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SYSTEM FOR MID-AIR PAYLOAD RETRIEVAL BY A UAV

CROSS-REFERENCE TO RELATED APLICATION

G001} This Application claims priority to 1S, Patent Application No. 15/899214
cntitled “Package Loading Mechanism,” filed on Febmary 19, 2018, the contents of which arc
incorporated by reference herein in their entirety,

BACKGROUND
HEEDA] An unmanned vehicle, which may also be referred to as an autonomous
vehicle, is a vehicle capable of travel withot a physically-present human operator.  An
vnmanned vehicle may operate in a remote-~control mode, in an autonomous mode, or n a
partially autonomous mode.
[B003] When an unmanned vehicle operates in a remote-control mode, a pilot or
driver that 1s at a remote location can control the unmanned vehicle via commands that are
sent to the unmanned vehicle via a wireless link. When the unmanned vehicle operates in
autonomous mode, the wnmanned vehicle typically moves based on pre-programmed
navigation waypoints, dynamic automation systems, or a combination of these. Further,
some unmanned vehicles can operate m both a remote~countrol mode and an autonomous
mode, and 1n some instances may do so sinultancously. For instance, a remote pilot or driver
may wish to leave navigation to an autonomous system while manually performing another
task, such as operating a mechanical system for picking up objects, as an example.
{0004} Various tvpes of unmanned vehicles exist for varnous different environments.
For instance, unmanned vehicles exist for operation in the air, on the ground, underwater, and
m space. Examples include quad-copters and tail-sitter UAVs, among others. Unmanned
vehicles also exist for hybrid operations in which multi-environment operation is possible.
Examples of hybrid unmanned vehicles include an amphibious craft that ts capable of
operation on land as well as on water or a floatplane that ts capable of landing on water as
well as on land. Other examples are also possible.
{6605} UAVs may be used to deliver a payload to, or retrieve a payload from, an
individual or business. In some operations, once the UAV arrives at a retrieval site, the
UAYV may land or remain in a hover position. At this point, a person at the retrieval site may
sccure the payload to the UAV at an end of a tether attached to a winch mechanism
posttioned with the UAV, or to the UAV itself. For example, the payload may have a handle

that may be secured to a device at the end of the winch, or a handle that may be secured
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within the UAV. However, this scenario has a number of drawbacks. In particular, if the
VAV is late for arrival at the retrieval site, the person designated for securing the payload to
be retrieved by the UAV may bave to wait a period of tine before the UAV arrives, resulting
in undesirable waiting time.  Similarly, if the UAV amives and the person designated to
secure the pavload to be retrieved to the UAV is delaved or fails to show up, the UAV may
have to wait in a hover mode or on the ground untit the designated person arrives to secure
the payload to the UAV, resulting in undesirable delay and expenditure of energy by the
UAY as the HAY waits for the designated person to arrive, and also resudting in undesirable
delay in the subsequent delivery of the payload at a delivery site.

{0006} As a resudt, it would be desirable to provide for the automated pickup of a
pavload by the UAV, where the UAV may automatically pick up the payload without the
need for a designated person to secure the payload to the UAV at the retrieval site. Such
automated pickup of the payvload by the UAV would advantageously eliminate the need fora
designated person to secure the payload to the UAV and elimmnate potential delays associated

with the late arrival of the UAV or designated person at the retrieval site.
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SUMMARY
{06007} The present embodiments provide a payload retrieval apparatus and method
usetul for autoratic pickup of a paviocad at a payload retrieval site by a UAV having a
pavioad retriever suspended from a tether attached to the UAV. The pavload retrieval
apparatus may be a nop-permanent structure that includes an extending member that may be
secured 1o a base or stand at a lower end of the extending member, and an angled extender
may be attached at an upper end of the extending member. A channel may be attached to the
angled extender, with a first end of the channel having one or more tether engagers extending
therefrom. A payload holder secures a payload to a second end of the channel.
{6008} In operation, a UAV amives at the payload retrieval site with a tether
extending downwardly from the UAV and with the payload retriever suspended from the end
of the tether. The UAV approaches the payload retrieval apparatus, and as it nears the
pavload retrieval apparatus, the tether comes into contact with a tether engager, and as the
UAY moves forward, the tether shides inwardly along the iether engager where it 1s directed
towards the first end of the channel. With further forward or upward movement of the UAV,
or upward winching of the payload retriever, the tether moves into and through a tether slot in
the channel and the payload retriever attached to the tether is pulled into the channel by the
tether. The payload retriever is pulled through the channel where it engages, and secures, the
payload positioned on a pavload holder. The payload retriever then pulls the payload free
from the payload holder. Once the pavioad is free from the pavioad holder, the payioad may
be winched upwardly into secure engagement with the UAV, and the UAV may continue on
to a delivery site where the payload may be delivered by the UAV. In this manner, avtomatic
pick up of a payioad by a UAV is achieved without the need for a person to participate in the
retrieval of the payload from a retrieval site.
{6009] In one aspect, a payload retrieval apparatus is provided including an extending
member having an upper end and a lower end, a channel having a first end and a second end,
the channel coupled to the extending member, a first tether engager that extends in a first
direction trom the first end of the channel section, and a paylioad holder positioned near the
second end of the chanunel and 1s adapted to secure a payload.
{6010} In ancther aspect, a system for payload retrieval is provided that includes a
pavlcad retrieval apparatus having an extending member having an upper end and a lower
end, a channel having a first end and a second end, the channel coupled to the extending
member, a first tether engager that extends in a first direction from the first end of the

channcl, a payload holder positioned near the second end of the channel that is adapted to
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secure a payload, wherein at least an upper portion of the channel includes a tether slot that
extends from the first end of the channel to the second end of the channel, the tether slot
configured to guide passage of a tether coupled to a pavload retricver when the payload
retriever is passing within the channel.

HEDSY In vet another aspect, a method of retrieving a pavioad is provided, including
the steps of (i} positioning a payload haviag a handle with an aperture on 2 payload holder
coupled to a chanvel on a payload retrieval apparatus; (i) causing a UAV having a payload
retriever attached to a tether suspended from the UAV to position the tether to come into
contact with the first tether engager; (i) causing the UAV to advance the tether into the
tether slot, wherein the tether slot has a width that is varrower than a width of the payload
retriever; (iv) causing the UAV to advance the payload retriever into the channel; {v) causing
the UAV to advance the payload retriever until the payload retriever engages the handle of
the payvload; and (vi)causing the UAYV to pick up the payload by the payload retriever thereby
disengaging the payload from the payload holder.

{6012} The present embodiments further provide means for automatically retrieving a
pavioad from a pavload retrieval apparatus with a UAV having a payload retriever attached to
a tether that is suspended from the UAV.

[0013] These as well as other aspects, advantages, and alternatives will become
apparent to those of ordinary skill in the art by reading the following detailed description with
reference where appropriate to the accompanying drawings. Further, it should be understood
that the description provided m this sumumary section and elsewhere w this document 15
itended to illustrate the claimed subject matter by way of example and not by way of
hmitation.

BRIEF DESCRIPTION OF THE DRAWINGS

jon14] Figure 1A is an isometric view of an example unmanned aenal vehicle 100,
according to an example embodiment.

{6015] Figure 1B is a simplified illustration of an vomanned aerial vehicle, according
to an example embodiment.

{06016} Figure 1C s a simplified illustration of an vnmanned aerial vehicle, according
to an example embodiment.

{0017} Figure 1D is a simplified ilustration of an unmanned aerial vehicle, according
to an example embodiment.

HED ) Figure 1E is a simplified illustration of an enmanned aerial vehicle, according

to an cxample embodiment.
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{6019} Figure 2 is a simplified block diagram illustrating components of an
vnmanned aerial vehicle, according to an example embodiment.

{0026} Figure 3 is a stroplified block diagram illustrating a UAV system, according to
an example embodiment.

6021} Figures 4A, 4B, and 4C show a payload delivery apparatus, according to
example embodiments.

{0022} Figure S5A shows a perspective view of a payload delivery apparatus 500
inchuding pavioad 510, according to an example embodiment.

{6023} Figure 5B is a cross-sectional side view of payload delivery apparatus 500 and
payicad 510 shown in Figure 5A.

{0024} Figure 5C 1s a side view of pavload delivery apparatus 300 and payload 510
shown in Figures 3A and 5B.

{6025} Figure 6A is a perspective view of payload coupling apparatus 800, according

to an cxample embodiment.

{0026} Figure 6B is a side view of paylead coupling apparatus 800 shown in Figure
6A.
{06027} Figure 6C is a front view of payload coupling apparatus 800 shown in Figures

6A and 6B.

60281 Figure 7 is a perspective view of payload coupling apparatus 800 shown i
Figures 6A-6(, prior to insertion into a pavicad coupling apparatus receptacle positioned n
the fuselage of a UAV.

{8023} Figure 8 is ancther perspective view of payload coupling apparatus 800 shown
in Figares 6A-6C, prior to insertion into a payload coupling apparatus receptacle positioned
n the fuselage of a UAV.

{6030} Figure 9 shows a perspective view of a recessed restraint slot and payload
coupling apparatus receptacle positioned in a fuselage of a UAV.

{6031} Figure 10A shows a side view of a payload delivery apparatus 500 with a
handle 511 of payload 510 secured within a payload coupling apparatus 800 as the payload
510 moves downwardly prior 1o touching down for dehvery.

{6032} Figure 10B shows a side view of payload delivery apparatus 500 after payload
510 has landed on the ground showing payload coupling apparatus 800 decoupled from
handle 511 of payload 510.

{3033} Figure 10C shows a side view of payload delivery apparatus 500 with payload

coupling apparatus 800 moving away from handle 511 of payload 510,
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{6034} Figure 11A 15 a side view of handle 511 of payload 510 having openings 514
and 516 adapted to receive pins positioned on a payload holder, according to an example
cmbodiment.

[0035] Figure 118 is a side view of handie 3117 of a payload having magnets 314°

and 3167 positioned thereon for magnetic engagement with a pavioad holder, according to an
example embodiment.

{6036} Figure 12 shows a pair of locking pins 570, 5372 exiending through holes 514
and 516 in handle 511 of payvload 510 to secure the handle 511 and top of payload 316 within
the fuselage of a UAV, or to secure the handle 511 1o a pavioad holder on a payload retrieval
apparatus.

{6037} Figure 13A is a side view of payload coupling apparatus 8007 with a slot 803
posttioned above lip 8067, according to an example embodiment.

{6038} Figure 138 is a side view of payload coupling apparatus 800 after lip 806°
has been moved outwardly to facilitate engagement with a handle of a pavioad.

{6639} Figure 13C 1s a side view of payload coupling apparatus 800" having a
plurality of magnets 830 positioned thereon, according to an example embodiment.

{3040} Figure 13D is a side view of payvload coupling apparatus 900 having a
weighted side 840, according to an example embodiment.

HEEA Figure 14 is a perspective view of payload retrieval apparatus 1000 having a
pavload 510 positioned thereon, according to an example embodiment.

{6042} Figure 15 s another perspective view of pavioad retrieval apparatus 1000 and
payload 510 shown m Figure 14

{6043} Figuare 16 18 a further perspective view of payload retrieval apparatus 1000 and
payload 510 shown in Figures 14 and 15.

j6D44] Figure 17 shows a sequence of steps A-D performed in the retrieval of payload
510 from pavload retrieval apparatus 1000 shown in Figures 14-16.

{6045) Figure 18 is a perspective view of payload retrieval apparatus 1000 shown in
Figures 1-17 with a payload loading apparatus 1080 having a plurality of payloads positioned
thereon, according to an example embodiment.

{8046} Figure 19 is a perspective view of channel 1050 of the pavicad retrieval
apparatus 1000 shown in Figures 14-16 with a payioad retriever 800 positioned therein.
{0047} Figure 20 1s a perspective view of channel 1030 of the pavload retricval

apparatus 1000 shown in Figures 14-16 with a payload retriever 8007 positioned therein.
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{6048} Figure Z1A is a cross-sectional view of channel 1030, according to an example
cmbodiment.
{6049} Figure 21B is a side view of channel 1030 having a spring 10359 biased against

end 1057 thereof
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DETAILED DESCRIPTION
{0050} Exemplary methods and systems are described herein. It should be
understood that the word “exemplary” is used herein to mean “serving as an cxample,
mstance, or illustration.” Any tmplementation or feature described herein as “exemplary” or
“iliustrative” is not necessarily to be constraed as preferred or advantageous over other
implementations or features. In the figures, similar symbols typically identify similar
components, undess context dictates otherwise. The example implementations described
herein are sot meant to be limiting. It will be readily vnderstood that the aspects of the
present disclosure, as generally described herein, and illustrated in the figures, can be
arranged, substituted, combined, separated, and designed im a wide varicty of different
configurations, all of which are contemplated herein.
i Overview
{6051} The present embodiments advantageously provide a payload retricval
apparatus used for the automatic pickup of a payload at a payioad retricval site. With the
disclosed payload retrieval apparatus, a UAV may automatically pick up the payload without
the need for a designated person to secure the payload to the UAV at the retrieval site. Such
automated pickup of the payload by the UAV advantageously eliminaies the need for a
designated person to secure the payload to the UAV and elimunates potential delavs
assoctated with the late amval of the UAV or designated person at the retrieval site.
HEIRYA] The payload retrieval apparatus may be a non-permanent structure placed at a
pavioad retrieval site. The apparatus imcludes an extending member that may be sccured to a
base or stand at a lower end of the extending member. An angled extender may be attached
at an upper end of the extending member. The angled extender may have an upper end
secured to a channel. A first end of the channel may have a first extension or tether engager
that extends m a first divection from a lower end of the channel and a second extension or
tether engager that extends in a second direction from the lower end of the channel. A second
end of the channel may have a payload holder positioned near or thereon that is adapted
secure a pavload to the second end of the channel.
{6053} The pavload retrieval apparatus may be used to provide for automatic pickup
of the payload by a UAV. In operation, a payload is positioned on the payload holder on the
sccond end of the channel at the payload retrieval site. A UAV arrives at the pavioad
retrieval site with a tether extending downwardly from the UAV and with a payload retriever
positioned on the end of the tether. The UAV approaches the payload retrieval apparatas,

and as it nears the payload retrieval apparatus, the tether comes into contact with the first or
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second extension (tether engager). As the UAV moves forward, the tether slides inwardly
along the first or second extension where it is directed towards the first end of the channel.
With further forward movement of the UAV, the tether moves through a tether slot in the
channel and eventually the pavload retriever attached to the tether is pulled into the channel
by the tether. The payload retriever is pulled through the channel where it engages, and
secures, the payload secured to the payload holder. The payload retriever then pulls the
pavioad free from the payload holder. Once the payload is free from the pavload holder, the
payload may be winched upwardly into secure engagement with the UAV, and the UAY may
continue on to a delivery site where the payload may be delivered by the UAV. As illostrated
above, the payload may be a package having an upwardly extending handle with an aperture
positioned within the handle. The handle may include a pair of openings through which pins
posttioned on the second end of the channel may be placed through to secure the payload to
the payload retricval payload retricval apparatus pror to retrieval. In this manner, the
pavload is in a suspended position beneath the pins which secure the pavioad to the payload
retrieval apparatus by the pins that extend through the openings o the bandle of the payload,
and the payvioad is ready to be retrieved. The payload retriever positioned on the end of the
tether extending beneath the UAV may have a hook or other member that extends through the
aperture 1 the handle as it moves through the second end of the channel to disengage the pins
from the openings in the handle and thereby remove the payload from the payicad holder on
the channel of the pavload retrieval apparatus. In other embodiments, rather than using pins
that extend through openings in the handle, a magnet(s) could be placed on the handle that
cooperates with a magnet(s), or a metal, on the channel that serves as the payicad holder.
Other ways of securing the pavioad to the payload retrieval apparatus are also contemplated.

HEIREY The payload retriever may take the form of a capsule attached to an end of the
tether, where the capsule has a slot with a hook or lip formed beneath the slot. The hook or
lip is adapted to extend through the aperture in the handle of the payload during payload
retrieval. The area above the aperture in the handle extends within the slot of the capsule and
the payload is suspended bencath the handle by the hook or ip after retrieval. The capsule
may also be provided with a movable hook or lip that may be extended outwardly from the
capsule at the time of payload retrieval, and later retracted to prevent the hook from
reengaging with the handle of the package after disengagement with the handle of the
payload at the time of payload delivery, or engaging branches or wires following

disengagement from the payload at the time of payload delivery.
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{6055} During retrieval of the payload, the tether initially engages the first or second
extension (tether engager) and is drawn towards the channel as the UAV moves forward. A
shield may be positioned beneath the first end of the channel to prevent the tether or capsule
from engaging the extending member or angled extender and becoming tangled therewith
prior to entry of the capsule into the channel. The first and second extensions may also have
extending shields, such as fabric layers that prevent the capsele and/or tether from wrapping
around the first or sccond extensions as the tether engages the first or second exiension. The
channel includes a tether slot on its upper sorface through which the tether passes as the
capsule moves towards the payload positioned on the payload holder on the second end of the
channel. The tether slot has a width that is less than the width of the capsule so that the
capsule remains positioned within the channel as it moves towards the payload on the
payload holder.

{6056} In order to ensure that the slot and hook of the capsule are in a proper
orientation as the capsule exits the channel and engages the handle of the payload, the capsule
may be provided with exterior cams or slots that correspond to cams or slots positioned on an
mmterior surface of the channel. The mteraction of the cams or slots on the capsule and cams
or slots on the interior of the channel properly orient the capsule within the channel such that
the hook or lip benecath the slot of the capsule is in proper position to extend through the
aperture on the handle of the payload to remove the payicad from the payicad holder. The
channel may also have an interior that tapers downwardly, or decreases in size, as the channel
moves from the first end where the capsule enters to the sccond end where the capsule exits
to further factlitate the proper ortentation of the capsule within the chanmel. In addition, the
second end of the channel could be spring loaded or operate as a leat spring, to also facilitate
the proper orientation of the capsule at the point of pavioad retrieval.

{6057} Alternately, the capsule may be equipped with one or more magnets that
cooperate with one or more magnets, or a metal, positioned on an interior of the channel and
magnetic interaction is used to properly orient the capsule within the channel during the
process of payload retrieval. In addition, the capsule could be weighted to have an offset
center of gravity such that the hook and slot of the capsule are positioned properly (with the
“heavy” portion of the capsule on a lower side) to engage the handie of the payload and effect
removal of the payload from the payload holder.

HEIREY In addition, a payload loading apparatus or chute may be positioned adjacent
the pavload retrieval apparatus to allow for a plorality of payloads to be positioned for

retricval by a UAV. For example, the pavload loading apparatus or chute mayv have a
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plurality of payloads positioned thereon, such that as soon as a payload is removed fiom the
pavlcad holder, a successive payload moves (or is moved) into position on the payload holder
and is ready for retrieval by the next UAV that arrives at the payload retrieval site.

[B039] Not only does the payload retrieval apparatus disclosed herein provide for
automatic pavioad retrieval without the need for human involvement, but the UAV
advantageously is not required to land for the payload to be loaded onto the UAV at the
pavload retrieval site. Thus, the UAV may simply fly moto position near the payload retrieval
apparatus and maseuver itself to position the tether between the first and second extensions
and then move forward to pull the capsule through the channel and into engagement with the
handle of the pavlead and effect removal of the payload. In some payload retrieval sites,
landing the UAV may be difficult or impractical, and also may engage with objects or
personnel when landing.  Accordingly, allowing for payload retrieval without requiring the
UAYV 1o land provides significant advantages over conventional pavload retrieval methods.
{6060} Furthermore, the pavload retrieval apparatus is advantageously a movable,
non-permanent apparatus that may be casily set up, taken down, and removed, and may be
casily moved from one payload retrieval site to another. The extending member may be
removably positioned within a hole in the ground at the payioad retricval site, or mayv be
posttioned on a base. The paviocad retrieval apparatus preferably folds up, like an umbrella
stand, to facilitate storage and transport of the pavload retrieval apparatus. The non-
permanent nature of the payload retrieval apparatus also may eliminate the need for a permit
for the pavload retrieval apparatus at the retrieval site.

i1, fHlustrative Unmanned Vehicles

{6061} Herein, 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 prescot human pilot.

{8062} A UAYV can take various forms. For example, a UAV may take the form of a
fixed-wing aircraft, a glider aircraft, a tail-sitter aircrafl, a jet aircraft, a ducted fan aircraft, a
lighter-than-air dirigible such as a blimp or steerable balloon, a rotoreraft such as a helicopter
or multicopter, and/or an omuthopter, among other possibilities. Further, the terms “drone,”
“unmanned aerial vehicle system” (JAVS), or “unmanned acrial system™ (UAS) may also be
used to refer to a UAV.

{0063} Figure 1A 1s an isometrnic 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 hift

1§
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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 acrodynamic force on UAVY 100, In
some embodiments, wing 102 may carry horizontal propulsion units 108, and booms 104
may carry vertical propulsion units 110, In operation, power for the propulsion units may be
provided from a battery compartment 112 of fuselage 106. In some embodiments, fuselage
106 also includes an avicnics compartment 114, an additiopal battery compartment {(not
shown) and/or a delivery unit (not shown, e.g., a winch system) for handling the payload. In
some embodiments, fuselage 106 is modular, and two or more compartments (e.g., battery
compartment 112, avionics compartment 114, other payload and delivery compartments}) are
detachable from each other and securable to cach other {c.g., mechanically, magnetically, or
otherwise) to contiguously form at least a portion of fusclage 106.

{8064] In some embodiments, booms 104 terminate in rudders 116 for improved yaw
control of UAY 100. Further, wings 102 may ternunate in wing tips 117 for improved control
of lift of the UAV.

{8065} In the illustrated configuration, UAV 100 includes a structural frame. The
structural frame may be referred to as a "stractoral H-frame" or an "H-frame" {not shown) of
the UAV. The H-frame may include, 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, alumimmn, light metal alloys, or other
materials. The wing spar and the boom carriers may be connected with clamps. The wing
spar may include pre-drilled holes for horizontal propulsion units 108, and the boom carriers
may include pre-drilled holes for vertical propulsion anits 110

{0066] In some embodiments, fuselage 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, otc.). In other embodiments,
fuselage 106 similarly may be removably attached to wings 102. The removable attachment
of fuselage 106 may mmprove quality and or modularity of UAV 100. For example,
clectrical/mechanical  components and/or subsvstems of fuselage 106 may be tested
separately from, and before being attached to, the H-frame. Similarly, printed circuit boards
(PCBs) 118 may be tested separately from, and before being attached to, the boom carriers,
therefore climinating defective parts/subassemblies prior to completing the UAV. For
example, components of fuselage 106 {(e.g., avionics, batterv umit, delivery units, an
additional battery compartment, etc.) may be clecirically tested before fuselage 106 is

mounted to the H-frame. Furthermore, the motors and the electronics of PCBs 118 may also
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be electrically tested before the final assembly. Generally, the identification of the defective
parts and subassemblics early in the assembly process lowers the overall cost and lead time of
the UAV. Furthermore, different types/models of fuselage 106 may be attached to the H-
frame, therefore improving the modularity of the design. Such modularity allows these
various parts of UAV 100 to be upgraded without a substantial overhaul to the manofacturing
process.

{0067} 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, eic}.
Therefore, multiple shells may be attached to the H-frame instead of having a monolithic
body sprayed onto the H-frame. To some embodiments, the presence of the nultiple shells
reduces the stresses induced by the coefficient of thermal expansion of the structural frame of
the UAV. As a result, the UAV may have better dimensional accuracy and/or improved
reliability.

{6068} Moreover, in at least some cmbodiments, the same H-frame may be used with
the wing shell and/or boom shells having different size and/or design, therefore improving the
modularity and versatility of the UAV designs. The wing shell and/or the boom shells may be
made of refatively ight polymers {e.g ., closed cell foam) covered by the harder, but relatively
thin, plastic skins.

{3069} 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
ilustrated embodiment, UAVY 160 has four PCBs, but other numbers of PCBs are also
possible. For example, UAV 100 may include two PCBs, one per the boom. The PCBs carry
electronic components 119 including, for example, power converters, controllers, memory,
passive components, eic. fn operation, propulsion units 108 and 110 of UAV 100 are
electrically connected to the PCBs.

{6070} Many variations on the iHustrated UAV are possible. For instance, fixed-wing
UAVs may include more or fewer rotor units {vertical or borizontal), and/or may utilize a
ducted fan or multiple ducted fans for propulsion. Further, UAVs with more wings {e.g., an
“x-wing” configuration with four wings), are also possible. Although FIG. 1 ilustrates two
wings 102, two booms 104, two horizontal propulsion units 108, and six vertical propulsion
units 110 per boom 104, it should be appreciated that other variants of UAV 100 may be
implemented with more or less of these components. For example, UAV 100 may include

four wings 102, four booms 104, and more or less propulsion anits (horizontal or vertical).
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{6071} Stimilarly, Figure 1B shows another example of a fixed-wing UAV 120. The
fixed-wing UAV 120 includes a fusclage 122, two wings 124 with an airfoil-shaped cross
section to provide lift for the UAV 120, a vertical stabilizer 126 {or fin) to stabilize the
plane’s vaw (i left or right), a borizontal stabilizer 128 (also referred to 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 propeller.

{0072} Figure 1C shows an example of a UAV 140 with a propeller in a pusher
configuration. The term “pusher” refers to the fact that a propulsion unit 142 is mownted at
the back of the UAV and “pushes”™ the vehicle forward, in contrast to the propulsion usit
being mounted at the front of the UAV. Similar to the description provided for Figures 1A
and 1B, Figure 1C depicts common structures used in a pusher plane, including a fuselage
144, two wings 146, vertical stabilizers 148, and the propulsion unit 142, which can include a
motor, shaft, and propeller.

{6073} Figure 1D shows an example of a tail-sitter UAV 160. In the tlustrated
example, the tail-sitter UAV 160 has fixed wings 162 to provide Iift and allow the UAV 160
to ghide horizontally {¢.g., along the x-axis, in a position that is approximately perpendicular
to the position shown in Figure 1D). However, the fixed wings 162 also allow the tail-sitter
UAV 160 to take off and land vertically on its own.

B074] For example, at a launch site, the tail-sitter UAV 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 to gencrate an upward thrust {e.g., a thrust that is generally along the v-
axis). (Unce at a suttable altitude, the tail-sitter UAV 160 may ase its flaps 168 to reonent
itself in a horizootal position, such that its fuselage 170 is closer to being aligned with the x-
axis thao the y-axis. Posttioned horizontally, the propellers 166 may provide forward thrust
so that the tail-sitter UAV 160 can fly in 3 similar manner as a typical atrplane.

{6075) Many variations on the illustrated fixed-wing UAVs are possible. For
instance, fixed-wing UAVs may include more or fewer propellers, and/or may utilize a
ducted fan or multiple ducted fans for propulsion. Further, UAVs with more wings {e.g., an
“x-wing” configuration with four wings), with fewer wings, or even with no wings, are also
possibie.

[0076] As noted above, some embodiments may involve other types of UAVs, in
addition to or in the alternative to fixed-wing UAVs. For instance, Figure 1E shows an

example of a rotorcraft that is commonly referred to as a multicopter 180, The multicopter
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180 may also be referred to as a quadeopter, as it includes foor rotors 182, It should be
vnderstood that example embodiments may involve a rotorcraft 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. Herein, the term “multicopter” refers to any
rotorcraft having more than two rotors, and the term “helicopter” refers to rotorcraft having
WO rofors.

{0077} Referring to the multicopter 180 in greater detail, the four rotors 182 provide
propulsion and maneuverability for the multicopter 180, More specifically, each rotor 182
includes 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 mancuver in any direction, and/or
to hover. Further, the pitch of the blades may be adjusted as a group and/or differentially,
and may allow the multicopter 180 to control its pitch, roll, yaw, and/or altitude.

{6078} It should be understood that references herein to an “anmanned” aerial vehicle
or UAV can apply equally fo autonomous and semi-autonomous acrial vehicles. In an
autonomous implementation, all functionality of the aenal vebicle is automated; e.g., pre~
programmed or controlled via real-time computer fanctionality that responds to input from
various sensors and/or pre~determined nformation. In a senu-autonomous tmplementation,
some functions of an aerial vehicle may be controlled by a human operator, while other
functions are carried out autonomously. Farther, 1 some embodiments, a UAV may be
configured to allow a remote operator to take over functions that can otherwise be controlled
autonomously by the UAV. Yet further, a given type of function may be controlled remotely
at one level of abstraction and performed autonomously at another level of abstraction. For
example, a remote operater could control high level navigation decisions for a UAV, such as
by specifying that the UAV should travel from one location to anocther {e.g.. from a
warchouse i a suburban arca to a delivery address in a nearby city), while the UAV g
navigation svstem autonomously controls more fine-grained navigation decisions, such as the
specific route to take between the two locations, specific flight controls to achieve the route
and avoid obstacles while navigating the route, and so on.

{8679] More generally, it should be understood that the example UAVs described
herein are not intended to be Hmiting. Example embodiments may relate to, be implemented
within, or take the form of any type of unmanned aerial vehicle.

i, Hlustrative UAV Components

HER) Figure 2 is a simplified block diagram illustrating components of a UAV 200,

according to an example embodiment. UAV 200 may take the form of, or be similar in form

15



WO 2019/161187 PCT/US2019/018203

to, one of the UAVs 100, 120, 140, 160, and 180 described in reference to Figures 1A-1E.
However, UAV 200 may also take other forms.

{0081} UAV 200 may include various types of sensors, and may include a computing
system configured to provide the functionality described herein.  In the illustrated
embodiment, the sensors of UAV 200 include an inertial measurement unit (IMU) 202,
ultrasonic sensor{s) 204, and a GPS 206, among other possible sensors and sensing systems.
{6082} In the Ulustrated eotbodiment, UAY 200 also includes one or more processors
208. A processor 208 may be a general-purpose processor or a special purpose processor
{c.g., digital signal processors, application specific integrated circuits, etc.}. The one or more
processors 208 can be configured to execute computer-readable program instructions 212 that
are stored in the data storage 210 and are executable to provide the functionality of a UAV
described herein.

{6083} 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 include volatile and/or non-volatile storage
components, such as optical, magnetic, organic or other memory or disc storage, which can
be miegrated in whole or i part with at least one of the one or more processors 208, In some
embodiments, 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.
{0684} As noted, the data storage 210 can include computer-readable program
mstructions 212 and perhaps additional data, such as diagnostic data of the UAV 200, As
such, the data storage 210 may include program instructions 212 to perform or facilitate some
or all of the UAV functionality described herein. For instance, m the llustrated embodiment,
program instructions 212 include a navigation module 214 and a tether control module 216.
A, Sensors

{608S) In an illustrative embodiment, IMU 202 may include both an accelerometer
and a gyroscope, which may be used together to determine an orientation of the UAY 200, In
particular, the accelerometer can measure the orientation of the vehicle with respect to earth,
while the gyroscope measures the rate of rotation around an axis. IMUs are commercially
available in low-cost, low-power packages. For instance, an IMU 202 may take the form of
or include a muniatunized MicroElectroMechanical  System  (MEMS) or a

NanoElectroMechanical System (NEMS). Other types of IMUs may also be utilized.
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{60386} An IMU 202 may include other sensors, in addition to accelerometers and
gyroscopes, which may help to better determine position and/or help to increase autonomy of
the UAV 200, Two examples of such sensors are magnetometers and pressure sensors. In
some embodirents, a UAV may include a low-power, digital 3-axis magnetometer, which
can be used to realize an orientation independent electronic compass for accurate heading
information. However, other types of magnetometers may be utilized as well.  Other
examples are also possible. Further, note that a UAV could include some or all of the above-
described inertia sensors as separate components from an IMU.

{BO87} UAY 200 may also include a pressare sensor or barometer, which can be used
to determine the altitude of the UAV 200, Aliematively, other sensors, such 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 drtft of an IMU.

{6088} In a further aspect, UAV 200 may include one or more sensors that allow the
VAV to sense objects in the environment. For instance, in the illustrated embodiment, UAY
200 includes ultrasonic sensor(s) 204. Ultrasonic sensor(s} 204 can determing the distance to
an object by generating sound waves and determining the time interval between transmission
of the wave and receiving the corresponding echo off an object. A typical application of an
ultrasonic sensor for unmanned vehicles or IMUs 1s 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 svstems can be used to determing,
sense the presence of, and/or determine the distance to nearby objects, such as a lhight
detection and ranging (LIDAR) system, laser detection and ranging (LADAR) system, and/or
an infrared or forward-looking infrared (FLIR) system, among other possibilities.

{6089} in some embodiments, UAV 200 may alsc include one or more imaging
systern{s). For example, one or more still and/or video cameras may be vtilized by UAV 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 unmanned vehicles. Such imaging sensor(s) have numerous possible
applications, such as obstacle avoidance, localization techmiques, ground tracking for more
accurate navigation {e,g., by applving optical flow techniques to images), video feedback,
and/or image recognition and processing, among other possibilities.

{06090} UAYV 200 may also include a GPS receiver 206, The GPS receiver 206 may
be configured to provide data that is typical of well-known GPS systems, such as the GPS

coordinates of the UAV 200, Such GPS data may be utilized by the UAVY 200 for various
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functions. As such, the UAV may use its 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. Other examples are also possible.

B, Navigation and Location Determination

HERSY The navigation module 214 may provide functionality that allows the UAVY
200 to, ez, move about its environment and reach a desired location. To do so, the
navigation module 214 may control the altitude and/or direction of flight by controlling the
mechanical features of the UAV that affect flight (e.g., its rudder(s), clevator(s), aileron(s},
and/or the speed of its propelier(s}).

{6092} In order to navigate the UAV 200 to a target location, the navigation module
214 may mmplement vanous navigation techmiques, such as map-based navigation and
localization-based navigation, for instance. With map-based navigation, the UAY 200 may
be provided with a map of its environment, which may then be used o navigate to a
particular location on the map. With localization-based navigation, the UAY 200 may be
capable of navigating in an unknown environment using localization. Localization-based
pavigation may imvolve the UAV 200 buwlding its own map of iis environment and
calculating its position within the map and/or the position of objects in the environment. For
example, as a UAVY 200 moves throughout its environment, the UAY 200 may continuously
use localization to update its map of the environment. This continuous mapping process may
be referred to as simmiltanecus localization and mapping (SLAM). Other navigation
techniques may also be utilized.

{6093} In some embodiments, the navigation module 214 may navigate using a
technique that relies on waypoints. In particular, waypoints are sets of coordimates that
wlentify points tn physical space. For instance, an atr-navigation waypoint may be defined by
a certain latitude, longitude, and altitude. Accordingly, navigation module 214 may cause
UAV 200 to move from waypoint to waypoint, in order to ultimately travel to a final
destination {¢.g., a final waypoint in a sequence of waypoints).

{06094} 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 (c.g., within a few feet of the target destination). To this end, a UAV
may use a two-tiered approach in which it uses a more-general location-determination

technigque to navigate to a general arca that is associated with the target location, and then use
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a more-refined location-determination technique to identify and/or navigate to the target
location within the general arca.

{0095] For example, the UAV 200 may navigate to the gencral area of a target
destination where a payload 228 is being delivered using waypoints and/or map-based
navigation. The UAV may then switch to a mode in which it wtilizes a localization process
to locate and travel to a more specific location. For instance, if the UAV 200 is to deliver a
pavioad to a user’s home, the UAY 200 may need to be substantially close to the target
location in order to avoid delivery of the payload to undesired areas {e.g., onto a roof, into a
poolk, onto a neighbor’s property, etc). However, a GPS signal may only get the UAV 200 <o
far {c.g., within a block of the user’s home). A more precise location-determination
technique may then be used to find the specific target location.

HEBYY 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 general
arca of the target delivery location. For instance, the UAY 200 may be equipped with one or
more sensory systems, such as, for example, ultrasonic sensors 204, infrared sensors {not
shown}, and/or other sensors, which may provide inpot that the navigation module 214
utilizes to navigate autonomously or semi-antonomously to the specific target location.

{6097] As another example, once the UAV 200 reaches the general area of the target
delivery location {or of a moving sabject such as a person or their mobile device), the UAV
200 may switch to a “fly-by-wire” mode where it is controlled, at least i part, by a remote
operator, who can navigate the UAV 200 to the specific target location.  To this end, sensory
data from the UAVY 200 may be sent {o the remote operator to assist them in navigating the
UAY 200 to the specific location.

{60958} As vet another example, the UAV 200 may include a module that is able to
signal to a passer-by for assistance in either reaching the specific target delivery location; for
example, the UAV 200 may display a visual message requesting such assistance in a graphic
display, play an andio message or tone through speakers to indicate the need for such
assistance, among other possibilities. Such a visual or andio message might mndicate that
assistance 18 needed in delivering the UAV 200 to a particular person or a particular location,
and might provide information to assist the passer-by in delivering the UAV 200 to the
person or location {e.g., a description or picture of the person or location, and/or the person or
location’s name}, among other possibilitics. Such a feature can be usefsl in a scenario in

which the UAV is unable to use sensory functions or another location-determination
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technique to reach the specific target location. However, this feature is not hmited to such
scenarios.

{6099} In some cmbodiments, once the UAV 200 arrives at the gencral area of a
target delivery location, the UAV 200 may utilize a beacon from a user’s remote deviee {¢.g.,
the wser’s mobile phone) to locate the person. Such a beacon may take various forms. As an
example, consider the scenario where a remote device, such as the mobile phone of a person
who requested a UAV delivery, is able to send out directional signals {(¢.g., via an RF signal,
a light signal and/or an audio signal). In this scenario, the UAV 200 may be configured to
navigate by “sourcing” sech directional signals ~ in other words, by determining where the
signal is strongest and navigating accordingly. As another example, a mobile device can cmit
a frequency, either m the huwman range or outside the hwman range, and the UAV 200 can
Iisten for that frequency and navigate accordingly. As a related example, if the UAY 200 is
listening for spoken commands, then the UAY 200 could utilize spoken statements, such as
“I'm over here!” to source the specific location of the person requesting delivery of a
pavioad.

{8100} In an alternative arrangement, a navigation module may be implemented at a
remote computing device, which communicates wirelessly with the UAV 200, The remote
computing device may receive data indicating the operational state of the UAV 200, sensor
data from the UAV 200 that allows it o assess the environmental conditions being
experienced by the UAV 200, and/or location mformation for the UAV 200. Provided with
such information, the remote computing device may determine altitudinal and/or directional
adjostments that should be made by the UAV 200 and/or may determine how the UAVY 200
should adjust its mechanical features {e.g., its rudder{s), clevator(s), atleron(s), and/or the
spoed of its propeller(s)) in order to effectuate such movements. The romote computing
systern may then communicate such adjustments to the UAV 200 50 it can move m the
determined manner.

C. Communication Systems

6101} In a further aspect, the UAV 200 includes one or morec communication
systents 218, The commumnications systems 218 may include one or more wireless interfaces
and/or one or more wireline interfaces, which allow the UAV 200 to communicate via one or
more networks., Such wireless interfaces may provide for communication under one or more
wireless communication protocols, such as Bluctooth, WiFi {e.g., an IEEE 802 11 protocol),
Long-Term Evolution (LTE}), WiMAX (e.g., an [EEE 802.16 standard), a radio-frequency 1D

(RFID) protocol, near-ficld communication (NFC), and/or other wircless communication
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protocols. Such wireline interfaces may include an Ethernet interface, a Universal Serial Bus
{USB) interface, or similar interface to communicate via a wire, a twisted pair of wires, a
coaxial cable, an optical link, a fiber-optic link, or other physical connection to a wirchine
network.

{6162} In some embodiments, a UAV 200 may include commumication systems 218
that allow for both short-range communication and long-range communication. For example,
the UAV 200 may be configured for short-range communications using Bluetooth and for
long-range communications under a CDMA protocol. In such an embodiment, the UAV 200
may be caonfigured to function as a “hot spot;” or in other words, as a gatoway or proxy
between a remote support device and one or more data networks, such as a cellular network
and/or the Internet. Configured as such, the UAY 200 may facilitate data communications
that the remote support device would otherwise be unable to perform by itself.

{6103} For example, the UAVY 200 may provide a WiF1 comnection to a remote
device, and serve as a proxy or gateway to a cellular service provider’s data network, which
the UAV nught 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-aititude balloon network, a satellite network, or a
combination of these networks, among others, which a remote device nught not be able to
otherwise access.

. Power Systems

{0104} In a further aspect, the UAV 200 may include power systemds) 220. The
power system 220 may include one or more batteries for providing power to the UAV 200.
In one example, the one or more batteries 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 system, such as an inductive charging system that applies an external time-
varying magnetic field to an internal battery.

E. Payload Delivery

{6105] The UAVY 200 may emplov various systems and configurations in order
transport and deliver a payload 228. In some implementations, the payload 228 of a given
UAY 200 may include or take the form of a “package” designed to transport various goods to
a target delivery location.  For example, the UAV 200 can include a compartment, in which
an item or items may be transported. Such a package may one or more food items, purchased
goods, medical items, or any other object(s) having a size and weight suitable to be

transported between two locations by the UAV. In other embodiments, a payload 228 may
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simply be the one or more items that are being delivered {¢.g., without any package housing
the items).

{6106} In some embodiments, the pavioad 228 may be attached to the UAV and
focated 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 attached below the UAV
during flight o a target location. In an embodiment where a package carries goods below the
UAYV, the package may include various features that protect its contents from the
environment, reduce acrodynamic drag on the system, and prevent the contents of the
package from shifting during UAV flight.

{0107} For instance, when the payload 228 takes the form of a package for
transporting items, the package may include an outer shell constructed of water-resistant
cardboard, plastic, or any other lightweight and water-resistant matenial. Further, in order to
reduce drag, the package may featurc smooth surfaces with a pomted front that reduces the
frontal cross-sectional arca. Further, the sides of the package may taper from a wide bottom
to a marrow top, which allows the package to serve as a narrow pylon that reduces
mterference effects on the wing(s) of the UAV. This may move some of the frontal area and
volume of the package away from the wing(s) of the UAV, thereby preventing the reduction
of lift 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 extra material, both of which may increase drag on the system.  Additionally or
alteratively, the package may include a stabilizer to dampen package thutter. This reduction
in flutter may allow the package to have a less ngid connection o the UAV and may cause
the contents of the package to shift less during flight.

{0108} In order to deliver the payload, the UAV may include a wingh system 221
controlled by the tether control module 216 in order o lower the pavioad 228 to the ground
while the UAV hovers above. As shown in Figure 2, the winch system 221 may include a
tether 224, and the tether 224 may be coupled to the payvicad 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
UAYV. The motor 222 may take the form of a DC motor {¢.g., a servo motor) that can be
actively controlied by a speed controller. The tether 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 pavioad coupling apparatus 226.  In practice, the
speed controller may output a desired operating rate {e.g., a desired RPM) for the spool,

which may correspond to the speed at which the tether 224 and payload 228 should be
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lowered towards the ground. The motor 222 may then rotate the spool o that it maintains the
desired operating rate.

{6109} 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 to convert a
mechanical position to a representative analog or digital signal. In particolar, the speed
sensor may include a rotary encoder that may provide information 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 take the form of an absolute encoder
and/or an incremental encoder, among others. 8¢ in an example implementation, as the
maotor 222 causes rotation of the spool, a rotary encoder may be used to measure this rotation.
Tn 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 determine the amount of
redation of the spool from a fixed reference angle and/or to an analog or digital clectronic
signal that is representative of a new rotary position, among other options.  (ther examples
are also possible.

{8110} Based on the data from the speed 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 {e.g., by increasing or decreasing an electrical current supphied to the motor 2223
to 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-
mtegral-derivative (PID) calculation using the determined and desived speeds of the motor
222, For instance, the magnitude of the current adjustment may be based on a present
difference, a past difference (based on accumulated error over time), and a future difference
{based on current rates of change) between the determined and desired speeds of the spocl.
o111} In some embodiments, the tether control module 216 may varv the rate at
which the tether 224 and payload 228 are lowered to the ground. For example, the speed
controller may change the desired operating rate according to a variable deployment-rate
profile and/or in response to other factors in order to change the rate at which the pavioad 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 UAV 200 may include friction pads that can apply a variable
amount of pressure to the tether 224, Ag another example, the UAV 200 can include a
motorized braking system that varies the rate at which the spool lets out the tether 224, Such

a braking system may take the form of an clectromechanical system in which the motor 222
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operates to slow the rate at which the spool lets out the tether 224, Further, the motor 222
may vary the amount by which it adjusts the speed (e.g., the RPM) of the spool, and thus may
vary the deployment rate of the tether 224, Other examples are also possible.

j3112] In some embodiments, the tether control module 216 may be configured to
Himit the motor current supplied to the motor 222 to a maximum value. With such a limit
placed on the motor current, there may be situations where the motor 222 cannot operate at
the desired operate specitied by the speed controller. For instance, as discussed in more
detail below, there may be situations where the speed controller specifies a desired operating
rate at which the motor 222 should retract the tether 224 toward the UAY 200, but the motor
current may be limited such that a large cnough downward force on the tether 224 would
counteract the retracting force of the motor 222 and cause the tether 224 to unwind instead.
And as further discussed below, a limit on the motor current may be imposed and/or altered
depending on an operational state of the UAV 200.

{6113} In some embodiments, the tether control module 216 may be configured to
deternune a status of the tether 224 and/or the payload 228 based on the amount of current
supplied to the motor 222. For instance, if a downward force is applied to the tether 224
{c.g., if the payload 228 is attached to the tether 224 or if the tether 224 gets snagged on an
object when retracting toward the UUAV 200}, the tether control module 216 may need to
ncrease the motor current in order to cause the determined rotational speed of the motor 222
and/or spool to match the desired speed. Similardy, when the downward force is removed
from the tether 224 {e.g., upon delivery 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 be configured to monitor the current supplied to the
motor 222, For nstance, the tether control module 216 could deternune the motor current
based on sensor data received from a current sensor of the motor or a current sensor of the
power system 220. In any case, based on the current supplied to the motor 222, determine if
the payload 228 is attached to the tether 224, if someone or something is pulling on the tether
224, and/or if the payload coupling apparatus 226 is pressing against the UAV 200 after
retracting the tether 224, Other examples are possible as well.

{6114} During delivery of the pavicad 228, the payload coupling apparatus 226 can
be configured to secure the payload 228 while being lowered from the UAV by the tether

224, and can be further configured to release the payload 228 upon reaching ground level.
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The payload coupling apparatus 226 can then be retracted to the UAV by reeling in the tether
224 using the motor 222.

{0115} I some implementations, the payload 228 may be passively released once it is
lowered to the ground. For example, a passive release mechanisin may include one or more
swing arms adapted to retract into and extend from a housing. An extended swing arm may
form a bhook on which the paylead 228 may be attached. Upon lowering the release
mechanism and the pavioad 228 to the ground via a tether, a gravitational force as well as a
downward inertial force on the release mechanism may cause the pavicad 228 to detach from
the hook aliowing the release mechanism to be raised upwards toward the UAV. The rclease
mechanism may further inchude a spring mechanism that biases the swing agm to retract 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 into the housing once the weight of the payload 228 no
longer forces the swing arm to extend from the housing. Retracting the swing arm nto the
housing may reduce the hikelihood of the release mechanism snagging the pavioad 228 or
other nearby objects when raising the release mechanism toward the UAV upon delivery of
the payload 228.

{116} Active payload release mechanisms are also possible. For example, sensors
such as a barometric pressure based altimeter and/or aceclerometers may help to detect the
position of the release mechanism (and the pavioad) relative o the ground. Data from the
sensors can be communicated back to the UAV and/or a control system over a wireless link
and vsed to help in determining when the release mechanism has reached ground level (e.g.,
by detecting a measurement with the accelerometer that is charactaristic of ground impact).
In other examples, the UAV may determine that the paylead has reached the ground based on
a weight sensor detecting a threshold low downward force on the tether and/or based on a
threshold low measurement of power drawn by the winch when lowering the pavicad.

{6117} Other systems and techniques for delivering a payload, in addition or in the
altemative to a tethered delivery system are also possible. For example, a UAY 200 could
include an air-bag drop system or a parachute drop system. Alternatively, a UAV 200
carrying a pavload could simply land on the ground at a delivery location.  Other examples
are also possible.

V.  Mustrative UAY Deployment Systems

{3118} UAY systems may be implemented in order to provide various UAV-related

services. In particular, UAVs may be provided at a number of different launch sites that may
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be in communication with regional and/or central control systems. Such a distributed UAV
systemn may allow UAVs to be quickly deployed to provide services across a large geographic
arca (¢.g., that is much larger than the flight range of any single UAV). For example, UAVs
capable of carrying pavioads may be distributed at a number of launch sites across a large
geographic area {possibly even throughout an entire country, or even worldwide), in order to
provide on-demand transport of various items to locations throughout the geographic area.
Figure 3 is a simplified block diagranm illustrating a distributed UAV system 300, according
to an example embodiment.

{0119§ In the illustrative UAV system 300, an access system 302 may allow for
mteraction with, control of and/or utilization of a network of UAVs 304, In some
embodiments, an access system 302 may be a computing system that allows for human-
controlled dispatch of UAVs 304, As such, the control system may inchude or otherwise
provide a user interface through which a user can access and/or control the UAVs 304,

{6120} In some cmbodiments, dispatch of the UAVs 304 may additionally or
altematively be accomplished via one or more antomated processes. For instance, the access
system 302 may dispatch one of the UAVs 304 to transport a payload to a target focation, and
the UAVY may autonomously navigate to the target location by utilizing various on-board

sensors, such as a GPS receiver and/or other various navigational sensors.

121} Further, the access system 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 UAV via

its user interface. As a specific example, an operator mav use the access svstem 302 to
dispatch a UAV 304 to a target location. The UAV 304 may then autonomously navigate to
the general area of the target location. At this point, the operator may use the access system
302 to take control of the UAVY 304 and navigate the UAV to the target location {e.g.. to a
particular person to whom a payload is beng transported).  Other examples of remote
operation of a UAV are also possible.

{0122} In an illustrative embodiment, the UAVs 304 may take various forms. For
example, cach of the UAVs 304 may be a UAV such as those illustrated in Figures 1A-1E.
However, UAV system 300 may also utilize other types of UAVs without departing from the
scope of the invention. In some implementations, all of the UAVs 304 may be of the same or
a similar configuration. However, in other implementations, the UAVs 304 may include a
number of different types of UAVs. For mnstance, the UAVs 304 may include a number of
types of UAVs, with cach type of UAV being configured for a different type or types of

payload delivery capabilities.
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{6123} The UAV gystem 300 may further include a remote device 306, which may
take various forms. Generally, the remote device 306 may be any device through which a
direct or indirect request to dispatch a UAV can be made. (Note that an indirect request may
mvolve any communication that may be responded to by dispatching a UAV, 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-
connecied computing device. Further, in some instances, the remote device 306 may notbe 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 possible.

j6124] Further, the remote device 306 may be configured to communicate with access
system 302 via one or more types of communication network{s} 308. For example, the
remote device 306 may commanicate with the access system 302 (or a human operator of the
access system 302) by communicating over a POTS netwaoik, a cellular network, and/or a
data network such as the Internet.  Other types of networks may also be utilized.

{8125} In some embodiments, the remote device 306 may be configured to allow a
user to request delivery of one or more items to a desired location. For example, a user could
request UAV dehvery of a package to their home via their mobile phone, tablet, or laptop.
As another example, a user could request dynamue delivery to wherever they are located at
the time of delivery. To provide such dynamie delivery, the UAVY system 300 may receive
focation mformation {¢.g., GPS coordinates, etc.) from the user’s mobile phone, or any other
device on the user’s person, such that a UAV can navigate to the user’s location {as indicated
by their mobile phone).

{8126} in an illustrative arrangement, the central dispatch system 310 may be a server
or group of servers, which is configured to receive dispaich messages requests and/or
dispatch instructions from the access system 302, Such dispatch messages may request or
instruct the central dispatch system 310 to coordinate the deployment of UAVs to various
target locations. The central dispatch systern 310 may be further configured to route such
requests or instructions to one or more local dispatch systems 312, To provide such
functionality, the central dispatch system 310 may communicate with the access system 302
via a data network, such as the Internet or a private network that is established for
communications between access systems and automated dispateh systems.

{3127} In the illustrated configuration, the central dispatch system 310 may be

configured to coordinate the dispatch of UAVs 304 from a number of different local dispatch
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systems 312. As such, the central dispatch system 310 may keep track of which UAVs 304
are located at which local dispatch systems 312, which UAVs 304 are currently available for
deployment, and/or which services or operations cach of the UAVs 304 is configured for (in
the event that a UAV flect includes multiple types of UAVs configured for different services
and/or operations). Additionally or altematively, each local dispatch system 312 may be
configured to track which of its assoctated UAVs 304 are currently available for deployment
and/or are currently in the midst of item transport.

{06128} In some cases, when the central dispatch system 310 receives a request for
UAV-related service {c.g., transport of an item) from the access sysiem 302, the central
dispatch system 310 may select a specific UAV 304 to dispatch. The central dispatch system
310 may accordingly instruct the local dispatch system 312 that is associated with the
selected UAV to dispatch the selected UAVY. The local dispatch system 312 may then operate
its associated deployment system 314 to launch the selected UAV. In other cases, the central
dispatch system 310 may forward a request for a UAV-related secrvice to a local dispatch
systent 312 that 1s near the location where the support is requested and leave the selection of
a particular UAVY 304 to the local dispatch system 312,

{3129} In an cxample configuration, the local dispatch svstem 312 may be
mmplemented as a computing system at the same location as the deployment system(s) 314
that it controls. For example, the local dispatch system 312 may be implemented by a
computing system installed at a building, such as a warchouse, where the deployment
system{s) 314 and UAV{(s) 304 that arc associated with the particular local dispatch svstem
312 are also located. In other embodiments, the local dispatch systern 312 may be
implemented at a location that is remote to ifs associated deplovment systemds) 314 and
UAV{s) 304,

{0130} Numerous varnations on and alternatives to the iHustrated configuration of the
UAV gystem 300 are possible. For example, in some embodiments, a user of the remote
device 306 could request delivery of a package directly from the central dispatch system 310.
To do so, an application may be implemented on the remote device 306 that allows the user
to provide information regarding a requested delivery, and generate and send a data message
to request that the UAV system 300 provide the delivery. In such an embodiment, the central
dispatch system 210 may include automated functionality to handle requests that are
gencrated by such an application, evaluate such requests, and, if appropriate, coordinate with

an appropriate local dispatch system 312 to deploy a UAV.
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{6131} Further, some or all of the functionality that is attributed herein to the central
dispatch system 310, the local dispatch system(s) 312, the access system 302, and/or the
deployment system(s) 314 may be combined in a single system, implemented in a more
coroplex svstem, and/or redistributed among the central dispatch system 310, the local
dispatch system(s) 312, the access system 302, and/or the deplovment system{s} 314 in
Various ways.

{0132} Yet further, while cach local dispatch system 312 is shown as baving two
associated deployment systems 314, a given local dispatch system 312 may alternatively have
more or fewer associated deployment systems 314, Similardy, while the central dispatch
systern 310 is shown as being in communication with two local dispatch systems 312, the
central dispatch systern 310 may alternatively be in communication with more or fewer local
dispatch systems 312,

{6133} In a further aspect, the deployment systems 314 may take various forms. In
general, the deplovment systeras 314 may take the form of or include systems for physically
launching one or more of the UAVs 304, Such launch systems may mclude features that
provide for an automated UAV launch and/or features that allow for a human-assisted UAV
launch. Further, the deployment svstems 314 may cach be configured to launch one
particular UAY 304, or to launch multiple UAVs 304,

{3134} The deployment systems 314 may further be configured to provide additional
tunctions, including for example, diagnostic-related functions such as venfying system
tunctionality of the UAV, verifying functionality of devices that are housed within a UAVY
{c.g., a payload delivery apparatus), and/or mamtaining devices or other 1tems that are housed
in the UAV {e.g., by monitoring a status of a payload such as its temperature, weight, etc.).
{8135} in some embodiments, the deployment systems 314 and their corresponding
UAVs 304 (and possibly associated local dispatch svstems 312) mav be strategically
distributed throughout an area such as a city. For example, the deplovment systems 314 may
be strategicaily distributed such that each deployment system 314 is proximate to one or more
pavload pickup locations {c.g., near a restaurant, store, or warchouse). However, the
deployment systems 314 (and possibly the local dispatch systems 312) may be distributed
other ways, depending upon the particular implementation. As an additional example, kiosks
that allow users to transport packages via UAVs may be installed in various locations. Such
kiosks may include UAV laonch systems, and may allow 3 user to provide their package for
loading onto a UAV and pay for UAY shipping services, among other possibilities. Other

gxamples are also possible.
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{6136} In a further aspect, the UAV system 300 may include or have aceess to a user-
account database 316, The user-account database 316 may include data for a number of user
accounts, and which are each 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 each user account is optionally provided by
an associated user and/or is collected with the associated user’s permission.

{0137} Further, in some embodiments, a person may be requited 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 UAVY system 300, As such, the aser-account database 316 may include
authonzation information for a given user account {¢.g., a user name and password), and/or
other information that may be used to authorize access to a user account.

{3138} 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, e.g., to place a call to an operator
of the access system 302 or send a message requesting a UAV-related service to a dispatch
systen, the phone may be identified via a umque device identification number, and the call or

message may then be attributed to the associated user account. Other examples are also

possible.
Y. Example System and Apparatus for Payload Delivery
{3139} Figures 4A, 4B, and 4C show a UAVY 400 that includes a payload delivery

system 450 (could also be referred to as a payload delivery apparatus), according to an
example embodunent.  As shown, pavioad delivery systern 410 for UAY 400 mcludes a
tether 402 coupled to a spool 404, a pavicad latch 406, and a pavload 408 coupled to the
tether 402 via a payload coupling apparatus 412, The payload latch 406 can function to
alternately secure payload 408 and release the pavlcad 408 upon delivery. For instance, as
shown, the payload latch 406 may take the form of one or more pins that can engage the
payload coupling apparatus 412 (e.g., by sliding into one or more receiving slots in the
pavload coupling apparatus 412). Inserting the pins of the paylead latch 406 into the payload
coupling apparatus 412 may secure the pavload coupling apparatus 412 within a receptacle
414 on the undemside of the UAVY 400, thereby preventing the payload 408 from being
lowered from the UAV 400. In some cmbodiments, the payload latch 406 may be arranged
to engage the spool 404 or the pavicad 408 rather than the payload coupling apparatus 412 in

order to prevent the payload 408 from lowering. In other embodiments, the UAV 400 may
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not include the pavload latch 406, and the pavlcad delivery apparatus may be coupled
directly to the UAV 400.

{0140} In some embodiments, the spool 404 can function to unwind the tether 402
such that the payload 408 can be lowered to the ground with the tether 402 and the payload
coupling apparatus 412 from UAV 400, The payload 408 may itself be an item for delivery,
and may be housed within (or otherwise incorporate) a parcel, container, or other structure
that is configured to interface with the payload latch 406, In practice, the payload delivery
system 410 of UAV 400 may function to autonomously lower payload 408 to the ground in a
controfled manner to facilitate delivery of the payload 408 on the ground while the UAV 400
hovers above.

{0141} As shown in Figure 4A, the payload latch 406 may be m a closed position
(e.g., pins engaging the payload coupling apparatus 412) to hold the payload 408 against or
close to the botiom of the UAY 400, or even partially or completely inside the UAVY 400,
during flight from a launch site to a target focation 420. The target location 420 may be a
pomnt i space directly above a desived delivery location. Then, when the UAV 400 reaches
the target location 420, the UAV’s control system {e.g., the tether control module 216 of
Figure 2} may toggle the pavioad latch 406 o an open position {¢.g., disengagimg the pins
from the pavlcad coupling apparatus 412), thereby allowing the pavicad 408 to be lowered
from the UAY 400. The control system may further operate the spool 404 {eg. by
controlling the motor 222 of Figure 2) such that the payload 408, secured to the tether 402 by
a pavload coupling apparatus 412, 1s lowered to the ground, as shown in Figure 4B.

{8142} Onee the pavicad 408 reaches the ground, the control system may continue
operating the spool 404 to lower the tether 402, causing over-run of the tether 402. During
over-run of the tether 402, the payload coupling apparatus 412 may continue to lower as the
pavioad 408 remains stationary on the ground. The downward momentum and/or
gravitational forces on the payload coupling apparatus 412 may cause the payload 408 to
detach from the payload coupling apparatus 412 (e.g., by sliding off a hook of the payload
coupling apparatus 412). After releasing payload 408, the control system may operate the
spool 404 to retract the tether 402 and the payload coupling apparatus 412 toward the UAVY
400. Once the payload coupling apparatus reaches or nears the UAYV 400, the control svstem
may operate the spool 404 to pull the pavlcad coupling apparatus 412 into the receptacle 414,
and the control system may toggle the payload latch 406 to the closed position, as shown in
Figure 4C.
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{6143} In some embodiments, when lowering the paviocad 408 from the UAV 400, the
control systern may detect when the payload 408 and/or the payload coupling apparatus 412
has been lowered to be at or near the ground based on an unwound length of the tether 402
from the spool 404, Sinular technigues may be used to determine when the payload coupling
apparatus 412 is at or near the UAV 400 when retracting the tether 402, As noted above, the
UAY 400 may include an encoder for providing data indicative of the rotation of the spool
404. Based on data from the encoder, the control system may determine how many rotations
the spool 404 has undergone and, based on the number of rotations, determine a lepgth of the
tether 402 that is unwound from the spool 404, For instance, the control system may
determine an unwound length of the tether 402 by multiplying the number of rotations of the
spool 404 by the circumference of the tether 402 wrapped around the spool 404, Tn some
embodiments, such as when the spool 404 is narrow or when the tether 402 has a large
diameter, the circumfcrence of the tether 402 on the spool 404 may vary as the tether 402
winds or unwinds from the tether, and so the control system may be configured to account for
these vanations when deternuning the unwound tether length.

{8144} In other embodiments, the control system may use various types of data, and
various technigques, to determine when the payload 408 and/or payload coupling apparatus
412 have lowered to be at or near the ground. Further, the data that 1s vsed to determune
when the payload 408 15 at or near the ground may be provided by sensors on UAY 400,
sensors on the payload coupling apparatus 412, and/or other data sources that provide data to
the control system.

{8145} In some embodiments, the control system itself may be situated on the payload
coupling apparatus 412 and/or on the UAV 400. For example, the payload coupling
apparatus 412 may include logic module(s) implemented via bardware, software, and/or
firmware that cause the UAV 400 to function as described herein, and the VAV 400 may
mnctade logic module(s) that commuanicate with the pavicad coupling apparatus 412 to cause
the UAV 400 to perform functions described herein.

{6146} Figure 5A shows a perspective view of a payload delivery apparatus 500
mchuding pavload 510, according to an example embodiment. The payload delivery
apparatus 500 is positioned within a fuselage of a UAV (not shown) and includes a winch
514 powered by motor 512, and a tether 502 spooled onto winch 514, The tether 502 is
attached to a payload coupling apparatus or payicad retriever 800 positioned within a payload
coupling apparatus receptacle 516 positioned within the fuselage of the UAV (not shown). A

payload 510 is sccured to the payload coupling apparatus 800, In this embodiment a top
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portion 517 of payload 510 is secured within the fuselage of the UAV. A locking pin 370 is
shown extending through handle 511 attached to payload 510 to positively secure the payload
beneath the UAV during high speed flight.

{3147} Figure 3B is a cross-sectional side view of payload delivery apparatus 300 and
pavioad 510 shown in Figure SA. In this view, the payload coupling apparatus is shown
tightly posttioned with the payload coupling apparatus receptacle 316, Tether 502 extends
from winch 514 and is attached to the top of pavioad coupling apparatus 800. Top portion
517 of payload 510 is shown positioned within the fuselage of the UAV (not shown) along
with handie 311.

{0148} Figure 3C 15 a side view of pavload delivery apparatus 500 and payload 510
shown in Figures 5A and 5B. The top portion 517 of payload 510 is shown positioned within
the fuselage of the UAV. Winch 514 has been used to wind in tether 502 to position the
pavload coupling apparatus within payvload coupling apparatus receptacle 516. Figures 5A-C
disclose pavioad 510 taking the shape of an acrodynamic hexagonally-shaped tote, where the
base and side walls are six-sided hexagons and the tote includes generally pointed front and
rear surfaces formed at the intersections of the side walls and base of the tote providing an

acrodynanuc shape.

YI. Example Payload Retrieval Apparatus and Payload Retrievers

{3149} Figure 6A is a perspective view of payload coupling apparatus 800, according
to an example embodiment. Payload coupling apparatus 800 includes tether mounting point
802, and a slot 308 to posttion a handle of a payload handle m. Lower hip, or hook, 806 1s
positioned beneath slot 808, Also meluded 1s an outer protrusion 804 having helical cam
surfaces 804a and 804b that are adapted to mate with corresponding cam mating surfaces
within a payload coupling apparatus receptacle positioned with a fuselage of a UAV.

{6150} Figure 6B is a side view of payload coupling apparatus 800 shown in Figure
6A. Slot 808 is shown positioned above lower lip, or hook. 806. As shown lower lip or hook
806 has an outer surface 806a that is undercut such that it does not extend as far outwardly as
an outer surface above slot 803 so that the lower lip or hook 806 will not reengage with the
handle of the payload after it has been decoupled, or will not get engaged with power lines or
tree branches during retrieval to the UAV.

{6151} Figure 6C is a front view of payload coupling apparatus 860 shown in Figures
6A and 6B. Lower lip or hook 806 is shown positioned beneath slot 808 that is adapted for

securing a handle of a payload.
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{6152} Figure 7 is a perspective view of pavload coupling apparatus 8060 shown
Figures 6A-6C, prior to insertion into a payload coupling apparatus receptacle 316 positioned
in the fuselage 350 of a UAV. As noted previously payload coupling apparatus 800 includes
a slot 808 positioned above lower lip or hook 806, adapted to receive a handle of a payload.
The fuselage 350 of the pavilcad delivery system 300 includes a payload coupling apparatus
receptacie 516 positioned within the fuselage 550 of the UAV. The payload coupling
apparatus 800 jncludes an outer protrusion 810 have helical cammed surfaces 810a and 810b
that meet in a rounded apex. The helical cammed surfaces 810a and 810b are adapted to
mate with surfaces 530a and 530b of an inward protrusion 530 positioned withia the payicad
coupling apparatus receptacle 516 positioned within fusclage 550 of the UAV. Also included
is a longitudinal recessed restraint slot 340 positioned within the fuselage 550 of the UAV
that 1s adapted to receive and restrain a top portion of a payload (not shown). As the payload
coupling apparatus 800 is pulled mto to the payload coupling apparatus receptacle 516, the
cammed surfaces 810a and 810b of outer protrusion 810 engage with the cammed surfaces
530a and 530b within the pavicad coupling apparatus receptacle 516 and the payload
coupling apparatus 800 is rotated into a desired alignment within the fuselage 550 of the
UAV.,

{3153] Figure 8 1s another perspective view of an opposite side of payload coupling
apparatus 800 shown in Figures 6A-6C, prior to insertion into a payicad coupling apparatus
receptacle 316 positioned in the fuselage 550 of a UAV. As shown, payload coupling
apparatus 400 nclude a lower lip or hook 806, An outer protrusion 804 15 shown extending
outwardly from the payload coupling apparatus having helical cammed surfaces 804a and
804b adapted to engage and mate with cammed surfaces 53¢a and 530b of mner protrusion
530 positioned within payload coupling apparatus receptacie 516 positioned within fuselage
550 of payload delivery system 500, It should be noted that the camamed surfaces 804a and
304b meet at a sharp apex, which is asymmetrical with the rounded or blunt apex of cammed
surfaces 810a and 810b shown in Figure 7. In this manner, the rounded or blunt apex of
cammed surfaces 810a and 810b prevent possible jamming of the pavload coupling apparatus
800 as the cammed surfaces engage the cammed surfaces 530a and 330b positioned within
the pavload coupling apparatus receptacle 316 positioned within fuselage 550 of the UAV.
In particular, cammed surfaces §04a and 804b arc positioned slightly higher than the rovnded
or blunt apex of cammed surfaces §10a and 810b. As a result, the sharper tip of camimed
surfaces 8043 and 804b engages the cammed surfaces 530a and 530b within the payload

coupling apparatus receptacic 516 positioned within the fuselage 550 of payload delivery
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system 500, thereby initiating rotation of the payload coupling apparatus 800 shightly before
the rounded or blunt apex of cammed surfaces 810a and 310b engage the corresponding
cammed surfaces within the payload coupling apparatus receptacle 516. In this manner, the
case where both apexes (or tips) of the cammed surfaces on the payload coupling apparatus
end up on the same side of the receiving cams within the pavicad coupling apparatus
receptacle is prevented. This scenario results in a prevention of the jamming of the payload
coupling apparatus within the receptacle.

{8154} Figure 9 shows a perspective view of a recessed restraint slot and payicad
coupling apparatus receptacle positioned in a fuselage of a UAV. In particular, payload
delivery system 300 ncludes a fuselage 550 having a payvload coupling apparatus receptacle
516 therein that includes inward protrusion 330 having cammed surfaces 330a and 530b that
are adapted to mate with corresponding cammed surfaces on a payload coupling apparatus
{not shown}. Alsc included is a longitudinally extending recessed restrained slot 540 into
which a top portion of a pavload is adapted to be posiiioned and secured within the fuselage
550.

{8155} Figure 10A shows a side view of a payload delivery apparatus S00 with a
bandie S11 of payioad 510 secured within a pavload coupling apparatus 800 as the payload
510 moves downwardly prior to touching down for delivery. Prior to payload touchdown, the
handle 511 of payload 510 includes a hole 513 through which a lower lip or hook of payload
coupling apparatus 800 extends. The handle sits within a slot of the payload coupling
apparatus 800 that is suspended from tether 502 of paylead delivery system 500 during
descent of the payload 510 to a landing site.

{8156} Figare 10B shows a side view of payload delivery apparatus 500 after payload
510 has landed on the ground showing payload coupling apparatus 800 decoupled from
handle 511 of payload 510. Ouce the payicad 510 touches the ground, the payioad coupling
apparatus 800 continues to move downwardly (as the winch further unwinds) through mertia
or gravity and decouples the lower lip or hook 808 of the payload coupling apparatus 800
from handle 311 of payload 510. The payload coupling apparatus 800 remains suspended
from tether 502, and can be winched back up to the payload coupling receptacle of the UAV.
{8157} Figure 10C shows a side view of payload delivery apparatus 500 with payload
coupling apparatus 800 moving away from handie 511 of payload 510. Here the pavioad
coupling apparatus 800 is completely separated from the hole 513 of handle 511 of payload
510. Tether 502 may be used to winch the payload coupling apparatus back to the payload

coupling apparatus receptacie positioned in the fuselage of the UAV.
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{6158} Figure 11A is a side view of handle 511 of payload 510. The handle 511
inchudes an aperture 513 through which the lower lip or hook of a pavload coupling apparatus
extends through to suspend the payload dudng delivery, or for retrieval. The handle 511
mncludes a lower portion 515 that is secured to the top portion of a payicad. Also included are
holes 324 and 526 through which locking pins positioned within the fuselage of a UAV, may
extend to secure the handle and payload in a secure position during high speed forward flight
1o a delivery location. In addition, holes 524 and 526 are also designed for pins of a payload
holder to extend therethrough to hold the pavioad in position for retrieval on a payicad
retrieval apparatus. The handle may be comprised of a thin, flexible plastic material that is
flexible and provides sufficient strength to suspend the payload bencath a UAV during
forward flight to a delivery site, and during delivery and/or retrieval of a pavicad. In
practice, the handle may be bent to position the handle within a slot of a payload coupling
apparatus. The handle 511 also has sufficient strength to withstand the torque during rotation
of the payioad coupling apparatus into the desired orientation within the payload coupling
apparatus receptacle, and rotation of the top portion of the pavload mto position with the
recessed restraint slot.

{3159} Figure 118 1s a side view of bandle 5117 of payload 510, The bandle 511°
mehades an aperture 513 through which the lower lip or hook of a pavicad coupling apparatus
extends through to suspend the payload during delivery, or for retrieval. The handle 511
includes a lower portion 513 that is secured to the top portion of a paylcad. Also included are
magnets 5247 and 526’ adapted for magnetic engagement with corresponding magnets {(or a
metal) of a payload holder to secure the payload to the payload holder in position for retricval
on a payload retrieval apparatus. In some examples, magnets 5247 and 5267 are provided on
a handle (e.g., handle 511 or 5117} in place of holes 524 and 526. In other examples, magnets
524 and 526’ are provided in addition to holes 524 and 326.

{0160} Figure 12 shows a pair of ping 5370, 372 extending through holes 524 and 526
in handle 511 of payload 510 to secure the handle 511 and top portion of payvicad 516 within
the fuselage of a UAV, or to secure pavload 510 to a payload holder of a pavload retrieval
apparatus. o this manner, the handle 311 and payload 510 may be secured within the
fuselage of a UAV, or to a payload holder of a pavicad retrieval apparatus. In this
embodiment, the pins 370 and 572 have a conical shape so that they pull the package up
slightly or at least remove any downward slack present. In some embodiments the pins 370
and 372 may completely plug the holes 524 and 526 of the handle 311 of payload 310, to

provide a securc attachment of the handle and top portion of the payload within the fusclage
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of the UAV, or to secure the pavlcad to a pavioad retrieval apparatus. Althoogh the pins are
shown as conical, in other applications they may have other geometries, such as a cylindrical
geometry.

{161} Figures 13A and 13B show various views of payload coupling apparatus or
payload retriever 8007 which is a variation of pavlcad coupling apparatus 800 described
above. Payload coupling apparatus 8007 includes the same exterior features as payload
coupling apparatus 800. However, in payload coupling apparatus 8007, lower lip or hook
806 is extendable and setractable. As shown in Figure 134, pavicad coupling 800° is in a
retracted state where end 806a° of lip or hook 806" is positioned inwardly from outer wall
807 of capsule housing 805. In Figuwre 13B, pavicad coupling apparatus 800" is in an
extended state where end 806a” of hip or hook 8067 has been moved outwardly from capsule
housing 805 such that the end 806a of the lip or hook 8067 is positioned cutwardly from outer
wall 807 of capsule housing 805, Lip of hock 806 may be moved cutwardly via cams or
protrusions within channel 1050, or by a spring —loaded portion of channel 1050, or other
mechanisms. In the extended state shown in Figure 13B, the hook or Iip 8067 1s in position to
casily extend through the aperture 513 in handle 511 of payload 510, such that the handle 511
1s positioned within slot 808 of payload coupling apparatus 800 and retrieval of the payload
and removal from the payload holder of the payload retrieval apparatus can be achieved.
Once the payload 510 is removed from the pavioad helder the hook or lip 806™ may be
moved back to its retracted sate as shown in Figure 13A.

{0162} Figure 13C 1s a side view of payload coupling apparatus 800”7 which in this
illustrative embodiment is the similar to payvioad coupling apparatus 800 shown in Figures
6A-6C, but mstead mchudes a plurality of magnets &30 positioned thereon. The plurality of
magnets 830 are adapted o magoetically engage a plurality of magnets 1060 (or a metal)
posttioned within the channel 1030 of a payload retrieval apparatus 1000 as shown in Figure
20 below to orient the payload coupling apparatus 8007 within the channel 1050 of payload
retrieval apparatus 1000 so that the hook or lip 806a is in proper position to extend through
aperture 513 ot handle 311 of payload 510 to effect removal of payload 510 from the payload
holder of payload retrieval apparatus 1000,

{8163} Figure 13D is a side view of payload coupling apparatus 900 which in this
illustrative embodiment is similar to payload coupling apparatus 800" shown in Figure 6C,
but instead imcludes a weighted side 840. The weighted side 840 serves to orient the payload
coupling apparatus 900 within the channel 1050 of payload retrieval apparatus 1000 so that
the hook or lip 806a is in proper position to extend through aperture 513 of handle 511 of
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pavload 510 to effect removal of payvload 510 from the payload holder of payload retrieval
apparatus 1000.

{0164} In each of the payload coupling apparatuses 800, 800°, 8007, and 900
described above, the upper and lower ends are rounded, or hemispherically shaped, to prevent
the payload coupling apparatus from snagging during descent from, or retrieval to, the
fusclage of a UAV. Furthermore, cach of payload coupling apparatuses 800, 8007, and 900
may have a retractable and extendable hook or lip as is shown in Figures 13A and 13B with
regard to payioad coupling apparatis 8007,

{08165} In addition, as illustrated in Figure 9, the payload delivery system may
automatically align the top portion of the payload during winch up, orienting it for minimum
drag along the aircraft's longitudinal axis. This alignment enables high speed forward flight
after pick op. The alignment is accomplished through the shape of the payload hook and
receptacle. In the pavload coupling apparatus 800, the lower lip or hook 806 has cam
features around its perimeter which always orient 1t in a defined durection when # engages
mto the cam features inside the receptacle of the fuselage of the UAV. The tips of the cam
shapes on both sides of the capsule are asymmetric to prevent jamming in the 90 degree
oricntation. In this regard, helical cam surfaces may meet at an apex on one side of the
payload coupling mechamsm, and helical cam surfaces may meet at a rounded apex on the
other side of the pavicad coupling mechanism. The hook is specifically designed so that the
package hangs in the centerline of the hook, enabling alignment in both directions from 90
degrees.

{8166} Payload coupling apparatuses 800, 8047, 8007, and 900 melude a hook 206 (or
806’} formed beneath a slot 808 such that the hook alsc releases the payload passively and
automatically when the payload touches the ground upon delivery. This is accomplished
through the shape and angle of the hook slot and the corresponding handle on the pavload.
The hook slides off the handle casily when the pavload touches down due to the mass of the
capsule and also the inertia wanting to continue moving the capsule downward past the
pavload. The end of the hook is designed to be recessed slightly from the body of the
capsule, which prevents the hook from accidentally re-attaching to the handle. After
successful release, the hook gets winched back up into the aircrafl.

{0167} Figures 14-16 are perspective views of payload retrieval apparatus 1000
having a payload 310 positioned thereon, according to an example embodiment. The payload
retrieval apparates 1000 may be a non-permanent stracture placed at a payload retrieval site.

The apparatus includes an extending member 1010 that may be secured to a base or stand
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1012 at a lower end of the extending member 1010. Alternately, the extending member 1010
may have a lower end that may be positioned within a corresponding hole in the ground or
hole in an apparatus positioned on the ground. The payload retricval apparatus 1000 may be
readily folded up, like an umbrelia stand, to provide for case of transport. In addition,
because of its non-permanent configuration, payload retrieval apparatus 1000 may not require
any type permitting, which may not be the case for a permanent device used for UAV loading
and unloading.

{0168} An angled extender 1020 may be attached at an upper end of the extending
member 1010, and adapter 1016 may be used to adjust the height or angle of the angled
extender 1020, and having a threaded sct screw with knob 1018 to set the angled extender
1020 1into a desired position. The angled extender 1020 is shown with an upper end secured
to a channel 1050. A first end of the channel may have a first extension or tether engager
1040 that extends in a first direction from a lower end of the channel 1050 and a second
extension or tether engager 1030 that extends in a second direction from the lower end of the
channel 1050, A second end of the channel 1050 may have a payload holder 570, 572
posttioned near or thereon that i1s adapted to secure a pavload 510 to the second end of the
chaonnel 1050,

{41691 A shueld 1042 15 shown extending from the first tether engager 1040, and
another shield 1032 is shown extending from the second tether engager 1030, Shield 1042
and 1032 may be made of a fabric material, or other material such as rubber or plastic. A
shield 1052 1s also shown extending from the first end of channel 1050, Shields 1042, 1032,
and 1052 serve to prevent a pavicad retriever 800 extending from an end of a tether 1200
attached to a UAV from wrapping around the tether engagers 1040 and 1032 or other
components of pavload retrieval apparatus 1000 when the payload retriever comes into
contact with tether engagers 1040 or 1030 during a payload retrieval operation.

{6170} Channel 1050 includes a tether slot 1034 extending from a first end to a
second end of the channel 1050, and the tether slot 1054 allows for a pavload retriever to be
posttioned within the channel 1030 attached to a tether which extends through the tether slot
1054. A pavload holder 1s shown that is a pair of pins 570, 372 that extend through openings
in handle 511 of payload 510 to suspend payload 510 in position adjacent the second end of
the channel 1030 ready to be retrieved by a payload retriever attached to a tether suspended
from a UAV.

{3171} To provide for astomatic retrieval of payload 510 with a payload retriever

suspended from a UAVY with a tether, payload 310 is sccured to the payload holder 570, 572
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on the second end of the channel 1050 at the pavload retrieval site. A UAV arrives at the
pavicad retrieval site with a tether 1200 extending downwardly from the UAV and with the
pavload retriever 800 positioned on the end of the tether, as shown in Figures 14 and 17, The
UAYV approaches the payload retrieval apparatus 1000, and as it vears the payload retrieval
apparatus 1000, the tether 1200 comes into contact with the first or second extension {tether
engager) 1040, 1030, As the UAV moves forward, or the UAV is moved upwardly, or the
pavioad retriever is winched upwardly to the UAV while the UAY is hovering in place (or
any combination thereof), the tether slides inwardly along the first or second extension 1040,
1030 where it is directed towards the first end of the channel 1050. With further forward or
upward movement of the UAV, or upward winching of the pavioad retricver, the tether 1200
moves through the tether slot 1054 of channel 1050 and eventually the payload retriever 800
attached to the tether 1200 1s pulled into the channel 1050 by the tother. The payload
retriever 800 is pulled through the channel 1050 where it engages, and sccures, the payload
510 secured to the payload holder 570, 372, The pavload retriever 800 then pulls the payload
510 free from the pavioad holder 570, 572, Once the payload 510 is free from the payload
holder 570, 572, the pavload 510 may be winched upwardly into secure engagement with the
UAV, and the UAV may continue on to a delivery site where the payioad 510 may be
delivered by the UAV.

{3172} Figure 17 shows a sequence of steps A-D performed in the retnieval of payload
510 from payload retrieval apparatus 1000, shown in Figures 14-16. A payload retrever,
shown in Figure 17 as payload coupling apparatus 800 having a hook or lip 806 positioned
beneath slot 808, is attached to an end of tether 1200 which is in turn fo attached to a UAV.
At point A in the sequence of steps shown from right to lefi, payload retriever 800 is shown
suspended at the end of tether 1200 at a position below the height of tether engagers 1040 and
1030. Pavioad retriever 800 and tether 1200 move towards the payload retrieval apparatus
1000, where tether 1200 contacts tether engager 1040 or tether engager 1030, and tether 1200
and pavioad retriever 00 move towards channel 1050 until payload retriever 800 is
posttioned just outside of channel 1050 shown at point B in the sequence. With further
forward or upward movement of the UAV, or upward winching of payload retriever 800 (or
any combination thereof}, tether 1200 extends through tether slot 1054 of channel 1050 and
pavlcad retriever 800 is positioned within channel 1030 as shown at point € of the sequence.
With further forward or upward movement of the UAV, or upward winching of the payload
retriever 800 (or any combination thereof), payload retriever 800 exits channel 1030 and

hook or hip 806 of payload retriever 800 engages handle 511 of payload 510 and removes
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pavioad 510 from payload holder 570, 572 positioned on the end of the channel 1050, Afier
removal of payload 310 from payload holder 570, 572 of payload retrieval apparatus 1000, at
point D of the sequence, pavioad 510 is suspended from tether 1200 with handle 511 of
pavioad 510 positioned in slot 308 above hook or lip 806 of pavicad retriever §00, where
payvioad 310 may be winched up to the UAVY and flown for subsequent delivery at a payload
delivery site.

{0173} Figure 1R is a perspective view of payload retricval apparatus 1000 shown in
Figures 14-17 with a payload loading apparatus 1080 having a plurality of payloads $10-2
and 31C-3 positioned thereon, according to an example embodiment. Payload loading
apparatus 1080 includes a platform 1082 positioned on platform base 1086 having an upper
surface 1084 that downwardly slopes towards pavload retrieval apparatus 1000, Payload
Ioading apparatus 1080 allows for automatic loading of a subsequent payload positioned on
upper surface 1084 of payicad loading apparatus 1080 onto payvioad retrieval apparatus 1000
after a pavload positioned on the payload holder has been retrieved. In particular, once
pavload 510-1 has been removed from pavioad holder 570, 572 of payload retrieval apparatus
1000, subsequent payload 510-2 shides down the upper surface 1084 of the payload loading
apparatus 1080 and is secured to payload holder 570, 372 of payload retrieval apparatus
18300. Pavicad loading apparatus 1080 may include one or more rollers 1088 that provide for
the downward movement of upper surface 1084, like a convevor belt.

16174} As shown in Figure 18, the handle 511 of payload 510-1 has openings 524 and
526 (see Figure 11A}) through which pins 570, 572 extend to bold payload 510-1 in position
for retrisval. However, handle 511 may also include magnets 524 and 526 (sce Figure 11B)
that are adapted to magnetically engage corresponding magnets or a metal positicned on the
pavioad holder of the pavlcad retrieval apparatus 1000, With a magnetic handle, the maguets
524 and 526° on the handle 511 move into engagement with the payload holder to hold
subsequent payload 510-2 into position for subsequent retrieval as illustrated in the sequence
of steps at points A-D shown in Figure 17, In addition, payloads 510-1 through 510-3 may
include fiducials 585 that may take the form of an RFID tag or bar code to identify the
contents of the pavload and delivery site information and/or delivery instructions. As a
result, using pavioad loading apparatus 1080 in conjunction with payload retricval apparatas
1000, a plurality of payloads may be retrieved from payload apparatus 1000 without the need
for a person to reload subsequent payloads for retrieval, providing for further antomated

payload retrieval.
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{6175} In order for the hook or lip 806 of the payvioad retriever 800 (shown in Figures
6A-C) to engage the handle 511 of payload 510 to effect removal and retrieval of the payload
310 from the pavioad retrieval apparatus 1000, the hook or lip 806 should be positioned
downwardly when it exits the channel 1030 in the embodiment shown {different orientations
are possible in alternate embodiments). As illustrated in Figure 19, to ensore that the slot
hook or lip 806 of the payload retriever 800 is in a proper ortentation as the payload retriever
800 exits the chanvel 1050 and engages the handle 511 of the payload 310, the pavload
retriever 800 may be provided with exterior cams 804 or slots that correspond to cams or
slots 1058, 1059 positioned on an interior surface of the channel 1050. The interaction of the
cams 804 or slots on the pavload retriever 800 and cams or slots 1038, 1059 on the interior of
the channel 1050 properly onent the payload retriever 800 within the channel 1050 such that
hook or lip 806 bencath the slot 808 of the payload retrever 800 is In proper position to
extend through the aperture 513 on the handle 511 of the payload 510 to remove the payload
510 from the payload bolder 570, 572.

{8176} Figure 19 15 a perspective view of channel 1050 of the pavicad retrieval
apparatus 1000 shown in Figures 14-16 with a payload retriever 800 positioned therein.
Channel 1050 includes a tether slot 1054 through which tether 1200 extends when tether
1200 draws payload retriever 800 into the wterior of channel 1050, The mterior of chamnel
1050 inclades cams or slots 1058, 1059 which cooperate with cams 804 or slots on the
payload retriever 800 to properly ortent the hook or lip 806 and slot 808 in a downward
tacing position within the channel 1050, Thus, the interaction of cams or slots 1058, 1059 on
the interior of channel 1050 with cams 804 or slots on the payload retriever 300 provides a
desired orientation of the payload retriever 800 at the point that payload retriever 800 exits
the channel 1050 and cngages handle 511 of payload 510 to remove the payload 510 from the
pavioad holder 570, 572.

{81771 Alternately, or in addition to cams 304, the payload retriever 8007 may have
one or more magnets 830 positioned thereon as shown in Figure 13C and 20 that cooperate
with one or more magnets 1060, or 3 metal, positicned on an mierior of the channel 1030 and
magnetic interaction is used to properly onent the payload retriever 8007 within the channel
1050 during the process of payload retrieval.

{0178] Figure 20 is a perspective view of channel 1030 of the pavicad retrieval
apparatus 1000 shown in Figures 14-16 with a payload retriever 8007 positioned therein.
Channel 1050 includes a tether slot 1054 through which tether 1200 extiends when tether

1200 draws payload retriever 3007 into the interior 1056 of channel 1050, The interior 1056
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of channel 1050 includes a plurality of magnets 1060 which magnetically engage with
magnets 830, or a metal, on the payload retriever 8007 to properly orient the hook or lip 806
and slot 808 in a downward facing position within the channel 1080, Thus, the interaction of
magnets 1060 on the interior 1056 of channel 1050 with magnets 830 or simply a metal on
the payload retriever 8007 provides a desired orientation of the payload retriever 8007 at the
point that payload retriever 8007 exits the channel 1050 and engages handle 511 of payload
510 1o remove the pavioad 510 from the payload holder 570, 372, Alternatively, or in
addition, a metal strip or plurality of metal picces could be positioned within the channel
1050 to provide for magnetic engagement with the magnets 830 on the payload retriever 8607
Sinularly, onc or more magoets may be positioned on the interior of channel 1030 that
magnetically engage a metal positioned on a payload retriever.

{3179} In addition, the pavload retriever could be weighted to have an offset center
of gravity {sec payload retricver 900 shown in Figure 13D} such that the hook 806 and slot
808 of the pavioad retriever 900 are positioned properly (with the “heavy™ portion of the
capsule on a lower side} to engage the handle 511 of the payload 510 and effect removal of
the payvioad 510 from the payload holder 570, 572. The weighted side 840 of payiocad
retriever 900 helps to insure that the hook or lip 806 and slot 808 are positioned downwardly
within the channel 1450 so as to be 1 position for the hook or lip 806 to extend through
aperture 513 in handle 511 of paviocad 510 during the retrieval process. It will be appreciated
that the use of cams, magnets, and a weighted side could all be used separately, or used in
combination in whole or in part, to provide for a destred orientation of the payload retriever
within the channel to effect removal of the payload from the payload retrieval apparatus
10006,

{0189} As shown in Figure 21A, the channel 1030 may also bave an interior that
tapers downwardly, or decreases 1n size, as the channel 1030 extends from the first end where
the payload retriever enters the intertor 1056 of channel 1050 to the second end where the
payload retriever exits the channel 1050 to further facilitate the proper orientation of the
pavload retriever within the channel. In addition, as shown in Figure 21B, the second end of
the channel 1030 could be spring loaded with a spring 1061 exerting a force against outer
surface 1057 of channel 1050, or operate as a leaf spring, to also facilitate the proper
orientation of the paylcad retriever (or extension or the hook or lip of the payload retriever) at
the pomnt of payload retrieval.

{3181} Not only does the payload retrieval apparatus 1000 described above provide

for awtomatic payload retrieval without the need for human involvement, but the UAV
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advantageously is not required to land for the payload 510 to be loaded onto the UAV at the
pavicad retrieval site. Thus, the UAV may simply fly into position near the payload retrieval
apparatus 1000 and mancuver itself to position the tether 1200 between the first and second
tether engagers 1040, 1030, which may be aided by the use of fiducials (which could take the
form of an RFID tag or bar code) positioned on or near the payload retrieval apparatus 10600
and/or an onboard camera svstem positioned on the UAY. Once in position, the UAV may
then move forward or upward, or the payload retriever may be winched up towards the UAVY
{or any combination thereof) to pull the payload retriever through the channel 10530 and into
engagement with the haandle 511 of the payload 510 and effect removal of the payicad 510
In some payload retrieval sites, landing the UAV may be difficult or impractical, and also
may engage with objects or personnel when landing.  Accordingly, allowing for payload
retricval without requiring the UAV to land provides significant advantages over
conventional payload retrieval methods.

16182} Furthermore, the pavicad retneval apparatus 1000 15 advantageously a
movable, non-permanent apparatus that may be easily set up, taken down, and removed, and
may be eastly moved from one payload retrieval site to another. The payload retricval
apparatus 1000 preferably folds up, like an umbrella stand, to facilitate storage and transport
of the pavload retrieval apparatus 1000, The non-permanent nature of the payload retneval
apparatus $000 also may ehminate the need for a permit for the pavicad retrieval apparatus
1000 at the retrieval site.

YIii. Conclusion

{6183} The particular arrangements shown i the Figures should not be viewed as
hnmting. It should be understood that other implementations may include more or less of
cach element shown in a given Figure. Further, some of the illustrated elements may be
combined or omitted. Yet further, an exemplary mplementation may include elements that
are not Hlustrated in the Figares.

{6184} Additionally, while various aspects and implementations have been disclosed
herein, other aspects and implementations will be apparent to those skilled in the art. The
various aspects and implementations disclosed herein are for purposes of Hustration and are
not intended to be lmiting, with the true scope and spirit being indicated by the following
claims. Other implementations may be utilized, and other changes may be made, without
departing from the spirit or scope of the subject matier presented herein. It will be readily

understood that the aspects of the present disclosure, as generally described herein, and
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ithastrated in the figures, can be arranged, substitated, combined, separated, and designed in a

wide variety of different configurations, all of which are contemplated herein.
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