputer readable
media may also beany other volatile or nonsvolpiile storsge systerns. The conputer readable
madium may be comsidered & computer readable storage nedium, fov example, or 3 angible
storage device. In additiom, for the method 1060 and wther processes and methods disulnsed
herein, each block in Figure 1§ may represent circuitry that is wired to perform the speeific
togical functions in the process.

jB194] At block 1802, mathed 1000 may volve deletmining, by a condrol svstem, a
plurality of opergtional Incations from which a group of UAVS is 1o provide serial wransport
services in g geographic as

{06195} As an wnitial matter, the coptrol svstern at sssue may be on-board a UAV
andfor miay begn external control svstem that fransmits instructions o VAV (gig, ATSP
402}, wmong other options.  Additienally, the coutrol system can use any of the techmgues
deseribed herein o determing operationad locabions st wineh to deploy  operational
infrastroctare and from which a group of HAVS i to provide asrial transport services. And as
disoussed, deployment ofopevational infragtrachure pay enable charging of batteries of e
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or more UAVS from the group. Vet further, as discussed, one or mote of this groap of UAVS
may bedocated witially on or in g source structure that has besn temporarily of penmanently
placed at a source focation n the geographic area,

HEB S In one case, the group of UAVs may belong 10 an entity that provides iens 1o
be transported by one or move UAVSs of the group anddor that interizoss with the recipionts
who reguest delivery of these items.  Tn anothey case, the group of UAVs may belong o a
UAV transport service provider, which meay be g separate entity from the entity that provides
the ey betag gansported andfor that intecfaces withy the reciptents who request delivery of
these Hems Otheroases are alss possibie.

{88197} Although the group of UAVs al issue may o may not imclude UAV(s)
dedivated to deployment of operational infrastructure {e.g., as discussed n association with
method 800} andior other types of LIAV(s}, method 1008 is generally described in the context
of the group ncluding one or more UAVS gach respectively amanged both to depley

operational infrastractore and o carry out wansport task(s), And for sake of simphicity, the

discussion of method 1008 may refer to cach such UAY av a “dual-mode™ UAV.
{06198} Muore spectfically, a dualomode UAV may inclode feptures that enable the

dusbmode UAV (o deploy operations! infrastructure ot operatimal locstion{s) within g
geographic area.  Additionally, the dusl-mode VAV sy inclade features that enable the
dual-mode UAV {o carry out tasks other than deployment of operational infrastructure, such
as transpot tasks that include pickup anddior delivery of emss other than operational
nfrastructure,

{06199 By way of example, the dual-mode TTAY may include o tether system having 2

modor that 8 configured {0 operate af parameters {o.y, apply torgue(s), forcels), andfor motor

speed{s)) that enable the tether system to lift andior fower pavioadis) having a weight up to s
particudar weight:  In this example, this puticular weight can be a weight that meets
reguiationy for UAVS permitied o carvy out Stansport tasks, which dn tem would aliow the
dual-maode to-carry out transport fasks.  Also, this particular weight may be grester than a
weight of “hightweight” or other operational infrastruciure, thereby allowing the dualanode
VAV 1o also HR s Hehtwetght or other opevational infrastructore off the ground andfor
fower this Huhtwerght ov other operational infrastnictire to the wound,

{00200} fir another example, the dual-mode UAV may include a propulsion unit that
enables the dualmode UAV 1o transport payioad(s) having a weight up to a pasticular
weight. Here again, this parbioader weight can be # weight that meets regudations for HAVs

permitted 10 carry out ansport tasks, which vt wosld allow. the dual-made to carry out
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fransport Bekys Abe, this panttoular weight vy b greater than a weight of Hghtweight or
other operational wmirastructure, thereby allowing the dualamnde LAY o also HiU ths
tightweight or other operational infrastructure off the ground and/or fower this lightweight or
other operaticaal nfrastructure o the ground.

{66281} In yet another example, the duabmode UAY may beof @ weighl that 1 preater
than a woight of a pavinad it is arranged or otherwise designated o B, lower, andior
ransport,. Toosome cases, this pevload can he the operstional fnfmstructure that the dush
mode LAY iv arranged o deploy, which, bere again, may be Heghbwedght or other operational
infrastructiure. And in other cases, this pavload can be oneor mors teros that the dusl-mods
VAV is arranged to pick up andfor deliver as part of a transport task. I any case, saeh an
arrangement of the duabmode UAV may increase the Hkelihood that the dual-moode UAY can
successfully B lower, anddor transport 3 pavioad, such as operational infragtroctore, without
the weight of this pavicad preventing the dual-mode UAY from doing so.  Other exanyples
gre possible as well

{06242 Generally, although the operational infrastractere that the dual-mode UAV &y
arranged or otherwise designated o deploy does not necessantly have to be Hghbweight
operationst ndvastructure, method 1000 & descrtbed 1w the context of the duabmode UAY
being arranged or otheneise designated to deploy lightweight operational infrastivacture. One
exarple of such lightweight operational infrastractare may be the above-described solay
charging svstemy 600, which can be relatively lightwsight as nofed sbove.  And another
example of such Hghtweight operstional nfrastructure may be the above-desenbed next
generation charging interface 506h, which can have @ weight that is lesser than g weight of
charging interface 3063 ag noted above. Qther examples arg also possible,

{08243] At block 1004, method 1000 may invobee, for at least a first of the plurality of
operational lovations, causing, by the condrol system, a first AV from the group to perfornt
an wirastracturscdeplivvaent ek that nchudes (1) fluht fom the sowrce lovation to the first
of the plurality of operstional lecations and (i1} installation of opergtional infrastructure at the
first of the phaality of operational Tocations by the first LAV,

{06264} Onee the control system deternanes a plurality of operational locations, the
conttral Qystent ey ihstruet one of more Qual-mode UA Vs to cach réspectively carry oud-an
mirastructure deplovinest sk, Generally, this infrastructure deployment task miay welade o
flight to a determined operational location as well as installation of operationa] infrastricture

at the determined operational Jocation,
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{os245] Moreover, the flight at issee may be a theht from g sowrce stractuse af which

the one or more dual-mode UAVS are witially located.  For example. an ATSF can begin

providing acrial transport services in g geographic srea by causing one or mowe dusl-mode
UAWVS to vach respectively By from the sourve struchwe 1o an operational lovation n the
geographic area, S0 av to htall operational witastructure at those operationsl locations).
Qther examples are slso possible,

{06200} When a duabmode UAV installs operational infrastracture at an operational
focation, this nstallation may enable the dualanode UAY to sse the instadled operational
mfrastructure [0 charge a battery of the dual-mode UAY. lIn this mamner, the dual-mods
VAV can carry out transport task(s) fron this operational focation while not haviag to vely on

operations! infrastructure imstalled at other tocationds) for the purpose of charging s batiery,

Other advantages are possible as well
{06207} Flgares 1A to 1B next illostrate  selfadeplovment of  operational

sirfrastructure i the geographic are 700 by a dugl-mode UAV 1100

{66248 in particudar, as shown in Figure 114, the dualawoede UAV 110 may fiy from
the sowrce lovation 702 {o the operational location 7084d and, i doing so, may fransport
operational infrastructure, such as solar churgimg system 680 for example. Apd as shown i
Figare 1B, once the dualomoede VAV 1100 arrives st the operavional location 704d (eg a
rood of a particalar howse), the dual-mode UAV TGO may install the solay charging system
606 ot the operaticaal location 704d,

{62 To do se, the duabmode UAY HO0 may lower a wther of the dualmode
VAV 1100 that 1s coupled fo the hook 608 of the solar charging system S, 50 as o cause
he solar charging system 800 o lower lowards the ground (e, teowards the roof) while the
duabniode LAV 1100 hovers above the ground. And once the selar charging system 600

contacts the ground {s¢

ot

the roof), the duabmode UAV 1100 may cause the tether to
decouple from the hook 608 of the solar charging svateny 608, thereby completing nstallation
of the solar charging system 600 at the operational locatiom 704 (ot shown),  Other
tHustrations arg also possible.

{06218} At block 1006, method 1000 may involve receiving, by the control systeny, a
request for a transport task having an associated item-soures focation. At block 100E, methed
1000 may dovolve dewrmining, by the control system, that the semesource location
corresponds to the Srst of the plurality of operational locations. And at block 1010, method

1860 may myvolve causing, by the control system, the st UAV to perform the transport task,
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{06211} Ouse s daal-mode mode UAY complotes an infrastructure deployment task at
an operational location, the dual-mode UAY can then operate from that operational focation,
which may invelve the dusl-mide UAV carrying out fransport task(s) from the aperational
focation, amony other options.

{66212} More specifically, n-Bre with the discussion sbove, a contrel system can
receive g request for a transport task, which may be a request to pick up sndior deliver one or
nore jtems,  In practive, the request may specily o pickup location for pickup of an item
andfor a delivery Tocation Tor deliverv of an iteny: For instance, the pichup location emy be an
address or con be speeoified in other ways, sueh sing @ mame of & business, Sumibariy, the
delivery location can be an address or can be specified in other ways.  Moreover, the control
system cant receive such a request at any feasible thme, such as before completion of any
infrastructure deployvment taskis) in 8 geographic ares or after completion of one or more
infrastructure deplovment tasks i a geographic ares, anong other possibilities.

{00213} By way of example, an individual user can request UAV delivery of a package
to thetr home via their mobile phone, tablet, or laptop. And in asother example, 8 businesg
gser {0, 4 restaurant)y can wtilize one or more remote devicss 1o request that'a HAV be
dispatehed to prek op ove or nore ems {e.g., 8 food order) from a pickuy location (.8, the
restavrant’s address). and then deliver the one or more toms 1o a delivery location {eg, s
customer’s address). Cther examples ave also possible,

U B When the coutrol system recsives @ veguest for a tansport task, the vontrol
systentmay assignoa UAY toocorry out this tansport fask. Tn particolar, the controd system
can determine that the pickep location associated with the request corresponds to the
operational location at which the dualamode UAY af issue completed the infrastraciurg
deployment task. Forexample, the control system can do so by determining that the pickup
focation is i & suby aren that s associated with the operational Jocation af ssue in line with
the discussien above. T any case, once the control system determines that the plokap
ocstion corresponds o the aperational focation at issue, thecontrel system may cause the
dual-mods VAV to perform the requested wansport task, such by at least instructing the dual-
mode TIAY to pick ap the tem at the pickup location, and possibly also instructing the dual-
mode HAV o debiver the denvaty delivery Tocating assoviated with the request.

{00215] Furthermorg, when the dunb-mode UAY operates from the operational location
at which it completed the frastructure deployment task, the dual-mode UAV can charge its

battery at the operational tocation using the operational infrastmctwre that this same dual-
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mbde VAV fastalfed:  Generally, the dedd-mode LAY van do so st one or more of various
times.

HERST S fn ong exanwple, the dual-mode AV can charpe the battery at the operational
focation immediately atter completing an fnfrastructure deploviment fask at this operational
focation. In avother example, the duabmode LTAV can charge the hattery ot the operational
tocstion while carrying ont a transport task from this operstional location, such a3 between
pickup and delivery of an ftem, for instance. In yet spother example, the Jushmode VAV
can charge the battery at the operational ecation sflor carrving out one o mose wansport
tasks from this operationa] location.  Cther exanples are also possible.

{88217} Figures 11C to 11D next illustrate the dual-mode LAY 1100 charging s
battery at the operational location 704d after conpletion of a transport task,

{00218 In pavticular, ax shown in Figure 11, the deal-mode UAV 1100 may carry
oyt g fransport task in the sub area 7064, This transport task may include (1) a fight from the
operational location 704d 1o g pickap location 1102 for pickop of an item at the pickup
focation 112, (0} a flight from the pickep loeation 1102 o a delivery location I for
delivery of the ftem at the delivery Iocation 1104, and (111} a fHght fom the delivery location
1106 back o the'operational focation 704d.

{82194 Once the doal-mode LAY HIOD arrives back at the operational location 7044,
the dualmode UAV 1100 may charge a battery of the duslwode UAV 1100 wsing
operational mfrastmctire that bhas been deploved by dual-mods UAV 1100 itzelf at the
aperational location 704dd. For example, asshown in Flgwe 11D, the dupbanode AV HIDQ
may fand on the chavge pad 606 of the solar charging system 600 that has been by the dosl
made VAV LM &b the operational location 7044, and may they receive electrical powsy
frony the stdar charging system 600, so'as to charge the battery. Moreover, afler the dual-
mode VAV 1100 charges s battery at the operational focation 7044, the UAY 902 can then
carry dut additional transport 1askis) in the associated sub area 706d, among other oplions.
Qther Hlustrations are alse possible.

{68226} In some situations, a duskmode UAV can carry out an infrastructurs
deployment task for an operational focation, and then a different VAV may operate from the
operational looationy, Such as by charging U8 battory &t the operationsd location andfor
carryiig out transport task(s) from the perational location.  For exanmple, a fivst dual-mode
UAVY can carry out an infrastructure deploynient task for an operationsl location and then
another UAY, which may or may vot be a dead-mode UAY, can operate from the sepcond

operational location., Other examples are also possible
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{08221} Given an dnplementation i which a group of AV includes one or more
duat-mode LAV, opsrational infrastracture can be added, ramoved, and/or moved by one or
more dual-mode UAVs gt any feasible time and for any feanible regsons.  For example,
apevational infrastructive can be added, rewoved, andior moved when an ATSP just begius
providing sorial transport servicss m A geographic avsa by causing one or more dual-mode
AV 1o cach respectively fly from the source strugtars 1o an opevations] logation in the
geopraphic ares, so as toinstall operationsd infrastructure at those operstional location(sy. In
another example, operational Inftastructire can be added, removed, andfor moved while ap
ATEP 15 providing acrial franspatt services in a geographic arca, such as giter completion of
one or more transport fasks in the geographic arca. To any case, such addition, renmoval,
and/or movernent of operational infrastructure can be based on demand for serial sevvice of
the group andfor based on a determined need for operational infrastructure in 3 geographic
aren, among other options.

{00222} Furthermore, any given dual-mode VAV of the group can carry out addition,
removal, andfor movement of operational infrastracture.

{66223} By way of examypde, a first duabmode UAV can carry out 8 firsst infrastraciure
deployment task fov g fiest opergtional Incation, and perhaps can then carry outat least a fust
transport task that has an associated Tirst pickup fovation aad that covrespornds to a first
request. In this example, a second infrastracture deployment task may additionally be camied
nul for a seeond operational focation. Inonecase, the same fivst dualmode UAY can carry
out the second infrastructare deplovment task. Inoanother case, however, g second dual-mode
VAV can carry oud the second inftastructine deployment task. Other cases ave alag possible.
{08224 vy case, the seeond mfrastructire deplovmant task may include o flight to
the second operational focation. i one situatio, this flight may be from the first operational
ocation o the second operational location. s another situation, however, this flight may be
from a soutee focation to the second oparational lovation, Other cases ate also possible.
{66225} Additionally, the second infrastructure  deploynrent task may  include
installation of operational infrastructure & the second operational location,

{06226} In one case, s operational infrastracture way be operational infrastroctave
that the Hrat dealmsode UAY mithally installed at the st operationad fodation. I tas cage,
the first doalmode LAY or the secomd deab-mode UAY may trassport this operations!
infrastroctore from the Srst operational locstion 1o the second operational location, so that
this operational infrastructare can then be instalied at the second operational location by
whichever UAV transported the operational infrastructure;
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{06227} In another case, this operational infrastructure wmay be  operational
wirastructurs that the first dual-mode AV or the second dual-mode UAY transports from a
sourcs Incation 1o the second operationg! location, so that this operations! infrastructure can
be installed at the second operationatl location by whichever LAY trangportad the operational
infrastrocture. Thas, thix operstional mftastracture nay be- different frony the operational
ufrastructure that the Hrst dual-mode LAY installed at the first operstional location.  Other
cases are also possible,

{06228} Further, the second operationad hoeation ot fsvas can be any feasible location
that is ditforent from the first operational location.

{62291 i one case, in line with the discussion above, the second operational location
may be a second of the determined operational Tocations from which the groap of UAVs iz to
provide serial tramsport services in 3 geographic area.  For mstance, the first operational
focation may be one associated with a fingt suly area of the geopraphic aven, and the sevond
operational location may be one gssocigted with a second sub area of the same geographic
ared.

{66238 in this case, the controlb systemy may cause the first dual-mode VAV or the
second dualemode VAV @ perforn the second mirastractire deploviment task for the second
operational location for varions regsons.  For tnstance, the control systerh mady cause the first
duglbomode UAV or the second duwabmode UAV to perform the second infrastructwme
deplovment task based on a determiined demandd Tor agrial ravsport servies of the group at the
second sub area,

{08231} in g more spectic sxanple, the control system cay determine that for demand
for acrpial transport servive of the group at the frst sub area i relatively low and that demand
for aerial transport service of the group af the sccond sub area is relatively high. Thus, the
controb system may responsively cause the first dwal-mode UIAV or the second dualamode
UAY fo perform an iofiastructve deployment task that includés woving: operational
fufrastructure from the Birst operational location ® the second operational focution.  Qther
examples are also possible.

{06232} in another case, the second operational location siay be in a different
gesgtaphic dren. Tor instancs, the fost operational focation iy by s fisst gengraphic ansa,
and the secomt operational lovation may be in a seconsd geographic aven. Inpractice, the first
and second geographic areas can be different cities or different neighborhoods, among other

oEons.
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{06233} In this casé, the control system miy couse the first dual-mode LAY or the
secand dual-mode UAY to perform the second infrastructors deploviment ask for the secoad
operationgl Jocation for various regsons.. For instance, the control system may cause the first
dusb-mode UAY or the second duabwode UAV fo perform the second infrastiucture
deplovment fask based on 2 delermined demand for serial transpot servive &t the sexond
geographic area, which may be serviced by a different proup of UAVS than the group that
tncludes the fivst andfor second dualomode UA Vs at tssue.

{08234 In g more spectlie oxample. Sw control sestem can determine that demand for
aerial trapsport service gt the first peographiv arca i relatively low and that demand for serial
transport service at the second geographic sven is relatively high, Thus, the control system
may responsively canse the st dual-mode LAY or the second dual-mode UAV 1o perform
an intrastructure deployment task that ncludes moving operational infrastructwre from the
first operationa] location to the second operational location, so that UAVs of the different
group servicing the second geographic area can use this additional operational infrastructure.
Oiher examples are also possible.

{06233} Yet further, onve the scoond infrastructure deployment task for the second
operational locition 18 complete, tue or more DAV, which may or nwy not e dual-mods
VAN {5}, can operate Trom the second operational locanion. I Hine with the discussion above,
aperating from the second operational Jocation can involve carrying cut transport fask{s) from
the secomd operational lxcation. For instance, 8 VAV can at least performs a sevond transport
task that bas an sssociated second pickap location and that corresponds to ¢ second request:
Additionally or slieratively, operating frony the second operations! location can involve
{IAY uiing operational mffastructure mytalled ot the sceond operational Tocation to charge ity
battery.

{00236} I g mwre specific example, the first duabmode UAV can carry out the second
infrastructure deployment task for the second operational location and can thes Hself opsrate
frenm the second operational location, In another exaople, the first duabomode UAV can canty
out the sscond infrastructure deployment task fur the second operations! location and then
gnother UAV, such as the second doal-mode LAY for instanee, can operate from the second
operational location. It vet another example, the second dual-mode LAY van camry out the
second infrastructure deployment task for the second opentional Tocation and can then iself
aperate from the second operatiomal location. To yet anotber example, the second dual-mode

UAY can garry out the second infrastructure deployment fask for the second operational
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Iocation and then another YAV, such as the first dualomode VIAY for nstance, can operate
frons the second operational focation. (ther examples are alst possible.
X, Additional features

{00237 A. Record of Operational Infrastructure
{86238 In a further aspect, & control system can maintain and modity a record of

operstional infrastrucne that has been deploved in 8 geogeaphiv ares.  In particular, the
record may specily, respectively for each tnstance of deploved opemtional infrastracture, an
operational location at which this operatiopal infrastroctese s curvently deploved, operational
loation{s} st which this operstional mitastructurs has been provicusty deployed, & type of
operational  infrastructure {e.g, solgr charging svstom vs. charging iuterface), andior
wnformation abowt the UAY that deployed the operational infrastroctare, arsong various other
pogsibifities.  And the control system can modify of this nformmtion as operational
infrastructure is added, moved, and/or removed in the geographic area.

{06239} By way of exarople, the control system can receive a confirntation that fiest
operational infrastractare has been deploved &t & first operational location.  The controd
system can receive this confirmation from the UAV that deploved the first operational
infrastracture at the first operational focation, wmong other optious. Nouethieless, the control
system may respond 0 recetpt of the confinnation by modifeing the record o indicate that
the fivst operational infrastructure has been deployed at the first operational location. And in
somie cases, the control system can also modify the record o indicate the UAY that deploved
the first operational infrastructure st the first operational location, among other possibilites.
{66240] in practice, waiptaining and modifving a record of operational wnlrastractore
may hedp the control systeny optinize charging of battertey of UAVs, For mstance, whena
trigger has been encountered fo charge a battery of a UAV, the control system san use the
record as basis for making a determination that a curvent location of the UAV 1 threshold
proximate to the fivst operational infrastructive that has been deploved af the fivst operational
focation, For exanmple, the controd svstent gan determine that the current location of the UAY
is i g particular sob area of a geogrsphic aren, and can use the record 1o determine that the
fivst operational infrastructore that bas been deployed at the Brst operational location, which
N associated with the particonlar sub area al issus. B &y casel the control system van use the
determination as basis for instructing the UAV to charge a battery of the UAV using the first
operational infrastractare that has been deployed at the first operational location,

{241} B. Retwirn Couditions for a UAY
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{06242 In ver & further adpect, a-contral System iy detorthing that & ghees HAY,
which can be any type of UAY, encountered a retura condition indicating that the UAV
should fly to a centain location,

{00243] For example, the control system may defermine that the LAV completed a
fravspont task,  For instance, the control svsteny may assign & transport task o the YAV and

may then receive g confirmation from that UAV specifving that the transport task has been

completed.
{08244 in: another example, the contrel systomy may detorming that the UAV fs

condition for a maintenanee event. Forinstance, the condrol sysiem may bave stored thereon
maintenance data indicating that the VAV’ tether, or other part, shoald be replaced once
every year or other threshold period of time, snd can deternuine that the LAV 15 jo condition
for & maintenance event by detornuining that the threshold pertod of time has passed or been
exceeded sincg replacement of the UAN s tether or other part.

{06245} In yet another example, the control sysient may determine that the UAV isin
condition for an upgrade.  For instance, the control system may receive information from a
central server indicating that a new propulsion unit Bas been developed for o VAV of &
particglar tvpe, aud can responsively defernine that this HAVY s existing propulsion usit
should be upgraded to the newly developed propulsion anit,

{16246} In vel another example, the control sysiem may determing that the TJAY
sneouniered & predufined weather condition.  Fow instancy, the contrnl svstemy may receive
seeather information Boma contral sereer indicating that ¢ stormy i upproasching sosub arca
which the UAV is operating. And the control system may determine that a storm corresponds
i a pre-defined weather condiion duning which the TIAV <hould not iy,

[00247] In yet amother example, the conirel system may determine that the UAV
encountered a ve-charging condition.  For instance, the contrgl system may receive sensor
data from the UAV indicating that 3 battery leved of the UAV'S batlery 1s Delow a thrishold
fevel. Other examples are also possible.

{06248 When the control system determines that a UAV socountered 2 retumn
condition, the contro] dysteny may resporsively canse the UAV fo Sy to s certain location.
This focation Can be an operational Yocation frory which the UAN 18 operating, an operational
location other than the oue from which the UAY s operating, the seurce structure st the
source tocation, andfor a havngar, among other ophons.  In any case, the location may

correspond 1o the spectfie relurn condition that the LAY encountered, so that the LAV can
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overcome the clreunsiinees that &d o e vondrol system determining that the return
condition has been encountered.

HEE M For example, if the conwol system determines that the UAY completed &
transpost task, the conwol system may responsively cause the UAV to fly back 1o the
aperational location from which it 3s operating, so that the UAV can then camy out additional
transport tasks i the sssociated sub aren on an ss-needed basis.

HETRETHT In another example, W the control system deternuines that the UAV s i
condition fir & mainlenaice ovent andior s In condition for an vperade, the control system
iy respomsively canse the VAV to fly fo the bangar, so-thal o technician can perform the
maintenance anddor the upgrade sceordingly,

{B0251] fr vet soother example, i the control system determines that the UAV
encountsted 8 predefined weather condition, the control system may cesponstvely cause the
VAV 1o fly to the hangar or to the source structure, so that the UAV avuoids exposure to the
weather condition at issue.

{062521 In vet asother example, i the control system determines that the UAV
envountered a re-charging condition, the control systeny may responsively cause the UaV to
flv to the operation location frowa which 1w operating, so that the UAV can use opetational
infrastructure deployed at this operations! location for charging the UAV s bagtery.  Other

examples ave also possibla.

XI Ceonclusion
{06233} Whils various aspects and embodiments have been disclosed herein, other

aspects and embodiments will be appavent to those skilled i the ast. The varioos aspects and
embodiments diselosed hersin are v purposey of ilhustration and ave not intended to he

Himiting, with the true scope and spinit boing indicated by the foliowing clams.



CLAIMS

We claim:

1. A method comprising:

determining, by a control system, an operational location at which to deploy operational
infrastructure, wherein deployment of operational infrastructure enables charging of a battery
of an unmanned aerial vehicle (UAV) from a group of UAVSs, wherein the group of UAVs
includes at least (i) a first UAV of a first type configured to deploy operational infrastructure
and (ii) a second UAV of a second type configured to carry out a task other than deployment
of operational infrastructure, and wherein determining the operational location at which to
deploy the operational infrastructure comprises determining the operational location based on
a round trip distance between the operational location and an item delivery location being less
than a flight range of the second UAV;

causing, by the control system, the first UAV to deploy operational infrastructure at the
operational location; and

causing, by the control system, the second UAV to charge a battery of the second UAV

using the operational infrastructure deployed by the first UAV at the operational location.

2. The method of claim 1, wherein the second UAV of the second type is configured to
transport a payload other than operational infrastructure.

3. The method of claim 1, further comprising:

receiving, by the control system, a request for a transport task having an associated
item-source location; and

determining, by the control system, that the item-source location corresponds to the
operational location and responsively causing the second UAV to perform the transport task

corresponding to the received request.

4. The method of claim 1, wherein the operational infrastructure deployed at the
operational location comprises a ground charging system that includes one or more of the
following: (i) a charging interface configured to connect to a universal power interface, (ii) a
solar panel, or (iii) an energy storage device.

5. The method of claim 1, further comprising:
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determining, by the control system, another operational location at which to deploy
another operational infrastructure, wherein deployment of the another operational
infrastructure also enables charging of a battery of a UAV from the group of UAVS; and

causing, by the control system, the first UAV to deploy the another operational

infrastructure at the another operating location.

6. The method of claim 1, wherein the group of UAVs also includes a third UAV of the
first type configured to deploy operational infrastructure, the method further comprising:
determining, by the control system, another operational location at which to deploy
another operational infrastructure, wherein deployment of the another operational
infrastructure also enables charging of a battery of a UAV from the group of UAVS; and
causing, by the control system, the third UAV to deploy the another operational

infrastructure at the another operating location.

7. The method of claim 1, further comprising:
determining, by the control system, another operational location at which to deploy the
operational infrastructure that was deployed by the first UAV at the operational location; and
causing, by the control system, the first UAV to move the operational infrastructure
away from the operational location and to deploy the operational infrastructure at the another
operational location.

8. The method of claim 1, wherein the group of UAVs also includes a third UAV of the
first type configured to deploy operational infrastructure, the method further comprising:
determining, by the control system, another operational location at which to deploy the
operational infrastructure that was deployed by the first UAV at the operational location; and
causing, by the control system, the third UAV to move the operational infrastructure
away from the operational location and to deploy the operational infrastructure at the another
operational location.

9. The method of claim 1, further comprising:

determining, by the control system, a plurality of authorized locations at which
respective deployment of operational infrastructure is permitted,

wherein determining the operational location is based at least on the determined

operational location being one of the determined plurality of authorized locations.
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10.  The method of claim 1, further comprising:

determining, by the control system, a demand for services of the group in a geographical
area that includes the operational location,

wherein determining the operational location is based at least on the determined

demand for services of the group in the geographical area.

11.  The method of claim 1, wherein the operational infrastructure deployed at the
operational location is first operational infrastructure, and wherein the control system is
configured to maintain a record of operational infrastructure that has been deployed in a
geographical area that includes the operational location, the method further comprising:

receiving, by the control system, a confirmation that the first operational infrastructure
has been deployed at the operational location; and

in response to receiving the confirmation, the control system modifying the record to
indicate that the first operational infrastructure has been deployed at the operational location
within the geographical area.

12.  The method of claim 11, further comprising:

based at least on the modified record, making a determination, by the control system,
that a current location of the second UAV is threshold proximate to the first operational
infrastructure deployed at the operational location,

wherein causing the second UAV to charge the battery of the second UAV using the
first operational infrastructure deployed at the operational location is based at least on the

determination.

13.  Anunmanned aerial vehicle (UAV) system comprising:

a group of UAVSs, wherein the group of UAVs includes at least (i) a first UAV of a first
type configured to deploy operational infrastructure and (ii) a second UAV of a second type
configured to carry out a task other than deployment of operational infrastructure; and

a control system configured to:

determine an operational location at which to deploy operational infrastructure,
wherein deployment of operational infrastructure enables charging of a battery of a
UAV from the group of UAVs, and wherein the control system is configured to

determine the operational location at which to deploy the operational infrastructure by
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determining the operational location based on a round trip distance between the
operational location and an item delivery location being less than a flight range of the
second UAV;

cause the first UAV to deploy operational infrastructure at the operational
location; and

cause the second UAV to charge a battery of the second UAV using the
operational infrastructure deployed by the first UAV at the operational location.

14.  The UAV system of claim 13, wherein the operational infrastructure deployed at the
operational location comprises a ground charging system that includes one or more of the
following: (i) a charging interface configured to connect to a universal power interface, (ii) a
solar panel, or (iii) an energy storage device.

15.  The UAYV system of claim 13, wherein the group of UAVs also includes a third UAV
of the first type configured to deploy operational infrastructure, and wherein the control system
is further configured to:

determine another operational location at which to deploy another operational
infrastructure, wherein deployment of the another operational infrastructure enables charging
of a battery of a UAV from the group of UAVs; and

cause the third UAV to deploy the another operational infrastructure at the another

operating location.

16.  The UAV system of claim 13, wherein the control system is further configured to:
determine another operational location at which to deploy the operational infrastructure
that was deployed by the first UAV at the operational location; and
cause the first UAV to move the operational infrastructure away from the operational

location and to deploy the operational infrastructure at the another operational location.

17.  The UAV system of claim 13, wherein the group of UAVs also includes a third UAV
of the first type configured to deploy operational infrastructure, and wherein the control system
is further configured to:

determine another operational location at which to deploy the operational infrastructure

that was deployed by the first UAV at the operational location; and

56



cause the third UAV to move the operational infrastructure away from the first
operational location and to deploy the operational infrastructure at the another operational

location.

18. A non-transitory computer readable medium having stored therein instructions
executable by one or more processors to cause a control system to perform functions
comprising:

determining an operational location at which to deploy operational infrastructure,
wherein deployment of operational infrastructure enables charging of a battery of an unmanned
aerial vehicle (UAV) from a group of UAVSs, wherein the group of UAVs includes at least (i)
a first UAV of a first type configured to deploy operational infrastructure and (ii) a second
UAYV of a second type configured to carry out a task other than deployment of operational
infrastructure, and wherein determining the operational location at which to deploy the
operational infrastructure comprises determining the operational location based on a round trip
distance between the operational location and an item delivery location being less than a flight
range of the second UAV;

causing the first UAV to deploy operational infrastructure at the operational location;
and

causing the second UAV to charge a battery of the second UAV using the operational
infrastructure deployed by the first UAV at the operational location.

19.  The non-transitory computer readable medium of claim 18, wherein the operational
infrastructure deployed at the operational location comprises a ground charging system that
includes one or more of the following: (i) a charging interface configured to connect to a

universal power interface, (ii) a solar panel, or (iii) an energy storage device.
20.  The method of claim 10, wherein determining the demand for services of the group of

UAVs comprises determining the demand for services based on a population density in one or

more sub areas of the geographic area.
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