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(57) Abstract: A landing pad for an unmanned aerial vehicle ("UAV") is disclosed. The landing pad includes a support structure, a
charging pad, and a plurality of movable UAV supports. The charging pad is coupled to the support structure and able to move relative to
the support structure. The UAV supports are also coupled to the support structure and configured to translate along the support structure
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the UAV supports are in the second position, the charging pad is lowered and the UAV supports then provide support to the UAV.
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LANDING PAD WITH CHARGING AND LOADING FUNCTIONALITY FOR
UNMANNED AERIAL VEHICLE

CROSS-REFERENCE TO RELATED APPLICATION

{01} This apphication claims priority to U.S. Patent Application No. 17/014,466, filed
September 8, 2020, incorporated by reference herein in its entirety.

BACKGROUND

102] An uomanved vehicle, which may also be referred to as an autonocmous vehicle,
mcludes a vchicle capable of travel without a physically-present human operator.  An
snmanned vehicle may operate in a remote-control mode, n an autonomous mode, or i1 a
partially agtonomous mode.

{631  When an uomanned vehicle operates in a remote-control mode, a pilot or driver that is
at a remote location can control the unmanned vehicle via commands that are sent 1o the
unmanned vehicle via a wireless ink. When the wnmanned vehicle operates in astonomous
mode, the somanned vehicle typically moves based on pre-programmed navigation waypous,
dynamic automation systems, or a combination of these. Further, some wmanned vehicles can
operate m both a remote-control mode and an autonomous mode, and in some mstances may
do so simudtancously. For mstance, a remote pilot or driver may wish to leave navigation to
an aptonomous system while manually performing ancther task, such as operating a mechanical
system for picking up objocts, as an example.

184}  Varnous types of unmanned vehicles exist for vanous different environments. For
mstance, unmanned vehicles exist for operation in the air, on the ground, underwater, and n
space. Exaroples include quad-copters and tail-sitter unmanned acrial vehicles, among others.
Unmanned vehicles also exast for hybnd operations m which multi-environment operation is
possibie. Examples of hybrid unmanned vehicles include an amphibious craft that is capable
of operation on land as well as on water or a Hoatplane that is capable of landing on water as
well as on land, Other examples are also possible,

{651  Unmanved aenal vehicles (UAVSs) may be used to deliver a pavioad to, or reirieve a
payload from, an mdividual or business. Additional svstems at the point of delivery or pick-
up are helpful for users, workers, merchanis and others to utitize and interact with UAVs, Other
helpful systems may be at a central location where UAVs are stored and/or co-located with
merchants. Loading/unloading systems and structures that facilitate safe and efficient delivery

and/or pick-up of pavicads, while alse providing charging capabilitics to the UAVs are
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disclosed herem.
SUMMARY

{36}  The present application discloses landing pads for an unmanned acnal vehicle
(“UAV”), as well as related systems and methods. The landing pad 13 part of a pavload
loading/unloading system that may also provide charging and other services to a UAV. UAVs
are increasingly utilized for a wide array of delivery services and as such, dedicated structures
that increase the case of use, efficiency, rehiability, and safety of such dehvery services is
necessary. Some UAVs utilize contact-based charging in order to charge their battenies. For
example, as deseribed in UL.S. Patent Publication No. 2019/0023133 (1.8, Patent Application
No. 15/654,644), which is hereby mcorporated by reference, an clectrcally conductive landing
pad transfers electric power 1o one or more UAV batterics via electrical contacts within the
UAV. However, in order to load, unload, and/or otherwise service the UAV, access o the
underside of the UAY may be required. Beneficially, some examples described herein include
a landing pad designed to not only charge a UAV, but also to provide access to the underside
of the UAV for loading and unloadmg of pavioads along with allowing for other services that
require similar access to the velcle.

1071  Example landing pads and related systems described herein may be installed on
freestanding support structures, may be mstalled on or within existing structures such as
building walls, rooftops, trucks, lamp posts, cell towers, warehouses, etc., or may be instalied
bv modifving an cxisting structure with aspects desenibed herein.  Beneficially, cxample
flanding pads and related systems desenbed herem may be installed in a vanety of locations
without impeding cveryday life of merchants, customers, or other people, while increasing the
efficiency of access to UAV delivery service to the same merchants, customers, or other people.
{08]  In one embodiment, a landing pad for a UAY is desceribed. The landing pad includes a
support siructure, a charging pad, and a plurality of UAV supports. The support structure may
be freestanding or may be connecied to another structure. The charging pad includes a plurahity
of electrical contacis that are configured to transfer power to a UAY. Moreover, the charging
pad 1s configured to move relative to the support structure. In some examples, more than one
charging pad are contemplated, and the one or more charging pads may be considered to be
hinged to the support structare. The UAY supports are coupled to the support structure. In
some embodiments, the UAV supports include a motor, a pair of gears or wheels, and a
roller/bar. The gears or wheels are driven by the motor, and move along the support structure,
The UAY supports are contigured to translate across the landing pad, and more particularly the

support structure from a first position to a second position. When in the first position, the UAY

N
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supports provide the UAY access to the charging pad. Further, when the UAV supports are in
the first position the charging pad supports the UAVY. But when the UAV supports are in the
second position, the UAY supports provide support to {¢.g., maintain a vertical position of),
the UAV.

19} In another embodiment, a method 15 desenibed. The method includes supporting a
UAY above a ground surface by a charging pad of a landing pad. The method also mcludes a
plurality of UAVY supports moving across the landing pad towards the UAV. Each ofthe UAY
supports moves in a different direction in approaching the UAV. Afierthe AV supports move
towards the UAV | and 1 some examples, after coming into contact with the UAY, the method
ncludes moving the charging pad away from the UAV such that the UAVY is no longer
supported by the charging pad but 1s instead supported by the UAV supports. The method may
further include providing access to the underside of the UAV while the charging pad is away
from the UAY and the UAV 13 being supported by the UAVY supports. In some embodiments,
the method includes other aspects including landing the UAV, charging the UAV, and loading
a pavload to the UAY, among others,

{16} In vet ancther embodiment, a system is provided. The system toclades a UAV and a
landing pad. The UAV includes a fuselage and a retractable tether. A payload coupling
apparatus 15 counected to a distal end of the tether, while the proximate end of the tether is
connected to the UAV. In some examples, the proximate end of the tether 15 connected to a
winch svstem of the UAY. The landing pad of the system inchudes a support structure, a
charging pad, and a plurality of UAV supports. The charging pad includes a plurality of
clectrical contacts that are configured to transfer power {o a UAY . Moreover, the charging pad
is configured to move relative to the support structure. The UAYV supports are coupled to the
support structure. The UAV supports translate across the landing pad, and more particularly
the support structure from a first position to a sccond position. When 1o the first position, the
UAY supports provide the UAV access to the charging pad. Further, when the UAV supports
are in the first position the charging pad supports the UAVY. Buat when the UAV supports are
in the second position, the UAV supports provide support to {¢.g., maintain a vertical position
of}, the UAV.

{11}  In further embodiments, any type of svstem or devige could be used or configured as a
means for performing functions of any of the methods described herein {or any portions of the
methods described herein). For example, a system for landing, charging, supporting, loading,
and/or unloading a UAV mcludes means to land, charge, support, load, and/or unioad the UAV.

112}  These as well as other aspects, advantages, and alternatives will become apparent (o
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those of ordinary skill in the ant by reading the following detailed description, with reference
where appropriate to the accompanying drawings. Further, it shouold be undersiood that the
description provided in this summary section and clsewhere 1o this document is itended to
tustrate the claimed subject matter by way of example and not by way of imitation

BRIEK DESCRIPTION OF THE DRAWINGS

113} Figure 1A 15 a simplified illustration of an unmanned aenial vehicle (UAV), according
1o an example embodiment.

[14] Figure 1B 15 a simphfied iHustration of a UAY, according to an example embodiment.
[15] Figwre 1€ 15 a simphified iHustration of a UAYV, according to an example embodiment.
{16] Figure 1D is a ssmplified dlustration of a UAY, aceording o an example embodiment.
{171 Figure 1E 18 a sumplified iflustration of a UAV, according to an example embodiment.
118} Figwre 2 is a simplified block diagram illustrating components of an unmanned aerial
vehicle, according to an example embodiment.

199 Figwre 3 is a simplified block diagram iHustrating a UAY system, according to an
example embodiment.

28] Figure 4 dlustrates a payleoad loading system, according {0 an example embodiment.
123} Figure 5 illustrates payioad loading systems, including example landing pads, installed
i various ways on a building structure, according to an example embodunent,

122}  Figurc 6A illustrates a YAV on a landing pad, according to an example embodiment.
123} Figurc 6B illustrates a UAVY on a landing pad with a plurality of UAVY supports,
according to an example crobodiment.

124} Figwre 6C illustrates a UAV supported by a plurality of UAV supports on a landmg
pad, according to an example embodiment.

125} Figure 6D dlustrates a UAY supported by a phurality of UAY supports with a charging
pad that has moved away fronm the UAY, according to an example crabodiment.

{26} Figure 6F illustrates a UAVY supported by a plurality of UAV supports and the UAY
having deploved a payload coupling apparatus, according to an example embodiment.

1271 Figure 6F illustrates a UAV supported by a plurality of UAV supporis and the UAY
having picked up a pavload, according to an example embodiment.

28]  Figure 60 tHustrates a UAV departing from a landing pad, according to an example
crabodiment.

297 Figure 7 dlustrates a UAV supported by a plurality of UAY supports with a charging
pad that has moved away from the UAV, according to an example embodiment.

a0 Figure 8 1s a simplified block diagram illastratine a method relating o supporting a
= E? el & k el
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UAYV on alanding pad, according to an example embodnment
BDETAILED DESCRIPTION

{31}  Examplc methods, systems, and devices are described hercin, Any example

embodiment or feature described herein s not necessarily o be construed as preferred or
advantageous over other embodiments or features. The example embodiments described herein
are not meant to be Hmiting. I will be readily understood that certain aspects of the disclosed
systems and methods can be arranged and combined i a wide variety of different
configurations, all of which are contemplated herein.

{32} Furthermore, the particular arrangements shown in the Figures should not be viewed as
hmiting. it should be understood that other embodiments might inchude more or less of each
clement shown in a given Figure. Further, some of the tlustrated clements may be combimed
or omitted. Yet further, an example embodiment may include elements that are not dlustrated
i the Figures.

L Overview

1331  The embodiments described herein relate to landing pads for unmanned acrial velucles
{"UAVs”). The landing pads described hercin may be part of a payload leading structure or
sysiern, such as those described in U5, Patent No. 10,604,252, which is hereby incorporated

>

by reference. Aspects written 1o terms of “loading,” such as a payload loading structure, should
be understood to not be hmited fo “loading” functions or scenarios only. For example,
unioading, maintenance, charging, and other intcractions between a user, a UAVY, a payload
loading structure, and/or related components may occur at a pavioad loading structure or aspect
thercof.

[34] Exemplary embodiments may mclude, be implemented as part of,) or take of the form
of an acrial vehicle or system related therto. In example embodiments, a UAV may include
rotor untts operable to provide thrust or ift for the UAV for transport and delivery of a pavioad.
Herem, the terms “unmanned aerial vehicle” and “UAV” refer to any autonomous or semi-
autonomous vehicle that is capable of performing some functions without a physically present
human plot. A UAVY can take various forms. For example, a UAY may take the form of a
fixed-wing aircraft, a ghider aircrafl, a tml-sitter aircraft, a jet aircraft, a ducted fan aircraft, a
hghter-than-air dirtgible such as a blimp or stecrable balloon, a rotorcraft such as a helicopter
or multicopter, and/or an ormthopter, among other possibilities. Further, the terms “drong,”
“unmanned acrial vehicle system” (UAVS), or “unmanned acnal svstem” (UAS) may also be
used to refer to a UAV.

a5 UAVs are increasingly being utilized to retrieve, carry, and deliver pavicads across a
g1y £ > Y, 3
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variety of industries. As such, infrastructure is needed at pick-up and drop-off locations so that
merchants, customers, and other users can utilize UAV delivery services. More particulardy,
pavioad loadmg svstems may provide known, accessible, dedicated, and safe areas for a person
or other device utilizing a UAV delivery service to load or unload a pavioad. Pavicad loading
systems may include a landing pad (which may also be considered a landing platform).

136]  UAVs depend on battery power in order to carry-out various operations. Rather than
having separate charging structurcs/stations and payvioad loading structures, advantageously, a
landing pad that has charging capabilities but also provides access to the underside of the UAVY
as part of a single apparatus, 1s deseribed heremm. Charging, or recharging is accomphlished via
comtact between a charging pad and electrical contacts on the body of the UAY . In addition to
recharging a battery, a charging pad included as part of a landing pad may provide the means
for the UAYV to complete other tasks, such as uploading or downloading information from a
network, among other possibilities. By also providing access to the underside of the UAV  the
UAY 1g able to deploy its tether, pick-up (or drop-off) a pavioad (or package}, or otherwise be
serviced. Other UAVs may depend on another fuel source for power, and refuchng of that fuel
i3 contemplated within the scope of this disclosare.

1371 In order to provide access to the underside of the UAV, the landing pad includes a
charging pad and a support structure, and the charging pad may move away from the support
structure. In some regards, the charging pad may move similar {o 3 “trapdoor” or other doors
oricndated horizontally such that something passes through vertically. In order to still support
the UAYV, the landing pad also includes movable supports that maintain the UAV s position
above the ground, but still provide access to the underside of the UAV once the charging pad
has moved away. While the UAV could hover above the open cavity left behind after the
charging pad moves away from the UAVY, by using other supports, beneficially, the UAV s
battery Iife 1s saved.

{38}  Benecficially, landing pads as part of pavicad loading structures, as described, may
provide more people with access to UAY delivery services. Additionally, landing pads
descnbed berein may reduce the risk of injury to humans by mcreasing the distance between
the UAV and the point of nteraction (i.¢., loading and unloading of a pavioad at a target
location, replacing batteries, ete} and providing access to the underside of the UAY when
moving components (¢.g., propellers) may be on a topside of the UAY. Moreover, inherent
features of the landmg pads described may allow for mstallation of such systems {or related
devices and components thereof) m a vanety of locations without impeding evervday life of

people.

6
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1381 The Figures described i detar] below are for illustrative purposes only and may not
reflect all components or connections. Further, as dlustrations the Figures may not reflect actual
operating conditions, but are merely to illustrate embodiments described. Further sull, the
relative dimensions and angles in the Figures mav not be to scale, but are merely to illustrate
the embodiments described.

. Hiustrative Unmanned Yehicles

140]  Figure 1A 15 an isometric view of an example UAY 100, UAV 100 includes wing 102,
booms 104, and a fuselage 106. Wings 102 may be stationary and may generate bift based on
the wing shape and the UAV s forward airspeed. For instance, the two wings 102 may have an
airfoil-shaped cross section to produce an aerodynamic force on UAV 106, In some
crobodiments, wing 102 may carry horizontal propulsion wnits 108, and boons 104 may carry
vertical propulsion anits 110, In operation, power for the propulsion aniis may be provided
from a battery compartment 112 of fusclage 106, In some emboduments, fuselage 106 also
mcludes an avionics compariment 114, an additional battery compartment (not shown} and/or
a delivery umit {not shown, ¢.g, a winch system) for handhng the pavicad In some
embodiments, fuselage 106 18 modular, and two or more compartments (¢.g., battery
compartment 112, avionics compariment 114, other payload and delivery compartments) are
detachable from cach other and securablc to each other {¢.g., mechanmcally, magnetically, or
otherwise} to contignously form at least a portion of fuselage 106.

1411 In some embodiments, booms 104 terminate in rudders 116 for improved yaw control
of UAV 100, Further, wings 102 may terminate in wing tips 117 for improved control of lift of
the UAV.

42}  In the dlustrated configuration, YAV 100 includes a stractural frame. The structural
frame may be referred to as a "structural H-frame” or an "H-frame” (not shown} of the UAY.
The H-frame may inchude, within wings 102, a wing spar (not shown) and, within booms 104,
boom carriers {not shown}. In some embodiments the wing spar and the boom carriers may be
made of carbon fiber, hard plastic, aluminum, light metal alloys, or other materials. The wing
spar and the boom carrers may be compected with clamps. The wing spar may mclude pre-
drilled holes for horizontal propulsion units 108, and the boom carriers may include pre-dritled
holes for vertical propulsion onits 110.

143} In some embodiments, fuseiage 106 may be removably attached to the H-frame {e.g..
attached to the wing spar by clamps, configured with grooves, protrusions or other features to
mate with corresponding H-frame features, ctc.}. In other embodiments, fuselage 106 similasly

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

-3
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mprove quality and or modularity of UAV 100, For oxample, electrical/mechanical
components and/or subsystems of fuselage 106 may be tested separately from, and before being
attached to, the H-frame. Similarly, printed circuit boards (PCBs) 118 may be tesied separately
from, and before being attached to, the boom carners, therefore elimnating defective
parts/subassemblies prior to completing the UAV. For example, components of fuselage 106
{e.g.. avionigs, battery unit, delivery units, an additional battery compartment, ¢tc.} may be
clectrically tested before tfuselage 106 is mounted to the H-frame. Furthermore, the motors and
the clectronics of PCBs 118 may also be electrically tested before the final assembly.
Generally, the identification of the defective parts and subassemblics carly in the assembly
process lowers the overall cost and lead time of the UAV . Furthermore, different types/models
of tuselage 106 may be attached to the H-frame, therefore improving the modularity of the
design. Such moedularity allows these various parts of UAY 100 to be upgraded without a
substantial overhaual to the manufacturing process.

144} In some embodiments, a wing shell and boom shells may be attached to the H-frame
by adhesive elements (e.g., adhesive tape, double-sided adhesive tape, glue, etc.}). Theretore,
multiple shells may be attached o the H-frame instead of havimg a monolithic body sprayed
onto the H-frame. In some embodiuments, the presence of the multiple shells reduces the stresses
mduced by the coefficient of thermal expansion of the structural frame of the UAV. As aresult,
the UAY may have better dimensional accuracy and/or improved reliability,

1451 Morcover, in at least some embodiments, the same H-frame may be used with the wing
shell and/or boom shells having different size and/or design, thercfore improving the
modulanty and versatility of the UAV designs. The wing shell and/or the boom shells may be
made of relatively light polvmers {e.g., closed cell foam} covered by the harder, but relatively
thin, plastic skins,

46}  The power and/or control signals from fuselage 106 may be routed to PCBs 118 through
cables running through fuselage 106, wings 102, and booms 104. In the illustrated embodiment,
UAV 1006 has four PCBs. but other numbers of PUBs are also possible. For example, UAV 100
may inchude two PCBs, one per the boom. The PCBs carty clectronic componends 119
meluding, for example, power converiers, controllers, memory, passive components, ete. In
operation, propulsion units 108 and 110 of UAV 100 are electrically connected to the PCBs.
1471 Many vanations on the illustrated UAY are possible. For mstance, fixed-wing UAVs
may 1nclude more or fower rotor units (vertical or horizontal), and/or may utilize a ducted fan
or multiple ducted fans for propulsion. Further, UAVs with more wings {e.g., an “s-wing”

configuration with four wings}, are also possible. Although FIG. 1 illostrates two wings 102,
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two booms 104, two horizontal propulsion umits 108, and six vertical propulsion units 110 per
boom 104, it should be appreciated that other varants of UAV 100 may be implemented with
maore or less of these components. For example, UAV 100 may mehude four wings 102, four
booms 104, and more or less propulsion units thonzontal or vertical},

148} Similarly, Figare 1B shows another example of a fixed-wing UAV 120, The fixed-
wing UAY 120 includes a fuselage 122, two wings 124 with an airfoil-shaped cross section to
provide 1ift for the UAV 120, a vertical stabilizer 126 {or fin) to stabilize the plane’s vaw (fum
left or right}, a horizontal stabilizer 128 (also referred 1o as an elevator or tailplane) to stabilize
pitch (tilt up or down}, landing gear 130, and a propulsion unit 132, which can include a motor,
shaft, and propelier.

{49} Figure 1C shows an example of a UAVY 140 with a propeller in a pusher configuration.
The term “pusher” refers to the fact that a propulsion unit 142 is mounted at the back of the
UAY and “pushes” the vehicle forward, in contrast to the propulsion unit being mounted at the
front of the UAV. Similar to the description provided for Figures 1A and 1B, Figure 1C depicts
common structures used 1n a pusher plane, mcluding a fuselage 144, two wings 146, vertical
stabilizers 148, and the propulsion amt 142, which can include a motor, shaft, and propelier.
{56} Figure 1D shows an example of a tail-sitter UAY 160, in the llustrated example, the
tail-sitter UAV 160 has fixed wings 162 to provide lift and allow the UAV 160 10 ghde
horizontally €e.g., along the x-axis, in a position that is approxamately perpendicular to the
position shown in Figure 183). However, the fixed wings 162 also allow the tail-sitter UAY
160 to take off and land vertically on its own.

1511 For example, at a launch site, the tail-sitter UAY 160 may be positioned vertically (as
shown} with its fins 164 and/or wings 162 resting on the ground and stabilizing the UAV 160
in the vertical position. The tail-sitter UAV 160 may then take off by operating its propellers
166 1o generate an upward thrust {c.g., a thrust that 1s generally along the y-axig). Once at a
suttable altitude, the tail-sitter UAV 160 may use its flaps 168 to reorient #sclf in a horizontal
position, such that is fuselage 170 15 closer to being aligned with the x-axis than the y-axis.
Positioned horizontally, the propeliers 166 may provide forward thrust se that the tail-sitter
UAYV 160 can fiy m a similar manner as a typical airplane.

152} Many varations on the lustrated fixed-wing UAVs are possible. For instance, fixgd-
wing UAVs may mchide more or fower propeliers, and/or may utilize a ducted fan or multiple
ducted fans for propulsion. Further, HAVs with more wings {¢.g., an “x~-wing” configuration
with four wings), with fewer wings, or even with no wings, are also possible.

1831  Asnoted above, some embodiments may mvolve other tvpes of UAVs, 1n addition to
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or in the alternative to fixed~wing UAVs., For mstance, Figure 1E shows an example of a
rotorcraft that s commonly referred to as a multicopter 180, The multicopter 180 may also be
referred to as a quadcopter, as it includes four rotors 182, k should be understood that example
embodiments may mvolve a rotoreraft with more or fewer rotors than the multicopter 180, For
example, a helicopter typically has two rotors. Other examples with three or more rotors are
possible as well. Heroin, the term “multicopter” refers to any rotorcraft having more than two
rators, and the term “helicopter” refers to rotorcraft having two rotors.

154} Referring to the multicopter 180 in greater detail, the four rotors 182 provide propulsion
and mancuverability for the multicopter 180, More specifically, each rotor 182 meludes blades
that are attached to a motor 184, Configured as such, the rotors 182 may allow the multicopter
180 to take off and land vertically, to maneuver in any direction, and/or to hover. Further, the
pitch of the blades may be adjosted as a group and/or differentially, and may allow the
multicopter 180 to control itg pitch, roll, yaw, and/or altitude.

155 It should be understood that references herein to an “unmanned” aenial vehicle or UAY
can apply equally to autonomous and semi-autonomous aerial vehicles. In an autonomous
mplementation, all functionality of the aenal vehicle is avtomated; e.g., pre-programmed or
controlled via real-ime computer functionality that responds to mput from various sensors
and/or pre-determmined information. In a semi-awtonomous implementation, some functions of
an acrial vehicle may be controlled by a human operator, while other functions are carried ouat
autonomously, Furher, in some embodiments, a UAV may be configured to allow a emote
operator to take over functions that can otherwise be controlled autoromously by the UAV.
Yet further, a given type of function may be controlled remotely at one level of abstraction and
performed autonomously at ancther level of abstraction. For example, a remote operator could
control high level navigation decisions for a UAVY, such as by specifying that the UAY should
travel from one location to another (¢.g.. from a warchouse 11 a suburban area to a dehivery
address m a nearby city), while the UAV s navigation system avtonomously controls more
finc-grained navigation decisions, such as the specific route to take between the two locations,
specific thght controls to achiove the route and avoid obstacles while navigating the route, and
SO on.

186} More generally, it should be understood that the example UAVs desenibed berein are
not intended to be hmiting. Example embodiments may relate to, be implemented within, or
take the form of any type of unmanned acrial vehicle.

HI.  Hlustrative VAV Components

157} Figwre 2 is asimplified block diagram illastrating components of a UAV 200, according
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to an exanmple embodiment. UAV 200 may take the form of] or be sinilar in form fo, onc of
the UAVs 100, 1206, 140, 160, and 180 descnbed in reference to Figures 1A-1E. However,
UAY 200 may also take other forms.

1381 UAV 200 may include various tvpes of sensors, and may include a computing system
configured to provide the fimetionality described herein. In the lustrated embodiment, the
sensors of UAV 200 mclude an mertial mcasurement unit (IMU) 202, ultrasonic sensor{s) 204,
and a GPS 206, among other possibic sensors and sensing systems.

1591 In the iHustrated embodiment, UAV 200 also mncludes one or more processors 208, A
processor 208 may be a general-parpose processor or a special purpose processor {e.g., digital
signal processors, application specific integrated circuits, ¢fc.}. The one or more processors
208 can be configured to execute computer-readable program instructions 212 that are stored
m the data storage 210 and are exccutable to provide the fimetionality of a UAV described
herein.

166 The data storage 210 may include or take the form of one or more computer-readable
storage media that can be read or accessed by at least one processor 208, The one or more
computer-readable storage media can inclade volatile and/or non-volatile storage components,
such as optical, magnetic, organic or other memory or disc storage, which can be integrated 1n
whole or m part with at least one of the one or more processors 208, In some erabodiments,
the data storage 210 can be implemented using a single physical device (e.g., one optical,
magnetic, organic or other memory or disc storage unit), while in other embodiments, the data
storage 210 can be implemented using two or more physical devices.

1611 Asnoted, the data storage 210 can imclude computer-readable program instructions 212
and perhaps additional data, such as diagnostic data of the UAV 200, As such, the data storage
2310 may include program instructions 212 to perfoom or facilitate some or all of the VAV
functionality described herein.  For imstance, in the illustrated embodiment, program
mstructions 212 include a navigation module 214 and a tether control module 216,

162} In some embodiments, the conirol system 1120 may take the form of program
rstructions 2172 and the one or more processors 208,

A Sensors

{631  In an dlustrative embodiment, IMU 202 may include both an accelerometer and a
gyroscope, which may be used together to determine an onentation of the YAV 200, In
particular, the accelerometer can measure the orientation of the vehicle with respect to carth,
while the gyroscope measures the rate of rotation around an axis. IMUs are commercially

available 1 low-cost, low-power packages. For instance, an IMU 202 may take the form of or
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mehide aminatunized MicroElectroMechanical System (MEMS) or a NanoElectroMechaniecal
System (NEMS). Other types of IMUs may also be atilized.

64}  An IMU 202 may include other sensors, in addition to accelerometers and gvroscopes,
which may help to better determine position and/or help to mncrease autonomy of the UAY 200,
Two examples of sach sensors are magnetometers and pressure sensors. In some embodiments,
a UAY may mchide a low-power, digital 3-axis magnetometer, which can be used to realize an
oricrdation independent clectronic compass for accurate heading nformation. However, other
types of magnetometers may be utilized as well. Other examples are also possible. Further,
note that a UAVY could mclude some or all of the above-described mertia sensors as separate
coraponents from an IMU.

{637  UAVY 200 may also include a pressure sensor or baromcter, which can be used to
determine the altitude of the UAY 200, Alternatively, other sensors, sach as sonic altimeters
or radar altimeters, can be used to provide an indication of altitude, which may help to improve
the accuracy of and/or prevent drift of an MU

{66} In a further aspect, UAV 200 may include one or more sensors that allow the UAV to
sense objects in the environment. For instance, in the tHustrated embodiment, UAV 200
mehudes alirasonic sensor(s} 204, Ultrasonic sensor(s) 204 can determing the distance to an
obicct by generating sound waves and detcrmining the time iterval between transmission of
the wave and receiving the corresponding echo off an object. A typical application of an
ultrasonic sensor for wnmanned vehicles or IMUs is low-level altitude control and obstacle
avoidance. An ultrasonic sensor can also be used for vehicles that need to hover at a certain
height or need to be capable of detecting obstacles. Other systems can be used to determine,
sense the presence of, and/or determuine the distance to nearby objects, such as a light detection

and ranging {LIDAR) system, laser detection and ranging (LADAR) system, and/or an infrared

{671 Insome embodiments, UAV 200 may also include one or more imaging system{s}. For
example, one or more still and/or video cameras may be utilized by UAY 200 to capture image
data from the UAV’s environment. As a specific example, charge-coupled device (CCD)
cameras or complementary metal-oxide-semiconductor {CMOS) cameras can be used with
gnmanned vehicles. Such imaging sensor(s) have numerous possible applications, such as
obstacie avoidance, localization technigues, ground tracking for more accurate navigation {e.g.,
by applving optical flow technigues to rmages), video feedback, and/or image recoguition and
processing, among other possibilities.

168} UAV 200 may also include a GPS receiver 206, The GPS receiver 206 may be
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contigured to provide data that 1s typical of weli-known GPS systems, such as the GPS
coordimates of the UAV 200, Such GPS data may be utihzed by the UAV 200 for various
functions. As such, the UAV may use ts GPS receiver 206 to help navigate to the caller’s
location, as indicated, at least in part, by the GPS coordinates provided by their mobile device.
(ther examples are also possible.

B. Navigation and Location Determination

1699 The navigation module 214 may provide functionality that allows the UAV 2000, ¢ g,
move about its environment and reach a desired location. To do so, the navigation modale 214
may control the altitude and/or direction of flight by controlling the mechanical features of the
UAY that affect flight (c.g., its rudder(s}, elevator{s}, atleron{s), and/or the speed of iis
propelicr{s}).

178} In order to navigate the UAVY 200 to a target location, the navigation modale 214 may
mnplement various navigation techniques, such as map-based navigation and localization-based
navigation, for instance. With map-based navigation, the UAV 200 may be provided with a
map of its environment, which may then be used to navigate to a particular location on the map.
With localization-based navigation, the UAV 200 may be capable of navigating m an umknown
enviromaent using localization.  Localization-based navigation may mvolve the UAV 200
building its own map of 1s environment and calculating s position within the map and/or the
position of objects m the environment. For example, as a UAV 260 moves throughout its
environment, the UAY 200 may continucusly use localization to update s map of the
environment. This continuous mapping process may be reforred to as stmultancous localization
and mapping (SLAM}. Other navigation techmiques may also be utilized.

{71}  In some embodiments, the navigation module 214 may navigate using a technique that
religs on waypoints., In particular, waypoinis are sets of coordinates that identify points n
physical space. For mstance, an air-navigation waypoint may be defined by a certain latitude,
longitude, and altitude. Accordingly, navigation module 214 may canse UAV 200 to move
from waypoint to waypoind, in order to ultimately travel to a final destination {¢.g., a final
waypoutt in a sequence of waypoinis).

1721 In a further aspect, the navigation module 214 and/or other components and systems of
the UAV 200 may be configured for “localization™ to more precisely navigate to the scene of
a target location. More specifically, it may be desirable in certain situations for a UAV to be
within a threshold distance of the target location where a payload 228 is being delivered by a
UAV {(e.g., within a fow feet of the target destination). To this end, a UAV may use a two-

tiered approach in which 1t uses a more-general location-deternmination technigue to navigaic
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1o a general area that 1s associated with the target location, and then use a more-refined focation-
determination technigue to identify and/or navigate to the target location within the general
arca.

{731  For example, the UAV 200 may navigate to the general area of a target destination
where a paylead 228 is being dehivered using wavpoimnts and/or map-based navigation. The
UAV may then switch to a mode in which it vtilizes a localization process to focate and travel
to a more specific location. For mstance, if the UAY 200 15 to deliver a payload 1o a user’s
home, the AV 200 may need to be substantially close to the target location in order to avoid
delivery of the pavlcad to undesired arcas {c.g., onto a roof, into a pool, onto a neighbor’s
property, etc.). However, a GPS signal may onlv get the UAVY 200 so far {c.g., within a block
of the user’s home). A more precise location-determuination fechnigue may then be used to find
the specific target location.

174} Various types of location-determination technigues may be used to accomplish
localization of the target delivery location once the UAV 200 has navigated to the gencral arca
of the target delivery location. For instance, the UAV 200 may be equipped with one or more
sensory systems, such as, for example, ultrasomic sensors 204, infrared sensors (not shown),
and/or other sensors, which may provide input that the navigation module 214 utilizes to
navigate antonomously or semi~autonomously to the specific target location.

{751  As anocther example, once the UAYV 200 reaches the general arca of the target delivery
location (or of a moving subject such as a person or their mobile device), the UAY 200 may
switch to a “fly-byv-wire” mode where it is controlied, at least m part, by a remote operator,
who can navigate the UAV 200 to the specific target location.  To this end, sensory data from
the UAV 200 may be sent to the remote operator to assist them i navigating the UAVY 200 to
the specific location.

{76}  As vet another example, the UAV 200 may melude a module that 1s able to signal to a
passer-by for assistance n either reaching the specifie target delivery location; for example,
the UAV 200 may display a visual message requesting such assistance in a graphic display,
play an audio message or tone through speakers to indicate the need for such assistance, among
other possibilitics. Such a visual or audio message might indicate that assistance 1s ngeded n
delivering the UAV 200 to a particilar person or a particalar location, and might provide
mformation o assist the passer-by in delivering the UAV 200 to the person or location {e.2.. &
description or picture of the person or location, and/or the person or location’s name), among
other possibilities. Such a feature can be useful in a scenario m which the AV 1s unable to

use sensory functions or another location-determination technigue to reach the specific target
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location. However, this teature 1s not limited to such scenarios.

177V In some embodiments, once the UAY 200 armves at the general arca of a target delivery
location, the UAV 200 may utilize a beacon from a user’s remote device {¢.g., the user’s mobile
phone) to locate the person. Such a beacon may take various forms. As an example, consider
the scenarnio where 3 remote device, such as the mohile phone of a person who requested a
UAY delivery, 1s able to send out directional signals {e.g., via an RF signal, a light signal and/or
an audio signal). In this scenario, the UAY 200 may be configured to navigate by “sourcing”
such dircctional signals — in other words, by determining where the signal is strongest and
navigating accordingly. As another example, a mobile device can emit a frequency, cither in
the human range or outside the human range, and the UAY 200 can histen for that frequency
and navigate accordingly. As a related example, if the UAV 200 1s listening for spoken
commands, then the UAV 200 could utihize spoken statements, such as “I'm over herel” to
source the specific location of the person requesting delivery of a payload.

78] In an alicmative arrangement, a navigation module may be implemented at a remote
computing device, which communicates wirclessly with the UAV 200, The remote computing
device may receive data indicating the operational state of the UAY 200, sensor data from the
UAY 200 that allows it to assess the environmental conditions being experienced by the UAV
200, and/or location information for the UAYV 200, Provided with such information, the remote
computing device may determine altitudinal and/or directional adjustments that should be made
by the UAV 200 and/or may determine how the UAY 200 should adjust its mechanical featares
{c.g., its rudder(s}, clevator(s}, aileron{s), and/or the speed of its propelier(s)) in order to
effectuate such movements. The remote computing system may then communicate such
adjustments to the YAV 200 so it can move m the determined manner.

C Communication Systems

{791 Iu a further aspect, the UAVY 200 includes one or more conynunication systeras 218
The communications aystems 218 may include one or more wircless interfaces and/or one or
more wireling interfaces, which aliow the UAV 200 to comumunicate via one or more networks.
Such wireless interfaces may provide for communication under ose or more wucless
conununication protocols, such as Bluetooth, WiFi{e.g., an IEEE 802.11 protocol), Long-Term
Evolution (LTE), WiMAX (g g., an IEEE 802 16 standard), a radio-frequency 1D (RFID)
protocol, near-field communication (NFC), and/or other wireless communication protocols.
Such wireline interfaces may include an Ethemet mnterface, a Universal Serial Bus (USE)
mierface, or similar interface fo compunicate via 3 wire, a twisted pair of wires, a coaxial

cable, an optical Hink, a fiber-optic link, or other phvsical connection to a wircline network.
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186} In some embodiments, a UAV 200 may include communication systems 218 that allow
for both short-range commaunication and long-range commumication. For example, the UAV
200 may be configured for short-range comomumications using Bluctooth and for long-range
cornmunications under a CBMA protocol. In such an embodiment, the UAV 200 may be
configured o function as a “hot spot.” or it other words, as a gateway or proxy between a
remoie support device and one or more data netwaorks, such as a cellular network and/or the
Internet. Configured as such, the UAV 200 may facilitate data communications that the remote
support device would otherwise be unable to perform by itself.

181} For example, the UAV 200 may provide a WiFi connection to a remote device, and
serve as a proxy or gateway to a cellular service provider’s data network, which the UAY might
connect to under an LTE or a 3G protocol, for instance. The UAV 200 could also serve as a
proxy or gateway to a high-aktitude balloon network, a satellite network, or a combination of
these networks, among others, which a remote device might not be able to otherwise aceess.
D Power Systems

182} Ina further aspect, the UAV 200 may mclude power system(s) 220, The power system
220 may mclade one or more batteries for providing power to the UAV 200. In one example,
the one or more batterios may be rechargeable and each battery may be recharged via a wired
connection between the battery and a power supply and/or via a wireless charging systers, such
as an mductive charging system that applies an external tme-varving magnetic field to an
mternal battery.

E. Payload Delivery

1831 The UAV 200 may employ vanious systems and configurations in order to transport and
deliver a payload 228, In some tmplementations, the payload 228 of a given UAV 200 may
mehude or take the form of a “package”™ designed to transport various goods to a target delivery
location.  For exanple, the UAV 200 can include a compartment, in which an item or tterns
may be transported. Such a package may one or more tood ems, purchased goods, medical
Hems, or any other object(s} having a size and weight switable to be transported between two
focations by the UAV. In other embodiments, a pavload 228 may simply be the one or more
items that are beng delivered {¢.g., without any package housmg the items).

{84} In some embodiments, the pavicad 228 may be attached to the UAVY and located
substantially outside of the UAV during some or all of a flight by the UAV. For example, the
package may be tethered or otherwise releasably atiached helow the UAV during flightto a
target location. In an embodiment where a package carnes goods below the UAV, the package

may mchude various features that protect its contenis from the environment, reduce
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aerodynamic drag on the svstem, and prevent the contents of the package from shifting daring
UAYV flight.

{881 Formstance, when the pavicad 228 takes the form of a package for transporting items,
the package may include an outer shell constructed of water-resistant cardboard, plastic, or any
other hehtweight and water-resistant material. Further, in order to reduce drag, the package
may feature smooth surfaces with a pointed front that reduces the frontal cross-sectional area.
Further, the sides of the package may taper from a wide bottom 1o a narrow top, which allows
the package to serve as a narrow pylon that reduces inferterence effects on the wimg(s) of the
UAY. This may move some of the frontal area and vohume of the package away from the
wing{(s) of the UAV, thereby preventing the reduction of Uift on the wing{s) cause by the
package. Yet further, in some embodiments, the outer shell of the package may be constructed
from a single sheet of material in order to reduce air gaps or exdra material, both of which may
mcrease drag on the system. Additionally or altematively, the package may include a stabilizer
to dampen package fluticr. This reduction m flutter may allow the package to have a less ngid
connection to the UAV and may cause the contents of the package to shift less during fhght.
86} In order to debiver the payvicad, the UAV may mclade a winch system 221 controlled
by the tether control module 216 in order to lower the pavicad 228 to the ground while the
UAY hovers above. As shows in Figure 2, the winch systerm 221 may ioclude a tether 224,
and the tether 224 mayv be coupled to the pavioad 228 by a pavload coupling apparatus 226.
The tether 224 may be wound on a spool that is coupled to a motor 222 of the UAV. The motor
222 may take the form of a DC motor {¢.g., a servo motor) that can be actively controlled by a
speed controller. The fether control module 216 can control the speed controller to cause the
motor 222 to rotate the spool, thereby unwinding or retracting the tether 224 and lowering or
raising the payioad coupling apparatus 226,  In practice, the speed controlier may output 2
desired operating rate {¢.g., a desired RPM) for the speol, which may correspond to the speed
at which the tether 224 and payvload 228 should be lowered towards the ground. The motor
222 may then rotate the spool so that it maintains the desired operating rate.

1871 In order to control the motor 222 via the speed controller, the tether control module 216
may receive data from a speed sensor {e.g., an encoder} configured o convert a mechanical
position to a representative analog or digital signal. In particular, the speed sensor may include
a rotary encoder that may provide mformation related to rotary position {and/or rotary
movement) of a shaft of the motor or the spool coupled to the motor, among other possibilities.
Moreover, the speed sensor may fake the form of an absolute encoder and/or an meremental

encoder, among others. 5S¢ in an example implementation, as the motor 222 causes rotation of
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the spool, a rotary encoder may be used to measure this rotation. In doing so, the rotary encoder
may be used to convert a rotary position to an analog or digital electronic signal used by the
tether control module 216 to detcrmine the amount of rotation of the spool from a fixed
reference angle and/or to an analog or digital electronic signal that 1s representative of a new
rotary position, among other options.  Other examples are also possible.

188}  Based on the data from the spoed sensor, the tether control module 216 may determine
a rotational speed of the motor 222 and/or the spool and responsively control the motor 222
{¢.g., by increasing or decreasing an electrical current supplied to the motor 222) o cause the
rotational speed of the motor 222 to match a desired speed. When adjusting the motor current,
the magnitude of the current adjustment may be based on a proportional-integral-derivative
(PID) calculation using the detenmined and desired speeds of the motor 222, For jnstance, the
magnitude of the current adjustment may be based on a present difference, a past difference
{based on accumulated error over time), and a futwre difference (based on curent rates of
change) between the determined and desired speeds of the spool.

18%]  In some embodiments, the tether control module 216 may vary the raie at which the
tether 224 and payload 228 are lowered to the groand. For example, the speed controller may
change the desired operating rate according to a varable deployment-rate profile and/or n
response 1o other factors in order to change the rate at which the payload 228 descends toward
the ground. To do so, the tether control module 216 may adjust an amount of braking or an
amount of friction that is applied to the tether 224, For example, to vary the tether deployment
rate, the UAY 200 may include friction pads that can apply a varnable amount of pressure to
the tether 224, As another example, the UAV 200 can include a motorized braking system that
varies the rate at which the spool lets out the tether 224, Suach a braking system may take the
form of an clectromechanical system in which the motor 222 operates to slow the rate at which
the spool lets out the tether 224, Further, the motor 222 may vary the amount by which ¢
adjusts the speed {e.g., the RPM) of the spool, and thus mav vary the deployment rate of the
tether 224, Other examples are also possible,

196 In somce embodiments, the tether control module 216 may be configured 1o limit the
motor current supphied to the motor 222 to a maximum value. With such a imit placed on the
motor current, there may be situations where the motor 222 cannot operate at the desired
operate specified by the spead coniroller. For mstance, as discussed in more detail below, there
may be situations where the speed controller specifies a desived operating rate at which the
motor 2272 should retract the tether 224 toward the UAV 200, but the motor current mayv be

hmited such that a large enough downward force on the tether 224 would counteract the
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retracting force of the motor 222 and cause the tether 224 to unwind insicad. And as further
discussed below, a limit on the motor carrent may be imposed and/or altered depending on an
operational state of the UAV 200,

911  In some embodiments, the tether control module 216 may be configured to determine
a status of the tether 224 and/or the payload 228 based on the amouont of current supphied to the
motor 222, For instance, if a downward force s applied to the tether 224 (¢ g, if the payload
228 1s attached to the tether 224 or if the tether 224 gets snagged on an object when retracting
toward the UAV 200}, the tether control module 216 may need to increase the motor current m
order to cause the determuned rotational speed of the motor 222 and/or spool to match the
desired speed. Similarly, when the downward force is removed from the tether 224 (c.g., upon
dehivery of the payload 228 or removal of a tether snag), the tether control module 216 may
need to decrease the motor current in order to cause the determined rotational speed of the
motor 222 and/or spool to match the desired speed. As such, the tether control module 216
may, based on the current supplied to the motor 222, deternune if the payload 228 15 attached
to the tether 224, if someone or something 1s pulling on the tether 224, and/or if the payicad
coupling apparatus 226 is pressing against the UAV 200 after retracting the tether 224 Other
examples are possible as well.

92} Dunng delivery of the pavicad 228, the pavioad coupling apparatus 226 can be
configured to secure the pavload 228 while being lowered from the UAY by the tether 224,
and can be further configured to release the payviocad 228 upon reaching ground level. The
pavioad coupling apparatus 226 can then be retracted to the UAY by reeling in the tether 224
using the motor 222,

1231  In some implementations, the pavioad 228 may be passively released once it 1s lowered
to the ground. For example, a passive release mechanism may include one or more swing arms
adapted to retract 1o and extond from a housing. An exicnded swing arm may form a hook
on which the payload 228 may be attached. Upon lowering the release mechanism and the
pavioad 228 1o the ground via a tether, a gravitational force as well as a downward ertial
force on the release mechanism may cause the payload 228 to detach from the hook allowing
the release mechanism to be raised upwards toward the UAV. The release mechanism may
further mehide a spring mechanism that biases the swing arm to rotract into the housing when
there are no other external forces on the swing arm. For instance, a spring may exert a force
on the swing arm that pushes or pulls the swing arm toward the housing such that the swing
arm retracts mto the housing once the weight of the payload 228 no longer torces the swing

arm to extend from the housing. Retracting the swing arm into the housing may reduce the
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hikehihood of the release mechanism snagging the pavicad 228 or other nearby objects when
raising the release mechamsm toward the UAY upon dehivery of the payload 2238,

94}  Active pavload release mechanisms are also possible. For example, sensors such as a
barometric pressure based altimeter and/or accelerometers may help to detect the position of
the release mechanism (and the payvicad} relative to the ground. Data from the sensors can be
commumnicated back to the UAVY and/or a control system over a wireless link and used to help
m detenmining when the release mechanism has reached ground level (c.g., by detecting a
measurement with the accelerometer that is charactenstic of ground mmpact). In other
examples, the UAV may determine that the payload has reached the ground based on a weight
sensor detecting a threshold low downward force on the tether and/or based on a thueshold low
measurement of power drawn by the winch when lowering the pavicad.

195}  Other systems and technigues for delivering a pavicad, in addition or in the altemative
1o a tethered delivery system are also possible. For example, a UAV 200 could include an air-
bag drop systern or a parachute drop svstem. Ahternanively, a UAY 200 carrying a pavload
could simply land on the ground at a delivery location.  Other examples are also possible.

V.  Hustrative UAY Deployment Systems

196] UAY gystems may be implemented in order to provide various UAV-related services.
I particular, UAVs may be provided at a number of differcut launch sites that may be
commmumication with regional and/or central control systems. Sach a distribuied UAYVY system
may allow UAVs to be quickly deployed to provide services across a large geographic arca
{¢.g.. that is owch larger than the flight range of any single UAV}. For example, UAVs capable
of carrving payloads may be distributed at a number of launch sites across a large geographic
area {possibly even throughout an entire couniry, or even worldwide}, in order to provide on-
demand transport of various tems to locations throughout the geographic arca. Figure 352
simplified block diagram llustrating a distributed VAV system 300, according to an example
embodiment.

1971 In the illostrative UAVY gystem 300, an aceess svstom 302 may allow for mteraction
with, control of, and/or utilization of a nctwork of UAYs 304. In some cmbodiments, an access
sysiem 302 may be a computing system that allows for human-controlled dispatch of UAVs
304. As such, the control system may nclude or otherwise provide a user interface through
which a user can access and/or control the UAVs 304,

98] In some embodiments, dispatch of the UAVs 304 may additionally or altematively be
accomplished via one or more automated processes. For mstance, the access system 302 may

dispatch one of the UAVs 304 to transport a pavicad to a target location, and the UAV may
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autonomously navigate 1o the target location by utilizing various on-board sensors, such as a
GPS receiver and/or other various navigational sensors,

99}  Further, the access systern 302 may provide for remote operation of a UAV. For
mstance, the access system 302 may allow an operator to control the flight of a AV wvia its
user interface. As a specific example, an operator may use the access system 302 to dispatch
a UAV 304 to atarget location. The UAY 304 may then astonomously navigate to the general
arca of the target location. At this point, the operator may use the access system 302 to take
control of the UAV 304 and navigate the UAV to the target location {e.g., {0 a particular person
to whom a payload s being transported). Other examples of remoie operation of a UAV are
also possible,

[168] o an illustrative embodiment, the UAVs 304 may take various forms. For example,
cach of the UAVs 304 may be a UAY such as those illustrated m Figures 1A-1E. However,
UAY system 300 may also utdize other types of UAVs withowt departing from the scope of
the mvention. In some implementations, all of the UAVs 304 mav be of the same or a simiar
configuration. However, 1n other mplementations, the UAVs 304 may include a number of
different types of UAVs. Formnstance, the UAVs 304 may include a number of types of UA Vs,
with each type of UAVY being configured for a different tvpe or tyvpes of pavicad delivery
capabilitics.

[161] ¢ UAV gystem 300 may further imnclude a remote device 306, which may take vanous
forms. Generally, the remote device 306 may be any device through which a direct or indirect
request o dispatch a UAVY can be made. {(Note that an mndirect request may involve any
commaunication that may be responded to by dispatching a UAY, such as requesting a package
delivery). In an example embodiment, the remote device 306 may be a mobile phone, tablet
computer, laptop computer, personal computer, or any network-connected computing device.
Further, in some instances, the remote device 306 may not be a computing device. As an
example, a standard telephone, which allows for communication via plain old telephone service
(POTS), may serve as the remote device 306, Other types of remote devices are also pogsible.
1162] Further, the remote device 306 may be configured to communicate with access systom
302 via one or more types of communication network{(s) 308. For example, the remote device
306 may communicate with the access system 302 {or a human operator of the access system
302} by communicating over a POTS network, a celivlar network, and/or a data network such
as the Internet.  Other types of networks may also be utilized.

[183] In some embodiments, the remote device 306 may be configured to allow a user to

request delivery of one or more ttems to a desired location. For example, a user counld request
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UAY delbivery of a package to their home via their mobile phone, tablet, or laptop. As another
example, a user could request dynamic delivery {o wherever they are located at the time of
delivery. To provide such dvnamic delivery, the UAV systern 300 may recoive location
mformation {¢.g., GPS coordinates, etc.} from the user’s mobile phone, or any other device on
the user’s person, such that a UAY can navigate to the user’s location (as indicated by their
mobile phone}.

1104}  Inan illustrative arrangement, the central dispatch system 310 roay be a server or group
of servers, which i1s configured to receive dispaich messages requests and/or dispatch
mstructions from the access system 302, Such dispatch messages may request or instruct the
central dispatch system: 310 to coordinate the deployment of UA Vg to various target locations.
The central dispatch system 310 may be further configured to route such requests or
mstructions to one or more local dispatch svstems 312, To provide such functionality, the
central dispatch system 310 may conumumicate with the access system 302 via a data network,
such as the Internet or a private network that is established for communications between access
sysiems and automated dispatch sysiems,

[165] In the illastrated configuration, the central dispateh system 310 may be configured to
coordinate the dispatch of UAVs 304 from a number of different local dispatch systems 312
As such, the central dispatch sysiern 310 may keep track of which UAVs 304 arc located at
which local dispatch systems 312, which UAVs 304 are currently available for deployment,
and/or which services or operations gach of the UAVs 304 15 configured for (in the ovent that
a UAV fleet wncludes multipie types of UAVs configured for different services and/or
operations). Additionally or aliernatively, each local dispatch system 312 mayv be configured
to track which of its associated UAVs 304 are corrently avatlable for deployment and/or are
currently in the midst of item transport.

{186} Iun some cases, when the central dispatch system 310 receives a request for UAV-related
service {¢.g., fransport of an em) from the access system 302, the central dispatch system 310
may sclect a specific UAY 304 to dispatch. The contral dispatch system 310 may accordingly
mstruct the focal dispatch system 312 that is associated with the selected UAV to dispatch the
selected UAV. The local dispateh system 312 may then operate its associated deployment
sysiem 314 to launch the selected UAY. In other cases, the central dispateh system 310 may
forward a request for a UAV-related service to a local dispatch systeny 312 that is near the
location where the support 18 requesicd and leave the selection of a particular UAY 304 to the
local dispatch aystem 312

1187 In an example configuration, the local dispateh system 312 may be mplemented as a

o]
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computing svstem at the same location as the deplovment svstem(s) 314 that it controls. For
example, the local dispatch system 312 may be implemented by 8 compuating system installed
at a building, such as a warchouse, where the deployment svstem{s} 314 and UAV{(s) 304 that
are associated with the particular local dispatch systermn 312 are also located.  In other
embodiments, the local dispateh system 312 may be implemented at a location that is remote
1o s associated deployment system{s) 314 and UAV (s} 304,

[168] Numerous variations on and alternatives 1o the dlustrated configuration of the UAY
sysiem 300 are possible. For example, in some embodiments, a user of the remote device 306
could request delivery of a package dirsctly from the central dispateh system 310, To do so,
an application may be tmplemented on the remote device 306 that allows the user to provide
mformation regarding a requested delivery, and generate and send a data message 1o request
that the UAV system 300 provide the delivery. In such an embodiment, the central dispatch
system 310 may mchide automated functionality o handle requests that are generated by such
an application, evaluate such requests, and, if appropriate, coordinate with an appropriate local
dispatch system 312 to deplov a UAV.

[169] Further, some or all of the functionality that 1s attributed herein o the central dispatch
systern 310, the local dispatch systemds) 312, the access system 302, and/or the deployment
systern{s) 314 may be combined in a single system, implemented i1 a more complex system,
and/or redistributed among the central dispatch system 310, the local dispatch system(s} 312,
the access systemm 302, and/or the deplovment system{s) 314 in various ways.

1118]  Yet further, while cach local dispatch system 312 is shown as having two associated
deployment systems 314, a given local dispatch system 312 may alternatively have more or
fewer associated deployment systems 314, Similarly, while the central dispateh system 310 15
shown as being in communication with two local dispatch systems 312, the contral dispatch
systern 310 may alternatively be m communication with more or fewer local dispatch systeras
312

1111} In a further aspect, the deployment systems 314 may take various forms. In general,
the deplovment svstems 3 14 may take the form of or include svstems for physically lavnching
one or more of the UAVs 304, Such launch svstems may include features that provide for an
automated UAYVY launch and/or features that allow for a human-assisted UAV launch. Further,
the deployment systems 314 may cach be configured to launch one particular UAV 304, orto
taunch multiple UAVs 304,

{112} ¢ deplovment svstems 314 may further be configured to provide additional functions,

mclading for example, diagnostic-related functions such as verifying systermn functionality of
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the UAV, venfymg functionality of devices that are housed within a AV (¢.g., a pavicad
delivery apparatus), and/or maintamning devices or other items that are housed inthe UAV (e g,
by monitoring a status of a payload such as 1ts temperature, weight, etc.}.

[113] Insome embodiments, the deployment systems 314 and thew corresponding UAVs 304
{and possibly associated local dispatch systems 312) may be strategically distributed
throughout an area such as a city. For example, the deplovment systems 314 may be
strategically distnbuted such that cach deployment system 314 is proximate to one or more
pavioad pickup locations {e.g., near a restaurant, store, or warchouse). However, the
deployment systemas 314 {and possibly the local dispateh systems 312} may be distnbuted in
other ways, depending upon the particular implementation.  As an additional example, kiosks
that allow users to transport packages via UAVs may be installed 1 vanous locations. Such
kiosks may mnclads UAV launch systems, and may allow a user to provide their package for
loading onto a UAV and pay for UAY shipping services, among other possibilities. Gther
exaraples are also possible.

[114] In a further aspect, the UAV system 300 may mclude or have access 1o a user-account
database 316. The user-account database 316 may include data for a mumber of user accounts,
and which are cach associated with one or more person. For a given user account, the user-
account database 316 may include data related to or useful in providing UAV-related services.
Typically, the user data associated with cach user account s optionally provided by an
associated user and/or 1s collected with the associated user’s permigsion.

[118] Further, in some ermnbodiments, a person may be required to register for a user account
with the UAV system 300, if they wish to be provided with UAV-related services by the UAVs
304 from UAY system 300. As such, the user-account database 316 may include authonzation
mformation for a given user account {¢.g., a username and password), and/or other information
that may be used to authonze access 1o a user account.

[116] In some embodiments, a person may associate one or more of their devices with their
user account, such that they can access the services of UAV system 300, For example, when
a person uses an associated mobile phone, ¢.g., 1o place a call to an operator of the access
sysiem 302 or send a message requesting a UA V-related service to a dispatch system, the phone
may be identified via a umque device entification mumber, and the call or message may then
be attributed to the associated user aceount. {ther examples are alsc possible.

V. Hlustrative Landing Pads and Landing Pad Systems

{117} Figure 4 ilustrates a pavioad loading system 400, The payioad loading system 400

mclades a landing pad 405, A UAV 410 may land on, takeoff from, and/or hover over the
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landing pad 405 when operating a delivery service. The landing pad 405 may be coupled to a
landing pad support structure 420, The delivery service may wnchude pick-up, or drop-off, of a
pavioad 430. The UAV 410 includes a retractable tether 412 and a pavioad coupling apparatus
414, The tether 412 and the payload coupling apparatus 414 may be located within the UAY
410, such as within a fusclage of the UAV 410, The pavicad coupling apparates 414 may
couple to the pavicad 430 dunng the delivery service.

1118] The UAV 410 may be similar to the UAVs described in Figures 1A-1E, Figure 2, and
Figure 3 above. The UAV 410 includes components not depicted in Figure 4. For example,
the UAVY 410 may further include a winch system. The winch system may be similar to winch
systerns described above, including winch system 221 of Figure 2, for example. The winch
systern may oclude the tether 412, Other components of the UAV 410 may be sipular in form
and fanction as components described as part of the UAVs described in Figures TA-1E.

11319] The UAV 410 is coupled to a proximate end of the tether 412, Moreover, the proximate
end of the tether 412 may be coupled to the winch svsteme of the UAV 410, The pavioad
couphing apparatus 414 1s coupled to the retractable tether 412 at a distal end of the tether 412,
The payload 430 is coupleable to the tether 412 at the pavioad coupling apparatus 414,

[128F In some instances, the landing pad 405 may inchude a charging pad. Moreover, the
landing pad 4035 may be on top of the landing pad support stracture 420, As depicted 1o Figure
4, the landing pad support struchire 420 15 coupled to a building 440 and supports the landing
pad 405 above a ground surface 450, In this regard, the landing pad 405 and landing pad
support structure 420 may be configured to support the UAV 410 such that there is a safe
amount of space between the UAV 410 and a user of the debivery service. While the landing
pad sapport structire 420 1s coupled to the bulding 440 1n Figure 4, the landing pad support
struchire 420 may be freestanding in other instances. Moreover, the landing pad support
structure 420 may couple the landing pad 405 to an existing structure for support. Existing
support structures that the landing pad 405 may be coupled to mnclude buildings, awnings, lamp
posts, mail boxes, restaurants, houses, flag poles, cars, trucks, vehicles, ete. In some
embodiments, the landing pad 405 may be elevated above the ground surface 450, while
other instances the landing pad 405 may be at or near the ground surface 450.

1121} The landing pad 405 may be attached to a local clectrical grid and/or a network in some
crabodiments. In some instances, the landing pad 405 may be attached to a solar panel or other
mndependent power source rather than the local electrical gnd. Tn some examples, the landing
pad 405 may be attached to a local electrical grid and/or a network via the landing pad support

stracture 420. As such, the landing pad 405, for example via a component such as a charging
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pad, may provide electrical power to the UAV and support the uploading/downloading of data.
[122] When debivering the pavicad 430, the UAY 410 may pick up the payload 430 from a
warchouse, a storefront, a restaurant, or a user of the debivery service. The payioad 430 15
coupled to the payload coupling apparatus 414, The pavioad coupling apparatus 414 includes
means for attaching the paylead 439, for example, as described 1 US. Patent Publication No.
2018/G072420 (U8, Patent Application No. 15/389,074), which is hereby incorporated by
reference,

11231 Upon reachmg the destination, the UAY 410 may land on the landing pad 405 and pay
out the tether 412, The tether 412 15 coupled to the UAV 410 at a first end and the pavicad
coupling apparatus 414 at a second end. The payvload 430 may reach a target location. The
target location is a three-dimensional space that s casily accessed by a user, such as a consumer
or merchant. In some embodiments, the target location is at an ergonomic position for a aser
to load or unload the payload 430, Once the payload 430 reaches the target location, the
pavicad 430 s unloaded from the payload coupling apparatus 414, A user, merchant, robot, or
other enfity may unload the pavicad 430, When the payioad 430 15 unloaded to the payioad
coupling apparatus 414, one or more sensors on the UAY 410 may detect a decrease in tension
in the tether 412, At this time, another payload may be loaded onto the payicad coupling
apparatus 414, After unloading the payload 430, the UAV 410 may reel in the tether 412.
1124] In other examples, rather than dropping off the pavicad 430, the UAY 410 may pick up
and load the pavisad 430 after landing on the landing pad 405, After landing, the UAV 410
may pay out the tether 412 such that the pavioad coupling apparatus 414 reaches the target
location where the pavicad 430 can be coupled to the pavioad coupling apparatus 414, The
tether 412 may then reel in the tether 412 including the payload 430,

{125 In some oxamples, the loading/unloading process may include reeling in/paving out the
tether 412, pavioad coupling apparatus 414, and possibly the pavioad 430 through a cavity in
the landing pad 405, U.S. Patent No. 10,604,252, incorporated by reference, more fully
describes passing the tether 412 and the payvload coupling apparatus 414 through a cavity. In
other examples, the loading/unloading process may not involve recling in or paying out the
tether 412, and instead the payload 430 may be directly coupled to {o.g., clipped t0) the UAY
410 or the payload 430 may be loaded mto a cavity of the fuselage of the UAV 410. For
example, a consumer may be able to reach the underside of UAY 416 directly and use of a
tether would vot be necessary. In such exampies, the UAV 410 mav not include a tether or
winch systems. In yet other examples, a conveyor or elevator or other means for transporting

the payicad 430 to/from the UAVY 410 are considered.
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[126] The pavicad loading svstem 400 may further include other features, such as notifymg
a user when the UAV 410 has arrived to pick-up {or drop-off} the payload 430, In some
crobodiments, the payload loading system 400, includmg the landing pad support structure 420
may include a user interface to assist the user m preparing for delivery or pick-up. Forexample,
a merchant may onter an address or other user information into the pavioad loading system 400
such that the UAV 410 1s provided with relevand information o carry out the delivery of the
pavicad 430, In other exaroples, the pavicad loading systern 400 or an operator thereof may be
notified that the UAV 410 is charged and ready to receive the pavicad 430, In such examples,
the UAY 4107s preparedness may be indicated via an indicator lamp, the payvicad coupling
apparatus 414 being lowered, or a software signal to a pavlcad-aircraft assignment/dispatching
syasiern, among other examples.

1127] Asdepicted in Figure 4, the UAV 410 has landed on the landing pad 405, While landed,
the UAV 410 may charge or replace batteries, and/or communicate with other aspects of a
UAY svystem. Additionally, while landed, the UAV 410 may watt for a user or other device to
load (or unload) the payload 430 onto the pavioad coupling apparatus 414, In some examples,
lvading the pavicad 430 may occur after charging the UAV 410 is completed. At least one
advantage of the payload loading system 400 being configured to support the landing of the
UAVY 410 1s that loading the pavload 430 while the UAY 410 s landed saves battery ¢nergy of
the UAV 410

1128] Figure 5 illustrates a pavicad loading systern 300 that meludes a roof landing pad 503,
a first awning landing pad 506, a cantievered landing pad 507, and a second awning landing
pad 508, As shown in Figure 5, a plurality of UAVs 5310 may land on one or more of the
landing pads described herein. The landing pads are coupled to a building 520, In some
mstances, the landimg pads in Figure 5 are coupled to the building 520 via a support structure,
such as the landing pad support structure 420 m Figure 4, among other examples.

[129] Asillustrated m Figure 3, the payload loadimg system 500 meluding landing pads may
be a structure as part of a building or warehouse. Within examples, landings pads are coupled
1o, or inchuded as part of a merchant module. The merchant module may inelude a warchouse
or distribution center. A merchant may sell or execute deliveries out via a UAV delivery
sysiem out of the merchant module incloding the landing pads. Although the landing pads are
shown on the cutside of the building 520, 1t should be noted that the landing pads could also
be mstalled nside the building 520 and UAVs could travel in and out of the buiiding 520,
[130] While Figure 5 depiets the building 320 and 18 generally considered part of a merchant

module, it is also considered hergin that other structures, including trucks, residences, stores,
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and other conupon structures in a community may be designated as a location where UAV
delivery service may be desirable and thus a corresponding payioad loading svstem including
one or mare landing pads may be installed. As shown in Figure 5, the landing pads described
herein may be mstalled m a vanety of ways to existing and new structures. Such structures
may be dedicated to delivery services, or may be fitted to inchude alanding pad 1 a convenient
location for a network of UAVs. Other sinilar design considerations are contemplated.

1131} More particularly, Figure 5 depicts the roof landing pad 505, The root'landing pad 303
may be mstalied on a roof of the building 520 and payvloads may pass through an opening, a
cavity, or a window of the building 520. Figure 5 also depicts the first awning landing pad 506
that is arrapged over a window in the building 520, Merchants or customers may interact with
the UAV 510 via the window under the first awning landing pad 306, Similarly, Figure 8
depicts the cantilevered landing pad 507, The cantilevered landing pad 507 may be directly
coupled to the building 520 and, being cantilever off of the building 520, the cantilevered
fanding pad 507 may support the entirety of the landing pad and any UAVs 510 landed thereon.
Merchants or customers may interact with the UAVs 510 on the cantilevered landing pad 507
by walking under the landing pad. The second awning landing pad 508 s another exanmple
embodiment. A payiocad 530 may be made available by a merchant for pickup by one of the
UAVs 510, The pavioad 530 may be loaded onto the UAVs 510 by a person or machine upon
being prepared for delivery by the UAVs 510,

1132} While Figure 5 depicts varnous landing pads installed on and as part of the building 520,
other implementations are considered heren. For example, landing pads deseribed herein may
be portable and/or may be used ndependent of any other support. In other examples, landing
pads may be installed as part of systems not otherwise depicted. For example, i another
embodiment landing pads with charging capabilitics may be built into a floor of an upper level
of a hanger or warchouse. Operators and package loading may occur below on a lower level
while the UAVs are on the upper level. Movabie charge pads as part of the landing pads could
be built nto the floor structure itself. Other maplomentations of the landing pad described
herein will become apparent to a person of skall in the art.

11331 Contimung with the Figures, Figures 6A-6( depiet a landing pad 600, according to an
example embodiment. The landing pad 600 mcluding a charging pad 605, a support structure
620, and a plurality of UAV supports 630A, 6308, 630C, and 630D. The charging pad 605
may include a plurality of electrical contacts 607, (One or more hinge(s) 609 may couple the
charging pad 605 to the support structure 620, A UAV 610 includes a retractable tether 612

{sge Figure 6E} and a payload coupling apparatas 614 {see Figure 6E). The pavicad coupling
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apparatus 614 may couple to a payioad 616 {see Figure 6F). The UAV 610 may also include
a fuselage 618, The sapport structure 620 may include a track 622, Each of the UAV supports
630A-D include a roller 532A-, a gear 634A-D, and a motor 636A-D, respectively.

{134} Figure 6A depicts the UAV 610 on the landing pad 600, according o an example
embodiment. More particularly, the UAV 610 13 on the charging pad 605 of the landing pad
600, in some examples, electrical power is transferred from the charging pad 605 to the UAY
610 via the clectrical contacts 607, The charging pad 6035 may be coupled to an clectucal gnd
in order to recharge batteries within the UAV 610, The UAV 610 may include a plurality of
contacts that receive electrical power from the landing pad 600, and more particudarly the
charging pad 605, In some cmbodiments, the fuselage 618 of the UAV 610 may be in clecirical
cornmunication with the charging pad 605, The charging pad 605 may also facilitate data
communication between the UAV 610 and a network or server via the electrical contacts 607.
1135} In other examples, the UAV supports 630A-D may include one or more electrical
contacts 1 addition fo or instead of the clectrical contacts 6507, Electrical contacts on the UAY
supports 630A-D may otherwise function the same as the electrical contacts 607, but be located
as part of the UAV supports 630A-D, including but not limited to being part of the roller 632A-
D component. in some such examples, the charging pad 6035 may not inclade electrical contacts
607 and may no longer be a charging pad and just physically support the UAVY 610 as described
herein. Instead or in addition to electrical contacts, the pad may include additional visual
mdicators identifying the pad location. In other examples where both the charging pad 605
mchudes the clectrical contacts 607 and the the UAV supports 630A-D include one or more
additional electnical contacts, the UAV 610 may continue to charge and/or exchange
mformation via the electnical contacts of the UAV supports 630A-D after the charging pad 605
has moved away from the UAV 610 (see Figure 683).

[136] Asshown in Figure 6A, the charging pad 605 supports the UAV 610 by being in contact
with a portion of the UAV 610, for example the fuselage 618 of the UAV 610, In some
embodiments, the UAY 610 may have just landed at the landing pad 600 in order to recharge
hattenies of the UAV 610 and/or pick-up/drop-off a pavlcad. The support structure 620 may
be coupled 1o or integrated within a building, truck, or other structure in order to support the
landing pad 600 and the UAV 610, The support structure 620 may be constructed from metal,
wood, or other suitable materials. In some examples, a portion of the support structure 620
may encompass and/or surround the charging pad 603 when the charging pad 605 1s supporting
the UAV 610

[137] As descnbed in further detai] below (sece Figure 6D}, at least a portion of the charging

29



WO 2022/055677 PCT/US2021/046485

pad 605 1s contigured to move relative to the support structure 620, For example, m Figure
6A, the charging pad 603 may be considered in-plane with a top portion of the support siructure
620. However, the charging pad 605 may be rotatably coupled to the support stracture 620,
for example, via the one or more hinges 609, In some aspects, the charging pad 605 may move
relative to the support structure 620 in order to expose and provide access to an underside of
the UAV 610, Particularly, moving the charging pad 605 may provide access to the fuselage
618, tether 612, payload coupling apparatus 614, and/or onc or more batteries of the UAV 610,
11381 In Figure 6A, the UAV supports 630A-D are in a first position. When i the first
position, the UAV supports 630A-D are along the periphery of the charging pad 605, In some
crabodiments, when in the first position, the UAV supports 630A-D may be aligned with or
overlapping a portion of the support structure 6208, The UAY 610 may land on the landing
pad 600, or the charging pad 605, when the UAV supports 630A-8 are in the first position.
Moreover, when in the first posiiton, the UAYV supports 630A-D provide the UAV 610 access
to the charging pad 605, Further, when the UAV supports 630A-D are 1n the first position, the
charging pad 605 supports the UAV 610, In some cases, supporting the AV 610 includes
supporting the weight of the UAY 618 and/or maintaming a vertical posttion of the UAV 610
relative to a ground surface.

[139] Each of the UAV supports 630A-D are coupled to the support structure 620, While
four UAYV supports 630A-D are shown, it shoold be understood that more and less than four
UAY supports are conteraplated herein. The UAV supports 630A-D are movably coupled to
the support structure 620, o some examples, UAY supports 630A-1 are movably coupled to
the support structure 620 via the track 622,

{1401 The UAV support 630A are desertbed herein, but it shoald be understood that the other
UAVY supports 630B-1 may nclude components refercnced sinularty that have similar form
and function as the components of the UAV support 630A.

{141} The UAV support 630A mcludes the motor 636A, the gear 6344, and the roller 632A.
The UAV support 630A may also include a second gear on the opposite side of the roller 632ZA
from the gear 634A. Thus the roller 632A may be between two gears, for example. The motor
636A may drive the gear 634A (o rotate and move along the track 622. The gear 634A moves
along the track 622 such that the roller 632 rolls and/or translates across the landing pad 600,
the charging pad 603, and the support structure 620, In other examples, the gear 634A may
mchude a wheel and run along a portion of the support structure where the track 622 1g located
mn Figore 6A.

1142} The motor 636A may be wired to the electrical power of the landing pad 605 mehuding
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the support structure 620 and the charging pad 605, Moreover, the roller 632A may be
considered a baror ared. In some regards, the roller 632 A 1s configured to roll or move across
at least a portion of the support structure 620 and/or the charging pad 6053, The roller 6324
may have a cvlindrical shape and may span the charging pad 603, The gear 634A may mnterface
and correspond with the track 622 of the support structure 620. Moreover, the gear 634A may
supportt the roller 632A.

1143} While depicted and described above as cvlindrical and the rollers 632A-D3, 1 15
contemplated that in other examples the rollers 632A-D may not roll but only translate across
the support structure 620, Moreover, instead of the rollers 632A-D, non~round and/or non-
rolling support bars arc considered. The shape ofthe rollers 632A-D may vary based on various
other parameters including the location of the comresponding landmg pad m the environment
as well as the speaific function of those rollers 632A-D 1 a specific embodiment. Forexample,
I s0me ¢ases it may be advantageous to have a flat surface as part of the UAV supports 632A-
D, and thus cvlindrical roller bars may not be used. Other examples will be apparent to ong of
skill in the art without departing from the scope of the mvention.

[144] The track 622 may be located along one or more of a top surface or top edge of the
support structure 620. In some cases, there may be four tracks, one on each side of a square or
rectangular support structure 620,

[145] Asdepicted, the UAV supports 630A and 630B may both move across the landing pad
600 in opposite directions along the same track 622, Similarly, the UAY supports 630C and
63013 may also both move across the landing pad 600 in opposite directions.  As provided i
more detail hereimn, the UAV supports 630A and 630B may be arranged perpendicular or nearly
perpendicular to the UAVY supports 630C and 630D, As such, in some examples, the UAVY
supports 630A and 630B move perpendicular to the movement of the UAV supports 630C and
630D, Moreover, the UAV supports 630A and 6308 may overlap the UAV supports 630C and
630D so that the supports do not conflict or contact one ancther. In this way, among other
exaraples, the UAV supports 630A and 630B may be configured at a higher clevation above
the charging pad 605 than the UAV supports 630C and 630D, In some examples, the gears
6344 and 6348 may be larger m diameter than the gears 634C and 634D so that the vollers
632A and 632B are above the rollers 632C and 632D, Other ways to configure the UAY
supports 630A-B and components thereof will be apparent to one of ordinary skill in the art.
{146} Continumng to Figure 68, the AV supports 630A-B are shown translating across the
support structure from the first position. For example, UAV support 630A and UAV support

630 B arc closer to one another in Figure 6B than in Figure 6A. As shown, there are four UAY
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supports 630A-D, and cach of the four UAV supports 630A-1d are moving in g different
direction. In other words, each of the UAY supports 630A-D are moving towards the UAV
610, The motors 636A-D are driving the gears 634A-D) along the tracks 622 such that the
rollers 632A-D are moving towards the UAV 610,

1147} In some examples, the phurality of UAV supports 630A-D includes a first pair of UAY
supports 630A-B that move in opposite directions to one another, and a second pair of UAY
supports 630C-D that move n opposite directions to one another. Moreover, the first pair of
UAY supports 630A-B may be perpendicular to the second pair of UAV supports 630C-D. For
example, as depicted, the UAV support 630A moves m an opposite direction compared to the
UAY support 630B when moving towards the UAV 610, Similarly, the VAV support 630C
moves 1n an opposite direction compared to the UAVY support 630D when moving towards the
UAYV 610, In addition, the UAY supports 630A and 630B are arranged perpendicuiar to the
UAY supports 630C and 630D,

1148] In Figure 6C, the UAV supports 630A-D have moved from the first position {e.g., along
the periphery of the charging pad 605) to the sccond position. While “position” 13 used, it
should be understood that the four UAYV supports 630A-D are in a first “arrangement” when mn
the first position, for example. The first position may be considered when the UAV supports
630A-D are along the periphery of the charging pad 603, In other regards, the first position
may be considered the position when two UAY supports, sach as the pair of YAV supports
630A and 6308 are spaced out from one another at a distance of more than three quarters a
length or width of the landing pad 600 or charging pad 605, In even other examples, the fitst
position may be considered the position when the UAV support 6304 is furthest away from
the UAV support 6308, and similardy, the UAV support 630C s furthest away from the UAYV
support 630D,

[149] The second position may be considered when the UAVY supports 630A-D are furthest
away trom the peniphery of the charging pad 605. In other regards, the second posttion may
be considered the position when two UAY supports, such as the pair of UAV supports 6304
and 6308 are spaced out from one another at a distance of less than one guarter a length or
width of the landing pad 600 or charging pad 605. In even other examples, the second position
may be considered the position when the UAV sapport 630A is closest to the UAVY sapport
6308, and similarly, the UAV support 630C is closest to the UAV support 630D,

{1507 Within at least one embodiment, the VAV supports 630A-13 have translated along and
across at least a portion of the support structure 620 from the first position to the second

position. In the second position, the UAV supports 630A-D are in contact with the UAV 610.
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In some examples, the UAV supports 630A-D are in contact with a fuselage 618 of the UAVY
610 when the UAY supports 630A-D are in the second position. In yet a further embodiment,
the UAV supporis 630A-D) transiate across the support stracture 620 wtdl each of the UAV
supports 630A-B come mnto contact with the UAV 610 When i the second position, the UAV
supports 630A-D sapport the UAY 610 {(e.g., maintain a vertical position of the UAV 610
relative a ground surface and/or the landing pad 600).

1151} In some embodimends, the UAV supports 630A-D are force himited such that the UAY
supports 630A-D translate along the support structure 620 until the UAV supports 630A-D
contact the UAY 610, but contact with the UJAY 610 causes the UAY supports 630A-D to stop
moving. In other words, while the UAV supports 630A-D contact the UAV 610, the VAV
supports 630A-D do not cause the UAY 610 to change positions. In this way, the UAY
supports 630A-D travel to the UAY 610 no matter where the UAV 610 18 oo the charging pad
605, Morcover, the UAY supports 630A-D are able to contact and support the UAV 610
without requiring a closed loop control scheme (although i could). In such examples, upon
activation, the UAY supports 630A-D may operate, for example, franslate or move across the
support structure 620, for a predetermined set of time.

{152] In other embodiments, in addition to being force himited, or instead of being force
hmited, the UAVY supports 630A-D are time lontted or configured to move a predetermuned
distance along the support structure 620, In some examples, after the movement of the UAY
supports 630A-D is force limited, the UAV supports 630A-D may then move for the
predetermined time or distance. The UAV supports 630A-D may move a particular distance
or timeg such that the UAV supports 630A-D contact the UAY 610 but do not contact the
fuselage 618 in order to prevent possible scratching, marking, or damaging the fuselage 618.
In such a case, the UAV supports 630A-D may contact a different section of the UAV 610,
such as a boom or wing of the UAV 610

{133} In further examples, the UAV supports 630A-D are able to move the UAV 610, For
gxaraple, it is contemplated that the UAV supports 630A-D can move the UAY 610 across the
landing pad 600 to a specific location, or for example, may rotate the UAV 610 fo a certain
orientation in order to better support the loading/unloading and/or charging processes.

{154} Beocause the UAV supports 630A-D are sapporting the UAY 610 when the UAV
supports 630A-D are in the second position, the charging pad 605 is no longer supporting the
UAY 610, As such, and as shown in Figure 6D, the charging pad 605 may move relative to
the sapport structure 620, In some examples, the charging pad 605 has moved away from the

UAV 610, In Figure 6D, the charging pad 603 rotates relative o the support structure 620, and

Lra
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particularly a top portion of the support structure 620, The charging pad 605 may nclude a
latch{s), brackei(s}, sapport{s) and/or the hinge(s) 609 coupled to the support stracture 620 so
that the charging pad 605 can be moved away from the UAV 610 In some cxamples, the
support structure 620 may include one more motors that operate the charging pad 605, In some
examples, the charging pad 605 may be biased open or closed via one or more springs or
actuators positioned between the charging pad 605 and the support structure 620, After being
moved away from the UAV 610, an underside of the UAV 610 s accessible.

{185} While the charging pad 605 is rectangular m shape in Figures 6A-6G, it should be
understood that other shapes are considered. Morgover, while a single charging pad 605 is
depicted, more than one charging pad is contemplated herein {see e.g., Figure 7} In some
examples, the charging pad 605 may include at least two components that move independently
of one another. In another example, there may be at least two separate charging pads that are
cach supported by the support structure 620, Other designs and configurations are known to
peopic of skill in the art.

1186] Moreover, while the charging pad 605 1s shown moving away from the UAV 610, it
should be understood that other similar operations are contemplated by this arrangement. For
cxample, the charging pad 605 may be moved towards the UAY 610 m order to cause the
charging pad 605 to come nto contact with the UAV 610 1o order o carry out an operation,
such as recharge one or more batteries of the UAY 610,

1157] In Figure 6E, the UAV 610 has payed out {or deploved) at feast a portion of the
retractable tether 617 including the payioad coupling apparatus 614, A distal end of the tether
612 1s coupled to the paviead coupling apparatus 614, while a proximate end of the tether is
coupled to the UAV 610, As deseribed above, the UAV 610 may further mnclude 2 winch
systern {(not shown} that operaies the tether 612, Although not shown, if the UAV 610 were
making a delivery, the pavioad coupling apparatus 614 could be coupled 1o a pavioad and the
tother 612 could be lowering the payvicad to be unloaded. As depicted, a pavioad, such as the
pavioad 616 (see Figure 6F) may be loaded onto the payload coupling apparatus 614 from this
position. In some examples, the UAV 610 loads a payvioad and/or begins a loading sequence
when the UAYV supports 630A-D are m the second position. One or more sensors on the UAY
610 may recognize an increase 0 the tension of the tether 612 and register that a payload has
been loaded.

{158} Iu some examples, the UAV supports 630A-D roay move to a thard position during the
loading process. For example, in preparing 1o lower the pavicad coupling apparatus 614, the

UAYV supports 630A-D may move apart from one another so that a cavity or spacing under the
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UAYV 610 and between UAV Supports 630A-D is large enough to fit the payicad coupling
apparatus 614 and the payload 616 through the cavity. In other example, as shown m Figure
o, in preparing 1o tetract the payload 616 {not shown until Figure 6F), the UAY supports
630A-D may move apart from one another so that a cavity or spacing under the UAV 610 and
between UAV Supports 630A-D is large enough to fit the payload 616 through the cavity.
Nonectheloss, as described above, in some examples, the pavicad 616 may still be loaded to the
UAY 610 when the UAV supports 630A-D are in the second position. To vet another example,
the UAV supports 630A-D may move to the third posttion when the charging pad 6035 has
moved away from the UAV 610.

1159] Contimung to Figure 6F, the payload 6F has been coupled to the pavicad coupling
apparatus 614 of the UAV 610 and the UAV 610 has reeled in the tether 612 1n preparation for
departure from the landing pad 600. As shown in Figures 6E and 6F, the UAYV supports 630A-
[ may move to the third position in preparation for accepting the payioad 616, The third
position may be somewhere between the first position and the second position. In the third
position, the UAV supports 630A-D still support the UAV 610, However, in some examples,
when in the third position, the UAV supports 630 may support the UAY 610 by contacting the
UAY 610 1n a different location than when the UAY supports 630 were in the second position.
In some examples, the UAY supports 630A-1 may not no longer be 1n contact with the fusclage
618 of the UAV 610, but be in contact with another portion of the UAV 610. Atlecast some of
the UAV supports 630 may be further spaced apart when in the third position such that the
pavicad 616 fits through a cavity under the fusclage 618 of the UAV 6140

1168 Figure 6G depicts the UAV 610 departing from the landing pad 600. Upon activation
of the propellers of the UAV 610, the UAV 610 may begin to hover above the landing pad 600.
Moreover, upon hovering and the UAV 610 no longer being in contact with the UAY supporis
630, the UAV supports 630 may return 1o the first posttion or move to a position closer to the
first position. In this way, the cavity that the pavicad will move through under the UAVY 610
becomes larger and thus 1t 1s less likely that the payload 616 contacts or conflicts with the UAY
supports 630,

{161} While the payload 616 is recled all the way up to the UAV 610 in Figure 6F and then
the UAV departs as shown m Figure 6G, 1t should be understood that in some examples the
UAVY 610 may begin to hover before the payload 616 1s fully loaded or reeled in. For example,
one lnading sequence could mclude the payload 616 being coupled to the coupling apparatus
614, and upon sensing the pavicad 616 the AV 610 may begin to hover and takeoff from the
UAYV supports 630A-D. The UAV supports 630A-D may be in the second position at this time.



WO 2022/055677 PCT/US2021/046485

Then, onee the UAV 610 1s hoverning, the UAYV supports 630A-D may move from the second
position to the third or the first position to allow the payload 616 to continue to be reeled up to
the UAV 610. The UAV 610 may then load the payload 616 all the wav to the fuselage 618
and depart the landing pad 604,

[162] Again, 1t will be understood to a person of skill in the art that the operations described
above and herein may alsc be executed in another order, such as a reverse order, and still
function. For cxample, the UAY 610 may arrive with the pavioad 616 as shown in Figure 60,
land as depicted in Figure 6F, unload the payicad 616 as depicted in Figure 6E, etc.

11631 Figure 7 depicts a landing pad 700, a first charging pad 6034, a second charging pad
6058, the UAV 610, the support structure 620, and the phurality of UAV supports 630, Figure
7 and the components shown therein may be similar in form and function to those shown in
Figure 6. However, as shown in Figure 7, other configurations of charging pads, such as the
first charging pad 6035A and the second charging pad 6058, are cousidered herein. As shown
m Figure 7, the two charging pads 605A and 605B may both move relative to the support
structure 620. Further, cach of the two charging pads 605A and 605B may be hinged and/or
motorized to move relative to the UAY 610 when the UAV 610 1s being supported by the UAY
supports 630A-D. For example, the first charging pad 605A may be coupled to the support
structure 620 via one or more hinges 609A. Sipularly, the second charging pad 603B may be
coupled to the support stracturg 620 via one or morg hinges 609B.  Moreover, although not
depicted 1t should be noted that the two charging pads 605A and 605B may separately or
together support the UAV 610 when the UAV supports 630A-B are in the furst position.

[184] Additionally, a method for supporting and charging a UAV is disclosed. Figure 85 a
simplified block diggram ithustrating a method 300 for supporting a UAV on a landing pad. It
should be understood that example methods, such as method 800, might be carricd out by one
or more cniities, or combinations of entitics {(i.c., by other computing devices, and/or
cornbinations thereof), without departing from the scope of the mvention.

1165} For example, functions of the method 800 may be fully performed by a machine, a
human operator, a computing device {or components of a computing device such as one or
more processors or controllers), or mayv be distributed across multiple components of the
computing device, across muoltiple competing devices, and/or across one or more servers. In
some examples, the computing device may receive information from nput commands initiated
bv an operator, scnsors of the computing device, or may receive nformation from other
coroputing devices that collect the information. More particularly, functions of the method 800

may be carried out by computing device(s} and/or controller{s) of a UAV or that of a UAY
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sysiem or network, or a combination thereof.

[166] As shown by block 802, the method 800 includes supporting a UAY above a ground
surface by a charging pad of a landing pad. The charging pad may be coupled to a suppont
structure as part of a pavioad loading system, for example. The landing pad and payvload
loading system may be part of a UAV delivery system or service. The landimg pad may be
coupled to existing structures, or in other examples the landing pad may be installed as a new
structure.  The landing pad may be located at merchant termainals or moduies, food trucks,
warchouses, distnbution centers, residences, within communities, ete., among other focations.
[167] The UAV may have recetved mstructions from a UAV network or system o execute
an operation at or on the landing pad. For example, the UAV may be send to the landing pad
to pick up a payioad for debivery. Or, in another example, the landing pad may be regisiered
within a UAV aystem or network and the UAY may autonomously determine that the UAY
should land to carry ouf a certain operation, such as charge its batteries.

[168] As shown by block 804, the method 800 includes charging at least one battery of the
UAY. In one embodiment, charging the battery of the UAVY may be executed via the charging
pad, and more particularly electrical contacts within the charging pad that transfer clectrical
power to the UAY. The UAY, mcluding but not limited to the fuselage of the YAV may
nclude contacts that receive the electrical power from the charging pad and route the power to
one or more batteries of the UAVY. Moreover, the charging pad may transfer data to the UAY
via the clectrical contacts.

1169 The charging pad may provide power to the UAV automatically upon the UAV Jandmg
on the landing pad, or upon a cornmand issued by the UAV, a user, or a UAV system/network.
Morcover, the charging may stop charging the UAV upon instructions from the UAYV, a user,
ora UAY system/network.

[178] As shown by block 806, the method 890 includes a plurality of UAV supports moving
across the landing pad towards the UAV. In some examples the UAY supports may translate
across the landing pad. The UAV supports may be similar to the UAY supports 630 described
1 Figures 6A-6G, for example. The UAVY supports may cach move in a difforent direction to
reach the UAV that has landed on the charging pad. In some examples, moving the plurality
of UAYV supports across the landing pad towards the UAV may stop when the plurality of UAVY
supports come into contact with the UAVY.

{171} lustructions to the landing pad may tnitial the movement of the UAV supports. The
UAV supports may be tnggered to move based on a vanety of operational scenarios. For

example, the UAY supports may be automatically triggered to move based on the charging pad
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stopping providing electrical power to the UAV. Or the UAV supports may be triggered to
move directly by the UAVY upon the UAV battenies reaching a certain predetermined capacity.
1o other examples, upon a user approaching the landing pad to interact with the UAV (1o begin
the process to make or receive a delivery, for example), the UAV supports may move towards
the UAVY. In vet ancther example, the UAYVY supports may be instructed to move towards the
UAY based on a command received from a UAVY network, A variety of sinuilar operational
pararacters are understood to those of skil in the art in view of the disclosure provided hercim.
11721 As shown by block 808, the method further mcludes moving the chargmg pad away
from the UAY. In some examples, the movement may inclade a rotation of the charging pad
via one of more hinges between the charging pad and the support structure. The charging pad
may be moved away from the UAV after the UAV supports move towards the UAV. Morc
particudarly, the charging pad may be moved away from the UAV after the UAV supports
contact and provide support to the UAY. As such, the plurality of UAVY supports provide
support to the UAV above the ground surface.

11731 The charging pad and/or the support structure may receive instructions to move the
charging pad away from the UAV gpon confirmation that the UAY supports have come into
comtact with the UAY. Alternatively, the charging pad may be moved away from the UAV
after a predetermined amount of time after the UAV supports were tnitiated to moove across the
landing pad.

1174] As provided in block 818, the method 200 also includes providing access to an
underside of the UAV. The underside of the UAV i accessible when the charging pad has
moved away from the UAV (sec block 808) and the UAV 1s being supported by the UAV
supports and not the charging pad {(sce block 306}

1178] The method 800 may inchade other steps not shown in Figure 8. For example, the
method 800 may include loading a payload to the UAV after the charging pad has moved away
from the UAV and the UAYVY i3 supported by the plurality of UAV supporis. In another
examaple, the method 800 may include the actual landing or takeoff operations of the UAV.
Thus, the method may nclude landing the YAV oo the charging pad of the landing pad, for
example.

[176] Blocks or steps of method 800 may be controlled or initiated based on mitiation of a
pavioad loading sequence. For example, a user may initiate a pick up request with a UAVY
network. A UAV may then be instrocied to uutiate a landing operation onto the landing pad.
Dretails of the pick up request may provide the parameters of the delivery the user 1s attempting

to accomplish. Based on those details, the UAV may compare its current battery life against
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an estimated or known amount of fly time or other parameter to carry out the delivery. The
UAY may determing that additional power is necessary, and thus begin accepting a charge
from the charging pad of the UAV. The UAV may also exchange information {¢.g., status of
the UAV systems, among others) with the UAV network via being connected o the charging
pad. Upon recharging its batteries to enough of a capacity to execute the debivery, the UAY
may continue the loading sequence. This may trigger the UAY supports to move towards the
UAY and eventually contact the UAY,

[177] Upon the UAV supports now supporting the UAV, the charging pad may automatically
or manually be moved away from the UAVY such that aceess to the underside of the UAV is
provided. Upon the underside of the UAY being accessible, the UAV may deploy its tether
and payload coupling apparatus. Upon the payload coupling apparatus the UAV may wait to
either automatically detect or be told that a pavicad has been loaded. The UAV may then el
i the payioad and prepare for departure. The UAY supports may be configured to move apart
from one another 10 order to allow for the pavload to fit between the supports. The UAV may
then nitiate a take off operation, including taking off from the VAV supports of the landing
pad.

{178] In some examples, after loading the pavicad to the UAY, atakeoff of the UAV may be
mitiated. For example, the UAV may begm to hover above the supports. The supporis may
sense that the weight of UAYVY 1s no longer on the supports or the system may be commanded
that the UAV is no longer being supported by the supports. Upon the supports no longer
supporting the UAV, the plurality of supports may move outwards towards the support
structure. In at least one embodiment, as soon as the UAVY begins 10 hover the UAY supports
may be commanded to move away from the UAY and/or towards the periphery of the landing
pad or support structure such that poteotial conflict between the paviocad and the supports is
reduced.

[179] In turther examples, insiead of the rollers of the UAYV supports being motorized, the
rollers may be driven mechanically only via a mechanism that translates a downward motion
or lowering motion of the charging pad mio lateral motion of the UAY supports and rollers.
Such an embodiment may reduce a number of clectrical components and correspondingly
reduce costs.

{18¢] Other similar sequences {replacing/exchanging batteries or other components,
unloading, other servicing, ¢tc.} will be known to a person of skill in the art without departing
from the scope of this disclosure.  Moreover, means for providing, initiating, and

commuuncating nstructions for carrying out such a sequence are also considersd.
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[181] In other embodiments the method 800 may include more or less blocks as well as blocks
that carry out varions functions described herein.  Also, while the blocks are expressed in a
specific order herein, other ordering of the various blocks 1s considered herein.

Vi  Conclusion

[182] It should be understood that arrangements described herein are for purposes of example
ondy. As such, those skifled 1n the art will appreciate that other arrangements and other elements
{c.g. machines, interfaces, operations, orders, and groupings of operations, ¢ic.) can be used
mstead, and some clements may be omitted altogether according to the destred results, Further,
many of the elements that are described are functional entities that may be implemenied as
discrete or distributed components or in conjunciion with other components, in any suitable
combination and location, or other structural elements described as independent structures may
be combined.

1183] While various aspects and mmplementations have been disclosed herein, other aspects
and mplementations will be apparcot to those skilled n the art. The various aspects and
mmplementations disclosed herein are for purposes of llustration and are not mntended to be
hEmiting, with the true scope being indicated by the following claims, along with the full scope
of equivalents to which such claims are entitled. 1t is also to be understood that the terouinclogy
used herein is for the purpose of describing particular tuplementations only, and is not intended

to be limiting.
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CLAIMS

We claim:

L. A landing pad for an ynmanned aenal vehicle (C"UAV™), comprising:

a support structure;

a charging pad coupled to the support structure such that at least a portion of the
charging pad 1s configured to move relative to the support structure; and

a plurality of UAV supports coupled to the support structure, wherein the plurahity of
UAY supports are configured to translate along the support structure from a first position to a
second position, wheren when in the first position the plurality of UAV supports provide the
UAYV access to the charging pad and the chargimg pad supports the UAV, and wherein when in
the second position the plarality of UAV supports support the UAY.
2. The landiog pad of claim I, wherein when the plurality of UAV sapports arg in the
second position, the charging pad s configured to move away from the UAV such that an
underside of the UAYV is accessible.
3. The landing pad of claim 1, wherem the UAY s configured to load a pavicad when the
plurality of UAV supporis are in the second position.
4, The landing pad of clavn 1, wherein the plurality of UAVY supports are configured to
translate along the support structure until cach of the phirabity of UAV supports contacts the
UAV,
5. The landing pad of clain 1, wherein when 1o the sccond position, each of the plurality
of UAV supports 1s in contact with the UAVY.
6. The landing pad of claim 1, wherein the UAY s configured to land on the landing pad
when the phurality of UAY supports are in the fisst position.
7. The landing pad of claim 1, wherein the UAV 15 configured to takeoff from the landing
pad when the plurality of UAV supports are n a third position.
3. The landing pad of claim 1, wherein the UAVY is configured to deploy a payload
coupling apparatus when the plurality of UAY supports are in the second position.
g, The landing pad of claim 1, wheremn the plurality of UAV supports are configured to
translate along the support structure for a predetermined amount of time.
10, The landing pad of claim I, wherein cach of the plurality of UAY supports are force
himited such that the phurality of UAV supports are configured to translate along the support
structure untl the plurality of UAY supports contact the UAV but do not cause the UAV 1o

change position.
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it The landing pad of clamm 1, wherein the charging pad is configured to charge a battery
of the UAV when the plurality of UAV supports are in the first position.
12. The landing pad of claim 1, wherein each of the plurality of UAV supports comprises
a roller, wherein the roller spans the charging pad, and wherein the roller is configured to roll
along a portion of the support structure.
13. The landing pad of claim 1, wherein cach of the plurality of UAV supports compriscs
a gear wheel coupled to a bar, wherein the bar spans the charging pad, and wherein the support
structure comprises a track corresponding to the gear wheel.
14, The landing pad of claim 1, wherein the phurality of UAV supports are located along a
periphery of the charging pad when in the first postion.
15 The landing pad of claim 1, wherein the plurality of UAV supports comprises:

a first pair of UAYVY supports that move n opposite directions to one another; and

a second pair of UAV supports that move in oppostie directions to ong another, wherein
the first pair of UAY supports are pendicular to the second pair of UAVY supports.
16. A method, comprising:

supporting an unmanned aertal vehicle ("UAV™) above a ground surface by a charging
pad of a landing pad;

moving a plurality of UAV supports across the landing pad towards the UAV, wherein
cach of the plurality of UAV supports moves m a different divection; and

after moving the plurality of UAV supports towards the UAY, moving the charging pad
away from the UAVY such that the UAV 15 no longer supported by the chargimg pad and the
plurality of UAV sapports support the UAV above the ground surface.
17 The method of claim 16, further comprising:

loading a pavload to the UAY after the charging pad has moved away from the UAY
and the UAY is supported by the plurality of UAV supports.
18 The method of claim 17, further comprising:

after loading the payload to the UAV, initiating a takeoff of the UAV; and

after inttiating the takeoff, moving the plurality of UAV supports away from the UAY
such that the UAY is no longer supported by the plurality of UAY supports.
19 The method of claim 16, wherein the moving the plarality of UAV supports across the
landing pad towards the UAY stops when the plurality of UAVY supports contact the UAY.

20, A payload loading system, comprising:
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an unmanned acrial vehicle (JAV) that compnises a fuselage and a retractable tether,
wherein a distal end of the tether is coupled to a pavicad coupling apparatus, and a proximate
end of the tether 15 coupled to the UAV; and
a landing pad, comprismg;
a support stractare;
a charging pad coupled to the support structure such that at least a portion of
the charging pad is counfigured to move relative to the support stracture; and
a plurabity of AV supports coupled to the support structure, wherein the
phurality of UAY supports translate along the support structure from a first position to
a second position, wherein when in the first position the plarality of UAY supports
provide the UAV access to the charging pad and the charging pad supports the UAV,
and wherein when i the second posttion the plurality of UAY supports are in contact

with the fisclage of the UAV.
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