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LANDING AND PAYLOAD LOADING STRUCTURES
CROSS-REFERENCE TO RELATED APPLICATION
(G001} This application claims the benefit of U.S. Application No. 15/358,935, filed

November 22, 2016, which is explicitly incorporated by reference herein in ifs entirety.

BACKGROUND

6062} An unmanned vehicle, which may also be referred to as an autonomous vehicle,
iz a vehicle capable of travel without a physically-present human operator.  An unmanned
vehicle may operate in a remote-control mode, in an autonomous mode, or in a partially
autonomous mode.

[B683] When an unmanned vehicle operates in a remote~-control mode, a pilot or driver
that 15 at a remote location can control the ummanned vehicle via commands that are sent to the
unmanned vehicle via a wircless link, When the unmanned vehicle operates m autonomous
mode, the unmanned vehicle typically moves based on pre-progranimed navigation waypounts,
dynamic automation systems, or a combination of these. Further, some unmanned vehicles can
operate 10 both a remote-control mode and an astonomous mode, and in some mstances may
do so concurrently. For imstance, 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.

3604} Various types of unmanned vehicles exist for various different environmenis.
For instance. unmanned vehicles exist for operation i the air, on the ground, underwater, and
in space. Examples include gquad-copters and tail-sitter UAVs, among others. Unmanned
vehicles also exist for hybrid operations in which multi-environment operation s possible.
Examples of hybrid vnmanned vehicles include an amplubious craft that is capable of operation
on land as well as on water or a floatplane that s capable of landing on water as well as on
fand. Other examples are also possible. Furthermore, unmanned vehicles may require physical
landing structure{s} to pick up or drop off payload, to charge batieries, or to complete other

tasks.
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SUMMARY

[G005] The present application discloses tmplementations that relate to an vomanned
acrial vehicle (UAVY) landing structure. UAVs are increasingly more common and as such,
dedicated landing structures are necessary to support UAV delivery services. For example, a
structure with the capability to load and unload pavloads from UAVs may help merchants
looking to utilize UAV delivery services in their business. In order to facilitate delivery of
payloads, a UAV mav land on an clevated landing platform and lower a pavioad through a
cavity in the platform. Additional devices or systems may be mcluded within the landing
structure in order to orientate the UAY or component{s} of the UAY such that the UAV can
pick up or drop off a payload. For example. a track may be coupled to the landing platform n
order to position the UAV over the cavity. In ancther example, a track may be coupled to the
landing platform m order to align a tether of the UAV with a payload below the landing
platform. Example landing structures described herein may be installed on freestanding support
structures or may be instatied on existing structures such as exterior building walls, rootiops,
lamp posts, cell towers, ete. Beneficially, the landing structure(s) described herein may be
installed in a varicty of locations without impeding everyday hife of merchants, customers, or
other people, while increasing access to UAV delivery scrvice to the same merchants,
customers, or other people.

[3606] In at least one embodiment, a device 1s descenbed. The device includes a landing
platform fora UAV, acavity within the landing platform, and a track that runs along the landing
platform and at least a part of the cavity. The UAV includes a winch system that mcludes a
tether that can be coupled to a payload. Furthermore, the cavity 1s aligned over a predetermined
target focation. Also, the cavity is sized to allow the winch system to pass a tethered payicad
through the cavity. Additionally, the track guides the UAV to a docked position 10 which the
tether 1s positioned over the cavity. When the UAYVY is 10 the docked position, the tether can
raise or lower a payload through the cavity.

16697] In another embodiment, a system is described. The system includes a winch
system for a UAV, and a landing platform. The winch svstem ot the UAV includes a tether that
can be coupled to a pavioad. Furthermore, the landing platform mcludes a cavity and a track
that runs along the landing platform and at least a part of the cavity. Additionally, the cavity is
aligned over a predetermined target location. The cavity is sized to allow the winch svstem to
pass atethered payload through the cavity. The track guides the UAV to a docked position over
the cavity as the UAV moves along the landing platform. When the UAV is mn the docked
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position, a payload may be loaded to or unloaded from the UAY through the cavity.

[G003] In vet another embodiment, a method is desoribed. The method includes landing
a UAV on a landing platform, the UAV engaging a track that runs along the landing platform
wcluding along at least a part of a cavity within the landing platform, the track guiding the
UAYV to adocked position over the cavity, and then loading or unloading a pavload to or from
the UAY through the cavity when the UAV is in the docked position. The UAV mehudes a
winch system that includes a tether that can be coupled to a pavioad. Furthermore, the cavity
13 aligned over a predetermined target location and 1s sized to allow the winch system to pass
a payvioad through the cavity.

[G009] In vet another aspect, another systent 1s deseribed. The system meludes means
for landing a UAV on a landing platform, means for engaging a track that runs along the landing
platform including along at least a part of a cavity within the landing platform, means for
guiding the UAV to a docked position over the cavity, and means for loading or unloading a
payload to or from the UAV through the cavity when the UAY is m the docked position. The
UAV includes a winch system that includes a tether that can be coupled to a payload.
Furthermore, the cavity is aligned over a predetermined target focation and is sized to allow
the winch system to pass a tethered pavload through the cavity.

{301 6] 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.
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BRIEF BESCRIPTION OF THE DRAWINGS

{{HURY! Figure 1 depicts an unmanned aerial vehicle (UAV) on a loading structure,

according to example embodinents.

{601 2] Figure ZA depicts a UAV on a loading structure, according to example
embodiment.
16613} Figure 2B depicts a UAV on a loading structure, according to example
embodiment.
(G014} Figure 3A depicts a UAV on a loading stracture, according to an example
embodiment.
[B015] Figure 3B depicts a UAVY on a loading structure, according to an example
embodiment.
3016} Figure 4 1s a simplified block diagram of a UAV system and a landing structure

system, according o an example embodiment.
16617} Figure 5 15 a flowchart for a method of loading/unloading pavioad from a UAV,

according to an example embodiment.

(6818} Figure 6 depicts a UAV on a loading structure, according to an example
cmbodiment.
301 9] Figure 7 depicts multiple UAVs on a loading structures, according to an

example embodiment.

16626} Figure 8 depicts multiple UAVs on a loading structure, according to an example
embodiment.
6621} Figure 9 depicts multiple UAVs on multiple loading structure, according to an

example embodiment.

6022} Figure 10 depicts a UAV on a loading structure, according to an example
embodiment.
3623} Figure 11A depicts a UAV landing and positioming over a cavity on a loading

structure, according to an example ernbodiment.
16024] Figure 11B depicts a UAV landing and positioning over a cavity on a loading
structure, according to an example embodiment.
6025} Figare 11C depicts a UAV landing and positioning over a cavity on a loading
structure, according to an example embodiment.
[3026] Figure 11D depicts a UAY landing and positioning over a cavity on a loading
structure, according to an example embodiment.
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16627} Figure 11E depicts a UAV landing and positioning over a cavity on a lcading
structure, according to an example embodimend.

[0028] Figure 11F depicts a UAVY landing and positioning over a cavity on a loading
structure, according to an example embodiment.

3629} Figure 11G depicts a UAV landing and positioning over a cavity on a loading
structure, according to an example crabodiment.

G030] Figurc 12A1s a simplified illustration of A UAV, according to an cxample embodiment.
0031} Figure 12B 13 a simplified illostration of a UAVY | aceording to an example embodiment.
6032

Figure 12C 1s a simplified illustration of a UAV, according to an example embodiment.

0034} Figore 12E 15 a sunplified llustration of a UAV, according to an example embodiment.

[0630]

(0031}

[0032]

(6833} Figure 12D 1s a simplified illustration of a UAY, according to an example embodiment.
[0634]

{3635} Figure 13 1s a simplified block diagram illustrating components of a UAVY, according
to an example embodiment.

16036} Figure 14 is a simplified block diagram dlustrating a UAVY system, according to an

example embodument.
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BETAILED DESCRIPTION

{6837} Example devices, methods, and systems are described herein.  Any example

cmbodiment or feature described herein is not necessarily to be construed as preferred or
advantageous over other embodiments or features. The example embodiments described
herein are not meant to be hmuting. It will be readily understood that certain aspects of the
disclosed systems and methods can be arranged and combined in a wide variety of different
configurations, all of which arc contemplated herein.

6038} Furthermore, the particular arrangements shown in the Figures shoald not be
viewed as limiting. It should be understood that other crabodiments might include more or fess
of cach clement shown in a given Figure. Further, some of the dlustrated elements may be
combined or omitted. Yet further, an example embodiment may include elements that are not

itiastrated in the Figures.

i Overview

6039} The present cmbodiments are related to a landing and loading structure (heren
also called a “landing structure™) for unmanned aenal vehicles (UAVs). Herein, the terms
“unmanned aertal vehicle™ and “UAV™ refer to any astonomous or senui-autonomous vehicle
that is capable of performing some functions without a physically present human pilot. A UAV
can take various forms. For example, a UAV may take the form of a fixed-wing airerafl, a
glider arrcraft, a tail-sitter aircraft, a jet aircraft, a ducted fan awrcraft, a lighter-than-air dingible
such as a blimp or steerable balloon, a rotorcraft such as a helicopter or multicopter, and/or an
ornithopter, among other possibilitics. In some aspects, UAVs may be capable of vertical take-
off and/or landing, among other features. Further, the terms “drone,” “unmanned aenal vehicle
system” {(UAVS), or “unmanned aerial system” (UAS) may also be used to refer to s UAV.
(60481 UAVs are increasimgly being utilized to retrieve, carry, and deliver payioads
across a variety of industries. As such, infrastructure is needed at both pickup and drop-off
focations so that merchants, castomers, and other users can utihize UAV delivery services.
UAYV landing structures may provide known, dedicated, and safe landing arcas for one or more
UAVSs to land, pick up and/or drop off pavicads. Furthermore, when the UAV is on the landing
structure, the UAV may be able 1o complete a varniety of other tasks such as recharging or
replacing batterics and uploading or downloadmmg mformation from a network, among others.
G041} UAVs may be used to deliver or retrieve a pavioad to or from an individual or
business {such as a restaurant delivering food to a customer at the customer’s house). A

6
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merchant’s place of business may include a landing structure for a UAV. The landing structure
may melude a predetermined target location that includes a pavicad for pick up. In other
cxamples, the predetermined target location may tnclude a platform or other part of the landing
structure for the UAV 1o drop off a pavioad. As such, the target location may be wdentified to
the UAV as a destination for a task such as a delivery pick up or drop off.
16642} Within at least one example, a merchant may load a payload onto or inside a
loading arca of a landing structurc at a ground level. The merchant may mput details about the
pavioad or the delivery on a uvser interface coupled to the structure at ground level Upon
arriving at the landing structure, a UAV may land on a landing platform above the loading arca
of the landing structure. Then components of the structure and/or the UAV may load the
payload to the UAV for debivery. Loading the payload may include scouring the payload to a
tether of the UAV and possibly raising the payioad up to the UAV.
16043] After the payload s loaded. the UAV may then fly to another predetermined
target location that may include avother landing structure. Within examples, the predetermined
target location may be at a specific location such as a customer’s house, or near a location such
as in a customer’s neighborhood, so that the customer can pick up the payload from the UAVY.
Upon arriving at the predetermined target location, the UAV may land on a landing structure.
The structure and/or the UAV may then transport the payioad to a loading/unloading arca of
the structure at or near ground level so that the payload is easily accessible to the customer. As
such, UAV landing and loading structure may provide new ways for merchants and customers
to utilize UAV delivery services.
6044} The landing structure may be permanent, may be free-standing, may be attached
or micgrated into existing structures (e.g. walls of buildings, lamp posts, cell towers, eic.},
and/or may ¢ven be movable {(such as a UAV landing structure attached to a truck). An example
landing structure may include a landing platform located at a buffer distance above the average
human height so that merchants, customers and other humans may be able to freely move
around the landing structure without being obstructed or hindered by the landing platform or a
UAV. Having the landing platform clevated the buffer distance above humans may prevent
fojury to humans and/or damage to UAVs or other structures. In other embodiments, the
landing platform may be located a buffer distance away from human nteraction. The buffer
distance away from human interaction may include a horizontal and/or vertical distance such
that people around the landing platform arc kept a safe distance away from anv UAVs landing
or taking off. The buffer distance may also be considered a safety distance.
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G045} The landing platform may inchude a cavity within the platform i order for the
UAY to mterface with a payload. Further, the landing platform may mnclode a track, or other
alignment feature, that may position the UAV or a component of the UAV to a position over
the cavity such that the UAV or the component of the UAV is aligned to pick up or drop off
the pavioad. For example, the track may guide the UAV to a docked position over the cavity
of the landing platform so that the UAV may load or unload the payload through the cavity.
16046} Ifthe UAYV 1s not aligned properly over the cavity, the UAY may not be able o
access the loading area or the payload below the landing platform. As such, the UAV may need
to be orientated ounce it lands sc that the UAV can be aligned over the cavity in a docked
position. However, it may be difficult to control the orientation or alignment of the UAY with
just the power of the UAV when the UAV lands on the landing platform. For example, using
the UAV stecring controls may not be precise enough to properly orientate the UAV on the
fanding platform such that the UAY can be loaded/unloaded. Additionally, using the UAV’s
controls while on the landing platform may risk damage to the UAV or the surroundings. Thus,
having the track coupled to the landing platform mn order to guide the UAV reduces the need
for high precision steering and control of the UAV while the UAV 1s on the landing platform.
G047} Beneficially, a UAV landing and loading structure may provide more people
with access with UAV delivery services. Additionally, elevated landing plattorms may reduce
the risk of impury to humans. Morgover, inherent features of the landing structure may allow
for installation of the landing structure on in a varicty of locations without impeding evervday

life of people around the landing structure.

. Example UAV Landing and Pavioad Loading Infrastruciures
6048} Referring now to the figures, Figure 1 1llustrates a scene with a landing structure

100 mstalled at a merchant location (such as a restanrant or warchouse). Figure | depicts the
landing structure 100 near the front of a merchant location, such as cutside the front doors of a
restavrant. The landing structure 100 may inchide the landing platform 103, a payload platform
140, a user mterface 139, and a vertical support stracture 145, The payioad platform 140 may
carry a pavioad 135, Further, the landing platform 105 may mehude a cavity 115 and may be
coupled to the vertical support structure 145 on a bottom of the landing platform 105, A UAY
125 18 also shown landed or perched on the landing platform 105 i Figure 1. The UAV 125
may include a winch system {not shown in Figure 1) that comprises a tether (not shown in
Figure 1) that is coupleable to the pavioad 135, Within examples, the winch system may be
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positioned within the UAV 123 or attached to an uaderside of the UAV 125, The tether may
be coupleable to the payload 135 by utilizing a payload coupling apparatus 130,
[G049] Moreover, the landing structure 100 at the merchant location may include a
predetermuned target Jocation. The landing structure 100 may be known as a dedicated landing
focation for UAV 125 and other UAVs. More specifically, the predetermined target location
may include the payload platform 140 within the landing stractore 100, In other embodiments,
a loading or unloading arca that includes one or more payloads (such as payload 135) may be
designated as the predetermined target location.
G058 In one example, the payload 135 may be loaded on the payioad platform 140 at
a ground level that may be at or near the user imterface 139, The ground level may be considered
a height along the vertical support structure 145 that 1s casilv accessible to a person standing
on the ground, such as a height of three to five feet. At the ground level, the vertical support
structure 145 of the landing structure 100 may mchide the user interface 139 for merchants,
customers, or other UAY delivery service users. The user may input a variety of parameters or
characteristics mto a computer system of the landing structure 100 at the user interface 139
Such characteristics mputted on the user interface 139 may include details about the pavicad
135 like size, weight, and/or contents of the payload 135, Other characteristics that may be
mputted on the user interface 139 may include delivery logisties, such as an addiess for a
delivery site, time of delivery, or ime of pick ap, among others.
16051} The payload 135 may travel vertically up and down the vertical support
structure 145 on the payload platform 140 between the ground level and a loading level. The
pavioad platform 140 may be movably coupled to the vertical support structure 145, The
loading level may be a vertical height or level in which the payvicad 135 mterfaces and/or
couples to the payload coupling apparatus 130 of the UAVY 125, In some embodiments, the
loading level may be at or near the bottom of the landing platforma 105, In other embodiments
the loading level may a distance halfway or three-quarters up the vertical support stracture 143.
In yvet even other embodiments, the loading level may be the same as the ground level and the
payload platform 140 may remain stationary.
16052} At the loading level, the payload 135 may be secured to a UAV 125 utihizing a
pavioad coupling apparatus 130, The pavicad 135 may pass through the cavity 115 to the
pavioad coupling apparatus 130, In other examples, the payload 135 and the payload coupling
apparatus 130 may pass through the cavitv 115 together. In such a case the payload coupling
apparatus 130 may be attached to a first end of a tether and a second end of the tether may be
9
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attached to a winch system that is positioned within the UAV 125 The UAY 125 may lower
and raise the pavioad coupling apparatus 130 vertically i order to reach and interface with the
pavioad 135. Assuch. the cavity 115 may be sized to allow the winch system to pass a tethered
pavioad 135 and/or the pavioad coupling apparatus 130 through the cavity 115,
3653} The payload coupling apparatus 130 may include features such as 3 hook(s), a
capsule, or a housing {or a combination thereof) that are configured to couple with the payload
135, The pavioad 135 may also include a handle or a hooking mechanism to interface with the
pavload coupling apparatus 130, The pavioad coupling apparatus may include other
mechanical or electro-mechanical featores.
[G054] The landing structure 100 may also mclude additional foatures such as an
enclosure over all or a portion of the structure 100 to protect from weather related elements
such as wind, rain, snow, or extreme temperatures. Within examples, an enclosure may provide
temperature control to the payvload 135 in a situation where the payioad 135 may be sensitive
1o a teraperature change. For example, the payioad 135 may be a hot food delivery and the
pavload platform 140 may include a heated enclosure that keeps the pavicad 135 warm. The
landing structure 100 may also mchide additional features such as railings or gates around the
payload platform 140 that may prevent the pavload 135 from falling to the ground if there was
a wind gust or the contents of the payload 135 shufted.
[B655] In at least some examples, the landing structure 100 may be installed in a public,
common arca that may be a designated UAV delivery service drop-off and/or pickup location.
I other examples, the landing structure 100 may be instalied at a specific address. The location
of such landing structures 100 may be known to a delivery system and to UAV 125, As such,
locations of landing structures 100 may be considered known or predetennined target locations
where users may interface with UAY 125 in order to pick up or drop off a package or other
pavioad 135, In some examples, there may be a network of predetermined target locations
throughout a geographic arca that are known to the UAV 125,
16656] Within examples, the landing platform 105, and more specifically the cavity
1135, mav be installed such that the cavity 115 1s aligned over the predetermined target location.
Thus, the UAV 125 may simply vertically raise or lower a pavicad 135 to or from the
predetermined target location directly beneath the cavity 115, Furthermore, in some examples,
the landing structure 100, and specifically the landing platform 105, may include navigational
aids and the navigational aid may be configured to transmit a signal to the UAV. The navigation
atds may provide final UAV 125 landing guidance and may include fiducial markings, lights,
10
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sounds, radio frequencies, among other signals.
G857} The fanding structure 100 may be part of a system. The system may include the
UAV 125, the landing platform 103, and a control system. The control system may be located
at the landing structure 100, withun the UAV 125, or at a remote location, among other
examples. The control system may be configured to complete tasks as part of a loading and/or
undoading process. For example, the control svstem may be configured to instruct the UAV
125 to apply a symmetric forward thrust such that landing gear of the UAY contacts a track on
the landing platform 105, The svmmetric forward thrust of the UAV 125 may allow the UAV
125 to taxi along the landing platform 125 without any active steering by the UAV 125, The
track may be considered a passive alignment feature, such as a raised track or slot built into the
landing platform 105, In other aspects, the track may be considered an active alignment feature,
such as a conveyor belt or series of conveyor belts. The track may guide the UAV 125 over the
cavity 115,
16058} Furthermore, the control system may mstruct the instruct the UAVY 125 to
continue to apply the forward thrust until the UAV 123 reaches the docked position. The control
system may also determine if the UAV 125 has reached the docked position, and then activate
a winch system of the UAV 125 to lower a tether through the cavity 115, The tether may be
coupled to the payload coupling apparatus 130 at a first end and the winch system at a second
end. As such, the control system may nstruct the winch system to lower the pavload coupling
apparatus 130 through the cavity 115 so the payload coupling apparatus 130 may be coupled
to or decoupled from the pavioad 135 The control system may then deteomine that the tether
has coupled to the pavicad 133 or that the tether has decoupled from the payload 135, Finally,
the control svstem may then activate the winch system to raise the tether back through the
cavity 113,
[G059] Figures 2A & 2B depict two additional scenes with other embodiments of
landing structures Z00A and 200B respectively. In Figure ZA | the landing stracture 200A may
include a landing platform 205A and a vertical support structure 245A. A UAV 2254 is also
shown i Figure 24 and includes a winch motor 2904, a tether 2324, and a payload coupling
apparatus 230A. The elements and features of landing structure 200A may be the same or
similar to the elements and features of landing structure 100 of Figure 1.
(G060 In the scene depicted by Figure 2A, the UAYV 225A has landed on the landing
platform 205A and has unwound the tether 232 from a winch system i the UAVY 2254, thus
lowering the pavioad coupling apparatus 230A near a ground fevel. The winch system in the
i1
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UAV 225A may operate by utilizing the winch motor 290A to raise and lower the paylcad
coupling apparatus 230A . At the ground level. a user may secuare a pavicad 235 A to the payload
coupling apparatus 230A. In such an example, the ground level may be the same as a loading
tevel. As shown in Figure 2A, the pavicad coupling apparatus 230A may nclude a hook and
the pavicad 235A may be a bag that has a handle that may be placed around the hook of the
payload coupling apparatus 2304, thus securing the payload 235A to the payload coupling
apparatus 230A.
G061} In one example, after the payvload 235A is secured, the winch motor 290A may
wind the tether 232 A thus raising the pavload 235A and the pavioad coupling apparatus 230A
up to the loading platform 205A . The winch motor 290A mayv continue to wind the tether 232A
raising the payload 235A until the pavload 235A has completely passed through a cavity (not
shown in Figure 2A) of the landing platform 2054
13662] Simidarty, 1o another example, afier the UAV 225A lands on the landing
platform 205 A, the winch motor 290A may unwind and extend the tether 232A vertically down
towards the ground thus lowering the payioad 235A. In such a case the landing structure 200A
may inchide a predetermined target location, such as a specific location within a neighborhood,
and the landing platform 2054, specifically the cavity {(not shown} of the platform 2054, may
be aligned above the predetermined target location. As such, a user expecting a delivery may
arrive at the predetermined target location after being notified of the location. The user may
then unload the payload 235 A from the pavioad coupling apparatus 230A at ground level.
16663} Also illustrated m Figure ZA is the vertical support structure 245A. In this
exarmple, the vertical support structare 2454 may be attached to an exterior wall of a building.
In other embodiments the vertical support structare 245A may be free-standing. In vet other
cmbodiments the vertical support structure 245 A may be a city lamp post. a cell tower, or other
structure.
[3064] In Figure 2B, the landing structure 200B may mchude a landing platform 2058,
a payioad platform 2408 and a vertical support structure 245B. A UAY 225B is also shown in
Figure 2B and includes a winch motor 2908, a tether 2328, and a pavioad coupling apparatus
2308, The clements and featares of landing structure 2008 may be the same or sipular to the
clements and features of landing structare 100 of Figure 1 and landing structure 200A of Figure
2A.
[G865] The embodunent illustrated in Figure 2B, the UAV 2258 bas landed on the
landing platform 205B and is lowering the payload coupling apparatus 2358 utilizing the winch
12
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motor 2908 to unwind the tether 232B. The payload coupling apparams 233B may mehude a
mechanism for opening and/or gripping a payload 235B. The payload 233B may be on the
payload platform 2408 and the payload platform 240B may be located under a cavity (not
shown in Figure 2B} of the landing platform 205B. The pavicad platform 240B may be
movably coupled to the vertical support structure 245B such that the pavicad platform 2408
may travel vertically between a ground level (c.g. a height 3 user may first place the payload
2358 on the pavioad platform 240B) and a loading level. At the loading level the paylocad 235B
may be secured to the UAV 2258 utihzing the pavload coupling apparatus 230B. As such,
at least some examples, the loading fovel may be at a greater height than the ground level.
[G066] In one aspect, the pavioad platform 2408 may hift the pavioad 235B haltway up
the vertical support structure 2458 and mav stop there. The pavioad coupling apparatus 2308
may be lowered to the stopped payload 2358, couple to the payicad 235B, and then raise the
paviead 2338 up through the cavity (pnot shown) of the landing platform 205B. Gther
combinations of relative motion between the payload platform 2408 and the payload coupling
apparatus 2308 may be possible.
6867} {One aspect depicted i Figures 2A and 2B 15 a height of the loading platforms
205A-B above a ground surface and above a user of the landing structures 200A-B. Within
examples, a bottom(s) of the landing platform(s) 205A-B may be located a buffer distance
above an average human height. By locating the landing platformis) 205A-B the buffer distance
above humans on the ground, the UAV(s) 225A-B maintain a safer distance away from humans
on the ground. UAVs 225A-B may mclude rotors and other components that arc heavy and
move at a high rate of speed and as such may cause mjuries to users or bystanders of the landing
structures Z00A-B. Thus, by maintaiming the buffer distance above the average human height,
the UAVs 225A-B may be safely kept away from humans on the ground. In some examples,
the height of the bottom of the loadmg platform(s) 205A-B may be nine to fiftcen feet above
the ground surface. In other examples, the height of the bottom of the loading platform(s)
Z05A-B may be at the buffer distance between four and ten feet above the average human
height such that the landing platforms 205A-B arc approximately nine to fiftcen fect above the
ground surface. In even other embodiments, the landing platform(s) 205A-B may be located a
buffer distance, or safety distance, away from human nteraction. The buffer distance away
from human interaction may be in a vertical and/or horizontal direction from the landing
platform({s) 205A-B. Further, the buffer distance away from human interaction may mclude
additional safety devices such as railings or walls that protect humans from UAVs 225A-B
1
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during landing or take-off.
[B06E] Figures 3A and 3B illustrate an example embodiment of a loading platform 305
Figures 3A and 3B include the loading platform 305, a touchdown area 310, a cavity 315, a
track 320, at least one stop block 322, a UAV 323, a payload coupling apparatus 330, a tether
332, and a vertical support structure 345, The elements and features of Figares 3A and 3B may
be the same or similar to the elements and features within Figures 1, ZA, and 2B. For example,
landing platform 305 may be the same or similar to landing platforms 103, 2054, and 2058 of
Figures 1, 2A, and 2B respectively.
(G065} Figure 3A is a top view of the loading platform 305A in which the UAV 323
has landed 1o the touchdown area 310 of the loading platforma 305. The touchdown area 310
may be a flat surface, or a primarily flat surface, that may have a larger footprint than the UAV
325. Withim some emboduments, the touchdown area 310 may be horizontal, while n other
embodiments the touchdown arga 310 may be at an angle. Within some examples, the
touchdown area 310 may be at an angle such that the down slope 15 in a dircction towards the
cavity 315. The touchdown area 310 may include lights, sensors, or produce other signals that
may identify the touchdown area 310 of the landing platform 305 to the UAV 325,
(6870} The cavity 315 may provide access to an underside of the UAV 325 such that
the UAV 323, or specifically the pavicad coupling apparatus 330 of the UAV 325, may couple
with or decouple from a pavicad that the UAVY 325 may be picking up or delivering. Further,
the cavity 315 may be sized to allow the payioad and the payload coupling apparatus 330 to it
through the cavitv 315, As such, in order for the UAV 325 to enther unload or load the payload,
after the UAVY 325 lands in the touchdown area 310, the UAVY 325 may need to faxi or move
towards the cavity 315 such that the pavicad may be loaded to or unloaded from an underside
of the UAV 325 In order to facilitate proper loading or unloading operations features, it is
wmportant that the cavity 315, the payload coupling apparatus 330, and the payioad are aligned
along the same or nearly the same vertical axis,
16671} Because the cavity 315 may be sized to fit the payload through the cavity 313,
and because it may be important for the pavload coupling apparatus 330 to align with the
pavioad below, the UAV 325 may need to move to a specific location over the cavity 315, The
specific location and/or the area around the cavity 315 may be considered a docked position.
Within at least one embodiment, the UAV 325 may use ifs own power to travel along the
landing platform 305 to the cavity 315. However, the landing platform 305 mav be relatively
narrow and 1t may become difficult and require precise steering (either by remote control from
14
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a user or by an autopilot system} in order to taxi the UAV 325 to the docked position over the
cavity 313,
[6872] Furthermore, while the UAV 325 may have a desired orientation when it lands
on the landing platform 305 {c.g. onentated in a dircction such that the UAV 323 only needs
to travel forward to go over the cavity 315 and reach the docked position), when the UJAVY 325
fands on the landing platform 305, the UAV 325 may in fact have an orientation different than
the desired onentation. For example, as depicted in Figure 3A, the UAV 325 may be at an angle
to the cavity 315 of the landing platform 305 or the track 320, As such, the UAV 323 may
engage the track 320 and the track 320 may gude the UAY 325 to a docked position over the
cavity 315, Thus, the UAV 325 may only be required to apply svounetric or even forward thrust
to reach the docked posttion.
3673} In Figure 3B the UAY 323 may be in the docked posttion over the cavity 315,
The UAV 325 may have moved along the landing platform 3035 being guided by the track 320
1o the docked position. The docked position may represent a preferred location and orientation
on the landing platform 305, While in the docked position over the cavity 315, the UAV 325
the pavioad may be loaded or unloaded from the UAV 325, Within some aspects, when the
UAV is 1n the docked position the tother 332 may be positioned over the cavity such that the
tether can raise or lower the payload through the cavity 315, Furthermore, while in the docked
position, the UAY 325 may be able to exchange or charge batteries on board the UAV 3235,
among other tasks. Additionally, while in the docked position, mechanical restraints, such as
clasps or flexible bands, mayv prevent the UAV 3235 from moving or falling off the landing
platform 325.
(6074} The track 320 may mchude a single or multiple pieces or portions. Within at
least one example, for example as depicted in Figures 3A and 3B, the track 320 may include a
straight portion of raised track that may be located on the landing platform 305 near the
touchdown area 310. The track 320 may then include a tapered portion of raised track that
begins at the straight portion and tapers out to ¢dges of the cavity 313, Furthermore, the track
320 may also then include a cavity portion of track that runs alongside at least a part of the
cavity 315, Within examples, the track 320 may be considered to have a “Y” shape. Other
geomeiries of track 320 may be possible in order to guide the YAV 325 (o the docked position.
For example, a generally circular track 320 may be utilized depending on the size and shape of
the landing platform 305 along with the location of the cavity 315 within the platform 305.
[B675] Within examples, the UAV 325, as depicted 1n Figure 3A (1.e. at an angle to the
1
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cavity 315}, may apply forward thrust, and a boom or other component of the UAV 325 may
engage the track 320, and as a result the track 320 may tum and orientate the UAY 325 such
that the track 3235 may guide the UAVY 325 to the docked position overthe cavity 315, Engaging
the track 320 may wclude a component such as the boom of the UAV 3235 making contact with
the track 320. Guiding the UAV 325 along the track may include turming the UAV 325 as it
moves lfaterally along the landing platform 305 such that the UAV 325 achicves a desired
directional heading over the cavity 315,

6076} In some aspects, the track 320 may be a passive alignment feature. For example,
the track 320 may be built into the platform 303 such that the track 320 acts as a physical barrier
ot obstacle that does not move. In other aspects, the track 320 may be an active alignment
feature. For example, the track 320 may include a conveyor belt or a series of conveyor belts
that guide the UAVY 323 along the platform 305 over the cavity 315, Other examples of track
325 mav be possible.

16077} While the UAY 325 is thrusting forward it may be necessary to provide at least
one stop block 322 to mechanically prevent the UAV 325 from traveling bevond the cavity
315, Within embodiments, for example as depicted m Figure 3B, the at least one stop block
322 may cngage or coming into comtact with a component such as landing gear of the UAV
325 thus stopping the UAV 323 from continuing forward. The at least one stop block 322 may
include features that prevent the UAV 325 from moving vertically as well. As sach, features
of the stop block 322 may prevent the UAV 325 from coming disengaged from the platform
305 by a gust of wind or other external force. Within one example. the at least one stop block
322 may melude a top section that 1s configured to come nto contact with the landing gear or
another component of the UAV 325 if the UAV 325 experiences a gust of wind or other force
in the vertical direction. Within other examples, the at least one stop block 322 may surround
or capture at least a portion of the landing gear of the UAV 325. The at least one stop block
322 may be located at a distal end of the landing platform 305 near the cavity 315, Within
exarnples, n order to disengage the at least one stop block, the UAY 325 may reverse thrust
such that landing gear of the UAVY 325 s no longer surrounded or captured by the at least one
stop block 322,

Fil Example Landing Structure Systems

{6078} Figure 4 is a simplified block diagram illustrating components of a landing
structure 400, The landmg structure 400 may melude similar clements and features of landing
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structure 100, landing structure 200A-B, and ianding platform 305 of Figures 1, ZA, 2B, 3A,
and 3B respectively.
[G879] Landing structure 400 may include various types of sensors, and may include
computing systems configured to provide the tunctionality descubed herein. The landing
structure 400 may mclude sensors 460, such as sensors 460 to momitor a height of a payload
platform or to monitor status of a UAV when the UAV lands on the landing stractare 400
6086} In the dlustrated embodiment, landing structure 400 also meludes one or more
processors 462, Processor 462 may be general-purpose processors or special purpose
processors {¢.g., digital signal processors, application specific integrated circuits, etc}. The
one or more processors 462 can be configured o oxecute computer-readable program
nstructions 468, that are stored mn data storage 466 and are executable to provide the
functionality of a UAV and a landing strocture described heremn.
16081} The data storage 466 may mchude or take the form of one or more computer-
readable storage media that can be read or accessed bv at least one processor 462, The one or
more computer-readable storage media can include volatile and/or non-volatie storage
components, such as optical, magnetic, orgamc or other memory or disc storage, which can be
integrated in whole or in part with at [cast one of the one or more processors 462, In some
embodiments, the data storage 466 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 466 can be implomented using two or more physical devices.
16082} In a further aspect, the landing structure 400 may include onc or mwore
comimunication systems 472, The commumcation systems 472 may include one or more
wireless mterfaces and/or one or more wirchine interfaces, which allow the landing structure
400 to communicate via one or more networks., Such wireless nterfaces may provide for
commumcation under one or more wireless commumication protocols, such as Bluetooth, WiFi
{c.g., an IEEE £02.11 protocol}, Long-Term Evolution {LTE), WiMAX {¢.g., an IEEE 802.16
standard}. a radio-frequency 1D (RFID} protocol. near-ficld communication (NFC), and/or
other wireless communication protocols. Such wircline interfaces may include an Ethemet
miterface, 3 Universal Sertal Bus (USB) interface, or similar interface to conmmunicate via a
wirg, a twisted pair of wires, a coaxial cable, an optical link, a fiber-optic link, or other physical
connection to 3 wireline network.
[GO83] In some embodiments, the landing structure 400 may inclade convnunication
systems 472 that allow for both short-range commumication and long-range communication.
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For example, the landing structure 400 may be configured for shost-range comnumications
using Bluetooth and for long-range communications under a CDMA protocol.  In such an
cmbodiment, the landing structure 400 may be configured to function as a “hot spot” or in
other words, as a gateway 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 landing
structure 400 may facilitate data communications that the remote support device would
otherwise be unable to perform by itself,

G084} For example, the landing structure 400 may provide a WiFi connection to a
remote device, and serve as a proxy or gateway to a cellelar service provider’s data network,
which the landing structure 400 nught connect to under an LTE or a 3G protocol, for instance.
The landing structure 400 mav also serve as a proxy or gateway to a high-altitude balloon
network, a satellite network, or a combination of these networks, among others, which a remote
device might not be able to otherwise access.

6085} In a further aspect, the landing structure 400 may nclude power system(s) 470.
The power system 470 may include one or more battenies in addition to hardline connection to
an electrical grid. 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 wircless charging system, such as an inductive charging syster that applies an external
time-varying magnetic ficld to an internal battery. In one aspect, extra batteries for the UAY
may be stored and charged on the landing structure 400. As such, while the UAV 1sin a docked
position on the landing structure 400, charged batteries from the landing structure 400 may

replace depleted batteries of the UAV.

v, Example Method for Loading and Unloading a UAV

6086} Figure 5 is a flowchart of an example method 500 for loading or unloading a
UAV utilizing a landing structure. The method 500 may include one or more operations,
functions, or actions, as depicted by one or more of blocks 502, 504, 506, and/or 508, cach of
which may be carried out by any of the devices or systems disclosed herein:. however, other
configurations could also be used.

6087} Further, illustrative methods, such as method 300, may be carried out in whole
or in part by a component(s) in a UAV landing structure system, such as one or more of the
components in the UAY and landing strocture systems dlustrated in Figure 4. It should be
understood that example methods, such as method 500, might be carried out by entitics, or
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combinations of entities (1.¢., by other computing devices, robotic devices, and/or combinations
thereof), without departing from the scope of the invention.
[G088] As shown by block 502, the method 500 mcludes landing, by a UAV. on a
landing platform. The landing platform mav mclude a cavity within the platform and a track.
The track may include one or more portions of raised track or may also include a slot cut nto
the platform. A bottom of the landing platform mav be located a buffer distance above an
average human height. By maintaiming the buffer distance between the average buman height
and the landing platform, a landing structure may be mstalled 1n a wide varnety of locations
while reducing physical interactions between the UAV and humans. Because the UAV may
include heavy and/or rotating parts that ray cause human injury or property damage, safely
locating the landing platform up above existing structures may lower the risk of such human
mjury or property damage.
16689] As shown by block 504, the method 500 further inchudes the UAV engaging the
track. Engaging the track may include, after the UAV bas landed in a touchdown area of the
landing platform, the UAV using a symumetric forward thrust o taxi along the platform until a
component of the UAV, such as a boom located under a wing of the UAV engages the track.
The boom may engage the track by physically contacting the track.
[3096] Within examples, the track may run along the landing platform and along at
feast a portion of the cavity of the platform. Fuarther, the cavity may be aligned over a
predetermined target location. The predetermined target location may be an address or a
location designated to receive a package or payvload from the UAV. In somce examples, the
predetermined target location may include a specific component of the landing structure
configured to store a payload. In other examples, the predetermined target location may mnclude
an address or location in which the UAV is to pick up a payload. The cavity is thus aligned
over the target focation so that the UAV can accurately pick up or drop off a pavicad while
perched or landed up on the landing platform. Additionally, the cavity may be sized to allow a
pavload coupling apparatus of the UAY and the payload itself to be raised and lowered through
the cavity.
6091} As shown by block 306, the method 500 further includes guiding the UAV along
the track to a docked position over the cavity. The track may passively guide the UAV by acting
as a buraper or ratling that the UAY may utilize 1 order to reach a preferred ornentation and
location on the platform over the cavity. For example, after engaging the track, the UAV
continue a forward thrust to continue taxiing along the platform. The UAV, by only using a
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balanced forward lateral thrust may be steered by the track, that 1s, may be turned or oriented
by the track, to the docked location over the cavity.

G092} As shown by block 508, the method 500 may also include loading or unloading
a payioad to or from the UAV through the cavity while the UAV 1s i the docked position.
Within examples, while the UAV is in the docked position, mechanical restraints or stop blocks
or other mechanisms may hold the UAV i place for loading/unloading. Furthermore, while
the UAV 15 in the docked position, the UAY may also exchange or replace parts or components
of the UAV gsvstem such as batteries, or may couple to the landing platform or another
component of the landing structure to charge or download/upload information from a server
network.

3693} The method 300 may nclude other steps or functions not shown in Figure 5.
For example, the method 500 may include transporting a payioad from a ground level to a
foading level by a payicad platform. The payload platform may be configured to move
vertically along a vertical support structure that is coupled to the landing platform.
Furthermore, the payload platform may be aligned along a same vertical axis as the cavity of
the landing platform to facilitate proper loading/unloading of the UAV.

[0094] The method 500 may also include a winch system posttioned in the UAV
moving the payload coupling apparatus vertically up or down to secure the paylead. For
example, the pavicad platform may move halfway vp the vertical support structure in the
direction of the landing platform and the winch system may enwind a tether attached to the
payload coupling apparatus thus lowering the apparatus through the cavitv and down from the
landing platform to the location of the pavioad platform. The location at which the payload

couphng apparatus may secure the payload may be considered the loading level of the landing

struacture.
V. Alternative Embediments of 2 UAV Landing Infrastructure
3095} Figure 6 illustrates another embodiment of a landing stractare 600, The landing

structure 600 may include a landing platform 605 and a cavity 615, Further, the landing
structure 600 may mclude similar elements and features of the landing structure 100, the
landing structures 200A-B, landing platform 305, and landing structure 400 of Figures 1, 24,
2B, 3A, 3B and 4 respectively.

6096} Within examples, the landing platform 605 may be attached to an exterior wall
of a building. As such, the landing platform 605 may be cantilevered off the wall of the
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building. In some aspects, the landing platform 605 may take up very hittle space and may be
placed almost anywhere on the wall. As such, the landing platform 605 may give UAY delivery
access or capacity to merchants or customers without interfering with existing structurcs or
requiring much construction. Within examples, such as m Figure 6, the landmng platform 605
may include round aluminum or steel pipes or rods bent and welded to form the landing
platform 605, In such an example a touchdown arca of the platform may coincide with an area
of the platform surrounding the cavity 615, Further, the touchdown arca, or the arca where the
UAV 625 contacts and originally lands on the landing platform 605 may be angled and guide
the UAY 625 mato a docked position by utilizing gravitational forces.

G097} Figure 7 illustrates vet another embodiment of a landing structure 700. The
landing structure 700 may include a landing platform 705, a cavity 715, and vertical support
structure 745, Further, the landing structure 700 may include similar elements and features of
the landing structure 100, the landing structures 200A-8, landing platform 303, the landing
structurce 400, and the landing structure 600 of Figures 1, 2A, 2B, 3A, 3B, 4 and 6 respectively.
6098} Withun exampies, the landing platform 708 may be large enough to hold or dock
multiple UAVs 725 at the same time. Further, the cavity may also be large enough such that
onwltiple UAVs 725 may be loaded or unloaded at the same time. As exemplified in Figure 7,
the landing structure 700 may be mstalled over a service window of a merchant’s store or
restaurant. As such, the merchant or customer may have easy access to payloads being dropped
off or picked up by the UAVs 725,

16699} Figure 8 illustrates another embodiment of a landing structure 800, The landing
structure 800 may include a landing platform 805, a cavity 815, a plurality of pavioads 835,
and a payload alignment apparatus 837, Further, the landing structure 800 may mehude sinnlar
clements and features of the landing structures and platforms of Figures 1, ZA, 2B, 3A, 3B, 4.
6, and 7 respectively.

3106} Within examples, the landing platform may be mtegrated into an awning
attached to a building. In other examples the landing platform 805 may be integrated into
umbrelias or rooftops or other existing structures. In some aspects, the landing platform 805
may be installed over a service window or station. A merchant may be able to place the payload
835 on a pavload alignment apparatus 837 and the pavlcad alignment apparatas 837 may align
the payload 835 under the cavity 815 such that the payioad 835 may be securad by the UAV
825 The pavioad alignment apparatus 837 may be instalied under the landing platform 803
and may include a conveyor, a ift, or a shde configured to move the pavioad 835 to a pickup
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location that corresponds to a landing location on the landing platform 805 for a UAV 825,
(G101} Figure 9 illustrates another embodiment of multiple landing structures S00A-C
installed on a single building. Each of the landing structures 900A-C may include a vertical
support structure 9435A-C, among other components. Further, the landing structures 900A-C
may mnclude similar elements and features of the landing stractures and platforms of Figures 1,
2A,2B,3A, 3B, 4, 6, 7 and 8 respectively.

6192} The building may be a restaurant or a warchouse and the UAVs 9254, 9258,
and 925C may be accessible via multiple locations of the landing structures 900A-C. For
example, the landing structure 900A may be next to a door or part of a door mount. As such,
users may be able to drop off or pick up varving payioads as the users enter or exit the building.
Representing another example, the landing structure 900B may be installed as part of or
through a roof of the bwlding. As such, the landing structure S00B may provide UAV delivery
pickup/drop-off service 1o users inside the building, such as in a kitchen. For example, UAY
9258 may deliver produce or other ingredicnts to cooks in a kitchen via vertical support
structure 9458 by landing on the landing structure S00B. In another cxample, the landing
structure 900C may be near or coupled to a drive through window of the building. The vertical
support structures 945A-C may include elevator platforms, conveyor platforms, or other tvpes
of known transportation means to lift or move payloads to/from the UAVs 925A-C from/to
users below.

3183} Figure 10 illustrates ancther embodiment of a landing structure 1000, The
landing structure 1000 may nclude a landing platform 1005, a track 1020, and a vehicle 1046.
Further, the landing structure 1000 may include similar clements and features of the landing
structures and platforms of Figures 1, 2A, 2B, 34, 3B, 4, 6, 7, 8 and 9 respectively.

[G104] The vehicle 1046 may be a van or truck such as a food truck that may use a
UAV 1025 UAV 1025 may be used to deliver pavicads including food to customers or may
be used to drop off additional ingredients to cooks or emplovees inside the truck. In other
embodiments, the vehicle 1046 may be a debvery truck or van capable of picking up or
delivering packages via UAV 1025 as part of a larger delivery service network. For example,
the velucle 1046 may deliver packages to a neighborhood by driving to the neighborhood and
then utilizing the UAY 1025 for delivery to specific addresses or locations.

[6105] In at least one aspect, the landing platform 1005 attached to the vehicle 1046
mav not be located a buffer distance above an average human height. However, the landing
structure 1000 may include other safety features such as a railing, cage, or other enclosure that
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may be included around the outer edges of the landing platform 1005 to protect humans from
injury while the UAY 1025 s landing or taking-off from platform 1005, Such an enclosure
may cxtend from the landing platform 1005 up to at least a buffer distance above the average
human height. Within such an example, the UAVY 1025 may land and take off vertically through
the enclosare. In other aspects, other safety features such as an extendable awning that may
cover the UAV 1025 while the UAV 1025 is on the platform may be included as part of the
landing structure 1000. In another example, additional safety features may be included within
an interior of the vehicle 1046 so that people mside the vehicle who may or may not interact

with the UAV 1025 are protecied.

Vi. Further Embodiments of a UAY Laadine Structure with Passive
Positioning
3106} Figures 11A-G depict another embodiment of a landing structure 1100

Spectfically, Figures 11B-11G illustrate a UAV 1125 landing and taxiing to a docking station
1117, The landing structure 1100 may include a landing platform 1103, a touchdown area 1110,
acavity 1115, the docking station 1117, and atrack 1120, Within examples the touchdown arca
1110 may be a preferred landing location for the UAV 1125, The touchdown area 1110 may
be surrounded or at least somewhat surrounded by a track 1120, The track 1120 may be a slot
1120 in the landing platform 1105 within Figures HB-G. The slot 1120 may be cut into a
surface of the landing platform 1103, Further, the landing stracture 1100 may mclude sonilar
clements and features of the landing structures and platforms of Figures 1, ZA, 2B, 3A. 3B, 4,
6,7, 8,9, and 10 respectively, that may or may not be shown in Figures 1HA-G.

(6107} As depicted in Figure 1A, the UAV 1125 may include at least one boom 1122,
The boom 1122 may couple to a wing of the UAY 1125 Further, the boom 1122 may inchide
two landing sopports 1123A-B. Each of the landing sapports 1123A-B may bea pad, aleg, a
whegl or another tvpe of landing gear that mav support the UAV 1125 when 1t touches down
and lands on the landing platform 1105, The UAV 1123 may inclade vertical propellers 1124V
that may provide vertical thrust as well as lateral propellers 11241 that mav provide lateral
thrust. Within at least one example, there may be six vertical propeliers 1124V coupled to the
boom 1122,

G108} Further, as shown in Figure 114, cach of the landing supports 1123A-B may
include a pin 1121 that extends bevond the landing support 1123, In some aspects, pins 1121
may only be within landing supports 1123A-B on one side of the UAY 1125, So for example,

3

2



WO 2018/097913 PCT/US2017/057630

in Figures 11B-11G, the pins 1121 are only in the landing supports 1123A-B on the left hand
side of the UAV 1125, Within some examples, the pin 1121 may be coupled to a spring within
the landing support 1123 so that the pin 1121 may retract or extend from the landing support
1123
[3189] As shown in Figare 1B, the UAV 1125 may land or touchdown on the landing
platform 1105, More specifically, the UAV 1125 may land in a touchdown area 1110 that may
be near a middle of the landing platform 1105
G186 As shown in Figure HC, the UAV 1125 may use forward thrust to propel the
UAV 1125 towards the slot 1120. Because the touchdown area 1110 may be surrounded by the
siot 1120, no matter the orientation of the UAY 1125 when 1t lands, the UAV 1125 only needs
to thrust forward, without any steering control or feedback, to move Iaterally towards the slot
1120. In some aspects, even or symmetric thrast may be applied to the lateral propellers 11241
in order to move the UAY 1125 laterally along the landing platform 1105,
{6111} As shown m Figure 1113, once the UAV 1125 reaches the slot 1120, the pin
11210 of the front landing support 1123A may engage the slot 1120, Marker 121D provides
an example location where the pin 1121 of the front landing support 1123 A enters and engages
the slot 1120, The pin 1121 may engage the slot 1120 by dropping or extending down into the
slot 1126, thus hinuting the lateral movement of the UAV 1125, 8o as the UAY 1125 continues
the symmetric forward thrust, the UAV 1125 will begin to rotate about the pin 1121 in the front
fanding support 1123A. For cxample, as shown in Figure 11D, the UAY 1125 mav be forced
1o tum towards the docking station 1117 because the pin 1121 has engaged in the slot 1120,
6112} As shown m Figure 1E, as the UAV 1125 continucs the forward thrust the
UAV 1125 has turned or rotated about the front landing support such that the pin 1121 of the
back landing support 1123B may now engage the slot 1120 sinular to how the pin 1121 of the
front landing support [123A did. Marker 1121E shows the position at which the pm 1121
witlin the back landing support 1123B reaches and engages the slot 1120, The UAV 1125 may
now have two pins 1121 engaged in the slot 1120
6113} As shown 1o Figure 1IF, with two pins 1121 engaged i the slot, as the UAV
1125 continues to thrust forward, the slot 1120 guides the UAV 1125 along the landing
platform 1105 towards the docking station 1117, In other words, the slot 1120 steers the UAV
1125 towards the docking station 1117,
[G114] Fmallv, as shown m Figure 11G, the UAV 1125 is positioned over the cavity
1105 1n the docking station 1117. The docking station 1117 may be considered a location in
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which the UAV 1125 is in a docked position and as such the UAV 1125 mayv be
loaded/unloaded while in the docking station 1117, The UAV 1125 was only required to
provide synunctric forward thrust while the slot 1120 guided the UAV 1125 asthe UAV 1125

taxied along the landing platform 1105,

Vil Hustrative Unmanned Yehicles

6115] Figure 12ZA is a simplified illustration providing a top-down view of a UAV,
according to an cxample embodiment. In particular, Figure 12A shows an example of a fixed-
wing UAV 1200, which may also be referred to as an airplane, an acroplane, a biplane, a ghder,
or a plane, among other possibilities. The fixed-wing UAY 1200, as the name implics, has
stationary wings 1202 that generate Iift based on the wing shape and the vehicle’s forward
airspeed. Forinstance, the two wings 1202 may have an airfoil-shaped cross section to produce
an acrodynamie force on the UAV 1200,

6116} As depicted, the fixed-wing UAVY 1200 may include a wing body 1204 rather
than a clearly defined fusclage. The wing body 1204 mayv contain, for example, control
clectronics such as an inertial measurement wat (IMU) and/or an electronic speed controlier,
battertes, other sensors, and/or a payioad, among other possibilines. The illustrative UAY 1200
may also include landing gear (oot shown} to assist with controlied take-offs and landings. In
other embodiments, other types of UAVs without landing gear are also possible.

3117} The UAV 1200 further includes propulsion units 1206, which can each include
a motor, shaft, and propeller, for propelling the UAV 1200, Vertical stabilizers 1208 {or fins})
may also be attached to the wing body 1204 and/or the wings 1202 to stabilize the UAV s yaw
(tum left or nght) dunng flight. In some embodiments, the UAV 1200 may be also be
configured to function as a glider. To do so, UAY 1200 may power off its motor, propulsion
unifs, otc., and glide for a period of time.

[G118] During flight, the UAV 1200 may control the direction and/or speed of s
movement by controlling 1ts pitch, roll, vaw, and/or altitude. For example, the vertical
stabilizers 1208 may include one or more redders for controliing the UAV s vaw, and the wings
1202 mav mehude one or more elevators for controlling the UAV s piich and/or one or niore
atferons for controlling the UAV s roll. As another example, increasing or decreasing the speed
of all the propellers simultanecusly can result 1n the UAV 1200 increasing or decreasing its
altitude, respectively.

[6119] Sinularly, Figure 12B shows another example of a fixed-wing UAV 1220, The
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fixed-wing UAV 1220 includes a fuselage 1222, two wings 1224 with an airfoil-shaped cross
section to provide lift for the UAY 1220, a vertical stabilizer 1226 {or fin)} to stabilize the
plane’s yaw (turn left or nght), a horizontal stabilizer 1228 {also referred to as an clevator or
tariplane) to stabilize pitch (hilt up or down), landing gear 1230, and a propulsion umt 1232,
which can include a motor, shaft, and propeller.
3120] Figure 12€ shows an example of a UAV 1240 with a propeller in a pusher
configuration. The term “pusher” refers to the fact that a propulsion unit 1242 is nmounted at
the back of the UAV and “pushes” the vehicle forward, in contrast to the propulsion unit being
mounted at the frontof the UAVY. Sinular to the description provided for Figures 12A and 12B,
Figure 12C depicts common structures used in a pusher plane, including a fuselage 1244, two
wings 1246, vertical stabilizers 1248, and the propulsion umt 1242, which can include a motor,
shaft, and propeller.
6121} Figure 12D shows an exampic of a tail-sitter UAY 1260. In the illustrated
cxample, the tail-sitter UAV 1260 has fixed wings 1262 to provide lift and allow the UAV
1260 to ghde honzontally {c.g., along the x-axis, in a position that is approximately
perpendicular to the position shown in Figure 12D}, However, the fixed wings 1262 also allow
the tail-sitter UAV 1260 to take off and land vertically on its own.
[3122] For example, at a launch site, the tai-sitter UAV 1260 may be positioned
vertically {as shown} with its fins 1264 and/or wings 1262 resting on the ground and stabilizing
the UAV 1260 in the vertical posttion. The tail-sitter UAY 1260 may then take off by operating
its propellers 1266 to generate an vpward thrust (¢.g., a thrust that is generally along the y-
axis). Once at a sutable altitude, the tail-sitter UAV 1260 may use its flaps 1268 to reorient
itself in a horizontal position, such that its fuselage 1270 1s closer to bemng aligned with the x-
axis than the v-axis. Positioned horizontally, the propeliers 1266 may provide forward thrust
so that the tail-sitter UAV 1260 can flv in a similar manner as a typical airplane.
{3123} Many varniations on the iiustrated fixed-wing UAVs are possible. For instance,
fixed-wing UAVs may include more or fewer propeliers, 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 possible.
(6124} As noted above, some embodiments may involve other types of UAVs, n
addition to or in the altemative to fixed-wing UAVs. For mstance, Figure 12E shows an
cxample of a rotorcraft that is commonly referred to as a multicopter 1280, The multicopter
1280 may also be referred to as a quadcopter, as it includes four rotors 1282, It should be
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anderstood that example embodiments may involve a rotorcraft with more or fewer rotors than
the multicopter 1280, 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 “hehicopter” refers to rotorcraft having two rotors.
[3125] Referring to the multicopter 1280 in greater detail, the four rotors 1282 provide
propulsion and mancuverability for the multicopter 1280, More specifically, cach rotor 1282
includes blades that arc attached to a motor 1284, Configured as such, the rotors 1282 may
aliow the multicopter 1280 to take off and land vertically, to mancuver in any direction, and/or
to hover. Further, the pitch of the blades may be adpusted as a group and/or differentially, and
may allow the multicopter 1280 1o control is pitch, roll, yaw, and/or altitude.

[3126] It should be understood that references herein to an “unmanned” aerial vehicle
or UAV can apply equally to avtonomous and semi-astonomous aenial vehucles. In an
autonomous implementation, all functionality of the acnal vehicle is automated; e.g., pre-
programamed or controlled via real-time computer functionality that respounds to mput from
various sensors and/or pre-determined information. In a semi-autonomous implementation,
some functions of an acrial vehicle may be controlled by a human operator, while other
functions are carned out auvtonomously. Further, in some embodiments, a UAV may be
configured to allow a remote operator to take over functions that can otherwise be controlied
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
exaraple, a remote operator could control high level navigation decisions for a UAY, such as
by specifying that the UAV should travel from one location to another (e.g., from a warchouse
i a suburban area to 3 delivery address in a nearby city}, while the UAV s navigation system
awtonomously controls more fing-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.

16127} More generally, it should be understood that the example UAVs described
herein are not intended to be limiting. Example embodiments may relate to, be umplemented

within, or take the form of anv type of unmanned aeral vehicle.

VI Hlustrative UAV Components

[G128] Figure 13 is a simplified block diagram illustrating components of a UAV 1300,
according to an example embodiment. UAV 1300 may take the form of. or be similar in form
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1o, one of the UAVs 1200, 1220, 1240, 1260, and 1280 described 1 reference to Figures 12A-
12E. However, UAY 1300 may also take other forms.
[6129] UAYV 1300 may mclude various types of sensors, and may include a computing
gystem configured to provide the functionality described herein. In the Hustrated embodiment,
the sensors of UAV 1300 include an inertial measarement wmt (MUY 1302, ultrasonic
sensoi{s) 1304, and a GPS 1306, among other possible sensors and sensing systems.
16138] In the illustrated embodiment, UAY 1300 also includes one or more processors 1308,
A processor 1308 may be a general-purpose processor or a special purpose processor {2.g.,
digital signal processors, application specific mtegrated circuits, etc.). The one or more
processors 1308 can be configured to execute computer-readable program instructions 1312
that are stored in the data storage 1310 and are executable to provide the functionalitv of a
UAYV described herein.
{3331} The datastorage 1310 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 1308, 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 integrated in
whole or in part with at least onc of the one or more processors 1308, In some embodiments,
the data storage 1310 can be implemented using a single phyvsical device {e.g., onc optical,
magnetic, organic or other memory or dise storage unit), while in other embodiments, the data
storage 1310 can be implemented using two or more physical devices.
16132} As noted, the data storage 1310 can include computer-readable program
mstructions 1312 and perhaps additional data, such as diagnostic data of the UAV 1300, As
such, the data storage 1310 may include program mstractions 1312 to perform or facilitate
some or all of the UAV functionality described herein.  For instance. in the ilustrated
embodiment, program mstructions 1312 include a navigation module 1314,

A. Sensors
16133] In an dlustrative embodiment, IMU 1302 may nclude both an accelerometer
and a gyroscope, which may be used together to determine an onentation of the UAV 1300, In
particular, the accelerometer can measure the onientation of the vehicle with respect to carth,
while the gyroscope measures the rate of rotation arcund an axis. IMUs are commercially
available in low-cost, low-power packages. For instance, an IMU 1302 may take the form of
or nclude a mmuaturized  MicroElectroMechanical  System (MEMSY or 2
NanoElectroMechanical System (NEMS). Gther types of IMUs may also be utilized.
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G134} An IMU 1302 may mclade other sensors, in addition to accelerometers and
gyroscopes, which may help to better determine position and/or help to increase autonomy of
the UAY 1300, Two examples of such sensors are magnetometers and pressure sensors. fn
some emboduments, a UAY may include a low-power, digital 3-axis magnetometer, which can
be vsed to realize an orientation independent electronic compass for accurate heading
information. However, other types of magnetometers may be utifized as well. Other examples
arc also possible. Further, note that a UAV could nclude some or all of the above-~deseribed
nerfia sensors as separate components from an IMU.
[6135] UAV 1300 may also include a pressure sensor or barometer, which can be used
to determine the altitude of the UAV 1300, Alternatively. 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 dnft of an IMU.
13136] In a further aspect, UAV 1300 may include one or more sensors that allow the
UAYV 1o sense objects in the environment. For instance, in the thustrated embodiment, UAY
1306 includes ultrasonic sensor(s) 1304, Ultrasonic sensor(s) 1304 can determune the distance
to an object by generatimg 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
avoildance. 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 determine,
sense the presence of, and/or determing the distance to ncarby objects, such as a light detection
and ranging (LIDAR) system, laser detection and ranging (LADAR) system, and/or an infrared
or forward-looking mfrared (FLIR} system, among other possibilities.
G137} in some embodiments, UAY 1300 may also include one or more imaging
system(s). For example, one or more still and/or video cameras may be utilized by UAV 1300
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 techniques, ground tracking for more accurate
navigation {¢.g., by applying optical flow technigues to images), video feedback, and/or image
recognition and processing, among other possibilities.
[6138] UAYV 1300 may also include a GPS receiver 1306, The GPS receiver 1306 may
be configured to provide data that is typical of well-known GBS systems, such as the GPS
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coordinates of the UAV 1300, Such GPS data may be atihized by the UAV 1300 for vanous
functions. As such, the UAY may use its GPS receiver 1306 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
16139} The navigation module 1314 may provide functionality that allows the UAY
1300 to, ¢.g., move about its environment and reach a desired location. To do so. the navigation
modole 1314 may control the altitude and/or direction of flight by controlling the mechanical
featwres of the UAV that affect flight {¢.g., its rudder{(s}, elevator{s}, aileron{s}, and/or the speed
of its propelicr(s}).
(31486} In order to navigate the UAV 1300 to a target location, the navigation module
1314 may implement various navigation techmqgues, such as map-based navigation and
focalization-based navigation, for mstance. With map-based navigation, the UAV 1300 may
be provided with a map of tts environment, which may then be used to navigate to a particular
location on the map. With localization-based navigation, the UAV 1300 may be capable of
navigating in an unknown environment using localization. Localization-based navigation may
involve the UAV 1300 building its own map of its cavironment and calculating its position
within the map and/or the position of objects in the environment. For example, as a UAV 1300
moves throughout its environment, the UAV 1300 may continuously use localization to update
its map of the environment. This continuous mapping process may be referred to as
stmultancous localization and mapping (SLAM).  Other navigation techniques may also be
utihized.
G141} In some embodiments, the navigation module 1314 may navigate using a
technigue that relics on waypoints. In particular, waypoints are sets of coordinates that identify
pomts in physical space. For instance, an air-navigation wayvpoint may be defined by a certain
latitude, fongitude, and altitude. Accordingly, navigation module 1314 may cause UAY 1300
to move from waypoint 0 waypoint, m order to ultimately travel to a final destination {e.g., a
final waypoint in a sequence of waypoints),
6142} In a further aspect, the navigation module 1314 and/or other components and
systems of the UAV 1300 may be configured for “localization” to more precisely navigate to
the scene of a target location. More specifically, it may be destrable in certain situations for a
UAV to be within a threshold distance of the target location where a payload 1320 15 being
delivered by a UAV {e.g., within a few feet of the target destination}. To this end, a UAV may
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use a two-tiered approach in which it uses a3 more-general location-determnation techmique to
navigaie to a gencral arca that is associated with the target location, and then use a more-refined
location-determination technique to identify and/or navigate to the target location within the
general arca.

3143} For example, the UAY 1300 may navigate to the general area of a target
destination where a payload 1320 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 mstance, if the UAV 1300 15 to deliver a
payioad to a user’s home, the UAY 1300 may need to be substantially close to the target
location in order to avoid delivery of the pavicad to undesired arcas (e.g.. onto a roof, into a
pool, onto a neighbor’s property, etc.). However, a GPS signal may only get the UAV 1300 so
far {¢.g., within a block of the user’s home}. A more precise location-determination technigue
may then be used to find the specific target location.

16144] Various types of location-determunation techniques may be used to accomplish
localization of the target delivery location once the UAV 1300 has navigated to the general
area of the target delivery location. For mmstance, the UAV 1300 may be equipped with one or
more sensory systems, such as, for example, ultrasonic sensors 1304, infrared sensors (not
shown), and/or other sensors, which may provide input that the navigation module 1314 utilizes
to navigate avtonomously or semi-autonomously to the specific target focation.

163145} As another example, once the UAVY 1300 reaches the general arca of the target
delivery location {or of a moving subject such as a person or their mobile device), the UAY
1300 may switch to a “fly-by-wire” mode where it is controlled, at least in part, by a remote
operator, who can navigate the UAY 1300 to the specific target location.  To this end, sensory
data from the UAV 1300 may be sent to the remote operator to assist them m navigating the
UAV 1300 to the specific location.

3146} As yet another example, the UAV 1300 may mclade a module that is able to
signal to a passer-by for assistance in either reaching the specific target delivery location; for
exarople, the UAY 1300 may display a visual message requesting such assistance in a graphic
display, play an audio message or tone through speakers to indicate the need for such
assistance, among other possibilities.  Such a visupal or andio message might mdicate that
assistance is needed in delivering the UAV 1300 to a particular person or a particuiar location,
and might provide nformation to assist the passer-by in delivering the UAY 1300 to the person
or location (e.g., a description or picture of the person or location, and/or the person or
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location’s name), among other possibiliies. Such a feature can be useful 10 a scenarto i which
the UAV 1s unable to use sensory functions or another location-determunation technigue to
reach the specific target location. However, this feature is not limited to such scenarios.

3147} In some embodiments, once the UAV 1300 arrives at the general area of a target
delivery location, the UAV 1300 may atilize a beacon from a user’s remote device (e.g., the
user’s mobile phone) to locate the person. Such a beacon may take various forms. As an
exarnople. consider the scenario where a remote device, such as the mobile phone of a person
who requested a UAV delivery, 1s able to send out directional signals {e.g., via an RF signal, a
light signal and/or an audio signal). In this scenario, the UAV 1300 may be configured to
navigate by “sourcing” such directional signals — in other words, by deternuning where the
signal 1s strongest and navigating accordinglv. As another example, a mobile device can emit
a frequency, either i the human range or outside the human range, and the UAV 1300 can
fisten for that frequency and navigate accordingly. As a related example, if the UAV 1300 15
listening for spoken commands, then the UAVY 1300 could utilize spoken statements, such as
“I'm over here!” to source the specific location of the person requesting delivery of a payload.
[6148] In an alternative arrangement, a navigation module may be implemented at a
remote computing device, which communicates wirclessly with the UAV 1300, The remote
computing deviee may receive data indicating the operational state of the UAY 1300, sensor
data from the UAV 1300 that allows it to assess the environmental conditions being
experienced by the UAVY 1300, and/or location information for the UAV 1300, Provided with
such information, the remote computing device may determine altitudinal and/or directional
adjustments that should be made by the UAV 1300 and/or may deternmune how the UAV 1300
should adjust its mechamcal features {¢.g., its rudder(s), elevator(s), aileron(s), and/or the speed
of its propelier(s)} in order to effectuate such movements. The remote computing system may
then communicate such adjustments to the UAV 1300 so it can move in the determined manner.

C. Communication Systems

3149] In a further aspect, the UAY 1300 includes one or more communication systems
1316. The communications systems 1316 may include one or more wircless interfaces and/or
one or more wireling interfaces, which allow the UAY 1300 to communicate via ong or more
networks. Such wireless interfaces may provide for commumication under one or more wircless
communication protocols, such as Bluctooth, WiFi {¢.g., an IEEE 802.11 protocol), Long-Term
Evolution (LTE}), WiMAX (c.g., an IEEE 802.16 standard), a radio-frequency D (RFID)
protocol, near-field commumication (NFC), and/or other wireless communication protocols.
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Such wirehne interfaces may mclode an Ethernet mterface, a Universal Serial Bus {(USB)
interface, or similar mterface 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 wireline network.
(3150} In some embodiments, a UAV 1300 may include communication systems 1316
that allow for both short-range communication and long-range communication. For example,
the UAY 1300 may be configured for short-range communications using Bluctooth and for
long-range communications under a CDMA protocol. In such an embodiment, the UAV 1300
may be configured to function as a “hot spot,” or in other words, as a gateway or proxy between
a remote support device and one or more data networks, such as a cellelar network and/or the
Intemet. Configured as such, the UAY 1300 may facilitate data communications that the
remote support device would otherwise be unable to perform by niself.
[3151] For example, the UAV 1300 may provide a WiFi connection to a remote device,
and serve as a proxy or gateway to a cellular service provider’s data network, which the UAVY
raight connect to under an LTE or a 3G protocol, for mstance. The UAV 1300 could also serve
as a proxy or gateway to a high-altitude balloon network, a satellite network, or a combimnation
of these networks, among others, which a remote device might not be able to otherwise access.

B. Power Systems
[3152] In a further aspect, the UAV 1300 may mnclude power system{s) 1318, The
power system 1318 may mchude one or more batteries for providing power to the UAV 1300,
I one example, the one or more batteries may be rechargeable and cach battery may be
recharged via a wired connection between the battery and a power supply and/or via a wircless
chargimg system, such as an inductive charging svstem that applies an external time-varying
magnetic ficld to an mternal battery.

E. Payloads
[G153] The UAV 1300 may employ various systems and configurations in order to
transport a payicad 1320, In some implementations, the payload 1320 of a given UAVY 1300
may mchuide or take the form of a “package” designed fo transport various goods to a target
delivery location.  For example, the UAV 1300 can include a compartment, n which an item
or items may be transported.  Such a package may one or more food 1tems, purchased goods,
medical items, or any other obiect(s} having a size and weight suitable to be transported
between two locations by the UAV. In other embodiments, a payload 1320 may simply be the
one or motre items that are being delivered {¢.g., without any package housing the ttems).

[3154] In some embodiments, the payload 1320 may be attached to the UAV and

2

-~
3
2



WO 2018/097913 PCT/US2017/057630

located substantially outside of the UAV during some or all of a flight by the UAV. For
example, the package may be tethered or otherwise releasably attached below the UAV during
flight to a target location. In an embodiment where a package carries goods below the UAY,
the package mav 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.

16155) For mnstance., when the payload 1320 takes the form of a package for
transporting items, the package may mmchude an outer shell constructed of water-resistant
cardboard, plastic, or any other lightweight and water-resistant material. Further, in order to
reduce drag, the package may feature smooth surfaces with a pointed front that reduces the
frontal cross-sectional area. Further, the sides of the package may taper from a wide bottom to
a narrow top, which allows the package to serve as a narrow pylon that reduces interference
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 alternatively, the package may
wclude a stabilizer to dampen package flutter. This reduction n flutier may allow the package
to have a less rigid connection to the UAY and may cause the contents of the package to shaft
fess during flight.

16156} In order to deliver the pavicad, the UAVY may include a retractable delivery
system that lowers the pavioad to the ground while the UAV hovers above. For instance, the
UAYV may include a tether that is coupled to the pavioad by a release mechanism. A winch can
unwind and wind the tether to lower and raise the release mechanism. The release mechanism
can be configured to secure the pavioad while being lowered from the UAV by the tether and
release the pavicad upon reaching ground level. The release mechanism can then be retracted
to the UAV by reeling m the tether using the winch.

6157} In some tmplementations, the payioad 1320 may be passively released once it
is lowered to the ground. For exarmple, a passive release mechanism may nclude one or more
swing arms adapted to retract into and extend from a housing. An extended swing arm may
form a hook on which the payload 1320 may be attached. Upon lowering the release
mechanism and the payioad 1320 to the ground via a tether, a gravitational force as well as a
downward mertial force on the release mechanism may cause the pavioad 1320 to detach from
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the hook allowing the release mechanism to be raised upwards toward the UAV. The rclease
mechanism may further include a spring mechanism that biases the swing arm to retract into
the housing when there are no other external forces on the swing arm.  For instanee, 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 pavicad 1320 no longer
forces the swing arm to extend from the housing. Retracting the swing arm into the housing
may reduce the likelibood of the release mechanism snagging the payioad 1320 or other nearby
objects when raising the release mechaniam toward the UAV upon delivery of the pavicad
1320.

[G158] Active pavload relcase mechanisms are also possible. For example, scnsors
such as a barometric pressure based altimeter and/or accclerometers may help to detect the
posttion of the release mechamism {and the pavioad) relative to the ground. Data from the
sensors can be communicated back to the YAV and/or a control system over a wireless link
and used to help in determining when the release mechanism has reached ground level (e,
by detecting a measurement with the accelerometer that is characteristic of ground impact). In
other examples, the UAVY may determine that the payload has reached the ground based on a
weight sensor detecting a threshold low downward force on the tether and/or based on a
threshold low measurement of power drawn by the winch when lowering the payload.

[3159] Other systems and technigues for delivering a pavlcad, n addition or in the
alternative 1o a tethered delivery system are also possible. For example, a UAY 1300 could
include an air-bag drop system or a parachute drop svstem. Altematively, a UAVY 1300
carrying a pavioad could simply land on the ground at a delivery location.  Other examples are

also possible.

X Hlustrative UAY Deplovment Svstems

G160} UAYV svstems may be implemented in order to provide vanous UAV-related
services. In particular, UAVs may be provided at a number of different lasnch sites that may
be in communication with regional and/or central control systerns. Such a distributed UAY
system may allow UAVs to be quickiy deploved to provide services across a large geographic
area {¢.g., that s much larger than the flight range of any single UAV}). For example, UAVs
capable of carrving payloads may be distributed at a number of launch sites across a large
geographic area (possibly even throughout an entire country, or even worldwide). in order to

provide on-demand transport of various rems to locations throughout the geographic arca.
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Figure 14 1s a simplified block diagram illustrating a distributed UAY system 1400, according
to an example embodiment.
[G161] In the illustrative UAVY systera 1400, an access system 1402 may allow for
mteraction with, control of, and/or utilization of a network of UAVs 1404, In some
embodiments, an access system 1402 may be a computing system that allows for human-
controlled dispatch of UAVs 1404, As such, the control system may include or otherwise
provide a user intertace through which a user can access and/or control the UAVs 1404,
G162} In some embodiments, dispatch of the UAVs 1404 may additionally or
alternatively be accomplished via one or more automated processes. For instance, the access
system 1402 may dispatch one of the UAVs 1404 1o transport a pavioad to a target location,
and the UAV may autonomously navigate to the target location by utihzing various on-board
sensors, such as a GPS receiver and/or other vartous navigational sensors.
[6163] Farther, the access system 1402 may provide for remote operation of a UAV.
For instance, the access systerm 1402 may allow an operator to control the flight of a UAV via
its user wierface. As a specific example, an operator may use the access system 1402 to
digpatch a UAY 1404 to a target location. The UAV 1404 may then autonomousty navigate to
the general arca of the target location. At this point, the operator may use the access systom
1402 to take control of the UAV 1404 and navigate the UAV to the target location {e.g., 1o a
particular person to whom a payload s being transported). Other examples of remote operation
of a UAV are also possible.
16164} In an illustrative embodiment, the UAVs 1404 may take varnous torms. For
example, cach of the UAVs 1404 may be a UAV such as those illustrated in Figures 12A-12E.
However, UAY system 1400 may also utilize other types of UAVs without departing from the
scope of the invention. In some implementations, all of the UAVs 1404 may be of'the same or
a similar configuration. However, in other implementations, the UAVs 1404 may include a
number of different types of UAVs. For mstance, the UAVs 1404 may include a number of
types of UAVs, with each type of UAY being configured for a different type or types of payload
delivery capabilities.
G165} The UAV system 1400 may further include a remote device 1406, which may
take varions forms. Generally, the remote device 1406 may be any device through which a
direct or indirect request to dispatch a UAV can be made. (Note that an imdirect 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 1406 may be a
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mobile phone, tablet computer, laptop computer, personal computer, or any network-connected
computing device. Further, in some instances, the remote device 1406 may not be a computing
device. As an example, a standard telephone, which allows for communication via plain old
telephone service (POTS), may serve as the remote device 1406, Other types of remote devices
are also possible.
13166} Further, the remote device 1406 may be configured to communicate with access
system 1402 via one or more types of communication notwork{s) 1408. For example, the
remote device 1406 may communicate with the aceess system 1402 {or a human operator of
the acecss system 1402) by comumunicating over a POTS network, a cellular network, and/or a
data network such as the Internet.  Gther types of netwaorks may also be utilized.
3167} In some embodiments, the remote device 1406 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 delivery of a package to their home via their mobile phone, tablet, or laptop. As
another examaple, a user could request dynamic delivery to wherever they arce located at the
nme of dehvery. To provide such dyvnamic delivery, the UAY systern 1400 may receive
location imformation {(¢.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 mdicated
by their mobile phone}.
3168] In an iflustrative arrangement, the central dispatch system 1410 may be a server
or group of servers, which is configured to receive dispatch messages requests and/or dispatch
instructions from the access system 1402, Such dispatch messages may request or instruct the
central dispatch svstem 1410 to coordmate the deployment of UAVs o various target locations.
The central dispatch svstem 1410 may be further configured to route such requests or
nstructions to one or more local dispatch systems 1412, To provide such functionality, the
central dispatch svstem 1410 may communicate with the access systern 1402 via a data
network, such as the Internet or a private network that is established for communications
between access sysieras and automated dispatch systems.
16169] In the illustrated configuration, the central dispatch systern 1410 may be
configured to coordinate the dispatch of UAVs 1404 from a number of different local dispatch
systems 1412, As such, the central dispatch system 1410 may keep track of which UAVs 1404
are located at which local dispatch systems 1412, which UAVs 1404 are currently available for
deployment, and/or which services or operations cach of the UAVs 1404 s configured for (in
the event that a UAV fleet includes muldtiple tvpes of UAVs configured for different services
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and/or operations). Additionally or alternatively, each local dispateh svstem 1412 may be
configured to track which of its associated UAVs 1404 are currently available for deployment
and/or are currently m the nudst of item transport.
[3176] In some cases, when the central dispatch systemn 1410 receives a request for
UAV-related service (e.g., transport of an item} from the access svstem 1402, the central
dispatch system 1410 may select a specific UAY 1404 to dispatch. The central dispatch system
1410 may accordingly instruct the local dispatch svstem 1412 that is associated with the
selected UAV to dispatch the selected UAVY. The local dispateh svstem 1412 may then operate
its associated deployment system 1414 to launch the selected UAY. In other cases, the contral
dispatch system 1410 may forward a request for a UAV-related service to a local dispatch
system 1412 that 1s near the location where the support is requested and leave the selection of
a particular UAY 1404 to the local dispatch system 1412,
16171} In an example configuration, the local dispatch svstem 1412 mayv be
implemented as a computing system at the same location as the deployment svstem(s) 1414
that it controls. For cxample, the local dispatch system 1412 may be implemented by a
computing system tnstalled at a building, such as a warchouse, where the deployment system{s}
1414 and UAV{s) 1404 that are associated with the particular local dispatch system 1412 are
also located. In other embodiments, the local dispatch system 1412 may be implemented at a
focation that 1s remote to its assoctated deployment systemds) 1414 and UAV({s) 1404,
16172} Mumerous vanations on and alternatives to the ilustrated configuration of the
UAV system 1400 arc possible. For example, 11 some emboduunents, a user of the remote
device 1406 could request delivery of a package directly from the central dispatch system 1410,
To do so, an application may be implemented on the remote device 1406 that allows the user
to provide information regarding a requested delivery, and generate and send a data message
to request that the UAVY system 1400 provide the delivery. In such an embodiment, the central
dispatch system 1410 may inclode astomated functionabity to handle requests that are
generated by such an application, evaluate such requests, and, if appropriate, coordinate with
an appropriate local dispatch system 1412 to deploy a UAV.
6173 Further, some or all of the functionality that is attributed herein to the central
dispatch system 1410, the local dispatch system(s) 1412, the access svstem 1402, and/or the
deployment systemés) 1414 may be combined in a single system, implemented in a more
complex system, and/or redistnbuted among the central dispatch system 1410, the local
dispatch system{s) 1412, the access system 1402, and/or the deployvment system{s) 1414 i
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Various ways.
(6174} Yet further, while cach local dispaich system 1412 is shown as having two
associated deployment systems 1414, a given local dispatch system 1412 may altematively
have more or fower associated deployment systems 1414, Siularly, while the central dispatch
gystem 1410 15 shown as being n communication with two local dispaich systems 1412, the
central dispatch system 1410 may alternatively be in communication with more or fewer focal
dispatch systeras 1412
6175} In a farther aspect, the deployvment systems 1414 may take various forms. In
general, the deployment systems 1414 may take the form of or include systems for physically
lavnching one or more of the UAVs 1404, Such launch systems may include features that
provide for an automated UAV launch and/or features that allow for a human-assisted AV
launch. Further, the deployment systems 1414 may cach be configured to launch one particular
UAY 1404, or to launch multiple UAVs 1404
6176} The deployment systems 1414 may further be configured to provide additional
functions, mcluding for example, diagnosticsrelated functions such as venfying svstem
functionality of the UAV, venifying functionality of devices that are housed within a UAVY
{c.g., a pavioad delivery apparatus), and/or maintaining devices or other items that are housed
wm the UAV (e g., by monitoring a status of a payload such as its temperature, weight, ete.).
16177} In some embodiments, the deployment systems 1414 and their corresponding
UAVs 1404 {and possibly associated local dispatch systems 1412 may be strategically
distributed throughout an arca such as a city. For example, the deplovment svstems 1414 may
be strategically distributed such that cach deplovment system 1414 1s proximate to one or more
payvioad pickup locations {¢.g., near a restaurant, store, or warchouse). However, the
deployment svstems 1414 {and possibly the local dispatch systems 1412} may be distributed in
other ways, depending upon the particular implementation.  As an additional example, kiosks
that allow users to transport packages via UAVs may be installed i various locations. Such
kiosks may mclude UAYV launch systems, and may allow a user to provide their package for
loading onto a UAV and pay for UAV shipping services, among other possibilitics. Other
examples are also possible.
[6178] In a further aspect, the UAV gsystern 1400 may include or have access to a user-
account database 1416. The user-account database 1416 may include data for a number of user
accounts, and which arc cach associated with one or more person. For a given user account,
the user-account database 1416 may include data related to or useful in providing UAV-related
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services. Typically, the user data associated with cach aser account 1s optionally provided by
an associated user and/or 1s collected with the associated user’s permission.

[G3179] Further, in some embodiments, a person mayv be required to register for a user
account with the UAV svstem 1400, 1t they wish to be provided with UAV-related services by
the UAVs 1404 from UAV system 1400, As such, the user-account database 1416 may include
authorization information for a given user account {¢.g.. a username and password), and/or
other information that may be used to authorize access to a user account.

16180} In some embodiments, a person may associate one or more of their devices with
thetr user account, such that they can access the services of UAV system 1400, For example,
when a person uses an associated mobile phone to, ¢.g., place a call to an operator of the access
systern 1402 or send a message requesting a UAV-related service 1o a dispaich svstem, the
phone may be identified via a wmique device dentification number, and the call or message

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

X. Conclusion

6181} The particular arrangements shown mn the Figures should not be viewed as
himiting. It should be understood that other embodiments may inclade more or less of each
clement shown in a given Figure. Further, some of the illustrated elements may be combined
oromutted. Yet further, an exemplary embodiment may include elements that are not llustrated
i1 the Figures.

13182} Additionally, while various aspects and embodiments have been disclosed
herein, other aspects and embodiments will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for purposes of illustration and are not intended
to be limiting, with the trae scope and spirit being indicated by the following claims. Other
embodiments may be utilized, and other changes may be made, without departing from the
spirit or scope of the subject matier presented heren. B will be readily understood that the
aspects of the present disclosure, as generally described herein, and illustrated in the Figures,
can be arranged. substituted, combined, separated. and designed 1n a wide varicty of different

contigurations, all of which are contemplated herein.
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CLAIMS
We claim:
1. A landing structure comprising:

a landing platform for an unmanned aerial vehicle (UAV), wherein the UAV
comprises a boom with a first landing pad, a second landing pad, and a winch system
comprising a tether coupleable to a payload;

a cavity within the landing platform, wherein the cavity is aligned over a
predetermined target location and is sized to allow the winch system to pass a tethered
payload through the cavity; and

a track that runs along the landing platform and along at least a portion of the cavity
such that the track guides the UAV to a docked position while the UAV travels along the
landing platform under power from the UAV, wherein when in the docked position the tether
is positioned over the cavity, such that the tether can raise or lower a payload through the
cavity;

wherein the track comprises a slot in the landing platform, wherein the first landing
pad and the second landing pad of the UAV each have a pin that extends beyond the pad such
that when the UAV moves along the landing platform the pin in the first landing pad will
engage the slot, then the second pin will engage the slot so as the UAV continues to move
along the landing platform the UAV will follow a path of the slot to the docked position over
the cavity.

2. The landing structure of claim 1, further comprising: at least one stop block near the
cavity, wherein the at least one stop block prevents the UAV from traveling beyond the
cavity.

3. The landing structure of claim 1, further comprising: at least one stop block near the
cavity, wherein the at least one stop block prevents the UAV from traveling vertically.

4. The landing structure of claim 1, wherein the track comprises: a straight portion of track
along the landing platform; a tapered portion of track, wherein the tapered portion of track
begins at the straight portion of track and tapers out to edges of the cavity; and a cavity
portion of track, wherein the cavity portion of track runs alongside at least part of the cavity.

5. The landing structure of claim 1, wherein the tether is coupled to a payload coupling
apparatus at a first end and the winch system at a second end.
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6. The landing structure of claim 1, wherein the landing platform is attached to an exterior
wall of a building.

7. The landing structure of claim 1, wherein the landing platform is integrated into an awning
attached to a building.

8. The landing structure of claim 1, wherein the landing platform is attached to another
vehicle.

9. The landing structure of claim 1, wherein the cavity is large enough for at least two UAVs
positioned over the cavity at a same time.

10. The landing structure of claim 1, further comprising: a plurality of mechanical restraints
that maintain the UAV in the docked position over the cavity of the landing platform.

11. The landing structure of claim 1, wherein the landing platform is at least nine feet above a
ground surface.

12. The landing structure of claim 1, wherein the UAV comprises a propulsion unit and the
UAYV travels along the landing platform using the propulsion unit.

13. The landing structure of claim 1, further comprising: a vertical support structure coupled
to the bottom of the landing platform, wherein the vertical support structure comprises a
payload platform located below the cavity.

14. The landing structure of claim 13, wherein the payload platform comprises an elevator
platform that travels between a ground level and a loading level, wherein the payload is
secured to the UAV at the loading level and is loaded or unloaded by a user at the ground
level.

15. A system comprising:
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an unmanned aerial vehicle (UAV) comprising a winch system and a boom, wherein
the winch system comprises a tether coupleable to a payload, and further wherein the boom
comprises a first pin and a second pin, wherein the first pin and the second pin each extend
outwards from the boom; and

a landing platform comprising:

a cavity that is aligned over a predetermined target location and is sized to
allow the winch system to pass a tethered payload through the cavity; and

a slot that runs along the landing platform and along at least a portion of the
cavity such that when the UAV moves along the landing platform the first pin will
engage the slot and then the second pin will engage the slot, so as the UAV continues
to move along the landing platform the UAV will follow a path of the slot to the
docked position over the cavity, and wherein when in the docked position the tether is
positioned over the cavity, such that the tether can raise or lower the payload through
the cavity.

16. The system of claim 15, wherein landing gear of the UAV comprises the first pin and the
second pin of the boom of the UAV, the system further comprising: a control system
configured to: instruct the UAV to apply a forward thrust such that at least a portion of the
landing gear of the UAV contacts the slot; and instruct the UAV to continue to apply the
forward thrust until the UAV reaches the docked position.

17. The system of claim 15, further comprising: a control system configured to: determine if
the UAV has reached the docked position; and based on the determination that the UAV has
reached the docked position, activate the winch system to lower the tether through the cavity.

18. The system of claim 15, further comprising: a control system configured to: determine
that the tether has coupled to the payload or that the tether has decoupled from the payload;
and based on the determination that the tether has coupled to the payload or that the tether has
decoupled from the payload, activate the winch system to raise the tether through the cavity.

19. The system of claim 15, further comprising: a vertical support structure coupled to the
bottom of the landing platform; and a payload platform movably coupled to the vertical
support structure such that the payload platform travels vertically between a ground level and
a loading level, wherein the payload platform is located below the cavity of the landing
platform, and wherein the payload is secured to the UAV at the loading level and is loaded or
unloaded by a user at the ground level.

43



20. The system of claim 15, further comprising: at least one stop block, wherein the at least
one stop block prevents the UAV from traveling beyond the cavity.

21. The system of claim 15, wherein the slot comprises: a straight portion of the slot along
the landing platform; a tapered portion of the slot, wherein the tapered portion of the slot
begins at the straight portion of the slot and tapers out to edges of the cavity; and a cavity
portion of the slot, wherein the cavity portion of the slot runs alongside at least part of the
cavity.

22. The system of claim 15, wherein the landing platform further comprises: a navigational
aid, wherein the navigational aid is configured to transmit a signal to the UAV.

23. The system of claim 15, wherein the landing platform is coupled to an exterior wall of a
building.

24. The system of claim 15, wherein the landing platform is located at least nine feet about a
ground surface.

25. A method comprising:

landing, by an unmanned aerial vehicle (UAV), on a landing platform, wherein the
UAYV comprises a winch system and a boom, wherein the winch system comprises a tether
coupleable to a payload, and further wherein the boom comprises a first landing pad with a
first pin and a second landing pad with a second pin, wherein the first pin and the second pin
each extend beyond the respective landing pad;

engaging, by the first pin and then the second pin of the boom of the UAV, a slot that
runs along the landing platform and along at least a portion of a cavity of the landing
platform, wherein the cavity is aligned over a predetermined target location and is sized to
allow the winch system to pass a tethered payload through the cavity;

guiding the UAV along a path of the slot to a docked position in which the tether is
positioned over the cavity, wherein the UAV is guided along a path of the slot while under
power from the UAV; and

loading or unloading, by the tether, a payload to or from the UAV through the cavity
when the UAV is in the docked position.
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26. The method of claim 25, further comprising: lowering, by the winch system, a payload
coupling apparatus to secure the payload, wherein the payload coupling apparatus is coupled
to a first end of the tether and the winch system is coupled to a second end of the tether.

27. A landing structure, comprising:

a landing platform for an unmanned aerial vehicle (UAV), wherein the UAV
comprises a winch system and a boom, and wherein the winch system comprises a tether
coupleable to a payload, and further wherein the boom comprises a first landing pad with a
first pin and a second landing pad with a second pin, wherein the first pin and the second pin
each extend beyond the respective landing pad;

a cavity within the landing platform, wherein the cavity is aligned over a
predetermined target location and is sized to allow the winch system to pass a tethered
payload through the cavity; and

a track that runs along the landing platform and along at least a portion of the cavity
such that the track guides the UAV to a docked position, wherein the track comprises a slot in
the landing platform such that when the UAV moves along the landing platform the first pin
of the first landing pad will engage the slot and then the second pin of the second landing pad
will engage the slot, so as the UAV continues to move along the landing platform the UAV
will follow a path of the slot to the docked position over the cavity, and when in the docked
position the tether of the UAV is positioned over the cavity so the tether can raise or lower a
payload through the cavity.
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