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METHODS AND SYSTEMS FOR DOOR-ENABLED LOADING AND RELEASE OF
PAYLOADS IN AN UNMANNED AERIAL VEHICLE (AW}

CROSS REFERENCE TO RELATED APPLICATION
{0001} The present application. clabms priority 1o USRS, Patent Application No.
157850705, fHled on Degember 21, 2017 and entitded "Methods snd Systems for Boor-
Enabled Loadmg and Release of Pavioads my an Unimanned Aeriad Vebicle (UAVYL which &
hereby mzorporated by reference in its entirety.
BACKGROUND
a6 An unnranned systom, which may alse be meferred to a5 an aulonomous
vehicle, 15 8 vehivke copable of travel without a physically-present human operator.  An
pnmanned system nay opetste in a remote~control mode, 1 an antonomous mode, or in a
partially actonomeats mode:
{6083} Whes an anmaored system oporates in g remote-control musde, & pilel «r
driver that 15 a1 a remote location can contrel the unmaned vehicle via commands that are
sent to the unmansed velucle via g wireless link, When the unmgnned system operates in
agtopomous mode, the anmamed systent typieally moves based on pre-programmed
navigation waypoints, dynamic auiomation systems, or g combination of these,  Fusther,
somie wamanned systews cann operate in both a remote-contrn] miode and an autonomons
mode, and i some fnstances may do sosimultancousty. For instance, a remote pilot of driver
may wish to lsave navigation foan aulpnomous system whils manually perforining ancthie
task, such as operating a mechanical system for pieking up objects, as an example.
{004] Various types of inmanned systems exist for varions different enviromments,
For instance, ynmanned serial vehickes (UA V) are configared for operation i the g {e.g.,
flight),  Examples include quad-copters and tail-sifter UAVs, among others.  Unmanned
systems alse exist for hybrid operations in which multi-environment opetation 18 possible.
Examples of bybrid wamanned vehicles jnchude an amphibious craft that is capable of
operation o land asowell as on water or 8 floatplane that is capable of landing on water ag
well as on land. Othsr examples am also possible,
SUMMARY
{6005] Example Tmplementations may relate o 3 UAV having doors that enable
foading and release of a payiead. Such door-cnubled loading and relesse may in turn allow
the LAV o camy ot pick up and/or delivery pavipad{x) sccording to one or mowe of various

possible approaches. Moreover, this UAV could be a hghtwetght UAV having wexposed



propellers, which could make the UAV suitable for pickup and delivery of smaller and/or
lightweight payloads, possibly in the vicinity of individuals.

[0006] By way of example, the UAV may include a top door on a top side of the UAV’s
fuselage and a bottom door on a bottom side of the UAV’s fuselage, and an opening of each
door respectively may provide access to a chamber within the fuselage, which could be
arranged to temporarily house a payload. In this example, an opening of the top door may
enable loading of a payload into the UAV’s chamber, and an opening of the bottom door may
enable release of the payload from the UAV’s chamber. Generally, such top loading and
bottom release of payloads could be advantageous for various reasons.

[0007] For instance, assuming that the UAV is arranged to substantially land on the
bottom side, the top loading may allow the UAV to land, rather than fly (e.g., hover), during
pickup of the payload, thereby reducing the amount of energy being used by the UAV during
pickup, among other advantages. Additionally or alternatively, when the UAV is at a delivery
location, the UAV may release the payload via the bottom door without necessarily having to
wait for an individual to be present in order to unload the payload via the top door, thereby
reducing the amount of time the UAV spends on delivery of the payload. Other examples are
also possible.

[0008] In one aspect, a UAV is disclosed. The UAV includes a control system
configured to control flight of the UAV. The UAYV also includes a fuselage having a first side,
a second side, and a chamber arranged to house a payload. The UAV further includes a first
door arranged on the first side of the fuselage, where an opening of the first door enables
loading of the payload into the chamber. The UAV yet further includes a second door arranged
on the second side of the fuselage, where an opening of the second door enables release of the
payload from the chamber. The first side can be a bottom side that is substantially oriented
towards the ground during flight of the UAV, and wherein the second side is a top side that is
substantially opposite the bottom side.

[0009] In another aspect, a method is disclosed. The method involves determining, by
a control system, that a UAV is at a pickup location for pickup of a payload, where the UAV
includes a fuselage having a first side, a second side, and a chamber arranged to house the
payload, where a first door is arranged on the first side of the fuselage, where an opening of
the first door enables loading of the payload into the chamber, where a second door is arranged
on the second side of the fuselage, and where an opening of the second door enables release of
the payload from the chamber. The method also involves, in response to determining that the

UAV is at the pickup location for pickup of the payload, causing, by the control system, the
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opening of the first door to enable loading of the payload into the chamber. The method
additionally involves determining, by the control system, that the UAV is at a delivery location
for delivery of the payload. The method further involves, in response to determining that the
UAV is at a delivery location for delivery of the payload, causing, by the control system, the
opening of the second door to enable release of the payload from the chamber. The first side
can be a bottom side that is substantially oriented towards the ground during flight of the UAV,
and wherein the second side is a top side that is substantially opposite the bottom side.

[0010] In yet another aspect, another method is disclosed. The method involves
receiving, by a control system, a request for a transport task to be performed by at least one
UAYV from a group of UAVs, where the group of UAVs includes at least a first UAV of a first
type and a second UAV of a second type, where the first type of UAV includes a fuselage
having a first side, a second side, and a chamber arranged to house a payload, where a first
door is arranged on the first side of the fuselage, where an opening of the first door enables
loading of the payload into the chamber, where a second door is arranged on the second side
of the fuselage, and where an opening of the second door enables release of the payload from
the chamber. The method also involves, based on the first UAV being of the first type,
determining, by the control system, that the first UAV meets a criteria for the transport task.
The method additionally involves, in response to determining that the first UAV meets the
criteria for the transport task, causing, by the control system, the first UAV to perform the
transport task corresponding to the received request. The first side can be a bottom side that is
substantially oriented towards the ground during flight of the UAV, and wherein the second
side is a top side that is substantially opposite the bottom side.

[0011] In yet another aspect, yet another method is disclosed. The method involves
determining, by a control system, that a UAV is at a pickup location for pickup of a payload,
where the UAV comprises a fuselage having a first side, a second side and a chamber arranged
to house the payload. The first side can be a bottom side that is substantially oriented towards
the ground during flight of the UAV, and wherein the second side is a top side that is
substantially opposite the bottom side. A first door is arranged on the first side of the fuselage
and a second door is arranged on the second side of the fuselage The method also involves, in
response to determining that the UAV is at the pickup location for pickup of the payload,
causing, by the control system, an opening of the first door to enable loading of the payload
into the chamber. The method additionally involves determining, by the control system, that
the UAV is at a delivery location for delivery of the payload. The method further involves, in

response to determining that the UAV is at a delivery location for delivery of the payload,
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causing, by the control system, an opening of the second door to enable release of the
payload from the chamber. The method further involves, while the UAV is at the pickup
location for pickup of the payload, causing, by the control system, the UAV to carry out a flip
maneuver, wherein the flip maneuver comprising the UAV landing substantially on the top
side, wherein causing the opening of the first door to enable loading of the payload into the
chamber comprises causing the opening of the first door to enable loading of the payload into

the chamber after completion of the flip maneuver.

[0012] A system is also disclosed. The system may include means for determining that
a UAV is at a pickup location for pickup of a payload, where the UAV includes a fuselage
having a first side, a second side, and a chamber arranged to house the payload, where a first
door is arranged on the first side of the fuselage, where an opening of the first door enables
loading of the payload into the chamber, where a second door is arranged on the second side

of the fuselage, and where an opening of the second door enables
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release of the payload from the chamber. The system may also include means for, in response
to determining that the UAV is at the pickup location for pickup of the payload, causing the
opening of the first door to enable loading of the payload into the chamber. The system may
additionally include means for determining that the UAV is at a delivery location for delivery
of the payload. The system may further include means for, in response to determining that the
UAV is at a delivery location for delivery of the payload, causing the opening of the second
door to enable release of the payload from the chamber.

[0013] Another system is also disclosed. The system may include means for receiving
a request for a transport task to be performed by at least one UAV from a group of UAVs,
where the group of UAVs includes at least a first UAV of a first type and a second UAV of a
second type, where the first type of UAV includes a fuselage having a first side, a second side,
and a chamber arranged to house a payload, where a first door is arranged on the first side of
the fuselage, where an opening of the first door enables loading of the payload into the chamber,
where a second door is arranged on the second side of the fuselage, and where an opening of
the second door enables release of the payload from the chamber. The system may also include
means for, based on the first UAV being of the first type, determining that the first UAV meets
a criteria for the transport task. The system may additionally include means for, in response to
determining that the first UAV meets the criteria for the transport task, causing the first UAV
to perform the transport task corresponding to the received request.

[0014] Another system is also disclosed. The system may include means for
determining that a UAV is at a pickup location for pickup of a payload, where the UAV
comprises a fuselage having a door and a chamber arranged to house the payload. The system
may also include means for, in response to determining that the UAV is at the pickup location
for pickup of the payload, causing an opening of the door to enable loading of the payload into
the chamber. The system may additionally include means for determining that the UAV is at
a delivery location for delivery of the payload. The system may further include means for, in
response to determining that the UAV is at a delivery location for delivery of the payload,
causing, by the control system, an opening of the door to enable release of the payload from
the chamber.

[0015] These as well as other aspects, advantages, and alternatives, will become
apparent to those of ordinary skill in the art by reading the following detailed description, with
reference where appropriate to the accompanying drawings. Further, it should be understood

that the description provided in this summary section and elsewhere in this
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document-is intended to-ithasteate the chiomed subiectmatier by way of exanple and not by
way of Hmitation.

BRIEF DESCRIPTION OF THE DRAWINGS
HEL Figure 1A s a sunplified Hlustration of sy winnanped agrial vehicle, aconrding
toexample mplamentations.
{417} Figure 18 is a simplified Hlustration of an anmamned aengl vehicle, according
1o sxample implernentations.
{0818] Figare 10 iy o aimphifind Hlustestion of an vomanned aerial vebicle, according
fo exapple implomentations.
{6019] Figure 1D 1s a simplified tllustration of an unmanned aerial vehicle, according
toexample implementations.
{3026 Figure 1B iy a simplified dhestvation of an unmanned aerial vehicle, according
to example implementations.
{0621} Figure 2 is a simplified bloek diagram illustrating components of an
anmaenied gertal systeny, according o example implementattons.
{0622} Figure 3 is 2 stoplifted block disgrans illustrating a distributed UAV systam,
according o e.;\‘a'mp'ie nplenteniations,
{0023} Figure 4 is 8 block diagram showing an exemple arrangement for an gerial
transport provider control system, according to example implementations.
joa24] Fipures 3A o 31 are simphified dlustistions of an unmanned acnal vehicle

having g top and a bottom door, according to example implerentations.

{0625] Frgured s 8 Howchart of a method, according to sxample suplementations.
{6026} Figure YA dlustrates door-spabled loading of a pavioad o an unnanned

asrial vehicle, according to example implementations.

HE | Figure 78 illustrates door-enabled release of a pavicad from an unmanwmed
serial vehivde, arcording to example implesnentations.

{0028] Figure SA illustrates another approgch fin door-enabled loading of a payioad
into an anmanned asnig vehicle, sopording to sxsmple implementations.

{0629] Figure 8B iltustrates another approactt for door-chabled release of a payload
fromy ot ubinatined aonal vebicle, sceording to exanysile impletentationy,

{0038 Figure 9 is a {flowchart of another method, according to example
implementations.

HEUCH Figure 10 is a flowchart of vet anothey method, sccording to example

implementations.
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DETAILED DESCRIPTION

{0032} Example methods and systems are described herem. It should be understoed
that the words “example™ gnd "example™ ave used hersin 10 mean “serving as an cxample,
nstanee, or tHustrtion.” Any embodiment or feature describad herein ax boing an “examphs®
or “example” i3 not necessarily o be construed as ;mimul or gdvaniageous over otler
gmbodiments or festures. The example embodiments deseribed herein are not meant to be
touting, It owill be readily understood that certain sspects of the disclosed systews and
methods can be avranged and eoinbined In o wide vasiely of different configurations, all of
which sre contemplated herein.

{6033 Furthermore, the particular arrangements shown in the Figures should not be
viewed as funiting. 1t should be understood that.other emabodimnents nught inclode move or
feny of cach clement shown 1 a given Figure, Further, some of the Hlastrated ¢lements nwy
he vomisined or omitted, Yot further, an oxample embodinient may nclnde eloments that are
not iHustrated iy the Figures.

i Overview

{0634 in practice, an unmanned serial vehicle (UA VY may refer 1o any swtonomoas
of somgutantmous gerial vehicle that v capable of performing stane operations without &
physically present buman piot. Bxamples of sach operattons may inclade pickap of g
payioad ata pickay location and/or subsequent delivery of the pavioad to a delivery location.
HUIR S As UAVs become more prevalent, mmprovements 1o pickup andfor deliverv of
g pavioad by 8 UAV may be beneficial, For nstance, an individual may bein the vicinity of
a LAV for the purpose of loading & pavioad into the LIAV or anloading a paviead from the
VAV, And inmany casey, the payiead at issue may bea small payload (cg., medicine of
food). Thus, 1t is benefivial o arvange 3 UAV so that the UAV provides for safe and miuitive
pickop andfor delivery of a payload i such situation(s).

{38136} Acvordingly, disclosed herein are UAV and configurations thereof, which
provide for door-enabled loading and release of 3 pavioad.  Muowe specifically, a UAV may
have a fivst door arranged on a first side of the UAV’s fusclage and a second door srranged
ot a secoud side of the UAVs fuselage. For example, the second side may be a bottom side
that ¢ substantially oneated towards the ground dorng flight of the UAY, and the first side
may be a top side that is substantially opposite the botiom side, thereby resulting in top and
bottom doors for the LAY . Nonetheless, the doors may cach respectively provide aceess tog
chamber that & formed within the fuselage and that is amanged o temporartly howse a
pavisad. As such, an openng of the first door fo.g.. top doew) may enable foading of the
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pavioad into the chimber, dnd an-bpening of the second doorfeg., bottow doot) may enable
release of the pavioad from the chamber,

{6837} Morcover, the disclosed UAV may have vartous features that coadd provide
for safe loading of a payload into the chamber (e.g, by an individualy andior fov release of a
payisad from the chamber. In parfticular, the disclosed UAY may be a Hghtweight UAV
having g weight that is below g threshold weight. For example, the disclosed LAV may have
8 weight that meets regolations for Hghtweight UAVs, Additionslly or aliernatively, the
VAV gray-bave g propabyen it ingleding propellec(s) that-are unexposed and are thas
prevented from making contact with an individual. For exasmple, the disclosed UAV may
have a shrouded propelier design. Other examples are possible as well.

{68381 Given g UAV arranged as described hevetn, the opeming snd closing of the
first andfor second doors may be carried out manually by an individual andfor mway be
gutomatic. And m the case of automatic control of the doors, the AV could control the
opening andior closing of one or both of the first and second doors, and do so based on
varions facton:

{8639 By way of sxample, the control system of the AV may determing that the
LAV 15 at a piokup ocation for pickup of & payioad, and muy responsively ciuse the opruing
of a1op door so a5 to cnable leading of the payload into the chamber. Onee the em has been
foaded {zg., a3 determnined by the control system hased o sensor datal, the control systeny
may cause the closing of the top door and the UAV may then preosed (o navigate &4
delivery location. Then, the control system may deternuing that the UAV s af the delivery
Iocation for delivery of the pavioad, and nay sesponsively cause the opening of a bottom
door to enable release of the pavicad fromm the chamber, Generally, when a UAVY hes a
bottom door, the release of the payload could be carried out in one of vagrious ways, such as
through a drop of the paviead from the chamber (eg. while the LAV &3 hovering
substantially proximate o the ground} or through « lethered delivery of the pavioed, among
athers, Other exsmples are also possible.

{0640 Accordingly, such g mulbiple door arrsbgement may allive a LAV 1o ¢y nut
pick up anddor delivery payload(s) sccording &y oné or'more of various possible approaches.
{6841] inlinewith the example above, one possible approach may nvolvedhis UAY
carrying ont top loading and bottom relense of & payload, which could be useful for variows
redsons. For instance, assunung that the UAV Is arvanged to sobstantially land on the bottom
side, the top loading way allow the LAV to laud, rather thay 8y {e.g., bover), during pickep
of the pavioad, thereby reducing the amount of sperey baing used by the UAY during pickug,

)
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among othiey advatages. Morsover, this approach may allow the HAV 1o release the pavicad
via the bottont door without necessartly having to wait for an individual to be preseat to cany
out the urdoading of the pavload (s.g., viathe top door), thereby reducing the amount of time
the UAV spends on delivery of thepavload.

{Bfd2] On the other hand, another possible approach may ivolve the LAV carrving
out bottom loading and top release of a pavicad, which could slso be useful for vanous
reasons.  For iastance, the UAV may hover when at a pickup location for pickup of a
pavicad, which may allow an tndivideal o load the pavived onte the VAV via the botiom
door. in practice, such & bottom koading approgch may by advaniagsous i-a siuation where
there s no feasible location at whith the DAY can Tand, among other possibilities.
Furthermorve, i this approsch, the top release/unfoading way be carried out by an individual,
which may be advantageous when the payload at issue iy a high-valee item that ideally
shingld not be left unsttended after delivery. Other exaniples are possible as well

it

{0843} Herein, the torms “ummamned serial system” and “UAVY refer 10 any

autonomons o semb-autonomous vehicle that i capable of pecforming some futwtions
without 2 physically present hunan pilot.

RS A UAV can take varions forms, For example, a LAY may take the form of g
fixed-wing alroraft, a ghider aiveraft, a tail-sitter ajrorafl, a jet awreraft, a ducted fan abveraft, a
Highter-than-air dirlgible such a5 a blimp or steerabie ballooy, a rotovorafl such as a helicopter
or multicopter, andfor an ornithopter, among other possibilities. Further, the terms “drong,”
“pumanned actal vehucle systent” {HAVS), or “anmesmed asoial vebicle” {UAV) may also
be used to refer tog UAV.

{6045] Figure 1A s an isometric view of an sxample UAV 108, UAY 180 meludes
wing 102, booms H4: and 2 fuselage 106, Wings 102 may be stationary and may geserate Hift
hased onthe wing shape and the VAV s forward airspeed. For instance, the two wings 1062
may have an airfoibshaped cross section to produce an aerodynamtie force on VAV 100 In
somie embodiments, wing 12 may carry horizontg! propulsion units. 108, and hooms 104
may cary vertical propulsion anits 119, Inoperation, power Ror the propudsion units may he
provided froma battery commpartent 112 of 'i‘uséiage 106, In some embaodiments, fuselags
106 also inclades an avionits compartment 14, sn additional battery compartent (not
show) sudior a debivery anit (pot shown, c.gl, s wineh system) for handling the payload. In
some embodiments, fuselage 106 Is modular, and fwo or wmore compartments {e.g, battery
compartment 112, avienics conmpartiment 114, nther pavioad and delivery compartments) are

g
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dotachable from each othet and securable fo sachyother (g mechanically, magnetically, ot
otherwise) to contigiwusty form at feast a portion of fusslage 106,

{08da] i some smbodinents, booms 104 terminate in mdders 116 for ingproved yaw
control of VAV 100, Further, wings 102 may terminate i wing tips 117 for improved contrel
of lift of the AV,

{8647] In the flustrated configuration, UAV 100 includes a structural frame. The

@

structural frame may be referred to as a “stenctural Heframe™ or an "Heframe™ {not shown) of
the UAY. The H-froee may inclade; within wings 102, @ wing spar (ot show) and, withip
booms 104, boom carriers (not shown) o sone cmbodiments the wing spar and the boom
carviers may be made of carbon fiber, hard plastic, alumiman, Hght wetal alloys, or other
materials, The wing sparand the hoom carviers may be comnected with clamps, The wing
spar may inclode pre-drilled boles for hortrontal propelsion waits 108, and the boom canders
nay nclude pre-drilled holes for vertical propulsion units 110,

{0648] In soime embodiments, fuselage 106 may be removably attached o the H-
frame (.., attached to the wing spar by clamps, confipured with grooves, protrusions of
other features o matee with comesponding: Heframse featwres, et In other embodiments,
fuselape 106 similarly may be removably attached to wings 102, The removable attachiient
of fusclage 106 may improve quality sad or modularity of LAV 1000 For example,
glectrical/mechanical components andlor subsystens of fiwelage 106 may be tested
separately from, and befre being attached {o, the H-frame. Sinnlarly, printed circutt boands
(PCBs) 118 may be tested separately from, and before being attached to, the boom carries,
therefore eliminating defective parts/subassemblies prior 1o completing the UAV. For
example,. components of fuselage 106 (o, avionics, batfery unit, delivery unils, an
additional battery conmpartment, ¢to) may be slectnically tested before fusclage 106 is
mommted to-the Heframe. Forthermore, the motors and the electronics of PCBy 18 may also
b edecttically iested befiwe the final assembly. Generally, the wdentification of the defective
parts and subsssemblivs carly in the assenbly process fowers the overall cost and lead time of
the UAY, Furthermore, difforent typesimodels of fuselags 106 may be attached to the H-
frame. therefore boproving the miodularity of the design. Such modulanity allows these

various parts of LAY 100 to be upgraded without & substantial overhaut to the manwiacturing

PYOCESS.
{6049 I some embodiments. 8 wing shell and boom shells may be attached o the H-

frame by adbesive ¢ements (eg., adhesive tape, dooblewided adhesive taps, ghig, ere)
Therefors, multiple shells may beattached fo the H-frame instead of having a mwonohithic
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body spraved oo the - Heframe: Inosome cmbodifents, the presence of the multiple shells
reduces the stresses induced by the coefficient of thermal expansion of the stuctural frame of
the WAV, As a result, the UAV may have better dimensional acouracy andior improved
reliability.

{(630) Moreover, i af least some embodiments, the same H-frame may be used with
the wing shell andior boom shells having different size andior design, therefors improving the
modolarity and versatility of the AV designs, The wing shell andior the boom shells may be
made of selatively bight pobymers (e, closed cell foam) coversd by the harder, butvelatively
thin, plastic skins,

{0051} The power and/or control signals from fuselage 106 nmiay be rotied o PCBs
IR theough cables vuoning through fuselage 106, wings 102, and boows 104, In the
Hustrated embodiment, UAY 100 has four PCBs, but other mupmbers of PCHs are also
pussible. For example, UAV H0 may include two PUBS, one per the boom, The PCBs carry
electromic components 119 inclnding, for example, power converters, controliers, memory,
passive components, et In operation, propulsion usits 18 and 110 of UAY 0 are
electrically connected to the PCBs.

{6852} Many variations on the Wlustrated VAV are possible. For instancy, fixed-wing
UAVs may include move or fewer rotor wnits {vertical or horizontal), andfor maey utilive s
ducted fan ov mudtiple ducted fans for propulsion. Fuarther, UAVSs with more wings {sg., an
“xewing' configuration with four wings), are also possible.  Although FIG. 1A illusirates two
wings 102, two booms 104, two honzontal propulsion units 108, and six vertical propalsion
gty 110 per boom 104, it should be apprecisted that other variants of UIAV 160 may be
puplemented with more of less of these componenis.  For exampls, VAV 100 may includs
four wings 102, four booms 104, and more or less propulsion unils Chorizontal or vertical),
{0833] Simtlarly, Figere 1B shows another exarople of a fixedowing UAV 120, The
fixed-wing UAV 120 meludes a fuselage 122, two wings 124 with an airfoil-shapad cross
section to provide hft for the UAV 120, a vertival stabilizer 126 {or fin} to stabilize the
plang’s yaw (urm ol or night), & horizontal stabilizer 128 (slso referred 1o 88 ab elevatoy or
tailplane} to stabilize piich (Ul up or down), Tanding gear 130, and a proplsion amt 132,
witich Can wchide @ motor, shaft, and propeller.

{0054 Figure 10 shows an example of a UAV 140 with a propeller in g pusher
configeration. The term “pusher” refers to the fict that 8 propuolsion wnit 142 18 wmounted at
the back of the HAV and “pushes™ the vehicle Roreard, i contrast o the propulsion unit

being mousted at the font of the VAV, Similar to the desenption provided for Figures 1&

H
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and 1B, Figare 1€ depicts common structures useld it a pusher plone, including a fuselage
144, two wings 146, venical stabidizers 148, and the propulsion unit 142, which can include a
maotor, shaft, and propefler,

{0855] Figure 1D shows an example of a wibsitter VAV 168, Inithe iflustrated
sxample, the tail-sitier DAY 160 hay fixed wings 162 to provide 1 and allow the LAY 160
1o ghde horizomially {o.¢., slong the X-gxis, in a posttion that s approximately perpendicalar
1o the position shown in Figure 1D). However, the fived wings 162 also allow the tail-sitter
VAV 166 1o take off and land vertically onits own,

{0056] For example, at a launch site, the tail-sitter UAV 180 may be positioned
vertically (as shown) with its fias 164 andfor wings 163 resting on the ground and stabilizing
the UAV 160 o the vertical position.  The tatksiter VAV 160 may then teke off by opersting
its propeliers 166 1o generate an upward thrust (e.g., o throst that 18 generally slong the ¢
sxish. Onee at @ suitable sltityde, the wilsitter UAY 180 may use Hs {laps 168 to reotent
tself v a borizonial position, such that ity fuselpge 170 15 closer 1o being aligned with the x-
axi¢ than the y-axis.,  Positioned borizontally, the propellers 166 may provide forward thrust
so that the taib-sitter UAY 16fbcan fly in a'similar manner a8 a typical airplane.

{0857 Many varfations ‘o the iHlusrated fisedswing UAVs wre possible.  For
nstance, fixedswing UAVS may include more or fewer propellers, andior may uiibize g
ducted fan ov mudtiple ducted fans for propulsion. Fuarther, UAVSs with more wings {eg., an
“swing' configuration with four wings), with fewer wings, or gven with no wings, are also
possible.

{0058 As noted asbove, sotw epbodiments sy wvolve othertypes of HAVS,
addition 1o or in the alternative 1o fixed-wing UAVs. For mstance, Figure 1E shows an
exanyrle of a rotororall that is commonly referred fo as a-pultionpter 180, The pulticopter
180 may also he refrred o as a guadcopier, as it includes four votors 182, It showdd be
understood that example smbodirvents may involve a rotorerafl with meve or fewer rolors
than the multicopter 180, For example. a helicopter typically has two rotors. Qther examples
with thres o more rotors are possible as well. Herein, the térm “multicopied™ refors to any
rotorcraft Having more than two rotors, and the term “helicopter™ vifers 1o rotoreraft having
B Tolons,

{0059 Referning to the multicopter 180 in greater detwil, the four rotors 182 provide
propolsion and masenverability for the multicopter 188, More specifically, cach rotor 182
incledes blades that are attached to & motor 184, Configored as such, the rotors 182 may
sllow the muleopter 140 1o whe off and land vertically, o maneuver i any divection, andfor
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0 Hover: Further, the pitch of the blades-miay be adiusted av 8 group andfor differcatinlly,
and may allow the multicopter 180 to contrel s pitch, roll, vaw, andéor altitude.

{a6b] it should be understood that references herein to an “unmanned™ gerial vihucle
ar VAV can apply equally to aulosomous and semi-sutonomous aerial vehicles. In an
sutonomous implementation, all functionality of the aserial vehicle s automated; ag., pre-
programmed or controfled via regl-time computer functionality that responds 1o put frow
varioys sensovs andor pre-determined information. Inoa semb-awtouomons implementation,
somie fupctions of an aenial vehicle may be coutrolied by a human epevator, while othey
fonctions are carvted oul sutonomeusty,  Further, i some embodinents, 8 UAV may be
configared io sllow a remote operstor 10 take over fimctions that can otherwise be controlied
antopomously by the UAY, Yeb fiether, a given type of finction may be controlled remotety
al one fevel of abstraction and performed autpnomoushy at another level of abstraction. For
gxample, 8 remote operator could contral high level navigation decisions for a UAY, such a3
hy specifving that the UAV should wavel from one locstion o snother {eg, from a
warchonse i 8 subnurbay area-to g delivery address in a nearby oity), while the UAVY
navigation system autonomensty controls more fing-gratned navigation decisions, such as the
specHic route o take betwvesn the twe locations, speadic fight vontrals to acheve the route
and avord obstacles while navigatng the route;and so on.

{0061) More geverally, it should be understood that the example UAVS deseribed
herein are not intended 1o be miting.  Example embodiments may refate to. be implemented
within, or take the form of any type of nnmanned serial vehiele

L

{0862 Figare 2 s a sunplified block diagramy iHustrating components of a TAV 200,

according 1o an example embodiment, UAN 200 mav take the form of, or be similar in form
to, oneof the UAVS 10, 120, 140, 160, and 180 desoribed in seforence to Figures 1A-1E.
However, LAV 200 may alvo take other forms.

{8663] UAY 200 may include various types of sensors, and may include a computing
system configured o provide the functionality. descrbed hersin,  In the Hlosirated
emboditient, the sensors of UAY 200 ichade an mertial meastirement wat (1ML 202,
ulirasomic sensor(s} 204, and a (3PS5 206 among other possible sensors and sensing systenss.
{B864] it the iHustrated embodiment, UAY 200 siso includes one or more processors
IR, A processor 208 may be a genewsl-purpose processor or 2 special purpose provessor
{og digital signal processors, application specific integrated cireuits etey The oot more
processors 208 can be configured to excoute computer-readable progran instructions 212 that

i“i
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are stored-dn the data storage T4 and are oxecutable to provide the functionality of @ UAV
described hersin.

{6065 The data storage 210 may inclide or take the form of one o more computer-
readable storage media that can be read or accessed by at least vug processor 208, The oneor
more compmper-readable sorage media can nclude volatile andior nonsvolatide storage
gomponenis, suchas optical, magnetic, organic or other memory or dise storsge, which can
he integrted o whole or in part with at least one of the one o more processors 208, In some
ewbodiments, e data storage 218 can'be inplomented wing asingle plovsical dovive fog.,
one optical, nugnetic, arganic or other memory or dise stomge unil), while in other
cohodiments, the data storage 210 can be implerented using two or more physical devices.
6] As noted, the data stovage 210 can nclade compuderreadable program
instructions 212 and perbaps additional daty, such as disgnostic data of the UAV 200, As
such, the data storage 210 may include progrant instructions 212 w perform or faciiitate some
or sl of the UAV functionglity described herein, For instance, inthe flustrated embodiment,
progrant istructions 212 fnclude & navigation module 214 and 4 tether control moduele 216,
{6667] Al Sensors

{0868] {n an diustrative cmbodiment, IMUL202 may welade both an aceelerometer
and a gyroscope, which may be used together to determine an orientation of the LAY 200, In
particudar, the accelerometer can measure the orientation of the vehicle with respect to earth,
while the gvroscope mensores the rate of roation around an axis.  IMUs are conmmsrcially
gvailable n low-cost, Towepower packages. For instance, an TMU 202 may take the formof
g chade 3 mimaturized  MicroBlectroMechanical  Svstem (MEMSY o 2
NanoflecttoMechanical System (NEMS), Cther types of IMUs may also be utilized.

{606Y] An IMU 302 mayv inchude other stnsors, in addition to accelerometers and
gyroscopes, which may help to better detenmine position andfor help to increase autonomy of
the LAV 200, Two exaples of such setsors ate magnetomelers and prossure sensors. In
some embodiments, a YAV may include a low-power, digital 3-axis magnetometer, which
can be used 1o realize an ovientstion wdependent slectronic compass for accurste heading
wmfornation.  However, other types of magnetometers may be utilived ag well, Other
exanyes arcalie possible. Further, note that 2 UAY could inchude some or all of ths above-
deseribed inertia sensors as separate compongnts from an IMUL

{6878} UAV 200 msy also nclude a pressure sensor or barometer, which can be ased

to deternune the alttude of the VAV 2000 Alematively, other sensoss, such as somic
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alimeters or radar aliuneters, can be wsed to provide an mdication of altitade, which may
help 1o mprove the accuracy of anddor prevent detft of an IMUL

{6071 frea further gspoct, HAY 200 may inclade ongor more sensors that allow the
VAV to sense objects in the environmuent.  For instance, in the ilastrated embodiment, LAY
200 includes ultrasoniv sensor(s) 204, Ultrasonic sensor(s) 204 can determine the distance (o
an object by peperating sound waves and determming the time injerval between transmission
of the wave and recstving the corresponding echo off an object. A typical spplication of an
alirasonic sepsor for ansmanned vehicles or BMUs i how-level altitude control and ebstaels
aviddance. An ultrasonio sensor can also be used for vehicles that need to hivver at a centain
height or need to be capable of detecting obstacles. Other systems can be used 1o determine,
sense the presence of, andior determine the distance to newby objects, such as a light
detection and ranging (LIDAR) system, laser detection and ranging {LADAR) system, andlor
an intraved or forward-looking infrared (FLIR)Y system, amonyg other possibilitics.

{0672} In sonie embodiments, UAV 200 may also include one or more imaging
svstem{s}) For examiple; ope or move still andior viden camerss may be utifized by UAY i
0 caplurs image data from the HAVY s envivonment, &3 8 spectfic example, charpe-coupled
deviee {CCD) cameras or cinmplementary mietal-oxide-semivonductor {UMOS) cameras can
be wed with vnmanned vehicles,  Such imaging sensor(s) have wumerogs possible
apphcations, sech as obstacle aveidianes, Jocalization fechaigues, ground tracking for more
socurate pavigation {e.g, by applving aptical flow techaigues o hnagen), video feedback,
andfor fmage recognition and provessing, among other possibitities.

{6673 LAY 200 may also woludea GPS receiver 2086, The GPS receiver 206 may
be configured to provide data that 15 tepical of well-known GPS systoms, such as the GRS
coordinates of the AV 200, Sach GPS data may be wtilized by the UAV 200 for various
functions. As such, the UAY nay use ity GPS recgiver 206 to help navigate to the caller’s
focation, as indicated, af leagt i part, by the GPS coordinates provided by their mohile

device, Other examples are also possible.

{6674) B, Navigation and Locativn Determination
{0675] The navigation modele 214 may provide functionality that sllows the UAY

200 t0, ey, move about iy environment and reach 3 deswed location.  To do so, the
navigation module 214 may contrel the slitude andfor divection of Thght by controlling the
mechanteal foatares of the UAV that affect flight {e.g., #s rudderds), elevator(s), alleron(s),

andfor the speed of iy propeller(s)).
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{0876] I order 10 navigate! the YAV 200 fo 2 target location {eg, a8 delivery
ocationy, the navigation module 214 may implement vanous savigation techniques, such as
map-based navigation and focalization-based pavigation, for instance.  With map-based
gavigation, the LAY 200 may be provided with a map of its environment, which may then be
wsed to pavigate © @ particular location on the map. With localization-based navigation, the
VAV 200 may be capsble of navigsting in an onknewn eonvironment using localization,
Localizgtion-based navigation may fpvoblee the UAV 200 huilding #s own map of its
envirownent and calealating st posttion within the map andéor the position of objecty in the
environment. For example, as g UAY 200 moves throughos 18 envirsament, the UAV 200
may continuousty use localization (o update Hs map of the caviromment,  This contingous
mapping progess may be referred to as simoltaneous localization and mapping {SLAMYL
Other navigation techaigues may also be uiilized.

{8077} In some embodiments, the pavigation wmodule 214 may navigate using a
techaique that relies on waypoints.  In particular, wavpoints are sets of coordingles that
identify points in physical space. For instance, an aiv-navigation waypoint may be defined by
& cortain latitude, longiude, and altitude.  Accordingly, navigation module 214 may cause
LAY 200 1o move fon waypoltt to waypomt, i ovder to wlimately tavel o @ thaal
destination {e.g., 9 Hual waypointin a sequence of waypoinis).

{6878} In a further aspect, the navigation moduk 214 anddor other components and
systems of the UAY 200 may be configured i “localization” 1o more precisely navigate to
the scene of a target location. More specifically, it may be desirable in cortain sttuations for a
UAY fo be within a threshold distance of the target Tocation where & pavicad 2284 being
delivared by a UAV (g, within a fow feet of the target destination).  To this ead, 8 UAN
may use @ two-tfered approach in which it uses a more-geners! location-determination
technique to navigate oo general area that is associated with the target location, and then use
3 more-refined location-determination techmigue o dentify andéor pavigate to the farget
location within the general arsa.

{0679 For exanple, the LAY 200 mwy navigate 10 the poneral arfea of a sargst
destination where a pavioad 228 i bemng delivered using waypoints andior map-based
pavigatiens.  The UAV may then switeh to-5 mode nwhich it atifizes 8 localization provess
to focate sud travel to g mete specific location.  For stance, i the UAV 200 is to delivir a
payload to a user’s home, the UAY 200 may need to be sobstantiadly close fo the target
focation in order to avold delivery of tie payvioad to undesired areas (eg., onte a reof intoa
poel, onto a neighbor’s property, s ). However, 3 GFS signal may only gat the UAV 20030
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far {eg, within a block of the user’s home). A wmord precise location-determination
techaigque may then be used to find the specific target location.

{0084 Various types of location-determination technigues may be used 1o accomplish
focalization of the target delivery location onece the UAV 200 has navigated to the general
area of the target delivery lfocation, For lastange, the VAV 200 may be equipped with one or
more sensory. systoms, such as, for example, ulirasonic sensors 204, infrared sonsors (not
shown), sndior other sensors, which may provide inpud that the vavigation module 214
gtihizes to navigate autenomeysly or semi-gutonomousty © the specifie target focation,

{0081} As another exsnple, once the UAY 200 reaches the general arca of the target
delivery location (or of a moving subject such as a person or their mobile device), the UAV
300 may switch toa "Hy-by-wire™ mode where iis controlled, at least w part, by a remote
operator, who can pavigate the UAV 200 to the specific tavget location,  To this end, sensory
dats from the UAV 200 may be sent to the remnte operstor 1o gssist them in navigating the
UIAV 206 o the specific location,

{0682} As yet another example, the UAV 200 may include s module that &s able ©o
sipral to-@ passerby for assistance iy etther reaching the specific tarpet delivery location; for
exanye, the UAV 200 may display a visual message requesting such assistaves i 2 geaphie
display, play an andio message or tone through speakers o dicate the need for such
assistanos, among other possibifities.  Sueh a visual or andio message might indicate that
assistance s needed in delivering the UAV 200 10 o particular persoi or g particular neation,
and might provide information to assist the passer-by in delivering the UAV 200 o the
person or lovation {eig, a deseription or pichure of the person or location, andfor the person or
foeation’s name), among other possibilitiss. Such a feature can he useful 1 & scenario in
which the LAY is unable to use sensory functions or another location-determination

technique to reach the specific target location. However, this featare is not limited to such

ACETATIOS,
{0083] In somme conbodiments, once the LAY 200 amrives af the general area of a

target delivery Tocation, the VAV 200 wigy withze a heavon from nouser's remote devise fe.g.,
the uses™s mobite phone) to Tocate the person. Such & beacon may take various Tonng. Asan
example, consider the scenaniorwhers a remote devive, such as the mobile phone of a persen
who requested 2 DAY dehivery, i able to send oot divectional signsls (e.g, viaan RE signsl,
a hight signal anddor an audio signal).  In this scengrio, the VAV 200 may be configured to
mavigate by Psourcing”™ such directional signals -+ iy other words, by determining where the
signal s strongest and navigating accordingly.  As another example, a mobile device can emit
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g frogquency, exther in the hnptan rangs or cotstde the lnonay range, and the VAV 28 can
Histen for that fiequency and savigate accordingly. As a related example, if the UAV 200
fistening for spoken conunands, then the UAY 200 could utihize spoken statements, such as

P over here!™ to scurce the specific location of the person requesting debivery of a

payload,
{8684] In gn alternative arrangement, 3 navigation module may be implemented at a

remate conmpiting device, which communicates wirelessly with the UAV 200, The remote
computing deviee may seeeive date indicating the operational state of the UAV 200, sensor
data from the UAY 200 that allows i to assess the covirnmentyl conditions belng
experienced by the UAY 200, andior focation information for the UAY 200, Provided with
such jufornation, the remele computing device muay dotermine altiudinal andior directional
adjustments that should be made by the UAV 200 andfor may determine how the UAV 200
should adjust its mechonical features {eg., s rudder(sl elevator(s). aileron(s}), sadior the
speed of us propeller(sy) i order to effectnate such movements,  The romote computing
system may then communicate such adjustments to the UAV 200 so it can mwove in the

determined manner.

{6085 L Contmunication Systems
{086] In a further aspect, the UAV 200 inclades one or more communication

systems 218, The comuunivations systems 218 may include one or more wivedess inteclaces
saddor ong or nywe wireling intertaces, which allow the UAY 200 to-compunicate via oneor
more networks. Such wircless interfaces may provide for commumication wnder one or ngne
wirgless comumumication protocols, such as Blustooth, Wili feiy., an IEEE 882,11 prototoly,
Long~Torm Bvolatton (LTE) WiMAX {e:p. an THEE 802,16 standird), a radio-fraquency ID
{RFIDY protoced, near-feld conununication (NEC), andior othep wireless communication
protocels. Such wireline interfaces may include an Ethernet interface, a Universal Serial Bus
(USH) interface, o similar mterfacs to comupunicate vis a wire, a twisted palr of wires, a

goaxial cable, an optival link, a fiber-optic lnk, or other physical connection o a wircline

nstwork.
{6687 i some embodivients, a UAY 200 may nchude Communication systemy 218

that allow for both short-range conmmunication and lopg-rangs communication. For example,
the LAY 200 may be configured for shert-range conpnunications using Blusooth and for
fong-range conmanications ander & COMA protocol. In such an embodintent, the LAV 200
may be configured to function as 2 “bot spoty™ o v other words, s & gateway Or proxy
betwsen 3 remote support device and one or more data sobworks, such as o collular network
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anddor the Interndt.  Configured a8 such, the AV 200 may facilitate data commumications
that the remete support device would otherwise be tnable to perform by ftsell

{6a88] For cxample, the UAY 200 may provide ¢ WiF) connection 1o a remofe
duvive, and serve as a proxy of gateway o a cellular service provider’s data network, which
the LAY nuight conpest to under an LTE ora 3G protocol, for instance. The UAV 200 could
also serve asa proxy oF gatoway 1o a high-altitude balloon notwork, 2 satsllite network, ora
combination of these networks, among others, which 8 remote device might not be sble o

otherwise agcess,

{6889 b. Power Systems
{0098 In g forther aspect, the UAV 200 may inchide power system(s) 220. The

power system 220 may include one or more batteries: for providing power 1o the LAV 300,
In one example, the ong o wore batteries may be recharpeable and cach battery may be
recharged vie 8 wired connection between the battery and 8 power supply andior via a
wircless charging system, such as sn inductive charging svsiem that applies an external time-
varving magnetic fleld to an interaal battery:

{8691} I g further aspect, the power systems 2280 of YAV 200 a power interface for
electronicatly coupling to an external AC power souree, and an AC/DC converter coupled to
the power iterface and operable 1o convert alternating. current to direct cumrent that charges
the UAV s battery or battertes. For instance, the power interface may inchude a power jack or
other electric coupling for connecting fo a 110V, 120V, 220V, or 240V AL power source
Such g power system may facilitate a recipientassisted rechavging process, where a recipient
can conmect the HAVY to a standard power source al a debivery location, such as the
recipient’s home oroffice. Additionally or slternatively, power systemy 220 could include an
inductive charging interface, Such that recipient-assisted recharging can by acconplished

wirelessly via an inductive charging system installed or otherwise available at the delivery

focation.
{6693} E. Payioad Delivery
{0693) The UAY 200 may cmploy vanous systems and configurations in order o

transport and deliver 2 payload 228, In some implomentations, the payload 228 of a given
TAV 200 may ibclude or take the form of 2 “package” designed to transport various goods
atarget delivery location.  Forexample, the UAY 200 can inclode & compartment, 1n which
an itent or Henis may be tansporied. Such a packsge may one o more fowd Hems, purchased
goods, medical itoms, or myy other object(s) having a size and weight suitable fo be
fransported betweens two focations by the UAVY. In some smbodinments, a paylead 228 may
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stiphy' be the-ohe-or more dems that are being delivered {e.g., withow any package housing
the ems). Aad, in some smbodunents, the items being delivered, the container or package
i which the itoms are tansported, sndfor other components miay all by considered to be pant
of the pavioad.

{B094] In some embodiments, the payiead 228 may be altached to the LAV and
tocated substantislly outside of the UAV during some or all of a fhght by the UAV. For
gyamiple, the packsge may be tothered or otherwise releasably attached below the UAY
during flight to o target location. By ancbodiment where 3 package carnies goods below e
VAV, the package may nclude various foatures that protect #Hs contenis from the
eavironment, reduce. serodynange drag on the systef, and provent the contents of the
packsge from shifting duriog LIAY flight.

HESS For instance, when the pavicad 238 takes the form of & package for
transporting Hems, the package may include an outer shell constructed of water-resistant
cardbeoard, plastic, or any other hghtweight and water-resistant material. Forther, v order to
reduce drag, the package may feature svouth surfaces with 8 pointed Font that reduces the
frontal cross-sectional area. Farther, the sides of the package may taper frony g wide botiom
0§ nartowe op, which alfows the package 0 sove a5 a natvow pylon that sedwees
mterference effects on the wing(s) of the AV, This may move some of the frontal ares and
vikume of the package away from the wing(s) of the UAV, thereby preventing the reduction
of Hit on the wing{s) cause by the package. Yet further, in some smbodiments, the outer shell
of the package may he constracted from a single sheet of msterial in order 1o reduce air gaps
aof extra wpterial, both of which whay inoremse drag on the system  Additionally or
alternatively, the package may iclude a stabilizer to dampen package thatter. This reduction
in flutter may allow the packaus te bave & less righd connection o the UAV and may canse
the contents of the package to shift less during flight.

{096] In order to deliver thi payload, the UAV may mclude 8 tether systemy 221,
which may be controlked by the tether vontrel module 216 w order 1o Tower the payload 228
io the ground while the UAY hovers above, The tether system 221 may include g fether,
which s couplable 1o a payload 228 (o, 2 package). The tether 224 niay be wound on a
spool that is coupled to 3 molor 222 of the UAY (althoush passive implementations, withow
a mator, are alse possible). The metor may be a UC motor (g, a strvo moton) that can be
actively controlled by @ speed controller, slthough other metor configurations are possible.
I some embodiments, the tether control modeale 218 can costrod the speed controlier to cause
the 222 to rotate the spond, therely nawinding or retracting the tether and lowering or raising
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the pavicald couphing sppivatus. B practide; 8 speed controller mgy output 8 destred
operating rate (8. a deswed RPMY for the spool, which may comespond to the speed at
which the tether system should lower the pavioad rowards the ground. The motormay thén
rotate the spool soothat i maintains the desived operating rate (or within some altowable range
of operating rates),

{8697] In order 1o control the motor via & speed controller, the tether control module
216 may receive data from g speed sensor {eg., an encoder) configured to convert a
mechanical position to g representative apalog or digital sigral  In partiowdar, the speed
sensor may mclade a rotary encoder that may provide information related to rotary position
{andior rotary movement) of a shaft of the motor or the spool conpled o the motor, avhong
other possibiliies,  Moveover, the speed sensor may take the form of an shsolute encoder
and/or an incremental encoder, among others. So in an example implementation, as the
motor causes rotation of the spond, a rotary encoder may be used to measure this rotation. In
doing so, the rotary encoder may be psed to contvert 8 rolary position fo ab soslog or digital
electrome signal used by the tether controb modale 216 1o determine the amount of rotation of
the-spoot Trom a fixed reference angle andfor to aiy analoy or digital electronto signal that s
representative of & new rotary position, among other options.  Other examples are alse
possible,

HE In some embodiments, 4 pavload coupling component {e.g., 1 hook or anpther
type of coupling componenty can be configured o sepure the pavicad 238 while being
lowered from the UAV by the sether. The coupling spparatus or component and can be
further confimred o welease the pavicad 228 upon reaching ground {evel vin glectrical or
eleciro-mechanical features of the coupling component. The pavicad coupling component
can then be retracted to the UAV by reeling in the tether using the motor.

{0899] I some implementations, the payvload 228 may be passively released once it is
fowered to the groutd. For example, a pavicad coupling component inay provige 8 passive
release mechanism. such a5 one or mare swing aoms adaptad 1o retract into and extend from a
housing,  An exiended swing arm may form a hookK on which the pavicad 228 may Be
sttached. Upon lowering the release mechanism and the pavioad 22810 the ground viaa
fther, 3 graviiaBonal force as well as a downward inertial fores on the release mechanism
may cause the pavioad 228 to detach from the hook allowing the relesse mechanism o be
raised opwards toward the LAV, The release mechamism way Farther include a spring
mechanism that biases the swing amg fo relragt into the housing when there are no other

sxternal forces on the swing arm. For instance, 8 spring nisy exett a foree on the swing am
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that-pashoy or pudls the swing avnrtoward the boasing sueh that the Swing arm relagts- into
the housing once the weight of the payload 228 po longer forces the swing arm to extend
from the bousing. Retracting the swing arnvinto the housing may reduce the likslihood of the
release mechanism snageing the pavioad 228 or other nearby ohjects when raising the release
mechanism toward the VAV upon deliveryof the pavioad 228,

HET TN In another toplementation, a payload coupling compenent may include a hook
feanure that passively releases the payioad when the payvlosd contacts the ground.  For
example; the pavioad coupling vomponent may take the form of or inchude ¢ book featore that
tusized aod shaped to interact with g corresponding attachiment featurs {2 9 handie o hole)
on a pavicad taking the form of a container or tote. The hook may be hmserted into the
handle or bole of the payload costainer, such that the weight of the payinad keeps the payload
container secured to the hook feature dorning flight. However, the hook feature and pavload
contalner may be designed sueh that when the container contacts the ground and is supported
from below, the hook featwre slides owt of the container’s attschment fedtere, thereby
pussively releasing the pavicad countainer. Other passive release configurations are alse
possible.

HEUEEE Active payload refease mochanisms are also possible.  For example, seusors
such as.a barinmetric pressure based altimeter andlor acceleromstors may help to detegt the
posttion of the release mechamsm {(and the pavioad) celative 1o the ground. Data from the
sensors oan be conymumcated hack to the UAV andfor a conirol svstem over a wireless link
and used o help in determining when the refease mechanism has reached ground fevel {eg.,
by delecting a measurement with the socelerometer that & characteristic of grownd impact).
I other examples, the VAV may detenmine that the payload has reached the ground based on
a weight sensor detecting a threshold low downward force on the tether and/or based on a
threshold Iow measurement of power drawn by the winch when lowerning the payioad,

{6102} Othersystemy and techiiques for deliveriny @ pavioad, v addiion of i the
alternative 1o a tethered delivery sytem are also possibde. For example, a UAY 200 could
include an air-bag drop system or a parachute drop system.  Alteroatively, g LAV 200
carrying a pavioad could simply land ou the ground at a delivery location.  Other examples
are alao possible.

{00103} fn some arrsngements, & UAVY may not include a fether system 2321 For
example, & VAV could nclude an intornal compartment or bay i which the UAY codd hold
sternn during transport. Sach a compariment could be configured av & op-loading, side-
foading, and/or bottom-loading chamber, The UAV may fnclude electrival andior mechanical
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means fe.g, doors) that allow the interior compartment in the UAV to b opened and closed.
Accordingly, the UAV may open the compartment in various circumsiances, such as) {8)
when picking op sy denw for delivery st an ftem source focation, such that the item can be
placed I the UAY for delivery, (b} upon arriving af a delivery location, such that the
recipisnt can place an item for refurn into the UAV, andior (©) in other ciroumsiances.
Further, it iy also contemplated, that other non-tothered mechanisms for secuning paylpad
terns o a UAY are also possible, such as various fastensrs for seowring Hems to the YAV
howsing, among other posstbilities. Yot further, @ UAY mayv inchude an ingernal compartiment
for transporting #ems and/or other non-tethered mechanisms for securing payvinad fems, in
addition ot in the alternative to a tether system 221,

IV, Hlestrative UAY Deployment Systems

{38184] LAV systems may be implemented in order to provide variows UAV-related
services, In particular, UAVs miy be provided at s mumber of different launch sites that may
he in comprumication with regional andior cetitval control systeros. Such g distnbuied UAV
system may allow UAVs to be quickly deployed to provide services aoross g large seographic
areg (oo, that is much farger than the fHeht vange of any single UAVY For example, TIAVy
capable of carrying payloads may be distributed at a number of launch sites across a large
geographic area {possibly even throughout an entire country, or even worldwide), in order to
provide on-demand Gansport of various ems o locations throughout the gevgraphic area.
Figure 3 iy g simplified bloek diagram iHustrating a distributed AV system 300, according
{0 an exsmple enbodiment.

{66185] in the llastrative UAV sydtem 300, an-access systen 302 may allow for
teraction with, control of, anddor willization: of a8 network of TAVY 304 In sone
embodiments, an access system 302 may be 3 computing system that allows for human-
controlfed dispatch of UAVs 304, As such, the control system may inghude or otherwise
provide s user interface through which 3 user can access and/or contrad the UAVS 304
{68186} In sompe embodiments, dispatch of the UAVs 384 may additionally or
alterngtively be secomplished via one or more automated processes. For instance, the access
systern 302 may dispatch one of the UAVS 304 1o tnwsport 8 payload tog target Jocation, and
e UAY may sutonomousty navigate o the target location by uiilizing various on-board
sensors, such ss o GFY reciver andfor other various navigational sensors.

{60187} Forther, the access system 302 may provide for remote operstion of ¢ UAV.
For imstance, the access system 302 may allow v operator to control the fight of a UAV via
s usey interface.  As @ spectBe sxample, an operator gy use the access system 302 o

3
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dispatch a AV 304 1o a targel location. The UAV 3064 may then autosontousty mivigale to
the peneral area of the targetlocation. At this point, the operalor may nse the access system
302 to take cobtrol of the WAV 304 and navigate the UAV o the target location (2., 10 8
particular person to whom a payload is being transported).  Other examples of remote
aperation of & VAV are also possibide.

{86108} In an Hlustrative embodiment, the UAVs 304 may take various forms. For
gyaniple, each of the UAVs 304 may be a UAV such asthose iHustrated in Flguwres 1, 2.3, or
4; Howsver, UAY system 300 way alse aithize other-types of UAV without departing from
thi scope of the invention. In some implementations, all of the UAVs 304 may be of the
same of a similar configuration, However, in other implementations, the UAVs 304 may
wctade a number of dilferent types of UAVs, For instance, the UAVs 304 nay include a
mumnber of types of UAVs with sach type-of VAV being configured for a differenttvpe or
types of payload delivery capalilities.

{00109} The UAV system 300 may further include a remote device 306, which may
take various forms. Generally, the remote device 306 may be any devive through which a
divect o indirect reguest o dispatch a UAV canbe made. (Note that anindivect reguiest may
mvelve’ any conununication that nmy be rusponded to by dwpaiching o UAV, such as
reguesting & package delivery). In aveexanyple embodiment, the remote device 306 mav be s
moebife phone, fablel computer, laptop computer, porsonpal computer, or any network-
connected computing device. Further, in stune fistances, the remots device 306 may et be a
computing device.  As anexample, a standard telephone, which allows for commumeation
via plain old telephone sevvice (POTS), may serve as the remote device 306, Other types of
remote devices are also possible,

[00110] Further, the remote device 306 may be configured to communicate with secess
system 302 wvia one or wmore types of communication network{sy 308, For example, the
remode device 3036 may communicate with the acdess system 302 {or 8 huma opetator of the
gcuess system 302) by communscating over & POTS netwonk, 8 vellular setwork, andior a
dats network such gs the Intemet. Other types of networks may slso be wilized.

{08111} In some embodimonts, the femote device 306 wmay be configured @ allow a
gser W equist pick-up of one of more ftems fromm a'certain source lovation andior delivery of
one o mawe Hems o a desired location. For example, a user could request UAV delivery of
packsge to their home via their mohile phose; tablet, o Iaptop.  As swother examiple, a oser
conld request dynamic delivery to wherever ey are Jocated at the time of delivery. To
provide such dynanuic debivery, the UAY svstim 300 may rescive Togation information (e.g.,
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GPS eoordinatés, ete ) fon e mer's mobile phone, or any other device on the user’s
persog, such that a VAV can navigate {0 the user’s location {as mdicated by their mobile
phone),
HE 04! I some ensbodiments, a business wier {e.g., 3 restawranty could utilize oneor
mors remote devices 306 & request that & LAY be dispatched to pick-up one or more Hems
{e.2., a food order) from a source focation {e.g., the restaurant’s address), and then deliverthe
one or more Hems 0 8 larget Jocation {eg., 8 customer's sddress).  Further, inosuch
ewbodiments, thersmay bea powber-of remote devicey 306 associated with-a corunon e
provider aceount (x.g., an account used by maltiple enployses and’or owners of 8 particular
restannnt), Additionally, 1n such entbodiments, 8 remote device 306 may be wilized to send
ieorprovider subpiissions © a transport-provider computing systeny {g.g., contral dispateh
systent 310 and or local dispatch system 3123 which cach indicate a respective quantitative
measure o a given amount of UAY ranspott servios at o gived fulre time.  For examyple;
remote device 306 may be utihzed fo penerate and send an stem-provider submission that

specifies a level of desired VANV transport services {e.g., nmumber andfor rate of expected

VAV delivery flights, andéor a monetary value cotresponding to the fem provider’ s need for
LAY transport services, st aparticniar tive o dutiag o pacticudar period of timie in the future.
{00113} fnoan itlostrative greangement, the central dispatch system 310 may be a server
or group of servers, which 1 configored W reeeive dispatch messages requesty andfor
dispateh instructionss. fren the acobss system 302, Such dispatch niessazes may requast or
tustract the central dispatch system 310 to coordinate the deployment of UAVS o variogs
farget locations.  The contral dipatch syitem 310 sy be further configured 1o rontte such
requests or Instructions 1o one or mwwe loval dispaich systems 3120 To provide such
functionality, the contral dispateh system 310 may commumicats with the access system 302
vid a data network, such as the Infomet or o private network that s ostablished for
communications betwesn access svsters and automated dispateh systems.

{001 14§ In the ilustiated configuration, the central dispatoh systeny 310 may be
configured o coordinate the dispateh of UAVS 304 from a number of different local dispatch
systems 3120 Assoch, the central dispatchusystem 310 may keep track of which UAVs 304
are located at which local Al dispatch systems-312, which UAVS 304 are currently available for
deployment, andfor which services or oparations cach of the UAVs 304 v configured for {in
the event that 2 DAV fleet Inclodes mudtiple types of UA Vs confipured for different services

andfor operations). Additionally or alternatively, vach local dispatch system 312 may be
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configrred o ek whichol g associated UAVS 304 are twrently avatiable for deployment
and/or areg currently in the nudst of tem transport,

{08115] fin o some cases, when the comiral dispatch systom 310 receives 8 roguest for
UAVorelated servics (e, transport of an item) from the access systemy 302, the central
dispateh svstem 310 may select a specific UAV 304 to dispateh. The cantral dispateh system
310 may sceordingly mstroct the local dispasch system 312 that s assoclated with the
selected UAV 1o dispsteh the selected UAV. The local dispatch systemy 312 may then opevate
its assoctated deployment system 314 (o launcl the seleetad VAV, 1o other cases, the cental
dispatch systemy 310 may frward 4 reguest fw o UAV-related service tooa local dispaich
systoma 312 that is near the location where the support is requested and leave the selection of
a particular UAY 30410 the local dispateh system 312,

G016} In an sxample confipwation, the local dispatch systemy 312 may be
tnplemented as & Coraputing system at the same location as the deplovment systenys) 314
that it controls. For example, the local dispatch system 312 may be implemented by a

computing system installed at a building, such as 2 warchouse, where the deployment

svstemis) 314 and UAV{s) 304 that ave associated with the particular local dispatch system
312 are also located.  ln other cmbodiments, the local dispatch system 312 may be
mplemented 3t a location that is remote to iy sssovisted deployment system(s) 314 and
UAV(s) 304.

{ea1 17} Numerous variations op and alternatives (o the lostrated configuration of the
UAV system 300 are possible.  For example, in some embodiments, a sser of the remote
device 306 could request delivery of a package directly from the central dispatch system 3100
T do 30, an application may be maplamented on the remote devige 300 that allows theouser
to provide information regarding a requested delivery, and generate and send a data message
to request that the UAVY system 300 provide the delivery. I such an embadinment, the central
dispatch systetn 310 may include automated Rimctionality to handle requests that dre
penerated by such an apphication, evaluate such requests, and, if appropriate, coordinate with
an appropriate local dispatch system 312 1o deploy a DAV,

{08118 Further, some or all of the functionabity that 5 altributed herein to the central
dispateh systetn 310, the local dispatch gystemizy 312, the avcess system 302, andior the
deployment systiangs) 314 may be combined in g single systen, ioplemented in a more
complex system {eg., having more lavers of control), andfor redistributed awmong the central
dispatch system 310, the local dispatch syster(s) 312, the access system 302, andior the

deploviment systemis) 314 in varions wavs.
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{0011y Yt further, while gach local dispateh svstem 312 s shown as having two
awsociated deployment systems 314, 3 g_iw::n local dispateh systen 312 may alternatively have
more or fower associated deployment systems 314, Simularly, while the central dispatch
system 310 is shown as Being i communication with two local dispateh systems 312, the
central dispateh systen 310 may sliematively bein communication with e or fower local
dispatch systems 312

o120} In ¢ further sspect, the deployment systems 314 may take vaviows forms. In
some nplementations, some-or all of the deployment systems 314 may be a stnucture or
systom that passively facilitates a UAV taking off from a resting position to begin a flight.
For example, some or alt of the deploynent systems 314 may take the form of a landing pad,
a hangar, andior & runway, among other possibilities.  As such, & given deployment system
314 may be arranged o faciitate deployment of one VAV 304 at o time, or deployment of
maltiple PAVS {eg, 8 landing pad larze coough o be utiized by multiple TAVs
concurrently )

{06121} Addittionally or alternatively, some or sl of deployment systems 314 may take
the form of or include systems for sctively launching one o more of the VAV 304, Sach
lwnch systems may include features that provide for an sutomated UAV laonch andior
features that allow for 2 huwan-assisted LAV lmnch. Further, a given deplovment syistem
314 may be configued to lounch one particalar UAY 304, or to launch multiple TAVs 304
{08122} Note that deployment svstems 314 may also be configured to passively
facilitate andfor activelv assist & UAV when landing.  For example, the same landing pad
could be ased for take-off and landing.  Additiousily or abiernatively, a deplovment system
could include a robotic anm operable fo receive an incoming LAV, A deplovment system
314 could also include other structures and/or systems to assist and/or facilitate UAV landing
processes.  Purther, stractures andfor systens to assist andfor faciiate UAV landing
processes may be implemented as separate stuctures andfor systoms, so long as LAVY can
move or be moved from 3 landing structure or system fo a drzpimymem system 34 for res
deplovment,

{06123} The deploviment systems 334 may furthet e comfigured to provide additionad
foncons, inchuding for sxample, diagnosticrelated finctions such ay verifying system
functiouality of the UAY, verifving functiomality of devices that are boused within a UAV
{c.z., a pavload delivery apparatus), sud/or maintaining devices or other ftems that are housed

i the AV {e.g., by wonitoring a status of @ pavload such as it terperatures; weight, o).
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{00124 In some emwbodiments, Tocal dispatch systems 312 (along 'with their respective
deployiuent system(s) 314 muay be strategically distributed throughout an area such as a ¢ity.
For example, local dispateh systems 312 may be strategically distributed such that esch focal
dispatch svstems 312 ¥ proxinate © one of more pavicad pickup locations (e, near a
restaurant, store, of warchouse), However, the local dispatel systems 312 may be distributed
v other ways, depeanding upon the particalar wiplamentstion.
j06125] Az an additional exmmple, kiosks that allow users fo transport packages via
VAV may by instatled i various locations, Such bosks may nclade UAY laanch systems,
and may allow a user o provide then package for loading oo a UAV and pay for UAV
shippiug services, among other possibilities, Other exanples are also possible.
{681 261 fi g forther aspect, the UAY system 300 may include or have access to 8 user-
aceount database 318, The user-account database 316 may include data for o number of aser
scrounts, snd which arg each assoctated with one or more perery, For g given user accouns,
the user-aceount database 316 may include daty related 1o or asefidd in providing UAV velated
services, Typically, the user data assoviated with-each user aceount 1s optionally provided by
an associated user andior is eollected with the associated vser’s permiasion.
{66127 Further, in some embodiments, 2 person may be required to register for & user
avcopnt with the LIAV system 300, i they wish 1o be provided with UAVrelated services by
the LIAVS 304 from UAV system 300, As such, the user-socount database 316 may include
suthorization information for a given user gocount {e.g., & user name and password}, anddor
other information that may be used to authorize gecess to 8 gser account,
{00128 in some enthodiments, & Person may associate one o more of thelr devices
with their user scoount, such that they can.access the services of UAY svstem 300, For
exainpde, when a person uses i -assoviated mobils phone o, ¢ig., place a call to an operator
of the scoess system 302 or send 8 message requesting a UAVarelated service to a dispateh
syatem, the phone may be {dentified via 2 unigue device dentification number, and the call or
¢ssage may then be attributed to the assuciated user account.  Other examples are also
pi}SSibk?.
{6128} Additionally or alternatively, an item provider that wishes {o deliver their
products wsing VAV transport services provided by an ATSP to defiver, can register foran
ene-provider secount with the UAY system 300, Ax such, the user-account database 310
may nclade suthorzation information for a given stem-provider account (e.g., one or more
wser navne and password combinations), andior other information that may be wed o
suthorize access o 8 given #emeprovider account.  Alternatively, data for Hon-provider
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seoounty may by kepl i & separate datibase from recipient wser accounts.  Other data
stragtares and storage configurations for storing such account data are also possible.

¥. LAY Transport Services with Separately Located tem Providers and UANV
Habs

{B6136] As noted above, an ATSP mayv be aseparate entity from the enity o enfities
that provide the items being transported andfor imterface with the recipients who regquest
delivery of these tleras. For example, a company that operates a fleet of UAVs configured
for Hem delivery may provide delivery sevvices: for thisd-party entities, such as restaurants,
clothing storss, grovery stores, and other “brick and mortar™ andior online retailors, smong
other possibilities.  These thivd-party entiiies may have accounts with the LAV transpont
service provider, via which the third-pariies can request andfor purchase UAV transpont
services from the transport service provider. Further, the third-party entities could interface
with recipients (e, customers) dircctly, or through computing systems {¢p, applications
anddor server systems) provided by the UANV wransport service provider,

{08134 Figore 4 16 g block dingram showing an example arrangement for an senal
ransport provider control sysiem 402, which coordinates VAV atmansport services for s
plurality of fetn providers that are {ocated qomotely from the seevice provider’s dispatch
focations, and served by g plorality of LAY lubs &t various locations.  As shown, an gerial
transport service provider (ATSPY 402 may be communicatively coupled to UAV sests 404a
1o 4044, and comnmunicatively coupled to teny-provider vomputing sysienss 4063 o 406d.
Such communicative couplings may be implemented using various types of wired andior

wirgless communication protocols and networks.,

§0€}13 i Bach UAY neMt $8da to HMd s 3 facihity where UAVS ¢an be stored for at
feast a shont permd of time, and from which UAVs can begls carrying out a UAV frapsport
task {e.g., where VEAVY can take off). In some implementations, some or all of VAV nests

Hada to 404d may take the form of a local dispatich system and ong or more deployviment
systems, such s those described in reference to Figure 3 above. Of course, some or all AV
nests 404a 1040434 could also take other forms and/or perform ditferent fumctions,

{06133} Each ftem-provider computing system 406 1o 4064 may be associated with a
different jtem-provider account.  As'such, 3 given Bem-provider computing sysiem 46 to
4068 may inclade one or more compiting devices that are suthorized to access the
corresponding ftem-provider account with ATAP 402, Fuarther, ATSY 402 may store data for

stem-provider accounts wy ap Rem-provider aceount databuse 407,
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{00134 I practice; & piven Heo-privider compaiing systeny 4063 {0 406d may inclads
ong of more remote computing devices {e.g, sueh.as one Or moOw emote devices 306
deseribed i reference t Figure 3), which have logeed 1o 1o or otherwise been authorized 1o

access the same Hem-provider avcount (2., cell phones, laptops, andfor computing devices

of 3 business’s emplovess).  Additionally or slternatively, an Hem-provider computing
system 406a to 406d may be implemented with less of an ad-hoo approsch; e, with one or
more dedicated user-nterface terninals fustalled at the tem provider's facilities. Other types
of Bome-provider computing systemy are alse possibly:

{6G135] in prder to provide UAV transport sefvices o various ifem providers in an
elficient snd Hexible manner, 8 UAV transport service provider 402 mgy dynamically assign
different UAVs to transport tasks for different item providers based on denand andior other
factors, rather thas permanently assigning each VAV 10 a particalar Hem provider, As such,

the particular UAY or UAVs that carry out transport tasks for a piven third-party item
provider may viry over tme,

{06136} The dynamic assigrment of AV to flights for a nomber of different item
providers can help a VAV transport servige provider to more efficiently wtilize'a group of
UAVs {e.g., by reduting unnecessary UAY downtime), as compared o an sreangement
whtere specific UAVs are permanently gssigned to specific tem providers. More specifically,
to dvaamically assipn DAV to-tranaport requests fromvihird-party Hem providess, the TIAV

transport service provider 402 can dynamically redistribute DA VS amongst & number of TAY
deplovment focations {which may be referved o as, “hubs™ or “nests™) through a service
ared, according fo Ume-varying levels of demand at various locstions or sub-areas within the
SETVICE arey

With such an srrangensent, 8 delivery flight may favolve the additional flight leg to fly from
the UAY hub to the dem-provider's tocation to pick up the ey of items for transport, before
flving to the delivery lncation, as comparad o an arrangement where delivery UAVs e
stationed ot the source locstion for items (such us & distributor or refailer warehouse or a
restawrant). While the flight leg betwoen the VAV hub and g pick-up location has associated
Costs, these costs can be offset by more efffcient use of each VAV (e, more fights, and less
ganecassary’ ground Hive, w2 given period of time), which in wurn can allow for a lesser
number of LAVS to be utilized for a given number of transport tasks.

¥i. UAVHh

aving Doors that Enable Loading and Release of Pavloads
{88137} Disclosed herein is a UAV that 1s arvanged for door-ensbled toading and
release of a payioad, Bypractios, the disclosed UAYV miay take oivany feasibie ftam, such as
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any oné of the forms described hereln. For instance, the distlosed HAY may tike the form of
a guadcopter UAV or of a tail-sitter YAV, amony other possibilities. In a specific example,
LAV 100 could have door{s) arranged on the fuselage 106, and may be contfigured o carry
out sperations in accordance with the present discloswie. Morsover, the-diselosed UAV may
include any combination of the above-desoribed UAYV features, among others,
{86138} In accordance with the present disclosure, the disclosed UAV may have
several features that provide for doov-enabled loading and release of g pavload.  These
featwrey dnclude 4 control systesy, a fuselage, achamber, and & First and a sseond door.,. And
these features may be arranged in any feasible manner that provides for door-enabled loading
and refease of a payload.
{68139 Muove specifically, the disclosed UAV may have o control systent on-board
andfor may be in commanication with an external control system. Inany case, the control
system niay include ong or more processors {w.g. processor(s) 208} contfigured to execuie
computer-resdable program instructions that are stored in data storage and are executable to
provide the ‘ﬁﬁmﬁ(mai'ity of the disclosed VAV, such as o control flight andfor other
opsrations of the UAV.
{00144 Additionally, the disvlosed LAY nwy inchude o fiselage (g, fusslage 1184,
which may be the sireraft’s main body section. Generally, the fuselage may take on any
feasible shape, form, and size, and nay be coupled to other UAYV features, such as to wiagls),
to @ propulsion vt anddéor to fanding gear, among others, Moreover, the fuselage nay
contain, for example, the control system, batteddes, sensor(s), andéor a pavioad, awong other
poasibilities.
{08141} in ay example implementation, a chamber may be formed within the fuselags
of the disclosed VAV and arvanged t¢ botse a paylsad. The chamber could be an enclosed
space or cavity within the fuselage, among other options.  Also, the chamber could take on
any feasihle shape, form and size. For instance, the chamber could be specifically arranged
to houss specific types of payloads, such as item{s) of a particular stze and/or of & pwrticular
shape, for instance,
{86142 Furthar, the distlosed UAV miay-have o fivst door arranged on & st sideof
the fuselage as wall 58 a second door svange on a second side of the fuselage. Generally, the
first and second sides may be different from one anothir or may be the same side.
Additionally, the first and second doors could each respectively take on any fovm. For
exammple; 8 door conld be g hinged-door-that is connected 1o the fiselage by way of one or

more hinges, thorehy allowing the doordn swing opervand ¢lose. In another sxample, a door
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could be a shding door, which could mounted on, stspended from, or otherwise coupled to a
track, thergby allowing the dooy 1o slide open and close substantially parallsl to a surface of
the fuselage. In yet other exanples, a dodr coudd be a revolving door, a pivot door, a bypass
door, audior a bifold door, dmong othars.

{60143 CGienerally, the opening and closing of the first andior second doors may be
garried out mapually by an individual andfor way be sutomatic. In the case of manugl
opening/closing of one or both of the first and second doors, an individual may apply certain
divectional force(s) that cause opening anddor closing of a given door, And in the case of
automatic comtrob-of the daar(sy, the disclosed UAY could cordrol the opening andfor closing
of one or both of the first and second doors, and do s0 i various ways. For example, a linear
or rotary actuator could be conpled to & given one of the doors, snd the HAV s control system
may send signal(s} to that actuator that caese the actuator o apply fores(s) 1o the given door,

which may i turn cause opening sudior closing of the piven door. Chher examples are also

passibile.
{08144} Muoreaver, each of the first and second doors mav vespectively provide access

0 the chamber, o as fo provide & the disclosed door-enabled loading and release of &
payioad. In particular, an openiug of the first door may enable oading of a payload o the
chamber via the fivst side of the disclosed UAV s fuselage. And an opening of the second
doer may enable release of the-payload frony the chamber via the seenud side of the disclosed
VAN s fuselage.. Moreover, when the fisst and sscond doors gt glosed, 2 pavkoad can be
safely seauwved within the fuselage duning flight andior other operations by the disclosed
UAY. In any case the loadingand rolease of the pavload could by céavied ont i varioas
Ways,

[00145] In an exanple arrangement, mne of the first and second doors miay be a top
door and the other one of the first and second doors may bea bottom door. In parficudar, one
of the sides of the fnalage may be a bottomm side that is substantially oriented towards the
ground diring Might of the UAY, and anpther side of fhe fusclage may be & top side that is
substantially oppostte the bottom side.  Given this, the top door may be arranged on the top
stde of the fuselage and the bottom door may be arranged on the bottom side of the fuselage.
{66146] B one imp?emenmtis;m, this top and botton door arvangement nay provide for
top londing of a payload. In particular, an opening of the top door nuy enable boading of a
payload into the chamber via the top side of the disclosed UAV'S foselage. Geoorally, the

top loading could be waefid for varioas reasons.
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{06147} For example, i the UAV lands o the ground when at a pickup location for
pickap of a pavicad, an opening of e top door may serve as an indicaBion {28 fo an
miividual) that the payload should be loaded into the chamber via the top door. In ancther
example, assuniing that the UAV i arranged fo substantially {and on the botton side, the top
foading mayv allow the UAV to land. rather thapn v {e.g., hoven, during pickup of the
payisad, shereby reducing the smowt of coergy being used by the UAV duing pickup,
sgmong other advantages. o vet another exanple, the top loading of the paviosd may be
carsied out By-an individual, which may be advantagesus when the payload at fssoe sa high-

value item that ideally should not be ke ft unattended. Giher examples and advantages are also

possible.
HEHE S fr smother ioplementation, this top sad bottom door arrangereent gy provide

for bottom release of 3 paviead. In particular, an opening of the bottom door may enable
release of the payload from the chamber via the bottom side of the disclosed UAV s fuselage.
Generally, sweh bottom relesse of the paylosd could be carnied out in ong of various ways,
such as through a drop of the payload from the chamber {e.g., wiale the LIAV is hovering
substantially proximete to the ground) or throush a tethersd delivery of the pavload, among
others, Nonetheless, the bottom release vould he usefulfor vanous ressons.

{00149 For example, when the UAV iy at g delivery location and the payload at lssee
is ot a high-value item that ideally should vot be left enatfended, the VIAY may release the
payisad vis the bottom door without necessanly having to wait for an individual to be present
to carry out the unloading of the pavioad (e.g., via the top door), thereby reducing the amount
of thne the VAV spends on delivery of the paviead.  In contrast, when the pavioad at ssue iy
8 high-value gony, then the UAY could wait for a0 mdividual to be present at the delivery
location before releasing the item via the bottom door. Other examples and advantages are
also possible;

{HG156] In vet another implementation, this top and botlomy door arrangoment may
provide for top relesse of ¥ payload. In partionlar, an opening of the top door may cnable
retease/unioading of the payload froam the chambey via the top side of the disclosed UAV's
fuselage. Generally, the top release could be usefud for various reasons.

{66151 For examyrle, 31 the UAY landy on the ground when at a delivery location for
delivery of the payload, an opening of the top door may serve as an indication (2.8, to an
indivichial} that the payload should be released or otherwise unloaded from the chamber via
the top door.. Additionally, sach top relegse nuy altow the UAV 1w land, ratherthan By {e.g,

el
hover), during-delivery of the paylead, thereby reducing the amount of ensrey being nsed by
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the HAV during delivery; among other advantages. Further, such top releaseimdoading may
be carried out by an individual, which may be advantageous when the payload at issueis
high-value itera that ideally should mot be left unattended.  Other examples snd advaniapes
are also possibie.

{80132 In vet apother implementation, this top and botlom door mrangement may
provide for bottom loading of @ pavload. In particular, an opening of the bottom door sy
gnable loading of a payload into the chamber vig the bottorn side of the disclosed LAV
foselage, Generally, the bottom leading could beuseful for variowus seasons.

{08153 For exasinpde, the UAY may hover whett at-a prekup focation for pickup of 3
pavioad, which may allow an individual to load the payload onto the UAV via the bottom
door. Tu practive, such a bottom loading spproach way be sdvantageous s situation where
there is so feasible location at which the UAV can land, among other possibilities. Other
gxamples and advantages are slso possible,

{06154 In accordance with the present disclosure, these various implementations of
the top and bottom door srrangement may allow the LAY o carry out pick up andéor delivery
pavicad{sy sccording tov upe or more of various possible approaches. In one case, the
dhsclosed LAY may catry out top losding and botiom rélegse of a payload.  In ancther casey
the disclosed UAV may carmy oot hottorn loading and top relense of 2 pavload. In yet another
case, the disclosed VAV may canty out top loading and top release of @ payload. I yet
another casy, the disclosed UAV may carry out bottom lnading and Dudtonn release of a
pavioad. Toany case, any one of top leading, bottom loading, top release, and bottom release
of a pavioad could be carvied out whitle the UAV s n-fhight {e.g., hovering) andfor after the
UAY has handed {eg., on g wound surface), among othet possibilitles, Other cases are
possible-as wall.

{B8185] Maorcover, the disclosed LAY mav bave various features that could enhange
safety. during pickup and delivery of a payioad, In particular, the disclosed UAV may be a
lightweight UAY having a weight that is below a threshold weight.  For example, the
disclosed UAV may bave 8 weight that mests regulations for LAVs permitied 10 8y in the
vic‘mit}‘,-‘ of individudl{s), such as regulations set by the Fedoral Avistion Admbtistration
{FAA), for instence. Ty another example, a8 Ruther discnssed herein, the disclosed VAV may
have a waight that is suitable for enrrving smaller andior lighter items, which would allow for
use of the disclosed UAV as part of a group that iacludes various types of UAVs each
respectively suitable for carpying oms of cedain sizes or welghts, Additonally or
shematively, the UAVY may have o propulsion unil inchading propelier(s) that sre unexpossd
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arnd sty thas prevented from making contact with aa individigl, For example, the disclosed

UAY may bhave a shrouded propeller design.  Other examples are possible as wall.

{00156 Figures SA 10 3D next llustrate 2 UAY 500 arrsnged i seeordance with the
present discloswre, such as for door-enabled luading and release of a payload. Although, the

JAV SO0 is shown as taking the form of a guadcopter UAY, a VAV arranged in accordance
with the present disclosure could take on any feasible form,

{06157} Figures SA 1o S8 illusteate @ top perspective in which a top side of the UAV
300 15 shown.  As shown, the LAV 500 mcludes a propalsion anis 302 having wexposed
propetlers that are surrounded by o casing,. Additionally, the UAV 500 includes 5 fusclage
304 10 which the propulsion anit 5302 1 connected.  Farther, the UAV 300 nclades a door
506 (e, ashiding door) arranged on the top side of the fuselage 504, And an opening of the
door 386 provides scoess 0 8 chamber 808 formed within the fuselsge, thereby providing for
loading of a paviead onie the chamber 508 vig the top side andlor release of @ payioad from
thie chamber SO8 vig the top side,

{08158} Figores 3C to 3D then dhastrate a bottom perspective inowhich g bottom side
of the UAV 300 iy shown. As shown, the HAV 308 includes another door SH8 (e, snwother
stiding door) arranged on the bottom side of the fuselage 304 And an opening of the doar
510 alsp provides access to the chamber 508 that is formed within the fuselage, thereby
providing for loading of a payload onto the chamber 308 via the bottors side andior release of
3 pavicad from the chamber 508 via the bottoms side. Other flustratinngs are possible agwell,
VI Door-Enabled Pickup and Delivery of Payioads by a UAY

{06159 Frgure & 13 a flowchart Hastrating 4 misthod 600, which relates fowse of e
disclosed UAY for door-enabled pickup and delivery of a payioad.

{ou 6l Method 600 shown in Figure 6 {and other processes and methods disclosed
hereint presents a method that can be implemented within an svrangement involving, for
sxample, any of the sysiems shovan i Figures 1A 10 513 {or more partioularly by one o more
gomponents or subsystems thersof, such as by a processor and 8 non-fransitory computer-
readable medium having instructions that are executable 0 cause the device o perform
functions deseribed herein), asnong other possible svsterns.

{paisi] Mathod 600 and other provesses and methods disclosed harein may inchads
ong or Fote opctations, functions o actions, as Hlastrated by one or mewe of blocks S02-608
for-instance.  Althougeh blocks are dlostrated in sequential order, these blocks may also be

performed i parallel, andfor in a different ovder than those desenbed herein. Also, the
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vartous blogks may be combined inte fewsy blocks, divided tndo additional blocks, andior
removead hased upon the desived implementation,

{oalal] i addition, for the method 600 and other processes and methods disclosed
herein, the Towchart shows functionalily and operation of one possible inplamentation of the
prosent disclosure. In this megard, each Bock may represent a modile, 4 sepment; or a portion
of ‘program code, which includes one or more instructions executable by s processor for
implensenting specific logical functions or steps in the process,  The program code may be
stoved on any type of computer eadable medium, S example, such as 8 storage deviee
incduding a disk or hard drive. The computer readable medium may include non-transitory
computer readable mediany, for example, such a8 computer-readable media that stores data
for short periods of time ke regrster memory, processor cache and Rasdom Access Memory
(RAMY.  The computer seadable medium may abso inchude son-transitory media, such as
secondary of porsistent ong teray storage, Hke read only menory (ROM}, epticad comagnstic
disks, compact-disc read only memory (CH-ROMY, for example.  The computer readable
miadia may also beany other volatile or von~volatile storage systems. The compurter readable
mediim may be considered 8 computer readable storage mediom, for example, or a anpibls
storage device.  In addition, for the method 600 and other processes and methods disclosed
heretn, cach block in Flgure & may represent circuiivy that is wived to perform the specific
fogical functions in the process.

{08163 At Block 602, method 600 may lyvelve determiming, by a contrel svstem, that
g LIAV i at & pickup location for pickup of a pavioad. In line with the discussion shove, this
UAY may include a fusclage havang o Drst side, a second side, and o ohiamber arranged to
howse the payioad, A frst door may be arranged on the first side of the fuselave, yoch that an
opening of the first door enables loading of the pavioad into the chamber. And a sscond dowy
may be arranged on the second side of the fusclage, such that an opening of the second door
snables release of the pavioad from the chamber. Moreover, the control system al issug may
he-on-board the UAV andior may be an extoenal control system that transmits structions to
the LAY, amoug other aptions.

{06164} I aty case; the contiol systen may determing i varions ways that the UAV
inata picku} focation. For example, an serial transpont sarvive provider may dynamically
assign the LIAVS to a tavsport task for transport of a particufar item, and the transport task
may have an associated a pickup location. The prckup location could be address or could be
specified i other ways, such using @ pame of 4 business. Ty this oxample, the UAV may
navigate to the prokup Jecation, and the control system could determine that the UAV is at the
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pickup Tocation based-on data-frovy ondormorg seasors, Por instiaee, the UAY may include
a GPS receiver that provides GPS coordinates of the UAV, and the control system could
determing that current GPS coordinates of the UAVY correspond 1o an address that has been
speeified as the pickup location. Other examples are also possibie.

{B0165] At block 6014, method 600 may involve, in respomse to determining that the
VAV is at the pickup location for pickup of the payload, veusing, by the contrad system, the
opening of the first dooy 1o enable loading of the pavicad into the chamber,

{08166} e the control systern determines that the UAY 15wt the pickup location, the
control system may cause the opening of the first door, which may enable loading of &
paviond into the chamber, Tu practice, causing opeming of the fivst door may invalve an
automatic opening of the fiest door, such that the Hest door physically woves 1o provide
aceess to the chamber.  Additionally or alternatively, assuming that the UAV iacledes a
mechanism for locking and unlocking of the first door, causing opening of the first door may
ivolve imtocking the first door, se as to altow for 2 mamual or auteinatic apening of the first
doar.

{80167} in g more specific- implementation, the-control system nvay cause the opening
of the first door i response toy vanious trigger(s i associated with the UAV being at the pickup
focation. For example, the control system may eanse the opening of the first door in response
to determining that the UAV has landed at the pickep loeation.  In another example, the
contred syskem may cause the opening of the fust door in rosponse o deternuning that the
VAV is hovering at a spectfic spatial position in the pickop location. Other examples are slso
possible.

{80168} i soime buplementations, the contied svstem codd also cause the closing of
the firgt door. Generally, causing closing of the finst door may involve an automatic closing
of the first door, such that the first door physically moves 10 prevent access o the chamber.
Additionally, causing clostng of the frst door may optionally jovobve locking the first door,
so-as 0 prevent a manual or automatic opening of the first door after & manual or antomatic
closing of the first door.

{6165} in any case, the control system may cause the closing of the first door in
response oy one of fewe tipger(a} associsisd with the pickup location. In one example, the

control system may cause the closmg of the first door n response o detecting that a payiousd

has been loaded wto the chamber. In practice, the controf systen vy detoct I various ways

that & pavioad bhay beew loaded nto the chamber.  For instance, the chamber could be
squipped withea touch sensorthat provides' touch data tndicstive of whether or ot g paylead
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& i the chamber, In another example, the control sysiem may cause the closmg of the fiist
door in response to deternuning that the UAV has transitioned o s about to transition back to
flight in the pickup location. In yot another example, the control systent may csuse the
closing of the first door in response (o determining that the UAY i3 no longer at the pickup
focation, Oither oxamples are also possible,

HE W At block 606, method 600 may mvolve defermining, by the control system,
that the UAV is at & delivery location for delivery of the payload.

{08171} Generally, the control syxtem may dotermine In vavious ways that the UAY &y
at-a delivery locationn. In Hne with the exarple above, s gerial transport service provider
may dynamically assign the UAVS 1o a transport task for transport of a particalar item, and
the travsport task may be assogiated with a delivery location.  As with the pickap location,
the delivery location could be an address or could be specified i other ways, such wsing a
name of § business.  In this example, the VAV may navigate 1o the delivery location afier
pickup of the pavicad st the pickup location, sud the control system could determine that the
VAV isat the deliviery location based on data from one or more sensors. For instance, here
again, the control systern could determine thiat cwvent GPS coordinates of the UAV
correspond (o an addvess that has been specified as the delivery lfocation. Other examples arg
also possible:

jRR17 At block 608, method 600 may tnvolve, in response to determining that the
UAY is at a delivery location for delivery of the pavload, causing. by the controf system, the
opening of the second door to enable release of the payioad from the chamber.

{66173} (e the control systen determines that the UAV 15 at the delivery locahon,
fhe control svstem mgy caune the operng of the secund door, which iy enable releaseof
the payload from the chamber. ln practics, causing opening of the second door may involve
an antomatic opening of the second door, such that the second door physically moves to
provide-a pathway for the payioad o be release of otherwise unloaded fom the chambern:
Additionally or alternatively, assuming that the UAV ineludes & mechanism for locking and
unlocking of the sevond door, causing opeping of the second door way fovolve unlocking the
second - door, so'as to allow for & manual or automatic opening of the second door.

{06174} i a more apeoiiic implementation, the control system may cause the opening
of the second door w response o various triggen(s) associated with the UAY being at the
delivery Tocation. For example, the contvel system may cause the opening of the second door
i response fo deternuning that the UAV has landed at the deltvery location. In another
sxample; the control sveteny may cawse the opening of the second dow W1 response ©
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determining that the VAV I8 hovering &l 2 specific spatial position in the delivery location
{ther examples are also possible.

{00175 i some implomentations, the control systom could also cause the closing of
the second doot. Generally, cawsing closing of the second door may involve an autonatio
closing of the sscond door. such that the second dopr physically moves to provent access ©
the chamber,  Additionstly, causing closing of the sscond door may mvalve locking the
second door, s as fo prevent s nangal or automatic opening of the second door afier a
manual or aptinnatic closing of the second doer.

{08176] in any case, the contral system nay cause the closing of the sscond door in
FOSPOISE 10 One OF hore trigeer(s) associated with the delivery location. In one exanmple, the
control system may casse e closing of the sevomd door fn response fo detecting that a
payioad has besa released from the chamber. In practice, the control system may detect i
varius ways that a pavicad has been released fron the chamber, For instance, i line with
the example above, the chamber cotld be equipped with a touch sensor that provides touch
data indicative of whether or nota pavioad is i the chamber. Ty another example, the control
system may cawse the closing of the second door ity response o determindng that the UAV tag
trahsittoned: or s about e transtion bagk to fhipht w the delivery locatin. Inyet another
example, the comtrol systent may cause the closing of the second door in response to

deterntining that the UAV i3 no longer at the delivery location.  Other examples arg also

possible.
{06177} Figures 7A fo 7B next lustrate an example approach for door-enabled pickup

and dedivery of a payload.

{06178} Figure TA shows a scenarioan which the VANV 3080 has landed in a pickup
fovation 7O0A In response (o dotecting that the UAY 508 has landed i the pickup location
TH0A, a control system of the UAV 580 may canse the LAV 800 to open the top door 306, 50
as 1o provide access o the chamber SO8 within the fuselage 304, Given this, as shown in
Figure 7A, the opeming of the top door 506 has enabled loading of & package 704 into the
chamber $08 {e.g., by mdividual 702 at the pickap location 700A) In some exanmiples, the
opening of the top door 506 also may enable retricval of package 704 (g, by individual 702
of another individual st a differsntpickup Iocation), as described herein,

{0179} Figure 78 then shows a scenarto in winch the LAY 500 & hovering in g
delivery location 7008, In response fo deteoting that the LIAV 500 1z bovering i a delivery
focation 7008, a contrel systemvol the UAY 500 may cause the LAY 300 1o open the boltom
door S8 so as o provide a patlyway for velease of the package 704 fropy the chamber S8,
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Given this, as shows i Figare 78, the opening of the bolton door SHY gmuses the package
04 to drop from the chamber to the grovand while the UAY & hovering substantially
proximate 1o the groud.

{00180} Figures §A-10 3B next illustrate anothér examiple approgch for door-enabled
pickuy and delivery of a payioad,

HED BT Figure 88 shows a scenario i which the UAY 300 has amrived m pickap
location 800AL In response to detecting that the UAV 300 bas arrived n the pickup location
O0A, & contrad system of the LTAV 308 may cause the UAY 300 fo open the bottom deor
510, sooas to provide gccess 1o the chamber S8 within the fuselage 304, Given this, ax
shown in Figure 84, UAY 506 may laad on top of an object 802 while the bottomy door 51018
oper, o that the object 802 onuthe ground ends up being located within the space proveided by
the chamber 508, Then, the control system of the UAV 300 may cause the VAV 300 o close
the hattoan door 510, such that the bottom door 310 “slides™ under the uhiject 802, thereby
causing the object 802 to be disposed within the chamber 508 afler closing of the bottom door
10, In thus way, the UAV 300 could tarry-out door-enabled piek up of the object 302
without assistance of an tndividual,

{0018 Figure ¥B ther shows w scenario i which the UAY 500 has landed in g
delivery location RODR. 1o response to detecting that the UAY 500 bas landed in the delivery
focation RO, a control system of the UAV 300 may cause the LAY 300 to open the top
door S04, so as to provide a pathway for release of the package 502 from the chamber S0€.
Given this, the opening of the top door 306 may allow an individual {not shown) to
plrysically anfoad the package from the UAV 500, Other iHlustrations arg possible as well,
YL Uscof Disclosed UAV based on the UAY Mesting Uriteria for a Transport Task
{BOIR3 Figure 2 s next a flovwehart illosirating a method 900, which relates o use of
the disclosed UAV (1.e., that is arvanged for door-enabled loading and release of a pavioad)
when the UAY meeds oriteria for a fransport task.

{6184} At block 902, method 900 nav involve receiving, by a condrol system. a
request fiw g transport task to be porformed by ot Tesst one LAY from g group of UAVS.
{08185} As an initial matter, the growp of VAV sy be any group that includes at
east soms UAVs capable of carrving out ransport tasks that nvolve trangport of paylsad(sh.
Inoue case, the group.of UAVS may belong to an entity thit provides #ems to be transporied
by one or more UAVs of the group andior that interfaces with the recipients who request
debivery of these e, In another case, the growp of UA Vs may belong to an acriad fransport
servige provider, which may be a separate entity from the sntity that provides the itemg being
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fratisportod sudior that interfaces with the reciplents who request debivery of these Hems.
Other cases are also possible.

HE RIS fn any case, the group at issue may include at keast a fivst UAV of a fist type
and a'second UAV of 2 sscond type.

{8187} In accordance with the prosent disclosure, the first type of UAY may be the
disclosed VAV that provides for door-enabled pickup and delivery of payloads. Narely, the
fiest type of UAVY may include (1) 9 fuselage having a fivst side and a second side and {1t} a
chantber formed within the fuselage and aranged o howse g pavioad, A first door ssay be
arranged on the first side of the fuselage, such that an opening of the first door enablex
toading of the payload into the chamber. And a second door may be arvanged oun the second
side of the fuselage, such that an opeming of the second door enables refease of the payioad
from the chamber.

{00188} One the other haud, the second type of UAY may be any type that 1s different
it some way from the first type of LAV In one example, the second type of VAV could take
ona different formy compared to the frst type. For instance, the first type of UAV mav bea
gquadcopter VAV {e.g. DAV S0} and the second type of UAV miay be 8 fixedawing UAV
{e.g., ixedywing UAV 1100a). In another example, mocontrast to the arrangement of the fust
type of LAY, the second type of UAV could be arranged to carry out tethered pickup and
delivery of paviouds in bne with the discussion above, and do so without use of doors that
suable lnoding and release of payioads. hyvet ancthsr example. the second type of UAV iy
be farger fosize compared with a stze of the first type of UAV. Other examples are also
possible.

{08189 Given this, each type of UAY may be respectively suitable to carry out vertain
types of fransport fasks,

{aa196] fin ope example, given that the frst type of UAV may be a lghtweight LAV
that could safely operste n the viciny of individuals, the fist tvpe of UAY may be
desipnated as g UAV that is suttable (o transport one or o ikvms having a-collective weight
up toa fist weight {og., 10 ths), Whereas, the sccond type of UAV may be designsted as a
LAV that is switable to fransport oue of wore iters having a collective weight up .8 second
weight fe.g., 5 lhs) that is greater than the firstwaizlt, Of course, the second type of UAY
could trausport item(s) having s collective weight that i lesser than the second weight, but, in
this exsople, Hemis) baving a collective weight that iz Tessor than e second weight would

wdeally be transported by the fimt type of UAV. Assuch, the second type of LIAV could be
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gsed o facihifate tramsport of heavier Henw and the fist type of UAY vould be wied to
faciuate transport of hphter ftems,

{68191 fn gnother exswople, given the size of the chamber within the fuselsge, the first
type of VAV ey be designated as a UAV that i sultable o transport ong or more Homs
having a collective size up to & first size (e, lesser than the size of the chomber), Wheress,
given that the second type of UAV may be greanged o carry out tetheved piokup and delivery
of payioads, the second type of UAV may be destgnated a8 a UAV that 1s suttable transpont
one-of wose Homs having a collective size ap 10 @ second size preater than the Srst sz, OF
course, the second fype of WAV could transpart item{s) having & cotlective size that is lesser
thau the second size, but, in this exawople, Henids) having a collective size that is lesser than
the second stre would ideally be transported by the first tepe of VAV, As such, the second
type of VAV could be used 1o facilitate transport of larger Hens and the first tvpe of UAY
could be used to facilitate transport of smaller tems.

{06192} In yet anpther examypde, given that the Ssttype of UAV may nclude an
enclosed chamber within the fuselage that is arranged to temporartly and securely house a
pavioad, the firsttype of UAY miay be designated av 3 AV that is suitable W transport bigh-
vatue iem{s), such ss expensive demis), fragde semis), or any tems) that Have been wm
some way designated as being of a high-value. Whevess, sssaming that the second type of
UAY does aot include a seouwre chamber, thesecond typeof UAY may be designated as a
UAY that is suitable transport any item(s) other than those that have been designaied as high-
valoe ftemis)h Other examples are also possible.

{66193} Given a grouy of UAVS as-described above, 2 coutrol svstem may receive a
request for a transport task 1o be performead by at least one UAY from the group. In practive,
this control system may inelude control system{s) that are respectively on-board one or more
of the TUAVS in the gromwp. Additionally or gliernatively, the control svstem may be an
sxternal controd system that facildates opsrations of ong or more UAYS from the groupde.g.,
ground control infrastructure of an asrisl transport servicse provider).

{06194) Nonetheless, when the control systom receives g request for & transport task,
the reguest may inclade various ypes of information.. For example, the roquest may specify a
pickup location for pickup of an Hem andior o delivery location for delivery of an ey In
another example, the request may specify information about the tenys) to he transported.
For ingtance, the request may specily o stxe of the ttem{s) anddor a weight of the Henys). And
i some cases, the request coald inclade o desipaation of whether or fot g glven item s a

high-valuettem, Other examples are also possible,
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{06198 At block 904, method 900 may wvolve, based on the first UAV being of the
first type, defermining, by the control system, that the first UAY mesls g oriteria for the
transport task.

HE SV Once the coptiol svstemy recelvey 2 request for a transport task, the control
system may thon determine which type of UAY from the group mesis crieria for the
transport task. In practice, s would result in the transport task being assigned o 3 UAY
that s most suitable 1w carry oot that ransport task.

{08197} As an initial matter, the control system could determiie ceiteria for a framsport
sk 4 various ways, suich as based on mformatisy specificd dn the recebved reguest, for
instance,  For example, the control system conld determine a particular siz¢ of an Hem to be
transported, a particolar weight of the item 1o be tansported, andfor whether the Hem to be
transported iy designated as o high-valoe item. As such, the contrel system could determine
hased on the request that the criteria for the transport task ey include: (1) ability to transport
an ytem having the particalar weight, (1) abilily ® transpon an item having the particular
stze, ansdfor (1) ability to safely transport whigh~valoe Heny anong others.  Other examples
are also possible.

{08198} Further, the controb system could determine 1 varions whether or not & given
type of UIAY weets critenia for a transport task.  For example, the control system could have
sored thereon or otherwise have access fo wapping duda that mapy cach type of TAY
respectively to specifie eriterfa met by that type of UAV. Given this, the control system
could use the mapping dita as basis for determining which type of AV nwets determingd
criteria for & ransport-task, Other examples are also possible

{08199 In a mwre specific oiampls, the control system may determing that a
requestad item o be transported s of 2 particular wiight, and may then determune which type
of AV best meets a weight erdlerion for the transport task.  In this example, the control
syatem may determine, based on the first UAV baing of the first type, that the first LAV is
srranged o fransport stem(x) having a collective weight up to a first weight. Additionally, the
control system may deternune that the particular weight of the requested Hent 18 lesser than
the firstweight. Thus, hased on the fst UAV being of the first type, the control system may
determine that the first UAV is apranged © tansport the requested tem that is of a particular
weight lesser than the first weight.

HU In another specific exawople, the control system way determine that &
reguested iter to be tansported is of a particular sive, and may then determine which type of
LAY best meets a size oriterion for the transport task.  In this example, the control system
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may deterinine, based on the Tst YAV beingrof the fivst {ypl that the first UAV 35 armanged
0 fransport ftenxs) having g collective sizeupto.a finst size,. Additionally, the controd system
may deterpune that the particular ©ize of the requested iteva s lesser than the first size, Thus,
based on the frst UAV heing of the first type, the controd systeny may determine that the fisst

JAV is arvanued to transport the requested item that is of a particular size lesser than the first

iz,
HUIRALEE In yet another specitic example, the control system may deternuine that a

reguested ey to be raaspoted s designated ay a bighevalue stem, and oy then detenming
which tvpe of LAV best meets an ftem-value oriterion for the transport sk, In this
cxanple, the control system niay determing, based on the first UAV being of the fivst type,
that the first UAV 18 srmanged to transport lughevalue itemds). Thus, based on the first UAV
being of the frst type, the controd systeny sy determine that the firgt UAV 3 arvanged o

trafisport the requested item that s designated as a high-value item. Othep examples ave abso

possible.
{08282 PFurthermore, when determining whether a given type of LAV mests eriteria

for @ transport task, the control svstern could assess: these eriteria in variows wavs. In
particular, the control systern could select a given type of UAV fr the transport sk if that
type of VAV meets gach eriterion for the transport task, Forexample, the control system
vould select the fint type of UAV i the st type of UAV muets the welght criterion, size
criterion, and Hemwvalue criterion for the transpmt task.  Alternatively, the control system
could select a given tepe of UAV for the wansport task 1 that type of TIAV meets at keast
someof the criterion for the transport task.  For example, the control syitem could select the
fivst type oF UAV i the fitst type of UAYV meots at least the weight oriterion and sizg
criterion. ‘Qther exanples are also possible.

{00203 At block 906, method 200 may fovolve, in response to defermining that the
first UAY micets the criteria for the transport task, catzing, by the contred system, the findt
VAV to perform the transport task corresponding 10 the received reguest,

{06264] Onee the control system determines that the first type of UAV meets the
criteria for the trangport task, the control system may responsively cause g frst LAV of the
first type fo perform the transport task. Tn partizelar, the control system may sause the fivst
VAV of the first type to pick up the requested em at the pickup location and to deliver the
requested e at the delivery Tocation. By way of example, refoyring again to Figures 78 to
TR, the control systery may determine that LAY 300 of the first type meets a weight

criterion, size criterion, and Hem-valpe eriterion for a transport task associated with package
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704, As & resalt, the control system may responsively cause the UAY 500 10 pick up the
package 704 af the pickup location 700A and © dehver the package 704 & the delbvery
logation 7008, Other examples are also possible.

X, Useof Same Door of @ HAY for Both Leading and Release of a Payload

{36205] Figure 38 kv pext 2 Jowehart llustrating & method 1000, which relates fo use
of the same door of 2 LAV for both loading and release of a payioad, such as during pickup
and delivery of the payload, respectively. The UAV at issue could be arvanged to inclads just
a single door that could be usad fy hading and rolease of 3 pavipsd, Altermatively, UAV &t
fssue could be armnged to include multiple doors snd, in some sitoations, & single one of
those doors could be uded for hoth Toading and release of a paviosd.

{60206] At block 1002, method 1000 may volve deterroiing, by a control systery,
that an unimanned aerial vehicle {UAV) is at a pickuy location for pickap of a payload, where
the VAV inchudes a fuselage having 3 door and & chamber arranged to house the pavioad.
{62097} At block 1004, method 1000 may volve, in response 't determining that the
VAV iy at the pickuy focation for pickep of the payioad, causing, by the control systeny, an
opening of the-door to enable loading of the payvload into the chamber,

{00288 At block 1006, miethod 18 mav mvalve determinmg, by the control sysien,
that the UAV is gta debivery location Tor delivery of the pavload.

{16209] At block U0, method 1000 may involve, Bt response to determnining that the
VANV 1s at a delivery location for delivery of the payviead, causing, by the contrel systeny, an
opening of the door to enable release of the paviosd fronn the chanber,

X. Additionsl Features

{08218 Al Flip Maneuver

[00211] In a further aspget, the disclosed UAV nay be configared 1o camy out a ~flip”
manenver.  [noparticular, asspming that the AV has a bottom door i ling with the
disoussion above, the flip mavewvermay involve the UAV turning upside dowstand landing
with iy top side substantially oriented towards the ground snd s botiom side substantially
oriented away from the ground, thereby causing the hotton door 0 /be oviented substantially
away from the grosmd. Ty practice, the i manewver could provide vet snother approach for
door-enabled delivery and pickup of payvloads by a UAV,

{00212} For instance, the fiip manegver may sllow for aseiof the same door for both
foading and wlesse of o pavioad. In particular, 1f the UAV cavties out the Sip mancuver
whaen the UAY i st 4 pickop location, this may enable Joading of a payiead inte the chanber

via the bottom door. So upon opsning of the bottom door after the flip mancuver is carried
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outal the pickap location, 8 pavioad ¢an be loaded ndo the chamber via the bottony doot
e.g., by an individual). Then, oncethe UAV arrives at a delrvery focation, an opening of tha
same bottom door may énable release of the payload from the chamber.
{08213} Generally, m such an hnplementation, the disclosed UAV may or may ot
have another door, such as a top door, in addition o the bottom door. - In oue case, the LAY
may stifl have the above-mentioned top door, 50 8¢ fo provide more flexability with regards to
possible spproaches for door-cuabled pickup and delivery of payloads as discussed above, In
another case; hwnwever, the UAV may not haye thetop doorin these nplementations, and
paay redy sodely on the bottorn door o enable pickuprand delivery of pavicads. Thus, 4 this
case, the ability 1o perform the Rip manenver could allow for a UAV design that inchudes just

one doar i so desired based on a UAV design crieria.  Other boplementations ave also

pussible.
{06214} B, Authentication System
HETR KT In yet g frther aspeet, the disclosed UAV could be funther dquipped with an

suthentication svstem, which could be any type of authentication system. For example, the
authentivation syatem could be & blometric anthentication system configured (o atthenticats
user(s} based on physiological characteristies, such as fingerprint or face recogmston,
mstance.  In gnother example, the authentication system could be g credential-based
authentication system configared to authenticate user(s) based on credentiale, such asy a aser

nane passwend code, for mnstance. Other examples sre alse possibie,

{ea216} According 1o the present disclosare, the authentication systery sy be
comfigired to authenticals aser(3Y for peposes of ensuring avthorived pavioad pickap andior

delivery. Generally, such authentication may be carried out for any type of pavivad or may
onby b carried ont for payloads that are designated gs high-value Btems (g2, medicine)

{0217 In any case, given the authentivation system, the UAV may open a door only
i response 1o suthenticating 3 user ay an authoetved user, For snample, the UAV gy open
the fop deor dunng pickup of medicine for 4 patient, and pigy do soonly in respoase ©
suthenticating a user thal has been designaied as authorized o place medivine o the
chamber. In another example, the UAY may open the bottom door for release of the
medicine during delivery, and may do so only i response o authenticating a user that has

been destgnated as having a préscription for the medicine. Qther examples are also possible.

X1, Conclusion
{Ba218] While varfous aspects and embodiments bave been disclosed herein, other

aspects and embodiments will be apparent to thoss skilled in the art. The various aspects and
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embodimenty disclosed herein are for purposes of illustration and ave not mtended t© be

Himiting, with the true scope and spirit being indicated by the following claints.
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CLAIMS

What is claimed is:

1. An unmanned aerial vehicle (UAV) comprising:

a control system configured to control flight of the UAV;

a fuselage having a first side, a second side, and a chamber arranged to house a payload;

a first door arranged on the first side of the fuselage, wherein an opening of the first
door enables loading of the payload into the chamber; and

a second door arranged on the second side of the fuselage, wherein an opening of the
second door enables release of the payload from the chamber,

wherein the first side is a bottom side that is substantially oriented towards the ground
during flight of the UAV, and wherein the second side is a top side that is substantially opposite
the bottom side.

2. The UAV of claim 1, wherein the second side is a bottom side that is
substantially oriented towards the ground during flight of the UAV, and wherein the first side

is a top side that is substantially opposite the bottom side.

3. The UAV of claim 1, wherein the control system is further configured to:
determine that the UAV is at a pickup location for pickup of the payload; and
in response to determining that the UAV is at a pickup location for pickup of the

payload, cause the opening of the first door to enable loading of the payload into the chamber.

4. The UAV of claim 1, wherein the control system is further configured to:

determine that the UAYV is at a delivery location for delivery of the payload; and

in response to determining that the UAV is at a delivery location for delivery of the
payload, cause the opening of the second door to enable release of the payload from the

chamber.

5. The UAV of claim 1, further comprising:

a propulsion unit including one or more unexposed propellers.

6. The UAV of claim 1, further comprising an authentication system, wherein the

control system is further configured to:
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while the UAV is at a pickup location for pickup of the payload, receive, from the
authentication system, authentication data indicating that a user is an authorized user; and
in response to receiving authentication data indicating that a user is an authorized user,

cause the opening of the first door to enable loading of the payload into the chamber.

7. The UAV of claim 1, further comprising an authentication system, wherein the
control system is further configured to:

while the UAV is at a delivery location for delivery of the payload, receive, from the
authentication system, authentication data indicating that a user is an authorized user; and

in response to receiving authentication data indicating that a user is an authorized user,

cause the opening of the second door to enable release of the payload from the chamber.

8. A method comprising:

determining, by a control system, that an unmanned aerial vehicle (UAV) is at a pickup
location for pickup of a payload, wherein the UAV comprises a fuselage having a first side, a
second side, and a chamber arranged to house the payload, wherein a first door is arranged on
the first side of the fuselage, wherein an opening of the first door enables loading of the payload
into the chamber, wherein a second door is arranged on the second side of the fuselage, and
wherein an opening of the second door enables release of the payload from the chamber;

in response to determining that the UAV is at the pickup location for pickup of the
payload, causing, by the control system, the opening of the first door to enable loading of the
payload into the chamber;

determining, by the control system, that the UAV is at a delivery location for delivery
of the payload; and

in response to determining that the UAV is at a delivery location for delivery of the
payload, causing, by the control system, the opening of the second door to enable release of
the payload from the chamber,

wherein the first side is a bottom side that is substantially oriented towards the ground
during flight of the UAV, and wherein the second side is a top side that is substantially opposite
the bottom side.

9. The method of claim 8, wherein the second side is a bottom side that is
substantially oriented towards the ground during flight of the UAV, and wherein the first side

is a top side that is substantially opposite the bottom side.
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10. The method of claim 8, wherein the UAV further comprises an authentication
system, the method further comprising:

while the UAV is at the pickup location for pickup of the payload, receiving, by the
control system from the authentication system, authentication data indicating that a user is an
authorized user,

wherein causing the opening of the first door to enable loading of the payload into the
chamber is further in response to receiving authentication data indicating that a user is an

authorized user.

11. The method of claim 8, wherein the UAV further comprises an authentication
system, the method further comprising:

while the UAYV is at the delivery location for delivery of the payload, receiving, by the
control system from the authentication system, authentication data indicating that a user is an
authorized user,

wherein causing the opening of the second door to enable release of the payload from
the chamber is further in response to receiving authentication data indicating that a user is an

authorized user.

12. A method comprising:

receiving, by a control system, a request for a transport task to be performed by at least
one unmanned aerial vehicle (UAV) from a group of UAVs, wherein the group of UAVs
includes at least a first UAV of a first type and a second UAV of a second type, wherein the
first type of UAV comprises a fuselage having a first side, a second side, and a chamber
arranged to house a payload, wherein a first door is arranged on the first side of the fuselage,
wherein an opening of the first door enables loading of the payload into the chamber, wherein
a second door is arranged on the second side of the fuselage, and wherein an opening of the
second door enables release of the payload from the chamber;

based on the first UAV being of the first type, determining, by the control system, that
the first UAV meets a criteria for the transport task; and

in response to determining that the first UAV meets the criteria for the transport task,
causing, by the control system, the first UAV to perform the transport task corresponding to

the received request,
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wherein the first side is a bottom side that is substantially oriented towards the ground
during flight of the UAV, and wherein the second side is a top side that is substantially opposite

the bottom side.

13. The method of claim 12, wherein the transport task is associated with a
requested item, wherein the first type of UAV is arranged to transport one or more items having
a collective weight up to a first weight, wherein the second type of UAV is arranged to transport
one or more items having a collective weight up to a second weight, wherein the second weight
is greater than the first weight, and wherein determining, based on the first UAV being of the
first type, that the first UAV meets the criteria for the transport task comprises:

based on the first UAV being of the first type, determining that the first UAV is

arranged to transport the requested item that is of a weight lesser than the first weight.

14. The method of claim 12, wherein the transport task is associated with a
requested item, wherein the first type of UAV is arranged to transport one or more items having
a collective size up to a first size, wherein the second type of UAV is arranged to transport one
or more items having a collective size up to a second seize, wherein the second size is greater
than the first size, and wherein determining, based on the first UAV being of the first type, that
the first UAV meets the criteria for the transport task comprises:

based on the first UAV being of the first type, determining that the first UAV is

arranged to transport the requested item that is of a size lesser than the first size.

15.  The method of claim 12, wherein the second type of UAV is arranged to perform

tethered delivery of payloads without use of doors to enable loading and release of payloads.

16. A method comprising:
determining, by a control system, that an unmanned aerial vehicle (UAV) is at a pickup
location for pickup of a payload, wherein the UAV comprises a fuselage having a first side, a
second side and a chamber arranged to house the payload,
wherein the first side is a bottom side that is substantially oriented towards the
ground during flight of the UAV, and wherein the second side is a top side that is
substantially opposite the bottom side, and
wherein a first door is arranged on the first side of the fuselage and a second

door is arranged on the second side of the fuselage;
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in response to determining that the UAV is at the pickup location for pickup of the
payload, causing, by the control system, an opening of the first door to enable loading of the
payload into the chamber;

determining, by the control system, that the UAV is at a delivery location for delivery
of the payload;

in response to determining that the UAV is at a delivery location for delivery of the
payload, causing, by the control system, an opening of the second door to enable release of the
payload from the chamber; and

while the UAV is at the pickup location for pickup of the payload, causing, by the
control system, the UAV to carry out a flip maneuver, wherein the flip maneuver comprising
the UAV landing substantially on the top side,

wherein causing the opening of the first door to enable loading of the payload into the
chamber comprises causing the opening of the first door to enable loading of the payload into

the chamber after completion of the flip maneuver.
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