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METHODS AND SYSTEMS FOR USING AN UNMANNED AERIAL VEHICLE 
(UAV) DEDICATED TO DEPLOYMENT OF OPERATIONAL 

INFRASTRUCTUE 

CROSS REFERENCE TO RELATED APPLICATION 

[00011 The present application claims priority to S. Patent Application No.  

15/848316 filed on December 2,2017 and entitled "Methods and Sysiens for Using an 

Unmanned Aerial Vehicle (UAV) Dedicated to Deployment of Operational infastructure" 

which is hereby incorporatedby reference in itsentirety 

BACKGROUND 

[(0021 An unmanned systemwhich may also be referred to as an autonomous 

vehicle, is a vehicle capable of travel without aphysicaypresent human operator An 

unmanned system may operate in a remoteconrolmode i an autonomous niode, or in a 

partially autonomous mode.  

(00031 When an unmanned system operates in a remote-controlmode, a pilot or 

driver that is at a remote location can control the unmanned vehicle via commands that are 

sent to he unmanned vehiclvia a wireless link. When the unmannedsystem operatesin 

autonomous mode, the unmanned system typically moves based onpprogrammed 

n a waypoints dynamic automation systems, or a combination of these Further, 

someunmanned systems can operate in both a remote-controlmode and an autonomous 

mode and income instances may do so snultaneously.For instance, a remote pilot or driver 

may wish to leave navigaon to an autonomous system whe manually performing another 

task, such as operatinga mechanical systemforpicking up objects, as an example.  

100041 Various typesof unmanned systemsexist for various different environments.  

For instanceunmanned aerial vehicles(JUAVs) are configured for operation inthe air(eg, 

flight) Examples include quad-copters and tai-sitter UAVs among others, Unmanned 

systems alsoexist for hybrid operations inwhichmui-environment operation is possible.  

Examples of hybrid uatanned vehiesinclude anamphibiouscraft that is capable of 

operation on land as well as on water or a floatplane that is capable of landigonwater as 

well as onland Other examples are also possible.  

SUMMARY 

100051 Exampimplementationsmay relate to dedicating certain type(sof UAV(s) 

todeployment ofoperationalinfrastructuresch as of one or more parts of aground charging 

system configured to charge battery ofa UAV. In particular, a group of UVs such as of 

an aerial transport services provider may include at least two types ofUAVs. Thefirsttype 
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of UAV my include features that enable a UAV of the first type to deploy operational 

infrastructure at operational loation(s) within a geographic area. And the second type of 

UAV may include features that enable AV ofthe second type to carry out tasks other than 

deployment of operational infrastructure, such as transport tasks that include pickup and 

delivery of items.  

100061 Withthis arrangement, a controlsystemmay determine at least one 

operationallocation at which operating infrastructure shouldedeployed And a UAV of the 

first type may then deploy operaonal infrastructure at the determined operational location.  

Once the operatioali-rastructuehasbeen deployed by aAV of the first type, a UAV of 

the secondtype may then charge its battery using this operational infrastructure 

[0007j In one aspecta method is disclosed The methodinvolvesdetermining by a 

control system, an operational location at which to deploy operationalinfrastructure, where 

deployment of operational infrastructure enables charging of battery of an unmanned aerial 

vehile (UAV) hm a groupof UAs and where thegroup of UAVs includes at least () a 

firstUAVofafirsttypeconfigured to deploy operationalfastructure and (iia second 

UAV of asecondtype configured to carry out a task other than deploymentof operation 

infrastructure The method also involves causing, by the control system, the Owst UAV to 

deploy operational infrastructure at the operational location. The method additionally 

involves causing by the control systemthe second UAV to charge a battery of the second 

[AuV sing the operational infrastructuredeployed by the first UA at the operational 

locn~ton.  

100081 In another aspect, a UAV system is disclosed The UAV system includes a 

group of UAs, where the group of UA includes at least (J) a frstGA of a firsttype 

configuredto deploy operational infrastructure and (ii) a second UAV of a second type 

configured t carryotatask other thandeployment ofoperationalinfrastructure. ThePUAV 

systealso includes a control systecontigured to:i) determine an operational location at 

which to deploy operational infrastructure,where deployment of operationalinfrstruture 

enables charging ofa battery of a AV from thegroup of AVs;ii) causethefirstP AV to 

deploy operational infrastructure a the operational location; and(iii) causethe second UAV 

to charge a battery of thesecond UAV using the operational infrastructuredeployed by the 

first UAV at the operational location.  

100091 In yet another aspect a non-transitory computerreadable medium is disclosed 

Thenon-transitory computer readable medium has stored therein instructons executable by 

one or more processors to cause a control system to perform functions. Thefunctions include 

2
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determining an oerational location atWhich to deploy operational infrastructure, Where 

deploymentofoperationalinfrastructureenables cargingofa batteryofan unmannedaerial 

vehicle (UAV) from a group of UAW and where the groupofWAVs includes atlast i a 

first UAV of a Irst type configured todeploy operational infrastructure and (ii) a second 

UAV of a second type configured to carry out a task other than deployment ofoperational 

infrastructure. The functions also include causing the first UAV to deploy operational 

infrastructureat the operational location. The functions addionally includecausing the 

second UAV tocharge a battery ofthe second UAV using t operationalifrastructure 

deployed by the rstUAV at the operational location.  

100101 in yet another aspect, another system is disclosed. The system may include 

means fordetermining an operational location at which to deploy operationalinfrastructure 

where deployment of operational infrastructureenablescharging ofabattery ofnan ned 

aerial vehicle(UAV) from a group of UAs and where the groupof Asincludes katst 

(i) a firstUAVofafrsttyp conguredo deploy operational infrastructureand (ii) a send 

UAV of a second type configured tocarry outa task other than deployment of operational 

infrastructure; The system ay also includemeans for causing the first UAV to depoy 

operationalinfrastructure at the operationallocation. The system may additionally include 

means for causing the secondL AV to charge a battery of the second WAV using the 

operational infrstructuredeployed by the first UAV at the operationalocation, 

10011 These as well as other aspects, advantages, and alternatives, will become 

apparent to those of ordinary skillin the art by reading the following detaileddesription; 

with reference where appropriate to the accompanying drawings.  

BRIEF DESCRIPTION OF THE DRAWINGS 

100121 Figure IA is a simplified illustration of an unmanned aerial vehicle according 

to example embodiments.  

[0013j Figure 1B is a simplified illustration of an unmanned aerial vehicle, according 

to example enbodiments.  

[00141 Figure IC is a simplified illustration ofanunmannedaerialvehicle according 

to example embodiments 

10015] Figure I D is a simplified illustration of an unmanned aerial vehicle, according 

to exampleembodiments 

100161 Figure Eis a simplified illustration of an unmanned aerial vehicle, according 

to exampleembodiments.  

3
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100171 Figure 2 is a simplified block diagra illustraig components of an 

unmannedaerial systenaccordimg to exampleembodiment 
[0018 Figure 3 is asimplifiedblockdiagramIllustrating a distributed UAN system 

according to example embodiments 

100191 Figure 4 is a block diagram showing an examplearagement for an aerial 

transport provider control system according to example iembodiments.  

100201 Figures 5A to 5B illustratean adaptahlecharging system having a charging 

intface that s deployableby a UAV accordWing to example embodiments 

10021] Figure 6 illustrates a solar charging system that is deployable by a UIAV 

according to exampleebodinents 

100221 7ure illustrates geographic area including a plurality of opeational 

locations according tocxample etmbodients 

[00231 Figure 8 is a Ifokchart of a method focusing a UAV dedicated to deployment 

of operational infastructureoaccrding to example embodiment 

100241 Figure 9A to 9 illustrateuse ofadedicted AV to depiyoperational 

infrastructure anid subsequent use of the deployedoperationalinfrastructure to charge 

batteresof another1UAV accordingtoexample embodmients 

100251 Figue10 is a flowhian of a method for self-deployment of operational 

infrastructure for a UAM according toexampleembodiments 

100261 Figures IA to 11D ustrate useof a given AV to deploy operational 

infrastcte and subsequent useofthdeployedoperationalinfrasucturetochare 

batteries of thesame given IAVaccording to example embodiments 

DETAILEDDESCRIPTION 

100271 Example methods and systems are escnbed hereinIt should be understood 

that the words"example and "example" are used herein to mean serving as an example 

instance, or illustration Any embodiment or feature described herein as being an"xample 

or rexamplec is not necessarily to be construed as preferred or advantageous over other 

embodiments orfeatures.The example embodiments descrbed herein are not meant to be 

limiting. It will be readily understood that certain aspectsof thedisosed systemsand 

methods can be arranged and combined in a wide variety of different configurations, all of 

which are contemplated herein.  

100281 Furthermore thepartiular arrangementshow nithe Figures should note 

newedaslimimg it should be undersood that other embodimen might mclude more or 

lessof each element shown in a given Figure, Further, some of the illustrated elements may 
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be combined or omitted. Yet further, an example embodiment may include elements that are 

not illustrated in the Fiures 

1. Overview 

[0029] In practice, an umannedaeriai vehicle (UAV) may refer to any autonomous 

orsemiautonomous aerial vehicle that is capable of performing some operations without a 

physically present uman pilot. Examples of such operations may include aerial transport 

serviceswhich mayinvolve a group ofAVs carrying out transport tasks, such as pickup 

and/orxdelivery of items.  

100301 Disclosed herein are implementations that relate to having certain type(s) of 

UA(s) in a group of UAVs dedicated to deployment of operationainfrastructure at 

operational location(sinpracticetheoperational infrastructure atissu can be one or more 

parts of a groundcharging system thatisconfigured to charebatteri of one or more 

UAVs, or canbe the entire chargingsystem.And a given operational location can be a 

location at which UAV can argeits baeryafter operationalinfrastctrehas been 

deployed, and perhaps also one from which a UAV an carryoutitem transport taskss.  

100311 More specificalthe group of As may inludeneor moreAs of a 

first type and one or more UAVs of a second type, The first type of UAV mayinclude 

features that enable a UAV ofthefirst typeto deploy operational infrastructureatopeational 

location(swithin geographic area. And the second type of UAV mayinclude features that 

enableaUAVof thesecond type to carry out tasks other than deoyment of operational 

infrastructure such as transporttasksthatincludepickup and delivery of user-requested items 

oi instance.  

(00321 Generallyincluding UAV(s) of the first type in a group of UAVs may be 

advantageous for various reasons. For instance, a UAV of the first typemayallowfor 

deployment of operational infrastructure that a UAV of the second type may otherwise 

unable to deploy. For example, a UAV of the second type may e optimized for carrying ot 

transport tasks and thus may be arranged to cary payloads) having a weight up toa 

particular weight which may be a weight that islesserthanweightofthedeployble 

infrastructure Additionally or altenatively indding UAVWsft first type in 

the group may allow UAV(si) of thesecondtype to beusedfortheir intended purpose (e'g 

carrying out transport tasks) without encountering the costs of deploying operational 

infrastructure. Suchcosts mayincludeime and/or energy spent on deployment of 

operationalinfrastructureaswllas\ ear and tear experienced over time duetodeployment 

of operational infrastructure, amongother possibilities.  
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II. Illustrative Unmanned Vehicles 

100331 Herein, the terms"unmnianned aerial system" and "UAV" refer to any 

autonomous or sematonomousvehiclethat is capable of perfornng somefunctions 

without a physically present human pilot.  

[00341 A WA can take various forms For example, a UAV may take the form of a 

fixed-wing aircrafa glideraircrafta taisitter aircraft. ajet aircraft a ducted fan ircratta 

lighter-than-andiigibesuch as a bimpsteerableballoonarotoreraft.such asaeioper 

or muticopter and/or an omhopter.among other possibilities Fu.ther, the terms drone? 

"unmanned arial vehiclesysten WAVS), or "unmanned aeial vehicle (WA)may also 

be used toefer to a UY.  

100351 figure I A is an isometric view of an exampleUA 100 WAV 100 includes 

wing 102, booms .104and a fuselage106. Wings 102 may be stationary andmay generatelift 

based on the wingshape and the AV's forwardairspeed: For instance the two wings 102 

mayhave an airfoil-shaped ros sectiontoproduceanaerodynamicforceon AV 100 in 

sone1embodimentswing102 mayarry horizotalpropulsionunits10$,andboons 104 

may carry vertical propusionunits I 10.In operatonpower for the propulsion unitsnay be 

provided from a battery coipartmenIw 2 of fuselage 106. In someembodimentsfuselage 

106 also includes an avionics compartment 114,an additional battery copartmen (not 

show) andor a delivery unit (nt shown g.,a winch system) fr handling thepayloadin 

some embodiments fuselage 106 is modularand two or more compartments (eg., battery 

compartment 112avionics compartment 114, other payload and delivery compartments) are 

detachable from each other and securable to each other eg, mechanically, maganetically, or 

otherwise1to contuouslIornat least a portion of fuselage 106 

100361 In s embodimentsbooms104 terminate in rudders 116 for improved yaw 

control of U 100 Purther wings 102 may terminate in wing tis I17 for improved control 

oflift of the UAV, 

100371 In the ilstraed configuratin. UA 100 includes a structural frmeThe 

strucralframe may be referredto asatructurall-frameor anH- frame"(ot shownlof 

the UAV The i-frame may includewithin wigs 102,a wingsparn ot shown)adwithin 

booms 104 boom ncarriers (not shown I some embodiments the wing spar and the boom 

carriers nmay be made of carbon fiber hard plastic, aluminum, ight nialloys, or other 

materials The wing spar and the boom carriers may be connected inhclamps The wing 

spar may includepe-drilled holes fr horinmal propulsion uns 10and e boon carriers 

may include predrilledholesforverticalpropulsion units 110 

6
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100381 In some embodiments, fuselage 106 may be removably attahed to the 

frame (e g. attached to the wing spar by damps,configured withgrooves, protrusions or 

other features to mate with correspondinHrame features, et.). in other embodiments, 

fuselage 106 similarly may be removably attached to wings 102 The removable attachment 

offuselage 106 may improve quality and or modularity of UAV 100 For example, 

electrical/echanical components and/or subsystems of fuselage 106 may be tested 

separatelyfromt and before beingaached to, the H-frame Similarly, printed circuit boards 

(PC0s) 118 may be tested separately front and before being attached to, theboom carriers 

therefreeliinating defective parts/subassemblies por to completing the UAV. For 

example, components of fuseage 106 (eg., avionics, battery unit, delivery units, an 

additional battery comparmen etc) maybe electricalytested before fuselage106 is 

mounted to the H-frame urthermorethe motors and the electronics of PCI/s I lmay also 

be eectricallytested before the final assembly. Generally the identification of the defective 

parts and subassemblies eay nthe assemblprocess lowers the overal cost and lead timeof 

the UAV. Furthermore, differenttypesimodelsof fuseKge106 maybe attached to the 

fram thereforeimproving the modularityofthedesign. Suchinodularity allows these 

various parts of UAV 100 to be upgraded without a substantial overhaul to the manufacturing 

process.  

100391 Insome embodiments a wing shell and boom shells may be attached to theIi

frame by adhesiveements (eg adhesive tape double-sided adhesivetape glue etc) 

Therefre, multiple shells may be attachedtothe -fame instead of having a monolithic 

body sprayed onto the fmme In someembodiments the presence of the multiple shells 

reduces the stresses inducedby the coefficient of thermal expansion of the structum frame of 

the UAV. As a result, theUAV mayhave better ensionalaccuracy andor improved 

reliability.  

100401 Moreover, in at leastsome embodientsthe same H-fame may be used with 

the wingsheland/or boomshells having differentsie and/or design, therefore improvingthe 

modularityand versatilityof the UAVdesignsThe wing shelland/or the boom shells maybe 

made of relativelylight polymers (e g.cosedcellfoam) covered by thearderbutrelatively 

thin, pasd skins 

100411 The power and/or controlsignls from fuse e106 may be routed to PCBs 

1 through cables running through fuseage106, wings 102, and booms 104. in the 

illustrated embodiment, UAV 100 has four PCBs but other numbers of PCBs are also 

possible. For exampleAV 100 may include two PCB sone per the boom The PCBs carry
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electronicomponents.119 including for example powerconverterscontrollersThemory 

passive components etc. In operation, propulsion units 108 and 110 of U.A1 R are 

electrically connected to the PCBs.  

100421 Many variations on the illustrated UAV are possible. For instance fixed-wing 

UAVs may include more or fewer rotor undts (vertical or horizontal) and/or may utilize a 

duted an or multiple ducted ns forpropulsionFuther AVs with more wings (e.g an 

"xwin confguration with four wings).are aso A FloIAillustrates two 

wings 102 twobooms 104, two horizontal propulsionunits 108, and six vertical propulsion 

units 110 per boom 104, it shouldbe appreciated that other variants of UAV 100 may be 

implemented with more orless of these components. For exampleAV 100 may include 

four wings 102, four booms 104,and more or less propulsion units(horizontal orvertical).  

100431 Sinilarly, Figure IB shows another example of a fixed-wingL AV 120. The 

fixed-wing UAV 120 includes a fuselage 122, two wings 124 within airfoilshaped cross 

section to provide lift for the UAV 120, a verticalstabilizer.126 (or fin) to stabilizethe 

planes yaw (turn left orright a horizontal stablizer 128 (also referred to as an elevatoror 

tailplane) to stabilize pitchilt up or down )landing gear 130, and a propulsion unit 132, 

which can include motor, shaft, andpropeer 

100441 Figure IC shows an example of a LAV 140 with a propeller in a pusher 

contIguration. The te"pusherefers to the fact that a propulsion unit 142 is mounted at 

the back ofthe UA and pushesthe vehicle forward,in contrast to the propulsion it 

being mounted at the font of the UAV Similar to the description provided for iguresIA 

and IB igure IC depicts common structures used in a pusher plae,including afuselage 

144, two wings 146, vertical stabilizers 148 and the propulsion unit 142, which caninclude a 

motorshaft, and propeler.  

100451 Figure ID shows an example of a tail-sitter AV 160 In the illustrated 

example the tail-sitter UAV 160 has fixed ngs 162 to provide liftand allow he UAV160 

to glide horizontally (eg along the xaxisin a position that is approximately perpendicular 

to the position shown in Figure1). However the fixed wings 162 alsoallow the tail-sifter 

UAV 160 totTake off and land vertical yon its own, 

100461 For example at a launch site the tail-sitter AM160 may be positioned 

vertically(as shown) with its 0n164 and/or wings 162 resting on theground and stabilizing 

theAV 160 in the verticalpositi Thetailsitter UAV 160 may then take off by operating 

its propellers 166 to generatean upward thrustega thrustthat is generally along the y

axis) Once at a suitable aiudehe tail-siter A 160 may use its flaps168 to reorient 

8



WO 2019/126263 PCT/US2018/066392 

itself in ahorionta position such that its fuselage .170 is closer to belrig aliged with the X

axisthan the y-axis, Positioned horizontally, the propellers 166 may provided forward thrust 

so that the tailsitter UAY 160 can flying a similar manner as a typical airplane.  

j00471 Many variaions on the illustrated fixed-wing OA are possible or 

instance, fixed-wing UAVs may include more or fewer propellers, and/or may utiize a 

ducted in or multiple ducted fims for propulsion.,Further LAVs with more wings (eg_ an 

-win" configurationwith four wings), with fewer wings, or evenvih no wins ,are also 

possible.  

100481 As noted above, someebodimentsmay involve other types of UAVs, in 

addition to or in the alternative to fixed UAVs. For instance. Figure I shows an 

example of a rotorcrafttIhat is commonly referred to as a multicopter 180 The nmlticopter 

180 may also be referred to as a quadcopter, as it includes fourrotors 182 It should be 

understood that example embodiments mainvolve a rotoreraftVith more or fewerrotors 

than themnuiticopterl8For example, helicopter typically hastwo rotors. Other examples 

with three or more rotors are possible as well Hereitohe termni muticopter" refers to any 

rotorcrafthaving re than two rotors, and the term "hecopter"refers tootorcrafihaving 

two rotors., 

100491 Referring to the multicopter I80 in greater detail the fourrotors .182 provide 

propulsion and maneuverability for the multicopter .180 More specificallyeach rotor 182 

includes blades thatare attached to a motor 184- Configured as such, the rotors 182 may 

allow the muticopter180 totake offand land vertical to maneuver in any direction; and/or 

to hover Further the pitch ofthe blades maybe adjusted as a group and/or difterentially, 

and may allow the multcopter 10to control its pitch,rollyaw and/oraltitude, 

100501 It should be understood that references herein to an "unmanned" aerial vehicle 

or LAV can apply equally to autonomous and semi-autonomous aerial vehides. In an 

autonomous implementation, all functionality of the aerial vehicle is automated; eg, pre

programmed or controlled via reakltime computer functionality that responds to input from 

various sensors and/orpre-determinedinfomation In aemi-autonomousimplenentation 

some functions of an aeriavehicle may be controlled by human operatorwhile other 

functons are carried out autonomously. Further in some embodimentsa UAV abe 

configured to allow a remote operator to take over functions that can otherwise be controlled 

autonomously by the AV. Net further a given type of function may be controlledremotely 

at one level of abstrction and performed autonomously at another level of abstractionFor 

example, a remote operator can control high level navigation decisions for a UA such as by 

9
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specifying that the UAV should travelfrom one location to another ggfra warehouse in 

a suburban area to a delivery address in a nearby city), Whilethe UAVs navigationsystem 

autonomouy controls more fine-grainednavigationdecisions, such as the specific routeto 

take between the two locations, specific flight controls to achieve the route and avoid 

obstaclesvWhile navigating the route, and so on.  

[ Moregeneral it should beunderstood that theexample UA s described 

herenare notintended to be limiting. Exampleembodiments may relate to be implemented 

within or take the oin of any type of unmanned aerial vehic 

Il. Illustrative UAV Components 

100521 Figure 2 isa simplified block diagram illustrating components ofa UAV 200, 

accordingtoanexampleembodiment UA 200 may take the form of, or be similar in fonn 

to, one of the UAVs 100 120 14060,and 180 described in refeceto Figures IA~I.  

However, UAV 200 may also take other forms 

[0053j UAV 200 may inluddevarioutypes ofsensors,and may inchde a compting 

system configured to provide the functionalitydescribedherein In the illustrated 

embodientthe senses of UAV 200 include an inertial measurementunit (1M) 202 

ultrasonic sensor(s)204,and a IS 206, among other possible sensors and sensing systems.  

100541 In the illustrated embodiment; UAV 200 also includes one or more pmcessors 

208. A processor 208 may be a general-purpose processor or a special purpose processor 

(egdigital signal processorsapplicationspecifc integratedTcircuitsetc.The one or more 

processors208 an be configured to executecomputer-readable programinstructions 212 that 

are stored in the data storae210 and are executable to provide the functionality of a AV 

described herein.  

100551 The data storage 210 may include or takethe form of one or more computer

readable storage media that can be read or accessedby atleast oneprocessor 208 Theoneor 

ore computerreadable storage media can include volatile and/or non-voatile storage 

components,such as optical, magnetic organicor other memory or disc storage, which can 

be integratedinwholeorin pan with atleast one oftheone ormoreprocessors208Insome 

embodiments, the data storage 210 can be iplementedusingasinglephysicaldeviceg 

oneoptical,magneticorganic or other memory or disc storage unit),whileinother 

embodiments, the data storage 210 can be implemented using two or norephysica devices.  

100561 As noted the datastorage 210 can includecomputer-readableprogram 

instructions 212 and perhaps additional data, such as diagnostic data of the AV 20 As 

suchthe data storage 210 may include program instructions 212 to performer facilitate some 
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or all of the UAV functionality dscribedherein. Fori Instance inthe illustrated embodiment 

programinstructions 212 include a navigation mode214 and a tethercontrol module 216, 

100571 A. Sensors 

100581 In an illustrative embodiment, IMU 202 mainclude both an accelerometer 

and a gyroscopewhichmay be used together to determinean orientation ofthe UAV 200 in 

partiulr the accelemmetercan measure the orientation of thevehicle withrespect toearth, 

while the gyroscopemeasurestherate of rotation around anaxis.MUs are commercially 

available inlow-cost, lwpower packages, For instance, an IMU '2 ray take the form of 

or include a miniaturized MicroElectroMechanical System (MEMS) or a 

NanohlectroMehanicalSystem (NEMS). Other types of IMUs may also be utilized.  

[w)59] An I.MU 202 mayinclude other sensors, in addition to accelerometers and 

gyroscopeswhichmay.help to betterdeernieposition andor help to increase autonomy of 

the UAV 200 Two examples of suchsensorsare magnetometer and pressure sensors In 

some embodiments, aUA.Vmay include a lom-power,. digita-axis maguetimeter, hich 

can be used to realize an orientation independent eletmniccompass foraccuteheading 

information. Howeverothertypes of mnetomete be utilied as well Other 

examples arealso possible. Further, note that a UAV can include some or all of the above

described inertia sensors as separate components from an IMU 

100601 3AV 200 may also include a pressure sensor or barometer, whichcan be used 

to determine thealtitude of the UAV 200 Alternativey, othersensors,suchassonic 

altimeters or radar altimeters, can bemused to provide anindication of altitude. whichmay 

help to improve the accuracyofand/or prevent drift of an IMU.  

100611 na futheraspect,(AM200 may includeone ormor esensorsthat allow the 

UAV to sense obectsintheenvironmentForinstance inthe illustratedembodimentUAV 

200 includes utrasonicensor(s)204 UItrasonic sensors) 204 can determine the distance to 

an object by generating sound waves and determining the ime interval between transission 

of thewave and receiving the corresponding echooff an object A typicalapplication ofan 

ultrasoncsensorfor unmanned vehicles orIM sislow-levela titude controlandobstacle 

avoidance.Anulrasonic sensor can also be used for vehicles that need tohoer at a certain 

heightor need to be capable of detecting obstacles Other systems can be used to determine 

sense the presence of, and/or determine the distance to nearby objectssuch as a light 

detection and.ranging (OIAR)syste.laser detectionand ranging (LADAR) system, and/or 

an infraredorforwardooking infrared(iiR)system,among, otherpossibilities 
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100621 Insomeembodiments, UAy200 nay alo inchde one or more imaging 

systems) For example, one or more sti and/orvideo caerasmay beutizedby UAV 200 

to captue image data forum theUAVsenvirnnmentAsaspecieexampecharge-couped 

device (CCD) cameras or complementary mea-oxide-semiconductor(CMOS) cameras can 

be used wi unmanned vehicles, Such imaging sensors) have numerous possible 

locations Such as ostack avoidance locazationtechniquesground trackingfor more 

accuratenavigation(eg, by applying opticalflowtehues to images video feedback 

arnd/or imagerecognitim and processing,among otherpossibilties, 

100631 UAV 204 may also include a GPS receiver 206. The GPS reeiver206 may 

be configured to provide data that is typcaof well-known GPS systems suchas thePS 

coordinates of theUAV 200. Such PS data may be utiled bytheUAV 200 forvarious 

functions As such, the UAV may use its PS receiver 206 to help navgae tothecalles 

location, as indicated, at least in part, by the G S cordinatespovided by their mobile 

device Other examples are also possible.  

100641 B. Navigation andiLoationDetermination 

100651 The navigation mode 214 may provideuinalitthat allows the UAV 

200 to, e.g, move about its environment and reach a desired location. To do so, the 

navigation module 214 may comrol the alitude and/or direction offlight by controlling the 

mechanical features of the UAV that affect flight (e.g..its rudder(s)e levator(s), aiern(s), 

and/or the speed of its propeller(s)).  

100661 In order to navigate the UAV 200 to a target location (etg, a delivery 

locatio),the navigation module 214 may implement variousnavigation techniques, such as 

map-based navigation and localaaonbasednavigation, forinstance With map-based 

navigation the UAV 200 may be provided with a map of its enviroinent, which may then be 

used to navigate to a particular location on the map. With ocaliationbased navigation, the 

UAV 200 may be capable of navigating in an unknown envromentusing localization.  

Localzationbased navigatwn may involve the U 21 building its own map of its 

environment and calculating disposition within the map andorthe position of objects inthe 

environment.For examp, as a UAV 200 moves throuhouitsenvironment, the UAV 200 

may continuously use localizatio to update its map of the environment Thiscontinuous 

mapping process nay be referred toas simultaneouslocalization and mapping (SLAM).  

Othe naviationtechniques may alsobetilized.  

100671 In some embodiments, henavigation module 214 may navigate using a 

technique that reles on wayponts In particular, waypoints are sets of coordinates that 
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identify points inphysicalspace, For instancean air-navigation waypoint may be defined by 

a certain latitude, longitude and altitude, Accordinglynavigation module 214 may cause 

UAV 200 to move from waypoint to wapo in order to uimatelytravel to a final 

destination (eg. afinal waypoint in a sequence of waypoints 

00681 In a further aspect, the navigation module 214 andor other components and 

systemsofthe UAV 200 may be configured fbr "localization to more precisely navigate to 

the scene of a targetlocation. More specifically, it may bedesirablein certain situations for a 

UAV to be withia threshold distance of the target location where payload 22Sis being 

delivered by a UAV (e.g within a few feet of the target destination) To this endja.UAV 

may useatwotiered approach in which it uses amoregenerallocation-deenination 

technique to navigatetoageneralarea that is associated with the targetlocationand then use 

a morerefined locator-detemnatontechnique to identifyand/r navigate to the target 

location within the general area.  

100691 For example theUAV 200 may navigate to the general area of a target 

destination where a payload 228 is heing delivered using waypoints and/or map-based 

navigation, The UAV may thenswitch to a modeinwhich t utilizesaoalizationprocess 

to locate and trav to a more speciclocation. For instance, if theUAV 200 is to deliver a 

payload to a user's home the UAV 20may need to be substantially close to the target 

location in order to avoid delivery of the payload to undesired areas (e onto a roofinto a 

pooL onto a neighbors property etC.) However, a GPSsignal may only getdieUAV200so 

far (eg within a block of the user's home). A more preciselocaondetermination 

technique may then be used to find the specific target location.  

100701 Various types oflocationdetermination techniques may be used to accomplish 

localization of the target delivery locationoncethe UAV 200 hasnavigated to the general 

area of the target deivery location. For instance the UAN 200 may beequipped with one or 

more sensory systems, such as, for example, ultrasonic sensors 204 infrared sensors (not 

shown) and/or other sensors, which may provide input that the navigation module214 

utilizes to navigate autonomously orsemiautonomouslyto thespecifictargetlocation.  

100711 As another exampeonce the AV 200reaches the general area ofthetarget 

delivery location (or of a moving subject such as a person or theirmobile devicethe UAV 

200 may switch to a "fly-by-wire" mode where i is controlledatleastin part, by a remote 

operator who can navigate theUAV 200 to the specific target location. To this end sensory 

data from the AV 200 may be senttothe remote operator toasist them in navigating the 

UAV 200 to the specific location, 
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100721 As yetanother example the UAV 200 may include aimodule thatis able to 

signal to a passer-by forassistance in eitherreaching the speciitarget delivery locationfor 

examplethe UAV 200 may display visualmessage requesting such assistanceina graphic 

display play an audio message or tone through speakers to indicate the need for such 

assistance among other possibilities, Such a visual or audio message might indicate that 

assistance is needed in elivering the UAV 200 to a particular person ora particular location, 

and mightprovideinformation to assist the passerbyin deliverinthe UAV 200 to the 

person or location (e, a description or picture of the person or location,and/orte person or 

locations name among other possibilities Such a featurecan e useful in a scenario in 

which the UAM is nable to usesensory functions or anotherlcation-determination 

technique to reach the specific targelocation Howeverthisfeatureis not limited to such 

scenarios, 

[00731 Insome embodiments once the UAV 200 arrives at the general area of a 

target delivery location, he AV200 may utilize a beacon from users remote device (eg 

the user's mobilephontoocatethe person. Such beacon maytake various formsAsan 

example consider thescenariowherearemote devicesuchasthe mobile phone ofapeon 

who requestedaUAVdivery, disable to send out directional signals (egviaan RF signal, 

a lightsignal andor anaudio signa. Inthis scenario, the UAV 200 may be configured to 

navigate by"sourcing" such directional signals-- in other words, by determining where the 

signalisstrongest andnavigangaccordinglyAs another example mobiledevicecan emit 

a frequency either in the human range or outside the human range, and theA 200 can 

listen forthat frequency and navigate accordingly. As a related example, if the UAV 200 is 

listening for spoken commands, then the A 200 can utilize spoken statementssuch as 

I'm over here!" to source the specific location of the person requesting delivery ofa 

payload.  

[00741 In an alternative arrngementanavigation modulemay be implemented at a 

remote computing device, which conumnicates wirelessly with the UAV 200, The remote 

computing device may receive data indicating the operational state of the UAV 200 sensor 

datafrom the UAV 200 that allows it to assess the environmental conditions being 

experienced by the UAV 200, and/or location information for the UAV 200, Provided with 

such information the remote competing device may determine altitudial andor directional 

adjustment that should be made by the ,AX'200 and/or may determine how the UA\'200 

should adust its mechanical features (eg, its udder(s, elevator(s)aileron(s) and/or the 

speed of its propeller5sin order to effectuate such movements Theremote computing 
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system aythen comnunicate such adjustments to the UAV 200 so it can move in the 

determined manner, 

100751 C. Communication Systems 

100761 In a further aspect, he UAV 200 includes one or more communication 

systems 218 .The communications systems 218 may include one or more wireless interfaces 

and/or one or more wireline interfaceswhich allow the UAV 200 to communicate via one or 

more networks.Suchwireless intercesmayprovide for communication underoneor more 

wireless communication protocols, such asi ButoothWilil(e g, an IEEE 802,11 protocol 

Log .n Evolution(iEE>WiMAX eg.,an iEEE 802.16 standard),a radiofrequencyiD) 

(RFID) protocol near-fieldcommunication (NHC), and/or other wirelesscommunication 

protocols. Such wireneinterfacesmay includeanEthernetinterface, universal Serial Bus 

(US13) interface orsimilarinterface to communicate via a wire a twisted pair of wires a 

coaxial cable, an opticallink a fiber-opticlink, or other physical connection to a wireline 

network.  

10077] In someembodimentsUAV 200 may includecommunicationsystems218 

that alow ihr both short rangecomnication andlongangecommuniaftin.Forexample 

the UAV 200 may be configured forshort-rangcommunications using Bluetooth and for 

long-range communications under a CDMA protocolin such anenmbodiment the UAV200 
may be configured to function asa "hot spot" or in other words, as a gateway or proxy 

between a remote support deiceand one or more datanetworks, such as a cellular network 

and/or theInternet. Coniuredas such, the2AV 00 may theilitate data communications 

that theremotesuppot device would otherwise be unable to perform by itself 

(00781 For example, the UAV 200 may provide a WiF comection to a remote 

device, and serve as a proxy oratewa to a cellar serviceproider'sdata networkwhich 

the UAV might connect to under an. LTE or a 3G protocol, for instance. The UAV 200 can 

also serve as a proxy or gateway to a high-altitude balloonnetworka saMelite network, or a 

combination of these networks amongothers which a remote device might not be able to 

otherwise access.  

100791 D. Power Systems 

10080 In a further aspectthe UAV 200 may include power system(s) 220, The 

power system 220 may include one or more batteries for providingpower to the UAV 200 

In one example, the one or more batteries may be rechargeabi and each battery may be 

rechared via a wired connection between the battery and a power supply and/or via a 
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wireless chargingsystem such as an inductive changing system that apples an externalime

varying magnetic field to an intemal battery 

[00811 In a further aspect the power systems 22 of AtV 200 a power interface for 

electronically couplingto an externalAC power some, and an AC/DC convener coupled to 

the power interface and operable to convert alternating current to direct current that charges 

the UAMs battery or batteries For instance the power interface may include a power jack or 

other electriccoupli connection to a 1M. 120V 220,or 240AC power source.  

Such a power system may factatearecipien-assisted recharging process, where a recipient 

can connect the UAV to standard power soueat a delivery location, such as the 

recipient's home or office Additionyoraternatively, power systems 220 can include an 

inductive charging.intrfacsuch that recipienassisted rechargingcan be accomplished 

wirelessly via an inductive charging systeminstalled or otherwiseavailable at the delivery 

location, 

00821 E. Payload Delivery 

100831 The UAV 200 may employvarious systems and coigurationsin order to 

transport and deliver apayload 228 In some implementations the payload 228 of a given 

UAN200 may include or takethe form of a "package" designed to transport various goods to 

a target deiverylocation. For example, the UAM 200 can include a compartment, in which 

an item or iems may he transported. Such a package may one or morefooditems, purchased 

good medical itms.or any other obect) having a size and weighttal to be 

transported between two locationsby the AM in someembodiments a payload 228 may 

simplybe the one or more items that are being delivered (e g without any package housing 

the items)Andinsome embodiments, the itemsbeing delivered, the container or package 

iwhic theitems are transported, and/or other components may all be considered to be part 

of the payload.  

[00841 In some embodiments, the payload 228 may be attached to the UAV and 

located substantially outside of the UA during some or all of a flight by the1 AV For 

example thepackage may be tethered or otherwise releasabl attached below the UAV 

duringfight to target location. In an embodiment whereapackage carries goods below the 

UAMthe package may include variousfeatures that protect its contents from the 

environent reduce aerodynamic drag on the system, and prevent the contents of the 

package from shiftingduring UAV flight.  

(00851 For instance, when the payload 228 takes the form of a package for 

transporting items, the package may include an outer shell constructed of water-resistant 
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cardboard, plastic, or any other lightweight and waterresistantateria Funher in order to 

reduce drag, the package may feature smooth surfaces with a pointed front that reduces the 

frontal cross-sectionalarea. Furtherhe sides of the package may taper from a widebottom 

to a narrow top, which allows the package to serve as a narrow pylon that reduces 

interferenceeffects on the wing(s) of the A V,This may move some of the frontal aea and 

volume ofthe package away fromthe wing(s)ofthe UAV thereby preventmgthe reduction 

of lift on the wing(s) cause by the packageYet inter, in some embodimentsthe outer shell 

ofthe package may be constructed frnm a single sheet of materialin order to reduce air gaps 

or extra material, both of whih may increase drag mon the system. Additonally or 

alternatively,(hepackage may incdeastabilizer to dampen package flutter. Tisreduction 

in flutermay allow the package to have less rigidconnection to the AVand may cause 

thecontents of the package to shift less during flight.  

[00861 order to deliver the payload, the UAV may include a tether system 221, 

which may be controlled by the tethercontrl module 2.16 in order to lower the payload 228 

to the groundwhile the UAV hovers abov The teher system 221 may include a tether 

which is coupable to a payload 228 (eg.a package The tether 224 may be wound on a 

spool that is coupled to a motor 222 ofthe UAV although passive implementations, without 

a motor, are alsopossible). The motor may e a DC motor (eg, a servo motor) that can be 

actively controlled by a speed controller, although other motor configurations are possible, 

insonieembodiments,the tethercontrol module216 can control the speed controller to cause 

the 222 to rotate the spool. thereby unwinding or retracting the tether and lowering or raising 

the payload coupling apparatus in practice, a speedicontroller may output a desired 

operatingrate (e a deiredRPM for the spool which may correspond to the speed at 

which the tether system should lower the payload towards the ground. The motor may then 

rotate the spool so that itnaintains the desiredoperating rateor within some allowable range 

of operating rates) 

100871 In order to control the motor viaaspeed controller,the tether control module 

216 may receive data foma speed sensor eg an enoderyconfigured to convert a 

mechanical posion to a representative analog or digital signal In particularthe speed 

sensor mayincade a rotary encoder that may provideinformation relatedtorotary position 

(and/or rotary movement) ofa shaft of the motor or the spool coupIed to the motor among 

otherpossibilities. Moreover, the speed sensor maytake the form of an absolute encoder 

and/oran incremental encoder among others. So in an example implementation as the 

motor causes station of the spool,a rotary encodermay be used tomeasure this rotation, in 
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doing so the rotay encoder may be used to convert atary position to an analog or digital 

electronic signal usedby the teher controlmodule-216 to determine the amount of rotation &f 

the spool from a fixed referenceanle andor to aanalog or digital electronic signal that is 

representative of anewrotary positionamong other options, Other examples are also 

possible.  

[$J88 in someembodiments payload coupling component (eg.a hook or another 

type of couplingcomponent)can be configuredto secure the payoad 228 whilebeing 

lowered fom the UAV by the tether The coupling apparatus or component and can be 

further configured torease the payload 228 upon reaching ground levei via electrical or 

electro-mechanical features ofthe coupling component, The payloadcouphngcomponent 

canthen be retracted to the UAV by reeling inthe teringthe motor 

100891 insomeimplementations the payload228may be passively released once itis 

lowered to the ground. IForexampea payload coupling component may provide passive 

release mechanism, such as one or more swing arms adapted to retract into and extend from a 

housing Anextended a mayform a hook on whihthe payload 228 may be 

attached. Uponovering therelease mechanism and the payload 228 to the ground via a 

tethera gravitational force as well as a downward inerdal force on the release mechanism 

maycause the payload 228to detach from the hook allowing the release mechanism to be 

raised upwards toward the UAV. The release mechanisms ay further include a spring 

mechanism that biases the swing arm to retract into thehousing whenthere are no other 

external forces on the swing arm. For instance,aspring may exerta forceontheswing arm 

that pushes or pulls the swing arm toward the housing such that the swing arm retracts into 

thehousing once the weight of the payload 228 no longerforces the swing arm to extend 

from the housing. Retractingthe swingarmn to the housing may reduce the likelihood of the 

release mechanism snagging the payload 228 or other nearby objects when raising the release 

mechanismtoward the JAVupon delivery of the payload 228, 

[00901 inanotherimplementation, a payload coupling componentmay include a hook 

feature that passively relasesthepayload when the payloadcontactsthe ground For 

example the pay load coupling component maytake the formofor includeahook feature that 

is sized and shapedtointeract with a correspondingattachmentfeature (ega handle or hole) 

on a payload taking the form ofaontainer or tote The hookAnay be inserted into the 

handle or hole of the payiad containersuch thattheweight ofthe payload keepsthepayload 

container secured to the ook feature diringight. Howeverthe hook feature and payload 

container ma be designed such that when the containercontacts the ground and is supported 
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from below, the hook feature slides out of the container's attachment feature thereby 

passivelyreleasing the payload container. Other passive release configurationsare also 

possible 

[00911] Active payload release mechanisms are also possible, For example, sensors 

such as a barometric pressure based altimeter and/or accelerometers may help to detectthe 

position of the release mechanism(and the payload) relaive to the ground. Data fromthe 

sensors can be ommu atedback to the UAV and/or a control system over a irelesslink 

and used to help in detemning whenthe releasenechanism has reached round level(e 

by detecting a measurement with the accelerometer that is characteristic of groundimpac 

another examples the AVmay determinethatthe payloadhas reached the ground based on 

a weightsensor detecting a threshollow downward force on the tether and/or based on a 

thresholow easureentof powerdrawn by the winch when lowering the payload 

100921 Other systems and techniquesfor delivering payload, in addition or in the 

alternative to a tethered devery sse are alsopossible For exampleaUAV 200can 

include an aibag drop system or a parachute drop system. Alteratively, a UAV 200 

caynga payload can simplylad on the ground at a delivery Other examples are 

also possible.  

100931 In some arrangements a UAV miy not include a tether system 22.L For 

example a UAV can include an internal compartment or bay in which theJAV can hold 

itemsduring transport. Such a compamentcan be figured as a topading.sid-eoading, 

and/orbottom-loading chamber The UAV ymay include electrical and/or mcanicalmeans 

(ag, doors) that allow the interior compartnent in the UAV to reopened and closed.  

Accontingly the UAV may open the compartnent in various circumstances, such as (a) 

whon ping up an item r delieryat an item source location, such that the item can be 

paced in the UAV for delivery, (b) upon arriving at a delivery location, such that the 

recipient can place an item for retum into the UAY and/or (c in other circumstances.  

Further, it is also contemplated tha other nntetered mechanismsfrseuring paload 

items to a UA are also possible such as varioststers for securinitmsto the UAV 

housing, among other possibilities Yet further Amay include ninternacomparment 

for transporting iems and/or other nn-tethered mechanisms for securing payload items, in 

addition or in the alternative to a tether system 221 

IV. IRlustrative UAV )epioyment Systems 

10094 UAV systems may be im lamented in order to provide various UA-related 

services.InparticularUAVs may be proddedatanumberofdiffrentlaunchsitesthatmay 
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be in communicationwith regional and/or central control systesSuch a distibuted UAV 

system mayallowUAVs to bequickly deployedto provide services across a large geographic 

area eg that is much larger than the flight range of any single UAV) For exampe,AVs 

capable of carrying payloads may be distributed at anuberoaunch sites across a large 

geographic area (possibly even throughout an entire country, or even worldwide), in order to 

provide onwdemand transport of various items to locationsthroughout the geographic area.  

Figure 3 is a simplified blok diagram ilustratngadisributedUAV system 300. according 

to an example embodiment 

100951 In the illustrative UAV system 300 an access system 302 may allow for 

interaction wth, control of, and/or utilization of a. network of AYs 304. In some 

embodiments, an access system 32 may be a computing system that allows fr human

controlled dispatch of UAVs 304. As such, the control system may include or othrise 

provide a userinterface throughwhich a usencan access and/or control the UAVs304, 

100961 in some embodiments, dispatch of the UAVs 304 may additionally or 

ahernaivey be accomplished via one or more automatedprocesses. For instance, the access 

system 302may dispatchone oftheAs 304to transport payload to atargetloation, and 

the UAV may autonomously navigate to the target location by utilizing various on-board 

sensors such as a GPS receiver and/orother various navigational sensor 

[00971 Further the access system 302 may provide for remote operation ofaH AYV 

For instancethe access system 302 mayallowanoperatorto control the fight of a AV via 

itsuser ieface. As a specificexample ,an operator may usethe access system 302 to 

dispatcha UAV 304 to atarget location. TheHAY 304 may then autonomously navigate to 

the general area of the targetlocation Atthispointthe operator may use the access system 

302 to take control of the UAV 304 and navigate the UAV to the target location (e.g., to a 

particular person to whom a payload is being transported). Other examples of remote 

operation ofa UAV arealsopossible 

[00981 inanlhlstrative embodiment, theHAs304 may take various forms For 

example, each of the A 304 maybeaAsuchasthoseilstratedin Figures 2 3, or 

4. oweveUAV system 300 may also utilize other types ofHA s without departing from 

the scope of theinvention insomeimplementations, al of theAvs 304 may be ofthe 

same or a similar configration, However, in other implementationsthe UAVs304 may 

include a number of different typesofAVs. For instance,the UAs 304 mayincude a 

number of types of OAs with each type ofHAV being configured for a different type or 

types of payload delivery capabilities 
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100991 The UAV system300 may further include a remote device 306, which may 

take various forms Generally, the remotedevie 306 may be any device through whioh a 

direct or indirectrequest to dispatch a UAV can be made, (Note that anindirect request may 

involveanycommunicationthat may be responded to by dispatching a UAV such as 

requesting a package delivery) In an example embodiment, the remote device 306-may bea 

mobilephonetablet computerlaptop compuerpersonalcomputer, or anynetwork

connected computing deviceFurther,in some instanceshe remote device 306 maynot be a 

computing device As an example standard telephonewhich allows forcomuncation 

via plain oldelephone service(POTS), may serve as the remote device 306. Other types of 

remote devicesare also possible 

jooioJ Furtherhe remote device306 may be onfiguredtoommunicatewithaccess 

system 302 via one or more typesof conunncationnetwork(s) 308. For example the 

remote device 306 may cnimnunicate with the access system 302 (or a human operator of the 

access system302) by commcatingover a POTS network, cellular network and/ora 

data network such as the Intenet. Other types of networks may also be utilized.  

[00101] In so ieembodiments, theremote device306 may e configured to allow a 

user to request pckup of one or more items from a certain source location and/or delivery of 

one or more items to a desired location. For example a user can request UAV deiverv ofa 

package to theirhmevtheir moble phone; tablet, or laptop. As another example, a user 

canrequestdynamicdeliverytowherevertheyarelocatedatthetimeofdelivery.Toprovide 

such dynamic delivery the UAsystem 300 may receive location information (eg GPS 

coordinates, etc.) from the user's mobile phone, or any otherdevice on the user's person 

such tht a UAV can navigate to theuser's location (as indicated by themobilephone), 

1001021 In some embodiments, a business user (e,g, a restaurant) can utilize one or 

more remote devices 306 to request that UAM be dispatched to pick up one or more items 

(ega food ordertfrom a source location (e.g. the restaurants address),and thendeliver the 

one or more items to a target location (e a customer's address) Furtherin such 

embodiments,there may be a number of remote devices 306 associated withacommon item

provider account (eg, an account used by m kipleempyees and/orowners of a particular 

restaurants Additionally insuchembodimentsa remotedevice306maybeutilizedtosend 

iten-provider submissiorsto atransport-provider computing system (e.g., central dispatch 

system 310 and or local dispatch system 312),which eah indicate a respective quantitative 

measure r a iven amount of UAV transport serviceata ivenfuture time Forexample, 

remote device 306 may be utilized to generateasnd an item-provider submission that 
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specifies a level of desired AV transpon services (e.g ,number and/orrate of expected 

UAV delivery Hights), and/or a monetary value correspondingto the item provider's need for 

UAV transport services, at a particular time or dunng particular period of time in the future.  

1001031 Inan illustradve arrangement the central dispatch system 310 may be a server 

or group of servers, which is configured to receive dispatch messages requests andor 

dispatch instructions from the access system 302. Such dispatch messages may requestor 

intact the cental dispatch system. 310 to coordinatethedeployme of UAVs to various 

target locations. The central dispatch system 310 may befther configured toroutesuch 

requests instructions to one or more local dispatch systems 312. To provide such 

functionality, the centraldispatch system 310 may communicatewith the access system 302 

via data netwo such as the Intemet or a private networkthatis established for 

commcations between access systems and automated dispatchsystems 

[00104 In theillustrated configuration, the central dispatch system 310 may be 

confgured to coordinate the dispatch of UAVs 304 from a number ofrdifferent local dispatch 

systems 312 As such the centraldispatchsystem310 may keeptrack ofwhih UAVs 304 

arelocated atwhich lcdispatch systems 312. which UAs 304 are currently availablefor 

deployment and/or vhic servicesor operations each of the UAVs 304 is configuredfor (in 

the event that a UAV fleet includes muiple types of 0AWs configured for differentservices 

and/or operations) Additionally or alternatively, eachlocal dispatch system 312 may be 

congured to track which of its associated UAVs 304 are currently- vaila e for deployment 

and/orarecurrently in the midst ofitem transport.  

100105) In some caseswhen the central dispatch system 310 receivesaequest for 

UAV-related service (e.g., transport of an itemfom the access system302 the centml 

dispatch system 310 may select a speci AV 304 to dispatch Thecentraldispatchsystem 

310 may accordinglyinstruct the local dispatchsystem 312 that is associatedwith the 

selected UAV todispatchthe selected UAV, The local dispatch system 312 may then operate 

its associated deploymentsystem314 to launch the selected UAW In othercases, the central 

dispatch system 310 may forward a questfor a UAV-relatedsevice toa localdispatch 

system 312 that is near the location where the support is requestedandeavetheselectionof 

a particular 1AV 304 to the local dispatch system 312 

1001061 In an example configuration the local dispatch system 312 may be 

implemented as a computing system at the same location as the deployment system(s)314 

that it controls. For example the local dispatch system 312 may be implemented by a 

computing system installed at a building, such as warehouse, where the deployment 
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systems) 314 and UAV(s) 304 that are associated with the particularlocal dispatchsystem 

32 are also located In other embodiments the local dispatch system 312 may be 

implemented at a location that is remote to its associated deployment systems) 314 and 

UAV(s) 304, 

1001071 Numerous variations on and alteratives to the illustrated configuration of the 

UAV system 300 arepossible. For example in some embodiments, a user of the remote 

device 306 can request ddiveryofa package diredfrom theentndispatch system310.  

To do som anapplication may he implementedoneremote device 306 that aiows the user 

to provideinformation regarding a requested delivery andgenerate and send a datamessage 

to request that the1AA system 300 provide the delivery In such an embodiment, the central 

dispatchsystem 310 may include automated functionality to handlerequeststhatare 

generated by such an applicationevaluate such requestsand, if appropate, oordinate with 

an appropriate localdispatch system 312 to deploy a UAV 

1001081 Frther, some or alof the funcionality that is attributed herein to the central 

dispathsystem310,the local dispatch systems) 312, the access system 302, and/orthe 

deploymentsystes314 mayhe combined ina single system implemented in a more 

complex system g. having morelayers ofcontrol) and/or redistributed among thecentral 

dispatchsystem 310, the local dispatch system(s) 312, the access system 302, and/or the 

deployment system(s) 314 nvariousways.  

[oolo9j Yet further whileeach local dispatch system 312 is shown as havingtwo 

associated deployment systems 314,a given localdispatchsystem12may alternatively have 

more or feWer associated deployment systems 314 Similarly, while the central dispatch 

system 310 is shown as being in communication with two ocal dispatch systems 312, the 

central dispatch system 310mayalternativelybe in communicationwithm orfewerlocal 

dispatchsystems 312.  

1001101 In a fther aspect, the deployment systems 314 may take various fors. In 

someimplementations, some or all of the dploymnt systems 34 may be a structure or 

system that passively fadilitatesa UA taking off from resting position to begin a flight.  

For example, some or all of the deploymentsystems 314 may take the form of landing pad 

a hangar, and/or a nway, amongotherpossiblities As such, a given deployment system 

314 may be arranged to faciltate deployment of one UAM 304 at a time, or deployment of 

multiple lAys eg a landing pad large enough to be utiized by multiple UAVs 

concurrently).
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t00111 Additionally or alternatively, some or all of deployment systems 314 nay take 

the form of or include systems for actively launching one or more of the UAVs 304, Such 

launch systems may incde features that provide for an automated UAV launhan/or 

features that allowtfor a human-assisted UAV launch. Further, a gen deployment system 

314 may be configured to launch one particular UAV'304, or to launch multiple UAVs 304 

[001121 Note that deployment systems 314 may also beconfiguredt passed 

faclitate and/or activelyassist a UAV when landing. Foreampethe same landing pad can 

be used for take-off and landing. Additionally or atemanvelyadeploymentsystem can 

include a robotic armoperableto receive an incoming A.\ A deployment system 314 can 

also include otherstrc andor sstesto assistand/or clitateUAV landing processes 

Further structures a orsystems to assist and/or facitate .AV landing processes may be 

implemented assea structusand/o systems so long as UAVs can move or be moved 

from landing structure or system to a deployment system 314 for redeployment, 

[001131 The deployment systems 314 may further he configured to provide additional 

functionsincluding for example, diagnosti-elatedfunctions such as veriying system 

functionalityof the UAVeifying funtionalitv of deices that are housed within a UAV 

(tg, a payload delivery apparatus, rdor maintain devicesorother items thatare housed 

in the UAV (eg., by monitoring a status ofa paiload such as its temperatureweight; etci 

[0041 income embodimnentslocal dispatch systems 312 (along withtheir respective 

deployment systems)314 may be.strategicall diibuted throughout an area uh as a ity 

For example, local dispatch systems 312 may be strtegally distributed suchthateachlocal 

dispatch systems 312 is proximate to one or tore payload pickup locations(e.g near a 

restaurant, store or Warehouse).H oweverthe local dispatch systems 312.may bedistributed 

in other was depnding upon the particular implementation.  

1001151 As n additional example,kiosks that allow users to transport packages via 

UAVs may beinstalledinvarious locations Such kiosks may include UAV launch systems, 

and may allow a user to provide their package for loading onto a UAV and pay for UAV 

shipping services among other possibilities. Other examples are also possible.  

1001161 In a further aspecttheUAV sysm00 may include or have access to auser

account database 316 husaccout database 316 iay include data fora number ofuser 

accounts and whidc arech associated with one or more person. For a given useraccount, 

theuser-account database 316 may include data raed to or usefulin providing UA-reated 

services Typically, the serdau associated wtach user account is optionally provided by 

an associated user and/or is collected with the associated user's permission.  
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t00l17) Further, in someebodimespesnmay be required to register forauser 

account with the UAV system 300, if theywish to be provided with jAV-related services by 

the UAs 304 from UAVsystem 300. As such, the useracountdatabase 316 may lude 

authorization information for a given user account(eg, a user name arid password)andor 

otherinformation that may be used to authorize access to a user account, 

[(41181 Insome embodiments, a person may associate one or more of theirdevices 

with theiruser account, such that they canaccess theservices ofJ AV system 300 For 

examplewhen person uses an associated mobie phone to e g, place call to an operator 

of the access system 302 or send a message equesting a UAV-relatred service to dispatch 

system the phone may be identified via unique device identification number and the call or 

message may then be attributed to the associated useraccont Other examples are also 

possible.  

[fO1191 Additionally or ateratively aitem provider that wishes to deliverthei 

products using UAV transport services providedby an ATSP to delivercanregiterforan 

itea-provider account with the UAV system 300 As such, the use-accountdatabase 316 

may nclude authorizationinformation for a gienitem-rvider account (eg one or more 

user name and password combinations),andor other information that may be used to 

authorize access to a given item-provider account. Alternatively, data for item-provider 

accounts may be kept in a separate database from recipient user accounts. Other data 

structures and storageconfigurations for storing such accountdata are also possible.  

V. UAY Transport Services with Separately Located Item Providers and AV 

Hubs 

(00120) As noted above, an ATSP may be a separate entity from the entity or entities 

that provide the items beingtransportedand/or interfcewith the recipients who request 

delivery of theseitems For example.aompany that operates a fleet of UAVs configured 

for itei delivery may provide delivery services for third-party entities, such as restaurant.  

clothing stores, rocer stores another "brick and mortarand/or onlineretailers,among 

other possibilities These thirdpartyentities mayhave accounts with the V transport 

service provider, via which thethird parties can requestand/or purchase UAV transport 

services from the transport service provider Further ,the third-party entities can interface 

with recipients (eg, customers) directly, or through computingsystems (eg, applications 

and/or server systems) provided by the UAV transport service providers 

(001211 Figure 4 is a block diagramshowing an examplearrangement for an aerial 

transport provider control system 402, which coordinates JAV transport services for a 
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plurality of item providers that are located remotely from the service provider's dispatch 

locations, and served by a plurality ofAV hubsat various locations As shown, an aerial 

transport service providerKISP) 402 may be comunicatively coupled to UAVnests 404a 

to 404d, and couped to itemprovidercomputing systems 406a to 406d 

Such communicative couplingsay be implemented using various types of wired and/or 

wireless communicationprotocols and networks 

1001221 Each UAV nest 404a to 404dis a Aility where U s can be stored for at 

least a short period oftime, and from whichJ UAVs can begin carryingout a CA Wtransport 

task (eg .,here UAVs can take o In someimplementationssome or all ofUAV nests 

404a to 404d may take the form of a local dispatch system and oneor more deployment 

systems, such as those described in reference to Figure 3 above.Ofcourse someorallUAV 

nests 404a to 404d also take otherfrs andorperform different functions, 

[001231 Each itemprovidercomputing system 406a to 406d may be associated with a 

different item-provider accounts such7agiven item-provider computing system 406a to 

406d may include one or more computing devices that are authorized to access the 

corresponding item-provider account with ATSP 402. Further, ATSP 402maystore data for 

item-provider accounts in anteprovder account database 407 

1001241 In practice, a genitem-provider computing system 406a to 406d may include 

one or more remote computing devices (eg such as one or more remote devices 306 

described in referenceto Fiure3) which have logged in to or otherwise been authorized to 

access the same iem-provider account e.g.cell phones laptops and/or computingdevices 

of a business'sempoyees). Additionally orateratively an item-provider computing 

system 406a to 406d miy be implmented with less of an ad-hoc approach;e.g.,with one or 

more dedicated user-interfe teinals installedat the itern provides facilities. Othertypes 

of item-providercomputingsystemsarealsopossible 

1001251 In order to provideUA transport services to various item providers in an 

efficientand flexiblemanner, aAV transport serviceprovider 402 may dynamicallyassign 

different UAVs to tansporttasksfordifferentitem providers based on demand and/orother 

factors rather than permanently assigningach KAN to a particularitem providerAssuch, 

the particular AV of As sthat carry out transport tasks for a given third-party item 

pmvider may vary over time.  

j00126J The dynamic assignment of UAVs to flightsfor a number of different item 

providers can helpa AY tasport service provider to more efficiently utilize a group of 

UAVs (e ga by reducing unnecessary UAV downtime), as compared to an arrangement 
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wherespecific UAVs arepermanently assigned tospecific itenproviders, More specifically, 

to dynamically assign AVs to transportrequestsflrthird partyitem providers, the UAV 

transport service provider 402 can dynamically redistribute UAVsamonast number of UAV 

deployment locations(which may be referred to as eg "hubs or "nests)through a service 

area, according to time-varying levels of demand at various locations or sub-areas withinthe 

senice area.  

01271 MWth such an arrangement deliveryfightmay involve theaddiional flight 

leg to fly from the UAVhub to the itemaproider's location to pick up the item oriems for 

transport, before flying to the deuvery lationascompared to an arrangenient where 

delivery bAVs are statoned at thesoelocaion for items(suchas a distributor or retailer 

warehouse or a restaurant).Whle the flight legbetween thebA U hub and a pickup location 

has associated costs these costs can be offset by more efficient useof eachAV (e.g more 

flightsand less unnecessaryground time in given period oftime), which in tum can allow 

fo a lesser number of UAVto be utilizedfoaiven number oftransport tasks.  

V1. Deployment of Operational fnfrastrueture 

[001281 In accordance with the present disclose a UAV can be arranged todeploy 

operational infrastructure. Generally, operational infrastructure may beany stcture, device, 

or equipment that can be deployedin order to enable charging of a UA s battery In 

particular, operational infrastructure can be one or more parts of a ground chargingsystem 

that is configuredto charge batteries of one or moreAs Additionally or aternatively 

operational infrastructure an be an entire charging system In someimplementationsthe 

present discloure may extendto operationalinfrastructure being any structure, device, or 

equipment that can be deployed in order to establish ashort-term orngtermstoragespace 

such as for storing or housing a UAV one or more parts of a charging system, and/or 

transport itemss, among others.  

[001291 In practice, UAV can deployoperational infrastructure in various ways, in 

one example, a AV can carry out a tethered pickup andor delivery of operational 

infrastructure In another example operational infrastructurecane attachedtoatop 

bottom and/or side portion of a UAV (e.g without use ofa tether),so that the UAV can 

transport the attached operational infrastructure, in yet another example, operational 

infrastructure can be housed within an interior compartment of the UA so that the UAV 

can transportthe operationalinfrastructure. Otherexamplesarealsopossible 

(001301 Figure SA next iustrates an adaptable chargingsystem $00 including 

operationalnfrastructure that is deployable by a UAV, Specificay thesystem$ 500includes 
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a universal power interface 502 having a power cable 504, and also includes a charging 

interface 506a.  

1001311 As an initiamatterthe universal power interface 502 canbe installed (e.g, 

attached to or otherwise placed) on any feasible structure, such as a roof of a house, as 

shown, other roofs or other permanent or senmpermanent structures, As part ofthe process 

of installing the universalpower interface 502 the power cable 504 can be connected to a 

power supplydirect or via another devicesuch as a power socket for instance, so thatlthe 

universal power interface 502 can receiveelctrical power fro the power supply via the 

power cable 504. In practice insallation of the universal power interface 502 can be carried 

out by an individalsuch as a technicianfrexample 

[00132) Additionaly charginginterfaceSacan be arranged to transfer electrical 

power to a battery of a UAV In particular charginginterfce5a mayinclude a receptacle 

508$ having a shape (e.g a cone and/or pyramidshape) that substantially complements a 

shape of the univesal power interface 502, thereby providingfr coupling of the charging 

iterface 506 to the universal power interface 502 Couplingo f thec harginginterface506a 

to theuniversal powerinterface 502 iay enable transfer of electrical power to the chargig 

interface 506a, for example using electricalequipment the receptacle 508a configured to 

receive such power fromhe universal power interface 501 Intumthiselectricalpowercan 

then be further transfeed fronthe charging iterface 506a to a battery of a UAV that has 

landed on or nearby the charginginterface 56a, and such transfer can be carried out via a 

wired or awireless powerconnectionfornstance 

1001331 Furthermore charginginterface 506a can be coupled toand/orremovedfrom 

the universal powerinterface 502 inarious ways For example,the charging interface50a 

can include hook 510a ontowhich a tether of a UAV can couple. Hook 510anayallowthe 

UAV to pick up the charging interface 50 transport the charging interface506a, 

drop the charging interface 506a onto the universal power interface 502,and/or remove the 

chargiginterfae 506a from the universal power interface 502, among other options. Other 

examples are also possible.  

[001341 Figure SB next illustrates another charginginterface 506b that can be 

deployed onto the same universal poweriterface 502, 

1001351 As aninniamatter, a next generationcharging interface 506b may be similar 

to thecharg in erface 6a invarious ways.For example, the charging interface 506b 

may also include a receptacle i 5bhaving ashap (e,g, a cone and/or pyramid shape) that 

substantially complementsashape of the universal power interface 502, thereby providing 
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foT couplfig of the charging interfe 506a tothe universal power interface 502, Ianothe 

example thechargingiterace 506b may also include a hook 510b onto which a tetherof a 

UAY can couple. In yet another example the charging interface 506b may also indude 

equipment that providefor transfer of ectricalpower from the universalpower interface502 

to a batteryof a UAV 

[001361 However, the next generation charging interface 506b can alsobe different 

from the charging interace 506a in various ways,. For example charging interfae506bcan 

have a weightshape, and/orsize that are different from that of the charging interface 506a, 

Fo instancecharging interface 506b can have weight that is lesser than a weight of 

charginginterfice 50a in another example the charging interthe50bcan use different 

approach for transferring eectrical power to a battery ofa UAV For istance,thecharing 

interface amay be configuredtotransferelectrical power toa battery of aAV using a 

wired connection. Whereas, thecharging interface 506b may be configured to wirelessly 

transfer electrical power to a battery of a UAV Other examples are also possible 

1001371 Accordingly the above-describedarrangementof the adaptablecharging 

system 500 can be advantageousfrvariousr seasons For exampesuchanarrangementcan 

alyow kdeployment in a geographic area of aplurality of charginginl esby one or 

more UAWsin a sf-scaling manner and without the assistance of an individual In another 

example such an arrangement can allow for removal of a given chargin nterfe, so that the 

givencharing interface can undergo maintenanceand/or be replaced by another charging 

interface such as by an equivalent charging interface or by a nextgenerationcharging 

interface.Other examplesare also possible.  

(00138] Figure 6 nextillustrates a solar charging system 600 including operational 

infrastructurethat is deployableby a UAV More specifically, thesystem 600 includes a 

solar panel 602 such asany currently available or futuredeveloped solar panel that is 

configured to convetsunlight into electrical power. Additionally, the system 600 ay 

include an energy storage device604 configured to storeeectrical power generated by the 

solar panel 602 such as for the purpose ofdelivering that storedelectricalpower to a UAV at 

any feasible time (eg, nighttime,other times where solar panel 602 has limitedor no iV 

exposure) Further, the system600 may include a charge pad 606 that may have electrical 

equipment configured to transfer electrical powerfrom the solar panel 602 andortheenergy 

storage device 604 to battery ofa AV that has landed on or nearby the chargepad 606, 

and suchtiansfer can be carriedoutvia a wired ora wireless power connection for instance.  
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tool39) Moreover, the solarcharging system 600 can be arrangedfor deployment by a 

UAV, As an initial matter, the system600 can relatively ihtweight,such as by having a 

weight that is lesser than a weight of a UAV arranged or otherwisedesignatedto transport the 

system 600 Additionally, the system 600 caninclude a hook 608 onto which a tether of a 

UAV can couple. And this hook 608 may allow the UAV to pick up the system 600, aerially 

transport. the system600, drop off thesystem 600 at a givenlocation(e.g.,a roof ofa house), 

and/or remove the system 600 fronm the given locationamonotheroptions. Other examples 

and illustrationsarealsopossible.  

1001401 In some cases, a next generation solar charging system (not shown) can be 

developed. The next generation solar charging system may be similar to the solar charging 

system 600 in various ways. For example. the next generation solar chargingsystem may 

also include a solar panel, an energy storage device, and a charge pad. However the next 

generation solar charging system can also be different from the solar charging system 600 in 

variousways. For example, the next generationsolar chargingsystem anhave weight 

shape and/orsizethat are different froml that ofthe solar charging system 600. For instance.  

the next generation solar sharing systemcanhave a weight that islesser than a weightof 

solarcharging system 600 Otherexamplesarealso possible.  

1001411 Accordingly, any existing operational infrastructurethat is deployable by a 

UAV in accordance wih the present disclosure could be updated over time through 

development ofa next generatonoperationahlinfrastructure that is also deployable by a AV.  

The next generation operaonal infrastructurecan be different from the existingoperational 

infrastructure in any feasiblemanner, such as in any of the ways described herein for 

instance As such, by way of example, existing operational infastucture can be replaced at 

anyi feasible time by other operational infastructre suchas by equivalent operational 

infrastructure or by a "next generation operational infrastructure.Other examples are also 

possible, 

V11. Determining Operational Location(s) for UAV(s) 

[001421 Generally, an operational location may bea location within a geographic area 

at which operational inastructure can be deployed For examplean operational location 

may be a location atwhich a UAV nest (g, UAV nest 404a) has been set up or will be set 

up, Additionally or atternatively an operational location may be a location other than a 

location of a UAV nest such as a roof of a house, or other building or structure, in the 

geographic area, among other options, In either case, an operational location can be a 

location at which a UAV can charge the UAV's battery after operationainfrastructure has 
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been deployed, and perhaps alsoOne from which a UAV can carry outaUAV transport task, 

which may include pickup ofan item at an item-source location ican also be referred to 

herein as a pickup locatinand subsequent delivery of the item at a delivery location 

j00.1431 Inaccordance with the present disclosure a control system ATSP 402) 

can determine oneormore operational locations in various ways 

[001441 In one example, the operational locationscan be locations that have been 

permitted for useasoperational location particular, the control system can determine 

plurality of authorized locations atwhich respected deployment of operational infrastructure 

is permitted Whenth controsystem determines operational location(s), th control system 

may determinetheoperational location(s)basedon each operational location being one ofthe 

determined authorized locations.  

1001451 in another example thcontrolsystem ay 

in accordance with respetiveflightranges of UAV() In particular, the control system can 

determineaflight range respectively of one ormore UAVs from a group, and can then 

determine the operationallocation(s) based on the deterinedflight range(s).For instance 

the control system can determine an operationallocation fora UAV so that distance 

between a source location of the UAV which is further described herein, and the operational 

location is less than a determined flight range of the UA. Another instancethe control 

systemcan determine an operational location for a UAV so that a round trip distance 

between the operational location and a common item pickup/delivery location (e g, a third

party entity)isless than a determined flight range of theUAV As suchconsideration of a 

UA\'s flightange when determining an operational location for a UAV can possibly allow 

the UAV to carry out an item transport task fromthe operadonal location withoutfully 

depleting the UA's battery.  

1001461 In yetanother example, the control system may determine operational 

location(s) in accordace withdemand for aerial transport services ofa group of UAVs in a 

geographic area. In particular, the control system can determine current and/or expected 

demand for theaerial transport servicesand can do so in various ways. For instance, the 

control system can determine or estimate demand in various sub areasofthe geographic area 

based on locations of third-partsentities that have accounts with a UAV transport service 

provider, based on population densityatthose sub areas, based on historical information 

representative of previous em transport tasks carried out by UAVs and/or based on 

requested and yet to be completed item transport tasks, among other options, Once the 

control system determines demand for the aerial transport services the control system may 
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then determine operational location(s)that would enable a group of UA to meet that 

determined demand, 

100I471 In this regard determination ono operational locnion based on demand can 

occur dynamiiall-so that operational infrastructure can bedynamicallyredeployedfromsub 

area(s) having relatively low demand to sub areas) that have relatively high demand.  

Consequently, aerial transport servicescanbe provided in a sel-scaling manner and without 

underaudilization of operational infrastucture 

1001481 Accordinglywhen the control system deternines operational location(sthe 

control system can do so based on one or more of the described factors,amongothersA nd 

the control system can be onguredto use machine learning or other techniques to improve 

over time the approach for determining operationaocaion(s) 

1001491 By way of exampleaftercertain operationallocation(s) are determined and 

UAV(s) carry out transporttask(s from these operational location(s), thecontrolsystem can 

determine perfonnance of those operational location(s),uch as based on time and/or energy 

spent by UAV(s) to pick up and/or deliver items) when operatingfom theseoperational 

location(samongoler opos And this determined perfomane can be fed backs 

training data to a machine earning process, so that the machine learning process canhel 

determine improved operational locations inthefture, such as those dat allow AV(s) to 

spend less time and/or energy to pick up andor deliver item(s). Other examples are also 

possible, 

1001501 Frthermore in some cases, each operational location in geographic area 

may respectively have an associated sub ama rafthe geographic area. For instance this may 

be the case if ar operational location is a location of a UAV nest in line with the discussion 

above.  

1001511 In particular, a given operational location may be one from which one or more 

UAVs of a group may provide aerial transport services in a sub area of the geographic area at 

issue Such a sub area can be defined in various ways and can take on any feasible shape and 

form, By way of example a given subarea may include a pluraty oflocations inthe 

geographic areathat areeach respectivelywithin a threshold distance away from theiven 

operational location., n practice, this threshold distanecan be, for instance, half of a light 

range ofa UAV that provides aerial transport services from the given operational location, 

which can possibly allow at least that UAV to cary out an item transport task in thegiven 

sub area from the given operational location without fully depleting thec UAY's battery. In 

this manner, AV(s)can be assignedto an operational location, so that these UAV(s) are 
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dedicated to carry out transport tasks inthe sub area for at least some time period. Other 

examples are aso possible.  

[00l521 Yet further in some cases, UAV(s) may fly from a sourcelocation 

respectively to their assigned operational locations. For instance, a group of UAVs may 

initially be in a source structure that has been temporarily or permanently placed in the 

geographic area at aselectsourcelocation By way examplethesource structure may be 

a container configured to house the group of UAVs and perhaps alsooperational 

infrastructureamong other options And this containermay be temporarily opermaneny 

placed (eg. after being transported by a truck) at a substantially central location in the 

geographicareavwhichmay considered a the source location at issue. In otherexamples, 

the source structure may be a distributor or retaer warehouse or a restaurant among various 

other optons.  

[00153j in any caseas further discussed herein one or more UAV(s) of the groupcan 

each respectively fly from a sourcelocaon toan assigned operationallocationat various 

times For example, in lineWith the present disosure, given UAV canfly from the source 

loNation to its assigned operational location as pantof aninfrastruure deployment task that 

also includes installation of operational infrastructure at theassigned operational location by 

the given UAV. in another example in line with the present disclosure, a given UAV can fly 

from the source location to its assigned operational location after operational infrastructure 

hasalready been installed at theassigned operational location by that ivenl UAV or by 

anotherUAV Other examples are possible as well.  

1001541 Figure 7 next illustrates a representative geographic area 700 at which a group 

of UAVs carnprovide aerial transport services, As shown, the geographic area 700 includes a 

source ovation 702 that servesasa location from which one or more A'sof the group 

respectively fly to operational locations 704a to 704d, In some exanmplessource location702 

may be substantially centrally located. Moreover, each of the operational locations 704a to 

704d respectivdy have associatedsub areas706a to 706d ,so that UAV(s) at a givenone of 

the operanonalocation (e g., oerationaocation704a) can beatleast teporarilvdedicated 

to carrying out aerial transport tasks at the associated sub area (e g, sub rea 706a) Other 

illustrations are possible as well 

VilI. Use of UAV(s) Dedicated to Deployment of Operational Infrastructure 

i00155 Figure 8is a flowchart illustrating a method 800, which relates to using a 

UAV dedicatedto deployment of operationalinfrastructure.  
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t00156) Method 800 shown in Figure 8 (and other processes and methods disclosed 

herein) presents a method that can be implemented within an arrangement involvingfor 

example, any of the systems shown in Figures IA to 6(or more particularly by one or more 

components or subsystems thereof such as by a processor and a non-transitor computer

readable medium having istructions that are executable cause the device to perform 

functionsdescribed herein amon other possiblesystems.  

j00157) Method 800 and other processesand methods discsedherein mayinclude 

one or more operations functions oractions, asillustrated by one or more of blocks80286 

for instance Ahugh blocks are illustrated in sequential order these blocksmayalso be 

performed in parallel, andor in a different order thanthose described heren Also, the 

various blocks may be combined intofewer blocks, divided into additional blocks,and/or 

removed based upon the desiredimplementation 

[t0158 Inaddition, for the method 800 and otherprcesses and methods disclosed 

hereinthe dflowchartshows fctionalityand operation of one possible implementation ofthe 

present disclosure. In this regard, each block my represent a module, a segmentLor a portion 

of program code which incldesoneo rmreinstuctionsfexcutablebyaprocessfor 

implementing specific logical functions or steps in the press. Th program code may be 

stored on any typeof computer readable medium, for example such as a storage device 

including a disk or hard drie The computer readable mediunnmay include non-transitory 

computer readablemediumbr example such as computerreadablemedia that stores data 

for short periods oftimue like register memory, processor acheandRandom Access Memory 

(RAM); The computer readable mediummay also include non-transitory media, such as 

secondaryor persistent kogtermstoragelike read only memory (ROM),optical or magnetic 

disks, compact-disc read only emory(CD-ROM) forexanmple The computer readable 

mediamay also be any other volatileor non-vlatilestoragesystems. Theomputer readable 

medium may be considered a computer readable storage mediumtnor examp, or a tangible 

storage device. addition for the method 800 and otherprocesses and methods disclosed 

herein, each block in Figure 8 may represent circuitrythat iswired to perfonn the specific 

logical functionsin theprocess 

(00159 At block 02 method 800 may involve determining bya control system an 

operationallocation at which to deployoperationalinfrastructure 

1001601 As an initial matter. the control system at issue may be on-board a UAV 

and/ormay be an exteal control systemthat transmits instructions to UAVis) (e.g ATSP 

402), among otheroptions. Additionally, the control system can use any of thetechniques 
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describedherein to determine the operational location at which to deploy operational 

ifrastructure.And as discussed, deployment of operational infrastructure may enable 

charging of a batery ofone or more UAVs from agroupofUAVs.  

100.161 in practicethe groupof UAVs may be any group that includesat least some 

UAVs capable of carrying out transport tasks that involvetransport of Iiem(sin one ase, 

the group of UAVs may belong to an entity that provides items to be transported by one or 

moreUAVs ofhe group and/or that interfaces withte recipients who requedelivery of 

these items, In another case, the groupof UAVs rmay belong to a UAV tansporservice 

provider, which may be a separate entity from the entity that provides th Itens being 

transported and/or that interfaces with the recipients who request delivery of these items, 

Other cases are alsopossib 

1001621 Inany case. the group at issue may include at least(i) a first UAV of a first 

type that is arranged to deploy operational infrastructure and (ii) a second UAV of a second 

type that is arranged to;arry out tasks other than deployment of operation infrastructure.  

1001631 In the context of method 8O he fiSt typ of. m UAV ay includefearesthat 

enable a UA of the fist type to dplooperational infrasttureatoperationaloations 

within a geographic area And the second type ofUAV mainclude feresthat enablea 

UAV of the second type to carry out tasks other than deployment of operational 

infrastructure suchas transport tasks that include pickup and delivery of items other than 

operationalinfrasructure.  

100164 For example a UAVof the first type may inelude a tether system having a 

aotor that is configured tooperate at parameters (e.gapply torque(s) force) andor motor 

speed(s)) that enable the tether system to lift operationalinfrastructure offthe groundandor 

lower operational infrastructure to the ground Whereas a UAV of the second type may 

include a tethersystemhaving a motor that is configured to operate at parameters that enable 

the tether system to lit andor lowerpayload(s) having a weight up to a particlarweight, 

which may be a weight that is lesser than aweight of the operationalinfrastructure (e.g.,a 

weight of charging interface 506a and/or weight of solarchargng systemh60G).Inpractice 

this particular weight can be a weight that meets regulatiosforUAVs permittedto carry out 

transport tasks, such asregulationsset by the Federal Aviation Administration (FAA), for 

insatnce 

1001651 another example. JAV of the first type may inchde a propulsion uni that 

enables the UAV to transport the operational infrastructreat issue Whereas a UAV ofthe 

second type may include a propulsion unit that enablestheUAVtotransportayload(s) 

35



WO 2019/126263 PCT/US2018/066392 

having a weight up to apaica eight, which, here again may be a weight tha is lesser 

than a weightoftheopeationalinfastructure.  

001661 In yet anotheexample, a UAV of the first typemay include a transport 

system such as'a tether system for instance, that enables the UAV to transport payloads) 

having a size up to first size This first size may be greater than a size of the operational 

infrastructure issue (eg a size of charging interface56. therebyallowing the 'AV of 

thersttype to transport this operational infrastructure Whereasa UAV ofthesecond type 

may include a transport system, such as an internalcomparmnent for instance, thatenables the 

UAVto transport payloads)having size up to a secondsize, which may be lesser than a 

size of the operational infrastructureatissue, thereby preventing the UAV of the second type 

from transporting this operationanfrastructure. Vaious otherexamples arealso possible.  

1001671 At block 804, method800may involve causing by the control system the 

first UAV to deploy operationalinfrastructure at the operational location, 

[001681 Once the controlsystem determines one or more operational locations, the 

control systemmniay instruct one or more UAVs of the first y (eg the EstIAV) to eah 

respectivelycarryoutan nfrastructuredeploymenttask. This infrastructuredeploymenttask 

ay include a flight to adeterminedoperational lication, such as from a sourcelocation in 

line with the discussion above. Also, the infrastructredeployment task may include 

installation ofoperationalinfrastructure at the determined operational location 

1001691 Generally, a UAV of the first type can be instructed to carry out an 

infrastructure deployment task at one or more of various possible times& 

1001701 In one case, the control system can instruct a MV ofthe first typeto deploy 

operationalinfrastructure at a determinedoperationalocation before AV ofthe second 

type has arrived at this operational location and/or began ca ingout transport tasks from 

this operational location For example an.A TSP's first mission each day can involve ausing 

one or more UAVs of the first type to deploy operational infrastructure at one or more 

operational locations in a geographic area, 

1001711 In another casehoweverthe control systemcan instructa UAV ofthefirst 

type todeployoperationalinfrastructure at adeterminedoperational locaonaftera UAV of 

the second type has arrived at thisoperationalocation and/or began carrying out transport 

tasks from this operational location. For example while an ATSP is providing aerial 

transport services in a geographic area, the ATSP may determine that particular sub area of 

geographic area has an insufficient number of charginginterfaces (eg, based on demand in 

the particular sub area), and may responsively instruct one or more A\s of the first type to 
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deploy several charginginterfaces at several operational locations in the particular sub area 

soasto increasete number of charging interfaces in the sub area to a sufficient number.  

Other cases and examples are alsopossible 

1001721 Figures 9A to 9 nextillustrate deployment ofoperadional infrastructure in the 

geographic area 700 by a UAV 900 ofthe first type, 

[001731 In paricular as shown in Figure 9 the UAV 900 may fly fro thesource 

location 702 to the operational location 704b and, in doing so may transportopeatonal 

infra'structuresuch as charging inerface 506a for example And as shownin Figure 9B 

once the UAV 900 arrives the operations locaon 704b (e a roof of particular house) 

the UAM 900 may deploy th charging5itere06a onto the universal power inteface502 

so that the charging interface506a couplesto the universal powerinterface 502in linewith 

the discussion above.  

00174 To do so the UAV 900 may lower a tether f the AV 900 that is coupled to 

the hook 50a of the charging interface aso as to cause the charging interface 506a to 

lowertowards the universal powerinterface502 while the UAV 900 hoverssubstantiay 

above universe ower interfce502. And once the that techargingierfce 506aoples 

to the universal power intere502 innne with the discussion above, the UAV 900 may 

cause the tether to decouple n the book 510a of the chargng interface 506a; thereby 

completing deployment of th charging interface SO6a at the operational location 704b (not 

shown Other illstratons are also posible, 

1001751 At block 806; method800 ray involve causing, by the controlsystemr, tie 

second UAV to charge a battery of the second AV using the operational infrastructure 

deployed bythefirst UAV at the operaonalocaon 

100176f Once operational infrastructure has been deployed at one or more operational 

locations in a geographic area the control system may instruct one or more UAVs of the 

second type (e. the second UAV) to each respectively use th.e deployed operational 

infrastructu to charge their respective batteries, For example, the control system may 

instructthe secondUAV of the second type to charge a battery of thesecond AV usinthie 

operationalinfrastructure depyed by the first UAV at te determined operationallocation 

Additionally the control systenmay instruct another UAVof thesecond type to chargeits 

battery using operational lnftatructure deployed by the first UAV or by another UAVof the 

first ype at differentoprational location, and so on.  

1001771 Generally a Vofthe second type can be instructed to hae its batteryat 

one or more of various possible times, For example; folowing theaboveescribedfirst 
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missionan ATSP's secondmnissioeach day can involve causing one orTnore fA Vof the 

seondtypetorespectivelyfly to their assigned operationallocations, and to then chargetheir 

respective batteriesusing operational infrastructure that has been respectively deployedat 

those assigned operational locations, n another example, a UAV of the second type can be 

instreted to charge its battery on an asneeded basis, such as when the control system 

deteinesthatabattery level is below a hreshold batterylevel, for instance. Other 

examples are alsopossible 

1001781 Moreove inline with the discussion above, a UAV of the second type can 

carry out transport task from an operational location at which operationalinfrastructurehas 

beendeployed or is to be deployed. For instance, the control system canreceive arequestfor 

a transport taskthathas an associated item-source location(e.gapickup location at which 

an item shoube picked up Andthe control systemcandetermine thattheitem urce 

locationcorresponds to theoperational locationatwhichthesecond UAV ofthesecondtype 

habeen instructed to chargeisbattery. For examplehe controlsytemcan do so by 

determiningthatthe ite source locationis ina sub area at is associatedwith the 

operationallocationatissueilinewiththediscussion above. in any caseoncethe control 

systemdeterminesthatthetitesourcelocation corresponds to the operationallocation at 

issue~the control system may cause the second UAV to perform the requested transport task, 

such by at least instructing thesecond UAV to pick up the item at the item-source location, 

and possibly alsoinstructing the second UAV to deliver the item at a delivery location 

associatedwiththe request.  

100179 Figures 9C to 9D next ilustrate a UAV 902 of the second type on a mission 

that includes charging its battery at the operational location 704b.. in particular, as shown in 

Figure C, the UAV 902maycarry out a flight from the source location 702 to the 

operational location 704b, which can be the UAV 902's first flight on a given day for 

example, Once the UAV 902 arrives at the operational location 704b the UAV 902 may 

charge a battery of theA 902 usin operational infrastructurehat hasbeen deployed by 

UAV 900 at the operationalocation 704b For exampleasshowinFigure 9D the UAV 

902 may land on the charging interface 06athat hasbeenby UAV 900 atthe operational 

location,704b and maythen receive electrical power fromthcharging interact 506aso as 

to charge the battery Moreover, after the UAV 902 charges its battery at the operational 

location 704b. the AY 02 can then carry out transport task(s)in the associated sub area 

;0b. Other illustrations are also possible 
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t001801 Given an plementation inwhich a group of UA s includes one ormore 

UAVs of the ist type operational infrastructure can be added, removed andor moved at 

any feasible time and for any feasible reason.. For instanceoperationalinfrastructure can be 

added removed, and/or moved as part of the above-described first mission and/or after the 

first mission. Suchaddition removal and/ormovementofoperaonalinfrastruturecanbe 

based on demand for aerial service of the group and/or based on a determined need for 

operationalinfrastrturein a geographic area, among other options 

1001811 Furthermoreany givenD AV of the fist type in the group can carry out 

addition, remnoval and/or movement of operational infrastructure 

100182 none case, the same UAV of the fst type can deploy operational 

infrastructure at several operational locations. For examplethe firstUAXofthe first type 

may deploy first operationalinfrasuctueatafistetermined ationallocation., 

Subsequentlythat same first AV of the first type may deploy second operational 

infrastructreat aseconddeterminedoperation location 

1001831 INanother case different UAVs of thefirst typecanrespectivelydeply 

operational infrastructureat different operational locations. Forexample the istUAV of 

the first type may deploy first operationalinfrastructure at a first determined operational 

location. Subsequentlya third MV of the first type may deploy second ope tional 

infrastructure at second determined operationallocation, 

1001841 In yet another case, a AV of the first type that deployed operational 

infrastructure at a given operational location can be the someone that also removesthat 

operational infrastructure from the given operational location For example; the first UAV of 

the sttype may deploy st operational infrastructure at a first determined operational 

location Subsequently, that same first UAV of the first type may remove that first 

operationalinfrastructure from the first determined operational location 

[00185 In yet another case, a UAV of the first type that deployed operational 

infrastructure at a given operational location can be different from the one that remove that 

operational infrastructure frontthe iven operational location For example AthefistUAVof 

the firs typem iay deploy istoperational infrastructure a first determined operational 

location Subsequently, a third DAV of the fist type may remove that first operational 

infrastructure from thei rstdetermined operational location.  

1001861 I yet another case a A of the first type that deployedoperational 

infrastructure at a given operational location can be the same one thatalso moves this 

operationalinfrastructure from the given operational location to another operationallocation.  
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For examplethe first UAV of the first type may deploy first operational infrastructure ata 

first deteinedoperational location Subsequently; the first UAVofthefitypemay move 

thefirst operational infrastructure from the first determined operational location to a second 

determined operationallocation.  

1001871 In practice, this second operational location can be in the same geographic 

area as the first operational location. I this situation, second operational location can be in 

thesamesub areas the first opeationallocationor can be at a sub areathat isdifferentfrom 

thesub area of thefirst operaonal locaIon Ianother situation, however, the second 

operational locationcan be in a geographic area that is altogether different from the 

geographic area of the first operational location (e.g. the first and second operational 

locations can beindifferent neihborhoodsof the samecity) 

1001881 in yet another case, a AV of the first type that deployedopeational 

infrastructtratagivenropeationallocation anhedifferent from the one that moves this 

operationalinfrastruturefromthegivenoperational location to another operational location 

ForexamplethefirstUAVofthefirsttypemay deployfirst operational infrastructreata 

firstdeterminedoperationallocation. Subsequentlyathird UAV of the first type may move 

the first operational nfrastructurefromthe first determined operational location to a second 

determined operational location.  

100189 Here again,the second operationallocation canbe in the same geogphic area 

asthefirst operational location In thissituation, second operational location can be inthe 

same su area as the first operational locaonor can be a a sub area that isdferentfrom th.e 

sub area of the firstoperational location. In another situation, however, the second 

operationallocation can be in a geogaphicarea that is altogether different from the 

geographicarea of thefirst operational location. Other cases and examples are possibles 

well.  

IX. Self-Deployment of Operational Infrastructure for a UAV 

[)0190j Figure 10 is aflochart illustrating method 1000, which relates toself: 

deployment of operationalinfrastructurefor a AV Namely, method 1000 relatestousing 

the same UAV both forcarrying out transport task(s)andfor deployment ofoperaonal 

infrastructure which can in turnbeused by thatUOAV for charging that UN's battery 

(001) Method 100 shown in Figure 10 (and otherprocesses and methods disclosed 

herein) presens a method that can be implemented wthinanarrangementinvolving;for 

example, any of the systems shownin Figures IA to 6 (ormoreparcularly bone or more 

components or subsystems thereof such as by a processor and a non-trasitory compter
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readable medunhaving instructions that are executable to asethe device to perfon 

functionsdesribed herein, among other possiblesystems 

100il92 Method 1000 and other processes and methods disclosed herein may inude 

one or more operations, functions, or actions, as illustrated by one or more of blocks 1002

1410 for instance, Althouh bloks are illustrated in sequential order, these blocks may also 

be performedin parallel, and/or in a different order than those described herein. Aso, the 

various blocks may be combinednto fewer blocks, divided into additionalblocks, and/or 

removed based upon the desiredinplementauon.  

100193] In addition, forth ethod1000 and other processesand methods disclosed 

hereinthe flowchart shows functionality and operation of one possible implementation of the 

present disclosure. In this regard each block may represent a module segmentor a portion 

of program code whichincludes one or more instructions executable by a processor for 

implementing specificogical functions or steps in the process. The program code may be 

stored on any type of computer readable medium for example, such as a storage device 

including a disk or harddrive The computer readablenedium may include nontransitory 

computer readable mediu for example such as computerreadabmedia thatstores data 

forshortperiods of me like register memory, processor cache and Random Access Memory 

(RAM.). The computer readable medium may also include non-ransitorymedia, suchas 

secondary or pesistentlong termstoragelike read only memory (ROM). optical ormagneic 

diskscompact-disc read only memory (CD-ROM), for example The computer readable 

media may also be any other volatie or non-volatile storage systems. The computer readable 

medimn may be considered a computerreadable storage medium,for example, or a tangible 

storage device I addition, for the method 1000 and other processes andmiethods disclosed 

herein, each block in Figure 10 may representcircuitry that is wired to perform the specific 

logical functionsin the process.  

1001941 At block 1002, method 1000 may involvedeterning by a control system, a 

plurality of operationallocations from which a group of AVsisto provide aerial transport 

servicesin a geogrphic area.  

[0019S As an initial matter, the control system at issue may be on-board a UAV 

and/or may be an externalcontrol system that transmits instructions to UAV(s) (eg,ATSP 

402) among other options. Additionally the control system can use any of the techniques 

described herein to determine operational locations at which to deploy operational 

infrastructure and fromwhich a group of UAVs is to provide aerial transport services.And as 

discussed, deployment of operationalinfrastructure may enable chargingofbatteries of one 
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or more UAVs froin the group Yetfuther as discussed, one or more of this group of UAVs 

may be located initially onor in a source structure that has been temporarily or permanently 

placed at a source location in the geographicarea, 

j00.196 In one casethegr of UAW may blong to an entity that provides items to 

be transported by one or more UAVs of the group and/or that interfaces with the recipients 

who request delivery of these items Ianother case, the groupof UA may belong to a 

UAV transport serve provider,which may be a separate entity from the entity that provides 

the itemsbeing transpoed and/or that intefaes whthe recipient who request deliveryof 

these items Other cases are also possible 

[00197) Although the group of UAVs at issue may or may not include UA s) 

dedicated to deployment of operatonal infrastructure (e.g. as discussed in association with 

method 800) and/rothertypes of UAV(s method 1000 is generally described in thcontext 

of the group inudingone or more UAW eah respectivelyarranged both to deploy 

operational infastructureand to carry out transporttak(s) Andfor sake of simplicity the 

discussionof nethod1000 may refer to each suchAV asa duamode"UAV 

1001981 More specifically a dual-mode UAV may include featirs that enablethe 

dua-imode UAV to deploy operational infrastructure at operational location(s) within a 

geographic area Additionally, the dual-mode UA mayinclude features that enable the 

dual-mode UAV to carry out tasks other than deployment ofoperational infrastructure, such 

as transport tasks that include pickup and/or delivery of items other than operational 

infrastructure, 

100199) By way of example, the dual-mode1AV may include a tethersystem having a 

motor that is conigured to operate atparameters (g apply torque(sk forcemsand/or motor 

speed(s)) that enable the tether system to lift and/or lowerpayload(s) havinga weight up to a 

particularweight In this example this particularweight can be a weight that meets 

regulations for UAVs permitted to carry out transport tasks, which in turn would allow the 

dual-mode to carry out transport tasks. Also, this particular weight may be greater thana 

weight of lightweight" or otheroperationalinfrastructure, thereby allowing theduamode 

UAV to also lift this ightweiht orotheroperational infrastructureoffthe ground and/or 

lower this lightweighto other operational infrastructure to the ground 

1002OO1 In another example, the dual-mode UAV may include a propulsion unit that 

enables the duai-mode UAV to transport payloads) having a weight up to a particular 

weight. Here again this particularweight can be a weightthat meets regulations forO s 

permitted to carry out transport tasks, whi in tunwould aowthe dual-mode to carry out 
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transport tasks. Also, this particularweight may be greater than a weightof lightweight or 

otheroperationalinfrastructure, thereby allowing the dual-mode UAV to also lift this 

lightweight or other operational infrastructureoff the ground and/orlower this lightweight or 

otheroperatoia lifrastructureto the ground.  

j002011 In yet another example, thedual-modeL UAV may beof a weight that is greater 

than a weight of a payload it is arranged or otherwise designated to lift, lower, and/or 

transport. In some cases, this payload can ethe opertional infrastructure that the dua

modeU isarranged todepywich hereagainmay belightweightor otheroperational 

infrastruture.And in other casesthispayload can be one or more items that the dual-mode 

A nis arranged to pik up and/or deliver as part of transport task. In any case; such an 

arrangement of theual-modeUAV may increase the likelhood that the dual-modeM can 

successfulylif klwerand/or transport a payload,such as operationalinfrastructure without 

the weight of this payload preventing thedual-mode UAV from doing so Other examples 
are possible aswel 

1002021 Generally although the operationalinfrastructure thatthe dual-mode UAV is 

arraged or otherwise designated to deploy does not necessarily have to be lightweight 

operationalinfrastructure, method 1000 is described in the context of the dualumode UA 

beingarranged or otherwise designated to deploy lightweight operational infrastruture. One 

example of such lghtweightoperational infrastructuremay ethe above-descnbed solar 

charging system 600 which can be relatively lightweight as noted above. And another 

example of such lightweight opeational infrastructure may be theabove-described next 

generation charging interfe 506b, hich canhave a weight that is lesser than a weight of 

charging interface 506a as notedabove, Other examples are also possible, 

1002031 At block 1004, method 1000 may involve, for atleast a first of the plurality of 

operational locationsecausing, by the control system,a firsUAV from the group to perform 

an infrastructure deploment task that inchides (j a fMght froimthe source location tothe first 

ofthe plurality ofoperational locations and (ii) installation ofoperational infrastructureat the 

firstofthe plurality ofoperationallocations by the firstUAV 

1002041 Once the control system determines plulity ofoperational locations, the 

control system may instrutone or more dual-mode UAVs to each respectively carry out an 

infrastructure deployment task. Generally this infrastructure deployment task may include a 

flight to a detemedoperationallocation as well as installation of operational infrastructure 

atthe determined operationalocation, 
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1002051 Moreover, the flight at issue may be a flight from a source structure at which 

the one or more dual-mode UAVs are initially located. For examplean ATSP can begn 

providing aerial transport services in a geographic area by causing one or more dual-mode 

UAVs to each respectively fly from the source structure to an operationallocation in the 

geographic area so as to installoperationalinfrastructure at those operational locations 

Other examples are also possible 

[00206 When aduamode UAV installs operationalinfrastructure at an operational 

locatonthis installaon mayenable the dual-mode UAVto usethe instead operational 

infrastructure charge a battery of the dual-mode UAV inthnisanner, the dualmode 

UA'can carryouttransporttask(s)from thisoperational location while nothavingto relyon 

operational infrastructure installedatotherlocatons)for the purposeof charging itsbattery 

Otheradvantagesare possible as well, 

[002071 Figures 11A to 11B next illustrate self-deployment of operational 

infrastructureinthe geographiarea 700 bya dua-mode AV 1100 

1002081 In particularasshown in Figure1Athe dual-mode AV A 100 may fly from 

thesource location 702 to the operational location 704d and in dog so, may transport 

operational infrastructure such as solar charging system 600 for example. And as shown il 

Figure I B, once the duamodeUAV 1100 arrives at the operational location704d (eg. a 

rootof aparticularhouse)thedual-mode UAV 1,100may installthe solarcharging system 

600 at the operational location 7044.  

1002091 To do so. the dal-mode iA1100 maylower a tether ofthe dual-mode 

UAV N00 that is coupled to the hook 608 of the solar charging system 600, so as to cause 

the solarcharging system 600 to lowertowaids the ground (e gtowardsthe roof whilethe 

dua-mode UAV 1100 hovers abovetheground And once the solarcharging system600 

contacts the ground (eg, the roof the dual-mode UAV 1100 maycause thetether to 

decoupie from the book 608 ofthe solar chargingsystem 600, thereby completing instalation 

of the solar charging system 600 at the operational location 704d (not shown) Other 

lustrations are alsopossible 

1002101 Atblock 1006method 1000 may involvereceiving, by the control system 

requestfor a transport task having a associated item-sourcelocation. At block 008 method 

1000 may involve determining, by the control system, that the item-source location 

corresponds to thei st of the plurality of operational locations. And at block 1010, method 

1000 may involve causinAg, by the control system the first AV to perform the transport task 

44



WO 2019/126263 PCT/US2018/066392 

1002111 Once a dual-mode mode UAV completes an infrastructure deployment task at 

an operational location, thedual-mode UAV can then operate from that operational location, 

which may involve the dua-mode OAV carrying out transport task(s) from the operationa 

location, among other options.  

100212j More specifcally, in line with the discussion above, a control system can 

receive a requestforatransportask whichmay be a rqu to pick up andor deliver one or 

more items I practice requestmayspecifyapickup location for pickup ofan item 

and/o a delivery location or delivery ofantem. Forinstance, thepickupocaoncan be an 

address or can be specified in other ways, such using a name ofa business Similarly, e 

delivery location can bean address orcan be specified in other way Moreover, the control 

system can receive such a request at any feasible time, such asbefore completion of any 

infrastructure depiyment task(s) in a geographic area or ater completionof oneor more 

infrastructure deployment tasks in a geographic area amongotherpossibilities 

1002131 By Way of examplean individualser can request UAV delivery of a package 

to their home via theirmobile phone,tabletorlaptop Andin anotherexample a business 

user (egar estauant) canutilizeone moeremote devices to requestthat a UAV be 

dispatched to pick up one ormore items (eg.,a foodorder) from a pickuplocation g.the 

restaurant's address) and then deliver the one or more items to a delivery location (e., a 

customer'saddress).Otherexamplesarealsopossible 

[00214j When the control system receives a request for a transport task; the control 

system may assignaAV to carry ou this transport task. inparticular thecontrol system 

can determine that the pickup location associated with the request corresponds to the 

operationllocatonat which the dual-mode UAV at issue completed the infrastructure 

deployment task. For example the control system can do so by determiningthat the pickup 

location is in a sub area that's associated with the operational location at issue inlinewith 

the discussion above, I any case, once the control system determines that the pickup 

location corresponds to the operational nation at issue, the control systemmay cause the 

dualmode UAV to perform the requestedtransport task, such by at leastinstructing thedua 

mode UAV to pick up the iten at the pickup location. andpossibly also instructing the dual

mode UAV to deliver theitem ata delivery location associated with the request.  

1002151 Furthermorewhen the dual-mode UAoperates from the operational location 

at whichicompleted the infrastructure deployment task, the dualmodeUAV can charge its 

battery at the operational locaonusing the operationalinfrastructure that this samedal
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modeAV installed, Generallydhedual-mode UAV can do so at one or more of various 

thnes, 

1002161 In oneexample, the dual-mode UAV can charge thebattery at the operational 

location immediatelyafer completing an infrastructuredeployment task at this operational 

location, In another examplethe dualimode UAV can charge the battery at theoperational 

location while carrying out a transport task from this oprational location, suchas between 

pickupand deivery of an item, forinstance. In etanother ex l the duamode UAV 

can charge the battery at the operational ocation aftec i out oneororetransport 

tasksfromthisoperationallocationU Otherexamplesarealso possible o 

1002171 Figure11C to D next ilstrate the dual-mode AV 1100 chrgngits 

battery at the operationalocation704d aercompletionofa transport task.  

j00218j In particular, as shown in Figure I 1., the dual-mode UAV 1100 may carry 

out a transport task in the sub area 706d This transport task mayinclude (I)afbght from the 

operational location 704d to a pickupelotion 1102 for pickup of anitem atthe pickup 

location110217 )a flightfrom thepickup location 112 to a delivery location 1104 for 

deliveryof the item at the deLiver location 1104, and iii) a ightom the delivery location 

i06 back to th operationalocation 704d 

1002.19 Once the dualde UAV I100 arrives back at the operational location 704d, 

the dual-mode UA' 1100 may charge a battery of the dualmode UAV 1100 using 

operational infrastructure that has been deployed by dual-mode UAV 1100 itself at the 

operationalocation 04d for exampleasshonin Fiure I ID the al-mode UAV 1100 

may land on the charge pad 606 of the solar chargingssItem 600 that has been by the dual

mode LAV 1100 at the operationallocation 704d, and may then receiveelectrical power 

from the solarcharging system 00 so as to charge the battery Moreover, aICr the dual

mode UA , 100 its bary at perational location '04d, the UAV 902 can then 

carry out additional transport tasks) inthe associated sub area 706d, anong other options 

Other illustrations are alopossible 

[00220 In some situationsadual modeLA cancarry out an infrastructure 

deploymenttask for an operational location andthen a diffeentUV may operate from the 

operational location, such as by charging its battery at the operational location andor 

carrying out transport task(s) from the operational location For example first duanmle 

UAV can carry out aninfstructur dploynmnt task o anoperatonal location and then 

another UAVwhich may or may xnot e a dualmode UA". canopert from thesecond 

operationalocation. Other examples are also possible 
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1002211 Given an ilementation inwhich a group of UAW includes one or more 

dual-mode UAV operationalinfrastructure can be added, removed, and/or moved by one or 

more dual-mode AVsat any asible timeand torany fas blereasons Forexample 

operationalinfrastructurecan be added, removed, and/or moved when an ATSPjust begins 

providing aerial transport services ina geographic area by causing one or more dualmode 

UAVs to eachrespevely flyfrom the source structure toanoperationalocationinthe 

geographic area,so as to install opeationalinfrastructureatthose oeratonal location(s).in 

another example, operational infrastructure can be added, removed, and/or moved while an 

ATSP is providing aerial transport services in a geographic ara suchas afer completion of 

one or more transportasks in the geographic area. Inany case, suchaddition, remove, 

and/or movement of operational infrastrcture can be based on demand fraerial service of 

the group and/or based on a determined need for operationalinfrastructureinageographic 

area, among other options.  

1002221 Furthermor, any given dual-mode UAV of the group can carry out addition, 

removal, and/ormovementofoperationalinfrastructure.  

[002231 By way of examplka first dual-mode UAV cICarry outa firstinfrastructure 

deployment task forr ast operationallocation and perhaps can then carry out at least a first 

transport task that has an associated first pickup location and that corresponds toa first 

request in this example second infrastructuredeployment taskmay additionally be carried 

out for a second operational kcation Inone ase, the same first duamodeUAV canary 

outthesecond infrastructure deployment task. In another case, however, a seconddual-mode 

UAV can carry out the second infrastructure deployment task. Other cases are also possible.  

(00224 In any casethe second infrastructure deployment taskmay include a flight to 

the second operational locationInone situation, this flight may be from the first operational 

location to the second operationallocation, another situation, however, this flight may be 

from a source location to the second operationalocaion, Other cases are also possible 

[002251 Additionally, the second infrastructure deployment task may include 

installation of operationalinfrastructureatthesecondopeationallocation 

1002261 In one casethis operational infrastructuremay beoperationalinfrastrucure 

that thefirst dual-mode UAV initially installed at the first operational location In this case 

the first dual-mode UAV or the second dual-mode Aymay ntransport this operational 

infrastructurefrom the first operational location to the second operational location, so that 

this operational infrastructure can then be installed at the second operational location by 

whichever1AV transported the operational infrastructure.  
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1002271 In another case, this operational infrastructure may be operational 

ifrastructure that thefirst dual-mode UAV or the second dual-mode UAV transportsfrom a 

soTc location to tle second operational location so that thisoperationalinfrastructure can 

be installed at the second operationallocation by whichever UAV transported the operational 

infrastructure Thus, this operational infrastructure may be different from the operational 

infrastructure thatthefirstdual-mode UAV installed athe first operational location.Other 

cases are also possible; 

1002281 Further, the second operational location at issue can be any feasiblelocation 

that is different fromhe first operational location.  

1002291 In one case, in line with the discussion abovethe second operational location 

may he a second of the determined operationalocations from which thegroup of UAVs is to 

provide aerial transport services in a geographic a instance, the firn operation 

location may be one associated with a firsts area of the geographic . area and the second 

operational location may be one associatedwitha second sub area of the ame geographic 

area.  

1002301 In this case, the control systemmay cause the first dual-mode UAV or the 

seCnd dualmode UAV to perform the second infrastructure deployment task for the second 

operationalocation for various reasons. For instance, the control system may cause the first 

dualmode UAV or the second dual-mode UAV to perormt he second infrastructure 

deployment task based on a determined demand for aerial transport service of the group a"tthe 

second sub area.  

1002311 In a more specificexmple, the controlsystem can determine that -for demand 

for aerial transport serviceof the group attheirst sub area is relatively low and that demand 

for aerial transport serviceof the group at thesecondsubareais relatively high, Thus, the 

control system may responsivlcause thefirst dual-mode UAV or the second dual-niode 

UAV to perform an infrastructuredeployment task that includes moving operational 

infrastructure fromn the first operational location to the second operational location Other 

examples are also possible.  

1002321 In another case, the second operational location may be in a different 

geographic area, Forinstance, the first operational location may be inafirst geograpicarea 

and the second operationallocation may be in a second geographic area, In practice, thefirst 

ad second geographicareas can be different cities or different neighborhoods amongother 

Options' 
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1002331 In this case, thecontrol system may cause the first dual-mode UAV or the 

seconddual-mode UAV to perfbra the secondinfrastructure deployment taskfor the second 

operationalloatontorvarious reasonForinstance, the control system may cause the first 

dualmode AV or the second dual-mode UAV to perform he second infrastructure 

deployment task based ona determined demand for aerial transport service at the second 

geographic area whih may be serviced by a different group of UAVs tha the group that 

incades the irstand/orsecond dualmode UAVsatissue.  

1002341 In a more specific example, thecontrolsystem can determine that demand.for 

aerial transport service at the first geographic area is relatively low and that demand for aerial 

transport service at the second geographiarea is relatively high.hus the controlsystem 

may responsively cause the firstdual-mode UA or the second dualmode UAV to perform 

an infastructuredeployment task that includes ovingoperational infrasieturefromthe 

first operatioallcation to the secondoperational location, so that UAVs of the different 

group servingthe second geographic area can use this additional operational infrastructure.  

Oterexamplesarealso possible.  

1002351 Yet further once the second inastcturedeployment task for the second 

operationallocation is cmpleteoncor more UAVs, which may or may not beduamode 

UAV(s) can operatefrom the secondoperational location In line with the discussionabove 

operating from the second operational location can involve carrying outt rnsport taskS) from 

thesecond operational location, For instance, a UAV can at least perform a second transport 

task thathas an associated second pickuplocationand that corresponds to a second request.  

Additionally or alternatively, operating from the second operationallocation can involve a 

UAW using operational infrastructure installed atthe second operationallocation to charge its 

battery.  

[002361 In a more specific example, the first dual-mode UAV can carry out the second 

infrastructuredeployment task for the second operational location and can iten itselfopeate 

fr'm the second operational location nanotherexamplethefirst dual-mode UAcancarry 

out the second inatucturedeployment task for e second operational locationand then 

another AY such as the second duamodeUAV for instance can operatefromthe second 

operational location; et anothereample, the second dual-mode UA c carry out the 

second infrastructure deployment task for the second operationallocation and can then itself 

operalefromthesecondoperationllocation.In yet another example, the second dal-nmode 

UAV can carry t the second infrastructure deployment task for the second operational 
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location and then another UAV such as the first duamode UAV for instance can operate 

from thesecond operational location. Other examples are also possible, 

X. Additional features 

[002371 A. Record of Operational infrastructure 

1002381 In a further aspeca control system can maintain and modi a record of 

operational infrastructure that has been deployed ina geographicarea. In particular, the 

recordmay specify respectively for each instance ofdeployedoperational infrastructurean 

operational location at which this operational infrastructumis currently deployed, operaional 

locations) at which this operaionalnfrastructure has been previously deployeda type of 

operational infrastructure (egsl charging systems. c teraceando 

information about the CA that deployed the operation infrastructure among various other 

possibilities. And the control systemcan ndi of this informationas operational 

infrastucture isaddedmovedand/rremoved in the geographic area.  

1002391 By way of examplthecontrolsystem can receive a confirmation thatfirst 

operational infastructurehas been deployed a a firstoperationallocaton, The control 

system can receive this conmation fro the CAV that deployed the first operational 

infrastructurat the first operationallocation, among other optionsNonetheess,the control 

systemmay respond to receipt of the onfirmationby modifying the record to indicate that 

the firstoperational infrastmturehas been deployed at the first operational location Andin 

some cases, the control system can also modify the record to indicate the L!AV that deployed 

the first operational infrastructure atthefirst operationallocation, among other possibilities.  

1002401 .n practice, maintaining and modifying a record of operationalnfrastructure 

may help the control system opmizecharging of batteries of UAs,or instance, when a 

trigger has been encountered to charge battery of aUA ,the control system cause the 

record as basis for makingea determination that a currentlocationofthe AV is threshold 

proximate to the first opemtiona.infrastructure that has beendeployed at thefistoperational 

location, For example the controlsystem can determine that theurrent location of the UAV 

isinaparticularsub area of a geographiarea andn use the record determine thatthe 

fst operational infrastructurehat has been deployedat the firstperationallocation,whih 

is associated with the pardular sub area atIssue In any case, the control system can use the 

determination as basis for instructing the UAW to cargea battery of the UAV using the first 

operationalinfrastrcture that has been deployed at thefi st operational location.  

1002411 B. Return Conditions for a UAV 
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10024.21 In yet a further aspect, a controlsystem may determine that a given IWA 
which can be any type of UAV encounteredareturn condition indicating that the UAV 

should fly to a certainlkation.  

j002431 For example, thecontrol system may determine that the UAV completed a 

transport task For instance, the control system may assign a transport task to the UAV and 

may then receive a confirmation from that UAV specifying that the transport task has been 

completed.  

1002441 In another example, the control system may detennine-that the UAV is in 

condition for a maintenance event For instance, the control system may have stored thereon 

maintenance data indicating that the UAY's tether, or other part, should be replaced once 

every year or other threshold period oftimeand can determine that the U ais in condition 

fora maintenanceevent by determining thatthe threshold peid of me has passed or been 

exceededsince replacement of the UAV's tether or other part.  

100245 in yet another example the control system maydeterminethathe AV is in 

condition for anupgrade For instance, thecontrol system may receive informationfromaa 

central server indicating that a new propulsion unit has been developed for aUAV of a 

particular type. and can responsively determine that this UAV's existing propusion unit 

should be upgraded to the newly developed propulsion unit 

[O02461 In yet another example, the control system may determinethat the UAV 

encountered predefied weather condition. For instance thelcontrolsystem may receive 

weatherinformation front a central server indicating that astormis approaching a sub areain 

which theA UAis operating, And the control system may determine that storm corresponds 

a pre-defined weather condition during which the UAV should rotfly 

1002471 In yet another examp, the control system nay determine that the CAV 

encountered re-charainucondition For instance, the control system may receive sensor 

data fror the UAV indicating that a battery level of the UAV's battery is below a thmshold 

level Other examples arealsopossible 

[002481 When the control system determinesthata UAV encountered retum 

condition the control system may responsivelase theAV to fly toacertain location.  

This locations an be an operationallocation from whichtheA s operating an operational 

location other thanl the one from which the UAV is operating the source strutture at the 

sourelocation and/or hangar, among other options. in any case. the location may 

correspond to the specific return condiionthat the UAV encountered so that the CAV can 

Si



WO 2019/126263 PCT/US2018/066392 

overcome the circumstancesthat led to the control system determining that the return 

condition hasbeenencountered 

1002491 For xampleifthe control systern determines that the UAV completed a 

transport task, the control system may responsively cause the UAV to fly back to the 

operational location from which itis operating, so that the UAVcan then cary out additional 

transporttasks in the associated sub area onansneeded basis.  

102501 In another example,if the control systemdetermines that the UAV is in 

condition thr a maintenance event and/or is in condition for an upgrade the ontrol system 

mayresponsielycausethe UAV to fly to the hangar, so that a technician can perform the 

inintenance and/ortheupgradeaccodinly.  

[002511 In yet another example. fthe control system determines that the UAV 

encountered a predetined weather condition, the control systemmaresponsivelycausethe 

UAV to fly to the hangar or to the source structure, so that the UAV avoids posure to the 

weather condition at issue.  

1002521 In yet anotherem the controlsystem determines that the UAV 

encountered a re-hargingconitionthe ontro systemmayresposivelycause the UAV to 

fly to the operation locationflm which it is opeingso the UAV can use operatinal 

infrastructuredeployed at thisoperatioinailocation for charging the UAWsbattery. Other 

examples arealso possible.  

XL Conclusion 

1012531 While various aspects and embodiments have been disclosed herein., other 

aspects and enibodinents will be apparent to those skilled in the art. The vanous aspects and 

embodmentsdisclosedhereiarefrpurposes of iustraonand are no intended to be 

limitingwiththetruescopeandspiritbeingindicatedbythefowingclaims 
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CLAIMS 

We Claim: 

1. A methodcomprising: 

determining by a conmiol system, an operational location at which to deploy 

operational infrastructurewherein depoymentof operational infrastructure enables charging 

ofabatteryof an unnined aerial vehicle (UAV) fin a group of UA\ and hereinthe 

g oupof UAVs includes atleast tiJ) a first UAV of a first type configured to deploy 

operational infrastructure and 1i a second UAV of a second type confiurd t caout a 

task other than deploynttnof operational infrastniurne; 

causingbythe control system, thefirUAV to deploy operational infrastructureat 

the operationallkocationgand 

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

UAV using the operational infrastructredeployed by the first UAV at the operational 

location.  

2. The method of claim 1, vherein the second UAV of the second type is 

configured to transport apayload other than operational infrastructure 

3. The methodofclaii , further comprising: 

receiving, by the control system, a request for a transport task having anassociated 

item-sourcelocation; and 

determinig, by the control system, that the item-source location corresponds to the 

operational location andresponsively causing the second UAV to perform tie transporttask 

corresponding to the receivedrequest 

4, The net0od of claim 1,wherein the operational infrastructure deployed at the 

perationallocation comprises agroundcharing system that includes one or more of the 

following: () a ch ng interfacconfured toconnect to a versalpower interface, (i) a 

solar panel, or (iiian energystoragedevice 
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5 The method of claim further comprising 

determiming by the control system, another operational location at which to deploy 

another operational infrastructure wherein deployment of the another operational 

infrastructureasoabks charging of a batteryof a UAV fomthe group of UAVs;and 

cauisig byxthe control system the first(JAV todeploy theanother operational 

infhastructureat the another operating location.  

6& The method of claim 1 where the groupof UJAVs also includes a third iAV 

of the first type configured to deploy operational infrastucture, the method further 

comprising

determining, by the control systemanother operational location at which to deploy 

another operational infrastructure, wherein deployment of the another operational 

infrastructure also enableschargingof a battery ofa UAV from the group of UAs: and 

causinby the control system,the third, AV to deploy the another operational 

infrastruture at the another operating location.  

a The Iethod of claim further comprising: 

determining by the control systemanother operational location at which to deploy 

the operational infrastructure that was deployed by the firstJAV at the operationalocaion; 

and 

causing, by the control systemhe first A to move the operationainfrastructure 

away from the operational location and to deploy the operational infrastructure at the another 

operational location 

8. The method of claimIwherein the groupofAs alsoincludes a third UAV 

of thefirsttype configred todepyoperatioalinfrastructures the method further 

coupnising: 

determni ,by the controlsystem, anotheroeratonallocation atwhich to deploy 

the Operational ifrancturetats s deployed by the first iA atthe operatonalltion, 

and 

causing, by the control system, the third UAV to move the operational infrastructure 

away from the operational location and to deploy the operational infrastructure at the another 

operationallocation5 
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9. The method of clain 1, further comprising: 

determining, by the control system plurality of authorized locations at which 

respective deployment of operational infrastructure is permitted, 

whereindetermni the operational location is based at least onthe determined 

operational location being one ofthe determined plurality of authorized locations, 

10. The method of aim1, furthercomprising: 

determiingby the control system a demand for servicesof the group in a 

geographical area that includes the operationallocation, 

wvherein determining the opeationaldocation i based at least on the determined 

demand services of thegroup in thegeographicalarea.  

11, The method oflaiIn , further coimprising 

determining, by the control system a flight range respectiveyof one or more UAMs 

of the group 

wherein determnining the operational location is based at leastonthe one or more 

determined ight ranges.  

J2, The method of claim 1, wherein the operational infrastructure deployed at the 

operational location is first operational infrastrucures and wherein the control system is 

confiuredto maintin a record of operational infrastructure that has been deployed in a 

geographical area that includes the operational location, the method further comprising' 

receiving, by the control system, a confirmation that the first operational 

infrastructure has been deployed at the operational location; and 

in response to receiving the confrnation, the control system modifying the record to 

indicate that the first operationainfrastructure has been deployed atthe operational location 

within the geographical area, 

13. The method of claim 12furthe comprising: 

based at least on the modifed record, making a determination, by the control syste.  

that a current location of the second UAV is threshold proximate to the first operational 

infrastructuredeployed at the operational location, 
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wherein causing the second UAV to charge the battery of the secondAV using the 

first operatiminfastructure deployed at the operational location is based at least on the 

determination.  

14; An unmanned. aerial vehicle (AV)system comprising: 

a groupof UAswhereinthe groupof UAVs includesat least ) a firstUA of a 

frsttypeconfiguredtodeploy operational infrastructureandi a second A ofa second 

typeconfiguredto carryouta taskother thandeployment operational infrastcture;and 

a controlsystemconfiguredto: 

determine an operational location at which to deploy operational 

infrastructurewherein deployment of operationalnfrastructure enables chargingofa 

battery of a A from the group of UAns 

cause the first UAV to deploy operational infrastcture at the operational 

location; and 

causethe second A to charge battery of the second UAV using the 

operationalinfrastructuredeployedbythefst UAV at the oprational location 

.15. The CAVsystem of clain 14,wherein the operational infrastructure deployed 

atthe operational location comprisesagroundcharging system that includes oneor moreof 

thefOllowing: 'I a charging interface configured t connect to a universalpowerinterface 

(ii) solar panel, or (iii) an energy storage device 

16, The UAV system of claim 14, wherein thegroup of UAVs also includes a 

third AV of the first type configured to deploy operational infrastructure, and wherein the 

control system isfurther configured to 

determine another operational location at which to deploy anotheroperational 

infrastructure, wherein deployment of the another operational infrastructure enables charging 

ofabattery ofaUA from the group ofUAVs; and 

causethe third UA to deploy theanother operational infrastructure at the another 

operatinglocation 

17. The UA system of claim 14 wherein the control system is further configured 

to: 
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determine another operational location at which to deploy the operational 

infrastructure that was deployed byhe first UAV at the operationalocation;and 

causethefirstUAV to move ie operationalinfrastructureaway frotheoperational 

location andto deploy the operaionalfrastucture at the another operadonal location, 

18. The UAV system of claim 14 ,wherein the roupof UAVs also includes a 

third UAV of the first type configuredto deploy operational infrastructure, and wherein the 

control system is furtherconfigured to 

determine another operational location at which to deploy the operational 

infrastructure that was depkyed by thefirstUAV at the operationalocation;and 

causethe third AV to move the operational infrastrtureaway from the first 

operationallocatinand to deploy the operaonalinfrastcture at theanotheroperational 

location.  

I9 A nontransitory computer readablemediumn having stored therein instutions 

executable by oneom more processrs to cause a cotrolsystemtoperbrmfunctions 

comprising 

deternining an operational location at which to deploy operational infrastructure, 

wherein deployment of operational infrastructure enables charging of a battery ofan 

unmanned aerial vehicle(UAV) from group of UAVs and wherein theroup ofUAVs 

ncidesatleastafist oafirsttype configurdtodeploy operationalinfrastructure 

and (ii) a second UAV of a second type configured to carry out a task other than deployment 

of operadonal infrastructure; 

causing the first UAV o deploy operational infrastructure at the operationallocation 

and 

causing the second UAV to charge a bakery of the second UA sing the operational 

infrastructure deployedby the first UAat theoperational location, 

20, The non-transitory computer readable medium of claim 19 wherein the 

operational infrastmuturedeployedat the operational location comprises a groundcharging 

system thatincludes one or moreofthe flowing (i) a charging interfaceconfigured to 

connect to a universal power interface(ii) a solar panel or (iii) an energy storage device.  
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