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METHODS AND SYSTEMS FOR USING AN UNMANNED AERIAL VEHICLE
(UAVY DEDICATED TO DEPLOVMENT OF OPERATIONAL
INFRASTRUCTURE
CROSS REFERENCE TO RELATED APPLICATION

0601 The present application claiins priority fo ULS. Patent Appheation No

{0061}
15/848.316, filed on Decomber 2 2007 and entitled “Methods and Systenmy for Using an
Unmanned Aerjal Veliele (UAV) Dedicated to Deploviment of Operational Infrastractare”
wineh is hereby incorporated by reference in Iis entivedy.

BAUKGROUND
G662} An vanmnned sysiom, which may alse be meferred o as-an sufonomous
vehicly, s 8 vebivle copalle of tmavel without 2 physically-present human opsrator,  An
urrngmned system may opemie in a remote-control mode, 1 sn avtonomows wode, OF i a
partially astonomons mode.
{0003} When an unmanned system oporaies i a2 remote~-coitrol msde, a pilot or
driver that is af a remoie focation can contrel the wmmmmed vehicle via commands that arg
sent to the vomanned velacle via 8 wiveless link,  When the unmamed system operstes
aptonomous mode, the anmmmed  systen typically moves based on pre-prograsnmed
navigation waypointy, dynanie avtomation systems, or a combingtion of these,  Fusther,
sonie uynmanned systems can operate in both a remote-contral mode and an sutonomous
mode, and 0 some instances nay do so simultancoasty. For instance, a remote pilot or deiver
may wish 1o lzave pavigation & an autontanous system whils mantally performing ancther
task, such as operating a mechanical system for picking up objects, ss anexample.
{0004 Various fypes of unmanned systems exist for varions different ewviromnents,
For instance, unmanned serial vehicles (UAVS) are configured for aperation sy the air{eg,
fhight),  Examples include gquad-copiers and tatl-sitter UAVs, among others.  Unmanned
systems also exist for hybrid operations in which multi-epvironment opetation 18 possible.
Examples of hybrid womamned vebicles elude an amphibions oraft that &5 capable of
operation on land as well as on water ov o floatplane that & capable of landing on water as
well as o land. Other examples are glso possible,

SUMMARY

{0005] Example implomentations mxy relate to dedicating certaity typels) of ANV
to deployment of operational Infrastructure, such as of one or move parts of a ground charging
system configured to charge o battery of a UAV. In particnlar, a group of UAVS, such as of

an sterial ransport services provider, may include at Teast two types of LAV, The first type
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of LAY may include foatwres that enable g HAY of the first type to deploy operatiomad
mirastrocture at operational focation(s) withmn a peographic area.  And the second type of
LAV may mnclode teatures that engble 8 UAV of the second type to carry out tasks other than
deployment of operational dafrastructure, sucly as transport tasks that include pickup and
delivery of items.
{05 With this arrangement, a control system may determine gt least one
operstional location gt which operating infrastructuve should be deploved. And 8 UAV of the
fivst type may then deploy operational infrastructre at the detenmined operational location.
Onee the operational Infrastructure has been deployed by o UAV of the first fype, a UAV of
the second type may then charge its battery using this operational infrastructare,
{6807] fit one aspect, a pethod s disclosed. The method wnvolves deternuining, by a
control system, an operational location at which to deploy operational infrastracture, where
deplovinent of operational infrastructure enabiles charging of a battery of an wymanned asnial
vehicle {UAV) from a group of UAVs, and where the group of UAVY includes ot least () a
firat VAV of a first type configured to deploy operational infrastracture and {1} 8 second
VAV of a second tvpe configured to carry out a task other than deployment of operational
infrastructure.  The method also mvalbves causing, by the contrid svstern, the first LAV 1o
deploy operational infrastructive at the operattonal location. The method adiitionslly
wmvolves causing, by the contrel systeny, the second UAV o charge a batlery of the second
UAY using the operational infrastructure deployed by the first UAYV at the operational
focation,
{0008} in gnother aspect, a UAV systemn is disclosed. The UAY systemt wncludes 2
group. of LAV, where the group of UAVs includes at least (1) a first UAV of o fivst type
caafigured to deplov operational infrastructire and (i @ second LAV of 5 sevond type
configured {o carry oul a task other than deployvment of operational nfrastructime. The LAY
systentalso inclodes @ contrel systom configured oo (O determiine an operational location at
which to deplov operstional infrastructure, where deployvment of operational mfrastruciure
enabley chargig of & battery of 8 UAV fom the group of LAV, {it) cause the first UAV o
deploy operational infrastructuce af the operational location; and (1) cause the second UAY
to charge o battery of the second UAV using the operational infrastructure deploved by the
first UAV atthe z:@pemtimai location,
{3089} fnt yet another aspect, 8 von-tranattory compater readable mediom 1s disclosed.
The non-transitory computer readable wediany bay stoved therein istractions execotable by
one Or more Processors o cause a contred system o perform functions. The functions include

2
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determining an operationd! lodéation at which 4o -deploy operational infrastructie, where
deployment of operational infrastructurs enables charging of a battery of an unmanned aerial
vehicle (UAVY from a group of UAVs, and where the group of UAVs mchudes at Teast () 8
first VAV of & first type configured to deploy operational infrastructure and (i1 a sevond
UAY of & sceond type configured foocary out 3 task oiher than deployment of operational
infrastructure. The fuschions also include causing the first UAV to deploy operational
infrastructure at the operational locstion.  The functions additionally molude causing the
second UAY fo charge a battery of the second UAY wsing the operational infrastroctare
deployed by the first HHAV at the operational location.
{6018] It vet another aspect, another system is disclosed. The system may include
means for determuning so operational Jocation st which to deploy operational infrastrocture,
where deployment of operational infrastructure epables chasging of a battery of &y prmarwed
gerial vehicle {UAV) from a proup of UAVS, and where the group of UAV includes at feast
(i a frst UAY of a fivst type configured w deplow operational infrastrocture sod (1) a setond
VAV of g second tvpe configured to carry out g tank other than deplovment of operational
mirastructire. The system may also inchade means for cawsing the first UAV 1o deploy
operational infvastructure gt the operattonal locatton.  The system miay adduionally melude
means for causing the second UAV to charge a battery of the second UAV using the
operational infrastractare deploved by the first LAV at the operational location.
jai 1] These as well as other aspeets, advantages, and alternatives, will become
apparent o those of ordinary skill in the art by reading the following detarled description,
with veference where appropriate to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAW

[0012] Figure 1A is a simplified illustration of an unmanned aerial vehicle, sccording

to example embodiments.
{613 Figure 1B is a simplified illustration of an unmanned aggiad vehicle, acoording
to exanple embodiments.
{0614] Frgure 10 is a simplified illustration of an unmanned aenal vehicle, according
to example embodiments.
{66151 Figure 1 s o simphified husteation of an unmanned serial vebicle according
to example embodiments.
HETA Figure 1B is a sunplified ihusteation of an unmasned acrial vehicle, according

@ example embodiments.
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{0617} Figure 2 i3 & stmplified block dingram fHlustiating  components of an
unmanned aerial system, according o example smbodiments.
{0818] Figure 3 is a stplified block dingram ustrating a distributed UAY system,
according to example embodiments.
{6619 Pipure 4 18 a block disgram showing ag example arrangement o0 an - actial
transport provider control system, sccording 10 example entbodimaents,
U Figures SA to 5B dlustrate an sdaptable charging svsten baving a charging
interfice that is deplovable by o VAV, secording to exarnple embodiments.
{0821} Figure © ilustrates @ solar charging system that is deployable by a UAV,
according to example embodiments,
{6822} Figure 7 illustrates a geograpbic arca including a phusiiy of operational
focations, according o exsmple smbodiments.
{0623] Figure B i3 a flowchart of a method for using a UAY dedicatad to deploviment
of operational infrastructire, sccording 1o exanple embodiments.
{06241 Frgares 84 to 9D dlostrate use of a dedicated UAV to deploy operational
mirastruchire and subsequent wse of the deploved operational infrastructure o charge
batteries of another LAY, socondmng to exanple embodiments.
{0825} Figure: 10 is 8 flowchart of a method for self-deplovment of operational
frastracture for a UAY, aceording o example smbodiments.
j0826] Frgures 1A to 11D dlustrate use of a given UAV {o deplov operasional
tfrastructure and sabsequent use of the deploved operations! mfrastructure to charge
batteries of the same given UAV, according to example smbodiments.

DETAILED DESCRIPTION
{6027} Example methods and systems are deseribed herem. 1t should be understood
that the words “example™ and "example™ are used herein to mean “serving as an example,
instance, or tustrdiva.”  Any emnbodiment or Teature destribed hereim oy being an "exanmple®
of “example” i3 not necessarily 1o be construed as preferred or advantagenus over other
embodinents or fegtures. The exanyple embodiments desenibed bereln are not meant o be
bonting. It wdll be readily understood that certain aspects of the distlosed systemns and
methods van-be aranged and combined v 8 wide vatiety of different cm‘xﬁgurai‘i{ms,_ all of
which are contemplated herein,
{6028} Forthermorg, the particular arrangements shown i the Figures should not be
viewed a8 Hmtting, I should be andersiond that other ombodiments ought inclade move or

fess of each clement shown iy a given Figure,. Further, some of the lustrated slaments may

4
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be combined oromitied. Vet further, su example embodiment nuy include elemente that arg

rot Hiustated 1n the Figures,

1 hverview
et In practive, an unmanued aerial veluele (UAVY may refer o any avtonomous

o7 semi-autonomous asrial vebicls that i3 copable of performing some operations without a
physicslly present human pilot.  Examples of such operstions may include serial transport
services, which may fovolve ¢ group of UAVs carrying out transport tasks, such as pickup
andfor delivery of Hems.

{6038y Dagelosed herein are implementations that relate to having ceortain typels) of
UAV{s) i a group of UAVs dedicated to deployment of operationsl infrastracture at
operationat focation{s). In practice, the operational infrastructure at ssue can be oue or more
parts of a ground charging system that 1 configured to charge battertes of one or nwore
UAVs, or can be the entire charging system, And a given operational locstion can be a
location at which a TUAYV can charge #ts battery after operaional infrasteacture has been
deploved, and perhaps also one from whoch g UAV can carry oat itens transport task{s).
{6631} Muore specifically, the group of HAVY may elude ong or more UAVs of g
first type and ong or more UAVs of a second type. The first type of UAY may include
features that enable a UAV of the first type to deploy operational infrastructure at operational
focationds) within a geographic area. And the second type of VAV may melude features that
enable a UAV of the second type to carry out fasks other than deploviment of operational
tnfrastructure, such as transport tasks that include pickup and delivery of nserarequested ftems
for instance.

{08324 Genetally, shcluding UAVIES) of the first tvpe iva group of UAVS may he
astvantageous for various reasons. For instance, a UAV of the first type may allow fin
deployment of operationa! infrastrocture that @ UAV of the second type may otherwise be
usable to deploy. For example, a LAY of the second type may be opfimized for carrying oul
trapsport tasks and thuy nwy be arvanged 1o canry pavinad(s) havine a weight up twa
particular weaight, which way be a weight that 1y lesser than waight of the deplovable
operatioval infrastructive.  Additionally or slternatively, includimg UAVE) of the first type
the group nay allow TAVG) of the second fype 1o be nsed for their Intended purpose (s,
carrying out tansport tasks) withouwt encountering the costs of deploving operational
infrastructare.  Suoch costs may welade Bime andior eoergy spemt on deplovment of
operational mfrastruchure as well ay wear and fear experienced over thne due to deployment
of operatinsal infrastructure, ameng other posybilities,

by}
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II. Hiustrative Unmanged Vehicles
{0033} Heretp, the terms “unmanped aerml system”™ and "UAVT refer o any

autonomious or semi-mutonomons vebicle that i capable of performing some functions
without a phiysically present human pilot

{3634} A UAV can take various forms. For example, a UAV may take the form of a
tixed-wing atreraft, a glider aireraft, a tail-sitter atromafl, a jot airerall, & ducted fan sircrall, 2
tighter-than-air dingible such as a blimp or steceable balloomn, a votoreeaft such as 8 helicopter
or multicopter, sndfor an enmithopter, ameny other posaibilities, Purther, the oo “drong”
“unmanned aerial vehicle system” (LAVS), or “uamanned acial vebicle™ (UAV) may also
be used o refer foa LAV,

{6635} Figure 1A s an sometrie view of an example VAV 1000 UAYV 100 melades
wing 102, booms 1M, and a fusclage 106, Wings 102 nay be siationary and mgy generate Hit
hased on the wing shape and the TAVS forward atrspeed. For mstance, the two wings 102
nwy have an airfoil-shaped cross section o produce an asrodynanuc force on LAYV 100, In
some embodiments, wing H2 may carry borzontal propalsion units 108, and booms 104
may carry vertical propulsion units 110, In eperation, power for the propulsion units may be
provided from g battery compartment 112 of fuselage 106, In some embodiments, fuselage
106 also incldes an avionies compartment {14, an addivonal battery compartment {bot
shown) anddor o delivery unit (not shown, e, a winch svstem) for handing the payload. In
some gmbodiments, fuselage 100 1y modular, and two or more compartments {e.g., battery
compartment 113, avionies compartment 114, other payioad and delivery compartinents) are
detachable fromeach other and securable to gach other fe.g., mechameally, wagnetically, or
othierwise) to contiguously formeat least @ portion of fuselage 166

{6036} iy some sbodiments, booms 104 feominate in mdders 116 for mmproved vew
control of LAY 100, Further, wings 132 may fermunate in wing tps 17 for improved control
of ift of the UAV.

{8637] In the tlustrated configunation, VAV 100 includes a structurg! frame, The
structural frame may be referred o as & “structural H-frame” or an "Hoframe" {not shown) of
the UAV. The H-frame may include, within wings 102, a wing spar {not showy) and, within
boams 104, hoom carfiers (not shownl In some smbodingents the wing spar-and he boom
carciers muay be made of carbon fiber, hard plastic, alumimun, Heht metal alloys, ov other
materials. The wing spar and the boom carviers may be comegted with clamps. The wing
spar may inclade pre~-dritled boles for hortrontal propalsion waits TR, and the boom camiers

may iichide pre-drilled holes for vertical propulsivs units 110,

&
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{0838] I some embodiments, fuselage 186 may be removably attached w the H-
frame (gg.. attached W the wing Spar by clamps, confipured with grooves, protrusions or
other features to mate with corresponding H-frame features, e} In other embodiments,
fuselage 106 similarly may be removably attached to wings 102, The removable attachment
of fusclage 106 way inpwove quabity and or modularity of UAV 100, For exampls,
electrical/mechanical conmponents  andfor subsystems of fuselage 106 may be tested
separstely from, and before being attached to, the H-frame, Similarly, printed civenit boards
{PUBS 113 may be tested separvaiely from, and before being attached o, the bowm carierns,
therefore eliminating defective parts/subassemblies prior to conpleting the UAV. For
cxample, compouents of fuselage 106 {eg. avionics, battery unit, delivery anits, an
additionsl battery companment, i) may be clectrivally tested before fuselage 106 i
mounted fo the Heframe. Farthermore, the motors and the clectronics of PCHs 118 may abso
he clectriondly tested before the final assembly. Generally, the Wentification of the defective
patts and subassemblics carly in the assenbly process lowers the overall cost and lead time of
the UAY. Furthermore, different typesimodels of fuselage Hi6 may be attached to the H-
frame, thercfore tuproving the modulatity of the design. Such modularity allows these

vartous parts of UAY 100 be uppraded without @ substantial overhaut to the manuiacturiag

PTOCESS.
HEIRH In somi embodirvents, 8 wing shell and boom shells may be attached (o the H-

frame by adhesive clements {2z, adhesive tape, double-sided adbesive tapa. gl efe).
Therefore, multiple shells may be atfached o the H-frme jnstead of having a monolithic
body spraved onto the H-frame. In sone embodiments, the presence of the mupltiple shells
reduces the stresses induced by the coefficient of thermal expansion of the swuctural frame of
the UAV. As a result, the VAV may have better dimensional aceuracy andéor improved
reliability.

{040} Moreover, i at least some embodiments; the same H-fnone may be used with
the wing shell andéor boony shells having different size anddor desipn, therefors improving the
modularity and versatitity of the LAV designs. The wing shelt andior the boom shells may be
made of relatively Baht pobvmers {e.g., closed cell foant) covered by the harder, but relatively

thin, plastic skins,

{0041 The power sudfor control signals from fuselage 106 may be routed to PUBs
I8 through cables running through fuselage 106, wings 102, and booms 104 In the

Hiustrated embodiment, UAY 100 has four PCBs. but other mumbers of POBs are also
prsatble. For example, UAY 100 may include swo PCBs, one per the bowm, The PCBs carry

)
i
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electronic components 119 incloding, for example, power convertens, controdlers, memory,
passive components, efc. In operation, propulsion units 108 and 118 of LAY 100 are
clectrically comaccted to the PCRs.

{0042} Many variations on-the Hlustrated UAV ave possible. For instance, fixed-wing
UAVs may selade morg or fower rotorumity {vertical or horizontal), andfor may uwtihze a
ducted fan or multiple ducted fins for propulsion, Further, UAVs with more wings {e.g., an
“wwing” configuration with four wings), are also possible, Although FIG, 1A iHustrates two
wings 132, two booms 1, two horzontal propudsion units 108, and six vertical propulsion
units 110 per boom 104, it should be sppreciated that other variantis of UAV 100 may be
implemented with more or less of these components. For exanple, UAV 100 may include
four wings 182, fouwr booms 104, and wore o less propudsion units (horlzontal or vertical),
{0043 Similarty, Figare 1B shows another example of 8 fixedwwing UAV 1200 The
fixedowing UAY 120 includes a fuselage 122, two wings 124 with an aicfoil-shaped cross
section 10 provide 1Y for the LAYV 120, a vertical stabibizer 126 (or fin} to stabilize the
plane’s vaw (tum feft or right), o hortzontal stabiliver 128 {also reforred to a8 ay elevator oy
tatiplane) to stabilize pitch (8 up o down), landing gear 134, and a propulsion anit 132,
which can clude & motor, shaft, and propelles

{ndd] Figure: 10 shows an example of a UAV 140 with a propelier in a pusher
configaration.  The erm “pusher”™ refers to the tact that a propolsion wnit M2 1 mounted at
the back of the LAY and “pushes” the vehicle forward, i contrast to the propuision unit
heing mounted at the front of the UAV. Similar to the description provided for Figures 1A
and 1B, Figure 10 depicts conumon structures used m a pusher plane, cluding a fuselage
144, twoowings 146 vertical stabilizers 148, and the propulsion unit 142, which can inclade 2
mettor, shafl, and propetler.

{B45) Figure 1D shows an example of a taibsitter VAV 160, In the iHustrated
sxample, the tatlsitter YAV 160 has fixed wings 162 to provide it and allow the LAY 180
to glide horfzontally {e.g., slong the x-axis, in 8 position that is approximately perpendicular
to the position shown i Figure 1D} However, the fixed wings 162 also allow the tail-sitier
VAV 166 to take off and land verbically on #ts own

{0846} For exanpie, 3t o launch site, the waibsitter UAV 180 may be positioned
vertically (as shown) with ity fing 164 andlorwings 162 resting on the ground snd stabilizing
the UAV 160 in the vertical position. The tatl-sitter UAV 160 may then take off by operating
s propellers 166 1o generate an upward thrust feg., a throst that 15 generally along the v-

axish, Owes ata suitable altitude, the tatlositter UAV 160 may use its flaps T68 {0 reoriept

b3
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itself in g boricondal position, such that its faselage 170 13 closer to being sligned with the x-
axis than the v-axis.  Positioned honizontally, the propeliers 166 may provide forwarnd thrast
s that the tatb-sitter UAV 160 can fly in a similar manner as a typical airplane.

{0047] Many voriations on the Hlustrated fixed-wing UAVS are possible.  For
instance, fived-wing UAVY wiay inclode more o fowss propeliens, andior may otilize a
ducted fan or multiple ducted fins for propulsion, Further, UAVs with more wings {e.g., an
“yewing” configuration with four wings), with fewer wings, or even with no wings, are also
possible.

{B048] As noted above, some cnbodiments may mvelve other types of HAVS, in
addition to ot in the alternative to fixed-wing UAVs. For instance, Figure 1E shows an
example of a rotorerall that s conmmondy reforved 1o 88 & multicopter 180, The owlticopter
150 may also be referred to as a gquadcopter, as it inclades four rotors 182 Bt should be
undersivod thut example embodiments may lavolve a roforeraft with more or fewer rotors
than the multicopter 1800 For example, 2 helicopter typically has two wotors. Other examples
with three or more rotors are possible as well, Herein, the tersy “nudticopter™ refers to any
rotoreraft having more than two rotors, and the term “helicopter™ refers 1o rotorerall having
B0 TOts.

{849] Referning to the waulticopter 130 in greater detwil, the four rotors 182 provide
propulsion and maneuverability for the multicopter 188, More specifically, cach rotor 182
includes blades that are attached to 8 motor 184, Configurad as such, the rotors 183 maay
allow the multicopter 180 to take off and land vertically, to mancuver i any direction, andfor
o bover, Fuorther, the piteh of the blades may be adjusted as 8 group andfor difterentially,
and may allow the multicopter 180 to enntrol ity piteh, roll, yaw, andfor altitude.

[0050] It should be understood that references herein to an “unmanned” aerial vehicle
or LAV can apply equally o astonompus and semi-autonomons aengl vehicles. In an
sutonomous implomentstion, all functionality of the aerial vehicle is automated; o5, e~
programmed or controlled via real-time computer functionslity that responds 10 input frien
various sensors andior pre-determined information. In 2 semi-autonomoys implementation,
some functions of an aenal vehicle may be controlled by a human opersior, while other
functions are carried oul autonomousty.  Further, i some embadiments, & UAY may be
configured to sllow a remofe operator to take sver functions that can otherwise be controlled
astonomousty by the UAY. Yoo further, a given type of function may be controlled romotely
al one level of abstraction and performed antenomousty at another level of abstraction. For

sxample, 2 remote operator van control high lovel navigation decisions fora UAY, sachas by
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o d warshiouse

&

specifying that the UAV should travel from one Jocation 1o another (e,
a subuwrban areafo a dedivery address m a nearby city), whitle the UAV s navigatinn system
amtonomously controls more fine-grained navigation decisions, such as the specific route to

take between the two locations, specific thight controds (o achieve the route and avoid

{8651] More generally, @ should be understood that the example UAVs deseribed
herein are not indended 10 be hmiting. Example embodiments may relate o, be implemented
within, or take the forme of any type of wnmaned aevkal veliicle,

118

{3052] Figure 2 is a simplified block diagram fHustrating components of 8 UAVY 200,

accorghing 10 an exsple embodiment. UAY 200 may take the form of, or be similar in form
to, one of the VAV 100, 120, 140, 1689, and 180 desoribed 1n reference to Figures 1A-E
However, UAV 200 may also take other forms.

{06353} AV 200 may iclude various types of sensors, and may include a computing
svstern configured . 10 provide the fimetionabity  deseribed herein,  In the Hostrated
embediment, the sensers of VAV 200 inchde an inertial wmeasurement wt (ML) 203,
ulirasonic sensor(s) 204, and o GPS 206, smong other possible sensors and sensing systems.
{854} in the ilhustrated embodiment, UAV 200 also inchudes one or more processors
% A processor 208 may be a peneralipurpose processer or a special purpose processor
{e.g. digital signal progessors, application speaific integrated civcuits, eic ). The ong of more
processors 308 can be configured (o execute computer-readable program nstructions 212 that
are stored i the data storape 21 and are sxecuiable to provide the fmctionality of a UAY
deseribed hevem,

[0055] The data storage 210 may eclude or take the formy of one or more computer-
readable storage media that can be read or accessed by at least one processor 208, The one or
mere compute-teadabile storage media can include volatile andior nop~volatile storage
components, such as optical, magnetic, organic or other memory or dise storage, which can
be intograied in whole or in part with at least one of the one o more processors 208, In some
embodiments, the data storage 210 can be bmplemented using & single physical device (2.g.,
one optival, fuagnetic, organic or other memory of 8o storage wmtl while i other
entbodiments, the data storage 210 can be implemented using two or more physical devices.
HEUY As noted, the data storage 210 can iclade computer-readable program
mstructions 212 and perbaps additonal data, such as diagnostic data of the UAV 200, Ag

sueh, the data storage 210 may include program mstractions 212 1o perform or faciitate some

i
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or gl o the LAY functionality desctibed berein. For instance, i the Hlustrated embodiment,
program instructions 212 mclude 2 navigation module 214 and 2 tether control module 216,
{6057] A. Sensors

{0058] In an dustrative evmbodiment, IMIT 202 may inclode both an sccelerometer
and g gyroscope which may be used together to determing an orientation of the VAV 200 In
particular, the accelerometer can measure the ovientation of the vehiele with respect to carth,
while the gyroscope measures the rate of rotation ground an axis. IMUs are conunercially
avatlable i low-cost, low-power packages. For instapce, an IMU 202 may take the form of
or inclade a  miniaturized  MicroBleciroMechanical  Svstern (MEMS) o 2
NanoElectroMechanical System (NEMS), Other types of IMUs may also be utitieed.

{66591 An IMLU 202 nwy bclude other seasors, in addition to accelerometers and
gyroscopes, which may help to better determine posttion andfor help © increase satonomy of
the UAV 200, Two examples of such sensors are magnetometers and pressyre sensars, In
some embodiments, a VAV may include a Towepower, digital 3-axis magnetometer, which
can be wsed to realize an onentation independent electronic compass for accurate heading
mformation.  However, other types of magnetometars may be utiized g8 welll  Other
exanypes are also possible. Further, note that a UAY can include stane or gl of the gbove-
deseribed inertis sonsors as separate conponents from an IMLL

HEHSH UAY 200 may also nclude o pressure sensor or barometer, whitch can be ased
to determine the shitude of the UAV 200, Alicrnatively, other sensors, such as sonic
altimeters or radar altimeters, can be used o provide an indication of altitade, which may
help to improve the scouwracy of andior prevent drift of ay IMUL

{6861} i a further aspect, UAY 200 may mohude one o more sensors that allow e
VAV to sonse objects in the eovirommerd,  For instance, in the iHustrated entbodiment, UAV
200 moludes uHrasonic sensor(s) 34, Ultrasouic sermor{s) 204 Cau determine the distange o
an object by sonerating sound waves and determiining the thime inderval bebwesn trassniission
of the wave and receiving the corresponding echo off an objeet. A typical applestion of an
ultrasonic seasor for umnamed vehickes or IMUs s low-level altitude control snd obstacle
avoidance. Awn ultrasoniv sensor can also be used for vehicles that need to hover at & cortan
height or need o be capiable of detecting obstacles. Other systems can be ysedto delenmine,
sense the presence of, andior detdrmine the distance o newrby objects, such s a hight
detection and ranging (LIDAR) system, laser detection and ranging (LADAR) systom, andfor

an infrared or forward-looking infrared (FLIR Y systew, among other possibilities.
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{0862} I somie embodiments, UAY 200 may alse inglade. one of more imaging
svstemis). For example, one or more still andfor video camerax mav be atihized by UAV 200
to capture toage dats from the UAV s environment. - As 8 specific example, charge-coupled
device (COD) cameras or complementary metal-oxide-senmconductor {CMOS) camsras can
be nsed with wmanned vebicles.  Such imaging sensorts) bave mumerons possible
gpplications, such as obstacle avoidance, localization techniques, ground tracking for more
geourate navigstion {e.g., by applying optical flow techniques to toages), video feedback,
amdfor image recognition and progessing, among other possibititics.

{0863} VAV 200 may also include a GPS recetver 206, The GPS receiver 206 may
be contigured to provide data that is typical of well-known GPS systems, such as the GPS
coordinutes of the AV 200, Such GPS data may be utilized by the UAY 00 for various
functions. As sach, the UAY may use its GPS receiver 206 to help navigate o the caller’s
focation, as indicated, af least m pant, by the GPS coordinates provided by their mobile

devige, Other examplesare also possible.

{0664} B. Navigation and Location Delermination
{0665] The navigation modale 214 may provide fonctionality that sllows the UAV

200 1o, eg, move about ms environment and resch a desired location.  To do so, the
navigation module 214 may control the slutnde andfor divection of flight by controlling the
mechanical foatures of the DAV that affect flight {ep., ity radders), elevator(s), stleros),
andfor the speed of #ts propeller(s)).

{0866] In order to navigate the UAV 200 to a target location {eg., a delivery
location), the navigshion module 214 may implement vasious navigation techoigues, such as
map-based navigation and localization-based navigation, for instance. With map-based
navigation, the UAY 200 may be provided with 2 map of #s envirenment, which may then be
used to navigate 1o a particular Jocation on the map. With localization-based navigation, the
UAN 200 may be capsble of navigating v an vnkoown eoviromment ysing localization.
Localization-based navigation may iovolve the LAY 200 building s own map of s
environment and calculating 18 position within the map andior the posttion of objects in the
environunent. For exaraple, as a UAV 200 nwoves throughout w8 envivonment, the UAY 200
may contingousty use focalization to update BY map of the eavivenment.  This contiouous
mapping process may be referred to as simultancous localization and mapping {SLAM)
Other navigation techniques may also be atilized.

{3067} In some embodiments, the navigation module 214 may pavigate using a

techaigue that velies on waypeings, o pachoular, waypoinis are. ssis of coordinates . that
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whenitfy points v physical space. For instance; an-aib-navigation waypointmay be defined by
a cerfain lastthude, fonpitade, and altitde.  Accondingly, navigation module 214 may canse
VAV 300 o move from waypoint to waypoint, in order to ultinately travel o & final
destination {e.&, a final waypoint in a sequence of waypoints).

{3668} In g further aspect, the navigation mwdule 214 andfor other components and
systems of the UAY 200 may be configured for “locahization” to more precisely navigate to
the scene of a target location. More specifically, it may be desirable in cortain sduations fora
VAY o be within o threshold distange of the tavget location where 8 payioad 228 s bolng
delivered by a UAV (g, within a fow Tt of the target destination). To this ead, a UAY
may use 8 bwo-tiered approach in which It nses 8 more-geners! location-determination
technique o navigate 1o @ general ares that is associated with the arget location, and then use
a moreefined location-determination techmgue to identify andior navigate 1o the target
focstion within the general arca.

{0669 For example, the LIAV 200 may navigate to the general area of a target
destination where a payload 228 s being delivered using waypoints andfor map-based
navigation.  The UAV may thens switch (o 8 mode in which it ahthizes 8 localization process
to focate gud travel to g more spectfic lcation. Fov instance, if the UAV 200 st delivr g
paviond 10 @ user’s home, the UAV 200 mway need o be sobstanhally close o the targer
focation in order to avoid delivery of the payload to undesired areas {e.g, onto a yoof wioa
pood, mitto a neighbor’s property, ste. ). However, a GPS signal may only getthe UAV 200 50
far fe.g, within 8 block of the sser’s home) A more precise location-determination
techmque may then be used 1o fnd the specific target focation.

H U Varioustypes of location-determination techniques may be used o accomplish
localization of the target defivery location once the UAY 200 has navigated to the zencral
area of the target delivery location. For instance, the LAY 200 may be equipped with one or
mere sensory systems, such as, for example, ulirasonic sensors 204, infrared sensors. (not
shown}), and'or other sensors, which may provide input that the navigation moduke 214
uithzes 10 navigate autonomously or semi-autoncmousty o the speafic target location,

{0871 As another example, once the UAV 200 reaches the general area of the target
delivery location (or of g movving sulyect such as a person or thly mobils device), the UAY
200 may switch to a "fly-hy-wird” mode whare it s controlled, at feast i part, by a remote
aperator, who can navigate the UAV 200 to the specific target location.  To this end, sensory
data frovn the UAVY 200 may be sent fo the remote operator (o assist them in navigating the

UAN 200 to the speciiic location.
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{08721 Az yel another example, the UAV 200 may include s module that &5 able wo
stgnal to @ passer-by for assistance in either reaching the specific target delivery location; for
example, the LAV 200 may display a visual message requesting such assistance in a graphic
display, play an audio message or tone thsr{mgh spe‘&kem to indicate the need for such
assistance, among othey possibifitizs.  Such 8 visual or audio message might indicate that
gesistance is needed i defivering the UAV 200 10 g particular person or a particular location,
gnd might provide information to assist the passes-by n delivenng the UAY 200 w the
person o Jovation {e.g., a deseription or picture of the person or lecation, andfor the person or
focation’s name), among other possibilitics. Such a featwre can be yseful i 8 scensrin
which the UAV &5 ungble 1o nse sensory functions or another location-deferminstion
technique 1o reach the specific target location. However, this featore i not timited to such
SCOnATIos.
{0673] In some cmbodiments, once the UAV 200 amives at the gooeral area of a
target debivery location, the UAV 200 may aiihize a beacon front s user’s remote device (8.g.,
the user’s mobile phone) to focate the person. Such @ beacon may take various forms. Asan
exanysle, consider the scenario where a remote device, such as the mobile phone of g person
who requested a DAY dehivery, s able fo send out divectional sipnals fe.g., via an RE signal,
a hight signal andfor an audio signal). In this scepario, the VAV 200 may be configured 1o
navigate by “sourcing” such directional signals — 1ny other words, by detenmining where the
signal is strongest and navigating scvordingly.  Ax another examye, a mobile device can smit
a frequency, either in the lnpnan range or cutside the human range, and the UAV 200 can
Bisten for that i?equezmzy‘ and pavigate accordingly.  As a related example, f the UAV 200 i
Usteming for spoken conunands, then the UAV 280 can uldize spoken stateumends, such ay
“'m over herel” to source the specific location of the person requesting delivery of a
pavioad.
{8074} In an alternative arrangemont, a navigation modude may be implemanied at 8
remate computing device, witich compunicates wirelessly with the UAV 200, The romote
computing device may recsivie data mdicating the operational state of the UAV 200, sensor
data from the UAY 200 that allows # to assesy the eovivonmental conditions being
experienced by the VAV 200, andior location information for the UAV 200, Provided with
such information, the romate computing device may determiine altitudingl andior divectional
adjustments that should be made by the UAV 200 and/or may deternmne bow the UAY 200
shonedd adjost #s mechanica] features (e, its rudder(s), elevator(s), aileron{s}, andior the

speed of it propelier(s) i order o effectuste such movements.  The remote computing
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system gy then communicals such adjustments to the UAY 2006 so it can move m the

determined manner.

{6075] L Consunication Systems
{0876} In g fucther aspect, the UAV 200 dncludes ong or more communication

systems 218, The comsnunications systems 218 may fnclude one or more wirsless interfaces
andforone or ore wirchine interfaces, which allow the UAY 200 to conununicate via ohe of
more networks, Such wirgless imtorfaces may provide for communication under one or mve
wireless comanamcation protoculs, such as Blustooth, Wikl fe.g., ap IEEE 802,11 protocaly,
Long-Term Evolution {LTE}, WiMAX {e.g., an [EEE B02.16 standard), a radio-frequency 1D
{RETN protocol, vesr-field conununication (NFCO), sndéor other wireless communication
protocols. Such wirgline interfaces may inchude an Etheroet interface, & Universsl Sevial Bus
(USHE) nterface, or stvalar nterface to commupicate via 8 wire, a twisted pair of wirgs, a

coaxial cable, an optical link, a fiber-optic link, or other physical connection to a wireline

network.
{8877} In some embodimients, a UAV 200 may include communication systems 218

that aliow for both shorforange conumenication and longarange communication.  For example,
the VAV 200 may be configured for shartrange communitations using Blagtooth and for
fong-range cottmunications onder a CDMA protocol. In such an embodiment. the UAY 200
may be configared to function as a “hol spot™ or i other words, as 2 galeway Or proxy
between 3 remote support device and one or more data networks, such as g celivlar network
andfor the Internet. Configured s such, the UAV 200 may facilitate data comananications
that the remote support device would otherwise be unable to perform by tself

{0078 For example, the UAV 200 may provide 3 WiFl connsction to a remwls
device, and serve as a praxy of gateway toa collular service provida™s data netwenk, which
the LIAV might connect o under an LTE or 8 30 protocod, for instance. The LAV 200 can
alo serve asa proxy of gateway to a high-alitade balloon network g satallite netwark ot a
combination of these networks, among others, which 3 remote device might nit be sble o

atherwise adess,

{0679 B Power Systems
{0GRNY ina finther aspect, the UAV 200 may include power system(s) 220, The

power systent 220 may include one or move batterfes for providing power 1o the UAV 200,
I one example, the one or wore batteries way be rechargesble and cach battery may be

racharged win 2 wived connection between the battery and a power supply andfor vig a
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wirgless charging system, such as sn inductive charging vystem that applies an external me
varving magnetic field to aninternal battery.

{0081} v further aspect, the power systeras 220 of UAV 200 a power interface for
slectronically couplimg to an external AC power source, and an AGTIC converter coupled in
the power interface. and operable torconvert aliermating, current to divect current that charges
the UAY s battery or hatteries, For instance, the power mterface may include a power jsck or
gther electmie couphing for connecting to a THOV, 120V, 220V, or 240V AC power source.
Suchra power system may faciiitate g recipient-assisted recharging process, where a recipient
can connect the UAV to o standard power source gt a delivery location, sueh as the
recipient’s bome or office.  Additionally or alternatively, power svstems 220 can inclode an
nductive charging mterface, such that yeupient-assisted rechavging can be accomplished

wirelessty via an indoctive charging system instalied or otherwise available at the delivery

focation.
{0082} E. Payvload Delivery
{0683} The UAY 200 may cmploy vanoas systems and configurations in order to

transport and deliver a pavioad 228, In some implementations, the payioad 228 of 4 given
VAV 200 may include or take the torm of & “package” designed 1o transport various goods o
a target delivery location.  For example, the UAY 200 can include & compartment, in which
an tem or Hems may be transporied. Such a package way one or more food items, purchased
goods, medical ftems, or anv other object(s) having a size and weight spitable to be
fransported between two locations by the UAV. In some embodiments, a payload 238 may
siply be the one or more ems that are being delivered {e.g., without any package housing
the ifems). Agd, i some cbodinents, the tlems being delivered, the container-or package
i which the items are transported, and/or other components may all be considered o be part
of the pavioad.

{0084} In some embodiments, the paylead 238 may be attached to 'the 1TAV and
located substantislly cutside of the UAY durnp some or all of a flight by the UAV. For
example, the packsge may be wthered or otherwise releasably attached below the UAY
during flight to a target location. Inan embodiment where o package carries goods below the
UAY, the package may include various features that protect s contents from ihe
environment, reduce gerodynantc drag on the systeny, and provent the contents of the
package from shifting dering LAY flight

{3085} For instance, when the pavioad 238 takes the Fformy of 8 package for
transperting Hems, the package may include an outer shell constructed of water-resistant
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cardboard, plastic, or any other hghitweisht and water-resiztant material.  Further, 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 faper fron a wide bottom
0 @ parrow top, which allows the package to serve ag 3 narrow pylon that reduces
interference affects on the wing(s) of the VAV, Thivmay move someof the frontal area and
votume of the package awsy from the wing(s) of the UAV, thereby preventing the reduction
of fton the wing(s) cause by the package. Yet further, w some embodinents, the outer shell
of the package may be copstracted from a single sheet of msterial b orderto reduce air gaps
or extra malerial, both of which may increase drag on the system,  Additionally or
alternatively, the package nwy inclade a stabilizer ©0 dampen package flutter. This reduction
i flutter may allow the package to have a less rigid connection to the UAV and may cavse
the contents of the package to shift tess during Bight.

{0686] In onder to deliver the payload, the UAV may mchude @ tether system 221,
which mgy be controlled by the tether controd modale 216 i order to lower the payload 228
to the ground while the TIAV hovers sbove. The tether system 221 may include a tether,
which ia couplable tv 8 pavioad 228 g a package). The tether 224 may be wound on g
spool that is coupled to a motor 222 of the UAY (although passive tnplementations, without
a motor, are also possible). The wotor may be a DO motor {e.g, a sexvo motor) that can be
actively controlled by a speed controller, although other motor configurations are possible.
In sone embodiments, the tether control module 216 can contred the speed controller & cause
the 222 to rotate the spool, therehy unwinding or retracting the tether and lowering or vaising
the pavioad coupling apparatus.  In practice, 8 spead controller may output a desiped
operating tate {e.g., a deswed RPM) for the spool, which may correspoud 1o the speed at
which the tether system should lowser the payvioad towands the ground. The motor may then
rotate the spool so that it maintaims the desived operating rate {orwithin some allowable range
af operating rales),

{0O87] In order 1 control the motor via a speed controller, the fether vontrol module
216 may receive data from g speed sensor (g, an enceder) configured o converi a
mechanical position 10 a representative anadog or digial signal In perticudar, the speed
sensor may mnchde a rotary encoder that may provide information related fo rotary position
{angbior rotary movement) off 3 shaft of the motor or the spool coupled 1o the miotwr, among
other possibilities.  Moveover, the speed sensor naay take the form of an absolute encoder
andior an mmcremental encoder, among others. S0 it an example iplementation, as the

moter canses rofation of the spond, a rofary encoder may be used to measuwrs this rotating. In
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doing so, the rotary encoder may be ased do convert a-Totary position to ap anglog or digityd
electronic signal used by the tether control module 216 1o determine the amount of rotation of
the spool from a fixed reference angle and/or to an analog or digital electronic signal that 18
representative of a pew rotary position, among other oplions.  Other sxamples are also
possible.

{OO8S8] In sorne embodiments, a pavioad coupling component {e.g.. # book or snother
type of coupling component) can be configured 1o secure the paviend 228 while being
lowered from the UAVY by the tether. The coupling appasatus o component and can be
fogther configured o release the pavioad 22¥% vpon reaching ground fovel vig electrical or
clectro-mechamival features of the couphing component. The paylcad coupling component

can then be retracted to the UAV by reeling inthe tether using the motor,

{0089] In some miplementations, the pavioad 228 may be passively released once s
fowered to the ground. For example, a payioad coupling component may provide g passive

release mechanism, such a8 one of more swing armws adapted to retract into and extend from a
housing,  An extended swing avm may form a hook on which the pavload 228 may he
attached. Upon lowering the release mechamsm and the payload 228 to the ground via a
tether, & gravitational force as well us & downwird mertial foree on the relesse mechanism
may cause the pavioad 228 1o detach from the hook allowing the release mechanisn to be
raised upwards toward the LAY, The release mechamsm way forther include a spring
mechaniun that blasex the swing amm to retract inte the housing when thers are no other
external forces on the swing srmo. For mnstance, 8 spring may exert & force on the swing s
that pushes or pudls the swing arm towasd the bousing such that the swing arm reliacts’ into
the botsing once the weight of the payload 228 no longer forces the swing arm o extend
from the housing. Retracting the swing arny into the housing may reduce the likelihood of the
release mechanism snageing the pavioad 238 or other nearby objects when raising the release
mechanism toward the UAV upon delivery ofthe pavioad 228,

{6699] In another inplementation, 8 payioad coupling component mayv include 8 hook
feature that passively releases the pavioad when the paviosd countacts the ground.  For
example, the payload coupling component may take the form of or inchide 2 book feature that
is sized and shaped to interact with & corresponding attachment feature (o5, a handie or bolg)
on a pavioad taking the form of a container or e The hook may be tuserted wio the
handle or bole of the payload containgr, such that the weight of the payload keeps the payload
container secured o the hook feature duving flight. However, the book feature and payioad
conptainer tay be designed such that when the container contacts the ground and s supported

s
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from below, the hook feature slides out of the container’s attachmemt foature, thereby
passively releasing the payload contamner. Other passive release configurations are also
possible,

HEDU Active pavicad release mechanisnis are also possible. For example, sensors
sueh as-a baromettic pressuve based altimeter andfr accelerometers may help to detect the
position of the release mechanism {and the pavload) relative 10 the ground. Data from the
sensors oan be conwnumcated back to the UAV andior a control system over a wireless link
anad used to bely in detenminng when the relesse nwechanism has reached ground level {eg.,
by detecting o measurement with the secelerometer that is chamscteristic of ground mpaci).
o other examples, the UAV mmy determine that the pavload has reached the ground based on
a weight sensor detocting a threshold low downward force on the tether andior bised on g
threshold low measurement of power dravens by the winch when lowering the pavioad.

HEDU Other systems and techmigues for delivering a pavioad, in addition or wm the
ahernative o a tethered delvery system are glso possible. For example, a VAV 200 can
mchide an abr-bag drop systent or g pavachute drop system Adtersatively, a LAV 200
carrying a payvicad can simplhy land on the ground at o delivery location.  Other examples arg
alse possible.

{6093} fin somie arrmigoments, a UAV may not mclude g tether system 221, For
gxample, 3 LAY can include an miternal compartment or bay i which the UAY can hold
ftems during transport. Such a compariment can be configured as a top-loading, side-lnading,
sndfor bottonloading chamber. The UAV nuy include electrica! andfor mechancal means
feg, doors) that aHlow the mierior compariment i the VAV to be opened and elosed.
Accordingly, the UAY may open the comparlment in various circumsiances, such as; {3}
when picking up an item for delivery at an item spurce location, such that the item can be
placed in the LAV for delivery, (b} upon arriving at 8 debivery location, such that the
recipient caw. place an feny for refien into the VAV, andior (&) in othet circumstances.
Further, it 15 also contemplated, that other non-tethered mechanisms for securing payload
ttems to g VAV are also possible, such as varions fastensrs for seouring stems to the UAY
housing, among other possibifities. Yot further, a LAV may include an internal compartiment
for wansporting Hems and/or ther non-tethered mechanisas fw securing pavivad items, in
adiition or in the alernative to a tether system 221

IV,  Hlustrative UAY Deployment Systems

{30694} UAY systems may be implemented in order to provide various UAV-related

serviees, by particular, UAVs may be provided at o vumber of different launch sites that may

i
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be in communication with regional andior central contrel systesns. Such a distnbated UAV
svstem mav allow UAVs o be quickly deployed 1o provide ssrvices atross a large peographic
area {e.g., that is much larger than the tlight range of any single UAVY, For example, UAVs
capable of carrving pavioads may be distibuted at a number of launch sites across a large
geopraphiv area (possibly even throughout an entive country, or aven wotldwide), in ovderio
provide on-demand transport of various items o locations throughout the geographic ares.
Figure 3 s ¢ siplified block diagram dlustrating s diswiboted UAV system 300, according
to-arroxample smbodinsent

{0095} In the iHustrative UAV system 300, an access system 302 may allow for
interaction with, control of, andfor wilzation of & netwotk of UAVS 304, In some
eobodivnents, an sccess systern 302 may be a computing system that allows for human
controlled dispateh of UAVs 304, As such, the control system may inchude or otherwise
provide 3 yser interfaee through which a user can sccess andfor control the UAVS 304,

{8696] In some embodiments, dispatch of the UAVs 304 may addiionally or
ahernatively be accomplished via one or more agtomated processes. For instance, the access
systermn 302 mav dispateh one of the UA VS 304 1o ransport a payioad o & target location, and
the UAV may sutonomously navigate o the farget locgtion by unilizing vartows ow-board
sensors, such as & GPS receiver andfor other various pavigational sensors.

{H097] Further, the access systenm 302 may provide for remote operation of @ UAV.
For instance, the sccess systom 302 may allow an operator 1o controd the flight of 8 UAY via
tts user interfice.  As a specific example, an operstor may use the sccess system 32 fo
dispatch a UAV 304 1o a twrget focation. The UAV 304 may then aulonomously navigale to
the general area ot the targed location, At thds point, the operator may uye the access svsiem
302 1o take control of the UAV 304 and navigate the UAYV to the target location (e.g., to a
pariicudar person to whom a pavlosd is being transported).  Other examples of remote
aperation of & UAY are also possibde.

{B698) In an illustrative embodiment, the UAVs 304 may take various forms. For
example, esch of the UAVS 304 may be a UAY such as those illustrated in Figures 1, 2,3, ot
4. However, UAV systent 300 may also utihize other types of LAV without departing from
the scope of the myvention,  Inosome implemendations, all of e UAYs 304 may be ofihe
same or a sinslar configuration. Howevtr, in other implomentations, the UAVs 304 may
inclade a nuber of dilferent types of UAVs, For instance, the UAVs 304 nay include a
member of types of UAVs, with each type of UAV being configared for a different type or

types of payioad delivery capabilities,
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{0899} The LAV systom 300 may funther inchude 8 remote devige 306, which may
take vatious forms. Generally, the remote device 306 may be apy device through which a
direct or indirect request to dispateh a DAV can be made. {Note that an indivect vequest mmy
involve any communication that may be respouded to by dispatehing a2 UAV, sueh as
reguesting a package delivery). In an example embodiment the remote device 306 may be g
mobite phone, tablet computer, laptop computer, personal computer, or any network-
gonnected computing device. Further, in sorme instances, the vemote device 306 wmay notbe a
computing device, As s example; & standard telephones, which allows for conumunication
via plaip old telephone servics (POTS), nray serve as the remote device 306, Other types of
remote devices are also possible.

{08100 Further, the remote device 306 may be configured 1o communicate with access
systenm 302 via one or more types of communication networkis) 308 For example, the
remite device 306 may comumnunicate with the sccess system 302 {or 8 human operator of the
geoess system 302) by mmmumia:ating over a POTS network, 8 cellular network, andior a
data network such as the Internet.  Other types of networks may also be wtilized.

jogiiy in some smbodiments, the remote device 366 may be configared o allow &
user o request pickup of one of more Bems from 8 cortain source lovutions anddor delivery of
oBe of more Henws (0 a desired locationn. For example, a user can request UAY delivery of g
package to they home via thelr mobile phone, tablel, or laptop. Ag another example, a gser
can reguest dynamic delivery to wherever they are located at the time of delivery. To provide
such dynamie debivery, the VAV system 300 may reeeive location information {e.g, GPS
coordinates, ete) from the user’s mobile phone, or any other device on the user’s person,

such that a UAY can navigate & the wser'y location {as mdicated by theiy miobile phone).

[00102] In some embodiments, a business user {e.g., & restaurant) can utilize one or
more remote devices 306 o request that & LAY be dispatched 1o pick up one or more tems

(o e tond os‘d@r} from a source location {e.g. the restawant’s address), and then deliver the
Ofe OF more Homs 08 targe! location {e.g., @ customer's sddress) Further, in such
embodiments, there may be § aumber of remote devices 306 associated with a common Hem-
provider acoout {e.g., a0 account weed by maltiple emplovees andéor owners of a particolar
peatanmanty,  Additionally, i such embodiments, 4 remote device 386 may be stilized o send
tene-provider subhussions o # wansport-provider computing svstens {e.g., contral digpateh
systens 310 and or local dispatch systern 3123 which each indicate a respective quantitative
measure fora given amount of UAV transport servicg at a given fohwre tinse. For example,

remote device 306 may be utilized to gonerate and send an Hemeprovider submission that
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specifies a-level of desived VAV {ransport services {e.g., number and/or tate of expedied
UAY delivery flights), andfor a monetary valug corresponding 1o the item provider’s need for
VAV transport services, at @ partcular time or dunng a particular period of time i the futore,
{08103} I an diastrative arvanpement, the central dispatch system 310 may be a server
or group of servers, which i configured fo roceive dizpatch messages requesty andior

dispatch instructions from the access system 302, Such dispatch messages may request or

instruct the central dispateh system 310 to coordinate the deploynent of UAVs to vanous
tareet Jocations,  The cengral dispatch system 310 msy be fiwther configured 0 route such
requests or instroctioms o ong of more local dispatel swstenss 312, To provide such
functionality, the contral dispaich system 31 nay conmnunicate with the gocess systom 302
via a data network, such as the Intemet or g privete network that is established fov
conumumcations betwesn acoess svsterns and avtomaled dispateh systems.

{06104] tn the ilustrated configuration, the central dispatch systen 310 may be
configured to coordinate the dispatch of UAVS 304 from a number of different local dispatch
sustems 312 As such, the central dispatch system 310 may keep track of whach LIAVs 304
gre-located at which Jocal dispatch systems 312, which UAVS 304 are curvently available finr
deployment, and/or which services or operations cach of the UAVs 304 iz comfigured fiw {n
the event that a LAV fleet includes nusitiple types of UAVs configured for different services
andfor aperations). Additionaily or alternatively, exch local dispatch system 312 nwy be
configured to track which of its associated VAV 304 are vurrently avatlable for deplovment
andfor ave currently n the midst of e transport.

{00105] in some cases, when the central dispatch system 310 recetves a reguest for
UAV welated service (g, tansport of ab tom) font the access sysiem 302, the central
dispatch system 310 may select @ specific UAY 304 to dispatch. The central dispateh systent
310 may accordingly mstruct the local dispatch system 312 that s sssocisted with the
scledtod LAY to dispatch the selected AV, The local dispaich system 312 mayv then opesate
its gssociated deplovment system 314 to lavneh the selected UAV. In other cases, the central
dispatch system 310 may forward & request for a UAV-related service 10 a focal dispatch
system 312 that s near the focation where the support is requested and Jeave the selection of
aparticular AV 304 o the local dispateh systent 2.

{08186} fn an example vonfiguranon, the local disparch system 312 may be
implemented as a computing systerm at the same location as the deployvment system(s) 314
that 1 controls.  For example, the local dispatch system 312 may be buplemented by a
opyputing system mnstalled at 3 building, sueh as 2 warchouse, where the deploviment

9
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systems)y 314 and LAV 304 that are dstociated with the particalar local dispaich system
312 are also loeated. In other smbodonents, the locsl dispaich systemy 312 may be
mplemented at a location that ¥ romote to 818 associated deployment systems) 314 and
UAV(s) 304,

{36187] Numerous variations on and altematives (o the iustrated configuration of the
VAV system 300 are possible.  For example, in some embodiments, a user of the omote
device 306 can request delivery of a package direetly from the centval dispateh system 310,
To do so,anapplication may be mplemented onthe remote deyvice 306 that allows the wsy
to provide information regarding o requested debivery, and generate and send 8 dota messags
to reguest that the UAV systemn 300 provide the delivery. In such an embodinent, the central
dispateh system 310 may include automated fonctionslity o handle requests that are
generated by sach-an appheation, evaleate such requests; and, if appropriate, coordinate with
an appropriate local dispatch system 312 fo deploy a UAV.

{06108} Purther, some or all of the functionality that 15 atiributed herein to the central
dispatch syster 316, the Jocal dispateh system(s) 312, the access gystem 302, andéor the
deployment sysdemis) 314 may be combined 1 g single system, implemented in @ more
complex system {e.g., having more favers of control), andfor redistributed smong the centeal
dispatch system 310, the local dispatch svstem(s) 312, the access system 303, andior the
deplovmest system{s) 314 i various was.

{061 09] Yet further, while cach local dispateh system 312 s shown as having two
associated deplovment systems 314, a given local dispatch systern 312 may alternatively have
more of fewer associated deployment systems 304 Simtlarhy, while the centval dispaich
system 316 is shown as being 1 communnication with two logal dispatch systems 312, the
central dispatch system 310 may alternatively be i conununication with more or fewer local
dispatch systems 312,

{80118} In a further aspect, the deployiient systems 314 may take various forms. In
some implementations, some or all of the deplovment systems 314 may be ¢ structure or
system that passively facilitates ¢ UAY aking off from g resting position to begin a fhight.
For example, some or all of the deployinent syatoms 314 may take the form of a landing pad,
& hangar, andior & remway, among other poseibilities.  As such, a giver deployment system
314 may be avanged to facilitate deploviment of vie UAY 304 at  time, or deployment of
multiple UAVs {eg, a landing pad large enough to be oubzed by muiup ¢ UAVs

concurrentivy

v
Lk



WO 2019/126263 PCT/US2018/066392

HUU ST Additionally or alternatively, some or all of deployment systems 314 may take
the form of or include systems for actively launching one or more of the LJAVS 304, Such
baumch systems may include features that provide for o automated UAV honch sndior
features that allow for @ huwan-assisted AV lawueh. Further, 3 given deplovinent sysiem
314 may be confizured W sunch one particular UAY 304, or ty lawnch multiple LAV 304,
jB6112) Note that deployment systens 314 may abso be configured 10 passively
facilitate andior actively assist 8 UAY when landing. For example, the same landing pad can
be used for: take-ofl and landing.  Additionslly o aliernatively, @ deployvment sysienm cap
ichude o robotic armooperable o receive an meoming VAV, A deploviment system 314 can
also include other structures andior systents to assist andior facHitate LAY landing processes.
Further, structures anddor systems 1o assist andfor facilitate UAV landing processes may be
plemented as separate structures andfor svstems, so long as UAVs can move or be moved
froum & landing structuce or svsiens to 3 deplovment systein 314 for re<deplovment,

{06113} The deplovment systems 314 may further be configured to provide sdditional
functions, including for example, diagnostic-related fimctions such as verifying system
fonctionality of the VAV verifying fonctionality of devices that are housed within a UAV
{e.g., a payload delivery apparatus), and/or maintaming devices of other items that sre housed
in the UAY {e.g., by monitoring a status of a payvload such as its temperatre, waght, eie)
{30134 in some embodiments, local dispatch systems 312 {along with their respective
deploviment systenys) 314 may be strategically distributed throughout an ares such as a city.
For example, local dispatch systems 312 may be strategically distributed such that each locsl
dispatch systems 312 is proximate o one ov more payioad pickup locations {e.g., near 3
restanrant, store, or warchouse). However, the local dispateh systems 312 may be distribuled
in other ways, depending upon the particular implementation.

{a11s] As an sdditional example, kiosks that allow users to transport packages vig
UANVs miay be imstalled in varous locations.  Such kiosks may include VAV Taunch systems,
snd may allow a user to provide their package for loading onte 8 UAV and pay fir UAV
shipping services, among other possibilities. Other examples are also possible.

{116} In a further aspect, the UAV systern 300 may inclade or have access to a user-
acoount database 316 The vser-aoctunt database 316 may inchude dats for & nombey of wser
accounts, and whicl are each associated with dee or move person. For a given aser aceount,
the user-acconnt database 316 may include data related to or wseful in providimg UAV-related
services, Typrcally, the user date associated with each user account is optionally provided by
an associated userandior s collected with the associated user’s prrnission.
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{06117} Further, in some embodiments, a2 person may be required to register for a user
avcount with the UAV system 300, if they wish 10 be provided with LAV related services by
the UAVs 304 from UAV system 300, Ax such, the user-account database 316 may mchale
authorization information for a given user account {e.g., a user name and passwordy, andfor

ather information that may be used 1o authonze access 1 & user aocount,

{G61 18] In some embodiments, & person may ssomate one or move of their devices
with their user account, such that they can aceess the ser of LAY system 300, For

example, when g person asex an associated mobile phone to, eg., place g call 1o an operator
of the access system 302 or send & message requesting a UAV-rclaed service 10 8 dispaich
systen, the phone may be identified via a onigue device wentification mumber, and the call or
message may then be attributed to the associated wser sccount.  Other examples are also
possible.

{06119} Additionally or altematively, an Hem provider that wishes to deliver thewr
products using LAV trgnsport setvices provided by su ATSP 6 deliver, can register for an
ftem-provider asccount with the UAV svsterm 300, As such, the user-account database 316
may nclude authorization information for a given tem-provider acoount {g.g., one o more
user name and passwind combinations), andior other wiormation that may be used 1o
authorize access o g given Hemvprovider account,  Altermatively, data for ftemeprovider
accounts may be kept in a separate database from recipient user accousts.  (ther data

structures and storage cs:»uﬁgurations for storing such sccount data are also possible.

v, AV Transport Services with Separately Located Item Providers and UAV
Hubs
{08128] As noted above, an ATSF ey be & separate soatily from the entity or entities

that provide the Hems being transported andior interface with the recipients who request
delivery of these ytems. For example, 8 company that operates a fleet of LA Vs configured
for dem delivery may provide delivery services for third-party entities, such as restaurants,
clothing stores, grocery stwes, snd other “brick and mortar™ amlor onling retatlers, among
other possibilities.  These third-party entities may have accounts with the UAYV transport
seyvice provider, via which the thivd-parties can request andfor purchase UAV transport
services from the ransport service provider. Further, the third-party entities can interfacs
with reciptents {e.g., customers) directly, or throngh computing systerus (2.8, applications
and/or server systems) provided by the UAV transport servicg pr(wiaiﬂ.t

{B121 Figure 4 ix a block diagram showing an example srrangement for an aerial
sranspott provider control systeny 402, which comdinates UAY transport services fir a

%2
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plurality of dem providers that are focated: romotely from the seevice provider’s dispaich
ocations, and served by a plurality of LAY hubs at varions locations.  As shown, an aerial
transport service provider {ATSP) 402 may be communicatively coupled o UAV nests 404a
to 404d, and comnuunicatively coupled o Ttem-provider computing systems 406a to 4064
Such conunumicative couplings iy beiplemented using varous tvpes of wired andéor
wireless communication protocols and networks.

{06122} Bach UAV pest 404a 1o 404d i a facility where UAVs con be stoved for at
Feast & short period of Umes, and from wlach UAYS can begin carrving out & UAV wansport
task {e.g., where UAYs can toke i), o some tnplomentations, some o all of UAV nests
4048 to 404d wmay take the form of a local dispatch system and ome or wmore deployment
systers, such as those deseribed 1o reference to Figore 3 above. Of course, some or all LAY
nests 404 to 404d can also ke other forms andfor perform different fmctions.

{06123 Bach genv-provider computing system 4063 to 4064 may be associated with a
different stevv-provider scoount. As such, a given sem-provider computing sysient 406a w
4064 may inclade one or wore conmputing devices that are authorived o access the
corresponding tem-provider account with ATSP 402, Further, ATSP 402 may store data fir
Hent-provider accounts i an geneprovider account database 407.

{08124} i praciice, a given tterm-provider computing system 406a to 4064 may include
one of mwie remote compuling devices {eg., such as one or more remole devices 306
deseribed i reference to Figure 3), which have logged inn v or otherwise heen apthorized o
sccess the same tem-provider account {e.g., cell phones, laptops, sudfor computing devices
of a business’s emplovees)y.  Additionalbe or altematively, an stemeprovider computing
system 486a to 406d may be miplemented with less of an ad-hoc approagh; eg., with one of
of item-provider computing systems are also possible,

{B0125] In order to provide UAV fransport services to-various em providerss th an
efficient and flexible manper, a UAY tansport service provider 402 may dynamically assign
different LJAVS o transport tasks for different em providers based on demand andior other
factors, vather thay permanently assigning gach UAV o a particular Btom provider. As sucly,
the pactienlar VAV or UAVs that carry oul transport tasks fir a given third-party item
provider may vary over thime.

{101 26] The dynamic assignment of UAVs to fhghts for a mumber of different ttem
providers can help o VAV transport service provider to wmore efficiently sulize a grogp of

UAVS {ep., by reducing unnecessary UAV dowatime), as compared o an arrangement
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where specific UAVs dre permanently assigned 1o specific Hem providers, Muove specificelly,
o dynasdeally assign UAVS @ transport requesis from third-party fem providers, the UAY
transport service provider 402 can dynanucally redistribute UAVs amongst a numnber of UAV
deployment locationy (which 'may be referred o as, e, “hubs™ or “nesia™) through a service
aren, according o thne-varying levely of demand apvarious focations or sub-areas within the
SETVICE area,

{86127} With such an srrangement, 8 delivery fight may fovolve the additional flight
e o fly fronn the UAY hab o the Menwprovider’s Jocation o piok wp the ttem or Homs for
transport, before flymg to the delivery location, as compared to an arvanzement whers
dehivery UA Vs are stationed at the source Tocation for denas (such as a distribotor or retailer
warehouse ot & restaprant). While the fight log between the UAV hub and a pickup locstion
has associated costs, thess costs can be offset by more efficient vse of sach UAV {e.g., nore
flights, and less unnecessary pround time, fu 8 given pertod of time}, which o turn can allow
for g lesser number of UAVS 1o be utilized fr ¢ given number of transport tasks.

Vi,  Deployment of Operational Infrastructure

{06128} in aceordance with the present disclosure, & UAY can be arvanged o deploy
operational infrastructune. Generally, operations! infrastructure may be any strocturs, device,
ot equipment that can be deploved 1y order to enable charging of & UAVs battery. In
particudar, operational nfrastructure can be ong or more pads of & groond charging sysiem
that 13 configurad to charge batteries of one or more UAVs., Addienally or alternatively,
operstional fofrastructure can be an entive charging svstem.  In some waplementations, the
present disclosure may extond o operational fnfrastnucture being any stnuehwe, device, or
equipment that can be deploved i order io establish a short-term or long-forin storage space,
such as for storing or housing a UAV, one or more parts of g charging systemy, andior
transport fem{s), among others.

06129} In practice, a VAV van deploy operativnal infrasinucturs o various ways, In
one example, a UAV can earry out a tethered pickup andior delivery of operational
irfrastructure,  In snother example, operational nfrastructuve can be attached o & top,
bottom, andfor side portion of & UAV {eg., withoo! wse of a tether), so that the UAV can
transport the attached operational infiastructure. fn yut another example, opevational
infrastructure can be housed within an interior comnpartiment of the UAV, so that the UAV

can transport the operational frastruciure.  Other examples are also possible.

{30136} Figire 8A next slustrates an adaptable charging systesn 508 bcluding

operational infrastruciure that s deployable by a UAV. Specifically, the systemn 300 includes
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a universal power inferface SO2 having & power cable 584, and also wnclades a charging
mterface S06a.

{60131 As an mnitial natter, the universal power mnterface 502 can be installed (v,
attached o or otherwise placed) on any feasible structure, such a5 a roof of a Bouse, a8
shown, other teofy, or oihey promanent o semi-permaneitt structures, As part of the procsss
of installing the universgl power interface 302, the powsr cable 504 can be connected to a
powst supply diveetly or via another device, such s a power socket for fnstance, so that the
goiversal poweyr intevface 302 can receive electrival power fromy the power supply via the
power cable 504, In practice, mstallation of the universal power interface 502 can be carried
out by an individual, such as a technician for example.

{08132 Additionslly, charging erface 5062 can be avvanged to transfer elecivical
powver 1o 3 battery of s UAV. In particular, charging interface 5063 may mchude 8 receptacle
S%a having a shape (e, & cone andfor pyramid shape) that substantiaily complements a
shape of the universal power interface 502, thereby providing Ry coupling of the charging
mterface M6a to the wversal power iterface 302, Coupling of the charping wterface 506a
tn the aniversal power interface 502 may enable transfer of electnical powser to the charging
interface 506a, fov éxample, using electrical equipment i the recepmele 308 contigured 1o
feceive such power front the universal power nterface 302, In turo, thus electrica! power can
then be further trunsterred from the charging uterface 5063 to 3 battery of a UAV that has
landed on ov neardby the charging inferface S06a. and sueh {ransfer can be carried out via a
wired or a wireless power connection for instance.

{66133} Furthermore, charging iuterface S06a can be coupled to andior removed from
the watversal power iterface 302 in various ways. For example, the charung interface 3063
cah include a hook $10a onto which a tether of a UAV can couple. Hook $10a may alfow the
UAV o pick up the charging imterface 506a, senially tronsport the charging interface 508a,
drop the charging intertace M6 ontothe umiversal power interface 302, andior remgve the
charging interfice 506a from the universal power interface 502, among other options, Other
examples are alse possible.

{6134} Figure 3B pext ilustrates another charging interface 506b that can be
deployed onto the same universal power interface 302,

{O0135] Ax an intal matter, @ next generstion charging interface 300b niay be similar
to the charging interface 306a i various ways. For example, the charging interface 306b
may also nclade a receptacle SO8b having a shape {e.g., 8 cone andfor pyramid shape) that
substantially complements a shape of the universal power interface 502, therehy providing
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for coupling of the charging intevface S6a 10 the universal power interface 302, 1o another
example, the charging mterface 3060 may also mclude a book $10b onto which a tether of g
LAV can couple. In yet another example, the chargmp interface 506b may also nchude
squipment that provide for transter of electrical power from the uiniversal power interface 502
o3 battery of a UAY.
U R However, the next gensmation charging wnterfce 506b can glso be different
from the charging interface 506a n various ways. Fov example, charging iterface 306b can
have a weight, shape, andfor size that are different frow that of the charging interface 506a,
For instance, charging interface 306h can have a weight that s lesser than g welght of
charging interface 506a. In ancther exanple, the charging interface S06b can use a difforent
approach for transferring electrical power 1o & battery of a UAV. For fustance, the charging
interface 5064 may be configured to transter electrical power 10 & battery of 2 UAV wsing &
wired connection.  Whereas, the charging interface 506h may be configured 1o wirglessly
transter electrical power 1o a battery of a AV, Other examples are also possible,
{06137} Accordingly, the above-described arrangement of the adaptable charging
system 500 can be advantageous for various reasons, For example, such an srrangement can
aliow for deployment i a geogoaplue arey of g plurality of charging wierfuces by oneg w
more VAV it a selfscaling manner and withowt the assistance of an indierdagl. In another
example, sach an arrangement can allow for removal of 3 grven charging mterface, so that the
given charging hterface can undergo maintenance andéor be replaced by another charging
tuterface, such as by an equivalent charging werface or by a “next generation” charging
imterface, Other examaples ave also possible.
{00138} Figure & next Hustratey a solar charping svstem 8080 inclhading opevationst
infrastructurs that is deplovable by a UAY. More specifically, the system 680 includes o
solar panel 602, such as any carrently gvailable or future-developed solar pavel that s
configured o convert sunbigh! inte electrical power.  Additicmally, the system 600 may
include an energy storage device 604 configured to stors elecirical power generated by the
solar pansl 602, such gs for the purpose of delivering that stored electrical power 10 8 UAV &t
any feasible gme (oog., nighttime, other times where solar panel 602 has hinnted or no UV
exposured. Further, the svstewn 600 way include o charge pad 806 that may have electrical
equipment configured to transfer electrical power from the solar pancel 602 gudior the eoergy
storage device 604 o a battery of a UAY that has landed on or nearby the charge pad 606,

and such transfer can be carried out via 3 wired or a wireless POWEY conmection for instance,
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{08139] Moreover, the solar charging syvstom 600 can be wranged for deplovment by a
UAY. As an imnitial matier, the svstem 6060 can be relatively Liphtwetght, such as by baving a
weight that is lesser than a welght of a UAV amanged or (}giaemxf‘isﬂ designated 1o transport the
systomy 600, Addimionally, the systeny 600 can include a hook 608 onto which a tether of a
VAV cancouple. And ts hook 608 may allow the LAY {0 piek up the system 000, sevially
transport the sestem 600, drop off the systers 600 at a given fovation {e.g., a roof of & house),
gndfor remove the system 500 from the given location, armong other options,  Other examples
and Hlustrations are also possible,

{00144} i some cases, a next generation solar charging system {not showi) can b
developed. The next generation solar charging system may be similar to the selar charging
systern 600 vanious ways, For examyple, the next generation solay charging system roay
abso include a solar pangd, an enerpy storage device, and 8 charge pad. However, the next
zeneration solar charging system can also be different from the solar charging system 600 in
various wivs. For example, the next generation solar charging systom ¢an bave a weight,
shape, andfor size that ave diffevent from that of the solar charging system 600, For instance,
the next generation sofar charging svstem can have o weight that s lesser than g weight of
selar chiarging svstem 600, Other examples ave alse possible.

{08141} Accordingly, any existing operations! mfrastructure that is deployable by s
UAY i accordance with the present disclosure could be apdated over time through
developmient of a next generation operational infrastructure that v also deployable by a UAV.
The next gencrathion operationst! infrastructuve can be different from the existing operational
infrastructure in any - feasible manmer, such as o any of the ways described hereln, for
mstance. As such, by way of example, existing operational infrastructure can by replaved at
any feasible thime by other operational infrustructure, such as by equivalent operational

mfrastracture or by a “nexi generation” operational mirastructure. Other examples are also

possible.
Y11 Determining Operational Location(s} for UAV(s)
{08142} Generally, an operational logation may be a lovation within a geographic area

at which operational infrastroctuve can be deploved.  For exanple, an operational lovation
may-bea lovation-at which a UAV nest {e.g., VAV nest 404a) has been sof up or will be set
up. Additionally ‘or alteraatively, an operational location may be a location other than o
focation of a UAV post, such as a rool of a house, or other bailding or structure, 1o the
geographic area, amobg other options.  In either case, an operational lovation can be a
focation at which a UAV can charge the UAV v battery after operational infrastructure has
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bean deploved, and perhaps aldo one fromy which a UAV can carry out 3 UAV transport task,
which may include pickup of an Hem af an ltem-source location (can also be reforred to
heretn s a pickup location) and subsequent delivery of the ttem st a dehvery focation.
{08143} In accordance wath the presest disclosure, a controd system {(o.g., ATSP 402)
can deterpipe one or mewe operational locationy in vanous ways.

{6144} In one example, the operational locations can be locations that have been
porputied for use as operanonal focations. In particular, the control system can defermine a
plurality of authorized locations at which respective deplovinent of operational infrastractare
s pernutted.  Whaen the conrsd systam dotermines operational location{(s), the congrol system
may determine the operational location(s) based on cach operational location being ane of the
determined authorized locations.

jR0145] In another example, the controf system may determine operational ocation(sy
i socordance with respective fight ranges of UAV(S) In particular, the control system can
determine & flight vange respectively of one or miore UAVS from a group, and can then
determine the operational focation(s} based on the determined flight range(s). For instance,
the control system can deteroune an operational location for a UAV, so that a distance
betwegn g source location of the UAV, which is further descuibed hevein, and the operational
focation 18 less than g determined flight range of the AV In another wnstance, the control
systemt can determine an operational location for a UAV, so that a round wip distance
between the operstional Invation and a common Hem pickupidelivery location {e.g., a third-
party entity) is fess than a deteromined fhght range of the UAVY.  As such, consideration of a
VAV s fhight range when determining an operational Iocation for 3 UAV can possibly allow
the, UAV to carry out an dem Wansport task from the operationsl focation witheut $ully
depleting the HAY s battery.

HELE L In vet snother example, the contrel system wmway determine operational
focation{s) in accordance with desand $or aerial transport services of ' group of UAVR s
peographic arca. o particular, the countrod system can determing current andior expected
demand for the serial transport services, and can do so i varous ways, For fastance, the
controb system can determine or estimate demand in vanous sub aress of the geographic area
based ot locationy of third-party entities that bave acconnts with a UAVY gansport servics
provider, hased on population density at those sul aress, based on historical wivymation
represenfative of previous sem tansport tasks carried oumt by UAVs, asdior based on
reguested and vet to be completed ftorn transport tasks, among other options.  Once the

vontrol sysiem determines demand for the serial transport services, the coptrol sysiam ny

1
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then determine operational focationdsy that swoukd cngble a greup of AV 1o mdetthat
determined denand.

{00147} fn this regard, deternuingtion of operationsl focation based on demand can
aecur dynamically, so that operational infrastructure can be dynamically redeploved from sub
areafy) having relatively low demand 1o sub aresisy that have relatively ngh demand.
Conseguently, aerial transpont services can be provided in a seli-sealing mamer and without
under-utihzation of operational infrastrocture,

{0G148] Accordingly, when the control sestem determines operational focation(s), the
cantrol svstem can do 5o based on one or nxwe of the desoribed factors, among others. And
the control system can be configured 10 use machine lesrning or other techniques o improve
over time the approsch for deternining operationsl location(s).

{36149} By way of example, after cerlain operational location{(s) are determined and
UAV(s) carry out transport task(s) front these operational locationds), the control systerm <an
determine perforinaoce of those operational Jocation(s), such as hased on tine andfor energy
spertt by UAV(s) to pick ap andior deliver semis) when operating from these operational
locationds), amony other options.  And this determined performance can be fod back as
tramning data o & machine learnmy process, so that the machine learning provess caw help
determing improved operational locations 1n the foture, such as those that allow UAVS o
apend less fime and/or energy 1o piek up andior debiver ftemis).  Other examples are also
possibla.

{06138) Furthermore, 1 some cases, cach operational location fn a geographic area
may respectively have an associated sub area of the geographic avea. For instance, this may
be the case it an operational focation 18 3 jocation of a3 UAV nest. in hyve with the discussion
above.

{08151} In particelar, a given operational tocation may be one from which one or more
UANVs of a group miay provide aeriad transport services i a sub avea of the geographic area af
tsste, Such a sub aren can be defined in varinus ways and can take on any feasible shape and
form. By way of example, 2 given sub arcs may inchude a plurality of locations in the
geographic area that are each respectively within a threshold distance away from the given
operational locatien, In practive, this threshold distance can be, for instance, half of o flight
range of 8 LAV that providex aertal fransport services from the given operational location,
wiich can possibly allow at least that UAY o camry out an itomn transport task in the given
suby area from the given operational focation without fally depleting the VAV s battery. In
this manner, UAVS) can be assigned 1o an operational ocation, so that these UAV(s) are

4
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dedicated {0 carry oub ansport-tasky o the sub arcd for ot feast some thwe period: Ot
examples are also possible.

{60152 Yot farther, i some cases, UAVES) may fly from a source location
respectively to thelr assigned operabional location(s).  For instance, a group of UAVs may
initially be nog soures structure thal has been temporandy o peromnently placed in the
grographic area 1t ¢ select source location. By way of exgmple, the source structure may be
8 container configured to house the group of UAVs and perhaps also operational
infrastructigre, among other options,  And this condainer may be teraporasily of pormanently
placed (s, affer being tansported by a tuck) af 2 substantislly central location in the
gengraphic area, which may be considered as the source location at issue. In other examples,
the source structure may be a distributor or refailer warehouse ot a restaurant, among various
other options.

{06153 In any case, as further discussed herein, one or more UAV{s) of the group can
eachh respectively fly from a source location to an assigned operational location at various
times. For example, in line with the present disclosare, @ given UAV can By from the source
fncation to Wy assigned operational location &8 part of an nfrastructure deploviment task that
alse nelndes mstatiating of operaticual infrastructure at the assigned operattonal focation by
the given LAV, In another example, in Hoe withothe present disclosure, a given UAV can fly
from the source lovation o s assigned operationad lovation alter operational tvastructure
has alecady been installed af the sssigned operationa] lncation by that given UAV or by
snother UAVY. Other examples are possible as well,

{00154 Figure 7 next illustrates 3 representative geographic area 700 at which & group
of 1AV can provide acrial transport services. Ax shown, the geographic area 700 inchudes a
soures Tocation 702 that serves as a location frony which ane or move UAVs of the group
respectively fly to operational locations 704a to 7i4d. In some examples, smwvee location 702
may be substantially contrally located. Morgover, each of the operational focations 704a to
T04d respectively have associated sub arcas 706z to 7064, so that UAVIS) at a given one of
the operational location {e.g., operational location 704a) can be gt legst temporardy dedicated
to carrying ont aerial transport fasks at the assoctated sub aven {e.g., sub area 7068). Other
ilustrationy are possible as well

¥itL  Use of UAV{S) Dedicated to Deployment of Operational Infrastracture

{IR155] Figure 8 15 a flowchart Husirating 2 method 800, winch relates o using a

VAV dedicated to deployment of operstional infrastructure.
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{08156} Maethod 800 shown in Flawe 8 {and other processes-and methods dhscloned
herein) presents a method that can be woplemented within an arsangement involving, for
example, any of the svstems shown i Figures TA 10 6 {or more parnivularly by one or more
components ot subsysterns thersol, such as by a processor and 2 nop-tranyitory computer-
readable edium baving mstructions that are executable o cause the device o perfonm
tfunctions described herein), among other possible systems.

{06157} Method 800 and other processes and methods disclosed hersin may include
oneor e operations; fanctions, or actions, as lestrated by ong or moreof blocks 802-806
for instance. Although bloeks are ilfustrated in sequentig! order, these blocks may shso be
performed o parstlel, sadfor noa different order than those deseribed herein. Also, the
various Blocks may be combined into fewer blocks, divided mto sdditional blocks, sadfor
removed based upon the destred implementation.

{06138] In addition, fur the method 860 and other processes and methods disclosed
hevein, the flowchan shows functionality and operation of one possibie implementation of the
present disclosere. In this regard, each block may represent 8 module, a segment, or a portion
of program code, which inclades one or more instructions sxecatable by a processor fr
mplementing spertfic logueal functions or steps i the provess. The pragrany code may be
stored on any tvpe of cormputer readable medium, for example, such ay a storage device
including a disk or hard drve. The computer readable medivm may inclade non-transitory
computer readable medium, for example, such as computer-readable madia that stores data
for short pentads of time like register memaory, processor cache and Random Access Memory
{(RAM).  The computer readable mediom mayv abo inclade non-ransitory media, such as
secondaty or persisient-fong tert storage, like read only memory {ROM), optical or magnstic
disks, compact-disc read only memory {CD-ROM}, for sxample,  The computer readable
media may also be any other volatile or nonevolatite storage systems. The computer readable
medivm may be considered & compiter readable storage mediun, for example, or.a tangible
storage device. In addition, for the method 830 and other processes and methods disclosed
heremn, each block in Figure 8 may represent circuitry that s wired to perform the specific
logical functions in the progess.

{06159 At block 802, method SO0 may volve determining, by a control system, an
operational focation at which o deploy operational nfrastructure.

{BB168] Ag an initial moatter, the control system at issue mwy be oncbomrd a LIAY
andfor may be an external control sysiem that fransanis fnstractions to UAVE) {(eg, ATSP
4623, anong other aptions.  Addittonally, the control svstem can wse any of the techmigues
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deseribed herein {o determine the operational location at which to deploy operational
mirastrocture. And as discussed, deployment of operational infrastructure may enable
charging of a battery of one or more UAVs from a group of UAVs.

HELE 31 In practice, the group of UAVy may be any group that ibcludes at least some
UAVs capable of camrying out transport fasks that invelve travsport of Hemisy v one casg,
the group of UAVs may helong to an entity that provides items to be trangported by one or
more UAVs of the group andior that interfaces with the revipients who reguest dehvery of
these dtems,  In another case, the group of LAV may beleng 1o a UAY fransport senvice
provider, which may be a separate entity from the entity that provides the ftens beoing
transported andior that interfaces with the recipients who request delivery of these itews.
Cther cases are also possible.

HEL TR In any case, the group at issue may include at teast (33 a fisst UAV of & first
type that is arranged © deploy operational mirastructure and (3t} 3 second VAV of a sevond
type that is arrapged w carry ont tasky other than deplovment of operational infrastructure.
{06163} in the context of method 800, the Arst type of UAV may include features that
enable a VAV of the first type o deploy operational mfrastructare at operational locationds)
within & geographic area.  And the second type of VAV may fuclude featires that enable &
VAV of the second type to caryy oul tasks other than deployment of operational
frastracture, such as fransport {asks that melude pickup and delivery of ems other than
speraticnal infrasiructurs,

{06164} For example, a UAV of the first tvpe may include a tether system having a
motor that is configured 1o operate af paramelens (0.4, apply torgque(s), force(s), andior motor
speedis) that enable the tether svstem to bt operational infrastructure off the ground andior
lower operational infrastructure o the ground. Whersas, & UAV of the second tvpe may
mnclude a tether system having 8 motor that is configured to operate aof parameters that enable
the tether svstom to B andior fower pavioad(st having 8 weight up to a paricular weight,
which may be 8 weight that is lesser thany a weight of the operationa! infrastructure {e.2, a
weight of charging interface 506 sndfor a weight of solar charging system 600). In practice,
this particolar weight can be o weight that meets regulations for UAVS pernntted to carry out

transport tasky, such as regulations set by the Fedetal Aviation Adminmstration (FAAY, for

nstance.
{HB165] i another example, 8 UAY of the first type may inchude a propuolsion unit that

enables the AV (o gransport the operational imfrastructure atssue,. Whereas, 4 LAV of the

second type may include a propulsion enit that endbles the UAYV 1o transport payload(s)
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having a weight up {09 particular weight, which, bere again, oy be 8 weipht that 15 kesser
than a weight of the operational infrastructure,

{08166} fir et gnother example, a UAY of the first type may include s transpont
systent, such as a tether systery for insiance, that enables the UAV 1o transpont payload(s)
having a size up to o Oestsize. This first size way be preater thay g size of the operational
infrastructure at ssue {e.g., 8 size of charging interface 5063}, therehy allowing the UAV of
the first type to transport this operational infrastructure. Whereas, a UAY of the sccond type
may nchode g transport systens, such ay an nternal compartment iy instanee, that enables the
UAY to transport paviosdisy having 3 size gp 1o a seoond size, which may be lesser than a
size of the operational wfrastruciure at issug, thereby proventing the UAY of the second type
from zz"aﬁsgmrtmg this operational infrastructure.  Various other examples are also possible.
je0167] At block 804, method 3008 may wvolve causing, by the control system, the
first VAV to deploy operational infrastructure at the operational location,

{06168} Onee the oontrol system determines one of more operational locations, the
control system may stract one or more UAVS of the fst type {e.g., the fist UAV) to each
respeetively carry out an infrastrocture deploviment task. Thas mfrastructure deployment task
may nclude & flight to o determined opetinnal tocation, such as from a sourge focation
e with the discussion above.  Alsn, the infrastructure deplovasent task mny include
mstatlation of pperational wlrastracture at the detenmined operational Iocation

{081 69] Generally, & UAYV of the fust tvpe can be imstiucted & comry ‘oul an
infrastructure deployment task at one or more of various possible thmes.

{08178 in one case: the control system can instract & VAV of the first tvpe to deploy
operational infrastiycture at & deternumed operational Jocation before 3 UAY of the sscond
type has arrived at this opsrational focation andfor began camrving out transport tasks from
this operational location. For example, an ATSP s first mussion each day can involve causing
gue or more HAVY of the fingd type to deploy operational infrastucture at pne of tore
operational locstions by geographic ares.

{7 In anothsr case, however, the control system can instruct g UAY of the first
type o deploy operational infrastructure at a determined operational focation after a LAV of
the second type has arived at thas operational focation andfor began carrving out fransport
tasks from thus operational location.  For example, while an ATSP s providing serinl
fransport services in a geopraphic area, the ATSP may deterniine that a particudar sub area of
geographic area has an msulficient manber of charging interfaces {e g, based on demand in

the particular sub area), and may responstvely fnstruct one of nuwe UA VS of the fivst type to
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deploy several charging interfaces at several operational locations in the particudar sub area,
seax 1o increase the number of charging interfaces in the sub area to a sufficient number.
Other cases and examples sre also possible.

joa172] Frgures A 1o 98 next dlusivate deploviment of operational infrastracture iy the
peographic area 700 by 3 VAV 200 of the fivst type.

{06173 In particelar, as shown in Figure 9A, the UAV 900 may fly from the source
locstion i3 fo the operational location 7040 and, in doing so, may tansport operational
infrastructire, such ay charging misrface 306 for example. And as shows in Flawe 88,
onee the LAV 908 arrives at the operational focation 704b (e.g., 8 ronf of a particular housel,
the UAV 900 may deploy the charging interfdoe 53062 onlo the wmversal power interface 502,
se that the chavging wterface 300a couples to the untversal power wderface 502 in hine with
the discassion above,

{06174} Foe dovso, the UAY 900 may lower 3 tether of the VAV 300 that s coupled to
the heok $10a of the charging interface 306z, s0 as to cause the charging mterface 3062
fower towards the universal power interface 302 while the UAV S0 hovers substantially
ghove universal power interface 3020 And once the that the charging interface SO06a couples
to the universal power interface 302 hne with the discussion sbove, the UAY 900 may
cause the tether 1o decouple from the hook S10a of the charging interface 506a, thereby
completing deployment of the charging interface S06a at the operational location 704b {not
showa) Qiher iHustrations are also possiile.

{06175} At block 806, method 800 may involve causing, by the control system, the
secand LAY #o charge a batiery of the sscond UAYV using the operational mBtastruchus
deployed by the fivst VAV ot the operational location,

{00176} Once operational infrastructure has been deployed at one or more operational
focations m g geographic area, the contral system may instruct one or more UAVs of the
sccond fype {og., the second UAV) fo cach rexpectively use the deploved operational
snfrastruchure 1o chiarge thelr respective batteries. For example, the control system may
instroct the second UAV of the second type 10 charge a battery of the secomd UAV using the
operational infrastructure deployed by the first UAV &t the determined operational tocation,
Additionally, the control svstem may instract anotiter UAV of the second type 1o charge IS
battery nsing operational infrastructure deploved by the first UAV or by another UAV of the
first type at a different operational location, and so on.

{8177} Generally, a UAV of the second type can be instructed to charge it battery at
one of more of varlous possible times, For example, tollowing the sbove-described first

7
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ssron, an ATAP's second mission each day cay volve causing one of more HAVs of the
secand type to respectively flv to thenr assigned operational locations, and fo then charpe thewr
respective batteries using operational mirastracturs that has been respectively deploved at
those assigned operational locations. In another example, 8 UAV of the second type can be
instructed to charge s batfery o an as-noeded basty, such as when the contred system
determines that a battery level is helow g threshold battery lfevel, for instance.  Other
exanmples sre also possible.

{001 78] Moreover, 1 bne with the discussion above, a UAY of the second type can
cary out transport task from an operational location at which operational infrastructure has
been deploved or 13 10 be deployed. For instance, the control system can recetve g request for
a transport task that has an assoviated stem-source Tocation {e.g., a pickup location at which
an itery should be picked up). And the control system can doternane that the slem-soarce
focation corresponds to the operational location at which the second UAV of the second type
has heen tnstructed to charge it battery.  For example, the control system can do 5o by
determining that the dem-source location s 1 8 sub areg that & associated with the
operational focation at issue in hine with the discussion sbove. In any case, once the control
sveteny deternunes that the genesource focation corresponsds o the operational location at
ssue, the control system may cause the secopd VAV to perform the requested transport task,
such by at least instructing the second UAV 1o pick up the tem at the ttem-source lodation,
and possibly also mstructing the second UAV to deliver the dem at g delivery location
sasociated with the request,

{66175} Froures 9C 1o 90 pext iThistrate & LAY Y2 of the second type onva mission
that includes charging s battery at the operations] focation 7THdh,  In particudar, as shown in
Figure 9C, the UAY 902 may cary out a flight from the sowrce location 702 to the
operational location 704b, which can be the UAV 962 first flight on g given day fiw
sxapple. Oneethe HAV 982 arves af the-operational focation 704b, the UAV 802 may
charge a battery of the UAY 902 using operationad infrastructure that has been deploved by
VAV 800 at the operational location 704b, For example, as shown in Figure 9D, the UAY
902 may land on the charging interface 506a that has been by LAV 8060 at the operational
focation 704b, and may then reosive elegivical power from the charging interface 306a 3043
o charge the battery,  Movreover, after the UAY S02 charges us battery at the operational
focation 704b, the UAY 902 can then carry ot transport taskis} in the assooiated sub avea

76k, Other Hlustrations are also possible.
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{06188 Oven an unplementation i which a group of UAVs includes one or more
UAVs of the first type, operational infrastructors can be added, removed, andfor moved at
any feasible time and for gay feasible regson. For instance, operational infrastructure can be
added, removed, andfor moved as part of the above-deseribed first mission andior after the
frstoussion. Buch addition removal, andfor movement of operational infrastructure wan be
hased on demand for senial service of the group andior based on a deternuned need for
operstiomal infrastructure in 8 geographic area, among other options.

{08181} Purthermene, any given UAV of the fest type Iy the growgp can carry out
addition_removal, andfor movement of oparationa! infrastnucturs,

{00182} fn one case, the same UAV of the first type can deploy operational
infrastroctore 8t several operational locations. For example, the fivst LAY of the fust type
may deploy first operational infrastructure &t 3 fivst determined operationst location.
Subsequently, that same first UAV of the finst type may deploy second operational
rfrastruciure 8t a second determined operational location.

{06183} In another case, different UAVS of the first type van respectively deploy
operational infrastructure at ditferent operational locations,  For example; the fisst UAV of
the first type niay deploy first operational mirastractire at a first determined operational
focation.  Subsequently, a thid UAV of the first type may deploy second operational
frastracture at o second determined operational location,

{31844 In yet another case, a UAV of the first type thet deploved operational
tnfrastructure at a given operational location can be the swme onge that also removes that
operational infrastracture from the given operational location. For example, the st UAV of
the first type may deploy fint operational infrastrachne at a finst determined operational
fovation,  Sohsequently, that same first UAV of the first type may romove that first
operational Infrastructurs from the first determined operational location.

{1 85] In yet another case, a UAV of the frst type that deploved operational
innfrustructure at & given operational focation van be different from the one that removes that
operational infrastructure from the @iven operational location. For example, the first UAV of
the first type may deploy first operational bftastructure at 8 first determined operational
focation.  Subseguently, a third LAY of the first type may remove that fisst operational
infrastroctore from the first determined operationat location.

{10186} In yet another case, a UAY of the first type that deployed operational
infrastractare 8t @ given operational location can be the same ong that also moves this
aperational infrastructure from the given operational focation to another operational location.

5
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For example, the first UAV of the first tvpe may deploy fiest opergtional infrastracture at g
first detenmined operational lovation. Subseguently, the first UAV of the first type may move
the first operations! infrastructure from the first determined opsrational focation 10 a second
determined operational Jocation.

{80187 In practice, this second opsrational Jocation can be in the same geographic
gres as the first operational location.  In this situation, second operational location can bein
the same sub area as the first operational focation ov can be at a sub area that s ditferent from
the seb ares of the fugt operationgd location.  In another sitwation, however, the seoond
operational Iocation can be in a geographic area that is altogether different fom ihe
gengraphic area of the first operational location (e.g., the first and second operatiomal
focations o be in diffevent neighborhoods of the same aity),

{00188} In yet another case, a UAV of the first type that deploved operational
frastructure at 8 giver operations! Incation can be different from the one that moves this
operational infrastructure from the given operational Tocation 1o another operational location
For example, the first UAV of the first type may deploy fivst operational infrastructre at 2
first determined operational location. Sobsequently, a third UAV of the first type may move
the first operations! inftastructure from the first determined operational focation to a stcond
determuined operational focation.

{00189] Here agam, the second operational tocation can be 1y the same geographic area
as the first operational location.  In thus situstion, second operational location can be in the
same sub area as the first operational location or can be af a sub avea that s different from the
sub area of the first operational locabion.  In ancther sitwation, however, the second
operattonal location: can be b & geoyraphic aren that i altogether different Hom the
gengraphic greg of the first operational location. Other cases and examples arg possible as
well.

IX,  Seif-Deployment of Operational Infrastracture for a UAY

HE R Frgure 10 15 a flowehart ilustrating a method 1000, which relates o selfs
deplovment of operations! infrastructure for a LAV, Namely, method 1000 relates 0 using
the same UAV both for carying out transport task(s) and for deployment of operational
nfrastructurey, which can iy buvn be wséd by that UAY for changng that UAV s battery:
{08191} Method 1000 shovwn in Figure 10 (sud other processes and methods disclosed
heretn} presents a method tat can be implemented within an avvengement involving, for
exarnple, any of the systems shown i Figeres TA to 6 (or more pariculardy by one or more

opponents or suheystams thereof, such ax by o provessor and 3 pon-transitory computer-
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readable medion- having instractions that arte executeble o case the device 1o perfonn
functions described hergin), among other possible systems.

{08192 Method 1000 and other processes and methods disclosed herein may include
oue of morte operations, functions, or actions, as Hustrated by ohe or more of blogks 1002-
110 for mstance. Although blocks are Hlustrated in sequential m“der, these blocks may also
he performed in pamlled, andfor i a different order than those described heretn, Alse, the
various bloeks may be combived into fower blogks, divided o additional blocks, andior
removed based upou the desived Iinplementation.

{66193} in addition, for the methad 1000 and other processes and methods disclosed
heretn, the Howchart shows functionality and operation of one possible hnplementation of the
prosent disclosure. Inthis regard, cach block may represent a modale, a segment, or 8 portion
of program code, whieh includes one or more istractions executable by 8 processor for
implementing specific logical functions or steps in the process.  The program code may be
stored on any type of vomputer readable mediony, for example, such a8 4 storage device
mehuding 2 disk or bard drive.  The computer readable medinm may include now-transitory
computer readables median, for example, such as computer-readabls media that stores data
for short periods of time like registor memory, processor cache snd Random Access Metay
{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 magnetic
disks, compact-tise read only memory (CD-ROM), for example. The conyputer readable
media may also be any other volatile or non-volatile storage systems. The computer readable
madium may be considered a computer readable storage medinm, fov example, or 3 tangble
stovage device: In addition, for the method 10060 and other processes and methods diselosed
herein, each block in Figure 18 may represent circuitry that fs wired to perform the speeific
togical functions inthe prodess.

{0 Q] At block 1802, mathod 1000 may involve dolermining, by a condrol systemy, &
plurality of operational lncations from which a group of UAVS is 1o provide aerial transport
services i a geographic area.

{06195} As an wmitial matter, the control system at fssue may be on-board a UAV
amdlor may bean external comtrol svstem that fransmils instrucdions to VAV (s, ATSP
4023, among other options,  Additieally, the control systém can use any of the techmgues
deseribed heretn o determine  operationsd ma{:a‘ti@ns at winch o deploy operstional
infrastractare and from which a group of HAVS is to provide gerial ransport services. And as
discussed, deplovment of operational infrastrocture py enable charging of batteries of e
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o more UAVS from the group. Vet further, as discussed, one ov more of this group of UAVS
may be located mitially on or in 8 sowrce structure that has been temporarily or permanently
placed at a source location m the geographic area,

{1 So} In one case, the group of UAVs may belong to an entity that provides Homs o
be transported by ong o axre UAVS of the group andfor that mterihoss wilh the recipionts
who request dehivery of these toms.  In another case, the group of UAVs may belong o a
UAV transport sereice provider, which may be g separate entity from the entity that provides
the Hemys belag transporied anddor that interfaces withe the recipieonts whe request delivery of
thege toms, Other cases are also possible,

{38197} Although the group of UAVs al issue may or nay not imclude UAV(S)
dedicated to deplovment of operational infrasgtructure {e.g., as discussed n assocution with
method 00} andfor other types of LIAVs), method 1000 i generally deseribed in the context
of the group mchuding one or more UAVS gach respectively arranged both to deploy
operational infrastroctore snd 0 carry out ransport task(s),  And for sake of simphoity, the
discussion of method 1000 may refer to cach such UAV a8 a “dual-mode™ UAYV.

{06198} Muore specifically, a dualmode UAY may include features that enable the
duab-mode VAV to deploy operations! infrastructure st operational locstion{s) within g
geographio area.  Additonally, the dusbmoede VAV mwy inclade festures that enable the
dual-mode UAV to cany out tasks other than deployment of operational nfrastructure, such
as transport tasks that mchude pickup andior delivery of nemss other than operational

nfrastructge,

{00199} By way of example, the dual-mode TTAY may include 4 tether system having 2
meror that iy conligured o operate af parameters (g, apply torgue(s), foreels), andior motor

speedis)) that enable the tether systom to liftanddor fower pavioad(s) baving a welghtup to g
particudar weight  In this example, this particalar weight can be 8 weoight that meets
repaiationy for UAVs permitted to carry out Wansport tashs, which s tem would allow the

greater than a

=2

dual-mosle to carry out {ransport fasks.  Also, this particular weight may be
weight of “hghtweight” or other opemtional infrastructure, thereby allowing the dual-mode
VAV fo also BRU tus Hehtweight or other opevational mfrastructure off the ground andior
fower this Hrhbweight oy ather operational nfrastnichire to the wiound.

jo0266{ fn another example, the dual-mode UAV may include a propulsion wsit that
ehables the deal-mode UAV to vanspont payioad(s) having a weight up to a pasticular
weight. Here again, this parbicular weight can be g weight that meets regudations for LAV

perpitted to carty out fransport tasks, which 1 tum would allow the duab-mode to carry ot
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fransport tasks Also, this particular weight ey be greater than a ‘weight of lightweight or
other operational wirastructure, thereby allowing the duslannde UAY to also Hit ths
Hightweight or other aperational infrastructure off the ground and/or Tower this Hghtweight or
other operational indrastructure by the ground

{62011 I vet another examypde, the dual-mode UAV nway beof o weight that i preater
than a weight of a payvload it iz arranged or otherwise designated to Hft, lower, andfor
transport.  Tn some cases, this pavicad can he the operstional infrastructure that the dusl-
giade VAV iv arvanged (o deploy. which, here again, may be Lightweight or other operationg!
infrastructure, And in other cases, this payload can be one or more tetns that the dual-mode
VAV iz arranged to pick up andfor deliver as part of a transport task. In any case, sach an
arrangement of the deal-mode UAY may increase the likelihood that the dual-mode UAY can
suceessfully B lower, andfor transport a pavload, such as operational infrastroctare, without
the weight of this pavicad preventing the duslamode UAV from doing so.  Other examples
gre possible as well,

{06242} Generslly, although the operational infrastractare that the duslamode UAV s
grranged or otherwise desipnated to deploy does not necessarily have w0 be hightweipht
operations! mifrastructure, method 1000 & described i the countest of the dual-mode UAV
being arranged or othenwise designated to deploy Hghtweight operational ipfrasttucture. One
sxample of such lghtweight operational infrastructure nay be the above-deseribed solay
charging svsteny 600, which can by relatively lightwsaght as noted sbove. And snother
example of such Hghtweight operational nfrastructore may be the above-descoribed next
generation charging interface 506k, which can'bave a weight that is lesser than a weight of
charging interface 3063 as noted above, Other examples arg alsopossible,

{08243} At block 1004, method 1000 may involve, for at least a first of the plurality of
operational locations, causing, by the control system, 8 first LAY from the group to perform
an nfrastructure-deplovawnt task that includes (s flieht from the sowree location (o the firgd
of the phurality of openstional lecations and (1) mstallation of operational infrastructure at the
first of the pharality of operational Incations by the first DAV,

{06204} Onoce the control system deternunes 8 plurality of operational locations, the
corttrol Systeny mway thstryctone of more dual-mode LAV o cach respeatively carry oud an
mirastructure deployment sk, Generally, this infrastructure deployment task may inchude a
flight to a deterpuned operational location as well as installation of operational infiastructure

at thedetermined aperational location.
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{08205 Muoreover, the flight at issee may be s fhght from 8 seurce stracture at which
the one or more dual-mode UAVS are witially located. For example, an ATSF can begin
providing acrial trunsport services in g geographic grea by causing one or more dusl-mode
UAVS to cach respectively fly from the souwrve struchwe to an operational location o the
peographiv area, 30 av o sl operational mirastrocture & those operationsal locationds).
Other examples are glso possible,

{06200} When a duabamode UAY installs operational infrastructure at an operational
location, this nstallation may enable the duslanode UAY o ase the installed operational
mfrastnicture 10 charge o battery of the dual-mode UAY. In they manper, the duplmode
VAV can carry out transport task(s) from this operational Tocation while not having to vely on
operationst infrastructure installed at other location{s} for the purpose of charging its battery,
Other advantages are possible as well

{06287} Figgres 1A to HEB nest ilustrate selfedeplovement of  operational
tirfrastructure in the geographic area 700 by a desl-mode LAV 1100

{06288} In particudar, as shown in Figare 1AL the dualmode UAYV 1HM nay fly from
the source lovation 702 to the operational location TMd and, i doing so, may tansport

operational infrustructure, such as solar chavgimy system 680 for example. And as shown i

Figure 1B, once the dualanede VAV 1100 awrives st the operaponal location 704d {e.g. 1
roof of a particelar howse), the duab-mode UAV OO may tnatall the solar charging system
6400 at the operational location 7044,

{G208] To do so, the duabmode UAV OO may lower a sether of the duabanode
UAY 1100 that is. coupled to the hook 608 of the solar charging syslem &8, 30 as o cause
the solar charging systeny 600 1o lower lowards the ground oo wosards the rool) while the
duat-mode UAY 1100 hovers above the ground. And once the selar charging system 600
contacts the ground {se., the roof), the dumbmode UAV 1100 may cause the tether o
decouple from the hook 608 of the solar charging system 608, thereby completing mstallation
of the solar charging system 600 at the operational location 7044 {not shown)  Other
tustrations are also possible,

{16218} At block 1006, method 1000 may nvolve receiving, by the control systeny, a
request for a transport fask having an associated iem-soures focation. At block 1008, methed
1000 may involve detrmining, by the control systemy, that the Bem-source location
corresponds 1o the Srst of the plurality of operational locations.  And at block 118, method

1800 may mvolve causing, by the control sestem, the first LAV o perform the transport task.
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{06211} Ouoe o dual-mode mode YAV completes an infrastructure deploymaent task at
an operational location, the dual-mode LAY can then operate from that operational location,
winch may tnvolve the dunlomoede VAV carrving out transport task(s) from the operational
focation, amony other options,

{Bf212] More specifically, m Hue with the discussion above, a control system can
recetve @ request for a transport task, which may be a request to pick up sadéor deliver one or
more items,  In practiee, the request may specify o pekup location for pickup of an item
andfor a delivery Tocation for delivery of an e, For instance, the pickup location can be an
address or can be specifind In other ways, such osing @ same of 2 business, Suntharly, the
delivery location can be an address or can be specified in other ways.  Moreover, the control
systent can receive such a request at any feasible time, such a3 before completion of any
infrastrocture deplovment task{s) in a geographic ares or after completion of one or muore
infrastructure deplovinent tasks i a geogmplic area, among other possibilities.

{06213} 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 another example, @ business
aser {g.g., a restaurant) can wiilive one or more remote devices 1o request that @ AV be
dispstehied to pick up one or niore Hems {e.g., & food ondery from a piekup location {e.g., the
festaurant’s address), and then deliver the one or more fems 1o 2 delivery location {8,
costonner’s addressy. Cther examples ave also possible.

{GB2 14 When the control svsteny receives a request for a transport task, the control
system may assign a UAY to carry out this tansport task.  In particnlar, the control system
can determine that the pickep location associated with the request cogresponds to the
operational location at which the dual-mods LAY ot issue completed the mnfrastractars
deployment task. For exanple, the control system can do so by determining that the pickup
focation ix 1 & sub area that i associated with the operational Jocation at isue m hne with
the discussion above., I any case, once the contrel systemy determines that the pickup
focation corresponds o the aperational focation at issue, the contrel system may cause the
dual-mods VAV 1o perform the requested transport task, such by at least instructing the dual-
mode LAY o pick up the Bom at the pickap lovation, snd possibly also instructing the dual-
maxde HAV to.debiver the demyary debivery tocation associated with the request.

{00215] Furthermore, when the dual-mode UAY operates from the operational location
at which it completed the frastructure deployment task, the dual-mode UAY can charge ils

battery at the operational focation using the operational infrastructive that this same dual-
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mode UAV mstalled.  Generally, the doalanode UAY can do so st one or more of various
times.

{08216} i one exanwple, the duglmode LAY can charge the battery at the operational
lfocation mmediately afler completing an infiastructure deploviment task at this operational
focation. In another example, the dualomode UAY can charge the battery gt the operationsd
tocstion while carrying out a transport task from this operational location, such as between
pickup and delivery of an ftem, for tnatance. In yet snother example, the duslmode UAV
can charge the battery at the operational location sfter carving out ope or wore Wwansport
tasks from this operationa] location.  (ther examples are also possible.

{00217} Figures 11C to 11D next ilhustate the dual-mode UAY 100 charging i
battery at the operational location 704d after corpletion of a fransport task.

{30218] In particular, as shown tn Figure 1IC, the duabmode UAV 1100 may carry
oyt § transport task in the sub area 7064, This transport task may include {1} a flight frony the
operational location 708d 1o g pickap location 1102 for pickop of an stem at the pickup
focation 1HZ, (i} a flight from the pickep location P2 1o 2 delnvery location 1104 for
delivery of the tem at the delivery location 1104, and {11t} a theht from the delivery location
1106 back o the'operational tocation 704d.

{02194 Onge the dual-mode UAY 1H0 arrives back at the operational location 704d,
the dualweode UAY 1100 may charge a battery of the dualemode UAV 0D wsing
operational infrastractre that has been deployved by dual-mode UAY 1100 itself at the
operstional location 704d. For example, as shown in Figure TID, the duabmode UAYV 1100
may - land on the charge pad 606 of the solir charging system 600 that has been by the doaals
mende UAY LB &t the operational focation 704d, and may then reoeive electrical powsy
frony the solar charging systemn 600, s0 88 10 charge the battery.  Moreover, afler the dual-
mode UAV 1100 charges Hs battery at the operationa] focation 7044, the UAV 802 can then
carry oul additional transport task(s) n the assoviated sub aren 706d, among other oplions.
Other Hlustrations are also possible.

{62284 In some situations, a duslmode UAV can carry oul sn infrastructure
deployment task for an operational focation, and then a differont UAV may operate from the
operational location, uch az by charging s battery sl the operationad location andior
carrying out transport taskis) from the gperational location.  For example, a fiest dual-mode
VAV can carry out an nfrastroctve deployment task for an operations] location and then
another UAV, which may or may not be a dead-mode UAV, can operate from the second

operational location. Cther examples are also possible
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{08221} Giiven an unplementation ny which a group of UAVs includes one or morg
dusl-mode LAYy, opatational inftastructure can be added, removed, anddor moved by one or
more dual-mode UAVs gt any feasible time and for any feasible vegsons.  For exarple,
aperational infrastructvre can be added, rewoved, andfor moved when an ATSP just begins
providing aorial tranaport services i a geographic arsa by gausing one oy maors dual-mide
UAVs 1o cach respectively fly from the source structurs 10 an operations! location in the
geographic aves, so as to install operations! infrastructure at those operstional locationds). In
anedther example, operationsl Indrastructre can be added, removed, andéor moved while.ar
ATSP 15 providing acrial sransport services m & geogaphic arca, sucl as afier completion of
one or more trapsport tasks i the geographic arca.  To any case, such addition, renovil,
anstor moversent of operations! infrastructure can be based on demand for serial service of
the group andfor based ou a determined need for vperational infrastructure in 3 geographic
ares, among other options,

{06222} Furthermore, iy given dual-mode VAV of the group can carry out addition,
removal, and/for movement of operational infrastractare.

{06223} By way of example, 3 first dualmode UAV can carry out 8 first infrastrocture
deployment task for g fist operational location, and perhaps can then catry out at least a fust
travsport task that has an associated Tiest pickup lovation and that corresponds to a first
request. In this example, a second infrastracture deploviment task may additionally be camried
out for a second operational focation. In one case, the same fivst duslmode UAV can carry
ot the second infrastructare deplovment task. In another case, however, g second dual-mode
VAV can carry o the second infrastructure deployment task, Other cases ave also possible,
{00224 Iy amy case, the second infrastructie deplovment task may include a flight to
the second operational location. i one situatis:, this flight may be from the first operational

tocation to the second operational {ocatron. Iy snother simsation, however, this flight may be

from a soutce location to the second operational location. Other cases ave alss ponstble,
jU6225] Additionally, the second infrastructure  deployment  task may  include

instatlation of operational infrastructure at the second operations! location.

{18226} In one case, this operational nfrastroctore way be operational infrastructuve
that the first dual-mode UAY mitially instatled at the first operational Tocation. In this case,
the first doal-miode LAY or the second duslbanode UAV may trausport this operational
infrastructore from the first operational location to the second operational Jocation, so that
this operational infrastructare can then be installed &t the second operational lovation by
whichever UAYV wansported the operationa] infrastracture;
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o627} In another case, this operational infrastructure way be  operational
mirastructure that the first dual-mode UAV or the second dual-mode UAV transponts from g
source Incation 1o the second operations! location, so that this operatons! infrastructhre can
be nstalled at the second operational location by whichever LAV transported the operational
infrastracture. Thay, this operational mfrastreciure may be differant from the operational
infrastructure that the first dualomode VAV installed at the first operstional location, Other
gases are also possible.

{08228] Further, the second operational location atl fsyoe can be any Teasible location
that is ditforent from the first operational location.

{30229 fit one case, in line with the discussion above, the second operational location
may be a second of the determined operational locations from which the groap of UAVs s to
provide serial transport services i a geographic area.  For instance, the first operational
focation may be one associated with a first sub arca of the geopraphic aren, snd the second
operational location may be one gssocigted with a second sub area of the same geographic
areq.

{062348] in this case, the control system may cause the first dusl-mode VAY or the
secend dual-mode UAVY (o perform the second mirastructure deplovment task for the second
operational location for vartons regsons.  For instance, the control system may cause the first
dual-mode UAY or the sccond dualanede UAV to perform the second infrastructure
deploviment task based on a determined demand for asrial transport service of the group at the
second sub area,

{08231} in a more specific sxarple, the control system can determine that for demand
for aertal transport servive of the group af the first subs area iy relatively low and that demand
for aerial transport service of the group at the second sub arsa is relatively high. Thus, the
control system may responsively cause the first doal-mode LAV or the second dual-mode
UAY fo performy an mftastructive deployment fask that includes moving operational
infrastructure from the first operational location @ the second Operational location,  Qther
examples are alse possible.

{83321 in ancther case, the second operational location siay be in g different
geovraphic aren. For instance, the fust operational Tocation may baan a Brst geographic area,
andt the second operational Tocation may he i a second geographic avea. In practice, the first
and second geograpliic areas can be different cities or different neighborloods, among other

options.
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{08233 I this case, the control system may cause the first dusl-mode UAY or the
secend dual-mode UAY {o perform the second mfrastructure deploviment task for the secoad
operationgl focation for various regsons. Por instance, the control systemn miay cause the first
dual-mode UAV ‘or the second duabmode UAV o perform the second mitastructure
deplovment task based on a determuned demand forserial transport service ab the second
geographic area, which may be serviced by a different group of UAVs than the group that
includes the fivst anddor second dualamode UAVs at tssue,

{08234 In g mwore spectfic example, S control system can determine that-demand for
acrisl transport service at the st geographiv srea is relatively low and that demand for serial
transpott service at the second geographic svea is relatively high, Thas, the control system
may responsively canse the st duabmode HAY or the second dual-mode UAV 1o perform
an- infrastructure deployment task that nchides moving operational infrastructwre from the
first operational location fo the second operatioeal focation, so that UAVs of the different
group servicing the second geographic area can use this additional operational infrastructure.
Other examples are also possible,

{06235} Yet further, once the sceond mfrastructure deploynent task for the second
operational location s complete, one or more VAV, which mayv or may not be dual-mode
VAV (s}, can operate from the second operational location. In line with the discussion above,
aperating from the second operational location can mvolve carrying ool ransport task{s} from
the second operational eation. For instance, a UAY can at least perform a second transport
task that has an associated second pickup location and that comresponds to & second reguest.
Additionally or aliernatively, operating from the second operational location can involve a
UAY wsing oparational wfrastructure mstalled ot the sccond opsrational Iocation to charge Hs
battery.

{00236} In & move specific example, the first dual-mode UAV can carry out the second
infrastracture deployment task for the sceond operational focation and can then Hself opsrate
freem the second operational location. In another example, the first dual-mode UAV can canry
out the sscond nfrastrocture deployment task for the second operational location and then
another UAV, such as the second doal-mode TIAY for astance, can operate from the second
operational location.  In yot another sxample, the second dusbmede LAY can carry out the
second infrastructure deployment task for the second operational location and van then #self
aperate from the sevond operational location. Tn yet another example, the second dual-mode

UAY can carry out the second infrastructure deployment task for the second operational
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Iocation and then another YAV, such a5 the first duabomode VAV for istance, can operatd
from the second operational focation.  (3ther examples are alse possible.

X. Addivional features

{82374 A. Record of Operational Infrastructare
{36238 In a further aspect, a control system can maintain and modiy a record of

opergtional mfrastructure that has been deployed in 8 peographic sres.  In particular, the
record may specify, respectively for each tnstance of deploved operational mfrastroctare, an
operational location at which this operational infrastroctare s currently deploved, operational
focationés} gt which this operstional mitastructure has been previously deploved, a type of
operational  nfrastructure {e.g., solar charging systom vs. charging  interdace), andfor
information sbout the UAV that deploved the operstional infrastrocture, among various other
possibilities.  Axnd the control system can modify of s nformation as operational
infrastructure is added, moved, andfor removed i the geographic area.

{06235 By way of exanple, the control system can recenve a confirmation that first
operational infrastractare has been deployved gt 8 first operational location.  The control
systern can recsive this confirmation from the UAV that deploved the first operational
infrastructare at the first operational focation, among other options.  Nouethéless, the control
system may respond o receipt of the confinuation by modifying the record o indicate tha
the first operational infrastruchos bas been deployed at the first operationad location. And in
some cases, the control system can also modify the record fo mdicate the UAVY that deploved
the first operational infrastructure at the first operstional location, among other possibilities.
{66248} in practice, wamtaimng and modifving 8 record of operational nfrastrocture
may help the control systemy optimize charging of batteries of HAVs, For mstance, whon 2
trigger has been encountered to charge a battery of a UAY, the control system can use the
record s basis for making a determination that a curvent location of the UAV 1 threshold
proximate 1o the fwst operational infrastructure that has been deploved af the Dast operational
location, For exanple, the control svstent can determine that the current location of the UAVY
is i ¢ particular sub arca of a geographic aren, snd can use the record to determine that the
fivst operational infrastractare that bas been deployed at the st operational location, which
v associated with the particnlar sub avea at issus. B any case, the cantrol system van vse the
determination as basis for instructing the UAY 1o charge o battery of the UAV using the first
aperational infrastroctars that has beew deployed at the first operational location.

{02411 B. Retwrn Conditions for a UAY
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{06242} I vet a further aspect, a-control system may determing that 2 given TAV,
which can be any type of UAV, encountered a retarg condition indiCating that the UAY
should fly to g centain focation,

{08243} For example, the control system may determune that the LAV completed a
transport task, For instance, the control systeny n1ay assign & fransport task o the LAY and

may then recetve g confirmation from that UAY specifving that the transport task has been

completed.
{08244 i another exampde, the control systeny may determine thet the UAY v

condition for a maintenance event. For instanee, the control sysiem may bave stored thereon
maintenance data indicating that the UAV's tether, or other part, should be replaced once
every year or other threshold pertod of time, snd can deternine that the LAV 15 in condition
for & maintenance event by deternuning that the threshold pertod of time has passed or been
exceeded since replacement of the VANV s tether or other part,

{06245] In yet another example, the control systen may determine that the UAV isin
condition for an upprade.  For instance, the control system may receive information from a
central server indicating that a new propulsion anit has been developed for a UAV of a
partictdar type, and van respanstvely determine that this VAV s exsting propulsion uais
should be upgraded 10 the newly developed propulsion unit.

{18246 In yel ancther example, the control system may determine that the TIAV
sucounizred o predefined weathsr condition.  Few instancy, theconiml system may receive
weather information from a contral server indicating that g storm Is approsching 8 sub areain
which the UAV is operating.  And the control system may determine that a storm corresponds
0 a pre-defined weather condiion daring which the AV should not fiy.

[00247] In yet another example, the conirel systeny may determine that the UAV
encountered a re~charging condition.  For imstance, the control system may receive sensor
data from the VAV indicating that a battory level ol the UAV'S batfery 18 below a threshold
fevel, Other examples are also possible.

{06248] When the control system determines that a UAY soacountered 8 retush
condition, the control systeny may responsively cause the UAV o v o & certain location
This location ¢an bean dperationa] location from which the UAV s operating, an operational
focation other than the oue from which the VAV 15 operating, the seuwrce structure st the
source location, sndfor a hangar, awong other opbions.  In any vase, the locabon may

correspond to the specific retury condition that the AV encountered, so that the LAV can
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overcome the crcunsiances that led o the control system determining that the return
condition has been encountered.

{08249 For example, if the control systemy determines that the UAY completed @
transport task, the conwel system may responsively cause the UAV o fly back o the
aperational location from which it ¥ operating, 5o that the UAV caw then carmy out additional
transport tasks m the associated sub aren on an ss-needed basis.

E A In another example, 1t the contrel system determines that the UAV & 1w
condition iy & mainlepance svent andior is i condition for wy, upgrade, the condrol systam
paay responsively canse the UAV o fly o the hangar, so that g technician can perform the
mainienance anddor the upgrade sccordingly.

{08251 fn vet another example, W the control sysiem doternunes that the LAY
encountered 8 predefined weather condition, the control systemy may responsively cause the
UAV to fly to the hangar or to the source structure, so that the UAV avoids exposure to the
weather condition at issue.

{06252} In vet another example, if the control system determines that the UAV
encountered a re-charging condition, the control system may responsively cause the UAV to
fly to the operation focation from which it i opetating, so that the UAY can use oporational
infrastricture deployed at this operatons! location for charging the UAV s battery.  Other

sxamples are also possible.

X1 {onclusion
{06253} While various aspects and embodiments have been disclosed herein, other

aspects and embodiments will be appavent to those skilled i the art. The vartous aspects and
embodiments disclosed hersin are fir purposey of illustration and are oot intended to b

Himiting, with the true scope and spirit being indivated by the Pllowing clsims.
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CLAIMS
We Clam:

1. A method compnising:

deteroiniing, by 3 contro! systeny. an operatiopal location &l which o deploy
operational infrastructure, wherein deployment of operations! infrastructure enables charging
of a battery of an onmwansed aerial vehicle (UAVY from o group of UAVs, and wheren the
granyr of VAV ncludes at Topst (8 a findd UAY of a fint type configered o deploy
operational infrastructyre and (1) 8 seeond UAY of 3 second type configuved fo.carry il g
task other than deployment of operational infrastructure;

cmusing, by the control svstom, the first UAV o deploy operstional infrastructure at
the operational Iocation; and

cansing, by the control system, the secomd UAV 10 charge g battery of the second
VAV using the operationgd infrastructure deployed by the fivst UAV at the operational

location.

2 The method of claim 1, whereln the second UAV of the sevond type &8
configored o transport @ pavioad other than operapongl infrastrocture.

X The methad of clatm 1, further comprising:

recetving, by the control system, a request for g transport task baving an associated
ftensource location; and

determiming, by the control system, that the item-source location cosresponds 1o the
operational location and responstvely causing the second UAV to parform the transport task

corresponding to the received request.

4, The method of claim 1, wherein the operations! infrastructure deployed at the
operstional location comprises ¢ ground chatging system that includes one or more of the
following: 1) a charging interface configured to connect to 8 universal power Interface, (i) a

selar panel, or (i} an energy stovage device,
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5. The method of claim 1 further comprising:

deternning, by the conirol system, ancther operational lowation at which to deploy
another operational  infrastructure, wheremn  deployment of the another  operational
infrastructure also enables charging of a battery of a UAY from the group of UAVs and

causing, by the control system, the Srst UAY to deploy the asother operational

trnfrastruciure gt the another operating location,

6. The method of clatm 1, wherein the group of UAVs alse includes 8 third UAV
of the first type configured to deploy operational infrastructure, the method further
comprising:

deternuning, by the control system, another operationad location at which to deploy
another operational  infrastrocture,  wherein  deployment of the another  operational
infrastructure also enables charging of 3 hattery of a UAV from the group of UA Ve and

causing, by the control systemy, the thivd UAY to deploy the another operationgl
mirastructure at the another operating location.

7. The niethod of clawn 1, further comprising:

determuning, by the control system, another operational location gt which to deploy
the operational infrastracture that was deployed by the first UAV at the operationad location;
and

causing, by the control system, the fivst HAV to move the operationad infrastructure
away from the opeeational location and to deploy the operational infrastructure at the another
operational location.

%, The method of claim 1, wherein the gronp of UAVS also inchudes a third LAY
of the first type configured o deploy operational mifrastrusture, the meéthod forther
CORPIISHIE

determiming, by the confrol system, ghother opsmational location at which to deploy
the operational infrastructure that was deployed by the first UAV at the operationad location;
and

cuusing, by the control system, the third UAV o move the operational infrastructurs
awity from the operational location and to deploy the operational infrastructure at the another

operational focation.
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o, The method of claim 1 further comprising:

deternuning, by the countrol svstem, 3 plurality of authorized locations at which
respective deplovment of operational infrastructure i permitted,

wherein determinmy the operational location s based ab feast on the detenmined

aperational ocation being one of the determined plurality of authorized locations.

16, The method of claim 1, further comprising:
determining, by the control system, a demand for seovices of the group v 2
gengraphical area that inchudes the operational location,

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

dernand for servives of the group in the geographical area.

11, The methed of claim 1, further comprising:

determiming, by the controd system, a flight range respectively of ong or more TUAVS
of the group,

whergin determining the operational location s based at least on the one or more

determined flight ranges.

2. The method of claim 1, wherein the operational infrastructure deployed at the
operational location 1y first operational mfrastructure, and wherein the control svsteny is
conficwred to matntain a record of operational infrastructure that has heen deploved ina
gepgraphical avea that iwehades the operational location, the wethod further comprising:

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

i TESpOnSe 1o recetving the confirmation, the control system maoditying the record {o
indivate that the ficst operational dvastructure has been deploved af the operativnal Jocation

within the geographical area.

13, The method of clatm 12, Further comprising;
based at feast on e modified record, making a determination, by the coutral sysiem,
that a cumrent location of the second LAY is threshold proximate to the first operational

infrastructore deployed at the operational location,
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wherein causing the second UAV o charge the battery of the second UAY using the
first operational infrastructure deployed at the operational location s based at least on the

defermination.

M. Anunmanoed serial vehivle (UAV] svstem comprising:

a group of UAVSs, wherein the group of UAVs includes at least (3 8 fust UAV of a
first type configured to deploy operational nfrastructure snd (i) & sevond UAV of & second
type configarsd to caryy out a task other than deployment of operational infrastruetre; and

a control system configured 1o

deternine  an operational  location at which 1o deploy operational
infrastructore, wherein deploynient of operational nfiastructure enables charging of o
battery of a LAY from the group of UAV

cause the first UAYV 1o deploy operational infrastructire 3t the operational
location; and

cause the second UAV o charge a hattery of the second UAV using the

operational infrastroctwre deploved by the first TIAY at the operational ocation.

150 The UAV gystem of claim 14, wherein the operational infrastructure deploved
at the operattonal location comprises 4 ground charging system that fucludes one or more of
the following: {1} a charging nterface condigured to connect to 8 universal power interface,
{1t} a solar panel, or (11} an energy storage device,

16, The UAV svetem of claimn 14, whereln the group of UAVs also includes 2
third UAYV of the first type configured to deploy operational infrastruciure, and wherein the
control systern 1 Ruther configured o)

deternnine another opevational location ot which to deplov aunther operational
sfrastructure, wherein deplovment of the another operational infrastructure enables charging
of a battery of a UAV from the group of UAVs, and

canse the durd VAV to deploy the another oporational infrastructure at the another

operating location,

7. The UAV system of clatm 14, wherein the control system is further configured

o
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determine  another operational focation af which o deploy the operational
mirastructire that was deploved by the first UAV at the operational Jocation; and
cause the first UAY o move the operstional infrastructure away from the operational

focation and i deploy the operational infrastructure at the another operational location.

180 The LAV system of claim 14, wherein the group of UAVS also includes a
third UAV of the first type condigured 1o deploy operational infrastracture, and wherein the
controb system s forther configured to:

determing  apother operational Jocaton al wiach o deploy the operghional
infrastroctore that was deploved by the Drst UAY at the operational focation; and

cuse the third UAY o move the operstional infrastructure awsy from the first

operational location and to deploy the operational infrastractare at the another operational
location.
19 A pon-transitory computer readable mudinm having stored therein instructions

executable by one or more processors 1o cause a control system to perform finctions
comprising:

deternuning an operational location at which o deploy operational infrastructare,
wheretn deployment of operational  infrastruchure enables charging ot & battery of an
wnmanned: serial vebicky (WAV) from 3 group of UANS, and whersin the group of UAVs
tncludes at least (1) a first UAY of a fest type configured to deploy opergtional infrastructure
andd (313 2 second VAV of a second type conBigored 1o carey oul a task other than deployment
of operational wifrasiruchurs:

causing the first YAV to deploy operational infrastructure at the oparational location;
and

causing the second UAY to charge 3 battery .of the second UAY uging the operational

sfrastruchure deploved by the first UAY at thie operationat focation.

200 The nop-ransitory compuoter readable mediom of claim 19, wherein the
operational infrastructuse. deploved ot the operatinaal Tocation comprises 8 pround charging
syster that includes ong or more of the following: (1) & charging wterfser configured to

comtect 1o a universal power interface, (i) a solar panel, or (1tf) av energy storage device.
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S 800
DETERMINE, BY A CONTROL SYSTEM, AN OPERATIONAL 802
LOCATION AT WHICH TO DEPLOY OPERATIONAL |/
INFRASTRUCTURE
CAUSE, BY THE CONTROL SYSTEM, A FIRST UAV TO DEPLOY 804
OPERATIONAL INFRASTRUCTURE AT THE OPERATIONAL |/
LOCATION

CAUSE, BY THE CONTROL SYSTEM, A SECOND UAV TO CHARGE | 806
A BATTERY OF THE SECOND UAYV USING THE OPERATIONAL /
INFRASTRUCTURE DEPLOYED BY THE FIRST UAV AT THE

OPERATIONAL LOCATION

FIG. 8
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1000
DETERMINE, BY A CONTROL SYSTEM, A PLURALITY OF 1002
OPERATIONAL LOCATIONS FROM WHICH A GROUP OF
UNMANNED AERIAL VEHICLES (UAVs) IS TO PROVIDE AERIAL |/

TRANSPORT SERVICES IN A GEOGRAPHIC AREA, WHERE THE
GROUP OF UAVs IS INITIALLY LOCATED AT A SOURCE LOCATION

SERVING THE GEOGRAPHIC AREA

v

FOR AT LEAST A FIRST OF THE PLURALITY OF OPERATIONAL
LOCATIONS, CAUSE, BY THE CONTROL SYSTEM, A FIRST UAV
FROM THE GROUP TO PERFORM AN INFRASTRUCTURE 1004
DEPLOYMENT TASK THAT INCLUDES (I) A FLIGHT FROMTHE |/
SOURCE LOCATION TO THE FIRST OF THE PLURALITY OF
OPERATIONAL LOCATIONS AND (l) INSTALLATION OF
OPERATIONAL INFRASTRUCTURE AT THE FIRST OF THE

PLURALITY OF OPERATIONAL LOCATIONS BY THE FIRST UAV

RECEIVE, BY THE CONTROL SYSTEM, A REQUEST FOR A 1006
TRANSPORT TASK HAVING AN ASSOCIATED ITEM-SOURCE |~
LOCATION

DETERMINE, BY THE CONTROL SYSTEM, THAT THE ITEM-SOURCE| 1008
LOCATION CORRESPONDS TO THE FIRST OF THE PLURALITY OF /

OPERATIONAL LOCATIONS

1010
CAUSE, BY THE CONTROL SYSTEM, THE FIRST UAV TO PERFORM /
THE TRANSPORT TASK

FIG. 10
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