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SYSTEM FOR CHARGING AERIAL VEHICLES

CROSS REFERENCE TO RELATED APPLICATION

FOOUL | This applicstion clalms priovity 1o LS. Patent Application N 154654 644,

filed July 19, 2017, which s ncorporated berein by refelence in s entivety.
BACKGROUND

{0002] An unmanned system, which may also be referred 10 as an antonomous
vihicle, 15 a vehikle capable of travel without a physically-present human operator.  An
urnmanued sysiam may operate 10 a remote-control mode, in an agionomous mode, o i &
partially amonomons mode.

{0003} When an unmanaed system operates v a remote-control minde, a pilot o
driver that i at 8 remote Jocation can control the unmanned vehicle via commands that arg
sent 1o the uwnrpanned vehicle vig & wiveless ok, When the unmanned sysieny operates w
gutonomous mode, the tnmanned system typilcally moves based on pre-programnmed
navigation waypoints, dvoamic aufomation systems, or a combination of these.  Further,
some wunanted systems can operate in both a remote-control mode and an awtonomous
maode, and v some instances may do so sinwlancousty. For instance, a remote pilot or driver
may wish to leave navigation 0 gn autoncmous systom while manually perfornung suother
task, sueh as operating a mechanical svstemn for picking up objects, as an exapple.

{8004} Varions types of enmanned systems exist-for various different environments,
For instance, anmanned systems exist for operation in the gir, on the ground, underwater, and
iy space.  Examples mclode guad-copters and fail-sitter. UAVs, among bthers,. Unmanted
systems alse exist for hybrid operations in which multi-environment operation 18 possible.
Examples of hybrid gnmanned vehicles include an amphibious craft that is capable of
operation on land as well as on water or a Heatplane that is capable of landing on water as
wall as on land. Other examples are also possible.

SUMMARY

{B005] Example sysiems and methods may relate to charging of acrial vehicles via a
tanding pad. The acrial vehicle may tnclude electric contacts disposed ventrally to g fuselage
of the aerial vehicls Theeleotric contacts may be configured to receive elegtnic power fow

the landing pad during g landing state of the aerial vehicle, The aental vehicle niay also
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include a power sink configured to receive electric power received by the electric contacts.
During the landing state, the electric contacts may contact an electrically conductive landing
terminal of the landing pad. The landing terminal may draw electric power from a power
source for consumption by the power sink of the aerial vehicle.
[0005a] According to a first aspect of the present invention, there is provided a landing pad
for aerial vehicles comprising:
a housing;
a power terminal configured to draw electric power from a power source; and
an electrically conductive landing terminal dorsal to the housing, the landing terminal
comprising:
a first set of nodes;
a second set of nodes; and
a non-conductive space disposed between the first set of nodes and the second set
of nodes,
wherein the first set of nodes, the second set of nodes, and the non-conductive space are
configured such that, for any pose of an aerial vehicle during a landing state of the aerial
vehicle on the landing pad, at least one electric contact of the charging terminal makes
contact with a node of the first set of nodes, and at least one other electric contact of the
charging terminal makes contact with a node of the second set of nodes.
[0005b] According to a second aspect of the present invention, there is provided a system
comprising:
an aerial vehicle, wherein the aerial vehicle comprises a fuselage, a power sink,
and a charging terminal ventral to the fuselage, wherein the charging terminal comprises a
plurality of electric contacts; and
a landing pad, wherein the landing pad comprises a housing, and an electrically
conductive landing terminal dorsal to the housing, the landing terminal comprising:
a first set of nodes;
a second set of nodes; and
a non-conductive space disposed between the first set of nodes and the second

set of nodes,



wherein the first set of nodes, the second set of nodes, and the non-conductive space are
configured such that, for any pose of the aerial vehicle during a landing state of the aerial
vehicle on the landing pad, at least one electric contact of the charging terminal makes
contact with a node of the first set of nodes, and at least one other electric contact of the
charging terminal makes contact with a node of the second set of nodes.

[0005¢] According to a third aspect of the present invention, there is provided an aerial
vehicle comprising:

a fuselage;

a power sink;

a charging terminal ventral to the fuselage, wherein the charging terminal comprises a
plurality of electric contacts configured relative to a first set of nodes on a landing terminal of
a landing pad and a second set of nodes on the landing terminal such that, for any pose of the
aerial vehicle during a landing state of the aerial vehicle on the landing pad, at least one
electric contact makes contact with a node of the first set of nodes, and at least one other
electric contact makes contact with a node of the second set of nodes; and
a plurality of electric leads configured to transfer the electric power drawn from the landing
pad by the plurality of electric contacts to the power sink.

[0006] In one example, an aerial vehicle is provided that includes a fuselage, and a
power sink. The aerial vehicle also includes a charging terminal ventral to the fuselage. The
charging terminal includes a plurality of electric contacts configured such that, during a
landing state of the aerial vehicle, the electric contacts make contact with an electrically
conductive landing terminal associated with a landing pad. The electric contacts are
configured to draw electric power from the landing pad via the landing terminal. The aerial
vehicle further includes a plurality of electric leads configured to transfer the electric power
drawn from the landing pad by the plurality of electric contacts to the power sink.

[0007] In another example, a system is provided that includes an aerial vehicle. The
aerial vehicle includes a fuselage, a power sink, and a charging terminal ventral to the
fuselage. The charging terminal includes a plurality of electric contact. The system also
includes a landing pad. The landing pad includes housing, and an electrically conductive

landing terminal dorsal to the housing. The electric contacts of the aerial vehicle and the
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electrically conductive landing terminal of the landing pad are configured such that, during a
landing state of the aerial vehicle, the electric contacts make contact with the landing
terminal, and the landing terminal is configured to transfer electric power to the aerial vehicle
via the electric contacts.

[0008] In another example, a circuit is provided that includes a plurality of electric
contacts disposed on a bottom side of an aerial vehicle. The circuit also includes a power
sink included within the aerial vehicle. The power sink is configured to receive electric
power from the electric contacts. The circuit further includes a plurality of nodes disposed on
a top side of an electrically conductive landing terminal associated with a landing pad, and a
power source associated with the landing pad. The power source is configured to transfer
electric power to the nodes disposed on the electrically conductive landing terminal. During
a non-landing state of the aerial vehicle, the electric contacts of the aerial vehicle are not in
contact with the nodes of the landing pad such that the circuit is open. During a landing state

of the aerial vehicle, the electric contacts of the aerial vehicle are in contact with the nodes of
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the landing pad such that the cirouit s dlosed, and theslectnic contacts draw electnic powsy
from-the nodes for consumption by the power sink of the aerial vehicle

{0009] The foregming summary is iHustrative only and 15 not intended so be inany
way Hmiting. {n additfion to the Hustrative aspects, embodiments, and features described
above, further aspects, smbodiments, and features will become appatent by veference o the

figures and the following detaled description and the accompanying drawings,

BRIEF DESCRIPTION OF THE DRAWINGS
{0018 Figure 1A 18 a simplified illustration of an unmanned acrial vehicle, according to an

exgmpie-embodinent.

{11} Figore 18 s & simplified illustration of an unmanned aerial vehicle, according 1o an
example ssnbodiment.

{0812} Figwre 1C s wsimplified illustration of an unmanned aerial vehicle, according 10 an
example embodiment.

J0013] Figure 1D is a simplified illustration of an unmanned aerial vehicle, sccording to an
example enbodinent.

{0014} Figore 1 is a simplified illustration of an unmanned aerial velicle, according 1o an
example emnbodanent.

{0015} Figure 2 s a simplified block diagram Hlustrating components of an unmanned aerial
system, according o an example embodiment.

{0016} Fimure 3A is a perspective view of an acrial vebicle and a landing pad, according o an
example embodinent.

HI0T7] Figure 3B 18 a side view of @y asnial vehicle and a landing pad, according 10 another
sxample enbodiment.

PMHES] Figure 30 is a side view of an aerial vehicle and a landing pad, according to snother
example exnbodiment,

{0019] Figures 4A and 4B are top views of an aerial vehicls and 8 knding pad, according to
an example embodiment,

{00201 Figure SA is aside view of an gerial vehicle, sccording 1o gn example embodinent.
{021 Figure 5B is a side view of a charging termnal of gn aerial vehicle, sccording o an
sxample embodinent.

{0022 Figore 5C is a botton view of & charging terminal of an aerial vehicle, according toan
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sxanpde embedinent.

{BU23] Figure 6A is 2 smplitied Blustration of a landing pad, according o an example
embodiment.

{0024} Figore 68 is g simphified Hlastration of a landing pad, according to another exanple
embodiment.

{0025] Figwe 60 15 & sinpslified dlustration of ¢ landing pad, sceording to avother exampls
embodiment,

{00261 Figure 611 is a simplified Hustration of # landing pad, sccording to another example
embodiment.

{0271 Flgore 7A 15 a simphiied wWustration of @ charging terminal making contact with a
landing terminal, acenrding to an example embodiment.

{0028 Figure 78 i¢ a simphified lustration of a charging terminal making contact with a
fanding terminal, according to another example emboditnent.

{00291 Figure 7C i a sunplified diustration of a charging tormingl wmaking contact with a
lanuding terminal, acvording to ancther example embodinment.

{0301 Figure 7D is & simphiied ustation of o charging terminal making contact with a
landing terminal, according Yo another examiple embodiment.

{0031 Fliaare 78 i @ simplified ilostration of g charging ernunal naking contaet with a
fanding erminal, according to another example embodiment.

{0032} Figure 7F is o simplified Mustration of a charging terminal making contact with a
tanding serminal, according to another example embaodiment.

{0331 Figure 8 is @ simplified Slustration of 8 rectufier, sccording 1o an example
smbodimeit.

{MI34] Figure 9 35 a stmplified block disgram of a cironit, according to an exanple
embedinment.

{0035] Figuwre 10 s a suplified block dlagram of 2 charging svatem within an asrial vebicle,
according o an example erabodiment.

{00361 Figure 1 is a simplificd tHustration of & landing pad formed from a plurglity of tiles.
{0371 Figure 12 1 a simphified llustration of @ landing pad having a retractable hood,

according 0 an example smbodiment.
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DETAILED DESCRIPTION

{B038] Example methods and svstems  are deserbed  heremy. Any  example
embodiment or festure described herein 1 not necessarity to be construed as preferred or
advantageous over other embodiments o features.  The example embodiments described
herain are not meadt to be Hiniing. 1 will be readily waderstood that certaid aspects of the
disclosed systems and rethods can be arranged and combined in a wide variety of different
conflgurations, all ofwiuch are contemplasted herein

{0839 Furthermorg, the particolar mrrangements shown in the Figures should not be
viewed as limifing, B should be wiiderstood that othet embodimenis might inchude more or
fess of cach element shown i a given Figure, Purther, some of the ihestrated elements may
be combuped or pautied, Yot further, an example embodinont may include elunends that arg
not tastrated in the Pigures.

i, Overview

{0040] Example cmbodiments may melude or otherwise relate o systems for
charging an awrigl vehicle. o particolar, exanple smbodiments may velate o landing pads
and actial vehjcles configured such that, once an aerial vehicle tands on a landing pad, the
tanding pad transmits electric power 1o the aerial vehicle via a landing surface of the landing
pad.

{3841} An agrial vehicle may have a charging tenminal disposed ventrally to a
faselage of the aenal vebicle, For example, the aerial vehicle nay bave a landing mechanisiy
such as a foot or feer that are configured to receive electric power from an electrically
conductive surface, The landing mechanism may include the charging terminal, which may
inelude eleetric cottacts.

{042} A landing pad may include an clecttically conductive landing teominal
disposed dorssity 1o the landing pad. The landing termingl may include & plurality of nodes
arvanged such that, once the aerial vehicle lands, the podes transfer electric power o the
agrial vebicle via the charging terminal of the aerial vebicle regardiess of a pose of the
charging terminal relative to the landing terminal. Arranging the sodes of the landing pad in
this fashion may sliow an aerial vehicle to begin charging mmediately upon landing without
need fora plug of manual fnteraction with the aerial velucle. Further, arvanging the glectric

contacts of the aerial vehicle and the nodes of the landing pad in this fashion may allow an
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aerial vehicle to approach the landing pad from any direction or in twrbulent conditions while
still aflowing the serial vehicle 'to charge.

{0043] In some oxamples, the nodes may be arranged in aliernating positive and
negative strips having pon-conducting gaps disposed betwoeen the strips. The non-conductive
gaps may be wider than a diameter of the electnic confacts of the senal vebicke, v thig
fashion, the londiog terminal may prevent the lectric coptacts from shorting a cireait
gssociated with the aerial vehicle and the landing pad. That s, because the gaps-are wider
than the electric contadty; the contacty may m contact @ positive and negative node 8t the
same time.  In other examples, the nodes on the landing termimal of the fanding pad mayv be
arranged in a checkerboard  configuration rather than in alternating strips. Other
configurations are possilde as well.

{044] The slecric contacts sy, i tu, be confipursd do mterface with &
configaration of the landing pad. For example, where the nodes of the landing termunal are
grvanged 10 aliernating sirips, the charging terminal may inchude # minimanm of four electric
contacts to ensure that the charging terminal draws electric power from the landing terminal
regardless of a pose of the charging terpvinal velative to the hinding terminal. However, a
charging terminal configured 1o interact with a landing tormunal arranged i a checkerboard
configuration may inclade higher number of electric contacts. Further, the electric contatts
may be disposed within a radius of & point central o the contacts. For instance an clectric
contact may be disposed on the cental point, and other electric contacts may be oriented
radially about the central point and within the madius. The radins may depend on the width of
the nodes of the landing forminal or the gaps between the nodes.  Allowing for multiple
arrangements nay allow for corlaimn aenal vehieles o pterfaee with certany Tanding pads, byl
not others.

{0045 In some examaples, the gerial vehicle may navigate 1o ensure a desired pose of
the charging terminal refative o the landing terminal. For instancn, the asvial vehicle may
navigate such that, during a landing state of the aerial vebicle, a line spanmng a given pair of
electric contacts aligns substantially perpendicularly 10 a vode of the landing termingl, In
such examples, the charging terminal may include as few as two elgctric contacts.

{0046] In some examples, the fanding pad may miclude modalar tled clements. The

tiled elements may interset to collectively form the tanding terminal. Tiling the landing pad
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iy this fashion may allow for adapively stzed landing pads that may be latger or smaller
depending on a type of asrial vebicle that is 1o be charged or urbalence conditions near the
tanding ternuinal, For example, in a nwbulent area, more tiled elements may be used o form
a large landing pad.

{38471 In some examples, the landing pad may irclude additional features that allow
for sutomatic intecfacing between the aerial vehicle and the landing pad. For instange, the
fandding pad may mlude a visusl indicator or a beacon that allows an aenial vehicke ©
navigate effectively to the landing termingl of the aerial vehicle A housing of the aerial
vehicle may, for example, include a transceiver that allows the landing pad to communicate
with the aerial vehicle,

{0048} In additional examples, the landing pad may inchuds & retractable hood that
protects the landing terminal from outside elements. When an aerial vehicle approaches, the
fanding pad ey comumupicate with the aerial vehicle, and the hood oy retract to-allow the
gerial vehicke to fand. Once the acrial vehicle hus landed, the hood may close to protect the
aerial vehiels

{0049] In some examples, the electric comtacts of the acrial vebicle and the nodes of
the fanding terminal may be exposed.  As such, the gerial velncle may include sensors that
detect the temperstare of its battery. A controller of the landing pad may alter power cutput
aceordingly. Further, the sorial vehicle may rofract the sleotnic contacts while # i fiving o
avord moisture reaching the electric contacts,

{0050] Reference will now be made in detail to vanous embodiments, examples of
which are Hustrated 1 the accompanving drawings.  In the fellowing detatded deseription,
nurherous spectlic detads are set forth 1w order to pranvide a thorough understanding of the
prasent disclosure snd the deseribed embodiments. However, the presomt disclosure may be
practiced withouot these specific detals. In other nstanves, well-kunown methods, procedures,
and components, and cirenits have pot beon deseribed i detall 5088 a0t to wnecessasily
obscure aspects of the embodiments.

1L Hustrative Unmanned Vehicles

{0031] Herem, the terms “unmanned aecrial system”™ and "UASRY wefer to any
Fptonnmouns of semi-mponomous velicle that is ca_pabie of performing some fhnctions

without g physically present hanwan pilot.
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[0032] A UAS can take vartous forms, For example, a UAS may take the form of a
finedwwing aiveradt, o ghider arcraft, o toi-sitter atrorafl, & jet atrovall, & ducted fan airerafl, a
tighter-than-air dirigible such as a blimp or steerable balloon, g rotorceadl such as g helicopter
or multicopter, and/or an omnithopier, among other possibilities. Furthet, the termss “drong,”
“pamanned aerial vehicle system™ (LIAVS), or “unmannad asvial velicle™ (UAV)Y may also
be gsed to refer to s LIAS

{0033] Figure 1A iy a Simphified iHustration providing various views of a UASR,
according to an example embodiment. I particular, Figure 1A shows an example of a tixed-
wing UAS 11004, which iy aleo be referred 0 as ais airplane; an aetoplane, a biplane, g
glider, or a plane, among other possibilies, The fxed-wing UAS 1100, as the name
plies, has stationary wings 1102 that generate Mt based on the wing shape and the
vehicle's forward atrspesd. For instance, the two wings 112 may bave an atrfoil-shaped
cross section to produce an ssrodynamic force on the UAS 1100a.

{0034] As depicted, the fixed-wing UAS 1100a may inchude a wing body or fuselage
THM, The wing body 1104 may contain, for sxample, control electronics such as an inertial
measurement uait MLUD andfor an clectronic speed controller, batteries, other sensors, andéor
a payload, among other possibilities. The iHustrative UAS 11002 may alse include landing
gear (not shown) to assist with controlled take-offs and landings. In other embodiments,
other types of UASs without landing gear are also possible.

{3038] The UAS 1100a further inclodes propulsion units 1106 positioned o the
wings 1106 {or fuselage), which can each include a motor, shaft, and propelier, for propelling
the TTAS 1100a, Stabifizers 1108 (or fing) may also be attached 1o the UAS 1110a o stabilize
the UIAS's yaw (urn el or vight) dwring thghl. In Some embodbents; the UAS THN may
be also be configured 1o function as a ghder, To do so, UAS M way power off is motor,
propulsion units, ete, and glide for g penod of time.  Tn the UAS 11004, a paiv of votor
supports 1110 sxiend beneath the wings 1106, and 8 plurality of rotors 1112 are attached
rolor supports 11 Rotors 1110 may be used doring a bover mode wherein the UAS 11i0a
is. desconding o a delivery location, or ascending following g dehivery. In the example UAS
1100a, stabilizers 1108 are shown attached to the rotor supports 1HG

{0056] During flight, the UAS 1100z may contral the direction andior speed of its

movement by controlling s patch, roll, vaw, andior alatede. For example, the stabilizers
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{108 may include ane or more rudders 1108a for controfling the UAS's vaw, and the wings
1102 may inchade one or more elevators for controtling the UAS’s piteh andfor one or more
atlerons 1192a for controlling the UAS s roll. As paother example, increasing or decreasing
the speed of all the propeliers simultaneousty can resadt fn the UAS 1100 ncressing or
decreasing s altiude, respectively.

{00571 Sinularly, Figure 1B shows anothor example of a fised-wing UAS 120 The
fixed-wing UAS 120 wncludes 2 fuselage 122, two wings 124 with an aifoil-shaped Cross
section to provide #ft for the VAR 120, a vertical stabilizer 126 (or fin} o stabilize the
plang’s vaw {turn left or rightl, a horizontal stabilizer 128 {also referred 10 as an elevator or
tailplane) 1o stabilize pitch (1l up or down), landing gear 130, and a propulsion anit 132,
which can inchude a motor, shall, and propelles.

{I038] Figure 10 shows an example of & UAY 140 with a propeller i a pusher
comfigaration. The term "pusher”™ refers to the fact that a propulsion unit 142 15 moonted at
the back of the UAS snd “pushes™ the velucle forward, in contrast o the propulsion ynit
being mounted at-the front of the UAS. Simikar to the deseription provided for Figures 14
and 1B, Flgure 1 depicts common struchures used in a pusher plane, ncluding o fuselage
144, two wings 146, vertical stabilizers 148, and the propuelsion unit 143, which can inclade a
maifor, shatl, and prapeliern.

HISY] Figure 1D shows an oxanple of a tatbsitter UAS 160, In the ibustrated
example, the taibsitter VAR 160 has fived wings 162 to provide Hitand allow the UAS 160
to glide horizontally (e g, slong the x-axis, it a position that 15 approximately perpendicular
1o-the position shown in Figure 1), However, the fixed wings 162 also allow the railssiticr
UAS 160 o take off and land vertically on s owa.

{80608} For example, at & laonch site, the tailsitter UAS 160 may be positioned
vertically (as shown) with s fins 164 suddéor wings 162 resting on the ground and stabilizing
the UAS 160 1 the verticad position.  The taib-sitter AN 160 may then take off by opevating
its propellers 166 to generate an upward throst (2.8, 8 thnst that s geperally along the v-
axis). Quoe at g spitable altitude, the taibsiier UAS 160 may ose its flaps 168 o reorient
itself in a horizontal position, such that its fuselage 170 i3 closer o being aligned with the x-
axis than the y-axis.  Pesitioned horzontally, the propaliers 1686 may provide forward throst

str that the tail-sitter UAS 160 can fly in g sinular manner 8 a typical avrplane.

9



WO 2019/018621 PCT/US2018/042862

[0061] Many variations on the Hustrated fixed-wing UASs are possible,  For
mstance, thved-wing LASs may include more or fewer propeliers, snd/or may attlize a ducted
fan or multiple ducted fans for propulsion, Further, UASs with more wings (o8, an “x-
wing” configuration with four wingsh with fower wings, or even with no wings; are alo
possible.

{80621 As noted above, some embodiments may myvolve other types of UASs,
additton to or w the allernative o fixed-wing UASK  For instance, Figure {E shows an
gxample of @ rotoreraft that s commuonly referred o a8 & multicopter 180 The multicopter
188 may also be refemred {0 as 8 goadcopter, as i nelndes four rotors 182, 1 should be
understood that example embodiments may involve a rotorerall with more or fewer rotors
than the multwopter 180, For example, a helicopter typically has two rotors. Other examples
with three or move rotors are possible as well,. Herein, the feom “malticopter” refers to any
roforeraft having more than two rotors, and the term “helicopter™ refers to rotoreraft baving
DL POLOTS,

{8063] Reforring to the multicopter 180 in greater detail, the four roters 182 provide
propudsion and mancuverability for the multcopter 180, More specifically, sach rotor 182
mcludes blades that are attached 1o a wolor 184, Configured as such, the rotors 182 may
allow the multicopter 180 to take off and land verticatly, to maneuver i any direction, andi/or
to hover. Further, the pitch of the blades may be adjusted as a group andior differentially,
and may allow the mudticopter 180 10 control sy prich, roll, vaw, andfor altitede.

{0064} 1t should be understood that references herein 1o an “unmanned” aerial vehicle
or UAS can apply equally to autonomous and semi-autonomous agvial vehicles. In an
autonomens implementation, all functionality of the aerial vehicle i3 aufomated; g, pre-
programmed or controlled via real-time computer functionality that responds o nput from
various sensors andvor pre-detenmined information. o a semi-ansononons implementation,
seme fupctions of an acrial vebicle may be controlled by a2 buman operator, while othey
fupctions are cavvied owl sutonomousty.  FParther, in sowe embodiments, 8 UAS may be
configured to allow a remote operator to take over functions that can otherwise be controlled
autonomousty by the UAS.  Yet further, g given type of function may be controlied remotely
at one level of abstraction and performed sutonomously at another level of abstraction. For

example, a ramnote operator conld control ugh level navigation decisions for a UAS, such as
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by specifving that the LAS should tavel from one location o another {e.g. from &
warchonse in a subtwban area fo a delivery address i g nearby aity), while the UAS's
mavigation syster sutonomously controls more fine-gramed navigation decisions, such as the
specHiie route 1o take between the two locations, spectiic tHght consrels 1o achiove the route
and avoid obsfacles while navigatin ¢ the route, and so on.

{B80638] More generally, 1t should be understood that the example UASs deseribed
herein are pot iended 0 be Hmuting, Example embodiments may elate w, be mplomented
within, or take the form of any type of unmanned accial vehicle.

I Husteative UAS Components

{0066] Figure 2 is a simplified block diagrans Hlustrating components of a UAS 200,
aceording {0 an oxample embodiment. UAS 200 may take the form of, or be sinnlar in form
o, ene of the UASs 1D, 120 140, 160, and 180 described in reference 10 Figures TASIE
However, UAS 200 may also take other forms.

{86671 UAS 200 may include various types of sensors, amd may include a computing
system oonfigwred to provide the functiovality deseribed herein. In the ilustrated
cobodiment, the sensors of AN 200 mohade an inertial measusement unit (1ML 202,
ultrasoma sensoi(s) 204, and 2 GPS 206, among other possible sensors and sensing systens.

{0068 In the dlustrated embodiment, UAS 200 also includes ong of move progessors
208 A processor 208 may be @ goncral-purpost pOCessor or a snooial purpose processor
{e.q., digital signal processors, application specific integrated cirewits, ete ). The one or more
processors 208 can be configured to execute computer-readnble prograny instructions 212 that
are stored in the data storsge 210 gnd are exeuutabde to provide the Nunctionality of a LIAS
desoribed hevein.

{8069} The data storage 210 may include or take the form of one or more computer-
readable storage media that can be read or accessed by at least one processor 208, The one ox
more computer-readable storage media can include volatile andéor non-velatile storags
components, such as optical, magnetic, organic or other memory or dise storage, which can
he integrated in whole or in part with a8t least one of the one or more processors 208, 1n some
embodiments, the data ssorage 210 can be implemented using 8 single physical device {eg.,
one optical, magnetic, organic or othsr memory or disc storage unit), while i other

embodiments, the data storage 210 can be implemented using two or more physical devices.
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070} As noted, the datr stovage 210 can melude conyputer-readabls program
mistractions 212 and perbaps additional data, such as dingnostic data of the UAS 2 As
such, the data storage 210 nay include program instructions 212 o perform or facilitate some
or gt of the UAS functionality deseribed heveln. For instance, i the lusteated embodiment,
program wstractions 212 include s navigation modale 214 and a {ethet contrel module 216,

& Sensors

{6071] In an iflustrative cmbodiment, IMU 202 may include both an aceelerometer
and & gyroscope, which may be used together 1o determine an orientation of the TAS 200, In
particntar, the acceleromieter can measpre the ongntation of the vehicls with vespect to garth,
while the gyroscope. measures the rate of rofation around an axis. IMUs are commercially
available in low-cost, low-power packages. For instance, an IMU 202 may eke the form of
or  chude @ mindatarized  MicroBlectroMechanical  Systemt (MEMSY or  a
NanoElectroMechanical System (NEMS) Other types of IMUs may alse be utilized,

{0072] An IMU 202 may include other sensors, in sddition to accelerometers and
syroscopes, which may help to better determing position andfor help to-lncresse sutonomy of
the UAS 200, Two examples of such sensors are magnetometers and pressure sensors. In
some embodiments; & UAS may include a low-power, digilal 3-axis magnetometer, which
can be used o realize an pricntation independent eleetronic compass for accurste heading
mformation.  However, other tvpes of magnetometers may be utlized as well.  Other
examples are also possible. Farther, note that @ UAS could jnclude some or all of the above-
described inertia sensors as separate components fromt an IMU.

{80731 UAS 200 may slso nchude a pressure sensorof baromcter, which can be used
to deternune the alitude of the UAS 2000 Alternatively, other sensors, such as somie
altimeters or radar altimeters, can be used to provide an indication of alitude, which may
help to improve the geguracy of andfor prevent drift of an IMUL

0074} hna further aspect, UAS 200 may inchude one or more ssnsors that altow the
UAS to sense objects in the envivomment.  For instance, it the flustrated combodiment, UAS
200 includes vltrasonic seosor{s) 204, Ultrasonic sensords) 204 can determine the distance to
an object by generating sound waves and determining the time interval between transnission
of the wave and roceiving the corresponding echo off an object. Atypical application of an

whrasonic sensor for unmanned vehicles or IMUs s low-lovel altitude control and obstacle
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avoidance. An ulirasonic sensor can also be used for velncles that need to hover af 3 csrtamn
height or need to be capable of detecting obstacles. Other systems can be used to determing,
sense the presence of, andior determuine the distance to nearby objects, such as a hight
detection and ranging {(LIDAR ) system, laser detection and ranging {LADAR) system, andéor
an infrared of forward-looking infrared (FLIRY systemy, among other possibilities.

{078] In some embodiments, UAS 200 may also include ove or more hmaging
systemis). For exampde, one or more sl and/or video cameras may be atiized by UAS 200
to caplure image data from the UAN's environment. As a spectfic example, charge-coupled
device {CCD)Y cameras of complementary metal-oxide-semiconducior (CMOS) cameras ¢an
be vsed with unmanned vehicles,  Such fwaging sensor(s) bhave pumerous possible
applications, such as obstacle avoidance, localization technigues, ground tragking for more
accurate navigation {e,g. by applying optical Sow techniques 1o mnages), video feedback,
andfor umage recogntiion and provessing, among other possibilities.

{0076] UAS 200 nay also include 2 GPS recetver 206, The GPS receiver 208 may be
conflaired 1o provide data that is typical of well-known GPS systemy, such as the GPS
coordinates of the TIAS 200, Soch GPS data may be utilized by the UAS 200 for vatious
functions. As such, the UAS may use vts GPS recetver 206 to help navigate o the caller’s
location, as indicated, at least in part, by the GPS coordinates provided by thelr mohile
device. Other examples are also possible.

B. Navigation and Location Determination

{0077] The navigation module 214 may provide functionality that allows the UAS
200 10, e.g, move abont is environment and reach a desired location. To do so, the
navigation modole 214 may contrel the altitude andfor direction of tight by controlling the
mechanical features of the UAS that affect fight feg, its rudder(s), elevator{s), aleron(s),
amtior the speed of its propeler{s)).

FOOT8] I order 10 navigate the UAR 200 1o -2 targst focation, the navigation woduls
214 may implement various navigation lechnigues, such as map-based wavigation and
focalization-based ngvigation, for instance. With map-hased navigation, the UAS 200 may
be provided with & map of #ts. emvivonment, which may then be used to navigate 10 a
particnlar location on the map.  With localization-based navigation, the TUAS 200 nay be

capable of navigating in an pnknown environment using localization.  Localization-based
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navigation may involve the TTAS 264 building its own map of #s eovironment and calculating
s position within the map andfor the position of objects in the environment, For example, as
a UAS 200 moves throughout its cavivonment, the UAS 200 may continuously use
tocalization to npdate s map of the covironment.  This continucus mapping process may be
referred to as simalaneous locatization and mapping (SLAM). Other savigation ehnigques
may also be utilized.

{8079 In some cmbodiments, the havigation module 214 may pavigale using &
techpique that rebiss on wavpoints,  In particular, waypoeints are sefs of coordinates that
identify poinds n phyeical space. For instance, an air-navigation wavpoint may be detined by
a cevtain lantude, longiude, and altitude.  Accordingly, navigation modole 214 may capse
JAS 200 1o move from waypoint 1o waypoint, i order to ulimately travel to a final
destination {e.g., a fisal waypoint in a sequence of waypoints).

{0086} In a further aspect, the navigation module 214 andéor other components and
systems of the UAS 200 may be configured for “localization™ o more precisely navigae to
thesvene of a target location. More spectiically, it may be desipable in certaln sttuations fora
UAS o be within a threshold distance of the target focation where a payload 228 s being
delivered by a UAS (e.g., within a fow fect of the target destination).  To this end, a UAS
may use a twe-tiered approach in which #f uses a wmore-general lecation-detormination
technigue to navigate to a general area that is associated with the target location, and then use
a more-refined locabon-determination techoique to Wentify andior navigate to the target
tocation within the general area.

{0081} For example, the UAS 200 may navigate t© the goperal arga of g target
destination where a payload 228 1% being delivered using waypomis andiol map-based
navigation. The UAS may then switch to g mode inowhich itutilizes a localization process o
focate and fravel 1o @ more specific location, For instance, i the UAS 200 1510 deliver g
pavload to & user’s bome, the UAS 200 may need 1o be substantially close to the tmget
location in order to avoid debivery of the pavload to undesired areas (e.g., onto a roof, into a
pool, onto a neighbor’s propenty, eic.). Howsver, g GPS signal may only get the UAS 200 so
far {ez, within 2 block of the uwser’s home) A more precise location-determination
technigue may then beusad to find the specilic target location

G082} Varous types of locanon~determination techniques may be used to accomplish
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focalization of the targer delivery location once the UAS 200 hay navigated o the genersl
area of the target delivery focation. For instance, the LIAR 208 may be equipped with one or
more sensory svatems, such as, for example, olttasonic sensors 284, infrared sepsors (not
shivwn), sndfor other sensors, which nwy provide input that the vavigation wmodule 244
utilizes to navigate antonomousty or seni-autonemousty to the specific target focation.

{BU83] Ax another example, once the UAS 200 reacheys the goneral area of the target
delivery location {or of a moving subject such as a person or their mobile device}, the UAS
260 may switch 1o a “ly-by<wire™ mode where it 15 controlied, at least in past, by a remote
opsrator, who can navigate the UAS 200 to the spectfic target focation.  To this end, sensory
data from the UAS 300 may be sent to the remole operator to assist them in navigating the
{JAS 200 1o the specific lncation.

{084} As vet another example, the UAS 200 may inclode a modele that 1s able o
signal to a passer-by for assistance in either reaching the specific target delivery location; for
example, the UAS 200 may display @ visual message requesting such assistance in a graphic
display, play an sudio message or tone through speakers to indivate the veed for such
assistance, among other possibifities. Such a viseal or audio message nught indicate that
assistance 18 peeded i delivering the UAS 200 0 a panticolar person or a particular location,
and might provide information o assist the passer-by in delivering the LTAS 200 o the person
or focation {e.g., a description or picture of the porson or focation, and/or the person or
focation’s name), among other possibilities. Such & feature can be usefud i a scenario I
which the UAS 15 umable to wse sensory functions or another location-defermination
technique to reach the spectfic targel location. However, this featute 18 not Himiied o such
Noepanios.

[BO85] In some erpbodiments, once the TIAS 200 arrtves af the general area of a target
delivery location, the TIAS 200 may utilize 9 beacon from ¢ user’s remote device {e.g., the
user's mobile phons) o locate the person. Such 8 beacon may laks various forms. As ap
example, consider the scenario where a remote device, such as the mobile phone of 8 person
who requesied a UAS delivery, is able fo sond out directional signals {e.g., via an RF signal, a
tight signal andfor an audio sigasl).  In this scenario, the UAS 200 mav be configured to
navigate by “sourcing”™ such divectional signals — in other words, by determining where the

signal is strongest and pavigating accordingly. As another example, @ mobile device can ent
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a freguency, oither i the human range or outside the human rangs, and the UAS 200 tan
Histen for that frequency and pavigate accordingly.  As @ related exapyple, it the UUAS 200 18
tistening for spoken commands, then the UAS 200 could uiilize spoken statements, such as
“Try over here!™ wo-source the specific location of the person reguesting delivery of g
paviead.

{0861 In an alternative arrangement, a navigation module may be implemented at a
remote computing device, which communicates wirelessly with the UAS 2000 The ramote
computing device may receive data indicating the operational state of the UAS 204, sensor
data fromy the UAS 200 that allows it fo assess the environmentdl conditions being
experienced by the UAS 200, andfor location information for the UAS 200, Provided with
such information, the remote computing device may determine altitudinal andfor directional
adjustments that should be made by the UAS 200 andior may determine how the UAS 200
should adjust #s mwechanical features {e.g, 13 rudder(s), elevator(s), aileron{s), and/or the
spegd of ity propellen(s)} in order to effectuate such movements.  The remote cemputing
system may then comumunicate such adjustments o the UAS 200 so #t can move in the
determined manner.

& Communication Systems

{0087] fnow further aspect, the UAS 200 includes tne or more comnunication systens
218 The comnwunications svstems 218 may inchude one or more wircless interfaces andior
one or more wireline interfaces, which allow the UAS 200 to communicate via one of mors
networks.  Sach wireless interfaces may provide for communication under one of more
wirgless communication protovels, such as Bluetooth, Wikt {e.g, an TEEE 802,11 profoced),
Long-Teom BEvolution (LTE), WiMAX (e, an IEEE 802,16 standard), 2 radin-frequeney I
{(RFIDY protocol, near-fiold communication (INFQ), andior other wireless communication
protogols. Such wireling interfaces may include an Bthernet interface, a Universal Serial Bus
{USE) imterface, o stmilar interfacs to commumicate via 8 wire, @ twisted palr of wires,
coaxial cable, an optical Hnk, a lbec-opiic Hok, or other physical connection to a wireline
network,

{0088] In some embodiments, 8 LIAS 200 mey melude commmunicsticns systoms 218
that-allow for both shorl-range communication and fong-mnge communication. For exampls,

the LIAS 200 may be configured for shortrange compumications using Blastooth and for
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fong~-rangs communications under & COMA protocol. 1o such an smbodiment, the UAS 200
may be configured fo function as & “hot spot™ o in other words, 88 @ paleway or proxy
between a remote support device and one or more data networks, sach as a celfular network
aswlfor the Internet.. Configured gs such, the UAS 200 pumy fuciluste dats comnmumications
that the remote sepport device would otherwise be unable to parform by itself,

{BU89] For example, the UAS 200 may provide ¢ WiFT comnedtion s rémote device,
and serve as a proxy or gatoway to a cellular service provider's data network, which the UAS
might connect to undér an LTE or a 3G protocel, fiw instance. The LIAR 208 could also serve
as 8 prowy of gateway o oa high-altitude balloon nebtwvork, 8 satellite network, of 8
combination of these vebworks, among others, which a remote device naght not be able to
otherwise aeeess.

B Power Systems

{090] In a further aspect, the UAS 200 may mclode power systomis) 220, The
power system 220 may include ane ar more batteries for providing pewer to the UAS 200, In
one example, the pne or muve batteries may be rechargeable and each battery may be
recharged via a wired commection between the battery and a power supply andior via a
wireless charging system, such as an inductive charging system that applies an external time-
varying magnetic ficld o an intornal battery.

£ Pavioad Delivery

{3091] The VLA 200 nay comploy vartons systems and configurations i order ©
transport and deliver g payload 228, In some implementations, the payload 228 of a given
UAS 200 may melude or take the form of 8 “package’ designed o transport varions goods o
a target delivery locabion.  For example, the UAS 200 can melnde & compartment, inwhich
an iem of foms may be transported. Such a package may one or more fod Hems, purchased
goods, medical Bems, or any other ohject(s) having 8 size and weight suitable to be
transported bobwesn two lovations by the UAS o other embodiments, & payvioad 228 may
stmply be the one or more items that are being delivered (e.g., without any package housing
the items),

{00921 In some embodiments, the pavioad 238 may be attached 10 the UAS and
located substantially outside of the LIAS during same or all of a flight by the UAS. For
example, the packsge may be tethered or othorwise releasably attached below the UAS
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during tlight to a target cation. o aneibodiment where a package carries goods below the
UAS, the package may ichide vanous featurey that protect i3 contents from the
environment, reduce acrodynantie drag on the system, and prevent the contents of the
package from shifting during UAS flight.

{0093 For mstavce, when the payload 228 takes the form of a package for
fransporting fems, the package may include an outer shedl Constructed of watersresistant
cardboard, plastic, or any other lightweight and waler-resistant matenal, Further, i order to
reduce drag, the package may feature smooth surfaces with a pointed front that reduces the
frontal cross-sectional avea. Further, the sides of the package may taper from a wide bottom
o a uarrow top, which allows the package o senve ag a warrow pylon that reduces
mnterference effects on the wing(s) of the UAS. This may move some of the frontal arcs and
vohume of the package away from the wing{s) of the UAS, thereby preventing the reduction
of 1t onthe wing(s) cause by the package. Yol further, in some erabodiments; the outer shell
of the package may be constructed from a single sheet of material in order to reduce alr gaps
or extra wmaterial, both of which miay increase drag on the svstenn  Additionally or
atternatively, the package may include a stabilizer to dampen package flutter. This veduction
i Hutter may allow the package to have a less rigid connection to the UAS and way cause
the comtents of the package to shift fess during Hight

{8094} In order to deliver the pavioad, the AV may inclnde & ethor system 221,
which may iowircontrotied by the tether control modale 216 1 order 1o lower the payload 228
to the ground while the UAV hovers above. The tether system 221 may include a tether,
which is couplable o 8 payload 228 {z.g., 8 package). The tether 224 may be wound on a
spoct that eoipled to o motor 332 ofthe UAY (although pagsive implemanialions, withoud
a motor, are also possible). The motor way be a DC motor {e.g., 4 servo mootor) that canbe
actively controlled by a speed controler, although other motor configurations are possible,
In some embadiments, the tether control module 216 can control the speed controller 1o causs
the 222 to rotate the spool, thereby unwinding or retracting the tether and lowenng ov raising
the paviond coupling apparatus. o practice, a speed controller may outpst a desired
operating rate {o.g., @ desived REM) for the spool, which may comrespond o the speed at
which the tether system should lowsr the pavioad towards the ground. The mostor niay then

rotate the spool so that #t naimtains the desired operating rate {or within some allowable range
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of operating vates).

{B093] In order fo control the motor via a specd controller, the tether control modude
216 may receive data from a speed sensor (g, an encoden) vonfigured o convert 8
mechaniog! position & representative analog or dightal signal.  In particudar, the speed
sensor may include 8 rotary encoder that may provide information related fo rotary position
{andfor rotary movement) of a shafl of the motor or the spool coupled 1o the motor, among
other possibilities. Maoreover, the spead sensor may take the form of an absolute encader
andfor an incremental encoder; among others. So in an example implementation, as the
mofor causes rotation of the spoot, 4 rotary encoder mgy be weed 1o tieasure this rotation. In
doing so, the rotary encoder may be used to convert a rofary position 1o an analog or digital
electronic signal used by the tether control moduls 216 o determine the amount of rotation of
the spool from a fixed reference angle andfor to an analog or digital clectronic signal that is
representative of a new rotary position, among other options.  Other examples are alsp
possibie,

{8096] In some smbodiments, a pavioad coupling component {e.g, a hook o another
type of coupling component) can be configwred to secure the payload 228 while being
towered from the UAV by the tether. The coupling apparaius or component and gan be
further configured to release the payload 228 uypon reaching ground level vig electrieal or
ehectro-mechanical features of the coupling component. The pavivad coupling component
can then be retracted to the UAV by reeling in the tether using the motor.

{0097} In sonie implementations, the pavioad 228 may be passively released once it is
lowered to the ground. For example, a pavioad coupling component may provide a passive
release mechanism, such as one or more Swing arms adapted to retract mtcand extend fioma
hHousing.  An extended swing arm may form g hook on which the payioad 228 may be
attached. Upon lowering the relesse mechanism and the payload 228 to the ground via a
wether, a graviiational force as well as a downward inertial force on the release mechanism
may cause the payload 228 to detach from the hook allowing the release mechanism 1o be
raised upwards toward the UAV, The release mechanism may further include a spring
mechanism that biases the swing arm o retrset into the housing when there are so other
external forces on the swing arm. For instance, a spring may oxert a frce on the swing amm

that pushes or palls the swing arm toward the housing such that the swing arm retracts o
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the hoansing once the weight of the:pavioad 228 no longer forees the swing arm to exiend
from the housing. Retracting the swing aninto the housing may reduce the likelthood of the
release mechamism snagging the pavioad 228 or other nearby objects when raising the release
mechanisim oward the UAY upon delivery of the payload 228,

{0098} 1o avother implementation, a payload coupling component may include 8 hook
feature: that passively releases the payipad when the pavicad contacts the ground. For
examyrle, the payload conpling component may take the form of orinclude a hook feature that
is sized and shaped to interactwith a corresponding attachment feature (e.g., a bandle or hole}
on a pavicad taking the form of 8 container of tote.  The hook may be mserted Into the
handle or hole of the pavioad container, such that the weight of the payload keeps the pavioad
container securedioniy to the hook feature dunng flight.  However, the hook festure and
payload container may be designed such that when the containsr contacts the ground and is
supported from below, the book feature dlides ool of the container’s attachment feature,
therchy passively releasing the pavioad container. Other passive release configurations sre
also possible.

{0099 Active payload release mechanisms are also possible. For example, sensors
such as 8 barowetric pressure based altimeter andlor accelerometers may help to detect the
position of the release mechanism {and the payload) relative @ the ground. Data from the
sensors can be communicated back to the UAS andior a control system over & wireless link
and used 1o belp in determining when the release mechanism has reached ground level {eg,
by detecting a measurement with the accelerometer that is charactenstic of ground impact).
In other examples, the UAS may determine that the payload has reached the ground based on
a weight sensor detecting o thveshold fow downward force oo the fether andfor based on &
threshold fow measurement of power drawn by the winch when Towering the payload.

{0180] Other systers and techniques for delivering 8 pavicad, in addition or in the
alternative to & tethered delivery system are also possible. For example, a UAS 200 could
mclude an abr-bag drop system or a parachute drop system.  Allernatively, a UAS 200
carryving a payviosd could sioply land on the ground at o delivery lecgtion.  Other examples
are also possibie.

IV, Husteative Aerial Vehiele Charging Systems

{101} Figure 3A is a perspective view of an example system 300, according © an
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sxamyprle embodiment. System 300 includes an aerial vehicle 302 having landed on a fanding
pad 306, While acrial vehicle 302 remains londed on landing pad 306, i may be satdto be in
a landing state. During the landing state, a charging torminal disposed ventmlly to o fuselage
314 of aenal valuicle 302 may make contaet with an electrically charged landing ternunal 304
disposed dorsally 1o Ianding pad 306, Laoding teominal 3084 may drpw electric power from a
power termingl associated with the landing pad that, In tun, draws powsr from the power
source. The power source may be included within the landing pad, or may be separate from
the landing pad. For instance, the power souree miay be aug ormors batteries included within
the fanding pad, of may be an external power source, such a3 an outlet attached to an slectric
power gid, a generator, or a solar power collector, though other examples ave possible as
well.  The charging terminal of the senial vehicle may, i tum, draw glectric power from the
fanding terminal for consumption by a power sink included within the aerial vehicle, A
power sink may include, for example, a motor, battery, capaciior, or other electric elementy
configured to consume clectiic power,

{8102] In the present exanple, landing pad 306 includes w housing that inclades a lip
308 that 1s disposed on an outer perimeter of Janding terminal 304, The lip 308 may prevent
wind from causing agrial vehicle 302 to slide off landing pad 306, The housing of landing
pad 306 slso inchudes u skint that surrounds lending terminal 304, The skivt tapers away from
the center of landing pad 306, The skirt may prevent landing pad 306 from shifting as acrial
vehicle 302 lands, and may prevent the landing pad from moving In windy conditions. As
deseribed below, fanding pad 306 may nclude several additional features that are configured
1o protect acrial vehicle 302 or o provide electiic power to serial vehicls 302 hased on a
situational context,

{8103} Though Figure 3A depicts a landing pad beving a flat landing torounel ot
should be understood thay other configurations are possible,  For instance, Pigure 38
tHustrates a system 300 that inclodes an asrial vehicle 302 that has landed on a landing pad
306, according to another ermbodiment. In the the present example depicted by Figure 38,
landing pad 306 may be contcal; and include o teuncated cone stractare snd g top landing
surface 312, Top landing surface 312 may support & bottom surface of a fusclage of aenial
vehicle 302, By the present example, acrial vehicle 302 includes a plurality of legs configured

to contact g portion of landing terminal 304, The botton surface and legs may all be included
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as parts of & charging terminal ventral fo fusclage 314 of aerial vehicle 3020 In the present
example, landing ferominal 304 way chade at teast a portion of the cone stmgtare and op
fanding surface 312, In examples where the landing pad is conical, such as in the present
example, the buse fodiprint may be civcular or elfiphic; though other footprints are possible as
well,

{0104 In the present example, landing terminal 304 is disposed dorsally o landing
pad 306, Landing serminal 304 includes an electrivally conductive node positioned on the
conical feature and apother glectnicatly conductive node {not depictad) on the top kanding
surface 312, The sevial vehicle, m turn, may include electric contacts 312 configured 1o make
contact with the nodes of the landing pad to draw electric power therefrom.

JOIGS] Figure 30 also depicts a systom 300 that includes a nov-flat landing terminsh
In the present example, aenal vehicle 302 has tanded on a landing terminal that s dorsal to
the landing pad baving & tuncated pyranid structare.  Inosach tuncated pyramid examples,
the fanding pad may inclade 8 square, rectangle, ov triangle footpring, though other footprints
are possible as well  Like the example depicted in Figwre 3B, the landing pad has a top
fanding surface upon which a bottom surface of o fuselage of aerial vehicle 302 vests. Aerial
vehicle 302 aochides a plarality of logs, which have at least one electnic contsct 310
configured to make contact with g landing terminal of the landing pad The legs may each be
mehuded a8 part of a charging termunal veotral to fuselapge 384,

{106] In the present exarple, and i the example depicted i Figure 3B, the landing
pad and aerial vehicle are stroctured in a fashion that csuses a desired pose of aenial vehicle
302, Forinstance, in the present example. the legs of serial vehicle 302 may slip along the
surface of the landing pad unil they come fo rést &b 1he post depicted o Piguee 30, ora
simtlar pose. ¥t should be undersiood that additional ways of causing 2 desived pose of an
acrial vehicle on the landing pad are possible as well. For instance, the gerial vehicle or
landing pad way: include additional featores, such as grooves or appendages-that goide the
acrial vehicle to a desired pose. In other examples. the aenal vehicle and landing pad nay
compicate such that the gerial vehicle navigates to a predetermined pose on the landing
pad. In other examples, the landing pad may inchude a visual wdicator or a beacon that allow
the asrial vehicle 1o navigate 1o fand at the pradetermined pose. I sull other exampiss, the

aerial vehicle and the landing pad may include magnetic features that draw the senial vebicle
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to the desived pose once the asrial vehigle reaches or crossss 8 threshold proximity o the
landing pad. Other examples of causing the pose of the acrial vehicle are possible as well,

{0107] Further, though Figares 3B and 3C depict actial vehicle 302 as including g
charging tenming! having 2 concave shape and landing pad 306 gs baviug a convex shape that
ingether cawse a pose of the asrial vehicle during the landing state of the asrial vehicle, 1
should be wnderstood that, In some examples, those configarations may be reversed. That i3,
the landing terminal may be shaped in a concave faslion while the charging terminal of the
aerial vehicle &y convex: Tiveach stich example, the charging termiinal may be undernstond ©
be ventral to the fuselags of the aenal vehicle, while the Tanding terminal may be understond
to be dovsal to the landing pad, even where one o more electrie contacts is disposed on a side
wall or leg of the charging terminal rather than on 2 bottom surface of the charging terminal,
or where one or more nodes i3 disposed on a side wall or appendage of the landing terminal
rather thay on 4 top swiice of the landing fermanal.

{0108] Figures 44 dnd 48 show an gerial vehicle 402 that has tanded v different
positions and orientations on @ landing terminal 404 of 3 landing pad, sceording o an
exarple embodiment. Aerial vehicle 402 may inchude a charging terminal disposed ventrally
to a fuselage of the acrial vehicle. The charging terminal may make contact with landing
terminal 404 during the landing states depicted in Figures 4A and 4B, A given position and
orlentation of an acrial vehicle may be referred to as 8 pose of the acrial vehicle, Figure 44
depicts a first pose of acvial velicle 402, At the fivst pose of aerial vebicle 402, a charging
terminal associated with serial vehicke 402 may be disposed at a first pose relative o Tanding
terminal 404, Figore 4B depacts 8 second pose of acnal vehicle 4020 A1 the second pose of
aerial vehiole 402, the chargimg termvinal may be disposed al a second pose relative 1o laading
terminal 404, The charging tevminal of aerial vehicle 402 and Tanding terdunal 404 may be
configured such that, during a landing state of serial vehicle 402, the charging terminal may
deaw glectrie power from landing torounal 404 regardioss of & pose of the charging terminal
relative to landing tenminal 404,

{1097 It should be understood that, though landing termingl 404 may be sinnlar o
landing terminal 304 depicted in Figare 3A, non-tlat Ianding terminals such as those depicted
in Figures 3B and 3 may simifarly be configured such that, regardiess of a pose of the acrial
vehicle, the aeriad vehicle may draw electric power from the landing terminal. For instance,
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iy such examples, the landing pad sod asvial vehicls may be configured such that the asnal
vehicle can only land i a predetermimed set of poses relative o the landing pad.
Accordingly, in such examples the charging torminal associated with the acrial vehicle may
fall in-a predetermined set of poses relative o the landing terovinal. in thewe exanyples, the
agrial vehicle and landing tevninal may be configured such that acrial vehicle draws electriv
power from the landing pad regardless of which pose of the set of poses at which the acrial
vehiele has fanded.

f3110] Figures S&, 58, and 5C depict a charging terminal of an asrtal vehicle 560,
according 1o an example ambodiment. Figure S4& depicts a side view of aerial vehicle 560
Aerial vehicle 300 may Include a fuselage 514 and a chavging terminal 502 disposed ventrally
to fusclage 514, Though, i the present example, the charging tenminal is simply disposed at g
bottosy susface of the fuselage, 1t should be undersiood that the charging terminal may be
mchuded wathin 8 landing mechanisy of the acrigl velucle.  For instance, the charging
terminal may include one or more feet configured to support aerial vehicle 500 during a
landing state of acrial vehicle 300, Regardiess of the configuration of the charging terminal,
the glectric contacts may be disposed on the charging terminal such that, during the landing
state, they coniribuie to the support of the aenal vehicle,  In other examples, such that
depicted i Figure 38, the charging ferminal may include an electric contact #t g bottom
surface of a fusclage of the acrial vehicle, and othier electric contacts disposed on ong o mors
legs of the aenal vebicle, In sl other examples, such as that depicted in Figure 3C, the
charging terminal may include electric contacts disposed exclusively on one or more legs of
the geriad vehicle, In cach such example, the charging terminal should be nnderstood 1o be
vinival 1o the fuselage. Other configurations of charging termmals are possible as well,

{8111} Figure 5B depicts a side view of landing termingl 502, Lapding rermingd 502
inchudes eleciric contacts 504, 506, 508, and 510, Each of the electric contacts may be
contigured 0 make conttact with 3 landing termingl of & landing pad during 3 landing state of
acrial vehicle S00. Though, 1o the present example, electric contacts 504, 306, 308, and 510
are depicied as protruding bevond an outer surface of charging terminal 502, #t should be
anderstood that the elecirie contacts may not extend beyond an outer surface of charging
terminal 302, In some examples, the elecitie contacts may be withdrawn into a recess 312

mcluded within charging terminal 5020 In this fashion, during 8 non-landing state of aerial
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vehicle 300, the electric contacts may be protected, and during a landing state of acrial
vehicle 500, the electric contacts may make contact with a landing terminal.

{0112] In some examples, recess $12 mayv include a pressare-exerting element, such
as g spring, sctustor, plemelectrie eloment, o the ke that is configured to exert a force on g
given-electric contact.. Tuthis fashion, the pressure-exerting element may onsure that a givey
electric contact exerts d contact pressure against g landing wrminal dwing a landing state of
actial vehicle 300,

{3113} Figure 3C depicty g bottom view of landing terminal S02. In the present
exgmiple, eleciric contacts 304, 506, 508, and 310 ave arranged i a fashion that may sllow the
aerial vehicle to draw electric power from a landing terminal of 8 landing pad regardless of a
pose of charging termingl 302 relative to the landing terminal. Examples follow that depict
configurations of electric contacts and landing terminals.

{0144} Figure 6A depicts a top view of a landing pad 600, according to an example
embodiment. In the present example, landing pad 600 includes g fip 602 that swrrounds a
lanuding terminal 604, Landing terminal 604 includes & non-conductive space 606, a plurality
of positive nodes 608 and a plurality of negative nodes 610 In the present example, the
positive nodes 608 and pegative nodes 610 are gvanged in a phurality of parallel strips
separgted by non-conductive gaps. The nodes may recetve slectnie power from @ power
souree associated with landing pad 600, o somw examples, negative nodes 610 may be
negatively charged. In other examples, negative nodes 610 may be grounded. The nodes and
gaps may have widths that are compatible with multiple arrangements and sizes of electric
contacts on g charging febminal associated with an aerial vehicle,

{B115] Figure o8 depiciy a top view of a landing pad 604}, according o another
axample embodiveant.  To the present exmople, landing pad 600 nclodes a Hp 602, and &
fanding termunal 604, Landing terminal 604 inclodes a now-conductive space 613 and a
plurality of positive nodes 614 and negative podes 616, T the present example, the nodes are
amanged 1 8 checkerboard configuration having a plaralily of allernating positive and
negative node tiles. The node tles and gaps way have widths that are compatible with
nultiple arrangements and sizes of eleciric contacts on a charging ternunal gssociated with an
aerial vehicle,

{116} Figure 60 depicts g top view of a landing pad 600, according to another
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example embodiment. In the present example, landing pad 600 5 confipuied a8 o fruncated
cone having & top landing surface. In the present example, landing terminal 604 meludes a
single positive node 620 disposed on an outer surface of the Cone, & single negative node 622
disposed on the top landing surface, and g nown-conductive spate 618 disposed between
positive node 620 and negative node 822, Though, m the present example, a single negative
node and 8 single positive node are depicted, it showdd be anderstood that the landing pad
may meluds two ar more of sughnades.

{3117} Figure 6D depicts a top view of a landing pad 608, according to another
exgmpie embodiment. In the present example, landing pad 608 15 confipured a8 a fruncated
square pyramid baving 8 top landing suface 630, In the present example, landing terminal
604 includes a plaralivy of positive nodes 626, negative nodes 628, and a negstive space 624
dizsposed between the nodes. Top landing surface 630 may inclode featiwes such as a Hp,
recess, groove, or the Hke configured to assist in rechanically convincing a pose of the aerial
vehicle, As discussed above with regard 1o Figuare 38 and 3C, other ways of inflyencing the
pose of an aerial vehicle arg possible as well

{0118} Figures 0A 61, 60, and 61 depict positive and negative nodes disposed onan
outer surfce of g landing terminal. Figures 6A 6B, 60, and 6D may be understood to depict
enmbodiments where the nedes provide divect current 1o an acrial velikle during 8 landing
state. [ such divcet current examnples, the each positive node may have g greater voltage that
each negative node for as long as the aerial vebicle is charging.

{0119] In other examples, the landing pad may be configured such that the nodes
provide alternating current to the acrial vehicle during the landing stats of the serial vehitle.
i such enhodinents, cerfain nodes (.., those depidied as uegative npdes m Figures 6A 68,
H5C, and 61 may be conoected © ground while others are “hot” (e, those depicted as
positive nodes in Figures 8A 6B, 60, and 6D), or different nodes may be associated with
different phasss of an altcrnating current povwer signal. In these alterpating current examples,
a given first set of nodes {e.g., the positive nodes depicted 1 Figures 64 6B, 60, and 61)
and a given second set of nodes (o.g., the negative node depicted in Figwres 6A 6B, o, and
613} may have therchetween an average difference in voltage greater than zero, That is, an
absolite value of the voltage potential of & given node of the first set of nodes subitracted by a

voltage potential of a given node of the second set of nodes may be greater than xero al most
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given times.  In this fashion, the landing torminal may be configured 1o provide an asrial
vehicle with either divect current or alternating current.

{0120] Though the detailed description gensrally discusses positive and negative
nodes associted with & landing terwingl of ¢ landing pad, it should be understood  thet,
generally, the nodes may intlude at least a first set of nodes and asecond set of nodes having
an average différence in voltage therebetween that i greater than sero. Fuasther, as deseribed
above with regard o Figoare 6C, the nodes miay simply fnclude 8 pair of nodes having an
average difference in voltage therehetween that s greater than yero. As such, it should be
understood that, gy desoribed herein, the first set of nodes inchuides one or more nodes and the
second set of nodes fncludes one or more nodes.

121 Thouph Figures 6A and 68 only depict two arrangements of nodes that are
cortfigured to acconunodate maultiple sizes, arvangements, and poses of electric contacts
agsociated with a charging terminal of an aenal vehicle, 1t should be readily understood by
those having skl in the art that other such arrangements of nodes are possible.  Fusther,
though the plurality of positive nodes and nepative nodes are depicted as being disposed on g
top surface of landing ternunal 604, it should be wnderstood that 1 some embodiments such
nodes niay be disposed bencath a top surface of the landing termingl, For instance, i some
examples, landing termingl 604 may be configured to inductively charge an gerial vehicle that
has landed on an outér surfiee of the landing wyminal.

{122} Contact between electric contacts of 8 charging terminal associated with an
aerial vehicle and nodes of g landing terminal gssociated with a landing pad may include
physical contact between the slecini contacts and the nodes.  Such physical contact may
octur during 8 landing state of the aenal velucle where the nodés of the Janding tevininal are
disposed on an outey or fop surface of the hnding terminall  Io other examples. an
intermediate material raay physically separste the elecinic contscts of the charging termmal
fromy the nodes of the vebicle, but may nonetheless permit the flow of slectricity between the
electric contacts and the nodes.  Such may be the case where the landing termunal I8
configured o inductively charge the serial velucle.  As such, contact between electric
contacts of a charging terminal nodes of a landing ternunal may zeperally rlate to a
proximity of the olectric coniacty o the nodes that allows for the nodes 1o wansfer electric
power {0 the aenal vebicle via the eleciric contacts of the charging terminal.
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{0123] Figure 7A depicts a plurality of electric contacts associated with charging
terminal (not showay of an aerial vehicle that have made contact with & landing terminat of a
fanding pad. In the present example, the landing pad may be configured substantially as
described above with regard o Figure 6A. That is, the landing ternunal inchudes a1 non-
conductive space 608 disposed between positive nodes 608 and negative nodes 610, In the
present example, the charging terminal incledes electric contacts S04, S06, 508, and 519,
which are disposed within a radius {r) of & point contral to the olectric contact,  EBleatrio
contact SO8 15 disposed on the central point, while electric contacts S04, 506, and SH) are
oriented radially about the centrayl point.  Electric contacts 304, 306, and 510 ave disposed
within an outer edge of vadins (¥), and are spaced 120° frony one another on a radial asis
central 1o the electric contagis.

{1124] Figure 74 depicts a system 700 having a scenario wherein at least one electric
contact makes contact withea postiive node and wherain at feast one electric contact makes

contact with a negative node.  Because the charging forminal only inchsles fowr electric

contacts, and because at least one given elevtric comtact makes contact with a8 positive node
and at least one given electric contact makes contact with a negative sode, no more thas two

electric contacts make contact with & non-conductive gap. o the present example, electric
contacts 304 and S06 are in contact with a negative node, electric contact 308 is in contact
with 8 positive node, and electric contact 310 falls just short of another negative node such
that it makes contact with a pon-conductive gap of non-conductive space 608, but does not
make contact with a positive or negative node. However, in the present example, the contacts
are spaced such that, should slecinie comtacts 304 and 306 move 50 as 10 stop contuciing the
node, electtic contact ST would start o contact a node. Assuch, in the present example, the
nodes span the widths of two gaps {v) and a nogde (x).

[0128] Figure 7A slso depicts o base-case scenario for a landing state of an aerial
vehicle on a landing pad. In the base case scenario. a width of cach gap (v} betwesn positive
and negative nodes is wider than an electric contact having a diameter (d). As such, in the
base case scenatio, v . In the base case scenario, radius {r) s also long enough such that
eleciric contacts 304, 506, and S10 span the width of two gaps (v and anode (1) As such, in
ihe base case scenaio, v = %{ 4 i;fl In the base case scenario, a first distance {a) between a
far point of electric contact 308 and a gap piy weet or exceed a second distance {0} betwesy
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a near poigt of slectric contact 310 and an slectric node. As such, inthe base case stenario,
v 4y ~3d.

{3126} In the base case scenarito, regardiess of a pose of the charging ferminal of the
geial vehicle relative 1o the landing teeminal of the landhing pad, one of electiic comiacts 304,
306, 308, and 310 will contact a positive node of the landmg termnal, and one of the electric
contacts will contset @ nogative node. As such, regardless of g pose of the charging lermingl
relative to the landing terminal, the aerial vehicle will draw electric power from the landing
pad.

{0127} In some examples, a radius associated with the electric contacts may share g
predefined dimensional relationship with snother component of the system. For instance, the
racius may fall within a range of 75 to 1O tines the width of a sode ofthe landing terminal.
In other examples, the vadius may fall within @ vange of 8 and 1.2 times the width of the
node.  In additional examples, two or mwe contacty of the charging terminat may be
separated by a distance that falls within a range of 1.5 to 2.0 times the width of the node.
Other ranges and relationships are possible as well

{0128} Though the base case scenario described with regard to Figure 7A inclades
pariicular dimensions, @ should be understood that different landing orminal and charging
terminal configurations may allow tor different base case relationships thet still allow for the
charging termnal 0 draw electric power from the Tanding teominal regardless of @ relative
pose of the charging ferminal to the landing terminal,

{0129] Further, though the charging terminal of the aerial vehicle and the landing
terruinal of the fanding pad may be configured such that the charging terminal drases electne
power from the landing rerminal regardless of a relative pose of the charging ternnnal to the
ianding ternunal, the aernal vehicle and the landing pad may comnunicate to facilitate a pose
of the charging fenminal relative to the landing levminal during the landing state of the aerial
velicle. In such examples, the aerial vehicle may recognize a visual indication or a beacon
gssociated with the landing pad, or may comaumieate with the landing pad to facilitate the
pose.  For mstance, where the landing ternunal inchudes aodes that are arranged as paratiel
strips, as described above with regard to Figore 84, the aerial vehicle may navigate such that,
during the landing state of the aerial vehicle, a line spanuing an anterior end and 2 posterior
end of the serial vehicle is substantially perpendicular to the nodes. I some examples, the
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aerial vehicle may navizate such that a line spanning a given pair of electric contacts 38
substantially perpendicular to the nodes.  In such examples, as few as three elsctric contacts
of the charging terminal may be configured © contact the landing terminal. For instance,
three clectric contscts may be disposed fna Hnear Tashion and spaced such that no more than
one electrie contact falls within a non-conductive gap at the pose. Additional coutacts may
be included within the charging terminal such that, should the aertal vehicle fail to land i the
pose, the acral vehicle may nonetheless draw electiic powsr from the landing tenminal via
the electric contacts.  In still other examples, the aerial vehicle may navigate such that the
charging terming! 18 disposed at a location substantially central to the landing terminal. Other
poses of the charging terminal relative to the charging terminal are possible as well,

O3} By the torm Tsubstantially™ it i3 meant that the rccited charactenistic,
parameter, or vahie need not be achieved exactly, but that deviations or variations, inclading
for exanople, tolerasees, mepsarerent mor, measurement acouracy hmitations and othey
factors known to those having skill in the art, auy occur i amonnts that do not preclade the
effert the characteristic was intended to provide,

{0131] Figure 7B depicts another scenario of system 700 wherein at least one electric
contact makes contact with @ positive node snd wherein at least one clecinic contact makes
contact with a negative node. As in the configuration described above with regard to Figure
TA, the Janding tevming includes multiple positive and nogative aodes arvanged -in paraliel
strips disposed on 8 surface of the landing terminal. However, in the present example, the
electric contacts 704, 706, 708, and 710 fall within a second radius larger than that depicied
sy Figute TA. Further, in the present example, the elecivic contagts are arranged without a
central electric contact. Rather, contact 706 s disposed 60° from contacts 704 and 708 ona
radial axis central “to the electric contacts. It should be understond that, though the
configuration of electnie contacts depicied in Figure 78 s different than that described above
with regard to Figure 74, the armapgement may nonetheless adhere 10 the base case scenario
described above. That is, given a width of & node (x), 8 width of a gap between nodes (v), a
digmeter of an electric contact (), snd a radins (N, vy > dov = 5; + 3;} and >4y - 3d.

{0132} Though Figures TA and 7B depict configwations wherein the charging
terminal of the perigl vehicle ouly Includes four electric contaots, other embodiments may
include configurations that allow for five or more electric contacts. For instance, Figure 7C
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depicts an example that includes five contacts.  Figurs 7C depicts a configuration that
meludes a central electric contact 712 and electric contacts 714, 716, 718, and 728 disposed
S0 from one another on a radial axis central 1o the slectnic contacts.

J0133] Further, though Figures 74, 78, and 70 depict landing terminals Hke that
described above with regard to Figure 6A 1 should be undetstood that other Tanding tetmihal
configarations may be used that, ﬁiu_ttir}g g landing state of the acgial vebicle, allow the electric
contaets of the charging teominal 1o make contact with the landing terminal such that the
fandding terminal providex electric power to the aerial vehicle via the electric contacts.

{8134] For instance, Figure 70 depicts a system 700 having a configuration that
mchudes a landing terminal similar to that described above with regard 1o Figure 6B, The
configuration ncludes a chargimg terminal that mcludes a contral slectric contact 722 and
electric contacts 724, 726, 728, 730, and 732 disposed 73 from one another o a vadial axis
central to the electie contacts. B ochould be understood that some londing termunal
configurations may reguire a larger number of, or different arraugements of, glectric contscts
o a charging terminal associated with an serial vehicle.

{B135] In some examples, different asertal velncles mwy  inchade  different
configurations of clectric contacts.  In some examples, a landing pad may be able o
determine a type of gerial vehicle based on how many tiles have been contacted during 8
fanding state of the acrial vehicle,  In response, 8 controlier of the landing pad may alter a
voltage level or power ouiput based on the determined aerial vehicle type.

{0136 Though Figure 7D depicts a different landing terminal arvangement than that
deseribed shove with regard 1o Figures 7A, 7B, and 7€, 1t should be undersiood that the
arrangement may nopetheless adbere o the bade case scenario descobed above with regard o
Figure 7A. That is, given a width of a node (x), a width of a gap between nodes {y), &
diameter of an electric vontact (d), and g radins (), y>d, r 2 %-?— ﬁ and v 4y — 3d
However, ditferent base cases may exist for chargiog tormanals that have more than four
electric contacts, and for landing terminals arranged differently than those depicted in Figure
&A and 6B.

{0137} In Frigures TAL TR, 7C, and 7D, the electric contdcts yway be disposed in g
substantially planar fashion.  Similarly, the landing terminal may be disposed i a
substantially planar fashion, such that, during the landing state, the glectric contacts have
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simitlar contact pressures on g surface of the landing terminal. i soane examples, the landing
terminal may be shightly crowned or tilted, and the electric contacts may be arranged
accordingly, However, even where the landing pad is crowned or tilted, the electiic contacts
may stifl be disposed in a substantially planar fashion.

3

HH138] Al noted above, by the term “substantially™ # Iy meant that the recied
characteristic, pavameter, or value need not be athieved exactly, bt that dewvisions or
vanations, mcluding Tor example, thlerances, measurement ©ivor, meusuroment avcuracy
imifations and other factors known to those having skill in the art, may ocour in amounts that
o not preciudes the effect the characieristic was intended to provide.

{0139] Figure 7E depicts another scenario of system 708 wherein at least one electric
contact makes contact with a positive node and wherein at least ane electric contact makes
contact with a negative node. The laxding terminal in the present example may be configared
as described above with regard 1o Figures 3B and 60, In the present example, a charging
terminal of the acrial vehiclk may inclode two clectric contacts 734 and 736, The contucts
nry be assoviated with & charging terminal of ar serial vehivle that includes a bottom surface
of a fusclape of an aerial vehicle and ong or more legs, though other confipuwrations. of the
charging teominal are possible.  Contact 734 may be disposed on the bottom surface of the
fuselage, while contact 736 may be disposed on g leg of the acnial vehicle, Further, the aerial
vehicle and landing pad may configured such that contact 734 {5 always alipas with node 622
daring the landing state, while electric contact 736 always aligns with node 620,

{0148] In the present example, the aerial vehicle may be configured o land 1 a
predefined set of poses relative fothe landing pad. For example, the acrial vehicls mav be
conflgured o navigate o o stogle pose relative 1o the landing pad.  Ia other exaraples, the
aerial vehicle and landing pad may be configured 10 causé a pose of the acrial vebuele such
that the acrial vehicle can land anywhere along 8 radius, or seb of radit, aloug an outer surfuce
of the landing terminal.

{8141} Though the present example inchudes a positive node 620, negative node 622,
and g non~conductive space 618 similar to those depicted in Figures 7A-D, 1 should be
nnderstood that the present example may rot necessarily adhere to the same configurations
deseribed with regard to those Figures. For instance, the base case scenario described above

with regard 1o Figure 74 may not apply to the present example.
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{0142] Figure 7F depicts another scenario-of system 700 whaerein at least one slectric
contact wakes contagt with a positive node and wherein at least ong electric conact makes
contact with o negative node. The landing terounal in the present example may be configured
as deseribed ahove with regard to Figures 30 and 60, In the present exanple, a chargiug
termival of the aerial vehicle of the serial vehitls may nclade eleotvic contacts disposed on
one or more legs of the serlal vehicle. Electric contact 738 makées contact with one of a
plurality of negative aodes 628, while gleciric. contact 740 makes contaet with one of 2
plurality of positive nodes 636, In the present example, the aerial vebicle and the landing pad
may be configured o allow o ong of four poses of the aerial vehicle relative to the landing
pad {one for each side of the trancated square pyranad depicted in Figores 3C and 6D), and
shght variatons thereof. This set of four poses may be imposed mechanically, but may also
be assisted with navigation by the aeral vehicle, where such navigation s based on
compumication between the aerial vebicle and the Janding pad or Based on visual indicia on
the fanding pad, or bescons assoctated with the landing pad.

{8143] In the present example, the asrial vebhicle may be confipwred 1o land I a
predeterniined set of poses relative to the landing pad. For example, the aerial vebicle way
be configured to navigate 10 a single pose refative o the landing pad. In other examples, the
acrial vehicle and landing pad may be configured to caust a pose of the gerial vehicle such
that the aerial vehicle can land in any of four genoral poscs on the landing pad.  In other
configurations for landing pad, sach as that where the fanding pad & configured as a
trisngular truncated pyranud, the set of poses may include three poses that comespond to
three sides of the landing terminal.  (hher configurations and seis b poses are possible as
well.

{8144} Though the present sxample ncludes o positive nodes 636, vegative nodes
628, and @ nop-conductive space 624 similar to thase depicted in Figures TA-D, it should be
understood that the present example may not pecessarily adhere o the same configurations
deseribed with regard tothose Figwres: For bslance, the base case scenario described above
with regard to Figure 7A may not apply 1o the present example,

{0145] Figure 8§ depicts a rectifier 300 mcluded within an agrial vehicle, according to
an example embodiment. by the present example, rectifier 880 includes four pairs of diodes

806 that correspond to four electric contcts associated with a charging terninal of the aerial
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vehicle. In the présent oxanple, the dinde pairs correspond o elsctric contacts 504, 306, 308,
and SH) depicted in Figures 58 and 5B, However, # should be anderstood that rectifier 800
may inchade sdditonal dicdes where the landing terminal includes additional electnig
contacts. Reotifier 800 additionally tncludes a positive output node 802 and g negative outpud
node 884, The diodes in rectifier 800 may include general purpose power diodes, Schottky
diodes, of field effect fmamistors (FETS) operated as tdend diodes.  Other iypes of
semivenductive clements are possible as well.

{0146] In an example scenario, electric contacts 504 and 506 may contact one or more
positive nodes of 2 Tanding terminal, eleetric contact SO8 may contact 8 non-conductive space
disposed between nodes of the landing torminal, and electric contact 310 may contact a
negative node of the landing termunal.  In the woanple scenario, paits of dindes BO6
associated with electric contacts S04 and 306 may contribute to the positive outpat at ouiput
node BO2, while a pair of diodey associated with electric contact S0 may contitbate o 2
negative output st outpt node 804,

{0147] Figure & depicts a bridge rectifier vonfigurad to output a direct curvent (BC)
power sigoal for consamption by a power sink mchuded within the aerial vehicle. Circuit
elements may be disposed between rectifier 800 and the power sink.  Additions! intervening
clements are described below with regard to Figure 1

{B148] Figure 9 depicts simplified diagram of a circuit 980, sccording to an example
embodiment. o the present example, the cireait inclodes a power sowrce 802, an AC-DC
converter 904, a plumbity of positive nodes 608 and negative nodes 610, a rectifier 908, and a
power sink 906, Thuse components may be shared among sn acrial vehigle and a landing
pad, as described above. In the prosent example, the plurality of nodes s disposed on a
surface 9180 “The surfase may be an outer serface of Tanding {ernungl of 2 Tanding pad.
Several of the nodes may be open.. That iy, the voedes may be charged, but may not contact
anather element of the circutt.  Other nodes of the plurality of nodes may be ity contact with
electric contacts of an aevial vebicle, These nodes and contacts way close the cirewit auch
that electric power is transferved from power seurce 202 10 pewer sink 906,

{0142] Insome examples, the cironit may renain open when the acrial vehicle s in g
non-landing state. That is, when the acrial vebicle is flying, and has not contacted 8 surface

of the landing teromngl, the wodes will all be open, and thas no elecinic power will be
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tranaferred.

{R186] At different poses of the aerial vehicle, different electric contacts may contact
different nodes.  Additionally, in some expmples, cortamn clecinic conticts may not contact
any node. In the present example, contact 31 does net contact any nodes, as such. As such,
this contact may also be referred to as open. AS described above with reward 1o Figure T4
node 510 may contact 4 pgap belwesny nodes.  Blectrie teads may tratsfor slectnic poiver
received by the elecitin vontacts o rectifler 908, which, i tumn, may transfer the sleatric
power 1o power sink 906,

FR181] In the presgnt example, the ciroudt chides an ACDC converter 904, AS
such, in the present cxample the nodes transfer divect corrent o the electnie contacts.
However, in other examples the circuit may not include an AC-DC converter, or the AC-DC
converter may receive control signals from a controlfer that cause it 1o ontpt an alternating
current sigoal recetved from the power sowrce.  In such examples, rectifier 908 may receive
an alternating current signal for consumption by power sink 906, Such an output may be
direct cwrrent of alternating current based on context.  For instance, a controlfer may
determine whether the {anding terminal should ostput & divect carrent or alternating carrent
signal based on a type of aerial velucle that s landing on the landing pad.  As described
above with regard to Figures 6A and 68, the landing pad may be configured to convey either
A divect current or-aliernating curtent power signal to an acrial vehicle via a first set of nodes
and @ second set of nodes having an average voltage ditference therebetween that s grester
than zero.

{8132] In the presentoxample, the AC-DU converter 904 outputs slecinic power hased
o a controller inputl, Chroust 900 may ncluds one or more controllers that contrel a power
output by the lending pad, and power received by the aerial vebicle. For instance, the one or
more controllers may control any or all of a voltage output, Current outpd, or power pulpud
by the landing terminel. The pos or more controllers may nclade ong O 1MOrS PIOCEISOES
configared o execute instruchions stored on g compoter readable medivm, such a3 a non-
ransiory computer readable medipny, The controllers may deternune control signals for
circytt 900 based on sensors inputs received at the landing pad and at the serial vehicle. In
some exampies, & controller associated with the landing pad mav base control signals on
information received from the serigl vehicle, For instance, a controller associated with the

3
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fanding pad may determing & powsy Gulpot bassd on 8 type of acrial vehiele that ds
approaching the landing pad.  In this example, the aerial vehicle may comnumicale an
wontifier o the landing pad that the controdler associates with g vehicle type and a
corresponding power output for consuaption by the gerial vehicle. Likewise, g controfler
associated with the acnial vehicke may base eontrol sigaals on information received from the
tanding pad.  For indtance, the linding pad may comonmiaie lomperature of motsturg
information to the asnial vehicle, and the controlier associated with the agral vehicle may
dederming control signals that control a power uptake of the serial vehicle bazed on the
mnformation. o oone example, a landing pad may sense that the electrically conductive
terminal 13 wet. In response, the acrial vehicle may stop o power uptake unt] the fanding
terminal 5 dry, Other communication between the landing pad and asrial vehicle s possible
as well

{153} Figure 10 is a block diagram of power receplion system 1000 at an aerial
vehicle, System 1000 inchedes electric contscts 1002, rectifier 1004, switching module 1006,
power conversion module 1010, temperature sensors 1014, connector 1008, and AND gate
B2, Axs deseribed above, elecivic contacts 1902 and rectifier 100 wav convey 8 power
signal for consumption by g power sink included within the aenial vebicle, The senigl vebicle
may further include switching module 1006, which may disrupt the power signal from
rectifior 1004, For instance, 8 controlier may sond control signals 1o switching maodule 106
that cause the switch to vary a duty eyele that is sent to connector 1008 and power conversion
module 1010, Power conversion module 1010 may tnchude a controller that powers vanous
coinponenis of the serlal velicle during & landing state, including various scnsors, actuators,
transceivers, processors, or the ke nwluded within the senal vehigle.  In the present
example, power converston module 1010 sends power to terperature sensors 14 and o
AND gate 1012, Temperature sensors 1014 send signals to AND gate 1012, Connector 1008
alap sends sigoals o AND gate 2012, The s_ignaﬂg may collectively form an input for
switching module 1006, Swilching module 1006 may base an OO state of the switch on
the AND gate 1012 output.

{0154] Conngetor 1008 may receive a power output from switching module 1006,
The power putput may be tramsferred o the power sink. The aerial vehicle may monitor a

power consamption associated with the power sink, and may conwnunicate that information

36



WO 2019/018621 PCT/US2018/042862

to the landing pad. For example, a fransceiver assoctated with the aeral vehicle may
commanicats & charge level associated with a battery of the acrial vehicle to the landing pad.
In other examples, s controller of the serial vehichs may comnumication with the landing pad
using load madalation. hvother exanples, a controlfer of the sertal vebicle may determineg
that the power sink s belny charged, and, while the power sink i3 being charged, the
controter may-controal connector HIBE, power copyversion module HIE o other components
of the acrial vehivle to draw powgr dircctly from the output of rectifier 1004 or swithing
module 1386, Other ways of contralling the aerial vehicle during a landing state of the aerial
vihicle are possible aswell

{O1S5] Figure 11 depicts a plurality of modolar filed eloments vaed to form a landing
pad 1100, seoording 1o an example emboadiment.  In the present example, several tiles 1102
are conpected via malefomale connections among tabs 1184 of the ttles. Bach tile of ihe
plurality may be configured such that the tiles collectively form a landing ternvnal of landing
pad 1100, For instance, the tiled elentents 1102 may each include nodes arranged in paraliel
strips. When connested, the gilex 1102 may form a contigyous top swiser that includes
eleetrically conductive nodes separated by a non-conductive space that includes gaps, as
described above with regard to Figure 6A. The landing pad may inchude a housing that
wncludes the tiled clements,  The housing may additionally include a skirt audior ¢ lip
disposed at an onter edge of the landing terminal.

{136] Though, in the present example, the tiled elements 1102 are connected via tabs
1104, it should be understood that the tled cloments 1102 may be connected in other ways.
For Instance, the tiled cloments 1102, may be connected via grooved connections or magnetic
copnections. In other examples, 2 bousang of landing pad 110, way compress edges of the
tiled elements 1102 together. Onber ways of merging or connecting the tiled elements are
possible as well,

FOIST] bnosome examples, sach tiled cloment 1102 may be connected © 8 powsy
source associated with landing pad 1100, However, in other examples, only one, or some, of
the tled clements THIZ may be commected 1o the power source, and the remaiming tiled
gloments 1102 may receive electric power from other tiled elements of the plurality of tiled
sloments.  {her wavs of wansfornng electric power behween gleginie slements 1102 are

possible as well,

s
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[0138] Figure 12 8 & simplified tHustration of a landing pad 1200, according 1o an
sxampie embodiment. Inthe present example, landing pad 1200 includes a housing 1204 that
mchades a landing terminal 1206, and 8 retsctable hood 1214, Retractable hood 1214 48
attached to-housing 1204 gt g firstend 1210, and includes a closing edpe 1212 confipured to
mteract with a closing mechanism al a second end 1208 of housing 1204, While landing pad
1200 i3 eoipty, the vetractable hood 1214 may vemain closed at second end 1208, As an
gerial vehicle, such as acrial vehicle 1202, approaches, the hood may detach from the closing
mechapisnm and retract o allow the aeral vehicle to fand on landing ternunal 1206,
Betractable hood 1214 may theseafier close agam.

{0159] Landing pad 1200 may also inchude navigational aids, sach as Cauck Response
Codes, machme-vision compatible fiducals, or stroctural Hight beacons, such as infrared or
R¥ beacons. As described above with regard to Figure 9, landing pad 1200 may additionally
tnctude a transceiver configured to commmmication with aerial vehicie 1202, Additionally, or
alternatively, landing pad 1200 may include sensors that determine ¢ proximiiy between the
landing pad {200 and avrial vebicle 1202, that cause s action to be performed. Porexample,
when acrial vebicle 1202 i within a proximity threshold of the landing pad, retractable hood
214 may refract

{0168} In some embodiments, landing pad 1200 may additionally or alternatively
mehyde 3 vetractable awning or shade, andfor 2 heating mechamsm configured to evaporate
accunndated motsture, frost, 1ce, snow, or the ke, In addition, landing terminal 1206 may be
stightly crowned or totled to prevent standing water.  Additionsl components may be
chuded as well,

{0161} Though, w the present example, lauding pad 1200 and relraciable hood 1214
are depicted as bousing & single agrial vebicle 1202, it should be undersiood that & single
fanding pad may simueltaneously accept several agvial vehicles, For instance, a single landing
pad and retractable hood:may form a bangar configured o bouse-a phurality of aerial vehieles.

v. Conclusion

{0162] The particular wrangements shown o the Figures should not be viewed as
Hmiting. It should be understood that other implementations may include more or less of
sach slement shown i 3 given Figurs,  Forther, somo of the (hestated eloments may be

combined or omitted.  Yet further, an exemplary implementation mway ibclude elements that
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ave not Hlustrated i the Figurss.

(8163} Addittonally, while varioas aspevts and implementations have been disclosed
herein, other gspects and implementations will be apparent o those skilled in the artt The
varicus aspects angd implementations disclosed herein are for purposes of Hustration and are
not intended o be tmuting, with the thue scope and spirit being indicated by the following
claims,  Other buplementations may be pithized, and other changes may he made, without
departing tron the spiril or scope of the subjent matter preseated heremn. ¥ will be readily
understood that the aspecty of the present disclosure, as generally described hetein, and
iHustrated in the figures, can be wranped, substituted, combingd, separsted, and designed ina

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



CLAIMS

What is claimed is:

1. A landing pad for aerial vehicles comprising:
a housing;
a power terminal configured to draw electric power from a power source;
and
an electrically conductive landing terminal dorsal to the housing, the landing
terminal comprising:
a first set of nodes;
a second set of nodes; and
a non-conductive space disposed between the first set of nodes and the
second set of nodes,
wherein the first set of nodes, the second set of nodes, and the non-
conductive space are configured such that, for any pose of an aerial vehicle
during a landing state of the aerial vehicle on the landing pad, at least one
electric contact of the charging terminal makes contact with a node of the first
set of nodes, and at least one other electric contact of the charging terminal

makes contact with a node of the second set of nodes.

2. The landing pad for aerial vehicles of claim 1, further comprising a
controller, wherein the controller is configured to control an electric power
output by the landing terminal for consumption by the power sink of the aerial

vehicle.

3. The landing pad for aerial vehicles of claim 1, wherein an average voltage
difference between the first set of nodes and the second set of nodes is greater

than zero.
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4. The landing pad for aerial vehicles of claim 3, wherein the landing terminal
of the landing pad is configured to output a direct current power signal for
consumption by the aerial vehicle, wherein the first set of nodes comprises a
plurality of positive nodes having a first voltage, wherein the second set of
nodes comprises a plurality of negative nodes having a second voltage, and
wherein the average voltage difference between the first set of nodes and the
second set of nodes is equal to the difference between the first voltage and the

second voltage.

5. The landing pad for aerial vehicles of claim 1, wherein the housing of the
landing pad comprises a plurality of modular tiled elements, and wherein the
plurality of modular tiled elements collectively form the electrically conductive

landing terminal.

6. The landing pad for aerial vehicles of claim 1, further comprising a lip

disposed along an outer perimeter of the landing terminal.

7. The landing pad for aerial vehicles of claim 1, further comprising a
retractable hood and a closing mechanism associated with the housing, wherein
the retractable hood is configured to, prior to the landing state, retract from the
closing mechanism, and, during the landing state, advance towards the closing

mechanism.

8. The landing pad for aerial vehicles of claim 1, further comprising a heating
element configured to control a temperature of the electrically conductive

landing terminal.
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9. A system comprising:
an aerial vehicle, wherein the aerial vehicle comprises a fuselage, a
power sink, and a charging terminal ventral to the fuselage, wherein the
charging terminal comprises a plurality of electric contacts; and
a landing pad, wherein the landing pad comprises a housing, and an
electrically conductive landing terminal dorsal to the housing, the landing
terminal comprising:
a first set of nodes;
a second set of nodes; and
a non-conductive space disposed between the first set of nodes and
the second set of nodes,
wherein the first set of nodes, the second set of nodes, and the non-
conductive space are configured such that, for any pose of the aerial vehicle during
a landing state of the aerial vehicle on the landing pad, at least one electric contact
of the charging terminal makes contact with a node of the first set of nodes, and at
least one other electric contact of the charging terminal makes contact with a node

of the second set of nodes.

10. The system of claim 9, wherein an average voltage difference between the first

set of nodes and the second set of nodes is greater than zero.

11. The system of claim 10, wherein the electric contacts of the aerial vehicle and
the nodes and non-conductive space of the landing pad are configured such that,
regardless of a pose of the charging terminal of the aerial vehicle relative to the
landing terminal of the landing pad during the landing state of the aerial vehicle,

none of the electric contacts make contact with more than one node.

12. The system of claim 10, wherein the aerial vehicle and the landing pad are
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configured to cause a pose of the aerial vehicle relative to the landing pad during
the landing state, and wherein the plurality of electric contacts comprise two or

more electric contacts.

13. The system of claim 10, wherein the first set of nodes and the second set of
nodes of the landing terminal are arranged in alternating strips, wherein the non-
conductive space comprises a plurality of gaps disposed between the alternating
strips, and wherein each of the plurality of gaps is wider than a diameter associated

with the electric contacts.

14. The system of claim 13, wherein the plurality of electric contacts of the
charging terminal comprise four or more electric contacts disposed within a radius
of a point central to the plurality of electric contacts, and wherein the radius is
wider than two-thirds the width of a given strip of the alternating strips plus four-

thirds the width of a given gap of the plurality of gaps.

15. The system of claim 14, wherein the radius falls within a range of 0.75 to 1.0

times the width of the strip.

16. The system of claim 9, wherein the landing pad further comprises a controller,
and wherein the controller is configured to control an amount of electric power
output by the landing terminal for consumption by the power sink of the aerial

vehicle.

17. The system of claim 9, wherein the wherein the housing of the landing pad
comprises a plurality of modular tiled elements, and wherein the plurality of
modular tiled elements collectively form the electrically conductive landing

terminal.
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18. An aerial vehicle comprising:

a fuselage;

a power sink;

a charging terminal ventral to the fuselage, wherein the charging terminal
comprises a plurality of electric contacts configured relative to a first set of nodes
on a landing terminal of a landing pad and a second set of nodes on the landing
terminal such that, for any pose of the aerial vehicle during a landing state of the
aerial vehicle on the landing pad, at least one electric contact makes contact with a
node of the first set of nodes, and at least one other electric contact makes contact
with a node of the second set of nodes; and

a plurality of electric leads configured to transfer the electric power drawn

from the landing pad by the plurality of electric contacts to the power sink.

19. The aerial vehicle of claim 18, further comprising a landing module configured
to support the fuselage during the landing state, wherein the charging terminal is
comprised within the landing module, and wherein the electric contacts contribute

to the support of the fuselage during the landing state.

20. The aerial vehicle of claim 19, wherein the electric contacts are disposed in a

substantially planar fashion.

21. The aerial vehicle of claim 18, further comprising a rectifier disposed between
the electric leads and the power sink, wherein the rectifier is configured to receive
the electric power drawn by the electric contacts from the electric leads and to

output a direct current power signal for consumption by the power sink.

22. The aerial vehicle of claim 18, wherein the plurality of electric contacts
44



comprise four or more electric contacts disposed within a radius of a point central

to the plurality of electric contacts.

23. The aerial vehicle of claim 18, wherein the aerial vehicle is configured to land
at a predetermined set of poses relative to the landing pad, and wherein the

plurality of electric contacts comprise two or more electric contacts.

24. The aerial vehicle of claim 18, wherein the charging terminal of the aerial
vehicle further comprises a plurality of pressure-exerting elements connected to the
electric contacts, wherein the plurality of pressure-exerting elements are configured
to apply a downward force to each of the electric contacts during the landing state

of the aerial vehicle.

25. The aerial vehicle of claim 18, wherein, during a non-landing state of the aerial
vehicle, the electric contacts are disposed at a first position within an outer surface

of the charging terminal, and wherein, during the landing state of the aerial vehicle,
the electric contacts are disposed at a second position on or outside the outer

surface of the charging terminal.
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