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SYSTEM AND METHODS FOR AUTOMATIC PAYLOAD PICKUP BY LAY

CROSS-REFERENCE TO RELATED APPLICATION
HER T This application claims priotity to ULS. Patent Application No. 13847370 filed

Degsmbir 19, 2017 which ts herehy indorparated by roforons in 8y ativety.
BACKLGROUND

{0602} An pnnamied vebicle, which may also be referred to as an autonomous
vehicle, is a vehicle capable of travel without a physically-present human operator.  An
anmanned vehicle way operate in a remote-control mode, in an autonomeus mode, of i a
partially sutonomous mode.

{0003 When an unmanned vehicle operates in a remote-contrnl mode, a pilot or
driver that 15 at a remote location can ‘control the wmamied véhicle via cormandys that are
sent fo the unmanned velicle wig & wireless Hok, When the unmanned vihicle operites in
aufoomous mode, the vomanoed . veldeole typically moves based on pre-programmed
navigation waypoints, dynamic avtomation systems, or a combination of these,  Further,
some unmanned vebicles can operate in both a remote-control mode and an autonemoas
mode, and 1 some Instances may do so siultanecusty. For instance, a remote pilot or debver
may wish to ave pavigation o an sulppomous system whily manually performing ancther
task, such as operating a mechanical system for picking up obiccts, as an example.

{B004] Various types of wansanned vehicles exist-for vardony different envirormmens.
For instance, ummanned vehicles exist for operation inthe air, on the ground, underwater, and
uy space.  Examples inchide guad-copters and tatl-sitter UAVs, among others.  Unnuanned
vehicles also exist for hybrid operations in which muli-enviroument operation &8 possible.
Examples of hyboid wamenned vehitcley nolude an amphibious orfaft that iv capuble of
operation on fand as well as on water or & foatplane that 1y capable of landing ow water as
wel as on land, Other examples ave also possible,

HER U] FAVs may bewsed tordeliver s payload to, or retrieve a pavicad frony, an
individual or busingss.  In somse operations, ounce the UAY wrives at a retrieval site, the
UAY may land ov remain in a hover position. At this point, a person at the retrieval site may
secure the payiosd fo the UAY & an end of a tether attached to a wingh mechanism
positioned with the UAY, or to the UAV itselll Forexample, the pavicad may bave o handle

that miay be seoured o a deviee al the end of the winch, or a handle that may be secured
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within the UAV. However, this scenario has 8 manber of dunwbacks. 1o pavticudar, i the
VAV s late for arctval at the retrieval site, the person designated for securing the pavioad 1o
be retrieved by the UAV may have 1o wait a pertod of time before the UAV aurives, resulting
in undesirable walting time. Similardy, i the UAV aroves and the person designated o
secure the pavioad to besetrivved 1o the LAV s delaved ov fatls to show op, the UAV nay
have o watt in 8 hover mode or on the ground vt the designated person amrives to secure
the payload o the UAV, resulting in undesirable delay and expenditore of energy by the
VAV as the UAY waits for the destgnated person do arrive, and adso pesulting in wadesirable
delay in the subsequent defivary of the payvload at a dedivery site.

{B80s] As a rosult, 1t would be desivable 1o provide for the automated pickup of 2
pavioad by the LAY, where the LAV nay sutomatically pick up the payioad without the
need for g demignated person tor secure the payload 10 the VAV st the retrieval site. Such
sutomated pickep of the payvioad by the UAV would sdvantageousty eliminate the need fora
designated person 1o secure the payload to the UAV and eliminate potential delays associated

with the late arvival of Sie UAV or designated person at the setrieval site

[0
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SUMMARY

{0007} The present embodiments advantagenusly provide a svstem and method for

automatic payioad retrigvalat a payload remieval site. The present ewmbodiments are divected
to a UAV configured o have puiding features on an undeiside of the UAY that allow the
UAY to hover over a payload to be retrieved, and as the UAV is lowered over the payload,
the guiding fegtures on the underside of the LAY guide the paylnad into a pavioad receptacie
within the UAY where 1t may be secured 1o 8 pavinad coupling apparatus within the pavinad
receptache:  Altornately, astienatic payload setrieval may also beachieved using the sane
VAV configuration wherein the payload may land on a payload loading spparatus, snd after
the UAV lands, a payload may be pushed uypwardly, from below or within the payload
foading apparatug, into engagement with a pavload coupling spparatos within a payload
receptacie on the underside of the LTAV. In either pavivad vetrieval scenario, when an upper
petion of the payvioad, such as a bandle of the pavioad, extends a desired distance inlo the
paytoad receptacte {which could be deterniined by sensors or switches within the payload
receptacle), a payload coupling apparates within the payload receptacle engages the upper
portion {e.g., handle) of the pavload to securely engage the pavicad within the pavioad
receptacie. Once the payiload s secured withun the pavivad receptacle, the VAV may iy to g
pavioad delivery site with the paviesd for subsequent delivery of the payload at the payload
dehivery site.

{0B08] The pavioad coupling apparatus nay take the form of a capsule thet may be
gitached toan end of » tether that §s secured to g winch within the VAV, The capsale may be
configwred with a swing ann or latch, or ofher engaging device, that may extend throggh 2
handle of the payioad b seoure the payload within the pavivad receptacie of the UAY. Whan
the handle of the payload reaches a desired position within the payload receptacie, the swing
army or Jateh (or other engaging device) of the capsule may be caused 1o extend through an
speftore of 8 handle of the payload to securs the bandle of the payload within the pavicad
receptacie of the UAV. Upon arriving at 2 payloast dedivery site, the capsule and attached
pavioad may be lowered 80 the ground by the winch within the payioad, and onge the pavioad
contacts the ground, the capsule may be further lowered by the winch and automatically
disengage froanthe handle of e pavioad. Unee the capsale 1 disengaged Trom the pavioad,
the capsule may be winched back up to the UAV, and the UAY may v 1o 8 pavlnad retrieval
afe o retrieve another payload.

HENB In one aspect, a payioad retrieval system is provided incloding 8 UAV having

3 payload receptacle positionsd within the UAV, a paviead coupling apparatus positioned
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within the pavioad redeptacle, o tether having a first end seawned within the UAV and a
second end aitached 1o the pavipad coupling apparatus, and a paviead guiding member
positioned on s onderside of the UAV for guiding at Teast pant of a payload 1mo the payload
receptace during retrieval of a payioad.

HEIRH In another aspect, amethod of retrieving @ pavioad 18 provided including the
steps of (1) providing g payload retieval system including & LAV having a payioad
receptacle posttioned within the LAV, a pavicad coupling spparatus positioned wathin the
pavioad receptacle, o tethey having a finyt end seawed within the UAY and & second end
attached to the pavioad coupling appavatus, sod s pavicad guiding member positiched o8 ao
underside of the UAV for guiding at feast part of & payload into the payiosd receptacle dwing
retrieval of a payload: () posttioning the UAV over 8 payvioad having a handle; (5 lowering
the UAYV until a portion of the handle of the payload B positioned within the payload guiding
member; (iv) guiding the handle of the payinad with the payload guiding member owards the
pavioad receptacle; (v further lowering the UAYV until the portion of the handle of the
pavioad is in-a desired posttion within the payvioad receptacte; {vi} securing the handle of the
pavioad to the pavinad coupling spparates within the pavioad receptache; and (vid) fiving the
LAY with the pavioad sconred within the payvinad receptacie.

{fniy] I yet g farther aspect, a mothod of retvieving a payload is provided including
the steps of {1} providing a pavioad retrleval system cluding a UAY bhaving a payload
recepiacle positioned within the UAVY, a paviosd coupling apparatus positioned wathin the
pavioad receplacle; a tether having a first end secwed within the UIAY and a second end
attached to a payload coupling appavatus, and a pavioad guiding member positioned on an
anderside of the UAV fur gwiding af least @ partion of 8 payvioad mio the pavicad receptack
during retrieval of g pavisad, (i) landing the UAV on a pavioad loading apparatus at g
pavioad refrieval site, where 8 pavload baving g bandle 15 positioned beneath the TIAV {1i)
pushing the pavlvad upwardly until e handle of the pavioad 1s positioned within the payload
puiding member; (iv) guiding the handle of the pavioad with the paviosd guiding member
towards the paviead receptacle; (V) further pushing the pavload upwardly untl the handle of
the payload 15 i a desived position within the payioad receptacter {vi} securing the bandle of
the payioad 1o the paylead coupling apparatus within the payload receptacle; and {vit) flving
the UAV with the payload secuved within the paviond receptacie from the pavioad retrigval

afte,
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{06121 The present erbodiments fiwther provide'a system for retrieving i pavioad by
a VAV inchuding means for guiding a pavioad into a pavioad receptacie on an underside of
the UAV and means for securing the payload within the payload receptacle

jef1 3} These as well ay other aspects, advantages, and altormativesy will become
apparent 1o those of ordinary skilf in the art by reading the following detailed deseription with
reference where appropriate to the accompanving drmwings, Further, it should be understood
that the description provided in this swnmary section and elsewhere in this document s

mtended o Hustrate the clamed sobyect matter by way of example and not by way of

limitation.
BRIEF DESCRIPTION OF THE DRAWINGS
{Ge14] Figure 14 is an sometric view of an example unmanned aerial vebicle 100

according to an example embodiment.

HEIE] Figure 18 15 a simplified iHlustration of an unmanned aerial vehicle, according
to an exsinple embodiment,

EES Prgure 10 is a simplified fostration of an wnmanned serial vehicle, according
o an sxample embodiment.

EELE Figare 1D is 2 sunplified ilustrations of an snansnned acvd vehiele, secording
to an example embodimeny.

HE Figure 1E is a stmphified ustration of an anmanned agnal vehicle, according
to an example enbodiment,

HE R Figore 2 13 a sunplified bloek diagram Hustrating componeats of an
gamanyed aertal vehicle, according o an example embodiment.

{0828 Figure 3 e simplified block diagram thustrating a UAY gystem; according to
an examypie embodiment.

{821} Figure 44 shows a perspective view of pavioad coupling apparatus 400 with g
switg ann 406 extending through o handle of a pavioad, according o an example
gmbodinent.

U] Figure 48 shows g side view of pavicad coupling apparitus 400 positioasd
within payload receptacle 350 with swing arm 400 i a retracied state, according to an
example sibodiment

{0023] Figure 4C shows a side vigw of payload coupling spparatus 400 positioned
within payload receptacle S50 with swing arm 406 in an extended state, according o an

exavapleonbadiment

Ly
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{0824} Figure 4D shows a side view of pavioad coubling apparates 400 postiioned
within pavioad receptacie 330 with handle 416 of the payioad forcing the swing arm 400
inwardly as the handle 416 gbove aperture 418 moves vpwardly into the payviosd recepiacle
850,

{25] Finwe: 3A shows a porspestive view of a payleoad retrieval and debivery
apparatus 300 including pavioad 310, according to s exampls embodiment.

{0626] Figure 3B is a side view of payload retrieval and delivery apparatus 500 and
payioad S10 shown in Figure 3A.

{0027 Figure 6 19 @ side view of payvioad couphing apparatus 600 having swing arms

H06 and 608, according 1o an example cmbodiment.

{08281 Figure 7 is a cross-sectional view of payload coupling apparatus 600 within
pavioad receptacie T with swing arms 606 and 608 shown iy a retracted state,
UL Figure 8 is a cross-sectional view of pavioad coupling apparatus 600 within

paytoad recepiacie 700 with swing arms 606 and 608 shown in an extended state,

{0634 Figare 9 {58 perspective view of payioad coupling apparatus 800, according to
an example embodiment.

{0831 Figure 10w g cross-sectional view of payload coupling apparatus 800 bencath
a paviond receptacie 850, according to an example embodiment.

{832} Figure 11A s 2 perspective view of & recessad restraint slot 340 of a payload
receplacle, and paviead guiding member 333 of a UAV, scconling to an example
embodinent.

{0633} Figure 1B is a perspective vigw of a recessed restraint slot 348 positioned
adjacent & pavicad receptacie 576 having pavivad guiding member 3357 positioned internally

within pavioad retrieval and delivery system 5807, gecording to an example embodiment.

{834} Figure 124 8 a side view of pavicad 510, according to an example
sbodiment.
{6635} Figure 128 shows # side view of handle 311 of payload 510 scoured within a

pavinad coupling dpparatus 600 a5 the payload 310 moves downwardly prior 0 touching

down for delivery:

{6636} Figure 12C shows a side view of payload 310 after payload 510 has landed on
the ground showing payioad coupling apparatus 600 decoupled from handle 511 of payload
16,

{3837} Figure 1213 shows a side view of pavioad 310 with pavdoad coupling apparatus

&0 moving away fromy handle 511 of payload 518,
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{0638} Figure 13403 @ side view of handle 311 of payload 510 having operings 524
and §26, according foag exanmple embodiment.

{6839} Figure 138 is a perspective view of swing arm 606 of paviead coupling
apparatus 600 extending through aperture 513 of handle 511 of a payload, according foan
sxample enbodiment,

{0648] Figure 1A 15 a side view of UAY 900 moving downwardly over payioad 510
positioned on the ground, according o an example crobodiment.

{08411 Figure 145 5 0 side view of AV 900 with pavioad goiding member 538 of
LAY 900 hnwered onto payload 13, according (o an example embadiment.

{0842} Figure 140 1 a side view of UAV 900 flving sway with payload 310
positioned within pavicad guiding member 535 of UAV 800 aud hasdle 511 secured o
payload coupling apparatus 600 within UAY 900

{0043] Flgure 13A is a side view of UAV 900 landed on top of pavioad loading
apparatus 560 with payioad 310 positioned therein, and a bottom of payioad guiding member
535 touchingy upper landing platform §62, according 1o ah example embodiment.

{0644] Figure 158 s o side view of LAY 900 with pavioad guding member S35 of
VAV 900 as shown m Figure 154, with payload 310 being pushed upwardly mito payload
guiding member 838, according 1o an example embodiment,

HELS Figure 130 1y a side view of UAV S as shown in Figores 15A and 158, with
pavioad 510 further pushed upwardly it pavicad puiding mensber 335 and handle 311
engaged with payvload coupling spparatus 600, according 10 an example embodiment.

{0646} Figare 13D w a side view of UAV 908 flving sway with payload 810
positioned within pavicad guiding member 535 of UAV 900 and handle 511 secured to
pavioad coupling apparatus 600 within UAV 960

{847} Figure 164 is & side view of UAV 000 Tanded on top of payload loading
spparatus 860 with pavioad 318 positioned therem, and pavicad puiding member 535
extending heneath upper inding platform 562, according 1o an example embodiment,

HEIERY Figure WB i a side view of UAV 900 as shown in Figures 16A with pavioad
310 pushed upwardly nto pavicad goiding member 333 and handle 511 engaged with
payioad coupling apparatus 600, according to an example embodiment.

{00491 Figure 160 1% o side view of UAV 900 flving sway wuh pavlead 510
posttioned within payicad puiding member 535 of UAV 900 and hasdle 511 secured o

pavioad couphing apparates 60 withiy DAV QL

~3
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DETAILED DESCRIPTION

{0056} Exemplary methods and systems are described herein. It should be

understood that the word Vexenplary™ s used hergin 10 mean “serving as an oxample,
instance, of thatiation.™ Any implementation or feature deseribad heretn as “exemplary ™oy
“Hlostrative” 18 nol necessarily to be comstrued as preferred v advantageous over other
nplementations or features,  In the fleuwres, similar symbols typically idenufy simlar
components, prless context dictates atherwise.  The example tmplementations described
hereiy ate pot meant © be lmiting,  Iwill be readily enderstood that the aspests of the
present disclosurs, as gensrally deseribed horein, and illustrated 1 the figurss, can he
arranged, substituted, combined, separated, and designed fn 2 wide vanety of different

configurations, alt of which are conteraplated heren,

L Orvepview
HE RS The preseat embodiments advantageously provide a system and method for

gutomatie payload retrieval at a payload retrieval site. The present embodiments are directed
to a LIAY configured 1o have guiding featires on an wnderside of the UAY that allow the
VAV to hover over 3 pavioad fo be retrieved, and as the UAV 18 lowered over the payload,
the putding features on the underside of the UAY guwde the pavioad mto a payload receptacke
within the VAV, When an upper portion of the pavload, such as a handle of the pavioad,
extends a-desired distance fito the pavioad receptacte Owhich could be determined by senaors
o1 swilches within the pavicad receptaciy), & paylred oupling apparatus within the payiead
receptacle engages the upper portion {e.g., handle) of the payvioad o securely engage the
payioad within the payload receptacle.  Owmee the pavioad 1§ secured within the pavioad
receptacie, the UAV may v o a pavioad deBivery site with the pavicad fr subseguent
delivery of the pavicad at the payload delivery site.

HEI Altevaately, or i addition to the automatic pavicad retrieval described above,
subimatic payvioad retrieval may alse beoachieved using the same UAY condiguration whesein
the pavinad may land on'a pavioad loading spparatus, and affer the UAY lands, a payvioad
may be pushed upwardly, from below or within the payload loading appatgtes, ino
engagement within a payload coupling apparatus within @ payload receptacle on the
anderside of the UAV. nparticalat, using goiding featurey owthe vaderside of the TAV, an
upper portion of the payload, such as a handle, s goided into the payload receptacie of the
UAV. When an upper portion of the payload, such as a handle of the pavload, extends a
desired distance into the payvioad receptacle Owidch mgy be determined by sensors or switches

within the payload receptaciel. @ pavioad coupling apparatus within the pavioad receptacie
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engages the wpper portion {fe.g. . handlet of the payload to sectrely engage the pavisad within
the payinad receptacie. Once the pavioad is secured within the pavioad receptacle, the UAV

may v 1o 8 payload delivery site with the payload for subsequent delivery of the payload at

the payioad delivery site.
{0633] The guiding features may take the form of & funsel-ike configuration which

tapers inwardly from g ltower open end towards the paviosd veceptacle to guide the upper
portion of the payioad {e.¢., handle) towards the pavicad receptacle. The guiding feahures
may be sither bternal op sxternal 1o the UAY, or g combination of both internal and external
guiding feattres. B this muanner, the UAV may cither (1) be lowered onto g pavicad witil an
upper portion of the pavioad is secured within the payiead receptacke, or (1) land on g
payioad loading apparatus and have @ payload positioned below or witlin the paylead loading
appargtus pushed gpwardly towards the payload receptacle snttl an ypper portion of the
pavioad is secured within the payload receptacle.  In either case, the payinad beeomes
secured within the payload receptacie of the AV, and the LAV may then iy o a pavinad
delivery site and deliver the pavload. In both cases, g designated person is not required to
load a payicad onte the LTIAY, thereby sliminating any delays that could be caused w0 8
designated loading pseson by the fate srtval of & HAV, and auy delays associated with the
fate arnval of a designated Toading person 10 the pavload retnieval site.

JH034] The pavioad coupling apparatus may take the form of & capsule that may be
sttached Wy anend of a {ether that is secured o a winch within the UAY. The capsule may be
configured with gswing aom or latch, or vther engaging device, that may extend throsgh a
handle of the payload (o secure the payload within the payload receptacle of the UAYV. When
the handle of the pavioad redches a desired position within the pavioed teceptacie, the swing
arm or latch (or other engaging devics) of the capsule may be caused to extend through an
aperture of 8 handle to secure the handle of the pavioad to the capsule within the pavioad
receptacie of the UAY. Upon arsiving al a pavicad delivery site, the capsuly and attached
payinad may be lowersd to the growd by the winch within the LAV, and once the paviead
contacts the ground, the vapsule mav be further lowered by the winch and sutomatically
disengage from the handle of the pavioad. Ouce the capaude 18 disengaped from the pavload,
the capsale may be winched Dackoug 0 the UAY, and the UAV may 8vte pavisad retrioval
site to retrieve another payload.

HEE The payload retrieval systom deseribed above provides for automatic payload
refrieval without the need for humen nvvolvement in securing the payload to the UAV. Thug,

the LAY may stmply {y into position at the payload retrieval sity and position jtself above a
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pavioad {o be retrieved and tower Waell oute the pavload wuntil the pavload I8 seaured within
the payioad receptacle of the UAV. Alternately, the UAV may land on a payload Ipading
appatates and have a payinad pushed upwardly o the payload receptacie until the payload
i seonred within the payload veceplacle. Once the payload s secured within the payload
receptacle, the UAV may fv off to a pavioad delivery site and deliver the payload,

i1 Hinstrative Unmanned Vehicles

{0656) Herein, the terms “unmasned. gerfal vehicle™ and “UAVY refer to any
autonamons of somd-autovomous vehicle that b capabde of porfonning some functions
without a physically present human pilot,

{0057] A UAY can take various forms, For example, a UAV may take the form of a
fired-wing aiveraft, & ghder sirerafl, a taib-sitter afrorafl, a jot averafy, & ducted fan afveraft, o
fighter-than~-air divigble such as a bhimp or steerable balloon, & rotoreraft such as a helicopter
of multicopter, andéor an mnithopter, among nther possibilitics,  Further, the terms “drong™
“unmanned gerial vehicle system™ (UAVS), or “ermamed acnial system”™ {UAS) may also be
ased to refer to g UAV,

{0658} Prgure 1A & an sometric view of an example HAVY 180, UAV 13 inchudes
wing 182, booms 104, and & fuselage 106, Wings 102 may be stotionary sud ray peoerate Tt
based on the wing shape and the AV s forward atrspeed. For ostance, the beo wings 102
may have an alrfoil-shaped cross section to produce an serodynamic force on UAY 100, In
somie embodiments, wing 102 may carry horizontsl propulsion units 108, and booms 104
iy oy vertion! propulsion anits 110, Inoperation, powsr for the propudsion units may be
provided from a batiery comparbment 112 of fuselage 106, In some embodiments, fuselage
106 also mcledes an aviomics compartoent T4, an additional battery compartment {not
shown} and/nr a debivery unit (not shown, e.g., a winch system) for handling the paviead. In
some embodiments, fuselage 106 is modalar, and two ov more compartments {e.g., hattery
compariment 112, avionics compartment 114, othet pavioad and delivery compartments) dre
detachsble from cach other and securable to each other (&g, mechamically, magnetically, or
otherwise) to contiguousty form at least a portion of fuselags 105,

{0659 In some embodiments, booms 104 terminate in vudders 116 for tmproved yaw
conttrol of UAY 100, Furihier, wings 102 may terminste wy wing tipy 117 for impwdived conteod
of ift of the UAV.

{B068] I the ilhestrared configaration, UAY 100 incloades o structaral frame. The
stroctural frame may be referred to av a "structiza] H-frame” or an "H-frame” (oot shown) of

the LAY, The H-frame may include, within wings 182, 8 wing spar {not shown) and, within

10
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booms 104, boom taeriers (ot shown), In some embadiments the wing shar and the-boom
carnigrs may be made of carbon fiber, hard plastic, aluminum, Heht metal allovs, or other
materigls. The wing spar and the boom carvisrs may be comnected with clamps. The wing
spar miay includs presdrified boles for hovizontal propulsion waits 1§, and the boom cartiers
may nchude pre-drilfed holes for vertical propulsioy units 118

HEL Y In some embodiments, fusclage 106 may be removably attached o the H-
frame (2., attached to the wing spar-by clamps, confipnred with grooves, profrusions or
othor features o awte with corresponding H-frame features, ote). I other embodiments,
fuselage 106 similarly may be removahly attached to wings 102, The removable attachment
of fusclage 106 may improve gquality and or modularity of UAV 100, For example,
electrical/mechanical components andior subsystems of fuselage 106 sy be tested
separately from, and before being attached {o, the H-frame. Sinularly, printed circuit boards
(PCBs) 118 may be tested separately from, and befors being sttached fo, the boom careiars,
therefore eliminating defective parts/subassemblies prior 10 completing the UAV, For
example, components of foselage 106 (e, aviowics, baltery unit, delivery wmits, an
addittonal battery compartiment, ete)} may be electrically twested before fuselage HI6 &
monated 1o the B-frame. Furthermore, the motors and the electronies of PUBs 18 mayv also
be electrically tested before the final assembly. Generally, the identification of the defective
parts and subassemblies early in the assembly process lowers the overall cost and fead time of
the UAV. Furthermoere, different types/models of fuselage 100 may be attached to the H-
frame, therefore wuproving the modulacity of the design. Soch modhdanty allows these

various parts of TTAV 100 1o be apgraded without a substantial overhaul to the mamdactaring

PIOCESS.
{00624 in sonme embedimants, a wing shell and boom shells may be attached to the H-

frame by adbesive elements {eg., adbesive tape, dovhlessided adhesive tape, ghee, et
Therefore, multiple shells méy be asftached 1o the H-frame instéad of having a smonolithic
bady sprayed onte the Heframe, I some vinbodiments, the presence of the multiple shells
reduces the siresses ndyced by the coefficiant of thermal sxpansion of the structural fiame of
the TAV. Ag 4 result, the UAY may have hetter dimenstonal acowracy andfor improved
reliability.

{B863] doreover, in at least some embodiments, the same H-frame may be used with
the wing shell andfor boom shells having difforent stre andfor design, therefore improving the

maodidanity and versabibity of the UAV designs. The wing shell andfor the boow shells may be
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made of relatively Tight pobymets (e, closed cell foam) covered by the havder, but velatively
thin, plastic sking.

HEUST The power andfor control signals from foaselage 106 may be rosied o PUBs
HE through cables nuoping througl’ fuselage 106, wings 102, and booms UM In the
ustrated embodiment, UAVY 100 has four PCBs, but other numbers of PCHs are also
possible. For example, UAV 100 may include twe POBs, one per the boom, The PUBs cavry
glectronic components 119 including, for example, power converters, controliers, memory,
passive: components, ¢3¢ In operation: propulsion units 1R and 110 of LAV 10 are
clectrically comected to the PCHs.

{(065] Many variations on the Wlustrated UAV are possible. For instance, fixed-wing
UAVs may mchude move or fewer rotor usits {vertical or horfzontal), andéor may utilize a
ducted fan or muliiple ducted fang for propelsion. Farther, UAVs with more wings {e.g., an
“xewing” confipyration with four wings), are also possible.  Although FIG. 1 Hlustrates two
wings 102, two booms 14, two hovizontal propulsion units 108, and six vertical propalsion
anits 110 per boom 104, it should be apprecisted that other vartants of UAY 100 may be
implemenfed with more or-less of these components. For sxample, UAV 108 may inclade
four wangs 102, four boows 104, and more oy less propulsion units {horizontal or vertival),
{0066] Similarly, Figure 18 shows another example of g fixed-wing LAV 120, The
fixed-wing UAV 120 cludes 8 foselage 122, two wings 124 with an aicfoilshaped cross
section o provide Hft for the UAV 120, a vertival stabilizer 126 {or fin} {o stabilize the
plane’s vaw {tom deft orvight) o hovzontal stabitizer 128 Galso referred 1o a5 an elevator or
tailplage) to stabilize patch (it up or down), lnding gear 130, and 2 propulsion unit 133,
which can tchde 8 motor, shaft, and propeldier.

{6867} Figure 1C shows an cxample of a UAV 140 with a propeller in a pusher
configuration. The term “pusher”™ refers o the fact that o propulsion unit 142 i3 wounted at
the back of the VAV and “pushes” the vehicle forward, in contrast to-the propulsion oot
being mourted at the font of the VAV, Similar o the deseription provided for Figures 1A
and 1B, Figure 1€ deplets common stroctures wsed in a pusher plane, ncluding o fuselage
144, two wings 146, vertical stabilizers 148, and the propulsion unit 142, which can include a
motor, shaft, and propeller.

{B06R] Figure 1D shows an example of a taibsitter UAV 1600 In the illustated
example, the tailsitier UAV 160 has fixed wings 162 to provide It and allow the LAY 180

o ghide hovzontally {e.g., along the waxis, i & position that 1 approximately perpendicular
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{o the position shown in Figure 1D However, the fived wings 162 also allow the tailsitler
UAY 160t take off and land verticallv on its own.

{6069} For exgmple, st & launch site, the tail-sitter YAV 160 may be positioned
vertically (as shown) with its fins 164 andior wings 162 resting on the ground and stabilizing
the UAV 160 in the vertical position. The tail-sitter UAY 160 may then take off by operating
its propellers 166 1o gonseate sn upward thrust {e.g., a thrust that is peoerally along the v-
gxish. Once at a suitable altitude, the taibsitter TAV 160 may ase its flaps 168 1o reonient
isel i & borlzontal pesition, soch that s fasclage 178 3s closer to being aligned with the x-
axis than the v-axis.  Positioned horizontally, the propelicrs 166 may provide forward thrust
0 that the tulsitter VAV 160 can fly in o sumilar manner as o tepical aivplane.

HEUR U Many variations on the Hlusiated fixed-wing UAVs ave possible,  For
instance, fixedewing UAVs may inclode more or fewer propellers, andfor may atibze @
ducted fan or multiple ducted fans for propulsion. Funther, UAVs with more wings {e.g., an

“y-wing” configuration with four wings), with fower wings, or even with no wings, are dlso

possible:
{6671} As noted above, some embodiments may dnvelve other types of TIAVY in

addition 0 or in the altomative 1o fixedswing HAVs. For mstance. Figure 1B shows m
example of a rotoreraft that is commonty reforred to as & mudticopter 180, The snlticopter
180 may abo be referred o as a quadcopler, as 3t inclades four rotors 182 It should be
andersiood that example smbodinments may involve a rotorcraft with move or fewsr rotors
than the multicopier 1) Forevample, o helicopter typieally has two rotors, Qther examples
with three or more rotors are possible as well, Herein, the term “mdticopter™ refers to any
rotorerall having tore than tworotors, and the ferm “helicopter™ refery o rofororafl having
two rotors.

{08672} Retferring to the multicopter 180 ingreater detail, the four rotors 182 provide
propalsion and manenverability Ry the multcopter 1880 More speaifically, cach rotor 182
includes blades that are attached to 3 motor 184, Configured as such, the ritors 182 may
allow the multicopter FEO 10 take off and land vertically, to tnaneuver i any divection, andfor
to bover. Fugher, the pitch of the blades may be adjusted as g grovp andfor differentially,
and wray allow the melticopter 18 to control 1y pmileh, voll, vaw, andfor altitude.

{0073] ft should be understood that references herein o an “wmanned ™ gerial vehiele
o LAV can apply equally o avtonomous and semi-antobomous aenal vehicles, Tn an
astonomous implementation, all fimctionality of the aeral vehivle s astomated, eg., pre-

programmed or controfled vie real-time coanputer functionahity that responds to wpul fram

P
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vivtous sensors and/or pre-determined information. In a semi-autongmons implemeniation,
seang functions of an aerial vehicle may be controlled by a human operaior, while other
functions are carried out autonomously,  Further, In some embodinienss, a UAY may be
copfigured to allow a romote operator 1o take over functions that can othenwise be controlled
sutoomousty by the TIAY.  Yet further, agbven type of funciion way becontrallod romotaly
gt one level of abstractior and performed autonomonsly at another level of sbstrsotion. For
eyanple, a remofe operator could contrad high level navigation decisions for a UAV, such as
by specifinng thet the UAV sheuld travel from one lecation to another e, from a
warchoase ina subwban arsa o a delivery address in o nearby oityd, whike the UAVs
uavigation system antonomously controls more fine-grained navigation decisions, such as the
specific route to fake between the two locations, specilie fight controls to achieve the route
and avord obstacles while navigating the route, and so on.

{0674] More generally, it should be understood that the example UAVs deseribed
herein are not intended 1o be fimiting. Examnple embodiments may relate to, be toplementsd

within, or take the form of any type of enmanned aerial velucle

L Hledtratbve UAY Components

{0875 Figure 2 is a stmplified block disgram itlustoating components of a LAY 200,
according to an example enbodiment, YAV 200 may take the form of, or be stmilar in form
to, one of the UAVS 100, 120, 140, 160, and 180 desoribed in reference o Piouwres TA-TE
Howsver, LAV 200 may also take other forms.

{8676} LAV 200 may tclude varions types of sensors, and may inchide a conmputing
systemn confimred o provide the functionalty desoribed herein. In the Hhastrated
embodiment, the sensors of VAV 200 include an inertial measurement wait (IMLY 202,
ylirasonic sensor(s) 204, and a (P8 206, amng other possible sensors and sensing systems,
a7y fnn the Hhustrated embodiment, UAV 200 also includes ane or niore processors
208 A procassor 208 may be a generabpurpose processor ov a spectal purpose processor
e digital sipnal processers, application specific integrated circults, gic.}. The ong o more
processors 208 ¢can be configured 1o execute computer-resdable program instructions 212 that
are stored ip the dats storage 210 and are executable to provide the functionalily of o UAV
described herein,

{6O7R] The data storage 21 may include or fake the form of one o miwe commpusier-
readable storage media that can be read ot accessed by at least oue processor 208, The one ot

more compuier-readable storage media can include volatile andior non-volatife storage
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componsnis, such ag optical, magnetic, organic or other memory or disc storage, which can
be integrated in whole or in part with at least one of the ong or more processors 208, In some
cmbodiments, the data storage 21 can be implemented osiag 8 single physical device {e.g.,
one optical, magnetic; organic o other fnemory or dise storage unit), while in other
smbodiments, the data storage 210 canbe implemented asing b ov e physical devices,
{0679} Az noted, the data storsge 210 can include compuier-readable program
instractions 212 and perhaps additional data, such gs dingnostic data of the UAV 2000 As
suchy, the data storage 21 may nchade prograsn instructions 212 to perform or facilitate some
or alf of the VAV functionality descetbad herein, For instance, i the lustrated enbodiipent,
program instructions 212 inchade a pavigation miodule 214 and & tether control module 216,
A Sensors

{BG80] In an dlustrative embodiment, IMET 202 may inclode both an accelerometer
snd a gyroscope, which may be used together fo determing an ovieatation of the UAV 200, In
patticalar, the accelersmeter can messure the orientation of the vebicle with respect 1o eartly,
while the gyroscope measures the rate of rotation ground a axis.  IMUs are commercially
avatlable in lowecost, low-power packages. For instance, an IMU 202 nay take the formof
o inclede @ ouniatunized  MicroBlecroMrichsowal  System  {(MEMS) @ g
NanoElectroMechanics! System (NEMS). Other types of IMUs may also be ntilized.

HERS S A MU 202 may include other sensors, 1 addition o accelerometery and
gyroseopes, which mey help to better determine position andior hidp o ncrease automomy of
the AV 2000 Two examples of sach sensors wee nugnetometers aud pressure sensors. In
some embodiments; a UAY may inchade a low-power, digital S-axis magnetometer, which
can be ased fo realize any ovientition ndependind elestrnic compass i accurate heading
information. However, othier types of nmagnctometers may be oulized as well.  Other
examples are also possible. Further, note that a8 VAV could include some or all of the above-
deseribed intrtia sensors ay separats components from an IMUL

{6682} UAV 200 may also include o pressure sensor o baromster, which can be used
to determine the ghitude of the VAV 200, Alternatively, other sensors, such as sonic
altimeters or radar aliimeters, can be used to provide an indication of altitude, which may
help to mprove the acowracy of amdior preventdrifbolan IMUL

{3083} fn 2 further aspect, LAV 200 may mnelnde ong or more sensors that siow the
VAV 1o sense objects in the enviromment. For instance; in the ithstvated embodiment, LAY
200 mcludes sltrasonio sensor(sy 284, Ultrasonic sensor(sy 204 can determine the distance o

st olject by penerating sound waves and determining the time tierval between transmission
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of the wave and receiving the Corresponding scho off avrabiedt. A vpleabapplication of an
ultrasonie sensor for unmanned velicles or IMUx i low-level altitude control and obstacle
avindance. An ultrasonio sensor can also be used for vebicles that need 1o hover at a centaln
Beluht or nead to be capable of detecting obstacles. Other systems can be used {0 deternuing,
sense the presence of, andior determine the distance to nearby objects, such ax a beht
detection and ranging (LIDAR) system, laser detection and ranging {LADAR) system, andior
au infrared or forward-fooking infraved (FLIR) system, among other possibilities.,

{0684} In some embadiments, UAY 200 may alse inclode one or more inwging
svstem{s). For example, one or more still and/ny video camaras may be utitized by LAV 200
to capture nage datg from the UAV S environment. As 4 speeific exampls, charge-coupled
device {CCD) cameras or complementary metal-oxide-senmiconductor {CMOSY cameras can
be used with snmanned vehicles,  Buch simaging sessor{s) have wumerous possible
applications, such as obstacle avoidance, localization techuiques, ground tracking for more
geourate pavigation {e.g., by applying optical flow techniques o boages), video feedback,
ainddor Tmage recopnitionand processing, amonyg other possibilities.

{0685} LIAY 200 may also include a GPS receiver 216, The (GFS receiver 206 may
be vonfigured to provide data that is typical of wellknown GPS systews, such as the GRS
coordinates of the UAV 200, Sach GPS data may be utilized by the UAV 200 for various
functions. As such, the UAV may use 1ty GPS receiver 206 to help navigate to the caller’s
focation, as indicated, at least i part, by the GPS coondinates provided by their niobile

devige, Otherexamples are also possible.

B. Navigation and Lecation Determination
{0686} The navigation modele 2314 pay provide fonctionality that atlows the UAV

200 to, o.g., move sbout its environment and reach a desired location. To do so, the
wavigation module 214 may control the altitade sndfor divection of flight by controlling the
mechanical features of the UAV that affect fHght {e.g., 1y redder(s), slovaton(s), aileromys),
andfor the speed of its propetler(s)).

{87} In order 1o navigate the UAV 200 to a target location, the navigation module
214 ey implement vatiows navigation techmigoes, sueh as map-based savigation and
focalization-based navigation, for nstace. With map-based navigm‘iﬁm the VAV 208 may
be provided with g map of its eavironment, which nwy then be used o navigate to g
particular location on the map. With localization-based navigation, the UAV 200 may be
capable of wavigabing In an enkaown environment esing localivation.  Localization-based

pavigation may involve the LAY 200 bulding dx owe map of s environment and
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calenlating ity posttion withinthe map andfor the posifion of objects in the envivonment. For
exanple, asa WAV 2040 moves thronghout #s envirommend, the DAV 200 may continuously
use localization to update us map of the environment. This contingous mapping process may
be referred o ay simullanecus localization and mapping (SLAM). Other navigation
technigues may also boutilized.

{O688] In some embodiments, the navigation module 214 mav navigale asing a
techatgue that relies on waypoints.  fu particular, waypoints ave sets of coordinates that
entify pobats i phivercal space. For fnstance, an sir-navigativay waypoeint may be defined by
& cortain latitude, longiusde, and altiteds. Accordmgly, pavigaton module 218 may sauwse
UAY 208 o wove from waypoint o waypeint, fo order o wltimately travel to a final
destingtion {e.2.. 8 foal waypoint in a sequence of waypous).

HERSY In g further aspect, the navigation module 214 anddor other components and
systems of the UAV 200 may be configured fv “locslization” to nuwe precisely navigate o
the scene of a target tocation. More specifically, it may be desirable in certain stiuations for a
VAV to be within o threshold distance of the gt location where 8 payload 223 1 baing
delivered by a UAV (s

Pt

within a few feet of the target destination). To this sod, a UAY
may use 3 two-tiered approach m which it uses g more-general branon-determination
technigue to navigate to g general area that s associated with the target location, and then use
a morewrefined locatiop-determination technigue to identify andfor bavigate 1o the target
focation within the general arsa.

HELH For example, the UAY 200 may navigate to the geoeral area of a target
destination where a payload 228 s being delivered using waypoints andior map-based
navigation.  The UAV may theh switch foa stode inowhich it atilizes o focalizations process
to locate and travel to a more specific location. For instance, i the UAV 200 is to deliver a
pavioad to a user’s home, the UAV 200 may need o be substantially close to the mrest
focation wn ordet 1o avoid delivery of the paviead to uadesived avess {e.g., outo 3 roof, into a
paol, onto a nelghbor’s property, efe. ). However, 8 GPS signal may only et the UAV 2iiso
fur {e.g, within g hlock of the user’s home). A wmore precise location-determination
technigue may then be ased o find the specific target location,

{6691} Various typey of ocation-determination eehmgues mgy ke used W aveoimphish
localization of the target déiivery focation oace the UAY 200 has vavigased o the peneral
arga of the target delivery location. Fov lnstanee, the VAV 200 may be equipped with ong or

more sensory systems, such as, for example, slasocme sensors 204, infraved sensors (not
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shown), andfor other sendors, which sy provide Inptd that the nawlgation modude 214
utilizes 0 pavigate autonomoushy or semi-antonomousty 0 the specific tanget location,

{6092} As abother exsmple, onee the UAY 200 reaches the genoral sres of the targst
delivery location (or of a moving subject such as'a person or their mebile device), the LAV
280 may switeh to-a “Hy-by-wive™ mode where it is controlled, at-least i part, by 3 remote
operator, who can navigate the UAY 200 to the specific target loeation.  To this end, sensory
dats from the AV 200 may be sentto the remote operstor 1o assist them in navigating the
VAN 200 1o the spectiic location,

{0093} As yet another example, the UAV 200 may nchude a module that is able to
signal 1o a passer-by for assistance in cither reaching the specific target delivery location; for
example, the UAV 200 may display a visual message requesting such assistance i a graphie
display, play an audic message or tove through speakers o indicate the need for such
gssistance, among other possibilitics. Such a visusl or audio message might indicate that
gssistance s needed in delivering the UAV 200 1o a particular person or a particular location,
and might provide nformation to assist the passer-by in dehivering the UAV 200 (o the
person or lovation (s, o deseription or pichre of the person o location,; andfor the person o
location’s name), among other possibilities. Such a foatve can be usefud i a stenarid in
winch the VAV s unsble 0 use sensory functions or another location-determingtion
technigue to reach the speotie tavget location.  However, this featare 19 not limited to such
SCORATION,

{0694] In some erobodiments, onee the VAV 00 amrives at the general area of 2
target debivery location, the UAV 3 roay utilize a beacon from 8 user’s remote device (e,
the user’s mobile phoned to Tocats the persent. Such a beacon may take various formis, Asan
examme, consider the scenarie whers 3 remote device, such 35 the molnle phone of g person
who requested a UAV delivery, 18 able o send out directional signals {e.g., via an RF signal,
3 light signal andfor an audio signal).  In thas scenario, the VAV 200 may be configuted
navigate by “sourcing”™ such directional signals ~ in other words, by determining whare the
signal is strovgest and navigating sceordingly. As another exgmple, a mobile device can emit
a frequency, oither in the lnanan range or vuinide the luman range, and the VAV 208 can
Hsten for that freguenty and navigate sccordingdy.  Avag related examplie i the UAY 200 s
listening for spoken commands, then the LAY 200 could utilize spoken statements, such as
“Proover here!™ o source the specific location of the person reguesting debivery of a

pavioad.
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{0045] I dn alteroative arrangémiont, 8 mavigation module may be implomented at a
remote computing device, which communicates wirelessly with the UAV 200, The remote
comtputing device mgy veceive data indicating the operational state of the UAV 200, sensor
data from the UAV 200 that allows 3 to assess the environmental conditions being
sxperienced by the UAY 200, andior location huformation for the UAV 200, Provided with
such information, the remote compating device may determine gliitudimal andfor directiongl
sdinstoents that should be made by the LAV 200 andior may determine how the LAY 200
should adiust fts mechanical featres (., s radder(s), elevator(s), aileron(s), andfor the
speed of ity propefler(sh) in order o offectuate such movements,  The ropete computing
systomn may then conuwnumicate sach adjustoents to the UAY 200 so it can move in the

deternuned manner,

€. Comuymication Systems
{0895} In a further agpect, the UAY 200 includes ong of more compupication

systems 218, The conwnunications systems 318 may inclade one or more wireless interfaces
andfor one or more wireling interfaces, which allow the UAV 200 to conumamicale via one or
mure pepworks. Such wireless interfaces may provide for communication undet ong or mors
wirgless communication protocsds, suchiss Blostooth, Wikt (og., an [HEE 802,11 protocol),
Long-Term Bvolution (LTE}, WIMAX (e.g., s IERE 802 16 standard), a radio-frequency 1D
(REID) protocol, near-fleld communication (NFC), andfor other wireless communication
protocols, Such wirching interfaces may nclude an Ethernet interface, a Univirsal Serial Bus
(USHEY mterface, ov simitar interface o conpuaneate via a wirg, 8 twisted pate of wires, a
coaxial cable, an optical Hink, a fbereoptic Bak, ov other plivsical connection to a wireline
netweork,

{06974 in some emboditments, a VAV 200 may molude compwnication systams 218
that altow for hoth shovt-range commumication and long-range compuwication. For example,
the UAY 200 may de conlimed Tor short-range commmuticationy using Bluetooth and fo¥
fong-range compunications ynder a CDMA protocel. in such an embodiment, the LAY 200
may be configured o function as 3 “hot spot]” or n other words, 85 2 poleway of proXy
between a remote sapport device and one or more data networks, such as & cellular petwork
andfor the Internat. Configured as such, the UAV 206 may faoilitate data commuaneations
that the réemote support device would ttherwise be anable to perform by itself.

{B098] For example, the UAV 200 may provide & WiF1 connection o a remote
device, and serve a5 a proxy or gateway to & cellular service provider’s data network, which

the UAV might connect to under an LTE or 2 3G protocol, for instance. The UAV 200 could
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alsh serve a8 @ proxy of gateway 1o 8 high-alttude balloon network, 8 satellite network, or a
combination of these aetwirks, among others, which 2 remote device nught not be able 1o

otherwise gooesy.

{ Poawer Systems
{669%9] In a further aspet, the UAY 2040 may inchade powsr svateny(sy 230, The

power system 220 may include one or more batteries for providing power to the UAV 200,
In one examople, the one or more batteries may be rechargeable and each battery may be
recharged vig a wied conpection betwesn the battery and a power supply andor vig a
wirgless charging system, such as an inductive charging systam that applies an external time-
varying magnetic field to an internal battery.

£, Payload Delivery

{3186} The LAY 200 may employ various systems and configerations in order to
trasport and deliver a payload 228, In some implementations, the paviosd 228 of § given
VAV 200 may include or take the form of & “package” designed o transport vartous goods o
g target debivery location.  For example, the UAV 200 can mchude 2 compartment, in which
an item or items may be transported. Such a package may one of morg food Hems, parchased
goods, medical Hewms, of any other object(s) having a4 size and weight susable o be
trsnsported between two locations by the UAV. In other embodiments, a pavicad 228 may
simply be the one or moere Hlems that are being delivered {e:g., without any package housing
the iems).

HEES In some embodiments, the payload 228 'may be attached o the UAV and
Iocated substantially outsids of the UAV during some or all of o flight by the UAY. For
example. the package may be fethered o otherwise releasably atfached Below the UAV
during {light to a target locatiom. I an embodiment whers 8 package carries zoods below the
UAV, the package may inclede various features that protect ds contents from the
spvirontiend, feduce aerodynantic drag on the system, amd prevént ‘the contents of the
package from shifting during VAV flight,

{0102} For instance, when the paviosd 228 tukey the form of a package for
transporting items, the package may inchude an outer shell constrocted of water-resistant
cardboard, plastic, or any other hightweight and water-resistant material,  Fuarther o order o
reduce drag, the package may feature sionth surfaces with @ pointed front that reduces the
frontal cross-sectional area. Further, the sides of the package may taper from 8 wide bottom
to 8 parow top, which allows the package to serve a8 a parvow pylon that reduces

interference effects on the wingfs}of the VAV, This may move some of the frontal area and
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volume of the package away from the wing(s) of the UAV, therchy preventing the reduction
of Hift on the wingis) cause by the package. Yet further, in some embodiments, the outer shell
of the package may be constructed frony g single shest of matenial in order to reduce aiv gaps
ar extra matenal, both of which may increase drag on the system.  Additionally or
siternatively, the package may include a'stabilizer to domypen packags futer, This reduction
i flutter naay allow the package 1o have a less rigid connection 1o the UAY and wmay cause

the contents of the package to shufl less during flight.

oy

41634 in order o deliver the pavioad, the VAV awy fnclude a wingh systony 221
controlied by the tether control muodule 216 1 order fo lwer the payiead 228 0 the ground
while the LAV hovers above,  As shown in Figure 2, the winch system 221 may include
tether 234, and the tether 224 may be coupled to the payload 228 by a payload coupling
apparatus 226, The tether 324 may be wound on a spool that is coupled to a motor 222 of the
VAV, The motor 222 may take the form of 3 DO motor {e.g., & servo motor) that ean de
gctively controlied by a speed controller. The tether control module 216 tan control the
speed controler to couse the mptor 322 1o rotate the spool, thereby unwinding or retracting
the-tether 324 and fowering ov ratsing the payload coupling apparatos 226, In practics, the
speed controlier may output a desied opersting rate {e.g., & deswed RPM) for the spool;
winch may correspond to the speed at whach the tether 224 and pavload 228 should be
fowered towards the ground. The motor 222 may thenrotate the spool so that it maintaing the
desired operaling e

{01644 I order o control the motor 223 v the speed controller, the tether control
modale 216 may recelve data Trom a speed sensor {e.g., au encoder) configured to convert a
mechanical position fo g represeniative analog or digital siznsl.  In particular, the speed
sensor may inclede a rotary encoder that may provide information related to rotary position
{andfor rotary movement) of a shalt of the motor or the spool coupled 10 the motor, sthong
asther posatbilities,  Morcover, the speed sensor may lake the form of an absohule encoder
snd/for an incromental encoder, among others.  So in an oxample implementation, as the
motor 227 canses rotation of the spool, a rotwy encoder may beused {0 measure this rolation.
In doing so, the yotary encoder may be wsed o convert 8 rotary posifion to an amdog or
dizgital electtonic signal vsed by the tether control modute 216 1o determine the amvunt of
rotation of the spool frinn a fixed reforence angle andior to an analog or digial electroni
signal that iy representative of a new votary position, among other options.  Other examples

are also possible.
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{0145] Rased on the data from the speed sensor, the tether control module 16 may
determing a rolational speed of the motor 222 and/or the spool and responsivelv control the
motor 222 {e.g., by increasing or decreasing an clectrical cument supphied to the wotor 223)
to cause the motational speed of the motor 222 1o mateh a desired spead. When adjusting the
motor current, the magnitude of the current adjustment may be based on 8 proportionsl-
utegral-denvative {FID) caloulation using the determined and desived speeds of the motor
222, For instmnce, the magnitude of the current sdjustment may be based on a present
difference, 8 past difforence (hased vy sccumulatad ervor over g, and a fudoere difforence
fhmssd o current vatex of change’ bepween the determined and dosired speads of the spool.
{8106} In some embodiments, the fether control modale 216 iy vary the e at
which the tether 224 and payload 228 we lowered to the ground, For example, the speed
conptrofler may change the destred oporating rate acoording to a variable deployment-rate
profile andior in response to other factors by nrder to change the rate at which the paylead 228
descends toward the greund. To do so, the tether control module 216 may adjust an amount
of braking or an amount of friction that is applied to the tether 224, For example, o vary the
tether deplovment rate, the TAV 200 may include friction pads that can apply a vaviable
antount of pressure tothe tether 224, As another example, the UAY 200 can inclade g
motorived braking system that varies the rate at which the spool lets out the tether 224, Sweh
a braking svstemw may take the form of ay electromechanical systery i which the motor 222
operaies to show the vate at which the spool fets out the tether 224, Further, the motor 222
may vary the amount by which it adjusts the speed {e.g., the RPM) of the spool, and thus may
vary the deployment rate of the tether 224, Other examples are also possible

{6167} Iy some enthbodunents, the fether control modude 215 may be configured to
limit the motor current supplicd to the motor 222 10 a maxinnam value. With such g linut
placed on the motor carrent, there may be sifuabions where the wotor 222 camot opesate at
the desived opetate specified by the speed controller.  For tnstance, as discassed in more
detal below, there may be situatinns wherg the speed constrolier sperifies & desired operating
rate at which the motor 222 should retract the tether 224 toward the UAY 200, but the motor
current may be Hmited such that a farge enough doweward force on the tether 224 would
cenpieract the retracting fores of the motor 222 and vause the tethey 224 o wnwind instead.
And as further discossed below, a Hmit onthe motor current wmay be imposed andior sltered
depending on an operational state of the LIAV 200,

{108} In some erhodiments, the lether contrel modale 219 may be contigved to

determine 3 status of the tether 224 andior the payload 228 bassd on the amount of current

¥
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supplied to the motor 222 Foy dnstance, i o dowtward force g applied o the tether 324
{e.g., if the payload 228 is attached to the tether 224 or if the tether 224 pets snagged on an
obiect when retracting toward the UAV 200), the tether control module 216 may need
increase the wmoter current i ovder to causy the determined rotational speed of the motor 222
sndfor spool to matel the destred speed. Stmtlarty, when the downwand foree 18 romoved
from the fether 224 {e.g., upon delivery of the payload 228 or removal of a fether snag), the
ether control module 216 may veed o decresse the metor cwrrent in order to canse the
determited rotational speed of the wotiw 222 andfor spool o match the desired spoed. As
such, the tether control medule 216 may be condigered 1o pronttor the cwrrent supphied & the
motor 222, Forwnstance, the ether comtrol modale 216 could determine the motor carrent
based on sensor data received frone a current sensor of the motor or a curvent sensor of the
prrwver syatem 220, Inany case, based on the current supplied to the motor 222, determane if
the pavioad 228 is attached to the tether 224, if somneone or something is pulling on the tether
224, andior if the payload coupling appsratus 226 is pressing against the UAV 200 afier
retracting the tether 224, Other examples are possible as welll

{6109} During delivery of the pavioad 228, the payload coupling appavatus 226 can
be configured to secure the paviosd 228 while bemg lowered from the LAY by the tether
324, and can be further configured 1o velease the pavlond 223¥ upon reaching ground level
The pavioad coupling apparatuy 226 can then be retracted to the UAY by reeling in the tether
224 using the motor 222,

o1 In semne inplomentations, the paviosd 228 may be passively released onee #is
Iowered o the gromd, For example, a passive release wechanism may include one or more
swing atms adapted to retrant mto and extendd fromy g housing. Ap extended swing arm may
form a hook on which the payload 228 may be attached. Upon Inwening the releass
mechanism and the pavioad 228 to the ground via a tether, a gravitational force as wellas s
dovaward mertial force of the release mechanism thay cause the pavioad 228 to detach from
the hook alfowing the relesse mechanism to be raised upwards toward the UAV. The release
mechanism may further include 8 spring mechanism that blases the swing arm {0 retract into
the howsing when there are no other external foroes on the swing arm. For instance, a spring
may exert o foroe o the swing s that pushes o pulls the swing ey toward the hoosing
such that the swing arm retracts into the housing onee the waght of the paviosd 228 no
fonger forces the swing anm fo extend from the bossing. Retracting the swing arm into the

Bousing way reduce the likelibood of the release mechanism snagging the pavioad 228 or
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other nesrby-objects when raising the releade methanism towidd the VAV wpon debivery of
the payload 228,

{01t} Active pavicad refease mechanismis are also possible: For example, sensors
stch as a barometric pressuve based altimeter andior accelerometers may belp to detect the
position of the release mechanism {(and the pavioad) selative to the ground. Data fom the
sensors can be conunuricated hack to the UAV andior a control system over a wireless Hok
snd used o help in determining when the release mechanisim has reached ground fevel {eg,
by detecting o measurement with the sceelorometer that ts charactenistic of grownd bnpact).
In other sxamples, the UAV may determine that the payload has reached the ground based mn
a weight sengor detecting a threshold low downward foree on the tether andfor based on g
threshold low measurement of power drawn by the winch when lowening the payload.

{0113 Other systems and technigues for delivering a pavload, in addtion or in the
alternative 1o a tethered delivery systom are also possible. For exanple, 8 UAY 200 could
include an air-bag drop system or a parachuie drop system.  Alternatively, a UAV 200
carrying a payioad could simply land ou the ground ata delivery focation,  Other examples
are also possible.

V. HHustrative UAV Deplovinent Systems

{0113} LAV systerns may be implemented in order 1o provide various UAV-related
servives. Tn pacticular, UAVS wmay be provided at a manber of ditferent launch sites that may
be in comnuinrcation with regitmal andior central contrn! systems. Such o distnbuted UAY
system may alfow AV 10 be guickly deployed o provide servicss serossa large geographic
areq {e.g., that is much larger than the fheht range of any ingle UAVY Forexample, UAVy
capable of cardving pavicads fiay be distributed 8t 2 muomber of launch sttes aorosy 8 fargs
gengraphic arga {(possibly even throughout an entire country, or even worldwide), in order to
provide on-demand fansport of various e to locations throughout the geographic area.
Figore 3 v o stphified block disgram Hlostrating o distributed TIANY syatent 300, according
o an example embodiment.

HU BT In the Hustrative UAV systent 300, gn access sysiem 302 may allow for
mteraction with, conwol of andier utilzation of g network of TIAVs 304, In some
embodiments, ay socess sysiem 302 wmay be 8 computing systemn that allows iy human-
controtied dispatch of LAVs 304, As such, the control system may include or otherwise
provide a user interface through which & user can access andior control the UAVs 304,

{H115] In some embodiments, dispatch of the LAYy M4 way additionally or

sematively be accompiished via one o more automated procssses. For instance, the accgss
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systent 302 may dispatch one of the UAVS 304 1o tranapont 8 payload to-a target Tocation, aad
the UAV may aulosomoushy mavigate o the target jocation by utilizing various po-board

sensors, such as a GPS receiver andfor other varfous navigational sensors,

s} Further, the accass system 302 may provide for remote operation of a LAV,
For instances, theaccers system 302 may allow an oparator to contred the fhight of 3 UAV via

its user interface.  As a specifie axamp}e, an operaior may use the access system 302 o
dispatch a UAV 304 to a target location. The UAY 304 may then avtonomously navigate to
the genersl arca of the tarpet location. At this pomt, the operator may wee the gecess systam
302 1o toke control of the LAV 304 and navigate the UAV to the target focation (g2, 10 1
particular person o whom g payload 18 beng tamsported).  Other examples of remote
operation of a UAV are also possible,

{0117 In an Hhetattve embodiment, the UAVS 304 may take varions forms. For
gxample, each of the VAVs 304 may be a UAV such as those Hlustrated in Fyures 1ASTE.
However, UAV systern 300 may siso utilize other types of UAV without departing fron the
seope of the invention, In some implementations, all of the UAVS 304 may be of the same or
& similar configurstion. However, in other implementations, the 1AV 364 may include &
numberof different tvpes of UAVs, Fovinstance, the UAVs 304 may include s nantber of
types of UAVs, with each type of UAY being configured for a different type o types of
payioad delivery capabilities.

{G118] The UAVY system 300 may funher inchude & remote device 306, which nry
take vartous forms. Gensrally, the romote device 306 may be any deviee throngh which a
divect or idirect request 1o dispatch o UAY can be made. (Note that an indirest request may
nvodee any conunumcation that wmay be responded o by dispatching a UAVY, sueh ay
regquesting 8 package delivervy, o ait exanpls smbodiment, the romote device 306 may be s
mobile phove, fablet computer, laptop computer, personal compeler, or sny networks
connected computing device, Further, i stong insfancey, the remote device 306 maynolbe a
gopynting devics, As an example, a standard telephone, which alfows for compnmication
via plain old telephone service {POTS), oy serve as the romode device 306 Other types of
remote devices are also possible.

{0118 Further, the remote device 306 wiay be configured 1o commumnicate with actesy
systom 302 via one or more types of communicgtion networkis) 308, For example, the
remote device 306 may communicate with the access system 302 (or a luman operator of the
access systery 302} by communicating over 8 POTS network, a cellular network, andfor a

date sebwork yuch as the Internet.  Other types of networks may also be utilized.
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{0124 I some enthodiments; the remete device 308 wmav-be configured © allow a
user to request deivery of ooe or more iems to'a destred location. For example, a user could
request AV delivery of a package to therr home via their mobile phone, tablet, or fapiop.
Ax apother examypde, a user could request dynamie delivery to wherever they are located at
the time of delivery, To provide such dynamic debivery, the UAV system 300 may receive
ocation information {e.g., GPS coordinates, ote.) from the user’s mobile phoune, or any other
device on the user’s persow, such that a UAV canonsvigate to the user™s location {as indivated
by their mebils phone),

{0121} frvan dHustrative otrangoment, the central dispatol swstent 3 H may be a server
or groop of servers, which & configured o receive dispatch messages requests andfor
dispatel instructions from the access systom 302, Such dispateh messages may request or
mstruct the contral dispateh system 310 to coordmnate the deployment of LAV to vatious
target locatioms. The contral dispatch systern 310 may be further configured to route such
requests oF instructions o one or more local dispatch systerns 3120 To provide such
fonctionglty, the'central dispatch system 310 may compamicate with the access system 302
via- @ date network, such ax the Internet or a private ngtwork that is established
comnunications betwean socess wystems and automated dispatch systems,

{22 fin the illustrated configuration, the central dispatch system 310 nay be
configured to coordinate the dispateh of UAVS 304 from a namber of different local dispatch
systems 312, As such, the ventral dispately systerm 310 nay keep track of which UAVs 384
grecTocated abwhich local dispatch systems 312, which UAVS 304 are crrvently available for
deplovment, andior which services of operations each of the UAVs 304 15 configured for fin
the event that a DAY feet inchudes multiple types of LAVY configured for different servicey
andior operations). Additionally or alternatively, each local dispateh system 312 may be
configured to track which of s associated 1AV 304 are currently available for deployment
sndfon are currently in the midst of dem ransport.

{6123} In some cases, when the central dispateh systemy 310 recetves a reguest for
UAV-relned service (e, transport of an oot} from the access system 332, the central
dispatch system 310 may select a specilic LAY 304 to dispatel. The central dispateh system
310 may accordingly mstruet the local dispatch system 312 that I8 associated with the
selected UAV 1o dispateh the selected YAV, The local dispateh system 312 may then operate
its agsociated deployment system 34 to Inunch the selected VAV, In other cases, the central

dispatch system 310 may forward a request for & UAV-related service to a local dispateh
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Systom 312 that 15 neat e focalion where the support is reguested and leave the selection of
a particular LAY 304 1o the local dispateh system 312
{6124] fn an cxample configuration, the Tocal dispaich systomn 312 nwy be
nplemented as a computing systend at the same location as the deployment system(ﬂ 314
that 3t controls.  For example, the local dispateh system 312 may be implemenied by a
computing svstern installed at & bullding, soch ax a warchouse, where the deplovment
systems) 314 and UAV(s) 304 that are associated with the particular local dispateh system
31 wre abso leated.  Inoother smbodiments, the focal dispatch systomy 312 may be
implemented at a Jocation that s remote to iy associated deplovinent systemis) 314 and
UAV{s) 304,
{125 Numerous vaviations on sud altomatives to the tHlustiated configuration of the
UAY gystem 300 are possible. For example, in some embodiments, & wser of the remote
device 306 could request delivery of a package dirsetly from the centeal dispatch systems 316
o do so, gn application may be toplemenied oo the remote device 306 that allows the user
to provide information regarding a requested delivery, and generate and send g data message
o request that the UAY system 300 provide the delivery. T such an smbodinent, the centeal
dispatel system 310 py wwlude avtomated functionstity to baadie reguests that ae
generated by such sn apphication, evaluate such regquests, aod, i appropriate, coordinate with
an appropriate local dispatch system 312 to deploy a UAV.
j0126] Further, some or alf of the functicnality that 1s attributed heretn 4o the centyal
dispasch sestern 319, the tocal dispateh systemds) 312, the access systern 302, sndior the
deplovment systemi(s) 314 nay be combined 10 a single system, implenented I 3 more
comnplox sistem, andior redistriboted amony the central dispatell system 310, the logal
dispateh systern(s) 312, the acesss system 302, anddor the deployment system(sy 314 in
Various Ways.
{8127 Yet further, while each focal dispoateh systers 32 18 shown as having two
gesociated deplovment svstems 314, a given local dispaich svstem 312 may alternatively have
more or fewer gssociated deplovment systemis 314, Similarly, while the central dispatch
system 310 18 shown as belng in compuication with tvo local dispatel systems 313 the
central dispatch svstem 310 may altermatively o m cotumunication with more or fower lodal
dispateh systems 312
{128] I a further aspect, the deployment systerns 34 may fake varjous forms. In
seneral, the deplovment systems 314 may take the form of or inclode systems for phesically

faunching one or move of the UAVs 304, Such laanch svstemss may include features that
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provide for an adomated TIAY Tannch andfor foatiwss that altow for a ueman~-assisted YAV
faunch. Further, the deplovment systems 314 may cach bhe coufpured o favnch ong
particudar UAY 304, or to launch multiple UAVs 304,

{128] The deplovment systems 334 may further be configuredto provide additional

functions, including R example, diagposticwelated functions such as venifving system
fonctionality of the UAV, vertfving functionshity of devices that ars housed within g UAY
(e, 8 payload delivery appsaratus), andfor mmntatming devices or other wems that are housed
rthe LAY (e, by momtoring a status of g payload such as Hs temperature, waight, oo,
{0138 in some smbodiments, the deployment systens 314 and their corresponding
UAVs 304 (and possibly associated local dispatch systemns 312} wmay be strategicslly
distributed throughout an grea such as a city. For example, the ét:p?&ymem systems 314 may
be strategically distributed such that cach deployment system 314 i3 proximate 0 ong or more
pavicad pickep locations {e.g, pesr a restaurant, store, or warchouse). However, the
deployment systems 314 (and possibly the local dispatch systenss 312} may be distributed 1n
other ways, depending upon the particalay implementation. As an additional example, kiosks
that allow wsere to fransport packages via UAVs may be installed in various locations. Sach
kioeks may wchude UAY laonch systems, and may-allow a userto provide thelr package for
foading outd 8 UAVY and pey for LAY shipping services, among other possibibues. Other
exarmples ave also possibla.

HU RIS In & further aspect, the UAY systern 300 may include or have access 0@ user-
gecount database 316; The wser-account database 316 may fnclude daty for a number of user
accounts, and which are each associated with ove ot more person. For a given wser account,
the user-aceount database 316 may include data related o or usefitd in providing LAV welated
services. Typically, the user data associated with each user account is optionally provided by
an associated user andfor is collected with the associated uset’s pernussion.

{81323 Further, i some aimbodinents, o pofsont may be required to regivter’ fow & user
gocount with the LIAY system 3840, i they wish 0 be provided with UAV-related services by
the TAVSs 304 front UAY system 380, As such, the ussr-account database 316 may include
suthorization information for a given user account {e.g., 8 user name and password), andfor
other mformation that may be faed 1o suthorize 800ess 10 8 wseracoount,

{0133} fu some embodiments, a person sy associate one or more of their devices
with their aser account, such that they cay access the services of UAV system 300, For
exavaply, when & person uses aw associated mobile phone, cg., 1o place a call o an opevator

of the accesy system 302 or send a message reguesting g UAV - related service w g dispaich
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systom, the phone may by identified viea untque device identification namber, and the calt or

message may then be atinibuted o the assoctated user account.  Other examples are also

possible,
Y. Example Systems and Appacatoses for Pavioad Retrioval and Dolivery
{3134} A LAY may inghude various types of payioad debivery systoms for fowering

the pavinad to 8 target delivery location.  In some cases, the pavioad may be voupled 10 2
ether with a pavioad coupling apparatus artached at anend of the tether, and the UAV may
fower the payvioad tothe ground by lowering the tether. Tha pavload couplivg apparatos may
provide that the pavioad may be released on the ground, and the tether may be retracted back
o the UAV,

{3135 fn addition. the payload coupling spparatus may advantageoesly be used
during automated retrieval of & payvioad. In particular, n the present embodiments, a LAY
may position iself over a pavioad to b retrieved, and the UAV may be lowered onto the top
of the paylead using a guiding member 1o position a top portion andior a handle of the
pavicad within the VAV, Ouce the handle of the payioad i3 1h a desired position within the
VAV, the handle of the pavioad may be automatically engaged and secured by the payload
coypling apparatus to secure the paviosd ® of within the VAV, Aberately, a UAV may
fand on g puvioad loading apparatus, and g payload positioned below or within the pavioad
foading apparatus may be pushed apwardly Into the VAV wsing a guiding member on the
UVAY to position the handle of the payload within the UAV. Ones the handie of the payload
& g Jdesired postiion within: the UAV, the handle of the paviosd may be engaged and
secired by the paviosd coupling appavatus avtomatically, and the pavioad subsequently
secured o or within the LAV,

{0136} Figure 4A wan illustration of an example pavioad coupling apparatus 3 that
may be used for sutomatic retrieval, and passive release, of a pavioad 4. The pavload
coupling apparatas 408 tocludes a housing 402, Ax tlustrated, the housing 402 may take the
form of a cylindrical capsule with rounded ends, but other shapes and forms are possible as
well {e.g., an ellipsowd, sphere, cuboid, pyranud, cylinder, prism, cone, o). The housing
403 may be coupled to a tether 404, which 15 opersble 10 raise and lower the payvioad
coupling apparatus 408 with respect o a UAVL

{0137 A swing anm 406 may be coupled to the housing 402 at & pivot poine 408
proximate 1o 8 fiest end 410 of the swing arm 406, The swing arm 406 may be coupled to the
Bousing 402 by a mechanism that allows the swing aom 406 to rotate at least partially around

the pivotpoint 408 {og., wuing ame tvpe of various pins, bolis, serews, o). The swing amm
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406 may partially votate aroand the pivet point 408 sucl that thy Swing arm 406 may be
arcanged i various postlions.

{0138] In a closed {or retracted) position (shown in Figure 48), 8 second end 412 of
the swing arm 406 i3 located within the bouwsing 402, In an open {or extendedy position
Eshown i Flgures 44 and 403, the second end 412 exteonds through an opening 414 of the
housing 402, The housing 402 sy include two opposing openings 414 such that the swing
sro 406 can rotate to extend the second end 412 from oither side of the housing $03.

{6139 The pavlesd coupling appavatus 400 may Rether nolude a spring mechaniam
409 that biases the swing arny 406 to rotate back inte the housing 402 when the payioad 461
w not applying a downward force on the swing army 406, As depicted in Figure 44, the
spring mechanism 409 may take the form of a torsion spring that couples the swing anm 406
to the housing 403 at the pivot point 408, The torsion spring may be in s rest state when the
swing arm 406 i3 i the closed posttion (1., when the second end 412 &8 boeated within the
housing), and the torsion spring way be sdapted to exert a force on the swing som 406
opposing rotational motion around the pivot point 408, Thus, when the swing arm 406 is in
the-open {or extended) position, the fovsion spring may exert & force on the swing aom 406
that s durected towatrd the closed (or retracted) position.

{40} Figure 44 illastrates the payload coupling apparatus 400 m the open {or
extended) position. In the open position. the sgoond end 412 of the swing avm 406 extends
frown the housing 402 at an acute angle © with respect to a sidewall of the housing 402,
Thus, in the open position, the swing amy 406 formsa ook on which the pavioad 48] {feg..a

paokage containing ong or more food items, medical items, or variowus other goods) may be

aftached.
{0141} The angle ® may have a maximum value less than 8Q degrees. In order io

timit the angle © to such a maximum value, the paviosd coupling apparatus 400 may include
3 mechanism o hmdt, andfor be structirally designed o B, the rotation of the swing am
406 ground the pivet pohwt 408, For instance, as shown in Figures 48 and 4C, the swing s
406 may inclade a slot 420 adapted 10 receive 3 pin 422, which may be lntegrated within the
housing 402, As the swing arm 406 rotates around the pivot point 408, the pin 422 may reach
an end of the slot 420, tweyeby proventing forther rotation of the swinyg arm 406 and limiting
the angle & to s maximum value,

{0142} In Figures 4B and 4C, a crossesectional view of an example payload
receptacle 530 for recetving the paviead coupling apparatas 400 is Hustrated.  As used

herein, the tevm “pavicad receptacle” i3 to be construed broadly to nelude an ares of a LAY

(o)
L
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into which any portion of a payioad, such a8 4 handle, exiends. The payload receplacle 550
may be coupled to or integrated n a VAV, For wstanee, the paviead receptacie 550 may take
the form of a feature, compartment, or system in the body of g UAV. As such, the pavioad
receptacle 550 can recsive the payload coupling apparatus 400 when the UAV raisas the
payload coupling apparatus 400 by winding the tether 404,

{0143] In praciice, the pavioad receptacle 550 may include a hollow shalft 832
having an nner dameter ot least slightly targer than an outer diameter of the housing 402
such that thie payload couphing apparatus S0 ey Htnside the shaft 532 when the swing ann
406 is 1 the closed position as depicted in Flgure 44, As the UAV winds the tethsr 404, the
payiond coupling apparatus 400 may be pulled further into the shaft 552 oniil a cam §34 of
the swing srm 406 makes contact with a cam follower 356 of the pavioad recgptacle 830
{0144] As tlhouated in Figures 444D, the pavioad coupling apparatus 480 may
advantageousty be used during the automated retrieval of a pavioad.  In particular, when a
haadle of a payload 18 positioned a desired distance within the UAV, the swing wrm may be
extended throveh an apertire in the handle of the payload to secure the pavicad o or within
the TTAY.

{B145§ As dlastrated, the swing arm 406 muay nclude one or mowe cams 5334 that
extend through the one or more openings 414 of the housing 402 when the swing arm 406 is
w the closed (oo retrscted) position.  Whaen the cam follower 536 contacts the cam 384, the
cam fedlower 536 may exert a fiwce onthe cam 534 pushing the cam 5534 towards the housing
403, thereby cansing the swing arm 406 o rotate around the pival point 408 unitd the swing
arm 406 18 1 the open {or extended) position as depicted in Figure 48, Tn the open position,
the second end 412 of the swing arm 406 may extend through the opening 414 of the howsing
402 and through an opening in the shaft 552 of the pavioad receptacie 550,

6] Securing the handle of the pavioad to the pavioad coupling apparatus may be
achieved in st least two different ways. In a finst way, during the course of payload retrieval,
& hundle 416 of the paviead is moved upwardly into slot 338 in pavioad receptacle 35300 &s
shown in Figare 410, with the payload coupling spparatus 400 winched all the way up into
pavioad receptacte S50 a8 shown in Figure 4C, the swing arm 413 15 blased by cam follower
356 into an extended position towards the vight. During pavioad retrieval as the UAY lands
on the pavicad, or the paylead v pushed up toward the UAV, the handle 416 i nwoved
upwardly relative to the payload coupling apparatus 400 and swing arm 412 and the upper
portion of handle 416 above aperture 418 of the pavload presses against second end 412 of

swingearn 406 which i caused to move tnwardly {vausing spring 539 o compressl, as shown
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i Figore- 4D Onoethe pottion of handle 416 above the apertare 418 moves uptwardly past
the second end 412 of swing arm 400, the swing arm 406 moves outwardly by the force of
spring 359 through the gperture 418 of handle 416 of the payiead. Az g result, the handle 416
is antomatically locked into engagement with the payload couphing apparatus 400, and the
pavisad coupling apparstys 00 with bandie 416 of the pavioad positionad over swing mm
405 gan then be lowered together by tether 404 during pavioad delivery.

HUET] Alernstely, as shown in Figures 48 and 4C, a second way of secunng the
handle- of the pavioad 1o 2 pavioad coupling spparatys i dHustried,  In Figwe 48, the
pavioad couphing apparstus 400 hay pot bees fully winched upwardly inte the pavioad
receptacle 550 such that cam follower 536 is vot yvet in engagement with camn 554 of swing
arm 406, Onee handle 416 reaches a desired position within the payload receptacle 330, a
sensor 449 may be wriggered or tripped sending a signal to further winch gp the payload
coupling apparatus 4000 As the paviead coupling apparstus muoves upwardly as shown i
Figure 4C, the cam follower 356 engages cam 554 on swing arm 406 and the swing som 406
iy moved from #s closed, retracted position (shown in Figere 48) o an open, extended
position {shown in Figure 4C) where the second end 412 of swing amm 406 is extended
threugh opening 418 in handle 416 of the pavicad.  In this wmanner, the payiosd s
antomatically secured to the VAV by the swing arm 406 extending through opening 418 i
handie 418 of the pavioad.

{0148] In cither way of seowring the handle of the payload w0 the paylead coupling
apparatus, 1 ovder-to sHow the swing arm 406 o votate 1o secure the handle 416 of the
payioad 1o the payload coupling apparaties 400, the cam follower 356 may take the form of a
spring-loaded cam follower having a spring 339 The cam followsr may have other
geomneirios and condigurgtions bevond those shown,  Specifically, the force of the cam
follower 556 apainst the cam S84 may cause the swing arm 406 o votate around the pivot
point 40N uatd the second end 412 of the swing arm 406 extends through the opening 418 of
the handle 4169 an acute angle with respect 10 the housing 402

{0149} With the second end 412 of the swing arm 406 extending through the opening
418 of the handle 416 at an acute angle with respect to the housing 402, the swing arm 406
formys g hook on whivh the haadle 416 of the pavioad may hang, To delivir the pavioad, with
the payioad attached o the swing svm 406 by the handle 416, the pavioad coupling apparatus
400 may be lowered fromthe UAV by the tether 404, Forinstance, the UAY mayanclade a
spool for winding and wowinding the tether 404, By wnwinding the tother 404, the payvioad

couphng apparstas 400 may be lowerad away from the UAY {o.g., 1o the pround).

s
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R Omegs the pavioad 481 hay been completely fowered 16 the proond, the
pavioad coupling apparatus 400 may passively detach from the pavioad by continuing to
fower the pavioad coupling apparatus 400 from the VAV, As the payload coupling appsratus
440 15 Jowered, the payload (and consequently the handle 416} remaing stationary on the
ground. By sufficiently lowering the payivad coupling apparatus 400 with respest to the
handle 416, the spring mechanism 409 causes the second end 412 of the swing anm 406 ©
retract through the opening 418 of the handle 416 and into the boasing 402 {ie., 1o the closed,
retracted posision) once the handle 416 no longer obstrocty the-opeving 414 of the housing
402,

{315} Wheyn further unwinding the tether 404 and lowering the payvload coupling
apparatus 400 after the pavioad reaches the ground, o dewnward gravitational force andior a
divivard inertial force dug to the downward motion of the pavioad coupling appacatus 400
cause the payload coupling appasatus 404 to move downward with respest (0 the handle 416
and detach from handle 416, allowing the swing arm 406 to retract through the opening 418
of the handle 416, The steps of delivering a pavioad are thutrated in Figores 128-12D,
{0152] Reforring next o Figure 6.8, another example pavioad coupling spparatas 600
for retrieving andior passively-releasiug 2 pavioad is allostrated.  Stadar 10 the pavioad
coupling apparatus 400 depicted in Figores 4A-C, the pavioad coupling appuratus 600
depicted in Figare 6 may inglude a bousing 602 coupled to a UAV by a tether 604, However,
rather than only having ong swing arn, the pavinad coupling apparatus 600 may include two
swing artis 606, 608 cach adapted to rotate sround one of two pivol points 610, 612, The
swing arma 606, 608 may be coupled by a spring 614 such that when the spring 1S in a rest
position, the swing a'ins 606, 6% are 1 the closed, retracted position (Lo, the ends of B
swing arnw 606, 608 are located within the housing 6032},

{83} Like the payload receplacle S50 depieted in Figures 4B and 4, the pavioad
receptacie HEI depicted my Flzures 7 and 8 may melode a Bollow shafl 72 havimg sn et
diameter at least slightly larger than an owter diameter of the housing 602 such that the
pavinad coupling apparatus 600 may it mside the shall 702 when the swing arms 506, 608
are in the closed {or retracted) position as depicted in Figures 6 and 8.

{6154 As the UAV winds the tether 604, the paviead coupling apparatus 608 may be
pulfed further nto the shafl 702 until & cam 704 of one of the swing arms 606, 608 makes
contact with a cam follower 706 of the payload receptacle OO, As Hlustrated, the swing arms
646, 608 may elude cims 704 that extend outside of the hoosing 602 when the swing arms

606, 608 are in the closed posiion. In some embodiments, the cam follower 706 msy be a
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spring-toaded cam-follower similar to the cam follower 536 depicted in Figares 48 amd 4C.
Alternatively, the cam follower 706 may he a rofating element, such as & whesl, adapted 1o
make a rolling comtact with the cam 704, or the cam follower 708 may be a stationary
alement, such as asurface of the hollow shaft 702,

{3155 In the arangement depioted i Figures 7 and 8, when the cam followsr 706
gontacts the cam 704, the cam follower 706 may exert a force on the gam 704 pushing the
cam 704 towards the housing 602, thereby causing swing arm 608 to rotate svound pivot
point 612, Tlas rotabon of swing army 008 may comprass. e spring 614, cansing the spring
H14 1o exert a fimee on swing amy 606 The foree on swing arm 606 fmay cause swimg am
H06 to votate ground pivot point 610 onti swing arm 608 1% in the open {or extended) position
as depicted 1o Figwre 8. o the open (or extended) position, the sccond end of swing arn 605
may extend through an opening of the housing &2 and through an opening in the shaft 702
of the payioad receptacle 700 and through a handle of a payload.

{0156] As dlustrated m Figures 6-8, the pavload coupling apparatus 600 may
advantageousty be used during the automated retvieval of 8 pavlogd. In particolar, whena
handle of w pavioad & posttioned & desired distance within the UAV, the swing army may be
extended throvgh an aperture in the handle of the payload 1o secure the pavioad o or within
the UAV,

H e During the course of payload retrieval, a handle of the payivad is moved
apwvardhy o slot T8 n pavicad meeeptacle 7000 In the same manner as desenibad above
seith respeet (o Figare 40, as it moves apwardhy indo pavload receptacte 708, the portiony of
the hoendle above the aperture in the handle may force the swing am 606 imwardly {and
cosnpress spring 614 & the same timed uniil 1L moves past the outer end of swing arm 806 at
which peant the swing arm again i3 extended by ovtwardly by spring 614 through the aperture
in the handle of the pavload. As a result, the handie of the pavioad is auntomatically locked
inte engagement with the pavicad coupling apparatus 800 with swing amm 606, and the
pavioad coupling apparstus 600 with the bandle of the payioad posttioned over swing ann
&0 can then be lowered together by tether 604 during pavioad delivery.

{6158} ARernately, as shown i Figore 7, the pavioad coupling apparatus 600 has not
bean fully winchad upwardly o the payioad receptacle 700 such that cam follower 706 &
not yet in engagement with cam 704 of swing arm 608, Onve handle of the payload reaches 8
desived position within the payload receptacie 700, a sensor 719 may be triggored oy tripped
sending a signal o fether yeinch up the pavisad coupling apparatos 600, As the payload

couphng apparatus 60 moves upwardly as shown in Figure 8, the cam follower 706 engages
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cam 704 on swing avm 608 and the swing arm 606 is moved from ts closed, retracted
position {shown in Figure 75 16 an open, exiended position where the second end of swing
arm 506 is extended through an opening in the handle of the pavioad. {n this manner, the
pavicad 1s automatically stcured to the UAVY by the swing arm 606 extending through an
aspening i the handle of the pavioad.

{6159} With the swing arm 606 in the open (extended) position (e, exiending
throngh an opening of the housing 02 at an acute angle with respect o the housiag 602}, the
swing anm 806 forms a hook o which a payiosd sy bang. Thus, the UAY may deliver the
paviond by lowering the pavioad couphing spparstus 500 {and conseguently the pavioad
hanging from the payload coupling apparstas 600 o a target location, at which pont the
pavioad coupling apparatus 600 may detach from the payvload as described above with
reference to the pavload coupling apparatus 40 depicted 10 Figares 44-C.

B 160] Referring back to Figures 4B, 4C, 7, and 8, in order for the cam firllnvers 356,
706 of the pavicsd receptacles 350, 700 1o contact the cams 554, 704 of the swing arms 406,
606, 608, the pavload coupling apparatuses 400, 600 may need 1o be properly alipned within
the-pavioad receptacles 530, 700, Thus, the pavioad coupling apparatuses 300, 600 and the
payiond receplacies 550, 700 may include one o more abipmment mechamsms, Fipares 9 and
10 sllustrate such alignment mechanisnis with respect to payload couphng apparatas 800,
according to an example embodiment.

jt161] The payicad coupling apparates B00 may mohude & housing 802 having a first
ghenment mechandsm:  The frst alignment mechanisny may inchude a protruding arca 884
that protrudes from the housing 302 and avecessed area 806 adjacent to the protruding area
804 that 15 recessed with respect to the protrading aved 804, A portion of the protrading area
404 may be defined by a first helical edge 808 and a second helical edge 810, Helicsh edge
348 may be arvanged along a portion of a helical path traversing a porhion of the bousing 802
sla finst slope. Sinilarly, belical edge 310 may be arranged slong a portion of & helical path
traversing a portion of the housing 802, but at a second slope opposite in direstion from the
tirst slope. in this nranner, the helical edges 808, 810 may intersect at an apex 812 of the
protrading area 804,

{0162} The recessed arca 806 adjsoent 1o the protrading area 884 may also chudea
first helical edge 814 snd a second helical edge 816, Helieal edge 814 may be arranged slong
a portion of a helical path traversing 8 portion of the housing B2, and such a belical path
may have a slope similar or eguivalent to the slope of the helicad path defined by helical edye

N8 of theprotruding ares 804, Similaly, helical edpe 816 may be arranged along a portion

(9%
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of a helical path traversing & portion of the housing 382, and sudh a helival path may have a
slope sinndar or equivalent to the slope of the heheal path defined by heliwal edge 810 of the
profruding srea 804, In this manner, the helicad paths defined by helical edges 814, 816 may
be arranged 10 mfersect al an apex of the recessed arca 806, However, as depicted in Flgure
9, -this intersechon point of the helical pathy may colncide with an opening 818 n the howusing
802 through which a swing aro 820 may exiend,  Thas, the helical edges 814, 816 of the
recessed arca 806 may not converge with one another,

{8163 In- additton to the protredingrarea 804 and the vecessed aren 806, the pavioad
coupling apparatus SO0 may further include a second protrading arca {not shonwn) similar in
design o the protruding area 804 located on 2 side of the housing 802 ﬁim{:tiy oppasite the
protruding area 804, as well as a second recessed area {not shown) similar in design (o the
recessed avea BOS located on 4 aide of the housing 8082 divectly oppostte the recessed area
806, Such an arrangement of opposing protroding and revessed areas may allow for the
payioad apparatus 800 1o be aligned bt one of two pmition& rotationatly offset from one
another by 180 degrees.

jored] As depicted in Figwe 10, the pavioad receptacle 858 may inclade 2 hollow
shaft 832 for recetving the pavioad coupling spparatus 800, sud the hollow shaft 832 may
inclede g second alignment mechamisn adapted 1o intedock with the frst alignmeny
mechasism of the payload coupling apparatus 800, The second alignment mechanism niay
inchude o prodruding area 854 that protrudes from a surfzce of the shaft 882, Similar to the
protrading sves 804 of the paviosd conpling apparstas 808, & portion of the protruding area
854 of the pavioad receptacle B30 may be defined by-a first helical edge 856 and a second
helical edpe 8538, Helical edge €36 may be amranged along a portion of a helical path having
a first slope and traversing a portion of the shaft 832, Similarly, hehical edae 458 may be
arranged along a portion of a helical path having & second slope and traversing 8 postion of
the shaft 832, The slopes of helical edges 856 and R5E may be sumilar or squivalent to the
slopes of helical edees 814 angd 816, respectively, such that helical sdges 856 and 838 may
fntersedct at an wpex 86U of the protrading area 854,

{0165] When the pavload coupling apparatus 300 is veceived by the pavioad
receptacie 850 (e, due to a UAV woiding o tether coppled o the pavioad coupding
apparatues 8003, the alipament mechanisms of the pavlpad coupling apparatus 300 gad the
payload receptacte 830 may contact one another. In practice, an edge of the profruding srea
354 of the payioad receptacle 850 may contact an edpe of the protruding aves B804 of the

payioad coupling apparates 800, Based oy the manner in which the protnuding areas 354,
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04 contact oneanother, the pavload coupling spparatus 800 may votate within the paviead
recepiacie 850 until the alignment mechanisms inferlock, that 15, when the protruding area
854 of the pavioad receptacie 830 aligns with the recessed area 806 of the pavioad coupling
apparatus 804,
{t166] As the payload coupling apparatus 800 s pulled indo the pavieoad recepiacle
830, the gligmment mechonisoy of the pavload receptacle 850 may align with various portions
of the alignment mechanism of the payload coupling appsratus 800, In one example, as
depicted in Figore 18, apex 860 may aligrowith the mtenection point of the belical paths
associated with hehical edges 814 and 816, In this case, the paviead coupling apparatus 380
may not rofate at all, as the aligrenent mechanisms are already aligned such that protruding
area $54 may interlock with recossed area 806, Tn another example, apey 868 may align with
hehical sdgs 808, Iy this case, helical edges 308 and 856 may contact ong another, and their
helical shapes owy canse the payicad coupling spparatus 800 o rotste clockwise until
protruding ares 854 aligns with and interlocks with recessed area 806, In vet avother
example, apex 860 may align with helical edge 810, In this case, belical sdges 10 and 858
may confact ong another, and their helical shapes may cause the pavload soupling apparatas
00 1o rotate counterclockwise untid protruding area 854 alipns with and interlocks with the
recessed area {(wot shown) that is opposite front recessed aren 806, Other examples are
possible as well,
{8167} Fipure 3A shows a porspective view of a payioad retrieval and delivery
apparatus 300 heving payvioad 510 seowred thereto, according to an example embodiment.
Payload retrieval and delivery apparatus 500 inclades a pavicad gading samber §35 that iy
positioned over the top portion $17 of pavload 510, The pavivad guiding member 835 &
used to guide the top portion 517 of payload 510 and handle 511 into a payload receptacle
within the pavload retrisval and delivery apparatus 500, In particular, the paylpad guiding
nember hay 2 lower oper end 3353¢ that extendy over the top portion 317 of pavivad 310
during retrieval.  Ax the UAV s lowered down over the payioad S10, or the pavioad is
pushed upwardly toward the UAV, during retrevsl, the pavioad puiding member 535 has
inwardly tapered walls 3352 and 535b that extend frow the lower open end S350 fowards the
payioad recepitache w the AV and guide handie 311 and tapered opter adgés 310z and SHib
of payload $10 towards the pavload receptacle within the UAV. The UAV {(not showat)
inclades o winch 314 powered by motor §12, and a tether 302 spooled omto winch 814, The
tether 502 15 attached {o 2 payload coupling apparatas 800 positioned within & payload

receptacle 310 positioned within the fuselage of the  UAV {not showis) As described in mowe
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detail above, asthe bondle 311 of payload ST moves apdardly oty the pavioad receptacle of
the LAV, a swing arm or latch on the pavicad coupling apparatus 800 {or 400 or 600 15
extended through an apevture of handle 311 of payload 510 to secure the paylead 510 within
the pavioad receptacie of the UAV. In this embodiment, 5 top portion 317 of pavioad S s
secured within the fuselage of the TTAV, A lockimg pin 578 15 shown sxtending through
handle S11 atiached fo pavioad 510 1o further positively secure the paviead o the UAY
during high speed flight.

{0168} Figure 5B 35 apother cross-sectional side view of pavioad rotrieval and
delivery apparatus 300 and payinad 310 shown dn Figure 5A.  In this view, the payload
coupling apparatas 800 is shown tightly positioned with the payload receptacle 316, Tether
502 extends from winch 514 and is attached to the top of payload coupling appavatus 800,
Top portion 317 of pavlead S10 1 showsn positioned within the fuselage of the UAY and
handle $11 of paviosd S10 i secured 1© pavioad coupling spparatus 800, Towardly tapered
wills 5353 and 535h of guiding member 335 extend over and closely conform o tapered
onter edges St and 510b of pavicad 510, and help o propedy position the payload beneath
the TTAY.

{0169 Figures 54 amd 3B disvlose pavioad 510 mking the shupe of an serodynanic
hexagonally-shaped tote, where the hase and side wally are spe-sided hexagons and the tote
inclades generally pointed front and rear surfaces formed at the intersections of the side walls
and base of the ote providing an seradynamiz shape, Pavieads having differsnt shapes and
configurations may alse be ased.

{6174 Figure 11A shows @ perpective view of a recessed restratut slot and payload
receptacie positioned moa faselage of 2 UAV. Tu parbicuar, payvioad retrioval and delivery
svsiem 580 inclwdes 8 tuselage 575 having a payload rooeptacte 576 therein that meludes
inward protrusion 330 having cammed surfaces 5302 aund 5306 that are adapied to moate with
corresponding cantmed serfaces on a pavioad coupling apparates (aot sheswn). Adso-indluded
is 4 longitudinally extending revessed restraint slot 540 intoy which & top portion of a paylnad
is adapted 1o be positiored and secured within the fuselape 5§75, Apavioad puiding membet
335 extends dowowardly from fuselage 575 and bas a lower opon end 835¢ that tapers
inwardly wwards recessed restraint slot 540 along taperad walls 5352 and 535b that serve o
guide an upper portion andfor o handle ofis pavioad fowards the recessed restraint slot 540,
{6171} Alremmately, or i addition to having pavload guding member 533 shown
Figure 1HA, as shown in Figure 11B, a pavioad rotrieval and delivery svstoms 5887 may

- oy

include a fuselage 53757 having 3 payload receptacly 3767 therein, where the paylead
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receptacle 3767 inclades 2 longitudinally extending recessed restraint slot 840" into which a
top portion of a pavioad i adapied © be positionsd and secured within the payload reteval
and delivery svstem 3807, As shown in Figure 1B, & pavicad guiding member 3357 i
shown that extends nternally within the payload receptacte 5767, Payload guiding menber
S35 tnchudes opposite end walls 538, and apposed side walls 33587 wiach taper wvardly
towards recessed restraimg slot 3407, and the tepered walls 53537 and 5350 serve to guide an
upper portion andéor or handle of a payload towseds the recessed vestraint slot 5407, In
additton, the payload puiding member 333 shown in Figure 1A could be further attached
beneath the payload retricval and delivery system 5807 showr in Figure 1B o provide a
combined payioad puiding nember that extends both imtemally and externally from the
payioad retrievid and delivery system S8,

{172 Figure 12A ix g side view of payicad 310 having upwardly extending sides
S10a and 518h. Handle 511 is positioned at the top of payioad 510, and has aperturs §13
adapted for attachment o a paylosd coupling appavatus (not shown). Handle SH further
inchudes operings 524 and S26 that may be used for further securing purposes within the
VAV,

{8173} Figure 128 shows 3 side view of a payvioad 510 suspended from tether 302
with & handle 511 of pavload 510 secured within a puayload coupling spparatus 600 as the
pavioad 310 moves downwardly prior to touching down for delivery.  Prigr to payload
touchdown, the handle 311 of paviead 510 ncludes an aperture 513 twough which a swing

arm or hook of pavicad coupling apparatus 600 extends. The pavinad couphing spparatus 680

is suspended from twther 302 during deseent of the payvioad 31 o a fanding site.
{01 -ii Figure 130 shows & side view of pavioad 316 affer payload 310 bhas landed on

the grovmd showing paylomd coupling apparatus 600 decouplad from handle §11 of payload
S10. Ones the paylosd SI0 tfonches the ground, the payload {:(mpimg gpparatus 6060
continges o move downwardly (as the winch further unwinds} through inertia of gravity and
decouples the swing grm or hook 606 of the pavioad coupling apparatus 600 friun hangle 511
of payload 510, The peyload coupling apparatus 600 remains suspended from tether 502, and
can be winched back up to the payload receptacle of the UAY,

{0175 Figure 12D shows a side view of pavioad 310 with pavicad coupling apparatus
H00 moving away from handle SH of payload S10. Here the pavioad coupling appacatus 600
s completely separated from the aperture 313 of bandle 311 of payload 310, Tether 502 may
be used to wineh the payload couplivg apparalis back to the payiosd receptacke positioned in

the foselage of the VAV,

i
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{0176} Figure 13A 18 a side view of handle 511 of payload 5310, The haadle §11
wmetudes aperture 513 through which the swing s of hook of 4 payvioad coupling apparatus
extonds throngh to suspend the pavioad during delivery, or during retvieval. The bandle 511
includes a lowes portion 315 that 15 secured to the top pottion of 2 pavinad. Also included e
fodes 324 and 526 through which ave adapted to secetve locking pins positionsd within the
tuselage of a UAV, where the focking pins may extend to further sscure the handle and
pavioad nog secure position during high speed forward flight o 8 delivery location. The
handke 311 may be coppprised of a thin, Bexible plastic matesial that is Heaible and provides
sufficient strength to suspend the payload beneath a UAV during forward flight to a delivery
site, angd during delivery anddor retrieval of a pavioad. In practice, the handle may be bentio
secwve the handle to & paviead coupling appavatus.  The handle 317 abse has suflicient
strength to withstand the torque daring rotation of the paviead coupling apparatus int the
desired orientation within the payload receptacte, sud votation of the fop portion of the
payinad into position within the recessed restraint slot (shown in Figure 1)

{8377} Figare 13B iy g porspective view of pavioad coupling apparatus 66 having
swing arm 606 extending through apertare 513 of bandle 511 of & pavioad, where swing am
506 secures handle S11 of the payload to the payload coupling apparatus 600 duritng the
process of rewrieving the paviosd.

{178] Fuaures BALD illustrate steps of a process of UAY 900 retrieving payload 310
that is positioned on the grownd. In particular, Figure 1A is a sidi view of AV 900 moving
downwardly over payload 510 to start the process of retrieving payload SHL UAV 800
mcludes o payload coupling apparatus 600 posttioned thevein, and alo includes a payload
guiding member 535 extending downwardly from wnderside 992 of TIAV 9060, Payload
gutdimy member 335 moludes tapered side walls 5338 and 5350 that feper inwandly from
fower end S350 of the pavioad guiding member 533 towards LAV 800, Payioad S i
shown positionad on the ground. Paviead 310 i3 configured having tapered upper walls 310a
snd 3106 and an ypwanlly estending hamdle 511 The tapered side walls 335a and 3350 of
pavicad guiding member 333 are configured to conform to the tapered upper walls 510 and
3106 of paylead 310, Qther configurations and geometries of payload guiding member 533
and tapered side walls 5332 and $35b may be configured fo oparate with a payioad having
differently shaped upper walls 5108 and 510h.

{6179} Figure 148 is a side view of UAV 900 with payiond guiding moember 335 of
UAY 8 lonwered onto paviead 310 during the nextstep of the retrieval process. In Pigure

148, as the UAV 201 is lowered over pavioad 518, the tapered sidecwally 3353 and 835hof
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pavioad gurding member 335 have piided the handle 3P and tapered opper walls 3102 and
$10b unti! the mside of tapered side walls 333a and 535b of pavioad guiding member 535
clogely conform to the tapered upper walls 5102 and 510b of payload S10. At this point, as
shown in F-igum 148, handle S of payload 310 hay been secured to pavicad coupling
spparatus S00 positioned within UAV 808 jn the wanner dexertbed i detndl above with
respeet to Figores 4A-C and 6-8,

joisn) Figure 14C 15 g side view of UAV 900 flying away with pavload 510
positioned within payioad guiding member 535 of VAV 500 and bondle 511 secard 1o
pavioad coupling apparatus 600 within UAY 900, In this retricval operation. shown in
Figures 14A-C, the UAY 1« not required to land and the UAV 900 simply hovers over
pavioad SH and lowers wsell onto payload 510 0 secare the handle 517 of payload 510 1o
pavioad coupling apparatus 600 and then s able to fly away to a delivery site, Pavload
retrieval where the UAV ix not required 1o land provvides sigoificant sdvantages because in
somie pavioad retvieval sites i is difficnlt to land the VAV becanse of the terrain or other
obstacles pn the ground. Further, in the payload reteteval operation shown in Figures 14A-C,
pavioad retrieval may be done antematically without requiving human involvement n
securing the payload 318 to the LAY D00 during the pavinad retvwval process.

{81} Figures 15A-1) fllnsteate a process of LAY 900 reivteving 810 from a pavioad
foading appasatas 568, UAVY 800 ncludes a payioad coupling apparatus 600 positioved
therein and alse includes & payload puiding member 335 extending downwardly from
underside 902 of LAV 500, Pavload guiding member 335 ncludes tapered side walls 333
and 335h that aper wvwardly from lower end 335¢ of the payload guiding member 333
fowardy UAV B00. Figure 15A 8 3 side view of LTAVY 900 having landed on payicad loeding
apparatus S6{ with paviogd 510 positioned within pavioad loading spparatus 560 to start the
process of retrieving payload SHL In this process, as shown in Figure 18A, fower end §335¢
of payvload guiding member 333 s positioned on upper landing platform 362 of pavioad
foading apparstus 360, Pavlosd 510 15 shown posttioned within payiead loading spparatus
360 aop loading platform 370, Pavioad 510 18 configured having tapered uvpper walls 310a
and 3100 and an upwardly extending handle 511 The tapered side walls 3382 and 335b of
pavicad guding member 333 are configured tv confornt to the tapered upper walls 310z and
510b of payload 310, Gther configurations and genmetries of payioad guiding member 535
and tapered side walls 3352 and 535b may be configured to operate with @ payload having

differently shaped upper walls 510a and S10b:
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{01821 Figure 13818 4 aide view of TAY S positiongd on upper landing platform
362 of paylcad loading apparatas 360, as is showa in Fygure 15A. In Figore 138, bading
platiorm 570 has been moved upwardly by platform extender $72 to move upper tapered
walls 310a and 3106 of payicad 510 into payload guiding member 535, In Figwe 158, as
pavisad 31 Iy pushed vpwardly by platform extender 572, the apered side walls 333z and
53386 of paylosd guiding member 333 have guided the handle 5171 and tapered upper walls
510a and S10b of payload 310 towards pavioad coupling apparatus 500, woti! handle 311 of
payioad S18 s positioned bepeath payload coupling apparatos 680,
{0183 Figure 13C 15 a side view of UAV 260 as shown in Figures 13A ad 158, with
payload 318 funther pushed upwardly by platform extender 572 1nto pavioad puiding menmber
535 until handle 511 is engaged with payload coupling apparatus 600 doring the next step of
the retrisval progess. In Figure 15C, as payload 510 is pushed upwardly towards UAY 900,
the taperad side walls 5352 and 333b of pavicad guiding menber 539 have guided the handle
311 and tapered upper walls 310 gud 510b until the inside of tapered side walls 535 and
533b of pavioad guiding member 833 closely conform to the tapered npper walls $108 and
$10b-of payload 518, At this point, as shown in Figure 15C, handle SH of payload 510 has
been secured to payload coupling apparstus 600 posttioned within LAY 900 in the manngr
deseribed i detail above with respeet to Figures 44-C and 6-8.
{184} Figure 1503 43 a side view of UAY 900 8ying away with pavlead 3160
positioned. within payload goiding member 533 of UAV 900 and handle 311 secured o
pavioad coupling appasatus 600 within LAY 800, In this rvewioval operation shown in
Figwrey 13A-D, 2 paviead loading apparatuy 560 15 provided that is used 1 push a payload
310 nto seaure engagement with UAY 8000 Ax o resalt, pavioad retrieval tiay be dome
automatically without requiring human involvement i securing the paviocad 318t the UAV
S0 during the payload retrieval process.
{8185 Figures 16A-C iHustrate a provess of UAY 900 retrieving 310 from a payload
loading apparatus 360, UAV 900 inclides 3 pavioad coupling apparstus 600 positioned
therein and alse mcludes 3 payvload goiding member 535 extending downwardly from
underside 902 of VAV 900, Payload guiding member 5335 includes tapered side walls 3335
and S35 that taper mwardly Bony ower wnd 333¢ of the paviead guiding meinber 833
rowards AV 900, Figure 16A 1 a side view of UAY 00 having landed on payload loading
apparatus 360 with payload 510 positioned within payload loading apparatus S60 1o start the
process of retrieving pavioad 310, In this provess, as shown in Figare 16A, underside 902 of

VAV B0 15 positioned myv upper landing platferm 362 of pavioad loading apparatus 564, and
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pavioad guiding member 838 extends hito the pavicad Toading apparatus 560, Pavload 5101
shown positioned within payload loading apparatus 560 atop loading platfoom 570, Pavioad
$10 s vonfigured having tapered upper walls £10a and 5100 and oo upwardly extending
handie 311, The tapered side walls 3332 and 53350 of payioad guiding member 833 we
cenfigured to conform to the tapered uppey walls SHla and 310b of paviead 51 Qther
configurations and geometries of payload guiding member 335 and tapered side walls 3352
and 535b may be configured 1o operate with 8 payload having differently shaped upper walls
310 and 510b.

{01R6] Figure 168 is a side view of UAV 900 as showir in Figures 184, with pavicad
§10 pushed upwardly by platform extender 372 inte payload guiding member 538 antil
handle 511 15 engaged with payload coupling apparatus 600 duning the next step of the
retrieval process. In Figure 168, ax payivad S10 is pushed upwardly towards UAV 900, the
tapered stde walls 535 and S35b of pavioad guiding member 333 have puided the handle
511 and tapered upper walls S10a and 5100 until the inside of tapered side walls 535 and
533b of pavioad guiding member 833 closely conform to the tapered npper walls $10s and
$10b of payload 510, At ihis point, a8 shown in Figure 168, handle 511 of payload 510 has
been seeured to puvivad coupling apparatus 600 posttioned within LAY 900 in the manner
deseribed i detail above with respeet to Figures 44-C and 6-8.

{87 Fiawe 160 s a side view of UAV 900 fiving away with payvload 510
positioned. within payload goiding member 533 of UAV 900 and handle 311 secured o
pavioad coupling appasatus 600 within UAY 800, In this rewrieval operation shown g
Figures 10A-C, a pavivad loading apparvatus S84 is provided that is wsed to push a payvload
310 nto seaurs engagement with UAY 8000 Ax o result, pavioad retrieval iy be dome
automatically without requiring human involvement i securing the paviocad 318t the UAV
S0 during the payload retrieval progess.

Vi Ceonclusion

{0188] The particular arrangements shown in the Figures should not be viewed as
fwting, 1t showld be understood that other implémentations ay melode more or less of
each element shown In g given Figure, Further, some of the ilustrated elements way he
conibined or otntlted. Vet further, an exomplary mplomentation sy inclide slements that
are not tHlustrated 1n'the Figures,

{B1R9} Addhitionslly, while various aspects and poplementabons have been discloged
heretn, other aspects and implementations will be apparent to those skilled w the art. The

varios aspects and implementations disclosed hereln are for purposes of tHastration and are
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aot ntended & b Bodting, with the frue scope and spinit being ndicated by the following
claims. Other moplementations mav be utilized, and othey changes may be mads, without
depatting from the spirit or scope of the subject matier presented havein. Bwill be veadily
understood that the aspects of the present disclosure, as generally described herein, and
HHustrated in the Rgurss, can be avranged, xabxtituted, combined, separated, and designed in a

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



CLAIMS

What is claimed is:
1. A payload retrieval system comprising:

a UAV having a payload receptacle positioned within the UAV;

a payload coupling apparatus positioned within the payload receptacle;

a tether having a first end secured within the UAV and a second end attached to the
payload coupling apparatus; and

a payload guiding member positioned in an underside of the UAV for guiding, during
retrieval of a payload having tapered upper walls and an upwardly extending handle, at least
part of the payload into the payload receptacle to enable the payload coupling apparatus
positioned within the payload receptacle to be secured to the handle of the payload, wherein
the payload guiding member includes inwardly tapered walls on an interior of the payload

guiding member that are configured to conform to the tapered upper walls of the payload.

2. The payload retrieval system of claim 1, wherein the interior of the payload guiding
member tapers inwardly from an open bottom end toward the payload receptacle.

3. The payload retrieval system of claim 2, wherein the payload guiding member is

positioned at least in part externally from the underside of the UAV.

4. The payload retrieval system of claim 2, wherein the payload guiding member is

positioned at least in part internally within the underside of the UAV.

5. The payload retrieval system of claim 1, wherein the payload coupling apparatus
includes a swing arm or latch that is extendable and retractable, the swing arm or latch adapted

to secure the handle of the payload within the payload receptacle.

6. The payload retrieval system of claim 5, wherein a switch or sensor is positioned within
the payload receptacle operable to determine when the swing arm or latch should be extended

through an aperture in the handle of the payload.

7. The payload retrieval system of claim 6, wherein the first end of the tether is secured to
a winch positioned within the UAV; and wherein upon activation of the switch or sensor, the

payload coupling apparatus is adapted to move upwardly by the winch, and a cam follower
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adjacent the payload coupling apparatus is adapted to extend the swing arm or latch through

the aperture in the handle of the payload.

8. The payload retrieval system of claim 5, wherein the first end of the tether is secured to
a winch positioned within the UAV, and when the winch is operated to lower the payload
coupling apparatus having the swing arm or latch extended through the aperture of the handle
of the payload, the swing arm or latch is adapted to automatically disengage from the handle
of the payload when the payload is lowered to the ground and the payload coupling apparatus

is further lowered by the winch.

9. A method of payload retrieval including the steps of:
providing a payload retrieval system comprising:
a UAV having a payload receptacle positioned within the UAV;
a payload coupling apparatus positioned within the payload receptacle;
a tether having a first end secured within the UAV and a second end attached to
the payload coupling apparatus; and
a payload guiding member positioned in an underside of the UAV for guiding,
during retrieval of a payload having tapered upper walls and an upwardly extending
handle, at least part of the payload into the payload receptacle to enable the payload
coupling apparatus positioned with the payload receptacle to be secured to the handle
of the payload, wherein the payload guiding member includes inwardly tapered walls
on an interior of the payload guiding member that are configured to conform to the
tapered upper walls of the payload; positioning the UAV over the payload;
lowering the UAV until a portion of the handle of the payload is positioned within the
payload guiding member;
guiding the handle of the payload with the payload guiding member towards the
payload receptacle;
further lowering the UAV until the portion of the handle of the payload is in a desired
position within the payload receptacle;
securing the handle of the payload to the payload coupling apparatus within the payload
receptacle; and
flying the UAV with the payload secured within the payload receptacle.

10.  The method of claim 9, wherein the payload coupling apparatus includes a swing arm

46



or latch that is extendable and retractable, and the step of securing the handle of the payload to
the payload coupling apparatus includes moving the swing arm or latch through an aperture of

the handle to secure the payload within the payload receptacle.

11.  The method of claim 10, wherein the step of securing the handle of the payload to the
payload coupling apparatus involves having a portion of the handle above the aperture in the
handle force the swing or latch inwardly until the portion of the handle above the aperture
moves past the swing arm or latch and the swing arm or latch is extended through the aperture

in the handle of the payload.

12.  The method of claim 10, wherein a switch or sensor is positioned within the payload
receptacle that is triggered to cause the swing arm or latch to extend through the aperture in the
handle of the payload, and wherein upon activation of the switch or sensor, the payload
coupling apparatus is moved upwardly with a winch positioned in the UAV, and a cam follower
adjacent the payload coupling apparatus causes the swing arm or latch to extend through the
aperture in the handle of the payload, as the payload coupling apparatus is moved upwardly by

the winch.

13.  The method of claim 10, wherein the first end of the tether is secured to a winch
positioned within the UAV, and further including the step of delivering the payload at a payload
delivery site wherein the winch is operated to lower the payload coupling apparatus having the
swing arm or latch extended through the aperture of the handle of the payload, and the swing
arm or latch automatically disengages from the handle of the payload when the payload is
lowered to the ground and the payload coupling apparatus is further lowered by the winch.

14. A method of payload retrieval including the steps of:

providing a payload retrieval system comprising:

a UAV having a payload receptacle positioned within the UAV;

a payload coupling apparatus positioned within the payload receptacle;

a tether having a first end secured within the UAV and a second end attached to
the payload coupling apparatus; and

a payload guiding member positioned in an underside of the UAV for guiding,
during retrieval of a payload having tapered upper walls and an upwardly extending

handle, at least a portion of the payload into the payload receptacle to enable the payload
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coupling apparatus positioned within the payload receptacle to be secured to the handle

of the payload, wherein the payload guiding member includes inwardly tapered walls

on an interior of the payload guiding member that are configured to conform to the

tapered upper walls of the payload;

landing the UAV on a payload loading apparatus at a payload retrieval site, where the
payload is positioned beneath the UAV;

pushing the payload upwardly until the handle of the payload is positioned within the
payload guiding member;

guiding the handle of the payload with the payload guiding member towards the
payload receptacle;

further pushing the payload upwardly until the handle of the payload is in a desired
position within the payload receptacle;

securing the handle of the payload to the payload coupling apparatus within the payload
receptacle; and

flying the UAV with the payload secured within the payload receptacle from the
payload retrieval site.

15.  The method of claim 14, wherein upon landing the UAV on the payload loading

apparatus the payload guiding member is positioned within the payload loading apparatus.

16.  The method of claim 14, wherein the payload coupling apparatus includes a swing arm
or latch that is extendable and retractable, and the step of securing the handle of the payload to
the payload coupling apparatus includes moving the swing arm or latch through an aperture of
the handle to secure the payload within the payload receptacle.

17.  The method of claim 16, the step of securing the handle of the payload to the payload
coupling apparatus involves having a portion of the handle above the aperture in the handle
force the swing or latch inwardly until the portion of the handle above the aperture moves past
the swing arm or latch and the swing arm or latch is extended through the aperture in the handle

of the payload.

18.  The method of claim 16, wherein a switch or sensor is positioned within the payload
receptacle that is triggered to cause the swing arm or latch to extend through the aperture in the

handle of the payload, wherein upon activation of the switch or sensor, the payload coupling
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apparatus is moved upwardly with a winch positioned in the UAV, and a cam follower adjacent
the payload coupling apparatus causes the swing arm or latch to extend through the aperture in

the handle of the payload, as the payload coupling apparatus is moved upwardly by the winch.

19.  The method of claim 16, wherein the first end of the tether is secured to a winch
positioned within the UAV, and further including the step of delivering the payload at a payload
delivery site wherein the winch is operated to lower the payload coupling apparatus having the
swing arm or latch extended through the aperture of the handle of the payload, and the swing
arm or latch automatically disengages from the handle of the payload when the payload is

lowered to the ground and the payload coupling apparatus is further lowered by the winch.
20.  The method of claim 14, wherein the step of guiding the handle toward the payload

receptacle includes engaging tapered upper sides of the payload with inwardly tapered walls

on the interior of the payload guiding member.
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